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Executive Summary

The Environmental Protection Agency (EPA) and the National Highway Traffic
Safety Administration (NHTSA) are issuing a joint final rulemaking which establishes
new standards for light-duty highway vehicles that will reduce greenhouse gas emissions
and improve fuel economy. The joint final rulemaking is consistent with the National
Fuel Efficiency Policy announced by President Obama on May 19, 2009, responding to
the country’s critical need to address global climate change and to reduce oil
consumption. EPA is finalizing greenhouse gas emissions standards under the Clean Air
Act, and NHTSA is finalizing Corporate Average Fuel Economy standards under the
Energy Policy and Conservation Act, as amended. These standards apply to passenger
cars, light-duty trucks, and medium-duty passenger vehicles, covering model years 2012
through 2016. They require these vehicles to meet an estimated combined average
emissions level of 250 grams of CO2 per mile in MY 2016 under EPA’s GHG program,
and 34.1 mpg in MY 2016 under NHTSA’s CAFE program and represent a harmonized
and consistent national program (National Program). These standards are designed such
that compliance can be achieved with a single national vehicle fleet whose emissions and
fuel economy performance improves each year from MY2012 to 2016. This document
describes the supporting technical analysis for areas of these jointly finalized rules which
are consistent between the two agencies.

NHTSA and EPA have coordinated closely to create a nationwide joint fuel
economy and GHG program based on consistent compliance structures and technical
assumptions. To the extent permitted under each Agency’s statutes, NHTSA and EPA
have incorporated the same compliance flexibilities, such as averaging, banking, and
trading of credits, and the same testing protocol for determining the agencies’ respective
fleet-wide average standards. In addition, the agencies have worked together to create a
common baseline fleet and to harmonize most of the costs and benefit inputs used in the
agencies’ respective modeling processes for this joint finalized rule.

Chapter 1 of this document provides an explanation of the agencies’ new
methodology used to develop the baseline and reference case vehicle fleets, including the
technology composition of these fleets, and how the agencies projected vehicle sales into
the future. One of the fundamental features of this technical analysis is the development
of these fleets, which are used by both agencies in their respective models. In order to
determine technology costs associated with this joint rulemaking, it is necessary to
consider the vehicle fleet absent a rulemaking as a “business as usual” comparison. In
past CAFE rulemakings, NHTSA has used confidential product plans submitted by
vehicle manufacturers to develop the reference case fleet. In responding to comments
from these previous rulemakings that the agencies make these fleets available for public
review, the agencies created a new methodology for creating baseline and reference fleets
using data, the vast majority of which is publicly available.

Chapter 2 of this document discusses how NHTSA and EPA developed the
mathematical functions which provide the bases for manufacturers’ car and truck
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standards. NHTSA and EPA worked together closely to develop regulatory approaches
that are fundamentally the same, and have chosen to use an attribute-based program
structure based on the footprint attribute, like NHTSA’s current Reformed CAFE
program. The agencies revisited other attributes as candidates for the standard functions,
but concluded that footprint remains the best option for balancing the numerous technical
and social factors. However, the agencies did adjust the shape of the footprint curve, in
contrast to the 2011 CAFE rule, the CO2 or fuel consumption curve is a piecewise linear
or constrained linear function, rather than a constrained logistic function. In determining
the shape of the footprint curve, the agencies considered factors such as the magnitudes
of CO2 reduction and fuel savings, how much that shape may entice manufacturers to
comply in a manner which circumvents the overall goals of the joint program, whether
the standards’ stringencies are technically attainable, and the mathematical flexibilities
inherent to such a function

Chapter 3 contains a detailed analysis of NHTSA and EPA’s technology
assumptions on which the finalized regulations were based. Because the majority of
technologies that reduce GHG emissions and improve fuel economy are identical, it was
crucial that NHTSA and EPA use common assumptions for values pertaining to
technology availability, cost, and effectiveness. The agencies collaborated closely in
determining which technologies would be considered in the rulemaking, how much these
technologies would cost the manufacturers (directly) in the time frame of the rules, how
these costs will be adjusted for learning as well as for indirect cost multipliers, and how
effective the technologies are at accomplishing the goals of improving fuel efficiency and
GHG emissions.

Chapter 4 of this TSD provides a full description and analysis of the economic
factors considered in this joint final rulemaking. EPA and NHTSA harmonized many of
the economic and social factors, such as the discount rates, fuel prices, the magnitude of
the rebound effect, the value of refueling time, and the social cost of importing oil and
fuel.






The Baseline and Reference Vehicle Fleet

CHAPTER 1: The Baseline and Reference Vehicle Fleet

The passenger cars and light trucks sold currently in the United States, and those
which are anticipated to be sold in the MY 2012-2016 timeframe, are highly varied and
satisfy a wide range of consumer needs. From two-seater miniature cars to 11-seater
passenger vans to large extended cab pickup trucks, American consumers have a great
number of vehicle options to accommodate their utility needs and preferences. Recent
volatility in oil prices and the state of the economy have demonstrated that consumer
demand and choice of vehicles within this wide range can be sensitive to these factors.
Although it is impossible for anyone or any organization to precisely predict the future, a
characterization and quantification of the future fleet are required to assess the impacts of
rules which would affect that future fleet. In order to do this, the various leading
publicly-available sources are examined, and a series of models are relied upon that help
us to project the composition of a reference fleet. This chapter describes the process for
accomplishing this.

Most of the public comments to the NPRM supported this methodology for
developing the inputs to the rule's analysis. Because the input sheets can be made public,
stakeholders can verify and check EPA’s and NHTSA’s modeling, and perform their own
analyses with these datasets. Many commenters stated that creating a transparent fleet
from public sources was a significant improvement over previous rulemakings, although
other commenters raised accuracy issues with regard to the continuation in the agencies’
analysis of MY 2008 vehicles into the future model years covered by the rulemaking.
There were no comments on methodology, but GM did comment that they believe the
agencies had projected more full size trucks and full size vans than they believe would be
produced. EPA had already noticed, after the NPRM had been published, that the
standard CSM forecast included heavy duty class 2b and class 3 vehicles. EPA requested
that CSM make a custom forecast with these vehicles removed for the final rulemaking.

1.1 Why do the agencies establish a baseline and reference vehicle fleet?

In order to calculate the impacts of the EPA and NHTSA final rule, it is necessary to
estimate the composition of the future vehicle fleet absent the final CAFE/GHG standards
in order to conduct comparisons. EPA in consultation with NHTSA has developed a
comparison fleet in two parts. The first step was to develop a baseline fleet based on
model year 2008 data. EPA and NHTSA create a baseline fleet in order to track the
volumes and types of fuel economy-improving and CO,-reducing technologies which are
already present in today’s fleet. Creating a baseline fleet helps to keep, to some extent,
the agencies’ models from adding technologies to vehicles that already have these
technologies, which would result in “double counting” of technologies’ costs and
benefits. The second step was to project the baseline fleet sales into MYs 2011-2016.
This is called the reference fleet, and it represents the fleet that would exist in MYs 2011-
2016 absent any change from current regulations. The third step was to add technologies
to that fleet such that each manufacturer’s average car and truck CO; levels are in
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compliance with their MY 2011 CAFE standards. This final “reference fleet” is the light
duty fleet estimated to exist in MYs 2012-2016 without the final CAFE/GHG standards.
All of the agencies’ estimates of emission reductions/fuel economy improvements, costs,
and societal impacts are developed in relation to the respective reference fleets. The
chapter describes the first two steps of the development of the baseline and reference
fleets. The third step of technology addition is developed separately by each agency as
the outputs of the OMEGA and Volpe models. The process is described in section II of
the preamble and in each agency’s respective RIAs.

1.2 The 2008 baseline vehicle fleet

1.2.1 Why did the agencies choose 2008 as the baseline model year?

The baseline vehicle fleet developed by EPA in consultation with NHTSA and is
comprised of model year 2008 data. MY 2008 was used as the basis for the baseline
vehicle fleet, because it is the most recent model year for which a complete set of data is
publicly available. Vehicle manufacturers have 90 days after their last vehicle is
produced to submit their CAFE data to EPA." Most manufacturers interpret this to mean
90 days after the end of the calendar year. For example, in calendar year 2007, model
year 2008 vehicles were tested and certified by the EPA. These MY 2008 vehicles were
then sold in the latter part (often fall) of 2007 until the following fall of 2008. In early
2009 (calendar year), the manufacturers then submit their total sales of MY 2008
vehicles. After these sales figures were submitted, EPA and NHTSA combined the sales
with the previously measured and reported fuel economies to calculate the sales-weighted
average fleet fuel economy. Even though the fuel economies (and some other
specifications) of the MY 2009 vehicles were known, since they were tested earlier, the
sales were not yet known for each company exactly. Full MY 2009 sales data is not
available until April 2010, due to the fact that manufacturers have 90 days after the end
of the model year to submit their data." Therefore, the agencies chose to use MY 2008 as
the baseline since it was the latest complete transparent data set available.

1.2.1.1 On what data is the baseline vehicle fleet based?

As part of the CAFE program, EPA measures vehicle CO, emissions and converts
them to mpg and generates and maintains the federal fuel economy database. Most of the
information about the 2008 vehicle fleet was gathered from EPA’s emission certification
and fuel economy database, most of which is available to the public. The data obtained
from this source included vehicle production volume, fuel economy, carbon dioxide
emissions, fuel type, number of engine cylinders, displacement, valves per cylinder,
engine cycle, transmission type, drive, hybrid type, and aspiration. However, EPA’s
certification database does not include a detailed description of the types of fuel
economy-improving/CO;-reducing technologies considered in this final rule, because this
level of information is not necessary for emission certification or fuel economy testing.
Thus, the agency augmented this description with publicly-available data which includes

*§ 600.512-08 Model Year Report
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The Baseline and Reference Vehicle Fleet

more complete technology descriptions from Ward’s Automotive Group.Z’b In a few
instances when required vehicle information was not available from these two sources
(such as vehicle footprint), this information was obtained from publicly-accessible
internet sites such as Motortrend.com, Edmunds.com and other sources to a lesser extent
(such as articles about specific vehicles revealed from internet search engine research.>*

The baseline vehicle fleet for the analysis in this rule is comprised of publicly-
available data to the largest extent possible. However, a few relatively low-impact
technologies were added based on confidential information provided from some
manufacturers (within their product plan submissions to NHTSA and EPA). This was
done because the data were not available from any other source. These technologies
include low friction lubricants, electric power steering, improved accessories, and low
rolling resistance tires. This confidential information has been excised from the baseline
data submitted to the docket, though the summary results are still used, so that any
specific information cannot be traced back to any specific manufacturer. This
discrepancy between the public baseline and the one used by the agencies is relatively
minor and results in only result small differences in the outputs of the Volpe and
OMEGA models for certain manufacturers.

Creating the 2008 baseline fleet Excel file was an extremely labor intensive
process. EPA in consultation with NHTSA first considered using EPA’s CAFE
certification data, which contains most of the required information. However, since the
deadline for manufacturers to report this data did not allow enough time for early
modeling review, it was necessary to start this process using an alternative data source.

The agencies next considered using EPA’s vehicle emissions certification data,
which contains much of the required information, however it lacked the production
volumes that are necessary for the OMEGA and Volpe models. The data set also
contains some vehicle models manufacturers have certified, but not produced. A second
data source which would supply production volumes and eliminate extraneous vehicles
was needed. Data from a paid subscription to Ward’s Automotive Group was used as the
second source for data, which contains production volumes and vehicle specifications.

The vehicle emissions certification dataset came in two parts, an engine file and a
vehicle file. Since there was a common index in the two files, the engine and vehicle
data were easily combined into one spreadsheet. The agencies had hoped to supplement
this dataset with production volume data from Ward’s Automotive Group but the Ward’s
data does not have production volumes for individual vehicles down to the resolution of
the specific engine and transmission level. Although production volumes from Ward’s
Automotive Group could not be used, the subscription did provide specific details on
individual vehicles and engines. The Ward’s data used came in two parts (engine file and
vehicle file), and also required mapping. In this case, mapping was more difficult since
there was no common index between the two files. A new index was implanted in the
engine file and a search equation in the vehicle file, which identified most of the vehicle

® Note that WardsAuto.com is a fee-based service, but all information is public to subscribers.
¢ Motortrend.com and Edmunds.com are free, no-fee internet sites.
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and engine combinations. Each vehicle and engine combination was reviewed and
corrections were made manually when the search routine failed to give the correct engine
and vehicle combination. The combined Ward’s data was then mapped to the vehicle
emissions certification data by creating a new index in the combined Ward’s data and
using the same process that was used to combine the Ward’s engine and vehicle files. In
the next step, CAFE certification data had to be merged in order to fill out the needed
production volumes.

NHTSA and EPA reviewed the CAFE certification data for model year 2008 as it
became available. The CAFE certification dataset could have been used with the Ward’s
data without the vehicle emission certification dataset, but was instead appended to the
combined Ward’s and vehicle certification dataset. The two former datasets were then
mapped into the CAFE dataset using the same Excel mapping technique described above.
Finally, EPA and NHTSA obtained the remaining attribute and technology data, such as
footprint, curb weight, and others (for a complete list of data with sources see Table 1-1
below) from other sources (such as the internet and the confidential product plan data),
thus completing the baseline dataset.

This was the first time a baseline fleet was created using this method. Given the
long delay before the CAFE certification data became available, EPA explored creating
the alternative dataset. It is possible to create the same baseline with CAFE certification
data, the Ward’s engine data, a limited amount of product plan data, and some internet
searches.

Table 1-1 below shows the columns of the complete fleet file, which includes the
2008 MY baseline data that was compiled. Each column has its name, definition
(description) and source. The EV and Aero columns were added to the fleet file to more
accurately describe vehicles for the final rule. The data that is marked ‘“not available” is
data NHTSA would normally get from product plans. As mentioned above, some of the
desired model inputs, such as the presence of low rolling resistance tires, reduced engine
friction, improved accessories, etc., are not available from public sources and the
agencies had to rely on manufacturers’ confidential product plans. The Technology
Effectiveness Basis and the Cost Effectiveness Basis values reflect the percent of a
technology package’s effectiveness and cost present in the baseline fleet, and they are
described in further detail in chapters 3.1 and 3.5, respectively. Those technologies that
are not accounted for in the baseline—that is, the ones marked “not available”—run the
risk of getting double counted by the agencies’ models, but those effects are expected to
be small.
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The Baseline and Reference Vehicle Fleet

Table 1-1 Data, Definitions, and Sources

Where The Data is From

Data Item Definition
Common name of company that manufactured
Manufacturer vehicle. May include more name plates than Cert
Manufacturer Name. Certification data
CERT Manufacturer Name Certification name of company that manufactured -
vehicle Certification data
Name Plate Name of Division Certification data
Model Name of Vehicle Certification data
Reg Class EPA Fuel Economy Class Name Certification data
If a car’s Footprint<43 then "SubCmpctAuto"
If a car’s 43<=Footprint<46 then "CompactAuto"
If a car’s 46<=Footprint<53 then "MidSizeAuto”
If a car’s Footprint >=53 then “LargeAuto”
If a S.U.V.’s Footprint < 43 then “SmallSuv”
Class If a S.U.V.’s 43<=Footprint<46 then
"MidSizeSuv”
If a S.U.V’s Footprint >=46 then “LargeSuv”
If a Truck’s Footprint < 50 then “SmallPickup”
If a Truck’s Footprint>=50 then “LargPickup”
If a Van’s Structure is Ladder then “CargoVan” Derived From Certification
If a Van’s Structure is Unibody then “Minivan” data and Footprint
CSM Class CSM quldwide_s class for the vehicle. Used to _
weight vehicles based on CSM data. CSM Worldwide
o C= Car, T=Truck. As defined in the certification
Traditional Car/Truck database. Not used in calculations. Certification data
Total Production Volume Total number of vehicles produced for that model. Certification data
Fuel Econ.
(mpg) EPA Unadjusted Fuel Economy Certification data
Some from Edmonds.com or
Motortrend.com, Others from
Curb .
Weight (Ib) plTo.duct Plans with a subset
verified with Edmonds.com or
Vehicles Curb Weight Motortrend.com for accuracy.
Area (sf) Calculated from track width
Average Track x Wheelbase and wheel base
Fuel Gas or Diesel Wards
Disp
(lit.) Engine Cylinder Displacement Size in Liters Wards/Certification data
. Number of Cylinder + 2 if the engine has a turbo or Derived From Certification
Effective Cyl data.

super charger.

Actual Cylinders

Actual Number of Engine Cylinders

Certification data

Certification data

Valves Per Cylinder Number of Valves Per Actual Cylinder
Wards (Note:Type E is from
Valve Type Type of valve actuation. ( Cert Dyzia)
Engine Cycle As Defined by EPA Cert. Definition Wards
Horsepower Max. Horsepower of the Engine Wards
Torque Max. Torque of the Engine Wards
Trans Type A=Auto AM"lT:Automated. Manual MzMgnual -
CVT= Continuously Variable Transmission Certification data
Trans Type Code with number of Gears Certification data

Num of Gears

Number of Gears

Certification data

General Internet Searches using

Structure Ladder or Unibody Google.com
Drive Fwd, Rwd, Awd, 4wd Certification data
Some from Edmonds.com or
Wheelbase Motortrend.com, Others from

Length of Wheelbase

product plans with a subset
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verified with Edmonds.com or
Motortrend.com for accuracy.

Some from Edmonds.com or
Motortrend.com, Others from

Tra(cfl; Y:gdth product plans with a subset
o verified with Edmonds.com or
Length of Track Width in inches Motortrend.com for accuracy.
Some from Edmonds.com or
Track Width Motortrend.com, .Others from
(rear) product plans with a subset
verified with Edmonds.com or
Length of Track Width in inches Motortrend.com for accuracy.
Footprint Calculated from track width
ootpr Average Track x Wheelbase and wheel base
Some from Edmonds.com or
Motortrend.com, Others from
Curb .
Weight product plans with a subset
g verified with Edmonds.com or
Curb Weight of the Vehicle Motortrend.com for accuracy.
Some from Edmonds.com or
Motortrend.com, Others from
GVWR product plans with a subset
verified with Edmonds.com or
Gross Vehicle Weight Rating of the Vehicle Motortrend.com for accuracy.
HYBRID Is the Vehicle a Hybrid? Certification data
HYBRID TYPE Type of Hybrid Certification data
Turbo Turbo Charged Engine Certification data
Super Charged Super Charged Certification data
Turbo and/or Super Charged Either or both Turbo charged / Super Charged Certification data
SOHC Single Overhead Cam Engine Wards
DOHC Dual Overhead Cam Engine Wards
OHV Overhead Valve Engine Wards
1 Obtained from product plans
Low friction lubricants—incremental to base from manufacturers that report
LUB . . .
engine this information.
2 Obtained from product plans
Engine friction reduction—incremental to base from manufacturers that report
EFR . .. .
engine this information.
3
CCPS VVT - Coupled Cam Phasing (CCP) on SOHC Wards'
4
DVVLS Discrete Variable Valve Lift (DVVL) on SOHC Wards!
5
DEACS Cylinder Deactivation on SOHC Wards'
6
ICP VVT - Intake Cam Phasing (ICP) Wards'
7
DCP VVT - Dual Cam Phasing (DCP) (independent) Wards'
8
DVVLD Discrete Variable Valve Lift (DVVL) on DOHC Wards!
9
CVVL Continuously Variable Valve Lift (CVVL) Wards'
10
DEACD Cylinder Deactivation on DOHC Wards'
11
DEACO Cylinder Deactivation on OHV Wards'
12
CCPO VVT - Coupled Cam Phasing (CCP) on OHV Wards'
13
DVVLO Discrete Variable Valve Lift (DVVL) on OHV Wards!
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The Baseline and Reference Vehicle Fleet

14
CDOHC

Conversion to DOHC with DCP

Not available

15
SGDI

Stoichiometric Gasoline Direct Injection (GDI)

Wards!

16
CBRST

Combustion Restart

Not available

18
EGRB

Exhaust Gas Recirculation (EGR) Boost

Not available

19
DSLT

Conversion to Diesel (from TRBDS)

Not available

20
DSLC

Conversion to Diesel (from CBRST)

Not available

21
6MAN

6-Speed Manual/Improved Internals

Certification data

22
IATC

Improved Auto. Trans. Controls/Externals

Not available

23
CvVT

Continuously Variable Transmission

Certification data

24
NAUTO

6/7/8-Speed Auto. Trans with Improved Internals

Certification data

25
DCTAM

Dual Clutch or Automated Manual Transmission

Certification data

26
EPS

Electric Power Steering

Obtained from product plans
from manufacturers that report
this information.”

27
IACC

Improved Accessories

Obtained from product plans
from manufacturers that report
this information.”

28
MHEV

12V Micro-Hybrid

Not available

29
HVIA

Higher Voltage/Improved Alternator

Not available

30
BISG

Belt Mounted Integrated Starter Generator

Certification data

31
CISG

Crank Mounted Integrated Starter Generator

Certification data

32
PSHEV

Power Split Hybrid

Certification data

33
2MHEV

2-Mode Hybrid

Certification data

34
PHEV

Plug-in Hybrid

Not available

35
MS1

Material Substitution (1%)

Not available

36
MS2

Material Substitution (2%)

Not available

37
MSS

Material Substitution (5%)

Not available

38
ROLL

Low Rolling Resistance Tires

Obtained from product plans
from manufacturers that report
this information.”

39
LDB

Low Drag Brakes

Not available

EV

Electric Vehicle

Not available

Aero

Aerodynamics Optimised

Not available
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Import Car Cars Imported Certification data
Index Index Used to link EPA and NHTSA baselines Created
Calculated based on 2008
Volume 2011 volume and AEO and CSM
Projected Production Volume for 2011 adjustment factors.
Calculated based on 2008
Volume 2012 volume and AEO and CSM
Projected Production Volume for 2012 adjustment factors.
Calculated based on 2008
Volume 2013 volume and AEO and CSM
Projected Production Volume for 2013 adjustment factors.
Calculated based on 2008
Volume 2014 volume and AEO and CSM
Projected Production Volume for 2014 adjustment factors.
Calculated based on 2008
Volume 2015 volume and AEO and CSM
Projected Production Volume for 2015 adjustment factors.
Calculated based on 2008
Volume 2016 volume and AEO and CSM
Projected Production Volume for 2016 adjustment factors.
Vehicle Type Number assigned to a vehicle based
Vehicle Type Number on its number of cylinders, valves per cylinder, and

valve actuation technology.

Mapping done by Agencies

Footprint: PU Average

Car Foot Print is normal. Truck footprint is the
production weighted average for each vehicle.

Derived from data from
Edmunds.com or
Motortrend.com. Production
volumes or specific footprints
from product plans.

Footprint: PU Cutoff

Same as above, but footprint valve for trucks
limited to 66 before weighting. Meaning valves
greater than 66 equal 66.

Derived from data from
Edmunds.com or
Motortrend.com. Production
volumes or specific footprints
from product plans.

NHTSA Defined New NHTSA New NHTSA Car Truck value as determined by
Car/Truck NHTSA. Used in calculations. NHTSA
Co, CO; calculated from MPG. CO, weighted 1.15
times higher for diesel vehicles. Certification data
Derived from data from
Footprint valve that will be set to 41 for values less Edmunds.com or
Thresholded FootPrint than 41, Will be set to 56 for car values > 56, and Motortrend.com. Production
will be set to 66 for truck values >66 volumes or specific footprints
Used in Summary Calculations from product plans.
Calculated using a macro in
another spread sheet.
TEB Tech 1 Calculated based on the
Percentage of Tech Package 1 technology in the "Data" sheet.
Calculated using a macro in
TEB Tech 2 another spread sheet.
Calculated based on the
Percentage of Tech Package 2 technology in the "Data" sheet.
Calculated using a macro in
TEB Tech 3 another spread sheet.
Calculated based on the
Percentage of Tech Package 3 technology in the "Data" sheet.
Calculated using a macro in
another spread sheet.
TEB Tech 4 Calculatedpbased on the
Percentage of Tech Package 4 technology in the "Data" sheet.
TEB Tech 5 Calculated using a macro in

Percentage of Tech Package 5

another spread sheet.
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Calculated based on the
technology in the "Data" sheet.

TEB Tech 6

Percentage of Tech Package 6

Calculated using a macro in
another spread sheet.
Calculated based on the
technology in the "Data" sheet.

CEB Tech 1

Percentage of Cost of Tech Package 1

Calculated using a macro in
another spread sheet.
Calculated based on the
technology in the "Data" sheet.

CEB Tech 2

Percentage of Cost of Tech Package 2

Calculated using a macro in
another spread sheet.
Calculated based on the
technology in the "Data" sheet.

CEB Tech 3

Percentage of Cost of Tech Package 3

Calculated using a macro in
another spread sheet.
Calculated based on the
technology in the "Data" sheet.

CEB Tech 4

Percentage of Cost of Tech Package 4

Calculated using a macro in
another spread sheet.
Calculated based on the
technology in the "Data" sheet.

CEB Tech 5

Percentage of Cost of Tech Package 5

Calculated using a macro in
another spread sheet.
Calculated based on the
technology in the "Data" sheet.

CEB Tech 6

Percentage of Cost of Tech Package 6

Calculated using a macro in
another spread sheet.
Calculated based on the
technology in the "Data" sheet.

Notes:

1. For engines not available in the WardsAuto.com engine file, an internet search was done to find this information.
2. These data were obtained from manufacturer’s product plans. They were used to block (where possible) the model from adding

technology that was already on a vehicle.

