3

V.

For the best experience, open this PDF portfolio in
Acrobat 9 or Adobe Reader 9, or later.

Get Adobe Reader Now!



http://www.adobe.com/go/reader


NRC Committee on Assessment of Technologies for Improving Fuel Economy of Light-Duty Vehicles
Meeting with DOT Volpe Center Staff — February 27, 2013

Discussion Materials

Agenda

Participant List

CAFE Rulemaking Analysis: Overview of Key Statutory Considerations
Overview of CAFE Model Inputs, Simulation, and Outputs

Market Forecast for CAFE Analysis: Structure, Development, and Impact
Sensitivity and Uncertainty Analysis

Multiyear Planning Effects, Credit Transfer and Carry-Forward, and Market-Driven CAFE Increases:
Toyota Results as a Case Study

Technology Cost and Effectiveness Estimates
Costing Flowchart (Untitled Chart)

Cost Sources (Untitled Table)

Excerpt from FRIA (pp. 227, et. seq.)
Modeling System Cost Inputs

CAFE Credit Program






Excerpt from Final Regulatory Impact Analysis from MYs 2017-2025 Rulemaking

225

e All low complexity technologies will be estimated to equal the ICM of the modified