3. Ward’s Automotive Group data obtained from "2008 Light Vehicle Engines."

The sales volumes for the MY 2008 baseline fleet are included in the section
below on reference fleet under the MY 2008 columns. Table 1-2 displays the
technologies present in the baseline fleet.
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Table 1-2 2008 Technology Percentages
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All Trucks 1.0% 0.2% 23.7% 47.6% | 28.7% 61.4% 4.1% 5.8% 0.0% 5.3% 36.6% 1.5%
All Cars 3.4% 0.2% 17.4% 73.3% 9.2% 48.5% 1.4% 7.4% 1.3% 3.2% 47.9% 0.2%
BMW Trucks 0.0% 0.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 94.7% 0.0%
BMW Cars 6.3% 1.1% 13.9% 86.0% 0.0% 00% | 119% | 11.9% 0.0% 0.0% 85.8% 1.5%
Chrysler Trucks 0.2% 0.0% 38.9% 4.1% | 56.9% 76.9% 0.0% 0.0% 0.0% 0.0% 3.9% 0.0%
Chrysler Cars 0.9% 0.0% 20.8% 71.5% 7.7% 28.5% 0.0% 0.0% 0.0% 0.0% 41.7% 0.0%
Ford Trucks 0.0% 0.1% 62.9% 34.3% 2.8% 3.9% | 26.5% 0.0% 0.0% 0.0% 9.3% 0.0%
Ford Cars 3.1% 0.9% 14.2% 85.8% 0.0% 6.4% 4.0% 0.0% 0.0% 0.0% 5.2% 0.0%
Subaru Trucks 3.2% 0.0% 70.5% 29.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 29.5% 27.4%
Subaru Cars 14.5% 0.0% 69.2% 30.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 30.8% 0.9%
GM Trucks 0.0% 0.0% 0.0% 30.8% | 69.2% 92.7% 0.0% 0.0% 0.0% 14.7% 30.8% 0.0%
GM Cars 2.6% 0.0% 0.0% 56.2% | 43.8% 92.0% 0.0% 0.0% 0.0% 11.5% 28.8% 0.0%
Honda Trucks 4.2% 0.0% 64.3% 35.7% 0.0% 0.0% 0.0% | 64.3% 0.0% 0.0% 31.5% 4.2%
Honda Cars 0.0% 0.0% 57.2% 42 .8% 0.0% 0.0% 0.0% | 572% | 10.7% 0.0% 42.6% 0.3%
Hyundai Trucks 0.0% 0.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 29.6% 0.0%
Hyundai Cars 0.0% 0.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 32.2% 0.0%
Tata Trucks 0.0% | 20.3% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 100.0% 0.0%
Tata Cars 0.0% 0.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 100.0% 0.0%
Kia Trucks 0.0% 0.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 17.2% 0.0%
Kia Cars 0.0% 0.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 10.2% 0.0%
Mazda Trucks 23.5% 0.0% 0.6% 99.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 99.3% 0.0%
Mazda Cars 11.4% 0.0% 0.0% | 100.0% 0.0% 0.0% 0.9% 0.9% 0.9% 0.9% 99.9% 0.9%
Daimler Trucks 15.9% 0.7% 36.2% 63.8% 0.0% 0.0% 0.0% 0.0% 0.0% 46.7% 0.0% 0.0%
Daimler Cars 2.4% 0.3% 54.6% 45.4% 0.0% 0.0% 0.0% 0.0% 0.0% 30.3% 0.0% 0.0%
Mitsubishi Trucks 0.0% 0.0% | 100.0% 0.0% 0.0% | 100.0% | 37.7% 0.0% 0.0% 0.0% 0.0% 0.0%
Mitsubishi Cars 0.0% 0.0% | 100.0% 0.0% 0.0% | 100.0% | 42.9% 0.0% 0.0% 0.0% 0.0% 0.0%
Nissan Trucks 0.0% 0.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% | 100.0% 0.0%
Nissan Cars 0.0% 0.0% 0.0% | 100.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% | 100.0% 0.0%
Porsche Trucks 12.4% 0.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 100.0% | 100.0% | 100.0%
Porsche Cars 17.4% 0.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 28.7% 82.6% 0.0%
Suzuki Trucks 0.0% 0.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Suzuki Cars 0.0% 0.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Toyota Trucks 0.0% 0.0% 0.0% | 100.0% 0.0% 89.1% 0.0% 0.0% 0.0% 0.0% 78.3% 0.0%
Toyota Cars 0.0% 0.0% 0.0% | 100.0% 0.0% 69.9% 0.0% 0.0% 0.0% 0.2% 99.4% 0.0%
VW Trucks 0.6% 0.0% 0.0% | 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 78.9% 99.4% 78.9%
VW Cars 43.1% 0.0% 85.0% 15.0% 0.1% 0.0% 0.0% 0.0% 0.0% 1.9% 14.1% 0.8%
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Table 1-2 2008 Technology Percentages
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All Trucks 2.8% | 0.0% | 10.5% 1.4% | 0.0% 2.9% 1.0% 2.6% 19.9% 0.0% 09% | 0.0% | 0.0%
All Cars 5.2% | 0.0% 1.2% 5.7% | 0.0% 4.7% 23% | 11.5% 18.5% 0.8% | 12.6% | 0.0% | 0.4%
BMW Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 6.3% 0.7% 0.0% 99.3% 0.0% 0.0% | 0.0% | 0.0%
BMW Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 77% | 14.6% 0.5% 83.3% 1.1% 0.0% | 0.0% | 0.0%
Chrysler Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.2% 4.3% 3.6% 21.4% 0.0% 0.0% | 0.0% | 0.0%
Chrysler Cars 0.0% | 0.0% 5.2% 0.0% | 0.0% 0.0% 09% | 18.5% 3.9% 0.0% 0.0% | 0.0% | 0.0%
Ford Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 1.0% 0.0% 1.8% 18.8% 0.0% 0.0% | 0.0% | 0.0%
Ford Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 1.2% 1.9% 36.8% 0.0% 0.0% | 0.0% | 0.0%
Subaru Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0%
Subaru Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 4.1% 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0%
GM Trucks 0.0% | 0.0% | 39.1% 5.0% | 0.0% 0.0% 0.0% 0.0% 18.6% 0.0% 0.0% | 0.0% | 0.0%
GM Cars 0.0% | 0.0% 4.0% | 28.8% | 0.0% 6.0% 1.1% 0.0% 12.3% 0.0% 0.0% | 0.1% | 0.0%
Honda Trucks 31.5% | 0.0% 0.0% 0.0% | 0.0% 4.2% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0%
Honda Cars 42.6% | 0.0% 0.0% 0.0% | 0.0% 0.0% 3.1% 3.2% 0.0% 0.0% 0.0% | 0.0% | 3.2%
Hyundai Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% 0.0% 25.0% 0.0% 0.0% | 0.0% | 0.0%
Hyundai Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0%
Tata Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% 0.0% | 100.0% 0.0% 0.0% | 0.0% | 0.0%
Tata Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% 0.0% 91.6% 0.0% 0.0% | 0.0% | 0.0%
Kia Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0%
Kia Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0%
Mazda Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 23.5% 0.0% 0.1% 57.2% 0.0% 0.0% | 0.0% | 0.0%
Mazda Cars 0.9% | 0.9% 0.9% 0.9% | 0.9% 11.4% 3.8% 0.1% 19.2% 0.0% 0.0% | 0.0% | 0.0%
Daimler Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 15.9% 0.0% 0.0% 99.3% 0.0% 0.0% | 0.0% | 0.0%
Daimler Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 1.7% 0.3% 0.0% 67.4% | 10.4% 0.0% | 0.0% | 0.0%
Mitsubishi Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% | 14.4% 23.3% 0.0% 0.0% | 0.0% | 0.0%
Mitsubishi Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 1.4% | 44.2% 7.6% 0.0% 0.0% | 0.0% | 0.0%
Nissan Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 1.2% | 16.5% 0.0% 0.0% | 16.5% | 0.0% | 0.0%
Nissan Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 4.5% | 69.4% 0.0% 0.0% | 32.3% | 0.0% | 0.0%
Porsche Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% | 100.0% 1.4% 0.0% 98.6% 0.0% 0.0% | 0.0% | 0.0%
Porsche Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 17.4% | 51.9% 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0%
Suzuki Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0%
Suzuki Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0% | 0.0%
Toyota Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% 5.7% 1.4% 4.7% 19.2% 0.0% 0.0% | 0.0% | 0.0%
Toyota Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 7.6% 0.1% | 16.7% 22.5% 0.0% | 64.0% | 0.0% | 0.0%
VW Trucks 0.0% | 0.0% 0.0% 0.0% | 0.0% | 100.0% 0.0% 0.0% | 100.0% 0.0% 0.0% | 0.0% | 0.0%
VW Cars 0.0% | 0.0% 0.0% 0.0% | 0.0% 46.0% 6.4% 5.4% 65.7% | 14.3% 0.0% | 0.0% | 0.0%
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Table 1-2 2008 Technology Percentages
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All Trucks 0.8% | 0.1% | 0.0% | 37.9% | 37.3% 18.6% 1.4% | 0.0% 1.1% 1.0% 2.6% 0.0% 0.0% | 0.0%
All Cars 2.7% | 0.0% | 0.0% | 39.1% | 22.9% 16.4% 1.7% | 0.4% 4.9% 2.3% | 11.5% 0.3% 0.5% | 0.0%
BMW Trucks 0.0% | 0.0% | 0.0% 0.0% 0.0% 99.3% 0.0% | 0.0% 0.0% 0.7% 0.0% 0.0% 0.0% | 0.0%
BMW Cars 0.2% | 0.0% | 0.2% 0.0% 0.0% 82.6% 0.8% | 0.0% 0.3% | 14.6% 0.5% 0.0% 0.0% 1.1%
Chrysler Trucks 0.0% | 0.0% | 0.0% | 34.9% | 35.5% 21.4% 0.0% | 0.0% 0.3% 4.3% 3.6% 0.0% 0.0% | 0.0%
Chrysler Cars 0.0% | 0.0% | 0.0% | 67.0% 8.2% 3.9% 0.0% | 0.0% 1.4% 0.9% | 18.5% 0.0% 0.0% | 0.0%
Ford Trucks 0.0% | 0.0% | 0.0% | 55.9% | 20.9% 18.8% 0.0% | 0.0% 2.7% 0.0% 1.8% 0.0% 0.0% | 0.0%
Ford Cars 0.0% | 0.0% | 0.0% | 36.3% | 18.2% 36.8% 0.0% | 0.0% 5.6% 1.2% 1.9% 0.0% 0.0% | 0.0%
Subaru Trucks 0.0% | 0.0% | 0.0% | 62.1% | 29.5% 0.0% 0.0% | 0.0% 8.4% 0.0% 0.0% 0.0% 0.0% | 0.0%
Subaru Cars 0.0% | 0.0% | 0.0% | 69.6% 2.4% 0.0% 0.0% | 0.0% | 23.9% 4.1% 0.0% 0.0% 0.0% | 0.0%
GM Trucks 0.0% | 0.5% | 0.0% | 75.5% 5.0% 19.0% 0.0% | 0.0% 0.4% 0.0% 0.0% 0.0% 0.0% | 0.0%
GM Cars 0.0% | 0.1% | 0.0% | 77.9% 5.4% 12.3% 0.0% | 0.0% 3.2% 1.1% 0.0% 0.0% 0.0% | 0.0%
Honda Trucks 0.0% | 0.0% | 0.0% 0.0% | 99.7% 0.0% 0.0% | 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% | 0.0%
Honda Cars 0.0% | 0.0% | 0.0% 0.0% | 87.3% 0.0% 0.0% | 0.0% 6.4% 3.1% 3.2% 0.0% 0.0% | 0.0%
Hyundai Trucks 0.0% | 0.0% | 0.0% | 29.8% | 45.0% 25.0% 0.0% | 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% | 0.0%
Hyundai Cars 0.0% | 0.0% | 0.0% | 76.4% | 16.7% 0.0% 0.0% | 0.0% 6.7% 0.2% 0.0% 0.0% 0.0% | 0.0%
Tata Trucks 0.0% | 0.0% | 0.0% 0.0% 0.0% | 100.0% 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
Tata Cars 0.0% | 0.0% | 0.0% 0.0% 8.4% 91.6% 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
Kia Trucks 0.0% | 0.0% | 0.0% | 23.1% | 75.7% 0.0% 0.0% | 0.0% 1.2% 0.0% 0.0% 0.0% 0.0% | 0.0%
Kia Cars 0.0% | 0.0% | 0.0% | 51.5% | 41.0% 0.0% 0.0% | 0.0% 7.5% 0.0% 0.0% 0.0% 0.0% | 0.0%
Mazda Trucks 0.0% | 0.0% | 0.0% | 10.1% | 29.6% 57.2% 0.0% | 0.0% 3.0% 0.0% 0.1% 0.0% 0.0% | 0.0%
Mazda Cars 0.0% | 0.0% | 0.0% | 33.3% | 29.7% 19.2% 0.0% | 0.0% | 13.9% 3.8% 0.1% 0.0% 0.0% | 0.0%
Daimler Trucks 0.0% | 0.0% | 0.0% 0.0% 0.7% 0.0% | 99.3% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
Daimler Cars 0.0% | 0.0% | 0.0% 0.0% | 22.0% 0.0% | 67.4% | 0.0% 0.0% 0.3% 0.0% | 10.4% 0.0% | 0.0%
Mitsubishi Trucks 0.0% | 0.0% | 0.0% | 62.3% 0.0% 23.3% 0.0% | 0.0% 0.0% 0.0% | 14.4% 0.0% 0.0% | 0.0%
Mitsubishi Cars 0.0% | 0.0% | 0.0% | 30.8% 4.5% 7.6% 0.0% | 0.0% | 11.6% 1.4% | 44.2% 0.0% 0.0% | 0.0%
Nissan Trucks 0.0% | 0.0% | 0.0% 0.0% | 81.6% 0.0% 0.0% | 0.0% 0.7% 1.2% | 16.5% 0.0% 0.0% | 0.0%
Nissan Cars 1.1% | 0.0% | 0.0% 7.0% | 19.1% 0.0% 0.0% | 0.0% 0.0% 4.5% | 69.4% 0.0% 0.0% | 0.0%
Porsche Trucks 0.0% | 0.0% | 0.0% 0.0% 0.0% 98.6% 0.0% | 0.0% 0.0% 1.4% 0.0% 0.0% 0.0% | 0.0%
Porsche Cars 0.0% | 0.0% | 0.0% 0.0% | 33.7% 0.0% 0.0% | 0.0% | 14.4% | 51.9% 0.0% 0.0% 0.0% | 0.0%
Suzuki Trucks 0.0% | 0.0% | 0.0% 0.0% | 99.5% 0.0% 0.0% | 0.0% 0.5% 0.0% 0.0% 0.0% 0.0% | 0.0%
Suzuki Cars 0.0% | 0.0% | 0.0% | 76.2% | 13.1% 0.0% 0.0% | 0.0% | 10.7% 0.0% 0.0% 0.0% 0.0% | 0.0%
Toyota Trucks 4.7% | 0.0% | 0.0% 9.0% | 63.9% 19.2% 0.0% | 0.0% 1.9% 1.4% 4.7% 0.0% 0.0% | 0.0%
Toyota Cars 16.9% | 0.0% | 0.0% | 35.7% | 19.5% 19.8% 0.0% | 2.6% 5.5% 0.1% | 16.7% 0.0% 0.0% | 0.0%
VW Trucks 0.0% | 0.0% | 0.0% 0.0% 0.0% | 100.0% 0.0% | 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% | 0.0%
VW Cars 0.0% | 0.0% | 0.0% 0.0% 0.0% 65.7% 0.0% | 0.0% 8.2% 6.4% 5.4% 0.0% | 143% | 0.0%

as having a significant number of turbocharged direct injection engines, though it is

As noted at proposal, these technology tables indicate that some manufacturers
are already implementing some of these technologies in their 2008 fleet. VW stands out
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uncertain whether their engines are also downsized. Some of the valve and cam
technologies are quite common today: for example, nearly half the fleet has dual cam
phasing, while Honda and GM are have considerable levels of engines with cylinder
deactivation (DEAC). Honda also has already implemented continuously variable valve
lift (CVVL) on a majority of their engines. Moreover, Toyota has the highest penetration
of hybrid technologies. Finally, regarding the technologies obtained from the product
plans, many of the manufacturers who reported the lubricating oil information indicated
that low friction (or low viscosity) oil will be used more frequently in the future.
Therefore, it is likely that this technology is underreported for the fleet as a whole since it
was assumed that the usage of low viscosity oils was zero for the companies who did not
provide product plans. The lack of reporting of these types of technologies (if they exist
in the fleet) will probably lead to a slightly higher cost of compliance for these
companies. However, these technologies alone do not necessarily guarantee a better fuel
economy compared to other vehicles in their footprint class. There are many other
considerations at play, most notably, weight and power.

The section below provides further detail on the conversion of the MY 2008
baseline into the MY 2011-2016 reference fleet. It also describes more of the data
contained in the baseline spreadsheet.

1.3 The MY 2011-2016 Reference Fleet

The reference fleet aims to reflect the current market conditions and expectations
about conditions of the vehicle fleet during the model years to which the agencies’ rules
apply. Fundamentally, constructing this fleet involved projecting the MY 2008 baseline
fleet into the MY 2011-2016 model years. It also included the assumption that none of
the models had changes during this period. Projecting what the fleet will look like in the
future is a process that is inherently uncertain. NHTSA and EPA therefore relied on
many sources of reputable information to make these projections.

1.3.1 On what data is the reference vehicle fleet based?

As explained at proposal, EPA and NHTSA have based the projection of total car
and light truck sales on recent projections made by the Energy Information
Administration (EIA). EIA publishes a mid-term projection of national energy use
annually called the Annual Energy Outlook (AEO).* No commenter challenged the
appropriateness of using the AEO. At proposal, the agencies used the various AEO 2009
reports for the sales projections used in constructing the reference fleet used as the basis
for the proposed rule. However, EIA also recently published an early version of its 2010
Annual Energy Outlook. This early 2010 report was published in December, in time to be
used in this rule making. The differences in projected sales in the updated 2009 report
and the early 2010 report are very small, so the agencies just scaled the data from the
2009 report data to the absolute number of vehicles (cars and trucks) in the 2010 report.
The agencies recognize that AEO 2010 Early Release does include some impacts of
future projected increases in CAFE stringency. We have closely examined the difference
between AEO 2009 and AEO 2010 Early Release and we believe the differences in total
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sales and the car/truck split attributed to considerations of the standard in the final rule
are small.’

Table 1-3below shows the scaling factors that were used for each model year.
We use the sales projections from the scaled updated 2009 Annual Energy Outlook.

Table 1-3 Annual Energy Outlook 2010 Scaling Factor®

2011 2012 2013 2014 2015 2016
0.958339 | 1.004719 | 1.011593 | 0.997677 | 0.992585 | 0.995178

* The scaling factors were determined by dividing the absolute number of vehicles in
AEO 2010 for each model year shown by the absolute number of vehicles in AEO 2009
for each of those model years.

Multiplier

In the AEO 2010 Early Release, EIA projects that total light-duty vehicle sales
gradually recover from their currently depressed levels by roughly 2013. In 2016, car
and light truck sales are projected to be 9.4 and 7.1 million units, respectively. While the
total level of sales of 16.5 million units is similar to pre-2008 levels, the fraction of car
sales is projected to be higher than that existing in the 2000-2007 timeframe. This
projection reflects the impact of higher fuel prices, as well as the effects of the EISA
(which called for a minimum fleet average of 35 mpg by 2020). Note that EIA’s
definition of cars and trucks follows that used by NHTSA prior to the MY 2011 CAFE
final rule published earlier this year. The MY 2011 CAFE final rule reclassified a number
of 2-wheel drive sport utility vehicles from the truck fleet to the car fleet. EIA’s sales
projections of cars and trucks for the 2011-2016 model years under both the new and old
NHTSA truck definition are shown in Table 1-4 and Table 1-5 below, respectively.
Actual vehicle sales for MY 2008 are also shown under the new NHTSA truck definition.
Slight differences exist between the total car and truck sales projections. These
differences are less than 0.1 percent and are due to the iterative process described further
below to shift sales between car and truck market segments.

Table 1-4 AEO 2010 Volumes New NHTSA Car Truck Definition After Projections

2008 2011 2012 2013 2014 2015 2016
Baseline Projected Projected Projected Projected Projected Projected
Sales Volume Volume Volume Volume Volume Volume
All Trucks 5,620,847 5,457,758 5,798,588 6,038,484 5,947,819 5,826,579 5,669,683
All Cars 8,220,517 7,922,992 9,123,197 9,797,738 | 10,231,974 | 10,627,055 | 10,832,348
Total 13,841,364 | 13,380,750 | 14,921,784 | 15,836,222 | 16,179,793 | 16,453,634 | 16,502,032
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Table 1-5 AEO 2010 Volumes Old NHTSA Car Truck Definition Before Projections

2011 2012 2013 2014 2015 2016
Projected Projected Projected Projected Projected Projected
Volume Volume Volume Volume Volume Volume
All Trucks 6,665,386 7,160,069 7,478,667 7,423,880 7,280,946 7,079,323
All Cars 6,715,364 7,761,715 8,357,555 8,755,912 9,172,688 9,422,709
Total 13,380,750 | 14,921,784 | 15,836,222 | 16,179,793 | 16,453,634 | 16,502,032

In addition to a shift towards more car sales, sales of segments within both the car
and truck markets have also been changing and are expected to continue to change in the
future. Manufacturers are continuing to introduce more crossover models which offer
much of the utility of SUVs but use more car-like designs and unibody structures. In
order to reflect these changes in fleet makeup, EPA and NHTSA considered several
available forecasts. After reviewing information from a number of forecasting
organizations, the agencies decided to purchase forecasts from two well-known industry
analysts, CSM Worldwide (CSM) and J.D. Powers.® NHTSA and EPA decided to use
the forecast from CSM, for several reasons. One, CSM agreed to allow us to publish
their high level data, on which the forecast is based, in the public domain. Two, it
covered nearly all the timeframe of greatest relevance to this rule (2012-2015 model
years). Three, it provided projections of vehicle sales both by manufacturer and by
market segment. Four, it utilized market segments similar to those used in the EPA
emission certification program and fuel economy guide. EPA did need to have CSM’s
standard forecast (that covers all vehicles below 14,000 Ibs GVW) customized to cover
only light duty vehicles and medium duty passenger vehicles. As discussed further
below, the CSM forecast is combined with other data obtained by NHTSA and EPA. The
breakdown of car and truck sales by manufacturer and by market segment for the 2016
model year and beyond were assumed to be the same as CSM’s forecast for the 2015
calendar year, because CSM forecasts for 2016 will not be available until the 1* quarter
of 2010.

1.3.2 How do the agencies develop the reference vehicle fleet?

The process of producing the 2011-2016 reference fleet involved combining the
baseline fleet with the projection data described above. This was a complex multistep
procedure, which is described in this section.

1.3.2.1 How was the 2008 baseline data merged with the CSM data?

As explained at proposal, merging the 2008 baseline data with the 2011-2016
CSM data required a thorough mapping of certification vehicles to CSM vehicles by
individual make and model. One challenge the agencies faced when determining a
reference case fleet was that the sales data projected by CSM had different market
segmentation than the data contained in EPA’s internal database. In order to create a
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common segmentation between the two databases, side-by-side comparison of the
specific vehicle models in both datasets was performed, and an additional “CSM
segment” modifier in the spreadsheet was created, thus mapping the two datasets. The
reference fleet sales based on the “CSM segmentation” was then projected.

The baseline data and reference fleet volumes are available to the public. The
baseline Excel spreadsheet in the docket is the result of the merged files.” It provides
specific details on the sources and definitions for the data. The Excel file contains
several tabs. They are: “Data”, “Data Tech Definitions”, “SUM”, “SUM Tech
Definitions”, “Truck Vehicle Type Map”, and “Car Vehicle Type Map”. “Data” is the
tab with the raw data. “Data Tech Definitions” is the tab where each column is defined
and its data source named. “SUM?” is the tab where the raw data is processed to be used
in the OMEGA and Volpe models. The “SUM” tab minus columns A-F and minus the
Generic vehicles is the input file for the models. The “Generic” manufacturer (shown in
the “SUM” tab) is the sum of all manufacturers and is calculated as a reference, and for
data verification purposes. It is used to validate the manufacturers’ totals. It also gives
an overview of the fleet. Table 1-6 shows the sum of the models chosen. The number of
models is determined by the number of unique segment and vehicle type combinations.
These combinations of segment and vehicle type (the vehicle type number is the same as
the technology package number) are determined by the technology packages discussed
in.the EPA RIA (chapter 1). “SUM Tech Definitions” is the tab where the columns of
the “SUM” tab are defined. The “Truck Vehicle Type Map” and “Car Vehicle Type
Map” map the number of cylinder and valve actuation technology to the “tech package”
vehicle type number.

Table 1-6 Models from the SUM Tab Model

Model

Car Like LargeSuv >=V8 Vehicle Type: 13
Car Like LargeSuv V6 Vehicle Type: 16
Car Like LargeSuv V6 Vehicle Type: 12
Car Like LargeSuv V6 Vehicle Type: 9
Car Like LargeSuv 14 and I5 Vehicle Type: 7
Car Like MidSizeSuv V6 Vehicle Type: 8
Car Like MidSizeSuv V6 Vehicle Type: 5
Car Like MidSizeSuv 14 Vehicle Type: 7
Car Like SmallSuv V6 Vehicle Type: 12
Car Like SmallSuv V6 Vehicle Type: 4
Car Like SmallSuv 14 Vehicle Type: 3
LargeAuto >=V8 Vehicle Type: 13
LargeAuto >=V8 Vehicle Type: 10
LargeAuto >=V8 Vehicle Type: 6
LargeAuto V6 Vehicle Type: 12
LargeAuto V6 Vehicle Type: 5
MidSizeAuto >=V8 Vehicle Type: 13
MidSizeAuto >=V8 Vehicle Type: 10
MidSizeAuto >=V8 (7 or >) Vehicle Type: 6
MidSizeAuto V6 Vehicle Type: 12
MidSizeAuto V6 Vehicle Type: 8
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MidSizeAuto V6 Vehicle Type: 5
MidSizeAuto 14 Vehicle Type: 3

In the combined EPA certification and CSM database, all of the 2008 vehicle
models were assumed to continue out to 2016, though their volumes changed in
proportion to CSM projections. Also, any new models expected to be introduced within
the 2009-2016 timeframe are not included in the data. These volumes are reassigned to
the existing models. All MY 2011-2016 vehicles are mapped to the existing vehicles by
a process of mapping to manufacturer market share and overall segment distribution. The
mappings are discussed in the next section. Further discussion of this limitation is
discussed below in section 1.3.4. The statistics of this fleet will be presented below since
further modifications were required to the volumes as the next section describes.

1.3.2.2 How were the CSM forecasts normalized to the AEO forecasts?

As also explained at proposal, the next step in the production of the reference fleet
is one of the more complicated steps to explain. Here, the projected CSM forecasts for
relative sales of cars and trucks by manufacturer and by market segment was normalized
(set equal) to the total sales estimates of the preliminary 2010 Annual Energy Outlook
(AEO). NHTSA and EPA used projected car and truck volumes for this period from
AEO 2009. However, the AEO projects sales only at the car and truck level, not at the
manufacturer and model-specific level, which are needed for the analysis. The CSM data
provided year-by-year percentages of cars and trucks sold by each manufacturer as well
as the percentages of each vehicle segment. Using these percentages normalized to the
AEO-projected volumes then provided the manufacturer-specific market share and
model-specific sales for model years 2011-2016 (it is worth clarifying that the agencies
are not using the model-specific sales volumes from CSM, only the volumes by
manufacturer and segment). This process is described in greater detail in the following
paragraphs.

In order to determine future production volumes, multipliers were developed by
manufacturer and vehicle segment that could be applied to MY 2008 volumes. The
process for developing the multipliers is complicated, but is easiest to explain as a three-
step process, though the first step is combined with both the second and third step, so
only one multiplier per manufacturer and vehicle segment is developed.

The three steps are:
1. Adjust total car and truck sales to match AEO projections.
2. Adjust Car sales to match CSM market share projections for each manufacturer
and car segment.
3. Adjust Truck sales to match CSM market share projections for each manufacturer
and truck segment.

The first step is the adjustment of total car and truck sales in 2008 to match AEO
projections of total car and truck sales in 2011-2016. The volumes for all of the trucks in
2008 were added up (TruckSum2008), and so were the volumes of all the cars
(CarSum2008). A multiplier was developed to scale the volumes in 2008 to the AEO
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projections. The example equation below shows the general form of how to calculate a
car or truck multiplier. The AEO projections are shown above in Table 1-4.

Example Equation :
TruckMultiplier(Year X) = AEOProjectionforTrucks(Year X) / TruckSum2008
CarMultiplier(Year X) = AEOProjectionforCars(Year X) / CarSum2008

Where: Year X is the model year of the multiplier.

The AEO projection is different for each model year. Therefore, the multipliers
are different for each model year. The multipliers can be applied to each 2008 vehicle as
a first adjustment, but multipliers based solely on AEO have limited value since it can
only give an adjustment that will give the correct total numbers of cars and trucks without
the correct market share or vehicle mix. A correction factor based on the CSM data,
which does contain market share and vehicle segment mix, is therefore necessary, so
combining the AEO multiplier with CSM multipliers (one per manufacturer, segment,
and model year) will give the best multipliers.

There were several steps in developing an adjustment for Cars based on the CSM
data. CSM provided data on the market share and vehicle segment distribution. The first
step in determining the adjustment for Cars was to total the number of Cars in each
vehicle segment by manufacturer in MY 2008. A total for all manufacturers in each
segment was also calculated. The next step was to multiply the volume of each segment
for each manufacturer by the CSM market share. The AEO multiplier was also applied at
this time. This gave projected volumes with AEO total volumes and market share
correction for Cars. This is shown in the “Adjusted for 2011 AEO and Manufacturer
Market Share” column of Table 1-7.

The next step is to adjust the sales volumes for CSM vehicle segment distribution.
The process for adjusting for vehicle segment is more complicated than a simple one step
multiplication. In order to keep manufacturers’ volumes constant and still have the
correct vehicle segment distribution, vehicles need to move from segment to segment
while maintaining constant manufacturers’ totals. Six rules and one assumption were
applied to accomplish the shift. The assumption (based on the shift in vehicle sales in the
last year) is that people are moving to smaller vehicles in the rulemaking time frame. A
higher level (less detailed) example of this procedure is provided in the preamble section
1L

1. Vehicles from CSM’s “Luxury Car,” “Specialty Car,” and “Other Car” segments,
if reduced will be equally distributed to the remaining four categories (“Full-Size
Car,” “Mid-Size Car,” “Small Car,” “Mini Car”). If these sales increased, they
were taken from the remaining four categories so that the relative sales in these
four categories remained constant.

2. Vehicles from CSM’s “Luxury Car,” “Specialty Car,” and “Other Car” segments,
if increased will take equally from the remaining categories (“Full-Size Car,”
“Mid-Size Car,” “Small Car,” “Mini Car”).
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3. All manufacturers have the same multiplier for a given segment shift based on
moving all vehicles in that segment to achieve the CSM distribution. Table 1-7
shows how the 2011 vehicles moved and the multipliers that were created for
each adjustment. This does not mean that new vehicle segments will be added
(except for Generic Mini Car described in the next step) to manufacturers that do
not produce them. Vehicles within each manufacturer will be shifted as close to
the distribution as possible given the other rules. Table 1-8 has the percentages of
Cars per CSM segment. These percentages are multiplied by the total number of
vehicles in a given year to get the total sales in the segment. Table 1-7 shows the
totals for 2011 in the “2011 AEO-CSM Sales Goal” column.

4. When “Full-Size Car,” “Mid-Size Car,” “Small Car” are processed, if vehicles
need to move in or out of the segment, they will move into or out of the next
smaller segment. So, if Mid-Size Cars are being processed they can only move to
or be taken from Small Cars. Note: In order to accomplish this, a “Generic Mini
Car” segment was added to manufacturers who did not have a Mini (type) Car in
production in 2008, but needed to shift down vehicles from the Small Car
segment.

5. The data must be processed in the following order: “Luxury Car,” “Specialty
Car,” “Other Car,” “Full-Size Car,” “Mid-Size Car,” “Small Car.” The “Mini
Car” does not need to be processed separately. By using this order, it works out
that vehicles will always move toward the correct distribution. There are two
exceptions, BMW and Porsche only have “Luxury Car,” “Specialty Car,” and
“Other Car” vehicles, so their volumes were not changed or shifted since these
rules did not apply to them.

6. When an individual manufacturer multiplier is applied for a segment, the vehicles
move to or from the appropriate segments as specified in the previous rules and as
shown in Table 1-7.
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Table 1-7 Example: 2011 Model Year Volume Shift*

Adjusted for
2011 AEO
and 2011 AEO-
2008 MY Manufacturer | Luxury, Specialty, | Full Size Midsize Small Car | CSM Sales
CSM Segment Sales Market Share | Other Adjustment | Adjustment | Adjustment | Adjustment | Goal
All Full-Size Car 730,355 501,245 520,885 411,025 411,025 411,025 411,025
All Luxury Car 1,057,875 1,076,470 970,680 970,680 970,680 970,680 970,666
All Mid-Size Car 1,970,494 1,946,981 2,033,087 2,142,948 1,838,095 1,838,095 1,838,095
All Mini Car 599,643 686,738 733,339 733,339 733,339 991,309 991,349
All Small Car 1,850,522 2,007,527 2,099,343 2,099,343 2,404,196 2,146,226 2,146,226
All Specialty Car 754,547 783,982 637,785 637,785 637,785 637,785 637,759
All Others 3,259 4,355 12,178 12,178 12,178 12,178 12,178
Number Vehicles that shift and Where
All Full-Size Car 19,640 (109,861) - -
All Luxury Car (105,790) - - -
All Mid-Size Car 86,107 109,861 (304,853) -
All Mini Car 46,601 - - 257,970
All Small Car 91,816 - 304,853 (257,970)
All Specialty Car (146,198) - - -
All Others 7,823 - - -
Individual Manufacturer Multiplier
All Full-Size Car 0.789
All Luxury Car 0.902
All Mid-Size Car 0.858
All Mini Car 1.352
All Small Car
All Specialty Car 0.814
All Others 2.796
*Note: The data in this table is based on the NPRM data.
Table 1-8 Example: CSM - Percent of Cars per Segment*
CSM Segment 2011 2012 2013 2014 2015 2016
Compact Car 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Full-Size Car 5.9% 4.3% 4.7% 4.9% 4.9% 4.9%
Luxury Car 13.9% 13.7% 14.6% 15.0% 15.1% 15.1%
Mid-Size Car 26.2% 29.0% 27.9% 27.5% 27.9% 27.9%
Mini Car 14.1% 15.5% 15.5% 15.4% 15.4% 15.4%
Small Car 30.6% 27.5% 26.5% 26.1% 25.8% 25.8%
Specialty Car 9.1% 9.8% 10.7% 10.9% 10.6% 10.6%
Others 0.2% 0.2% 0.2% 0.2% 0.2% 0.2%

*Note: The data in this table is based on the NPRM data.
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Mathematically, an individual manufacturer multiplier is calculated by making the
segment the goal and dividing by the previous total for the segment (shown in Table 1-7).
If the number is greater than 1, the vehicles are entering the segment, and if the number is
less than 1, the vehicles are leaving the segment. So, for example, if Luxury Cars have
an adjustment of 1.5, then for a specific manufacturer who has Luxury Cars, a multiplier
of 1.5 is applied to its luxury car volume, and the total number of vehicles that shifted
into the Luxury segment is subtracted from the remaining segments to maintain that
company’s market share. On the other hand, if Large Cars have an adjustment of 0.7,
then for a specific manufacturer who has Large Cars, a multiplier of 0.7 is applied to its
Large Cars, and the total number of vehicles leaving that segment is transferred into that
manufacturer’s Mid-Size Cars.

After the vehicle volumes are shifted using the above rules, a total for each
manufacturer and vehicle segment is maintained. The total for each manufacturer
segment for a specific model year (e.g., 2011 General Motors Luxury Cars) divided by
the MY 2008 total for that manufacturer segment (e.g., 2008 General Motors Luxury
Cars) is the new multiplier used to determine the future vehicle volume for each vehicle
model. This is done by taking the multiplier (which is for a specific manufacturer and
segment) times the MY 2008 volume for the specific vehicle model (e.g., 2008 General
Motors Luxury Car Cadillac CTS). This process is repeated for each model year (2011-
2016).

The method used to adjust CSM Trucks to the AEO market share was different
than the method used for Cars. The process for Cars is different than Trucks because it is
not possible to predict how vehicles would shift between segments based on current
market trends. This is because of the added utility of some trucks that makes their sales
more insensitive to factors like fuel price. Again, CSM provided data on the market
share and vehicle segment distribution. The process for having the fleet match CSM’s
market share and vehicle segment distribution was iterative.

The following totals were determined:

¢ The total number of trucks for each manufacturer in 2008 model year.

¢ The total number of trucks in each truck segment in 2008 model year.

¢ The total number of truck in each segment for each manufacturer in 2008 model
year.

e The total number of trucks for each manufacturer in a specific future model year
based on the AEO and CSM data. This is the goal for market share.

¢ The total number of trucks in each truck segment in a specific future model year
based on the AEO and CSM data. This is the goal for vehicle segment
distribution. Table 1-9 has the percentages of Trucks per CSM segment
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Table 1-9 Example: CSM - Percent of Trucks per Segment*

CSM Segment 2011 2012 2013 2014 2015 2016
Full-Size CUV 4.1% 3.3% 4.0% 4.4% 4.5% 4.5%
Full-Size Pickup 20.0% 17.9% 18.1% 20.1% 20.8% 20.8%
Full-Size SUV 3.3% 2.8% 1.6% 1.2% 1.3% 1.3%
Full-Size Van 3.5% 3.3% 4.0% 3.9% 4.0% 4.0%
Mid-Size CUV 14.5% 15.8% 17.5% 18.1% 18.4% 18.4%
Mid-Size MAV 3.8% 3.3% 2.6% 2.2% 2.2% 2.2%
Mid-Size Pickup 3.6% 5.8% 6.4% 6.4% 6.6% 6.6%
Mid-Size SUV 3.2% 2.3% 1.8% 1.6% 1.6% 1.6%
Mid-Size Van 11.9% 11.3% 10.7% 10.0% 8.7% 8.7%
Small CUV 27.3% 28.4% 27.0% 26.1% 26.2% 26.2%
Small MAV 1.9% 3.4% 4.1% 4.1% 4.1% 4.1%
Small SUV 2.8% 2.4% 2.2% 2.0% 1.8% 1.8%

*Note: The data in this table is based on the NPRM data.

To start, two different types of tables were created. One table had each manufacturer
with its total sales for 2008 (similar to Table 1-10). This table will have the goal for each
manufacturer, and a column added for each iteration with the current total. The second
table has a truck segment total by manufacturer. The second table starts out with a
“Generic” manufacturer (Table 1-11) which is the table where the goal resides. Each
manufacturer (BMW is shown in Table 1-12) is then listed below the “Generic”
manufacturer. With each iteration, a new total is added for each segment that is
calculated and added to the table. This is not shown in the tables below. A process of
first adjusting the numbers in the tables to the goal for market share distribution was
done. This was followed by adjusting to the goal for vehicle segment distribution. Each
time an adjustment was done a new column was added. An adjustment was done by
creating a multiplier (either segment distribution-based or manufacturer distribution-
based) and applying it to each vehicle segment total in the current iteration. A
manufacturer-based multiplier is calculated by taking the goal total for a manufacturer
and dividing by the current total (starting with 2008 model year volumes) for a
manufacturer. A segment distribution-based multiplier is calculated by taking the goal
distribution volumes in the Generic manufacturer set and dividing them by the current
volume. Table 1-10, Table 1-11, and Table 1-12 below illustrates two iterations using
BMW as an example.
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Table 1-10 Example:Manufacturer Truck Totals*

2008 Model Year Sales

Manufacturer Distribution 2011Volume Goal

Multiplier for Iteration 1

BMW

61,324

139948

139948/61324=2.28

*Note: The data in this table is based on the NPRM data.

Table 1-11 Example: Segment Specific Truck Totals for All Manufacturers*

2008 Model Year Segment Distribution

Manufacturer | CSM Segment Sales 2011Volume Goal Multipliers

Generic** Full-Size Pickup 1,195,073 1,390,343 1.30
Generic Mid-Size Pickup 598,197 251,433 0.38
Generic Full-Size Van 33,384 244,393 8.30
Generic Mid-Size Van 719,529 826,733 1.37
Generic Mid-Size MAV 191,448 263,765 1.26
Generic Small MAV 235,524 133,309 0.57
Generic Full-Size SUV 530,748 232,375 0.46
Generic Mid-Size SUV 347,026 221,607 0.70
Generic Small SUV 377,262 194,496 0.75
Generic Full-Size CUV 406,554 287,313 0.69
Generic Mid-Size CUV 798,335 1,007,583 0.99
Generic Small CUV 1,441,589 1,901,229 1.16

* The data in this table is based on the NPRM data.
** GGeneric means all manufacturers.

Table 1-12 Example: Segment Specific Truck Totals for BMW#*

2008 Model Year Iteration 1 Adjust for Iteration 2 Adjust for
Manufacturer | CSM Segment Sales Market Share Segment Distribution
BMW Full-Size Pickup
BMW Mid-Size Pickup
BMW Full-Size Van
BMW Mid-Size Van
BMW Mid-Size MAV 3,882 2.28%3,882=8,551 1.26*8,851=11,137
BMW Small MAV
BMW Full-Size SUV
BMW Mid-Size SUV
BMW Small SUV
BMW Full-Size CUV
BMW Mid-Size CUV 36,409 2.28%36,409=83,013 0.99*83,013=82,603
BMW Small CUV 21,033 2.28*21,033=47,955 1.16%47,955=55,592
Total BMW Vehicles 61,324 139,819 149,332

*Note: The data in this table is based on the NPRM data.
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Using this process, the numbers will get closer to the goal of matching CSM’s market
share for each manufacturer and distribution for each vehicle segment after each of the
iterations. The iterative process is carried out until the totals nearly match the goals.

After 19 iterations, all numbers were within 0.01% of CSM’s distributions. The
calculation iterations could have been stopped sooner, but they were continued to observe
how the numbers would converge.

After the market share and segment distribution were complete, the totals need to be
used to create multipliers that could be applied to the original individual 2008 model year
vehicle volumes (each unique manufacture models volume). The total for each
manufacturer segment divided by the 2008 model year total for each manufacturer
segment gives a multiplier that can be applied to each vehicle based on its manufacturer
and segment.

The above process is done for each model year needed (2011-2016). The multipliers
are then applied to each vehicle in 2008 model year, which gives a volume for each
vehicle in 2011 through 2016 model year. The “reference case” (which is the technology
being applied to 2012-2016 fleet to meet the 2011 cafe standard) is discussed below in
section 4.1, with the results being presented in section 4.2.

1.3.3 How has the reference fleet changed from the NPRM to the Final Rule?

The agencies updated the projected reference (2011-2016) fleet file for the final
rule, though the baseline fleet (MY 2008) remains unchanged. The NPRM reference
fleet used CSM Worldwide’s second quarter, 2009 projections and the April 2009 Annual
Energy Outlook. The reference for the final rule uses a filtered version of CSM
Worldwide’s fourth quarter, 2009 projections, and (as noted above) an early version of
the 2010 Annual Energy Outlook that was released in December of 2009.

CSM Worldwide’s standard forecast includes heavy duty class 2b and heavy duty
class 3 vehicles. Including these extra vehicles in the second quarter forecast caused the
baseline to have an increased number of full size trucks and full size vans. EPA did not
discover this discrepancy between CSM’s definition of heavy truck and the one used by
NHTSA/EPA until after the proposal had been published. For the final rule, the EPA
requested CSM to filter their 4th quarter projections to only include light duty and
medium duty passenger vehicles. The filtered CSM data allowed the agencies to produce
a more accurate projection of future sales.

Table 1-13 and Table 1-14 below show the difference in volumes per each CSM
segment in the final rule baseline and the NPRM reference. The significant decrease in
the number of full size vans can be attributed to the new filtered version of the CSM data.
Full size trucks show some decrease, but did not have as obvious an impact from the data
filtering since CSM increase their predicted volume for full size trucks. The overall
decrease in cars and trucks for some of the year in the 2011-2016 time frame is due to the
decreased volumes projected in the 2010 Annual Energy Outlook.
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Table 1-13 Difference Truck Segment Volumes (Final-NPRM)

Model 2011 2012 2013 2014 2015 2016
Full-Size Pickup (36,639) | 209,466 | 224,624 | (74,421) | (110,407) | (103,495)
Mid-Size Pickup 56,153 | (91,457) | (61,634) | (90,397) | (145,580) | (180,099)
Full-Size Van (138,346) | (118,196) | (214,794) | (216,209) | (225,771) | (218,776)
Mid-Size Van (119,480) | (39,675) 136,637 159,127 | 224,405 | 219,798
Mid-Size MAV (96911) | (92,668) | (68,927) | (58,747) | (45,077) | (43,413)
Small MAV (74545) | (172,269) | (231,829) | (230,774) | (234,930) | (227,667)
Full-Size SUV 75,909 54,140 90,095 128,390 144,629 140,861
Mid-Size SUV 85,265 114,268 99,228 64,284 52,735 51,563
Small SUV (42,807) | (31,396) | (41,079) | (31,821) | (16,856) | (16,064)
Full-Size CUV (48,893) 11,197 | (32,095) | (35,457) | (62,356) | (59,796)
Mid-Size CUV 85,731 80,897 | (67,541) 15,205 57,194 59,019
Small CUV (35,350) 109,182 | 253,249 | 353,827 | 307,846 | 304,197
All Trucks (289,913) 33,489 85,933 | (16,993) | (54,166) | (73,873)

Table 1-14 Difference Car Segment Volumes (Final-NPRM)

Model 2011 2012 2013 2014 2015 2016
Full-Size Car 245,467 219,990 117,266 60,568 52,287 54,945
Mid-Size Car 179,734 (88,360) | (109,151) | (102,313) | (119,548) (116,040)
Small Car (364,311) (47,099) 91,824 39,821 26,360 33,401
Subcompact/Mini Car 10,613 107,422 202,059 167,808 138371 146,009
Luxury Car 1,971 98,741 32,604 55,014 78055 83,925
Specialty Car (173,163) | (176,256) | (267,196) | (296,546) | (255347) (259,743)
Others (12,178) (12,350) (14,739) (17,811) (20646) (21,153)
All Cars (111,868) 102,089 52,668 (93,460) | (10,0467) (78,656)

Table 1-15below shows the differences in projected manufacturer volumes

between the final rule projected volumes and the NPRM projected volumes. The 2010
Annual Energy Outlook reduced the volumes for 2011, and 2014-2016. This would have
reduced all of the manufacturer projected production volumes if we had not used the 4th
quarter CSM projections. All manufactures that have an increase shown in those years
are projected by CSM to have increased market share. The most notable change in
projected production volume is from Chrysler. Chrysler was projected to have 138,602
cars, and 109,674 trucks for 2016 in the NPRM based on using 2nd quarter CSM (and
2009 Annual Energy Outlook). 4th quarter CSM projections for Chrysler are much more
optimistic, and the baseline for the final rule has 399,762 for Chrysler’s cars and 462,150
for Chrysler’s trucks in 2016.
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Table 1-15 Difference Car and Truck Volumes by Manufacturer (Final-NPRM)

Manufacturer 2011 2012 2013 2014 2015 2016
Total Vehicles All Manufacturers | (401,780) 135,578 138,601 | (110,453) | (154,633) | (152,529)
All Manufacturers Trucks (89,568) | 268,005 | 318,204 136,923 109,279 82,731
All Manufacturers Cars (312,212) | (132,427) | (179,603) | (247,376) | (263,912) | (235,260)
BMW Trucks 62,770 61,336 41,601 46,988 36,579 35,180
BMW Cars (41,587) 6,160 | (29,286) 17,731 39,985 42,070
Chrysler Trucks 334,846 409,643 349,651 292,257 362,932 352,476
Chrysler Cars 132,623 | 230,827 | 251,382 | 242,273 | 255,900 | 261,160
Ford Trucks (151,056) | (173,698) | (167,456) | (236,552) | (294,109) | (291,602)
Ford Cars 114,699 119,923 61,456 121,665 39,295 47,956
Subaru Trucks (13,064) 9,058 12,351 22,381 42,630 43,160
Subaru Cars 16,044 34,293 39,224 49,380 74,158 75,882
GENERAL MOTORS Trucks 33,594 | 301,275 | 215,632 (6,059) 23,993 19,092
GENERAL MOTORS Cars 92,543 101,513 | (75,325) | (255,948) | (302,495) | (305,754)
HONDA Trucks 14,156 | (35,243) | (47,772) | (52,602) | (130,896) | (129,956)
HONDA Cars (145,521) | (248,912) | (287,759) | (406,166) | (650,062) | (662,741)
HYUNDAI Trucks (80,886) | (82,864) | (34,222) | (30,417) | (38,372) | (37,777)
HYUNDAI Cars (188,181) | (204,255) | (163,401) | (167,347) | (79,342) | (78,446)
Tata Trucks (618) | (12,521) | (12,506) | (13,041) (4,879) (4,879)
Tata Cars 4,615 13,499 17,706 13,782 23,165 23,905
Kia Trucks (9,888) 8,854 28,177 42,230 48,498 46,803
Kia Cars 3,362 (4,913) 16,985 95,993 191,184 196,973
Mazda Trucks (1,909) | (11,147) (6,352) 861 14,853 14,160
Mazda Cars (25,356) | (30,361) 11,242 39,804 73,259 75,028
Daimler Trucks (1,296) (1,299) (1,152) 11,265 16,512 15,740
Daimler Cars 36,309 39,481 12,426 40,218 34,189 35,735
Mitsubishi Trucks 36,069 38,193 34,739 43,711 49,546 48,149
Mitsubishi Cars 36,473 45,440 43,385 31,673 29,942 29,228
Nissan Trucks (89,599) | (72,880) | (87,000) | (68,513) | (62,754) | (63,585)
Nissan Cars (182,244) | (134,666) | (199,962) | (219,176) | (178,793) | (176,968)
PORSCHE Trucks (8,270) (7,577) (6,031) (3,346) 323 (603)
PORSCHE Cars (5,853) 9,511 7,486 (4,446) (3,750) (3,755)
Suzuki Trucks (18,299) | (25,798) | (13,193) | (10,485) (6,657) (6,548)
Suzuki Cars (41,871) | (14,240) (4,439) 9,117 24,635 25,575
TOYOTA Trucks (171,045) | (132,755) | (28,733) 50,277 25,938 18,761
TOYOTA Cars (118,360) | (106,708) 79,278 93,978 62,371 72,407
VOLKSWAGEN Trucks (25,074) (4,573) 40,469 47,969 25,144 24,160
VOLKSWAGEN Cars 92 10,979 40,000 50,093 102,448 106,486

1.3.4 What are the sales volumes and characteristics of the reference fleet?

Table 1-16 and Table 1-17 below contain the sales volumes and percentages that
result from the process above for MY 2008 and 2011-2016.
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Table 1-16 Vehicle Segment Volumes

Reference Class

Actual and Projected Sales Volume

Segment® 2008 2011 2012 2013 2014 2015 2016
Large Auto 557,693 479,329 438,780 422,094 438,346 461,663 474,260
Mid-Size Auto 3,097,859 2,747,665 3,028,262 3,174,985 3,361,926 3,524,000 3,619,798
Compact Auto 1,976,424 1,671,674 2,024,030 2,232,209 2,340,408 2,454,466 2,520,777
Sub-Compact Auto 1,364,434 1,763,860 2,222,516 2,483,365 2,564,754 2,663,349 2,735,809
All Cars 6,996,410 6,662,527 7,713,589 8,312,653 8,705,434 9,103,479 9,350,644
Large Pickup 1,581,880 1,515,406 1,649,043 1,774,535 1,629,457 1,594,363 1,550,212
Small Pickup 177,497 120,816 128,754 168,070 150,225 129,421 125,837
Large SUV 2,783,949 2,692,979 2,808,069 2,796,947 2,904,358 2,932,045 2,851,169
Mid-Size SUV 1,263,360 1,462,069 1,630,310 1,677,100 1,722,783 1,687,445 1,645,170
Small SUV 285,355 113,652 111,539 97,954 90,729 80,754 78,518
Mini Van 642,055 631,390 665,307 799,280 784,215 737,003 716,594
Cargo Van 110,858 181,911 215,174 209,684 192,590 189,124 183,887
All Trucks 6,844,954 6,718,223 7,208,196 7,523,569 7,474,358 7,350,155 7,151,387

* This is no longer the CSM segment, but the segment used for the subsequent analysis in this rule.
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Table 1-17 Manufacturer Volumes

= = ] = = =
gfs | =3E | 2ff | oegf | zif | zif | szif
N;m Ngg Ngg Nég Ngg Ngg Ngg
Total Vehicles 13,841,364 13,380,750 14,921,784 15,836,222 16,179,793 16,453,634 16,502,032
All Trucks 6,844,954 6,718,223 7,208,196 7,523,569 7,474,358 7,350,155 7,151,387
All Cars 6,996,410 6,662,527 7,713,589 8,312,653 8,705,434 9,103,479 9,350,644
BMW Trucks 61,324 202,729 204,197 183,550 191,010 175,612 170,749
BMW Cars 291,796 230,986 289,631 293,905 369,979 411,653 422,874
Chrysler Trucks 956,792 737,504 692,115 594,092 514,802 475,312 462,150
Chrysler Cars 700,413 326,327 409,462 426,454 411,319 392,483 399,762
Ford Trucks 846,596 792,527 851,877 940,080 965,589 936,781 910,840
Ford Cars 1,021,792 1,344,461 1,468,182 1,485,801 1,567,762 1,542,470 1,559,310
Subaru Trucks 82,546 104,832 97,935 89,944 99,293 116,055 117,295
Subaru Cars 116,035 169,688 183,486 175,170 184,521 204,746 206,903
GM Trucks 1,512,047 1,347,521 1,510,917 1,536,070 1,336,797 1,379,813 1,341,604
GM Cars 1,607,460 1,248,909 1,586,094 1,544,975 1,452,559 1,487,318 1,514,479
Honda Trucks 505,140 585,334 634,705 676,729 634,606 560,745 545,217
Honda Cars 1,006,639 850,875 906,096 1,064,848 1,087,076 912,434 930,350
Hyundai Trucks 53,158 46,314 58,164 101,529 103,857 94,606 91,986
Hyundai Cars 337,869 382,250 376,284 395,573 395,515 511,236 518,445
Tata Trucks 55,584 30,726 29,647 33,749 40,294 43,703 42,493
Tata Cars 9,596 23,187 36,377 50,527 49,316 63,751 65,489
Kia Trucks 59,472 87,819 87,643 102,773 114,423 118,391 115,113
Kia Cars 221,980 305,709 299,611 326,652 427,191 538,717 548,055
Mazda Trucks 55,885 57,873 60,783 64,784 67,780 74,213 72,158
Mazda Cars 246,661 292,592 283,128 329911 378,291 413,328 420,516
Daimler Trucks 79,135 96,630 108,053 114,531 136,455 129,878 126,281
Daimler Cars 208,052 213,801 211,652 202,559 244,554 263,751 270,940
Mitsubishi Trucks 15,371 45,337 48,290 46,179 52,835 56,896 55,320
Mitsubishi Cars 85,358 104,252 110,284 104,555 88,150 82,310 82,688
Nissan Trucks 305,546 331,067 405,017 391,572 406,045 391,733 380,886
Nissan Cars 717,869 611,629 824,030 831,607 854,131 925,478 946,518
Porsche Trucks 18,797 13,131 13,190 14,608 16,033 17,145 16,670
Porsche Cars 18,909 25,056 41,117 43,299 34,024 32,426 33,309
Suzuki Trucks 35,319 6,895 4,593 16,557 20,060 20,547 19,978
Suzuki Cars 79,339 49,484 72,297 81,781 90,597 100,600 103,003
Toyota Trucks 951,136 888,116 886,621 990,315 1,095,949 1,107,261 1,076,598
Toyota Cars 1,260,364 1,355,639 1,591,054 1,941,480 2,079,011 2,176,644 2,226,522
VW Trucks 26,999 83,403 104,842 141,421 151,992 127,888 124,346
VW Cars 290,385 388,146 434,412 498,641 517,978 567,711 583,185

Table 1-18 also shows how the change in fleet make-up may affect the footprint

distributions over time. The resulting data indicate that footprint will not change
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significantly between 2008 and 2016. There will be an increase in the number of cars
sold, which will cause the average footprints for cars and trucks combined to be slightly
smaller (about 2%). This is the result of AEO projecting an increased number of cars,
and CSM predicting that most of that increase will be in the subcompact segment. It is
important to note that the AEO and CSM projections were made without accounting for
the effects of this rulemaking, and thus are not influenced by the new regulations.’

Table 1-18 Production Foot Print Mean

Foot P?Or;t Mean Foot Print Mean Foot Print Mean
Model Year Car & Truck (f:(;rr Tfﬁik
Combined
2008 49.0 45.4 54.1
2011 48.9 45.2 54.2
2012 48.6 45.0 54.3
2013 48.5 44.9 54.3
2014 48.2 449 54.0
2015 48.2 449 54.0
2016 48.1 44.9 54.0

Table 1-19 and Table 1-20 below show the changes in engine cylinders over the
model years. The current assumptions show that engines will be downsized over the
model years to which these rules apply. The biggest projected shift occurs between MY
2008 and 2013. This shift is a projected consequence of the expected changes in class
and segment mix as predicted by AEO and CSM, and does not represent engine
downsizing attributable to the rules.

Table 1-19 Truck Percentages of 4, 6, 8 Cylinder Engines by Model Year

Model Percent of Total Sales of 4,6,8 Cylinders Trucks

2008 2011 2012 2013 2014 2015 2016
All Trucks 8 Cylinders 33.7% 31.4% 30.9% 29.7% 28.3% 28.8% 28.8%
All Trucks 6 Cylinders 55.8% 57.1% 57.1% 58.2% 59.4% 59.0% 59.0%
All Trucks 4 Cylinders 10.5% 11.5% 12.0% 12.0% 12.4% 12.2% 12.3%

Table 1-20 Car Percentages of 4, 6, 8 Cylinder Engines by Model Year
Model Percent of Total Sales of 4,6,8 Cylinders Cars

2008 2011 2012 2013 2014 2015 2016
All Cars 8 Cylinders 5.2% 5.2% 5.0% 4.8% 4.8% 5.0% 5.1%
All Cars 6 Cylinders 36.7% 34.5% 33.0% 31.9% 32.2% 32.3% 32.2%
All Cars 4 Cylinders 58.1% 60.3% 62.0% 63.3% 63.0% 62.6% 62.7%

4 Refer to the memo to the docket (Docket EPA-HQ-OAR-2009-0472) for a more detailed description of
the updated AEO2010 fleet projection.
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1.3.5 How is the development of the baseline and reference fleet for this final
rule different from NHTSA’s historical approach and why is this
approach preferable?

As described in detail at the opening of this chapter, and as explained at proposal,
NHTSA has historically based its analysis of potential new CAFE standards on detailed
product plans the agency has requested from manufacturers planning to produce light
vehicles for sale in the United States. Although the agency has never compelled
manufacturers to submit such information, most major manufacturers and some smaller
manufacturers have voluntarily provided it when requested.

As in other prior rulemakings, NHTSA has requested extensive and detailed
information regarding the models that manufacturers plan to offer, as well as
manufacturers’ estimates of the volume of each model they expect to produce for sale in
the U.S. NHTSA'’s recent requests have sought information regarding a range of
engineering and planning characteristics for each vehicle model (e.g., fuel economy,
engine, transmission, physical dimensions, weights and capacities, redesign schedules),
each engine (e.g., fuel type, fuel delivery, aspiration, valvetrain configuration, valve
timing, valve lift, power and torque ratings), and each transmission (e.g., type, number of
gears, logic).

The information that manufacturers have provided in response to this request has
varied in completeness and detail. Some manufacturers have submitted nearly all of the
information NHTSA has requested, for most or all of the model years covered by
NHTSA'’s requests, and have closely followed NHTSA’s guidance regarding the
structure of the information. Other manufacturers have submitted partial information,
information for only a few model years, and/or information in a structure less amenable
to analysis. Still other manufacturers have not responded to NHTSA’s requests or have
responded on occasion, usually with partial information.

One of the primary reasons for the request for data in 2009 was to obtain
permission from the manufacturers to make public their product plan information for
model years 2010 and 2011. There are a number of reasons that this could be
advantageous in the development of a reference fleet. First some changes to the fleet
may not be captured by this approach of solely using publicly available information. For
example, the agencies’ current market forecast includes some vehicles for which
manufacturers have announced plans for elimination or drastic production cuts such as
the Chevrolet Trailblazer, the Chrysler PT Cruiser, the Chrysler Pacifica, the Dodge
Magnum, the Ford Crown Victoria, the Hummer H2, the Mercury Sable, the Pontiac
Grand Prix, and the Pontiac G5. These vehicle models appear explicitly in market inputs
to NHTSA’s analysis, and are among those vehicle models included in the aggregated
vehicle types appearing in market inputs to EPA’s analysis.

Second, the agencies’ market forecast does not include some forthcoming vehicle

models, such as the Chevrolet Volt, the Chevrolet Camaro, the Ford Fiesta and several
publicly announced electric vehicles, including the announcements from Nissan. Nor

1-30



The Baseline and Reference Vehicle Fleet

does it include several MY 2009 and 2010 vehicles, such as the Honda Insight, the
Hyundai Genesis and the Toyota Venza, as the starting point for vehicle definitions was
MY 2008. Additionally, the market forecast does not account for publicly-announced
technology introductions, such as Ford’s EcoBoost system, whose product plans specify
which vehicles and how many are planned to have this technology. Were the agencies to
rely on manufacturers’ product plans, this market forecast would account for not only
these specific examples, but also for similar examples that have not yet been announced
publicly.

Finally, some technical information manufacturers that have provided in product
plans regarding specific vehicle models is, at least as far as NHTSA and EPA have been
able to determine, not available from public or commercial sources. While such gaps do
not bear significantly on the agencies’ analysis, the diversity of pickup configurations
necessitated utilizing a sales-weighted average footprint value’ for many manufacturers’
pickups. Since the modeling only utilizes footprint in order to estimate each
manufacturer’s CO, or fuel economy standard and all the other vehicle characteristics are
available for each pickup configuration, this approximation has no practical impact on the
projected technology or cost associated with compliance with the various standards
evaluated. The only impact which could arise would be if the relative sales of the various
pickup configurations changed, or if the agencies were to explore standards with a
different shape or attribute. This would necessitate recalculating the average footprint
value in order to maintain accuracy.

In an effort to update the 2008 baseline to account for the expected changes in the
fleet in the near-term model years 2009-2011 described above, NHTSA requested
permission from the manufacturers to make this limited product plan information public.
Unfortunately, virtually no manufacturers agreed to allow the use of their data after the
2009 model year. A few manufacturers stated we could use their 2009 product plan data
after the end of production (December 31). Unfortunately, this does not afford us
sufficient time to do the analysis for the final rule. Also, the 2009 product plan data that
was permitted to be used was not consistent with the data already in the baseline, and in
some cases was determined to be inaccurate. Since the agencies were unable to obtain
consistent updates, the baseline and reference fleets were not updated beyond 2008 model
year for this final rule. The 2008 baseline fleet and projections were instead updated
using the latest AEO and CSM data, as explained above.

7 A full-size pickup might be offered with various combinations of cab style (e.g., regular, extended, crew)
and box length (e.g., 5¥2’, 6'2°, 8’) and, therefore, multiple footprint sizes. CAFE compliance data for
MY2008 data does not contain footprint information, and does not contain information that can be used to
reliably identify which pickup entries correspond to footprint values estimable from public or commercial
sources. Therefore, the agencies have used the known production levels of average values to represent all
variants of a given pickup line (e.g., all variants of the F-150 and the Sierra/Silverado) in order to calculate
the sales-weighted average footprint value for each pickup family. Again, this has little impact on the
results of the modeling effort. In the extreme, one single footprint value could be used for every vehicle
sold by a single manufacturer as long as the fuel economy standard associated with this footprint value
represented the sales-weighted, harmonic average of the fuel economy standards associated with each
vehicle’s footprint values.
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1.3.6 How does manufacturer product plan data factor into the baseline used
in this final rule?

In the spring and fall of 2009, many manufacturers submitted product plans in
response to NHTSA’s recent requests that they do so. NHTSA and EPA both have
access to these plans, and both agencies have reviewed them in detail. A small amount of
product plan data was used in the development of the baseline. The specific pieces of
data are:

Wheelbase

Track Width Front

Track Width Rear

EPS (Electric Power Steering)

ROLL (Reduced Rolling Resistance)

LUB (Advance Lubrication i.e. low weight oil)
IACC (Improved Electrical Accessories)

Curb Weight

GVWR (Gross Vehicle Weight Rating)

The track widths, wheelbase, curb weight, and GVWR for vehicles could have
been looked up on the internet (159 were), but were taken from the product plans when
available for convenience. To ensure accuracy, a sample from each product plan was
used as a check against the numbers available from Motortrend.com. These numbers will
be published in the baseline file since they can be easily looked up on the internet. On
the other hand, EPS, ROLL, LUB, and IACC are difficult to determine without using
manufacturer’s product plans. These items will not be published in the baseline file, but
the data has been aggregated into the agencies’ baseline in the technology effectiveness
and cost effectiveness for each vehicle in a way that allows the baseline for the model to
be published without revealing the manufacturers data.
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References

All references can be found in the EPA DOCKET: EPA-HQ-OAR-2009-0472.

" CFEIS (Certification Fuel Emissions Information System) Database: CFEIS is an EPA database system.
> WardsAuto.com: Used as a source for engine specifications.

? Motortrend.com and Edmunds.com: Used as a source for foot print and vehicle weight data.

4 Energy Information Administration’s 2009 Annual Energy Outlook.

> The agencies have also looked at the impact of the rule in EIA’s projection, and concluded that the impact
was small. EPA and NHTSA have evaluated the differences between the AEO 2010 (early draft) and AEO
2009 and found little difference in the fleet projections (or fuel prices). This analysis can be found in the
memo to the docket: (Docket EPA-HQ-OAR-2009-0472).

6 CSM World Wide, CSM World Wide is a paid service provider; J.D. Power Automotive Forecasting, J.D. Power
Automotive Forecasting is a paid service provider.

" The baseline Excel file (“2008-2016 Production Summary Data _Definitions Docket 08_27_2009") is
available in the docket (Docket EPA-HQ-OAR-2009-0472).
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CHAPTER 2: What are the Attribute-Based Curves the Agencies
are Using, and How Were They Developed?

2.1 Standards are attribute-based and are defined by a mathematical
function

As discussed in Section II.B of the final rule preamble, NHTSA and EPA are setting
attribute-based CAFE and CO, standards for MYs 2012-2016 passenger cars and light trucks,
which are expressed by a mathematical function. EPCA, as amended by EISA, expressly
requires that CAFE standards for passenger cars and light trucks be based on one or more
vehicle attributes related to fuel economy, and be expressed in the form of a mathematical
function." The CAA has no such requirement, although such an approach is permissible
under section 202 (a) and EPA has used the attribute-based approach in issuing standards
under analogous provisions of the CAA (e.g., standards for non-road diesel engines using
engine size as the attribute). Given the advantages of using attribute-based standards for light
duty vehicles, and given the goal of coordinating and harmonizing CO, standards promulgated
under the CAA and CAFE standards promulgated under CAA and EPCA, as expressed by
President Obama in his announcement of the new National Program and by the agencies in
the joint NOI and NPRM, EPA is also finalizing standards that are attribute-based and
expressed as mathematical functions.

Under an attribute-based standard approach, each vehicle model has a fuel economy
(mpg) or CO; target, the stringency of which depends on the value of the attribute for the
vehicle model. Thus, fuel economy and CO, targets are set for individual vehicles, and vary
directly with the attribute, i.e., becoming more stringent as the attribute decreases and vice
versa. For example, size-based (i.e., size-indexed) standards assign higher fuel economy
targets (lower CO, targets) to smaller vehicles and lower fuel economy targets (higher CO,
targets) to larger vehicles. However, we emphasize that the targets themselves are not
standards. The CAFE or fleet-wide average CO; level required of a particular manufacturer is
actually determined by calculating the production-weighted average of the applicable model-
specific fuel economy or CO, targets.

The form of the fuel economy or CO, standard can have a dramatic effect on the level
of improvement required from various types of vehicles and on the relative stringency of the
standard for various manufacturers. These disparate impacts derive from two facts
concerning the current automotive market: 1) consumers currently demand a wide variety of
vehicle types and sizes, and 2) individual manufacturers focus their product offerings on
different portions of this demand. Therefore, a comparison of the advantages and
disadvantages of attribute-based and flat (universal) standards needs to consider both of these
factors.

Methods to reduce the CO, emissions from and increase the fuel economy of
individual vehicles can be generally grouped into four main categories: 1) reducing vehicle
size, 2) reducing vehicle performance and/or utility, 3) increasing the efficiency of the
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powertrain and accessories while maintaining constant performance and utility, and 4)
reducing weight and aerodynamic drag while maintaining vehicle size and utility." Stringent
flat standards encourage all four of these methods. However, the level of encouragement
differs between manufacturers. Manufacturers of generally larger vehicles face a more
difficult task in meeting a flat standard than those of generally smaller vehicles. Thus, the
stringency of flat standards will tend to be limited by the capabilities of the manufacturers of
larger vehicles. Conversely, manufacturers of smaller vehicles will tend to face lower
compliance costs and may not even need to change their vehicles at all.” Thus, the overall
level of achieved stringency of a flat standard may be limited. A flat standard will encourage
smaller, less powerful vehicles, as these vehicles face the least compliance costs. Sales will
tend to be shifted to manufacturers of generally smaller vehicles as their overall compliance
costs will be lower than those of manufacturers of average or larger vehicles. Finally, because
smaller vehicles face lower costs than larger vehicles, consumers will be encouraged to
purchase smaller vehicles. Or, to avoid these outcomes, the standard may not be of sufficient
stringency to result in significant fuel economy improvements or emission reductions.

Attribute-based fuel economy and CO, standards are preferable to universal industry-
wide average standards for several reasons. First, if the shape is chosen properly, every
manufacturer is more likely to be required to continue adding more fuel efficient technology
each year, because the level of the compliance obligation of each manufacturer is based on its
own particular product mix.

Second, attribute-based standards minimize the incentive for manufacturers to respond
to CAFE and CO, standards in ways that may be harmful to safety.” Because each vehicle
model has its own target based on the attribute chosen, attribute-based standards can,
depending on the corresponding mathematical function (i.e., the shape of the attribute based
standards), reduce or eliminate the incentive to build smaller vehicles simply to meet a fleet-
wide average. Since smaller vehicles are subject to more stringent fuel economy targets, a
manufacturer’s increasing its proportion of smaller vehicles would not necessarily ease its
compliance obligation. For the purposes of this rule, the agencies believe that setting
attribute-based standards with careful attention to the slope of the target curves will not
encourage wholesale changes in fleet mix to either smaller or larger vehicles.

Third, attribute-based standards provide a more equitable regulatory framework for
different vehicle manufacturers.” A flat industry-wide average standard imposes
disproportionate compliance obligations on (full-line) manufacturers that need to significantly

* Another method of increasing fleet fuel economy is to increase the number of high-fuel-economy vehicles and
reduce production of low-fuel-economy vehicles, for instance, by changing their relative prices. EPA and
NHTSA believe that existing technologies allow automakers to meet the requirements of the rules without
changing the mix of vehicles produced (although the rules do not prohibit such changes in mix).

® Trading of credits could encourage fuel economy improvements or CO, emission reductions from
manufacturers of smaller vehicles. This would probably create a shift of wealth between the two sets of
manufacturers. However, most manufacturers have indicated that they would be unlikely to trade credits with
their direct competitors. In addition, EPCA does not permit NHTSA, in determining maximum feasible CAFE
standards, to consider manufacturers’ ability to earn, transfer, trade, and use CAFE credits.
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change their product plans and little obligation on those manufacturers that have minimal
need to change their plans because, for example, they may build smaller vehicles. Attribute-
based standards that have the proper shape spread the regulatory cost burden for fuel economy
more broadly across all of the vehicle manufacturers within the industry.

And fourth, attribute-based standards respect economic conditions and consumer
choice. Manufacturers are required to invest in technologies that improve the fuel economy
of their fleets, regardless of vehicle mix. Thus the consumer is likely to enjoy the same wide
range of vehicles to choose from in 2016 as they do now. The difference will be, of course,
that the vehicles will be more fuel efficient.

The agencies recognize that, because manufacturers’ compliance obligations under
attribute-based standards are based in part on the mix of vehicles that they produce, the fuel
savings and emissions reductions produced under attribute-based standards can vary
depending on market conditions. For example, fuel prices lower than those anticipated at the
time of rulemaking could tend to shift consumer demand toward larger vehicles. If
manufacturers sell a greater number of larger vehicles than the agencies anticipate, fuel
savings and CO; reductions would be lower than anticipated. In contrast, if fuel prices rise
significantly, more fuel savings and CO, reductions than anticipated should be likely.

One potential way to mitigate the variability of results under attribute-based standards
due to market conditions is through the use of a universal standard—that is, an average
standard set at a (single) absolute level below which manufacturers’ fuel economy/CO,
standards may not drop/exceed. This is often described as a “backstop standard.” For
purposes of the CAFE program, EISA expressly requires a backstop for domestically-
manufactured passenger cars—a universal minimum, non-attribute-based standard of either
“27.5 mpg or 92 percent of the average fuel economy projected by the Secretary of
Transportation for the combined domestic and non-domestic passenger automobile fleets
manufactured for sale in the United States by all manufacturers in the model year.. i
whichever is greater. Backstops are generally permissible under section 202(a) of the CAA
(as are universal standards generally).

For purposes of the CAFE and CO, standards proposed in the NPRM, NHTSA and
EPA recognized that the risk, even if small, does exist that low fuel prices in MYs 2012-2016
might lead indirectly to less than currently anticipated fuel savings and emissions reductions.
The NPRM sought comment on whether backstop standards, or any other method within the
agencies’ statutory authority, should and can be implemented for the import and light truck
fleets in order to achieve the fuel savings that attribute-based standards might not absolutely
guarantee.

As discussed in Section II.C of the final rule preamble, the agencies have reviewed the
comments received on this issue and have made the policy choice not to adopt backstop
standards for MY's 2012-2016 other than those for domestic passenger cars, as required by
EISA. EPA and NHTSA remain confident that their projections of the future fleet mix are
reliable, and that future changes in the fleet mix of footprints and sales are not likely to lead to
more than modest changes in projected emissions reductions or fuel savings. Both agencies
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remain confident in these fleet projections and the resulting emissions reductions and fuel
savings from the standards. As explained in section II.B of the preamble and chapter 1 of the
TSD, the agencies’ projections of the future fleet are based on the best, transparent data
obtained to date. In addition, there are only a relatively few model years at issue. Moreover,
market trends today are consistent with the agencies’ estimates showing shifts from light
trucks to passenger cars and increased emphasis on fuel economy. Finally, the shapes of the
curves, including the “flattening” at the largest footprint values, tend to avoid or minimize
regulatory incentives for a manufacturer to upsize their fleet to change their compliance
burden.

At the same time, adding another backstop standard would directionally impose
increased costs for some manufacturers, with greater costs commensurate with more stringent
backstops. This would occur unless the backstop standard was relatively weak, in which case
it would have a minimal effect. It would be difficult to establish the level of a backstop
standard such that costs are likely to be imposed on manufacturers only when there is a failure
to achieve the projected reductions across the industry as a whole. An example of this could
be when there is a significant shift to larger vehicles across the industry as a whole, or if there
is a general market shift from cars to trucks. The problem the agencies are concerned about is
not with respect to any single manufacturer, but rather is based on concerns over shifts across
the fleet as a whole, as compared to shifts in one manufacturer's fleet that may be more than
offset by shifts the other way in another manufacturer's fleet. However a backstop does not
directly deal with fleetwide trends because it acts as a manufacturer specific standard. The
concept of a ratchet mechanism recognizes this issue, and aims to impose the new more
stringent standard only when the problem arises across the industry as a whole. However, this
approach fails to provide the lead time necessary for making vehicle changes to meet a new,
more stringent standard.

In addition, we do not believe that the risk of vehicle upsizing or changing vehicle
offerings to “game” the passenger car and light truck definitions is as great as commenters
imply for the model years in question. The changes that commenters suggest manufacturers
might make are neither so simple nor so likely to be accepted by consumers. For example,
4WD versions of vehicles tend to be more expensive and, other things being equal, have
inherently lower fuel economy than their 2WD equivalent models. Therefore, many
consumers may not desire to purchase 4WD vehicles because of the cost premium;
conversely, many manufacturers often require the 2WD option to satisfy demand for base
vehicle models. Additionally, increasing the footprint of vehicles requires platform changes,
which usually requires a product redesign phase (the agencies estimate that this occurs on
average once every 5 years for a model). Alternatively, turning many 2WD SUVs into
(2ZWD) light trucks would require manufacturers to squeeze a third row of seats in or
significantly increase their GVWR, which also requires a significant change in the vehicle.

For these reasons, and in the interest of harmonization and given that neither EISA nor
the CAA provide specific directives on this issue plus the agencies’ belief that backstops are
not the only mechanisms to ensure fuel savings and emissions reductions, the agencies have
reached the conclusion not to incorporate backstops in these final rules but will consider the
issue further if the evidence warrants. The agencies discuss this issue further in the final rule
preamble.
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2.2 What attribute do the agencies use, and why?

Consistent with the MY 2011 CAFE standards, EPA and NHTSA are using footprint
as the attribute for the MY 2012-2016 CAFE standards and CO2 emissions standards. There
are several policy reasons why the agencies believe that footprint is the most appropriate
attribute on which to base the standards, as discussed below.

It is important that the CAFE and CO, standards be set in a way that does not
encourage manufacturers to respond by selling vehicles that are in any way less safe.
Although NHTSA’s research also indicates that certain types of reductions in vehicle mass
tend to compromise vehicle safety, footprint-based standards provide an incentive to use new
and advanced lightweight materials and structures that could be otherwise discouraged by
weight-based standards, because manufacturers can use them to improve a vehicle’s fuel
economy without their use necessarily resulting in a change in the vehicle’s target level of
fuel economy or CO, emissions and without a substantial impact on the safety (in terms of
crashworthiness) of that vehicle.

Further, although the agencies recognize the point raised by some commenters that
weight is better correlated with fuel economy and CO; emissions than is footprint, the
agencies continue to believe that there is less risk of “gaming” (artificial manipulation of the
attribute(s) to achieve a more favorable target) by increasing footprint under footprint-based
standards than by increasing vehicle mass under weight-based standards—it is relatively easy
for a manufacturer to add enough weight to a vehicle to decrease its applicable fuel economy
target by a significant amount, as compared to increasing vehicle footprint. For a
manufacturer to change a vehicle’s footprint, a significant redesign of the chassis and many
components would be required. (See the related discussion of this issue above in the
discussion of whether to adopt universal backstop standards.) In addition, despite requests
from some manufacturers that the agencies consider multi-attribute standards, or adjust the
target curves to “accommodate” other attributes like towing/hauling capability, the agencies
continue to agree with concerns raised in 2008 by some commenters to NHTSA’s MY 2011
CAFE rulemaking that there would be greater potential for gaming under multi-attribute
standards, such as standards under which targets would also depend on attributes such as
weight, torque, power, towing capability, and/or off-road capability. Standards that
incorporate such attributes in conjunction with footprint would not only be significantly more
complex, but by providing degrees of freedom with respect to more easily-adjusted attributes,
they would make it less certain that the future fleet would actually achieve the average fuel
economy improvement and CO; reduction levels projected by the agencies.

2.3 What mathematical function do the agencies use, and why?
The MY 2011 CAFE standards are defined by a continuous, constrained logistic

function, which takes the form of an S-curve, and is defined according to the following
formula:
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1
1 1 1 e(FOOTPRINT—c)/d
I

b a)l +e(FOOTPRINT—c)/d

TARGET =

a

Here, TARGET is the fuel economy target (in mpg) applicable to vehicles of a given
footprint (FOOTPRINT, in square feet), b and a are the function’s lower and upper
asymptotes (also in mpg), e is approximately equal to 2.718,° ¢ is the footprint (in square feet)
at which the inverse of the fuel economy target falls halfway between the inverses of the
lower and upper asymptotes, and d is a parameter (in square feet) that determines how
gradually the fuel economy target transitions from the upper toward the lower asymptote as
the footprint increases. Figure 2-1 shows an example of a logistic target function, where b =
20 mpg, a = 30 mpg, ¢ = 40 square feet, and d = 5 square feet.
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Figure 2-1 Sample Logistic Curve

After fitting this mathematical form (separately) to the passenger car and light truck
fleets and determining the maximum feasible stringency of the standards (i.e., the vertical

¢ e is the irrational number for which the slope of the function y = number" is equal to 1 when x is equal to zero.
The first 8 digits of e are 2.7182818.
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positions of the curves), NHTSA arrived at the curves shown in Figure 2-2 to define the MY
2011 standards.
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Figure 2-2 MY 2011 CAFE Standards for Passenger Cars and Light Trucks

In finalizing the MY 2011 standards, NHTSA noted that the agency is not required to
use a constrained logistic function and indicated that the agency may consider defining future
CAFE standards in terms of a different mathematical function. NHTSA and EPA have done
so jointly for the MYs 2012-2016 CAFE standards and CO; emissions standards.

In revisiting this question jointly, EPA and NHTSA found that the final MY 2011
CAFE standard for passenger cars, though less steep than the MY 2011 standard NHTSA
proposed in 2008, continues to concentrate the sloped portion of the curve (from a compliance
perspective, the area in which upsizing results in a slightly lower applicable target) within a
relatively narrow footprint range (approximately 47-55 square feet). In practical terms, this
results in a portion of the fleet that has a large change in emissions and fuel consumption with
just a minor change in footprint. This potentially increases the incentive for gaming by
upsizing slightly to meet less stringent standards. Further, most passenger car models have
footprints smaller than the curve’s 51.4 square foot inflection point, and many passenger car
models have footprints at which the curve is relatively flat (see figure above). The resulting
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fit to the data was forced by choice of asymptotes defining the constrained logistic function.
The agencies discuss below the alternative function that seeks to prevent this from occurring.

For both passenger cars and light trucks, a mathematical function that has some slope
at most footprints where vehicles are produced is advantageous in terms of fairly balancing
regulatory burdens among manufacturers, and in terms of providing a disincentive to respond
to new standards by downsizing vehicles in ways that compromise vehicle safety. For
example, a flat standard has drawbacks discussed above: it may be very difficult for a full-line
manufacturer to meet, while requiring very little of a manufacturer concentrating on small
vehicles, and a flat standard may provide an incentive to manufacturers to downsize certain
vehicles, in order to “balance out” other vehicles subject to the same standard.

As a potential alternative to the constrained logistic function, NHTSA had, in
proposing MY 2011 standards, presented information regarding a constrained linear function
(or piecewise linear function). As shown in the 2008 NPRM, a constrained linear function
has the potential to avoid creating a localized region (in terms of vehicle footprint) over which
the slope of the function is relatively steep. Although NHTSA did not receive public
comments on this option, the agency indicated that it still believed a linear function
constrained by upper (on a gpm basis) and possibly lower limits could merit reconsideration
in future CAFE rulemakings.

Having re-examined a piecewise linear function or constrained linear function for
purposes of the proposed standards, NHTSA and EPA tentatively concluded that for both
passenger cars and light trucks, it remained important to maintain a function with a
meaningfully sloped section covering a wide footprint range, thereby providing a well-
distributed disincentive to downsize vehicles in ways that could compromise highway safety.
Also, the function proposed was not so steeply sloped that it would provide a strong incentive
to increase vehicle size in order to obtain a lower CAFE requirement and higher CO, limit,
thereby compromising energy and environmental benefits. Therefore, the CAFE and CO,
emissions standards proposed in the NPRM were defined by constrained linear or piecewise
linear functions.

The NHTSA constrained linear function was defined according to the following
formula:

TARGET = !

MIN {MAX (cx FOOTPRINT +d, 1) ’ll)}
a

Here, TARGET is the fuel economy target (in mpg) applicable to vehicles of a given
footprint (FOOTPRINT, in square feet), b and a are the function’s lower and upper
asymptotes (also in mpg), respectively, c is the slope (in gpm per square foot) of the sloped
portion of the function, and d is the intercept (in gpm) of the sloped portion of the function
(that is, the value the sloped portion would take if extended to a footprint of 0 square feet.
The MIN and MAX functions take the minimum and maximum, respectively of the included
values; for example, MIN(1,2) = 1, MAX(1,2) =2, and MIN[MAX(1,2),3)]=2. Figure 2-3
shows an example of a linear target function, where a = 0.0241 gpm (41.6 mpg), b = 0.032
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gpm (31.2 mpg), ¢ = 0.000531 gpm per square foot, and d = 0.002292 gpm (436 mpg).
Because the function is linear on a gpm basis, not an mpg basis, it is plotted on this basis.
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Figure 2-3 Sample Linear Function
The EPA piecewise linear function has the same shape as the NHTSA equation
but has a slightly different mathematical specification. It is defined according to the
following formula:
Target =a, if x <1
Target=cx +d,ifl<x<h
Target =b, if x >h
This equation also takes the simplified form (consistent with NHTSA’s functional
form):

Target =MIN [ MAX (c *x+d,a), b]
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Where,

Target = the CO2 target value for a given footprint (in g/mi)

a = the minimum target value (in g/mi CO,)

b = the maximum target value (in g/mi CO,)

¢ = the slope of the linear function (in g/mi per sq ft CO,)

d = is the intercept or zero-offset for the line (in g/mi CO,)

x = footprint of the vehicle model (in square feet, rounded to the nearest tenth)

1 & h are the lower and higher footprint limits or constraints or the boundary (“kinks”)
between the flat regions and the intermediate sloped line (in sq ft)

Figure 2-4 shows the basic curve.
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Figure 2-4 The Shape of the Piecewise Linear Attribute Based Curve

For purposes of the NPRM, NHTSA, working with EPA, developed the basic curve
shapes for both agencies’ respective standards, using statistical fitting methods similar to
those applied by NHTSA in fitting the curves defining the MY 2011 standards. The first step
began with the market inputs discussed above, but because the baseline fleet was
technologically heterogeneous, NHTSA used the CAFE model to develop a fleet to which
nearly all the technologies listed in Ch. 3 of the TSD? were applied, by taking the following

4 The agencies excluded diesel engines and strong hybrid vehicle technologies from this exercise (and only this
exercise) because the agencies expect that manufacturers would not need to rely heavily on these technologies in
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steps: (1) applying all non-diesel and non-hybrid technologies to each vehicles according to
their applicability, (2) treating all manufacturers as unwilling to pay civil penalties rather than
applying technology, (3) applying any technology at any time, irrespective of scheduled
vehicle redesigns or freshening, and (4) ignoring “phase-in caps” that constrain the overall
amount of technology that can be applied by the model to a given manufacturer’s fleet. These
steps helped to increase technological parity among vehicle models, thereby providing a better
basis (than the baseline fleet) for estimating the statistical relationship between vehicle size
and fuel economy. In other words, this process normalized the fleet such that differences in
technology had a minimal contribution to the variation (scatter) in the data. This process also
served to eliminate the influence of differing degrees of pre-existing fuel-saving technology at
various footprint values. This slightly flattened the slope of the line, indicating that a
regression without adjusting for different 2008 vehicle technologies would not only have
overestimated the dependence of fuel economy on footprint, but would also have provided an
inappropriate incentive to upsize vehicles.

In fitting the curves, EPA and NHTSA also continued to apply constraints to limit the
function’s value for both the smallest and largest vehicles. Without a limit at the smallest
footprints, the function—whether logistic or linear—can reach values that would be unfairly
burdensome for a manufacturer that elects to focus on the market for small vehicles;
depending on the underlying data, an unconstrained form could apply targets to the smallest
vehicles that are simply unachievable. Limiting the function’s value for the smallest vehicles
thus assures that the function remains technologically achievable and economically
practicable for manufacturers focusing on small vehicles. Obviously, passenger
compartments can only become so small; this means, among other things, that a vehicle’s
frontal area—a key determinant of aerodynamic drag—can only become so small. Also, as
vehicle size decreases, complying with federal motor vehicle safety standards can necessitate
the addition of structural elements that add mass and thereby reduce fuel economy and
increase CO2 emissions. On the other side of the function, without a limit at the largest
footprints, the function may provide no floor on required fuel economy. Also, the safety
considerations that support the provision of a disincentive for downsizing as a compliance
strategy apply weakly—if at all—to the very largest vehicles. Limiting the function’s value
for the largest vehicles leads to a function with an inherent absolute minimum level of fuel
economy (or maximum emissions), while remaining consistent with safety considerations.

Before fitting the sloped portion of the constrained linear form, NHTSA and EPA
selected footprints above and below which to apply constraints (i.e., minimum and maximum
values) on the function. For passenger cars, the agencies noted that several manufacturers
offer small and, in some cases, sporty coupes below 41 square feet, examples including the
BMW Z4 and Mini, Saturn Sky, Honda Fit and S2000, Hyundai Tiburon, Mazda MX-5
Miata, Suzuki SX4, Toyota Yaris, and Volkswagen New Beetle. Because such vehicles
represent a small portion (less than 10 percent) of the passenger car market, yet often have

order to comply with the standards. NHTSA and EPA did include diesel engines and strong hybrid vehicle
technologies in all other portions of their analyses.
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characteristics that could make it infeasible to achieve the very challenging targets that could
apply in the absence of a constraint, the agencies proposed to “cut off” the linear portion of
the passenger car function at 41 square feet. The agencies recognize that for manufacturers
who make small vehicles in this size range, there is some incentive to downsize to make it
easier to meet the target. However, at the same time, the agencies believe that there is a limit
to the market for ever-smaller cars. Most consumers likely have some minimum expectation
about interior volume, among other things. The agencies thus believe that the number of
consumers who will want vehicles smaller than 41sq ft to be downsized even further is
extremely small, and the incentive to downsize, if present, will be minimal. For consistency,
the agencies proposed to “cut off” the light truck function at the same footprint, although no
light trucks are currently offered below 41 square feet. If the agencies set the limit for small
trucks at a level higher than that for cars, there could be an undue incentive for manufacturers
to change their car designs to qualify as trucks between the two footprint limits. The agencies
further noted that above 56 square feet, the only passenger car model present in the MY 2008
fleet were four luxury vehicles with extremely low sales volumes—the Bentley Arnage and
three versions of the Rolls Royce Phantom. The agencies therefore proposed to “cut off” the
linear portion of the passenger car function at 56 square feet. Finally, the agencies noted that
although public information is limited regarding the sales volumes of the many different
configurations (cab designs and bed sizes) of pickup trucks, the largest pickups (e.g., the Ford
F-150, GM Sierra/Silverado, Nissan Titan, and Toyota Tundra), appear to fall above 66
square feet in footprint. The agencies therefore proposed to “cut off” the linear portion of the
light truck function at 66 square feet. These “cut-off” values of footprint serve as the
constraints to the functions shown above. The lower and upper levels are determined from
where the sloped line meets these cut-off points.

Having developed a set of baseline data to which to fit the mathematical fuel
consumption function, the initial values for parameters ¢ and d were determined for cars and
trucks separately. Values for ¢ and d were initially set such that the average (equivalently,
sum) of the absolute values of the differences was minimized between the “maximum
technology” fleet fuel consumption (within the footprints between the upper and lower limits)
and the straight line function defined above at the same corresponding vehicle footprints.
That is, ¢ and d were determined by minimizing the average absolute residual, commonly
known as the MAD (Mean Absolute Deviation) approach, of the corresponding straight line.
The curve was fit in fuel consumption (i.e., CO;) space rather than fuel economy space
because the manufacturer targets are in terms of the harmonic average fuel economy (or
average COy,), and so it is more important that the curve fit the fuel consumption (i.e., CO;)
data well than that it fit the fuel economy data well. NHTSA also explained in the MY 2011
final rule that it chose to use MAD in this step instead of minimizing the sum of the square
errors (“least squares,” a more common approach in curve fitting) in order to lessen the
influence of outliers.

NHTSA and EPA currently believe that it is more appropriate to use unweighted data
in fitting the curve rather than weighting the data by sales because of large variations in model
sales. The agencies find that the market forecast used for analysis supporting both the NPRM
and the final rule exhibits the two key characteristics that previously led NHTSA to use
minimization of the unweighted Mean Absolute Deviation (MAD) rather than weighted least-
squares analysis. First, projected model-specific sales volumes in the agencies’ market
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forecast cover an extremely wide range, such that, as discussed in NHTSA’s rulemaking for
MY 2011, although unweighted regression gives low-selling vehicle models and high-selling
vehicle models equal emphasis, sales-weighted regression would give some vehicle models
considerably more emphasis than other vehicle models.” The agencies’ intention is to fit a
curve that describes a technical relationship between fuel economy and footprint, given
comparable levels of technology, and this supports weighting discrete vehicle models equally.
On the other hand, sales weighted regression would allow the difference between other
vehicle attributes to be reflected in the analysis, and also would reflect consumer demand.

Second, even after NHTSA’s “maximum technology” analysis to increase
technological parity of vehicle models before fitting curves, the agencies’ market forecast
contains many significant outliers. As discussed in NHTSA’s rulemaking for MY 2011,
MAD is a statistical procedure that has been demonstrated to produce more efficient
parameter estimates than least-squares analysis in the presence of significant outliers.” In
addition, the agencies remain concerned that the steeper curves resulting from weighted least-
squares analysis would increase the risk that energy savings and environmental benefits
would be lower than projected, because the steeper curves would provide a greater incentive
to increase sales of larger vehicles with lower fuel economy levels. Based on these technical
considerations and these concerns regarding potential outcomes, the agencies have decided
not to re-fit curves using weighted least-squares analysis, but note that they may reconsider
using least-squares regression in future analyses.

¢ For example, the agencies’ market forecast shows MY 2016 sales of 187,000 units for Toyota’s 2WD Sienna,
and shows 27 model configurations with MY 2016 sales of fewer than 100 units. Similarly, the agencies’ market
forecast shows MY 2016 sales of 268,000 for the Toyota Prius, and shows 29 model configurations with MY
2016 sales of fewer than 100 units. Sales-weighted analysis would give the Toyota Sienna and Prius more than a
thousand times the consideration of many vehicle model configurations. Sales-weighted analysis would,
therefore, cause a large number of vehicle model configurations to be virtually ignored. See discussion in
NHTSA’s final rule for MY 2011 passenger car and light truck CAFE standards, 74 Fed. Reg. at 14368 (Mar.
30, 2009), and in NHTSA’s NPRM for that rulemaking, 73 Fed. Reg. at 24423-24429 (May 2, 2008).

P Id. In the case of a dataset not drawn from a sample with a Gaussian, or normal, distribution, there is often a
need to employ robust estimation methods rather than rely on least-squares approach to curve fitting. The least-
squares approach has as an underlying assumption that the data are drawn from a normal distribution, and hence
fits a curve using a sum-of-squares method to minimize errors. This approach will, in a sample drawn from a
non-normal distribution, give excessive weight to outliers by making their presence felt in proportion to the
square of their distance from the fitted curve, and, hence, distort the resulting fit. With outliers in the sample, the
typical solution is to use a robust method such as a minimum absolute deviation, rather than a squared term, to
estimate the fit (see, e.g., ““Al Access: Your Access to Data Modeling,”” at
http://www.aiaccess.net/English/Glossaries/GlosMod/e_gm_O_Pa.htm#Outlier). The effect on the estimation is
to let the presence of each observation be felt more uniformly, resulting in a curve more representative of the
data (see, e.g., Peter Kennedy, A Guide to Econometrics, 3 edition, 1992, MIT Press, Cambridge, MA).
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Finally, the agencies calculated the values of the upper and lower limits based on the
corresponding footprint constraints discussed above (41 and 56 square feet for passenger cars,
and 41 and 66 square feet for light trucks).

The result of this methodology is shown below in Figure 2-5 and Figure 2-6 for
passenger cars and light trucks, respectively. The fitted curves are shown with the underlying
“maximum technology” passenger car and light truck fleets. For passenger cars, the mean
absolute deviation of the sloped portion of the function was 14 percent. For trucks, the
corresponding mean absolute deviation was 10 percent.
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Figure 2-5 “Maximum Technology” Passenger Fleet with Fitted Constrained Linear Function
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Figure 2-6 “Maximum Technology” Light Truck with Fitted Constrained Linear Function

The agencies used these functional forms as a starting point to develop mathematical
functions defining actual proposed standards. As discussed in Sections II.C of the preamble,
the agencies transposed these functions vertically (i.e., on a gpm basis, uniformly downward)
to produce the maximum feasible passenger car and light truck CAFE standards, and
corresponding CO, emissions standards.

Having considered public comments as discussed in greater detail in the final rule
preamble, NHTSA and EPA have re-examined the development of curves underlying the
standards proposed in the NPRM, and are promulgating standards based on the same
underlying curves. The agencies have made this decision considering that, while EISA
mandates that CAFE standards be defined by a mathematical function in terms of one or more
attributes related to fuel economy, neither EISA nor the CAA expressly require that the
mathematical function be purely descriptive of an observed or theoretical dependence of fuel
economy on the selected attribute or attributes. As a means by which CAFE and GHG
standards are specified, the mathematical function plays a normative role.® Therefore,

¢ That is, tending to encourages some types of responses more than others — in this case, generally preferring
increased use of fuel-saving technologies over simple reductions in vehicle size.
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NHTSA and EPA have concluded that the mathematical function can reasonably be selected
based on a blend of analytical and policy considerations.

Considering comments by UC Santa Barbara students regarding difficulties
reproducing NHTSA’s analysis, NHTSA re-examined its analysis, and discovered some
erroneous entries in model inputs underlying the analysis used to develop the curves proposed
in the NPRM. These errors, which are also discussed in NHTSA’s final Regulatory Impact
Analysis (RIA) and have since been corrected, include the following: incorrect valvetrain
phasing and lift inputs for many BMW engines, incorrect indexing for some Daimler models,
incorrectly enabled valvetrain technologies for rotary engines and Atkinson cycle engines,
omitted baseline applications of cylinder deactivation in some Honda and GM engines,
incorrect valve phasing codes for some 4-cylinder Chrysler engines, omitted baseline
applications of advanced transmissions in some VW models, incorrectly enabled advanced
electrification technologies for several hybrid vehicle models, and incorrect DCT
effectiveness estimates for subcompact passenger cars.

After correcting these errors and repeating the curve development analysis presented
in the NPRM, NHTSA obtained curves shown below in Figures 2-7 and 2-8 for passenger
cars and light trucks, respectively. The fitted curves are shown with the underlying
“maximum technology” passenger car and light truck fleets. For passenger cars, the mean
absolute deviation of the sloped portion of the function was 14 percent. For trucks, the
corresponding mean absolute deviation was 10 percent.
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Figure 2-7 Revised “Maximum Technology’ Passenger Fleet with Fitted Constrained Linear Function
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Figure 2-8 Revised “Maximum Technology” Light Truck with Fitted Constrained Linear Function

This refitted passenger car curve is similar to that presented in the NPRM, and the
refitted light truck curve is nearly identical the corresponding curve in the NPRM. However,
the slope of the passenger car curve is about 27 percent steeper (on a gpm per sf basis) than
the curve presented in the NPRM. For passenger cars and light trucks, respectively, Figure
2-9 and Figure 2-10 show the results of adjustment—discussed below—of the above curves to
yield the average required fuel economy levels corresponding to the announced national
policy.

2-17



Joint Technical Support Document

45
—== NPRM
Final
Re-Fitted
25 1
20 T T T T T T T T
35 40 45 50 55 60 65 70 75

Footprint (sf)

80

Figure 2-9 MY2016 Passenger Car Targets: NPRM, Final Rule, and if Using Re-Fitted Curve

45

40

35 4

e e

=Y

30 1

25 1

=== NPRM

Final

Re-Fitted

20 T T T T T
35 40 45 50 55 60
Footprint (sf)

Figure 2-10 MY2016 Light Truck Targets: NPRM, Final Rule, and if Using Re-Fitted Curve

2-18

65

70

75

80



What are the Attribute-Based Curves the Agencies are Using, and How Were They Developed?

As the figures show, the resultant light truck curves are visually indistinguishable from
one another. For passenger cars, in contrast, the refitted curve would increase stringency for
the smallest cars, decrease stringency for the largest cars, and provide a greater incentive to
increase car size throughout the range of footprints within which NHTSA and EPA project
most passenger car models will be sold through MY 2016. The agencies are concerned that
these changes would make it unduly difficult for manufacturers to introduce new small
passenger cars in the United States, and unduly risk forgoing achievable and cost-effective
energy and environmental benefits by increasing incentives for the passenger car market to
shift toward larger vehicles.

Also, the agencies note that the refitted passenger car curve produces only a slightly
closer fit to the corrected fleet than would the curve estimated in the NPRM; with respect to
the corrected fleet (between the “cut off” footprint values, and after the “maximum
technology” analysis discussed above), the mean absolute deviation for the refitted curve is
13.887 percent, and that of a refitted curve held to the original slope is 13.933 percent. In
other words, the data support the original slope very nearly as well as they support the refitted
slope.

Although these refitted curves reflect the agencies’ best technical judgment at this
time regarding the use of statistical analysis for this purpose, based on NHTSA’s and EPA’s
concerns regarding the undesirable changes in incentives that would result from a refitted
curve for passenger cars, and given that the data support the original curves essentially as well
as they would support refitted curves, the agencies are finalizing CAFE and GHG standards
based on the curves presented in the NPRM.

Finally, regarding some commenters’ inability to reproduce the agencies’ NPRM
analysis, NHTSA believes that its correction of the errors discussed above and its release (on
NHTSA’s web site) of the updated Volpe model and all accompanying inputs and external
analysis files should enable outside parties to independently reproduce the agencies’ analysis.
If outside parties continue to experience difficulty in doing so, we encourage them to contact
NHTSA, and the agency will do its best to provide assistance.
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Technologies Considered in the Agencies’ Analysis

CHAPTER 3: Technologies Considered in the Agencies’
Analysis

This Chapter of the joint TSD describes the technologies NHTSA and EPA
evaluated as potential inputs in their respective models and provides estimates of the
technologies’ costs, effectiveness and availability. This Chapter also describes, in general
terms, how the agencies use these inputs in their respective models. For greater detail on
this subject, please see Section V of NHTSA’s FRIA and Chapter 4 of EPA’s RIA.

3.1 How do the agencies decide which technologies to include in the
analysis?

Technology assumptions, i.e., assumptions about their availability, cost,
effectiveness, and the rate at which they can be incorporated into new vehicles, are often
very controversial as they have a significant impact on the levels of the standards.
Agencies must, therefore, take great care in developing and justifying these
assumptions. In developing technology inputs for MY 2012-2016 standards the agencies
reviewed the technology assumptions that NHTSA used in setting the MY 2011
standards, the agencies reviewed the technology input assumptions identified in EPA’s
2008 Staff Technical Report,' the comments that NHTSA received in response to its May
2008 Notice of Proposed Rulemaking, and the comments that the agencies received in
response to its September 2009 Notice of Proposed Rulemaking. In addition, the
agencies supplemented their review with information from the sources described in the
following section.

3.1.1 Reports and papers in the literature

NHTSA and EPA have done extensive research in identifying the most credible
sources of information. These sources included: the 2002 NAS report on the effectiveness
and impact of CAFE standards;” the 2004 study done by NESCCAF;® the California Air
Resources Board (CARB) Initial Statement of Reasons in support of their carbon
rulemaking;* a 2006 study done by Energy and Environmental Analysis (EEA) for the
Department of Energy;’ a study done by the Martec Group for the Alliance of
Automobile Manufacturers, and an update by the Martec Group to that study;® and
vehicle fuel economy certification data. Both agencies also reviewed the published
technical literature which addressed the issue of CO, emission control and fuel economy,
such as papers published by the Society of Automotive Engineers and the American
Society of Mechanical Engineers, as well as papers submitted by commenters (for
example, the Aluminum Association) to the agencies’ joint NPRM. In addition,
confidential data submitted by vehicle manufacturers in response to NHTSA’s request for
product plans,” and confidential information shared by automotive industry component
suppliers in meetings with EPA and NHTSA staff held during the second half of the 2007
calendar year were used as a cross check of the public data mentioned above and not as a
significant basis for this rulemaking.
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EPA also has a contracted study ongoing with FEV that consists of complete
system tear-downs to evaluate technologies down to the nuts and bolts to arrive at very
detailed estimates of the costs associated with manufacturing them. For the NPRM, the
agencies used a completed analysis to estimate costs of turbocharging with downsizing
for 14 engines only. The NPRM stated that tear-down cost estimates from FEV for
additional engine and transmission technologies became available shortly before the
release of the NPRM, but not in time to be incorporated into the agencies’ cost analysis
of the proposed standards. These preliminary results were made available for review and
the agencies stated they would consider this information for use in the final rule analysis.®
The NPRM also stated that a detailed report would be submitted to the docket on these
additional technologies during the public comment period for the proposal. That deadline
was not met but all additional technologies for which cost study tear downs have been
completed from this study with FEV (studies have now been completed on turbocharging
and downsizing for V6 and V8 engines, stoichiometric gasoline direct injection, 6/7/8-
speed automatic transmission and dual clutch transmission technologies) have been
considered for the final rule and details are contained in two reports placed in the
docket.”'® EPA and NHTSA reviewed all of the above information in order to develop
the best estimates of availability, cost and effectiveness of these fuel-saving/CO,-
reducing technologies.

The agencies would also like to note that per the Energy Independence and
Security Act (EISA), the National Academies of Sciences has been conducting a study
for NHTSA to update chapter 3 of their 2002 NAS Report, which presents technology
effectiveness estimates for light-duty vehicles. The update takes a fresh look at that list
of technologies and their associated cost and effectiveness values. The updated NAS
report was expected to be available on September 30, 2009, but has not been completed
and released to the public. The results from this study thus are unavailable for this
rulemaking. The agencies look forward to considering the results from this study as part
of the next round of rulemaking for CAFE/GHG standards.

3.1.2 Fuel economy certification data

Where available, data from recent model years of EPA’s Fuel Economy
Certification Data were used for helping to determine the effectiveness of specific
technologies. CO; and fuel consumption reduction estimates were estimated from EPA’s
fuel economy database on the two-cycle (FTP city & highway) fuel economy test results.
During the standard fuel economy test cycles, direct measurements of CO, emissions are
made. This data, along with other measurements, are then used to calculate the estimated
fuel economy performance in gallons of fuel consumed per mile. Vehicle certification
data are an obviously reliable source for determination of the CO, and fuel consumption
reduction potential when a directly comparable vehicle was offered both with and without
the specific CO, and fuel consumption reducing technology, because a comparison
between the emissions data between the two vehicles directly reflect the application of
the technologies on the vehicle test cycles. Where possible, technology-specific
effectiveness numbers were extracted for vehicles where only the specific technology
would be changed from a reference vehicle, in order to eliminate any confounding of
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values across several technologies. In some hybrid vehicle cases, the exact same vehicle
may not be offered, and a similar vehicle was selected for comparison.

3.2 Which technologies will be applicable during the model years to
which the rules apply?

One of the key factors that NHTSA and EPA considered in developing the
standards for each model year is the availability and feasibility of fuel-saving/CO,-
reducing technologies. A variety of technologies can be used to reduce fuel consumption
and CO, emissions, 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., low rolling resistance tires). In taking a fresh look at
the availability and feasibility of technologies for purposes of setting the MYs 2012-2016
standards, the agencies reviewed NHTSA’s MY 2011 CAFE final rule and EPA’s 2008
Staff Report, as well as the public comments to the proposed rule and updated the
assumptions based on the most current information. As a check on this new analysis,
NHTSA and EPA also reviewed the product plans submitted by manufacturers to the
agencies in response to NHTSA’s November 2009 request for product plans.

Many technologies considered by the agencies, such as variable valve timing
(VVT), low rolling resistance tires, etc., are well known and readily available during the
rulemaking time period, and could be incorporated into vehicles once production
decisions are made. The agencies did not consider technologies in the research stage,
such as homogeneous charge compression ignition (HCCI), lean-burn direct injection
technology, etc., because their effectiveness and/or cost estimates contain a high level of
uncertainty.

The technologies considered by the NHTSA and EPA models are briefly
described below. They fall under the five broad categories of engine, transmission,
vehicle, electrification/accessory, and hybrid technologies. A more detailed description
of each technology, and the technology’s costs and effectiveness, is described in greater
detail in section 3.5 of this TSD.

Types of engine technologies that improve fuel economy and reduce CO,
emissions include the following:

e Low-friction lubricants — low viscosity and advanced low friction lubricants
oils are now available with improved performance and better lubrication.

e Reduction of engine friction losses — can be achieved through low-tension
piston rings, roller cam followers, improved material coatings, more optimal
thermal management, piston surface treatments, and other improvements in
the design of engine components and subsystems that improve engine
operation.
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o Conversion to dual overhead cam with dual cam phasing — as applied to
overhead valves designed to increase the air flow with more than two valves
per cylinder and reduce pumping losses.

o Cylinder deactivation — deactivates the intake and exhaust valves and prevents
fuel injection into some cylinders during light-load operation. The engine
runs temporarily as though it were a smaller engine which substantially
reduces pumping losses

o Variable valve timing — alters the timing or phase of the intake valve, exhaust
valve, or both, primarily to reduce pumping losses, increase specific power,
and control residual gases.

e Discrete variable valve lift — increases efficiency by optimizing air flow over
a broader range of engine operation which reduces pumping losses.
Accomplished by controlled switching between two or more cam profile lobe
heights.

o Continuous variable valve lift — is an electromechanically controlled system in
which cam period and phasing is changed as lift height is controlled. This
yields a wide range of performance optimization and volumetric efficiency,
including enabling the engine to be valve throttled.

o Stoichiometric gasoline direct-injection technology — injects fuel at high
pressure directly into the combustion chamber to improve cooling of the
air/fuel charge within the cylinder, which allows for higher compression ratios
and increased thermodynamic efficiency.

o Combustion restart — can be used in conjunction with gasoline direct-injection
systems to enable idle-off or start-stop functionality. Similar to other start-
stop technologies, additional enablers, such as electric power steering,
accessory drive components, and auxiliary oil pump, might be required.

o Turbocharging and downsizing — increases the available airflow and specific
power level, allowing a reduced engine size while maintaining performance.
This reduces pumping losses at lighter loads in comparison to a larger engine.

o Exhaust-gas recirculation boost — increases the exhaust-gas recirculation used
in the combustion process to increase thermal efficiency and reduce pumping
losses.

o Diesel engines — have several characteristics that give superior fuel efficiency,
including reduced pumping losses due to lack of (or greatly reduced)
throttling, and a combustion cycle that operates at a higher compression ratio,
with a very lean air/fuel mixture, than an equivalent-performance gasoline
engine. This technology requires additional enablers, such as NOj trap
catalyst after-treatment or selective catalytic reduction NOy after-treatment.
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Types of transmission technologies considered include:

o Improved automatic transmission controls — optimizes shift schedule to
maximize fuel efficiency under wide ranging conditions, and minimizes losses
associated with torque converter slip through lock-up or modulation.

o Six-, seven-, and eight-speed automatic transmissions — the gear ratio spacing
and transmission ratio are optimized to enable the engine to operate in a more
efficient operating range over a broader range of vehicle operating conditions.

e Dual clutch or automated shift manual transmissions — are similar to manual
transmissions, but the vehicle controls shifting and launch functions. A dual-
clutch automated shift manual transmission uses separate clutches for even-
numbered and odd-numbered gears, so the next expected gear is pre-selected,
which allows for faster and smoother shifting.

o Continuously variable transmission — commonly uses V-shaped pulleys
connected by a metal belt rather than gears to provide ratios for operation.
Unlike manual and automatic transmissions with fixed transmission ratios,
continuously variable transmissions can provide fully variable and an infinite
number of transmission ratios that enable the engine to operate in a more
efficient operating range over a broader range of vehicle operating conditions.

e Manual 6-speed transmission — offers an additional gear ratio, often with a
higher overdrive gear ratio, than a 5-speed manual transmission.

Types of vehicle technologies considered include:

e Low-rolling-resistance tires — have characteristics that reduce frictional losses
associated with the energy dissipated in the deformation of the tires under
load, therefore reducing the energy needed to move the vehicle.

o Low-drag brakes — reduce the sliding friction of disc brake pads on rotors
when the brakes are not engaged because the brake pads are pulled away from
the rotors.

o Front or secondary axle disconnect for four-wheel drive systems — provides a
torque distribution disconnect between front and rear axles when torque is not
required for the non-driving axle. This results in the reduction of associated
parasitic energy losses.

o Aerodynamic drag reduction — is achieved by changing vehicle shape or
reducing frontal area, including skirts, air dams, underbody covers, and more
aerodynamic side view mirrors.

e Mass reduction and material substitution — Mass reduction encompasses a

variety of techniques ranging from improved design and better component
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integration to application of lighter and higher-strength materials. Mass
reduction is further compounded by reductions in engine power and ancillary
systems (transmission, steering, brakes, suspension, etc.).

Types of electrification/accessory and hybrid technologies considered include:

o Electric power steering (EPS) — is an electrically-assisted steering system that
has advantages over traditional hydraulic power steering because it replaces a
continuously operated hydraulic pump, thereby reducing parasitic losses from
the accessory drive.

e Improved accessories (IACC) — may include high efficiency alternators,
electrically driven (i.e., on-demand) water pumps and cooling fans. This
excludes other electrical accessories such as electric oil pumps and electrically
driven air conditioner compressors.

o Air Conditioner Systems — These technologies include improved hoses,
connectors and seals for leakage control. They also include improved
compressors, expansion valves, heat exchangers and the control of these
components for the purposes of improving tailpipe CO, emissions as a result
of A/C use. These technologies are covered separately in the EPA RIA.

e 12-volt micro-hybrid (MHEV) — also known as idle-stop or start stop and
commonly implemented as a 12-volt belt-driven integrated starter-generator,
this is the most basic hybrid system that facilitates idle-stop capability. Along
with other enablers, this system replaces a common alternator with an
enhanced power starter-alternator, both belt driven, and a revised accessory
drive system.

e Higher Voltage Stop-Start/Belt Integrated Starter Generator (BISG) —
provides idle-stop capability and uses a high voltage battery with increased
energy capacity over typical automotive batteries. The higher system voltage
allows the use of a smaller, more powerful electric motor and reduces the
weight of the motor, inverter, and battery wiring harnesses. This system
replaces a standard alternator with an enhanced power, higher voltage, higher
efficiency starter-alternator, that is belt driven and that can recover braking
energy while the vehicle slows down (regenerative braking).

o Integrated Motor Assist (IMA)/Crank integrated starter generator (CISG) —
provides idle-stop capability and uses a high voltage battery with increased
energy capacity over typical automotive batteries. The higher system voltage
allows the use of a smaller, more powerful electric motor and reduces the
weight of the motor, inverter, and battery wiring harnesses. This system
replaces a standard alternator with an enhanced power, higher voltage, higher
efficiency starter-alternator that is crankshaft mounted and can recover
braking energy while the vehicle slows down (regenerative braking).
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e 2-mode hybrid (2MHEV) — is a hybrid electric drive system that uses an
adaptation of a conventional stepped-ratio automatic transmission by
replacing some of the transmission clutches with two electric motors that
control the ratio of engine speed to vehicle speed, while clutches allow the
motors to be bypassed. This improves both the transmission torque capacity
for heavy-duty applications and reduces fuel consumption and CO, emissions
at highway speeds relative to other types of hybrid electric drive systems.

e Power-split hybrid (PSHEV) — a hybrid electric drive system that replaces the
traditional transmission with a single planetary gearset and a motor/generator.
This motor/generator uses the engine to either charge the battery or supply
additional power to the drive motor. A second, more powerful
motor/generator is permanently connected to the vehicle’s final drive and
always turns with the wheels. The planetary gear splits engine power between
the first motor/generator and the drive motor to either charge the battery or
supply power to the wheels.

e Plug-in hybrid electric vehicles (PHEV) — are hybrid electric vehicles with the
means to charge their battery packs from an outside source of electricity
(usually the electric grid). These vehicles have larger battery packs with more
energy storage and a greater capability to be discharged. They also use a
control system that allows the battery pack to be substantially depleted under
electric-only or blended mechanical/electric operation.

e FElectric vehicles (EV) — are vehicles with all-electric drive and with vehicle
systems powered by energy-optimized batteries charged primarily from grid
electricity.

3.3 What technology assumptions have the agencies used for the final
rule?

3.3.1 How are the technologies applied in the agencies’ respective models?

Although both NHTSA and EPA are basing their fuel economy and emission
modeling on the same baseline vehicle fleet and cost and effectiveness estimates for
control technologies, differences in the Volpe and OMEGA models require that this
common information be processed in different ways prior to their use in the respective
models.. With respect to the vehicle fleet, the Volpe Model evaluates the addition of
technology to individual vehicle configurations or models, while the OMEGA model
does so for vehicle platforms broken down further by engine size. Thus, NHTSA used
the vehicle sales estimates described above directly, while EPA combined the sales of
certain vehicle models. The Volpe Model evaluates technologies individually. This,
coupled with the modeling of individual vehicle models, means that only the presence or
absence of any particular technology needs to be indicated, as described above. OMEGA
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applies technology in combinations or packages. This, plus the grouping of individual
vehicle models, requires that the total effectiveness of the technology already applied in
the baseline fleet must be calculated and must be reflected as a percentage of the various
technology packages available to be added to those vehicles.

With respect to the cost and effectiveness of technologies, as mentioned above,
the Volpe Model applies technologies individually. It does this following certain
specified pathways for several categories of technologies (e.g., engine, transmission,
accessories, etc.). The Volpe Model applies technology incrementally, so the
effectiveness of each subsequent technology needs to be determined relative to the
previous one. The same is true for cost. In addition, because of interaction in the
effectiveness of certain technologies, herein referred to as the synergy/dis-synergy, any
such interaction between the next technology on a specified pathway with those which
have already been potentially applied in other pathways must be determined. For
example, the incremental effectiveness of switching from a six-speed automatic
transmission to a dual clutch transmission will depend on the level of engine technology
already applied (e.g., intake cam phasing on a port-fuel injected engine or a down-sized,
turbocharged, direct injection engine).

EPA’s OMEGA model applies technologies in packages and according to a fixed
sequence for any particular group of vehicles. This requires that the overall cost and
effectiveness of each package be determined first, considering any and all dis-synergies
which may exist. Then, the incremental cost and effectiveness of each subsequent
package is determined relative to the prior one.

Thus, while the same baseline vehicle fleet and cost and effectiveness estimates
for technologies are being used in both the Volpe and OMEGA models, the form of the
actual inputs to the model will appear to be different. For more information on EPA’s
and NHTSA’s unique approaches to modeling, please refer to each agency’s respective
final RIA.

In order to estimate both technology costs and fuel consumption/CO, reduction
estimates, it is necessary for each agency to describe the baseline vehicle characteristics
from which the estimates can be compared. This “baseline” is different from the usage in
Chapter 1 of this joint TSD. In Chapter 1, the baseline fleet is the projected fleet in MY
2016 before accounting for technologies needed to meet the MY 2011 CAFE standards
and before accounting for changes in fleet composition attributable to that rule (those
later steps accounted for independently by each agency in developing their separate
reference fleets). In the present context, it indicates the vehicle types and technologies
that will be used for comparison from a strict cost and effectiveness point of view. These
baselines may be slightly different for the two agencies. For EPA, unless noted
elsewhere, the baseline vehicle is defined as a vehicle with a port-fuel injected, naturally
aspirated gasoline engine with two intake and two exhaust valves and fixed valve timing
and lift. The baseline transmission is a 4-speed automatic, and the vehicle has no hybrid
systems. For NHTSA, unless noted elsewhere, the baseline vehicle is the actual vehicle
as it exists in the baseline fleet, because NHTSA models each unique vehicle separately.
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For details on how the technology cost and effectiveness estimates presented below are
used in each agency’s model, refer to each agency’s respective final RIA.

3.3.2 How did the agencies develop technology cost and effectiveness estimates for
the final rule?

3.3.2.1 Considerations that affect technology effectiveness

As mentioned above, regarding estimates for technology effectiveness, NHTSA
and EPA’s primary approach was to reexamine the estimates from NHTSA’s MY 2011
CAFE final rule and EPA’s ANPRM and Staff Technical Report, which largely mirrored
NHTSA’s NPRM estimates in the 2008 proposal to establish CAFE standards for MY's
2011-2015. The agencies also reconsidered other sources such as the 2002 NAS Report,
the 2004 NESCCAF report, recent CAFE compliance data (comparing similar vehicles
with different technologies against each other in fuel economy testing, such as a Honda
Civic Hybrid versus a directly comparable Honda Civic conventional drive), and
confidential manufacturer estimates of technology effectiveness. Using the BOM
framework utilized in the MY 2011 CAFE final rule, NHTSA and EPA engineers
reviewed effectiveness information from the multiple sources for each technology.
Together, they compared the multiple estimates and assessed their validity, taking care to
ensure that common BOM definitions and other vehicle attributes such as performance,
refinement, and drivability were taken into account. However, because the agencies’
respective models employ different numbers of vehicle subclasses and use different
technology decision trees to arrive at the standards, direct comparison of BOMs was
somewhat more complicated. To address this and to assure an apples-to-apple
comparison, NHTSA and EPA developed mapping techniques, devising technology
packages and corresponding incremental technology estimates. This approach helped
compare incremental and packaged estimates and derive results that are consistent and
could be translated into the respective models of the agencies. In general, most
effectiveness estimates used in the 2008 EPA Staff Report, the MY 2011 CAFE final rule
and the MY 2012-2016 joint NPRM were determined to be accurate and were carried
forward without significant change into the analysis for this final rule. When NHTSA
and EPA’s estimates for effectiveness diverged slightly due to differences in how the
agencies apply technologies to vehicles in their respective models, the agencies report the
ranges for the effectiveness values used in each model, as well as the reasons why the
range is reasonable. There were only a few comments on technology effectiveness. For
the most part, the non-confidential comments were consistent with the range of
effectiveness reported in this rule. Where there were differences, EPA and NHTSA did
not see sufficient evidence to warrant a change in the technology effectiveness. Further
details can be found in EPA’s Response to Comments document (section 4.4) and
Chapter V of NHTSA’s FRIA.

3.3.2.1.1 Technology synergies

The benefits of these technologies are generally but not always additive. That is,
adding cylinder deactivation to dual cam phasing does not necessarily result in a 10
percent improvement. This is true because some of the technologies address the same
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shortcomings of the internal combustion engine, although in different ways. Where that
is the case, negative (or dis-) synergies are said to exist between two (or more)
technologies. It is also true that combining some technologies can provide more benefit
than a simple additive effect. In those cases, positive synergies are said to exist. The
analysis accounts for these positive and negative synergies wherever appropriate so as to
ensure no double or insufficient counting of effects. Synergies are discussed in more
detail in each agency’s respective final RIA.

3.3.2.2 Technology Cost Considerations

As a general matter, NHTSA and EPA believe the best way to derive technology
cost estimates is to conduct real-world tear down studies. This position is supported by
commenters and we received no comments to the contrary.” These studies are based to a
large degree on tear downs of vehicles or vehicle systems that employ the new
technologies, and of similar vehicles or systems without the new technologies. Analysts
with expertise in automotive design, materials, and manufacturing then compare the tear
down components and evaluate the differences. Using databases for materials, labor,
manufacturing overhead, and mark-up costs, the overall costs to manufacture individual
parts are calculated and summed into final results. However, as such, tear down studies
require a significant amount of time and are very costly. EPA has begun conducting tear
down studies to assess the costs of 4-5 technologies under a contract with FEV Inc., an
independent engine and powertrain systems research, design and development company.
To date, four technologies (downsizing and turbocharging, stoichiometric gasoline direct-
injection, dual clutch transmission and 6-speed automatic transmission) have been
evaluated. The tear down study has been peer-reviewed and the report for these tear
down studies and the peer-review report have been made public in the rulemaking
docket.'" The agencies have considered these studies and the comments received on
them, as practicable and appropriate, in developing technology cost assumptions for this
final rule.

These recently completed tear-downs include the following technologies:

1. 3.0L V6 port fuel-injected (PFI) downsized and turbocharged to a 2.0L 14
gasoline direct injection (GDI)

2. 5.4L V8 PFI downsized and turbocharged to a 3.0L V6 twin-turbo GDI

3. 5-speed automatic transmission to 6-speed automatic transmission

4. 6-speed automatic transmission to 6-speed wet dual-clutch transmission

A comparison between costs reported in the NPRM and the final rule can be found in
Table 3-1 below.

Table 3-1 A comparison of NPRM costs and the final rule for five updated technologies ($2007 in
2012).

|| Technology | Incremental To | NPRM Direct | Final Rule Direct | Change ||

* See comments from ICCT (EPA-HQ-OAR-2009-0472-7156), CARB (EPA-HQ-OAR-2009-0472-7189),
NESCAUM (EPA-HQ-OAR-2009-0472-7235)
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Manufacturing | Manufacturing
Cost Cost
2.0L 14 Turbo GDI 3.0L V6 MPFI $248 $152 -$96
3.0L V6 twin-turbo GDI 5.4L V8 MPFI $1,081 $964 -$117
5-speed auto trans 4-speed auto trans $91 $91 $0
6-speed auto trans 4-speed auto trans $153 $101 -$52
6-speed auto trans 5-speed auto trans $62 * $9 -$53
6-speed dual-clutch trans (wet) 6-speed auto trans $126 -$11 -$137

* Calculated as the difference between the 4 to 6 speed trans ($153) and the 4 to 5 speed trans ($91).

Most notable in Table 3-1 is the change in costs for the 6-speed dual-clutch
transmission relative to the 6-speed automatic transmission. We discuss this change in
more detail in section 3.4.2.2.5, FEV’s tear down work found that a wet clutch DCT is
$147 less costly than a 6 speed auto transmission (see table 3-15). This cost savings is
not unexpected when one considers that the DCT is less complex than an auto
transmission. However, FEV tear down cost analysis studies were conducted based on
the assumption that the analyzed technologies and the manufacturing for those
technologies were both fully “mature,” in that designs and manufacturing processes have
been reasonably optimized. The studies also assumed that manufacturing facilities have
annual production levels of 450,000 units. EPA and NHTSA recognize that in early
implementation years, designs and manufacturing processes may not be optimized to that
extent, and investment cost may exceed those of fully mature technologies. To account
for higher cost in the earlier implementation years of the rulemaking period, NHTSA and
EPA estimated MY 2012 costs as the average of the FEV tear down study cost and the
NPRM cost for technologies for which there were completed FEV tear down studies.
Time-based learning is used to reflect cost in later years. This approach is applied to
downsizing and turbocharging for V6 and V8, stoichiometric gasoline direct-injection for
V6 and V8, dual clutch transmission and 6-speed automatic transmission. In the NPRM,
the costs for turbocharging, downsizing and SGDI for 14 engines were based on an FEV
teardown cost study that was completed prior to release of the NPRM. For the final rule,
these costs were carefully reviewed and updated to better account for early year
implementation costs. We discuss all of the costs presented in Table 3-1 in greater detail
in section 3.4.2 of this joint TSD.

Regarding the other technologies, because tear down studies were not yet
available, the agencies decided to continue the BOM approach as outlined in NHTSA’s
MY 2011 final rule and EPA’s 2008 Staff Report. This approach was recommended to
NHTSA by Ricardo, an international engineering consulting firm retained by NHTSA to
aid in the analysis of public comments on its proposed standards for MYs 2011-2015
because of its expertise in the area of fuel economy technologies. A BOM approach is
similar in concept to the approach used in tear down studies. The difference is that under
a BOM approach, the build up of cost estimates is conducted based on a review of cost
and effectiveness estimates for each component from available literature. To the extent
that the agencies departed from the MY 2011 CAFE final rule and the 2008 Staff Report
estimates, the agencies have explained the reasons and provided supporting analyses. For
example, while NHTSA and Ricardo engineers had relied considerably in the MY 2011
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final rule on the 2008 Martec Report for costing contents of some technologies, upon
further joint review and for purposes of the MY 2012-2016 standards, the agencies
decided that some of the costing information in that report was no longer accurate due to
downward trends in commodity prices since the publication of that report. The agencies
reviewed, revalidated or updated cost estimates for individual components based on new
information.

The subsequent sections describe the costs associated with the new vehicle
technologies. The costs represent the piece costs for an individual piece of hardware or
system, e.g., an intake cam phaser to provide variable valve timing. Costs are presented
in terms of their hardware incremental compliance cost. This means that they include all
potential costs associated with their application on vehicles, not just the cost of their
physical parts. As discussed, the basis for the piece costs presented here is NHTSA’s
MY 2011 CAFE final rule and EPA’s 2008 Staff Report.'>' In those analyses, piece
costs were estimated based on a number of sources for cost related information. The
objective was to use those sources of information considered to be most credible for
projecting the costs of individual vehicle technologies. As a result of almost daily
meetings between EPA and NHTSA staff during 2009, where both piece costs and fuel
consumption efficiencies were discussed in detail, cost estimates have been adjusted
slightly. Where estimates differ between sources, engineering judgment was used to
arrive at what is believed to be the best cost estimate available today, and explained the
basis for that exercise of judgment.

Note that EPA’s 2008 Staff Report presented costs in terms of 2006 dollars. For
this analysis, costs are expressed in terms of 2007 dollars. Any costs presented here that
are based on costs expressed in 2006 dollars have been adjusted to reflect 2007 dollars
using the Gross Domestic Product price deflator (see Appendix 3.A)."** The following
discussion summarizes the piece cost estimates and how these data sources were used to
arrive at the best estimate of piece costs for individual technologies, as well as their
respective effectiveness estimates. For purposes of this joint TSD, these estimates were
developed jointly by NHTSA and EPA. Due to differences in the modeling and
technology application methodologies employed by the two agencies, the estimates used
by each agency may not match exactly but will be consistent given the different modeling
tools used. Additional details are also provided in each agency’s respective final RIAs.

3.3.2.2.1 Direct manufacturing costs

Building on NHTSA'’s estimates developed for the MY 2011 CAFE final rule
and EPA’s Advanced Notice of Proposed Rulemaking, which relied on the 2008 Staff
Technical Report, ' the agencies took a fresh look at technology cost and effectiveness
values for purposes of the joint final rule under the National Program. For costs, the
agencies reconsidered both the direct or “piece” costs and indirect costs of individual
components of technologies. For the direct costs, the agencies generally followed a bill
of materials (BOM) approach as noted above. A bill of materials, in a general sense, is a
list of components that make up a system—in this case, an item of fuel economy-

" The adjustment used to convert from 2006 dollars to 2007 dollars was 1.03.
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improving technology. In order to determine what a system costs, one of the first steps is
to determine its components and what they cost.

NHTSA and EPA estimated these components and their costs based on a number
of sources for cost-related information. The objective was to use those sources of
information considered to be most credible for projecting the costs of individual vehicle
technologies. As discussed above, the agencies reviewed, revalidated or updated cost
estimates for individual components based on new information. Thus although NHTSA
and EPA found that much of the cost information used in NHTSA’s MY 2011 CAFE
final rule and EPA’s staff report was consistent, the agencies, in reconsidering
information from many sources (such as the new FEV cost studies), ultimately revised
several component costs of several major technologies (turbocharging downsizing, mild
and strong hybrids, diesels, SGDI, Valve Train Lift Technologies, DCT and 6-speed
automatic transmissions).'* These are discussed at length below. For turbocharging
downsizing, SGDI, DCT and 6-speed automatic transmission, the agencies relied, to the
extent possible, on the tear down data available and scaling methodologies used in EPA’s
ongoing study with FEV. As discussed above in detail in Section 3.3.2.2, this study
consists of complete system tear down to evaluate technologies down to the nuts and
bolts to arrive at very detailed estimates of the costs associated with manufacturing
them."” The confidential information provided by manufacturers under their product plan
submissions to the agencies or discussed in meetings between the agencies and the
manufacturers and suppliers served largely as a check on publicly-available data.

Once costs were determined, they were adjusted to ensure that they were all
expressed in 2007 dollars using the GDP price deflator as described in Appendix 3.A.
Indirect costs were accounted for using a new approach developed by EPA for this
rulemaking and explained below rather than using the Retail Price Equivalent (RPE)
multiplier of 1.5 as was done in NHTSA’s MY 2011 final rule and EPA’s 2008 Staff
Report. NHTSA and EPA also considered how costs should be adjusted to reflect
manufacturer learning as discussed below. Lastly, costs were adjusted by modifying or
scaling content assumptions to account for differences across the range of vehicle sizes
and functional requirements, and adjusted the associated material cost impacts to account
for the revised content, although these adjustments were different for each agency due to
the different vehicle subclasses used in their respective models.

3.3.2.2.2 Cost markups to account for indirect costs

Indirect costs include production-related costs (research, development, and other
engineering), business-related costs (corporate salaries, pensions, and manufacturer
profits), and retail-sales-related costs (dealer support, marketing, and dealer profits). For
this analysis, direct cost estimates were first developed for each technology or system at
the auto manufacturer level, i.e., the price paid by the manufacturer to a Tier 1
component supplier. To these costs, an indirect cost markup factor was then applied that
varied by the best estimate of the particular technology’s complexity. This section
describes the approach to determining the indirect cost multipliers (ICM) used in this
analysis and the specific multipliers used for each piece of technology.
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3.3.2.2.3 Concept behind and development of indirect cost multipliers

If all desirable data were available, when a new technology is implemented, the
costs of that technology would include the direct and indirect costs particular to that
technology. For instance, some changes may involve new tooling, while others may not;
some may affect the way the car is marketed, while others are of limited interest to
consumers. In a world of full information, the indirect costs of a new technology would
be calculated specifically for that technology. In practice, though, it is often difficult, if
not impossible, to identify the indirect costs specific to a particular new technology.

The automotive industry, EPA, and NHTSA have commonly used retail price
equivalent (RPE) multipliers to approximate the indirect costs associated with a new
technology. The RPE is a ratio of total revenues to direct manufacturing costs. Because,
by definition, total revenues = direct costs + indirect costs + profit, the RPE is the factor
that, when multiplied by direct manufacturing costs, recovers total revenue.® This
multiplication is accurate only in the aggregate; it does not in reality apply to any specific
technology. The RPE is a way to estimate indirect costs on the assumption that indirect
costs are constant across all technologies and processes in a company. In the MY 2011
CAFE final rule NHTSA utilized a 1.5 RPE multiplier.

In fact, however, the indirect costs of new technologies vary, both with the
complexity of the technology and with the time frame. For instance, a hybrid-electric
engine is likely to involve greater research and development and marketing costs per
dollar of direct costs than low-rolling-resistance tires; the research and development costs
of any technology are likely to decrease over time. In recognition of this concern, EPA
contracted with RTI International to provide a current estimate of the RPE multiplier and
to examine whether the indirect costs of new technologies are likely to vary across
technologies. The report “Automobile Industry Retail Price Equivalent and Indirect Cost
Multipliers,” by Alex Rogozhin, Michael Gallaher, and Walter McManus,16 calculates the
RPE multiplier as 1.46 in 2007. The report then develops indirect cost (IC) multipliers
that vary with the complexity of technology and the time frame. While any multiplier is
only an approximation of the true indirect costs of a new technology, the IC multipliers in
this report move away from the assumption that the proportion of indirect costs is
constant across all technologies and take into account some of the variation in these costs.
The multipliers developed in this report are presented in Table 3-2.

The indirect cost multipliers used adjustment factors, developed by a team of EPA
engineers with expertise in the auto industry, which accounted for the differences in
complexity of the specific technologies under study. To examine the sensitivity of the
results to different technologies of the same complexity, and to provide more detailed
documentation of the development of the adjustment factors, EPA convened a second
panel,'” with NHTSAs input, to develop adjustment factors for three different
technologies. This latter process allowed for estimates of the variation in adjustment

¢ Note that unlike the RPE, the ICM does not include profits.
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factors, and thus in the variation of indirect cost multipliers. These results are also
presented in Table 3-2.

Table 3-2 Indirect Cost Multipliers

TECHNOLOGY COMPLEXITY
STUDY Short Run Long Run
Low Medium High Low Medium High
RTI Report 1.05 1.20 1.45 1.02 1.05 1.26
EPA Memo: Average 1.16 1.29 1.64 1.12 1.20 1.39
Standard Deviation 0.14 0.15 0.21 0.14 0.13 0.15
Median 1.12 1.26 1.66 1.06 1.20 1.40
Max 1.43 1.53 2.15 1.42 1.45 1.69
Min 1.00 1.02 1.37 1.00 1.01 1.12
Multipliers Used in 1.11 1.25 145 | 1.64 1.07 1.13 126 | 1.39
this Analysis

Table 3-2shows minor differences in the multipliers for low- and medium-
complexity technologies (roughly 0.1), but larger differences in the high-complexity
technologies. The EPA and NHTSA engineers who reviewed the results believed that the
differences reflected actual differences in the technologies under study. In particular, for
low complexity, low-rolling-resistance tires (the application in the RTI Report) would
involve lower indirect costs than aerodynamic improvements (the application in the EPA
memo); and, for medium complexity, dual-clutch transmissions (the application in the
RTI Report) should have a smaller multiplier than engine downsizing done in conjunction
with turbocharging (the application in the EPA Memo). For these two cases, EPA and
NHTSA considered these technologies to span the range of technologies assigned to
those classes; the costs in this study, then, use the averages of the values of the two
reports, as shown in the last line of Table 3-2. For high complexity technologies, the
agencies felt the technologies assigned to these categories—hybrid-electric vehicles in
the RTI Report; plug-in hybrid electric vehicles in the EPA Memo—were sufficiently
different that each deserved a different category. This is discussed in more detail in the
next section which highlights the multipliers used for each specific technology.

3.3.2.2.3.1 Application of specific indirect cost multipliers to each technology

As noted in the previous section, and in the NPRM, a different ICM was applied
to each technology’s direct cost to arrive at its compliance cost. These different ICMs
were chosen based on the complexity of integrating the technology into the vehicle in the
opinions of staff engineers at EPA and NHTSA, most of whom have several years of
experience in the auto industry. As shown in Table 3-2, ICMs were developed via two
separate processes: that presented in the RTI report; and that presented in the EPA
Memo. While all of the ICMs generated via these two processes were in general
agreement, some differences did exist. In determining how to deal with these differences,
EPA and NHTSA agreed that, for the low and medium complexity technologies, a simple
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average of the two values would be used. However, for the high complexity
technologies, it was decided that two separate high-multipliers should be used. The
lower multiplier, deemed high, would be applied to those technologies of high
complexity but with some level of use in the marketplace today. Such technologies
would be power-split and 2-mode hybrid electric vehicles. The higher multiplier, deemed
high+, would be applied to those technologies of high complexity but with no, or
essentially no, use in the current fleet. Such technologies would be plug-in hybrids and
full electric vehicles. Table 3-3 shows the complexity level for each technology
considered in this analysis.

Table 3-3 Complexity Levels of Technologies

HIGH+
LOW COMPLEXITY MEDIUM COMPLEXITY HIGH COMPLEXTIY COMPLEXITY
Low friction lubes VVLT-continuous (OHV) VVLT-continuous Plug-in hybrid
(OHC)
Engine friction reduction VVLT-discrete (OHV) Camless valve actuation | Full electric vehicle
VVT-intake (OHC) GDI-lean burn Homogeneous charge
CI
VVT-coupled (OHC & OHV) Turbocharge with downsize Weight reduction — 30%
VVT-dual (OHC) Conversion to diesel Integrated motor assist
hybrid
Cylinder deactivation (OHC & Dual clutch transmission 2-mode hybrid
OHV)
VVLT-discrete (OHC) Continually variable trans Power-split hybrid
GDI-stoich 42 Volt conversion
Turbocharge (with no downsize) Weight reduction — 20%
Downsize (with no turbocharge) Integrated starter generator

(stop-start)

Cam configuration changes (with Combustion restart
no downsize)

Aggressive shift logic Cooled EGR/EGR boost

Early torque converter lockup

5-speed auto transmission

6-speed auto transmission

6-speed manual transmission

Improved accessories

Electric power steering

Low rolling resistance tires

Low drag brakes

Secondary axle disconnect

Improved aerodynamics

Weight reduction — 3%

Weight reduction — 5%

Weight reduction — 10%

A/C Leakage Reduction

A/C Efficiency Improvement

The estimates of vehicle compliance costs cover the years of implementation of
the program — MYs 2012 through 2016. In EPA’s analysis, compliance costs have also
been estimated for the years following implementation to shed light on the long term —
2022 and later — cost impacts of the rule. The year 2022 is used by EPA because the
short-term and long-term markup factors described above are applied in five year
increments with the 2012 through 2016 implementation span and the 2017 through 2021
span both representing the short-term.
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Commenters in general agreed with this methodology for determining indirect
cost multipliers, though there was some disagreement as to the magnitude of the
multipliers.

3.3.2.2.4 Cost reduction through manufacturer learning

For some of the technologies considered in this analysis, manufacturer learning
effects would be expected to play a role in the actual end costs. The “learning curve” or
“experience curve” describes the reduction in unit production costs as a function of
accumulated production volume. In theory, the cost behavior it describes applies to
cumulative production volume measured at the level of an individual manufacturer,
although it is often assumed—as both agencies have done in past regulatory analyses—to
apply at the industry-wide level, particularly in industries that utilize many common
technologies and component supply sources.'® Both agencies believe there are indeed
many factors that cause costs to decrease over time. Research in the costs of
manufacturing has consistently shown that, as manufacturers gain experience in
production, they are able to apply innovations to simplify machining and assembly
operations, use lower cost materials, and reduce the number or complexity of component
parts. All of these factors allow manufacturers to lower the per-unit cost of production
(i.e., the manufacturing learning curve)."”

NHTSA has a detailed description of the learning effect in the MY 2011 CAFE
final rule, and EPA has a detailed description of the learning effect in the 2008 Staff
Report and in several past rules.” The description here is focused on how the learning
effect has been used in the analyses support each agency’s rule.

Most studies of the effect of experience or learning on production costs appear to
assume that cost reductions begin only after some initial volume threshold has been
reached, but not all of these studies specify this threshold volume. The rate at which
costs decline beyond the initial threshold is usually expressed as the percent reduction in
average unit cost that results from each successive doubling of cumulative production
volume, sometimes referred to as the learning rate. Many estimates of experience curves
do not specify a cumulative production volume beyond which cost reductions would no
longer occur, instead depending on the asymptotic behavior of the effect for learning
rates below 100 percent to establish a floor on costs.

In past rulemaking analyses, as noted above, both agencies have used a learning
curve factor of 20 percent for each doubling of production volume. NHTSA has used
this approach in analyses supporting recent CAFE rules. In its analysis, EPA has
simplified the approach by using an “every two years” based learning progression rather
than a pure production volume progression (i.e., after two years of production it was
assumed that production volumes would have doubled and, therefore, costs would be
reduced by 20 percent).

In the MY 2011 CAFE final rule, NHTSA considered not only this volume-based
learning as described above, but also “time-based” learning. Time-based learning,
estimated by NHTSA at three percent per year, occurs in years following the volume-
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based learning steps and represents the smaller scale learning that occurs as
manufacturers continue to innovate. The time-based learning is, in effect, represented by
the flattened out, asymptotic portion of the learning curve.

For this analysis, each agency has employed both volume-based and time-based
learning effects. In NHTSA’s analysis, volume-based learning is estimated to result in 20
percent lower costs as production volumes of the given technology reach 300,000 units
and again when they reach 600,000 units within the entire industry. The count of
production units begins in the 2012 model year and/or with the first units produced,
whichever is earlier. In EPA’s analysis, as noted above, volume-based learning is
estimated to result in 20 percent lower costs after two full years of implementation (i.e.,
the 2014 MY costs are 20 percent lower than the 2012 and 2013 model year costs). In
each agency’s analysis, time-based learning is estimated to result in 3 percent lower costs
in each year following first introduction of a given technology. Once two volume-based
learning steps have occurred, or once the five year time-based learning period is
completed, learning is assumed to be complete, at least for purposes of the analyses done
to support each agency’s rule.

Both agencies considered learning impacts 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, learning impacts have already occurred.
Volume-based learning was considered for only a handful of technologies that are
considered to be new or emerging technologies such as the hybrids and electric vehicles.
Most technologies have been considered to be more established given their current use in
the fleet and, hence, the lower time-based learning has been applied. The learning effects
applied to each technology are summarized in Table 3-4.
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Table 3-4 Learning Effects Applied to Each Technology

TECHNOLOGY LEARNING EFFECT
Low friction lubricants None
Engine friction reduction None
VVT — intake cam phasing Time
VVT — coupled cam phasing Time
VVT — dual cam phasing Time
Cylinder deactivation Time
Discrete VVLT Time
Continuous VVLT Time
GDI - stoichiometric Time
GDI - lean burn Time
Turbocharge (with no downsize) Time
Downsize (with no turbocharge) Time
Turbocharge with downsize Time
Cam configuration changes (with no downsize) Time
Homogeneous charge CI Time
Conversion to diesel Time
Aggressive shift logic Time
Early torque converter lockup Time
5-speed automatic Time
6-speed automatic Time
6-speed DCT — dry clutch Time
6-speed DCT — wet clutch Time
6-speed manual Time
CVT Time
Stop-Start Volume
IMA/ISA/BSG (includes engine downsize) Volume
2-Mode hybrid electric vehicle Volume
Power-split hybrid electric vehicle Volume?
Plug-in hybrid electric vehicle Volume
Full electric vehicle Volume
Improved high efficiency alternator & electrification of accessories Time
Upgrade to 42 volt electrical system Time
Electric power steering (12 or 42 volt) Time
Aero drag reduction (20% on cars, 10% on trucks) Time
Low rolling resistance tires None
Low drag brakes (ladder frame only) None
Secondary axle disconnect (unibody only) None
Front axle disconnect (ladder frame only) Time
A/C Leakage Reduction Time
A/C Efficiency Improvements Time

Table 3-25 through Table 3-30 show Volpe model costs and effectiveness values
for each particular technology described throughout this chapter. The costs shown are
applicable for the 2012 model year. The Volpe Model handles learning effects within the
model itself so that individual technology costs in the 2016 model year would be lower
than those shown in the tables.

Table 3-31 through Table 3-40 show OMEGA model costs and effectiveness
values for each particular technology described throughout this chapter. The costs shown
are applicable for the 2016 model year and, therefore, represent fully learned costs in the

4 Due to an error, the NPRM showed this as time-based learning.
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context of EPA’s analysis. For technologies added in years prior to MY 2016, EPA has
backed out the learning effects relative to the costs shown in the tables. For example,
Table 3-33 shows the small car stop-start vehicle cost as $351 in 2016. In the 2012
model year, this cost would be higher since the volume-based learning reflected in the
2016 cost would not have occurred yet. Backing out two volume-based learning steps
(i.e., dividing $351 by 80% twice) would result in a 2012 cost estimate of $548.

The different handling of learning effects across the two analyses (that done by
EPA and that by NHTSA) would have little impact on the overall results of the analyses.
NHTSA handles learning effects in the CAFE model. EPA handles learning effects
outside of the OMEGA model since OMEGA is run for only one model year - 2016.
Because the CAFE model adds technology on a year-by-year basis, it applies volume-
based learning effects once the applicable production volume thresholds have been
exceeded. In contrast, EPA would not apply volume-based learning until year 3
(assumed to be the point at which initial production volumes have doubled). Most
technologies in both analyses are subject to time-based learning which is applied on an
annual basis in the same way by both agencies (with the exception that NHTSA applies
time-based learning in the CAFE model while EPA applies it outside the OMEGA
model). Importantly, by the 2016 model year, both agencies will have applied two
volume-based learning steps to the appropriate technologies (hybrid and electric vehicles
only) and four time-based learning steps to the appropriate technologies (most other
technologies) to arrive at the same technology costs.

3.4 Specific technologies considered and estimates of costs and
effectiveness

It is important to note that the cost and effectiveness values presented by NHTSA
and EPA in this Final TSD are used when creating input files for the agencies’ respective
models, but are not literally the inputs themselves. The Docket to this final rule contains
the specific input files EPA and NHTSA used when modeling the technology cost.

3.4.1 What data sources did the agencies evaluate?

Refer to section 3.1 for a discussion of the specific data sources and reference
material used for the analysis of this rulemaking.

3.4.2 Individual technology descriptions and cost/effectiveness estimates

The sections that follow describe the technologies applied by both EPA and
NHTSA. Itis important to note that there are distinct differences between the agencies in
how cost and effectiveness estimations are reported and applied.

EPA reports the total cost and effectiveness associated with a respective
technology. The technologies are then applied to a vehicle type as a package. To
calculate a cost for a vehicle package, the individual technologies are summed. To
estimate the overall effectiveness, the lumped parameter method is applied.
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NHTSA applies cost and effectiveness through a series of decision trees. The
progressive nature of this methodology results in conditions for which a portion of a
technology has already been added. In this case, NHTSA would add an incremental
value which is the difference between the total cost of a technology and the portion
already existing. An example of this is cylinder deactivation. At the point in the decision
tree that it is applied, valvetrain technologies which could enable this feature have
already been added. NHTSA will add the delta in cost, which in this example accounts
for the NVH attributes.

3.4.2.1 Engine Technologies

NHTSA and EPA have reviewed the engine technology estimates used in
NHTSA’s MY 2011 CAFE final rule and EPA’s 2008 Staff Report and available
comments to the NPRM. In doing so NHTSA and EPA reconsidered all available
sources and updated the estimates as appropriate. The section below describes each of
the engine technologies considered for this rulemaking.

3.4.2.1.1 Low Friction Lubricants (LUB)

One of the most basic methods of reducing fuel consumption in gasoline engines
is the use of lower viscosity engine lubricants. More advanced multi-viscosity engine
oils are available today with improved performance in a wider temperature band and with
better lubricating properties. This can be accomplished by changes to the oil base stock
(e.g., switching engine lubricants from a Group I base oils to lower-friction, lower
viscosity Group III synthetic) and through changes to lubricant additive packages (e.g.,
friction modifiers and viscosity improvers). The use of SW-30 motor oil is now
widespread and auto manufacturers are introducing the use of even lower viscosity oils,
such as 5SW-20 and OW-20, to improve cold-flow properties and reduce cold start friction.
However, in some cases, changes to the crankshaft, rod and main bearings and changes to
the mechanical tolerances of engine components may be required. In all cases, durability
testing would be required to ensure that durability is not compromised. The shift to lower
viscosity and lower friction lubricants will also improve the effectiveness of valvetrain
technologies such as cylinder deactivation, which rely on a minimum oil temperature
(viscosity) for operation.

Several manufacturers have previously commented confidentially, that low
friction lubricants could have an effectiveness value between O to 1 percent. For
purposes of this final rule, NHTSA and EPA are using effectiveness estimates within this
range. Therefore 0.5 percent was used in both models.

The 2002 NAS study estimated the low friction lubricant RPE at $8 to $11 using a
1.4 markup factor. The NESCCAF study showed an RPE of $5 to $15 with a 1.4
markup. The EEA report to DOE showed manufacturer costs of $10 to $20 with no
markup. Confidential Business Information (CBI) data estimates an average incremental
cost of $3 for the use of low friction lubricants. EPA’s 2008 Staff Report also confirms
this $3 cost (2006$). Both NHTSA and EPA believe that manufacturer’s estimates are
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the most accurate, and thus continue to believe that the $3 cost estimate is appropriate
and independent of vehicle class since the engineering work required should apply to any
engine size. Applying an indirect cost multiplier ICM) of 1.11, for a low complexity
technology, results in a compliance cost of $3 per vehicle (2007$) for a MY 2012 through
MY 2016 vehicle (learning effects are not applied to low friction lubes).®

3.4.2.1.2 Engine Friction Reduction (EFR)

In addition to low friction lubricants, manufacturers can also reduce friction and
improve fuel consumption by improving the design of engine components and
subsystems. Approximately 10 percent of the energy consumed by a vehicle is lost to
friction, and just over half is due to frictional losses within the engine.21 Examples
include improvements in low-tension piston rings, piston skirt design, roller cam
followers, improved crankshaft design and bearings, material coatings, material
substitution, more optimal thermal management, and piston and cylinder surface
treatments. Additionally, as computer-aided modeling software continues to improve,
more opportunities for evolutionary friction reductions may become available.

All reciprocating and rotating components in the engine are potential candidates
for friction reduction, and minute improvements in several components can add up to a
measurable fuel economy improvement. The 2002 NAS, NESCCAF and EEA reports as
well as confidential manufacturer data suggested a range of effectiveness for engine
friction reduction to be between 1 to 3 percent. NHTSA and EPA continue to believe
that this range is accurate. Because of the incremental nature of the CAFE model,
NHTSA needed to continue to use the narrower range of 1-2 percent, which was also
used in the MY 2011 CAFE final rule.

In the MY 2011 CAFE final rule, NHTSA estimated a range from $13 to $49
using a 1.5 RPE on a per cylinder basis, or $9 to $33 without RPE (2007$). In the 2008
NPRM engine friction reduction was estimated to cost up to $14 without RPE on a per
cylinder basis (2006$). EPA’s 2008 Staff Report estimated this at $11 using a 1.5 RPE
on a per cylinder basis, or $7 without RPE (2006$). After review, NHTSA and EPA
believe that the cost estimate is closer to the lower end of the MY 2011 CAFE final rule
range and thus for this rulemaking is $13 per cylinder compliance cost (2007$), including
the low complexity ICM markup value of 1.11, for a MY 2012 through MY 2016 vehicle
(learning effects are not applied to engine friction reduction). This cost is multiplied by
the number of engine cylinders.

3.4.2.1.3 Variable Valve Timing (VVT)

Variable valve timing (VVT) classifies a family of valve-train designs that alter
the timing of the intake valve, exhaust valve, or both, primarily to reduce pumping losses,
increase specific power, and control the level of residual gases in the cylinder. VVT
reduces pumping losses when the engine is lightly loaded by controlling valve timing
closer to an optimum needed to sustain horsepower and torque. VVT can also improve
volumetric efficiency at higher engine speeds and loads. Additionally, VVT can be used

¢ Note that the costs developed for low friction lubes for this analysis reflect the costs associated with any
engine changes that would be required as well as any durability testing that may be required.
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to alter (and optimize) the effective compression ratio where it is advantageous for
certain engine operating modes (e.g., in the Atkinson Cycle).

VVT has now become a widely adopted technology: in MY 2007, over half of all
new cars and light trucks had engines with some method of variable valve timing.22
Manufacturers are currently using many different types of variable valve timing, which
have a variety of different names and methods. The three major types of VVT are listed
below.

Each of the three implementations of VVT uses a cam phaser to adjust the
camshaft angular position relative to the crankshaft position, referred to as “camshaft
phasing.” The phase adjustment results in changes to the pumping work required by the
engine to accomplish the gas exchange process. The majority of current cam phaser
applications use hydraulically-actuated units, powered by engine oil pressure and
managed by a solenoid that controls the oil pressure supplied to the phaser.

3.4.2.1.3.1 Intake Cam Phasing (ICP)

Valvetrains with ICP, which is the simplest of the cam phasing technologies, can
modify the timing of the inlet valves by phasing the intake camshaft while the exhaust
valve timing remains fixed. This requires the addition of a cam phaser on each bank of
intake valves on the engine. An in-line 4-cylinder engine has one bank of intake valves,
while V-configured engines have two banks of intake valves.

NHTSA’s MY 2011 CAFE final rule and EPA 2008 Staff Report estimated an
effectiveness of 1 to 2 percent for ICP, which was supported by the NESCCAF report and
a majority of confidential manufacturer comments. The agencies have found no
additional sources to suggest strongly that this estimate is inaccurate, and so have
employed it for this rulemaking.

As for costs, NHTSA’s MY 2011 CAFE final rule estimated a $61 RPE ($41 non-
RPE) cost per cam phaser, based on the 2008 Martec Report and confidential
manufacturer data (2007$). In the 2008 staff report, EPA estimated this at $59 using a
1.5 RPE or $40 without RPE (2006$). NHTSA and EPA believe that this estimate
remains accurate. Using the new indirect cost multiplier of 1.11, for a low complexity
technology, the compliance cost per cam phaser would be $45 per bank , yielding a $45
cost for and in-line engine configurations and $90 for V-engine configurations for a MY
2012 vehicle (2007$). Time-based learning is applied to ICP so the MY 2016 cost would
be $40 for in in-line engine and $80 for the V-engine (2007$).

3.4.2.1.3.2 Coupled Cam Phasing (CCPS and CCPO)
Valvetrains with coupled (or coordinated) cam phasing can modify the timing of
both the inlet valves and the exhaust valves an equal amount by phasing the camshaft of a
single overhead cam (SOHC) engine or an overhead valve (OHV) engine.” For overhead

' Although CCP appears only in the SOHC and OHV branches of the decision tree, it is noted that a single
phaser with a secondary chain drive would allow CCP to be applied to DOHC engines. Since this would
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cam engines, this requires the addition of a cam phaser on each bank of the engine. Thus,
an in-line 4-cylinder engine has one cam phaser, while SOHC V-engines have two cam
phasers. For overhead valve (OHV) engines, which have only one camshaft to actuate
both inlet and exhaust valves, CCP is the only VVT implementation option available and
requires only one cam phaser.*

Based on NHTSA’s MY 2011 CAFE final rule, previously-received confidential
manufacturer data, and the NESCCAF report, NHTSA and EPA estimated the
effectiveness of CCP to be between 1 to 4 percent. NHTSA and EPA reviewed this
estimate for purposes of the final rule, and continue to find it accurate.

The same cam phaser has been assumed for ICP and CCP applications, thus CCPs
cost per cam phaser is identical to ICPs. This results in a cost of $45 for in-line SOHC
and OHYV engines and $90 for SOHC V-engine configurations for a MY 2012 vehicle
(2007%). With time-based learning applied, these costs for a 2016 MY vehicle would be
$40 and $80, respectively (20078$).

3.4.2.1.3.3 Dual Cam Phasing (DCP)

The most flexible VVT design is dual (independent) cam phasing, where the
intake and exhaust valve opening and closing events are controlled independently. This
option allows the option of controlling valve overlap, which can be used as an internal
EGR strategy. Atlow engine loads, DCP creates a reduction in pumping losses, resulting
in improved fuel consumption/reduced CO, emissions. Increased internal EGR also
results in lower engine-out NOx emissions. The amount by which fuel consumption is
improved and CO; emissions are reduced depends on the residual tolerance of the
combustion system. Additional improvements are observed at idle, where low valve
overlap could result in improved combustion stability, potentially reducing idle fuel
consumption.

NHTSA MY 2011 CAFE final rule estimated the effectiveness of DCP to be
between 3 to 5 percent relative to a base engine or 2 to 3 relative to an engine with ICP.
NHTSA and EPA believe that this estimate remains applicable for the final rule.

As above, the same cam phaser has been assumed for ICP and DCP applications.
Thus, DCP’s cost per cam phaser is identical to ICP’s. DCP requires two cam phasers
per cylinder bank, one to control the intake valves and one to control the exhaust valves.
This results in a cost of $90, relative to an engine without ICP, or $45 relative to an
engine with ICP, minus $6 for the removal of the EGR valve, ultimately yielding costs of
$84 and $39 respectively for in-line DOHC configurations (all in 2007$). For V-
configuration engines, the cost is $180 relative to an engine without ICP, or $90 relative
to an engine with ICP, minus $6 for the removal of the EGR valve, ultimately yielding

potentially be adopted on a limited number of DOHC engines NHTSA did not include it in that branch of
the decision tree.

&It is also noted that coaxial camshaft developments would allow other VVT options to be applied to OHV
engines. However, since they would potentially be adopted on a limited number of OHV engines NHTSA
did not include them in the decision tree.
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costs of $174 and $84, respectively (all in 2007$). These costs are appropriate fora MY
2012 vehicle. With time-based learning applied, these costs for a 2016 MY vehicle
would be $157 and $73, respectively (2007$).

3.4.2.1.4 Variable Valve Lift (VVL)

Controlling the lift of the valves provides a potential for further efficiency
improvements. By optimizing the valve-lift profile for specific engine operating regions,
the pumping losses can be reduced by reducing the amount of throttling required to
produce the desired engine power output. By moving the throttling losses further
downstream of the throttle valve, the heat transfer losses that occur from the throttling
process are directed into the fresh charge-air mixture just prior to compression, delaying
the onset of knock-limited combustion processes. Variable valve lift control can also be
used to induce in-cylinder mixture motion, which improves fuel-air mixing and can result
in improved thermodynamic efficiency. Variable valve lift control can also potentially
reduce overall valvetrain friction. At the same time, such systems may also incur
increased parasitic losses associated with their actuation mechanisms. A number of
manufacturers have already implemented VVL into their fleets (Toyota, Honda, and
BMW), but overall this technology is still available for most of the fleet. There are two
major classifications of variable valve lift, described below:

3.4.2.14.1 Discrete Variable Valve Lift (DVVLS, DVVLD, DVVLO)

DVVL systems allow the selection between two or three discrete cam profiles by
means of a hydraulically-actuated mechanical system. By optimizing the cam profile for
specific engine operating regions, the pumping losses can be reduced by reducing the
amount of throttling required to produce the desired engine power output. This increases
the efficiency of the engine. These cam profiles consist of a low and a high-lift lobe, and
may include an inert or blank lobe to incorporate cylinder deactivation (in the case of a 3-
step DVVL system). DVVL is normally applied together with VVT control. DVVL is
also known as Cam Profile Switching (CPS). DVVL is a mature technology with low
technical risk.

NHTSA’s MY 2011 CAFE final rule, previously-received confidential
manufacturer data, and the NESCCAF report, all estimate the effectiveness of DVVL to
be between 1 to 4 percent above that realized by VVT systems. NHTSA and EPA
believe this estimate continues to be applicable for the final rule.

In the MY 2011 CAFE final rule, NHTSA estimated an RPE (1.5 markup factor)
of $201 for an inline 4-cylinder engine, $306 for a V6 engine and $396 for a V8 engine
or without the RPE markup $134, $204, $264, respectively (all in 2007$). In the 2008
Staff Report, EPA estimated this at $169, $246, and $322, respectively, using a 1.5 RPE
factor (2006$) or $113, $164 and $215, respectively without markup (all in 2006$). For
this analysis, the agencies have estimated the compliance costs, including $25 for
controls and using a 1.11 ICM for a low complexity technology, at $141 for an inline 4-
cylinder engine, $205 for a V6 engine and $293 for a V8 for a 2012 MY vehicle (20078$).
With time-based learning applied, these costs would be $125, $181, and $259,
respectively for a 2016 MY vehicle (20078$).
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3.4.2.14.2 Continuously Variable Valve Lift (CVVL)

In CVVL systems, valve lift is varied by means of a mechanical linkage, driven
by an actuator controlled by the engine control unit. The valve opening and phasing vary
as the lift is changed and the relation depends on the geometry of the mechanical system.
BMW has considerable production experience with CVVL systems and has sold port-
injected “Valvetronic” engines since 2001. CVVL allows the airflow into the engine to
be regulated by means of intake valve opening reduction, which improves engine
efficiency by reducing pumping losses from throttling the intake system further upstream
as with a conventionally throttled engine.

Variable valve lift gives a further reduction in pumping losses compared to that
which can be obtained with cam phase control only, with CVVL providing greater
effectiveness than DV VL, since it can be fully optimized for all engine speeds and loads,
and is not limited to a two or three step compromise. There may also be a small
reduction in valvetrain friction when operating at low valve lift, resulting in improved
low load fuel consumption for cam phase control with variable valve lift as compared to
cam phase control only. Most of the fuel economy effectiveness is achieved with
variable valve lift on the intake valves only. CVVL is only applicable to double overhead
cam (DOHC) engines.

NHTSA’s MY 2011 CAFE final rule estimated the effectiveness for CVVL at 1.5
to 3.5 percent over an engine with DCP, but also recognize that it could go up as high as
5 percent above and beyond DCP to account for the implementation of more complex
CVVL systems such as BMW'’s “Valvetronic” engines. This coincides with EPA Staff
Report estimates of the contribution of CVVL, which were based on the NESCCAF
report, in which CVVL could improve effectiveness by 4 percent (minivans) and up to 6
percent (large cars) over dual cam phasing. Thus, the effectiveness range for CVVL in
this joint TSD ranges from 1.5 to 6 percent depending on the complexity level of the
application. However, due to the complexity and cost of this technology, the GHG model
did not consider it and the CAFE model projected no application of the less complex
version of this technology. The most recent submission of manufacturers’ product plans
confirmed that this technology will not be applied by most manufacturers.

In the MY 2011 CAFE final rule, NHTSA estimated and RPE (1.5 factor) of
continuously variable valve lift to be $306 for an inline 4-cylinder engine, $432 for a V6
engine and $582 for a V8 engine or without RPE $204, $287, $388, respectively. In the
2008 Staff Report, EPA estimated this at $254, $466, and $508, respectively, using a 1.5
RPE factor (2006%) or $169, $311 and $339, respectively without markup (all in 2006$)
For this analysis, the agencies have estimated the compliance costs, using a 1.45 ICM for
a high complexity technology, at $277 for an inline 4-cylinder engine, $509 for a V6
engine and $554 for a V8 engine for a MY 2012 vehicle (2007$). With time-based
learning applied, these costs would become $245, $449, and $489, respectively for a MY
2016 vehicle (2007$).
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3.4.2.1.5 Cylinder Deactivation (DEACS, DEACD, DEACO)

In conventional spark-ignited engines throttling the airflow controls engine torque
output. At partial loads, efficiency can be improved by using cylinder deactivation
instead of throttling. Cylinder deactivation (DEAC) can improve engine efficiency by
disabling or deactivating (usually) half of the cylinders when the load is less than half of
the engine’s total torque capability — the valves are kept closed, and no fuel is injected —
as a result, the trapped air within the deactivated cylinders is simply compressed and
expanded as an air spring, with reduced friction and heat losses. The active cylinders
combust at almost double the load required if all of the cylinders were operating.
Pumping losses are significantly reduced as long as the engine is operated in this “part-
cylinder” mode.

Cylinder deactivation control strategy relies on setting maximum manifold
absolute pressures or predicted torque within which it can deactivate the cylinders. Noise
and vibration issues reduce the operating range to which cylinder deactivation is allowed,
although manufacturers are exploring vehicle changes that enable increasing the amount
of time that cylinder deactivation might be suitable. Some manufacturers may choose to
adopt active engine mounts and/or active noise cancellations systems to address NVH
concerns and to allow a greater operating range of activation. Manufacturers have stated
that use of DEAC on 4 cylinder engines would cause unacceptable NVH; therefore
cylinder deactivation has not been applied to 4-cylinder engines.

Cylinder deactivation has seen a recent resurgence thanks to better valvetrain
designs and engine controls. General Motors and Chrysler Group have incorporated
cylinder deactivation across a substantial portion of their V8-powered lineups. Honda
(Odyssey, Pilot) offers V6 models with cylinder deactivation.

Effectiveness improvements scale roughly with engine displacement-to-vehicle
weight ratio: the higher displacement-to-weight vehicles, operating at lower relative loads
for normal driving, have the potential to operate in part-cylinder mode more frequently.

NHTSA and EPA reviewed the MY 2011 CAFE final rule estimate and confirmed
arange of 0.5 to 6 percent depending on the valvetrain configuration and other existing
technologies. The OMEGA model, which is based on packages, applies 6 percent
reduction in CO; emissions in all applications. The CAFE model, due to its incremental
nature, uses a range depending on the engine valvetrain configuration. For example, for
DOHC engines which are already equipped with DCP and DVVLD, there is little benefit
that can be achieved from adding cylinder deactivation since the pumping work has
already been minimized and internal Exhaust Gas Recirculation (EGR) rates are
maximized, so the effectiveness is only up to 0.5 percent for DEACD. For SOHC
engines which have CCP and DVVLS applied, effectiveness ranged from 2.5 to 3 percent
for DEACS. For OHV engines, without VVT or VVL technologies, the effectiveness for
DEACO ranged from 3.9 to 5.5 percent.
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NHTSA and EPA considered a range of $170 to $190 (or $28 to $190 depending
on whether an engine already has lost motion devices, oil control valves and camshaft
position sensors). This is a departure from NHTSA’s MY 2011 CAFE final rule, which
used a range of $306 to $400. That range was primarily based on the 2008 Martec
Report and applied a higher RPE value. In reviewing these assumptions, NHTSA and
EPA amended the MY 2011 CAFE final rule estimates and adjusted the estimates to
include the new ICM low complexity markup of 1.11. The EPA Staff Report estimated
this ranging from $203 to $229 (RPE using a 1.5 factor) or $135 to $153 without RPE
(2006%). NHTSA’s MYs 2011-2015 NPRM showed estimates of a $170 for a 6-cylinder
engine and $190 for an 8-cylinder engine—when adjusted for 2007 dollars and using the
new ICM multipliers— for engines that do not have lost motion devices. These numbers
were within the ranges described by the 2002 NAS and NESCCAF reports. The $170
and $190 costs are appropriate of a MY 2012 vehicle (2007$). With time-based learning
applied, these would become $150 and $169, respectively, for a MY 2016 vehicle
(2007%).

If lost motion devices are on the engine, the cost of DEAC as applied to SOHC
and DOHC engines could be as low as $28." This $28' accounts for the potential
additional application of active engine mounts on SOHC and DOHC engines and can
only be applied on 50 percent of the vehicles. Further, this SOHC and DOHC engine
estimate is relevant to the CAFE model only because the OMEGA model does not apply
technologies in the same incremental fashion as the CAFE model.

3.4.2.1.6 Conversion to Double Overhead Camshaft Engine with Dual Cam Phasing
(CDOHC)

Double overhead camshaft engines achieve increased airflow at high engine
speeds, improve volumetric efficiency and reductions of the valvetrain’s moving mass.
Such engines typically develop higher power at high engine speeds. Manufacturers may
choose to replace OHV engines with DOHC engine designs with dual cam phasing
(DCP). EPA and NHTSA reviewed the analysis of effectiveness for CDOHC in the MY
2011 CAFE final rule and found no information to indicate that these estimates were
inaccurate. EPA and NHTSA estimate the effectiveness to be between 1 to 2.5 percent.

As for costs, NHTSA’s MY 2011 CAFE final rule assumed that CDOHC would
have an RPE of $746 ($497 non-RPE) for a V8 engine, $590 ($393 non-RPE) for a V6
engine and $373 ($249 non-RPE) for inline 4-cylinder engine (2007$). In the 2008 Staff
Report, EPA did not estimate a cost for this specific technology. For purposes of this
rulemaking, NHTSA revised the costs only by identifying this technology as a low
complexity technology and applying an indirect cost multiplier of 1.11 resulting in a
compliance cost of $552 for V8 engine, $436 for a V6 and $276 for an inline 4-cylinder
engine. The above costs are for a MY 2012 vehicle and with the application of time-
based learning will be slightly lower for MY 2016 vehicle

" The $28 is an adjustment from the $75 estimate used in the MY 2011 final rule to account for the new
ICM markup factor and the fact that it could only be applied on up to 50 percent of the vehicles.
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3.4.2.1.7 Stoichiometric Gasoline Direct Injection (SGDI)

Stoichiometric gasoline direct injection (SGDI), or Spark Ignition Direct injection
(SIDI), engines inject fuel at high pressure directly into the combustion chamber (rather
than the intake port in port fuel injection). SGDI requires changes to the injector design,
an additional high pressure fuel pump, new fuel rails to handle the higher fuel pressures
and changes to the cylinder head and piston crown design. Direct injection of the fuel
into the cylinder improves cooling of the air/fuel charge within the cylinder, which allows
for higher compression ratios and increased thermodynamic efficiency without the onset
of combustion knock. Recent injector design advances, improved electronic engine
management systems and the introduction of multiple injection events per cylinder firing
cycle promote better mixing of the air and fuel, enhance combustion rates, increase
residual exhaust gas tolerance and improve cold start emissions. SGDI engines achieve
higher power density and match well with other technologies, such as boosting and
variable valvetrain designs.

Several manufacturers have recently introduced vehicles with SGDI engines,
including VW/Audi, BMW, Toyota (Lexus IS 350) and General Motors (Chevrolet
Impala and Cadillac CTS 3.6L). BMW, GM, Ford and VW/Audi have announced their
plans to increase dramatically the number of SGDI engines in their portfolios.

NHTSA’s MY 2011 CAFE final rule estimated the effectiveness of SGDI to be
between 2 and 3 percent. NHTSA and EPA reviewed estimates from the Alliance of
Automobile Manufactures, which projects 3 percent gains in fuel efficiency and a 7
percent improvement in torque. The torque increase provides the opportunity to
downsize the engine allowing an increase in efficiency of up to a 5.8 percent. NHTSA
and EPA also reviewed other published literature, reporting 3 percent effectiveness for
SGDIL* Another source reports a 5 percent improvement on the NEDC drive cycle.*
Confidential manufacturer data reported an efficiency effectiveness range of 1 to 2
percent. NHTSA and EPA determined that the range of 2 to 3 percent continues to be
appropriate. Combined with other technologies (i.e., boosting, downsizing, and in some
cases, cooled EGR), SGDI can achieve greater reductions in fuel consumption and CO,
emissions compared to engines of similar power output.

The NHTSA and EPA cost estimates for SGDI take into account the changes
required to the engine hardware, engine electronic controls, ancillary and Noise Vibration
and Harshness (NVH) mitigation systems. Through contacts with industry NVH
suppliers, and manufacturer press releases, the agencies believe that the NVH treatments
will be limited to the mitigation of fuel system noise, specifically from the injectors and
the fuel lines. In the final rule, the agencies have revised the SGDI costs based on the
FEV work that was not yet available for the NPRM. Focusing on direct manufacturing
costs, the NPRM estimates, the FEV values, and the final values are shown in Table 3-5.
FEV did not directly estimate the SGDI costs shown here. Instead, FEV estimated costs
associated with downsizing and turbocharging a V8 and V6 engine to a V6 and 14 engine,
respectively, and simultaneously converting the PFI fuel system to a SGDI fuel system.
The agencies, working closely with FEV, then “binned” the costs into three distinct bins:
downsize, turbocharge, and SGDI. As such, the FEV results shown in Table 3-5 cannot
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be found in the FEV reports, but instead are detailed in a memo to the docket which also
provides details of this binning process.”> Because the methodology used by FEV
presumes high volume production, instead of using the FEV results directly the agencies
have averaged those results with the NPRM results to estimate the final values (this is
noted in section 3.3.2.2, 3.4.2.1.9, and 3.4.2.2.5). Note that the costs for the I3 and 14
engines have changed since the NPRM but have not been averaged with the NPRM
values. The costs changed based on a more rigorous binning process than that conducted
for the NPRM, but were not averaged because they are based on the 14 to 14 teardown
conducted by FEV which was, in fact, used in the NPRM. While the final value of $213
is lower than the NPRM value of $226, the $13 difference has simply been shifted from
SGDI to the downsizing bin.

Table 3-5 Direct Manufacturing Costs for SGDI (2007$ in 2012)

Technology | NPRM | FEV Results | Final Rule
13 $226 $213 $213
14 $226 $213 $213
V6 $293 $321 $307
V8 $317 $386 $352

For the final rule marked up costs, the agencies estimate SGDI costs at $236 for
an inline 4-cylinder and $341 for V6 and $390 for V8 including the low complexity ICM
markup value of 1.11 (2007$ in 2012). With time-based learning applied, these costs
would be $209, $301, and $346 for a MY 2016 vehicle (2007$). As noted above, all of
these costs differ slightly from those used in the NPRM analysis as shown in Table 3-6.
These costs were not changed in response to public comments, but instead were changed
due to updated information from the FEV teardown studies.”

Table 3-6 Marked up Costs for Stoichiometric GDI (2007$ in 2012)

Technology | NPRM | Final Rule
I3 $251 $236
14 $251 $236
Vo6 $326 $341
V8 $353 $390

3.4.2.1.8 Combustion Restart (CBRST)

Combustion restart allows “start-stop” functionality of DI engines through the
implementation of an upgraded starter with bi-directional rotation to allow precise
crankshaft positioning prior to subsequent fuel injection and spark ignition, allowing
engine restart. This method of implementing engine stop/start functionality allows not
only the fuel savings from not idling the engine, but also reduces fuel consumption as the
engine speeds up to its operational speed. A Direct Injection (DI) fuel system is required
for implementation of this technology.
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NHTSA reviewed the MY 2011 CAFE final rule assumptions and determined that
due to technical risks implementation of combustion restart would likely not be feasible
prior to MY 2014. Some of the risks are associated with unresolved issues regarding the
impact of very high or very low ambient air temperatures on the ability to start the engine
in the described manner. Although the starter motor can provide fail-safe starting
capability in these temperature limited areas, strategies must be developed to manage the
transitions. Other risks relate to production readiness.

Additional hardware is required to implement combustion restart, beyond SGDI.
This includes a battery sensor, incremental wiring and high current switching, an
incremental crank position sensor, and, in the case of an automatic transmission
applications, a transmission oil pump to allow for torque converter continuity.

BMW has published a 3.5 percent fuel consumption effectiveness over the NEDC
drive cycle for combustion restart,27 and AVL a 4.8 percent effectiveness.”® However,
these reported effectiveness levels could potentially be reduced significantly on the EPA
combined drive cycle, as combustion restart does not save fuel on the highway drive
cycle. Therefore, NHTSA estimates the fuel consumption effectiveness for CBRST to
range from 2 to 2.5 percent.

Regarding the cost estimate, NHTSA determined that the estimate of $118 from
the 2008 Martec Report cost estimates for individual pieces was the best available. The
total RPE cost (excluding transmission pump) is $141 at high volumes, which includes
$70 for upgrading the starter, $10 for a battery sensor and wiring, $10 for high current
switch and $4 for crank sensor a totaling $94 (non-RPE) cost. Applying an indirect cost
multiplier of 1.25, for a medium complexity technology, results in a compliance cost of
$118 for a MY 2012 vehicle and will be reduced in future years with the application of
time-based learning.

3.4.2.1.9 Turbocharging and Downsizing (TRBDS)

The specific power of a naturally aspirated engine is primarily limited by the rate
at which the engine is able to draw air into the combustion chambers. Turbocharging and
supercharging (grouped together here as boosting) are two methods to increase the intake
manifold pressure and cylinder charge-air mass above naturally aspirated levels.
Boosting increases the airflow into the engine, thus increasing the specific power level,
and with it the ability to reduce engine displacement while maintaining performance.
This effectively reduces the pumping losses at lighter loads in comparison to a larger,
naturally aspirated engine.

Almost every major manufacturer currently markets a vehicle with some form of
boosting. While boosting has been a common practice for increasing performance for
several decades, turbocharging has considerable potential to improve fuel economy and
reduce CO, emissions when the engine displacement is also reduced. Specific power
levels for a boosted engine often exceed 100 hp/L, compared to average naturally
aspirated engine power densities of roughly 70 hp/L. As a result, engines can
conservatively be downsized roughly 30 percent to achieve similar peak output levels. In
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the last decade, improvements to turbocharger turbine and compressor design have
improved their reliability and performance across the entire engine operating range. New
variable geometry turbines and ball-bearing center cartridges allow faster turbocharger
spool-up (virtually eliminating the once-common “turbo lag”) while maintaining high
flow rates for increased boost at high engine speeds. However, even with turbocharger
improvements, maximum engine torque at very low engine speed conditions, for example
launch from standstill, is increased less than at mid and high engine speed conditions.
The potential to downsize engines may be less on vehicles with low displacement to
vehicle mass ratios in order to provide adequate acceleration from standstill, particularly
up grades or at high altitudes.

Use of GDI systems with turbocharged engines and air-to-air charge air cooling
also reduces the fuel octane requirements for knock limited combustion and allows the
use of higher compression ratios. Ford’s “Ecoboost” downsized, turbocharged GDI
engines introduced on MY 2010 vehicles allow the replacement of V8 engines with V6
engines with improved in 0-60 mph acceleration and with fuel economy improvements of
up to 12 percent.29

NHTSA and EPA reviewed NHTSA’s MY 2011 CAFE final rule estimates that a
turbocharged and downsized engine at equivalent performance levels would offer an
effectiveness improvement of 2 to 5 percent over a naturally-aspirated SGDI engine of
comparable performance. This would equate to a 12 to 14 effectiveness improvement
over baseline fixed-valve engine, similar to the estimate for Ford’s Ecoboost. NHTSA
and EPA kept these estimates for this final rule.

Recently published data with advanced spray-guided injection systems and more
aggressive engine downsizing targeted towards reduced fuel consumption and CO,
emissions reductions indicate that the potential for reducing CO, emissions for
turbocharged, downsized GDI engines may be as much as 15 to 30 percent relative to
port-fuel-injected engines.”’ls’m’”’18 Confidential manufacturer data suggests an
incremental range of fuel consumption and CO; emission reduction of 4.8 to 7.5 percent
for turbocharging and downsizing. Other publicly-available sources suggest a fuel
consumption and CO; emission reduction of 8 to 13 percent compared to current-
production naturally-aspirated engines without friction reduction or other fuel economy
technologies: a joint technical paper by Bosch and Ricardo suggesting fuel economy gain
of 8 to 10 percent for downsizing from a 5.7 liter port injection V8 to a 3.6 liter V6 with
direct injection using a wall-guided direct injection system;>’ a Renault report suggesting
a 11.9 percent NEDC fuel consumption gain for downsizing from a 1.4 liter port injection
in-line 4-cylinder engine to a 1.0 liter in-line 4-cylinder engine, also with wall-guided
direct injection;”' and a Robert Bosch paper suggesting a 13 percent NEDC gain for
downsizing to a turbocharged DI engine, again with wall-guided injection.’® These
reported fuel economy benefits show a wide range depending on the SGDI technology
employed. Public comment was received on this issue and a summary of those
comments with the agencies’ response can be found in section 4.4 of EPA’s Response to
Comments document and in Chapter V of NHTSA’s FRIA.

As noted above, the agencies relied on engine teardown analyses conducted by
EPA, FEV and Munro to develop costs for turbocharged GDI engines.”> Teardown
studies are one of the most effective ways to estimate technology costs. For the proposal,
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only the 2.4L. 14 DOHC to 1.6L 14 DOHC teardown study had been completed in time for
inclusion in the NPRM, and we used that study’s results as the cost in the 2012 model
year. For other turbo-downsize costs, the NPRM primarily used values developed for the
2008 staff report. Since issuing the NPRM, two more teardown studies have been
completed and those results are being used in the final analysis with some adjustment.
The agencies have adjusted the 14 to I4 turbo-downsize costs slightly to reflect an
updated burden rate’ employed by FEV and an updated binning approach employed by
the agencies to distinguish turbo-related costs from downsize-related costs.* NHTSA and
EPA modified the other FEV estimated costs as well. FEV made the assumption that
these technologies would be mature when produced in large volumes (450,000 units or
more). The agencies believe that there is potential for near term supplier-level
engineering, design, and testing (ED&T) costs to be in excess of those considered in the
FEV analysis (as existing equipment and facilities must be converted to production of
new technologies). The agencies have therefore decided to average the FEV results with
the NPRM values. We have also used the FEV results, where possible, to estimate costs
for turbo-downsize scenarios that were not done via actual teardown study (e.g., FEV did
not conduct a teardown of a V8 DOHC to turbocharged V6 DOHC). We have also used
these values to estimate costs for other camshaft configuration changes that do not
involve engine downsizing. Table 3-7 shows the NPRM, FEV and final rule direct
manufacturing costs used for the turbo-downsize technologies.

Table 3-7 Direct Manufacturing Costs for Turbocharging, Downsizing, and Other Camshaft
Configuration Changes applicable in the 2012 Model Year (2007 dollars)

FEV Final

Technology NPRM Result Rule Comment
Turbo (14 to 14 only) $372 $404 $404 | Use FEV result directly, no averaging with NPRM cost
Turbo (V6 to 14) $450 $404 $427 Average of NPRM & actual FEV teardown
Turbo (V8 to V6) $675 $681 $678 Average of NPRM & actual FEV teardown
14 DOHC to I3 FEV result calculated using binning of other teardown results
DOHC -$101 -$193 ST e averaged with NPRM cost
ij gggg to smaller -$60 -$85 -$85 Use FEV result directly, no averaging with NPRM cost
14 SOHC to smaller $65 -$80 -$80 FEV result calculated using binning of other teardown results
14 DOHC then used directly, no averaging with NPRM cost
14 OHV to smaller 14 $65 n/a $65 Not possible to calculate using binning of other teardown
DOHC results; NPRM cost used as final
gggch to 14 -$428 -$547 -$488 | Average of NPRM & actual FEV teardown
V6 SOHC to 14 FEV result calculated using binning of other teardown results
DOHC -$68 -$382 -$225 then averaged with NPRM cost
V6 OHV to 14 $270 n/a $270 Not possible to calculate using binning of other teardown

I Burden costs include the following fixed and variable costs: rented and leased equipment; manufacturing
equipment depreciation; plant office equipment depreciation; utilities expense; insurance (fire and general);
municipal taxes; plant floor space (equipment and plant offices); maintenance of manufacturing equipment
- non-labor; maintenance of manufacturing building - general, internal and external, parts, and labor;
operating supplies; perishable and supplier-owned tooling; all other plant wages (excluding direct, indirect
and MRO labor); returnable dunnage maintenance; and intra-company shipping costs (see EPA-HQ-OAR-
2009-0472-0149).

“This “binning” approach simply bins the turbo-downsize-GDI total cost generated by FEV into separate
cost bins for the turbo portion, the downsize portion, and the GDI portion.
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DOHC results; NPRM cost used as final

V8 DOHC to V6 FEV result calculated using binning of other teardown results
DOHC -$203 -$274 $238 | e averaged with NPRM cost

EgggHC 3Vio V6 $113 -$155 -$21 Average of NRPM & actual FEV teardown

V8 SOHC 2V to V6 $203 _$84 $60 FEV result calculated using binning of other teardown results
DOHC then averaged with NPRM cost

V8 OHV to V6 $315 n/a $315 Not possible to calculate using binning of other teardown
DOHC results; NPRM cost used as final

V6 SOHC to V6 FEV result calculated using binning of other teardown results
DOHC $360 $165 $262 then averaged with NPRM cost

V6 OHV to V6 Not possible to calculate using binning of other teardown
DOHC $473 n/a $473 results; NPRM cost used as final

V8 SOHC 3V to V8 $315 $119 $217 FEV result calculated using binning of other teardown results
DOHC then averaged with NPRM cost

V8 SOHC 2V to V8 FEV result calculated using binning of other teardown results
DOHC $405 $190 $298 then averaged with NPRM cost

V8 OHV to V8§ $518 n/a $518 Not possible to calculated using binning of other teardown
DOHC results; NPRM cost used as final

For the OHV applications, the agencies maintained consistency with the EPA
2008 Staff Report and estimated direct manufacturing costs associated with downsizing
to be $50 per cylinder, $10 per valve, and $100 per cam shaft for the 2015 model year
(2006%). Therefore, these costs have not changed relative to the NPRM. Table 3-8
shows all of these turbo and downsize costs, the applicable ICMs, and the final costs for
the 2012 MY (2007$). The agencies have applied time based learning to all of these
costs. Estimated costs for the 2016 MY can be found in section 3.5.2 of this TSD.
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Table 3-8 Direct Manufacturing and Marked up Costs for Turbocharging and Downsizing and Other Camshaft Configuration Changes in 2012 (2007

dollars)
Technology Incremental to Direct Manufacturing C9St IC Markup Final Cost *
Turbo Downsize
Turbo (14 to 14 only) Base engine $404 n/a 1.11 $448
Turbo (V6 to 14) Base engine $427 n/a 1.11 $474
g2 Turbo (V8 to V6) Base engine $678 n/a 1.11 $753
Z5 Downsize to 14 DOHC V6 DOHC n/a -$488 1.11 -$434
z % Downsize to 14 DOHC V6 SOHC n/a -$225 1.11 -$200
(S Downsize to 14 DOHC V6 OHV n/a $270 1.11 $300
g 8 Downsize to 14 DOHC 14 DOHC (larger) n/a -$85 1.11 -$76
o @ Downsize to I3 DOHC 14 DOHC n/a -$147 1.11 -$131
RS Downsize to V6 DOHC V8 DOHC n/a -$238 111 -$212
=A Downsize to V6 DOHC V8 SOHC 2V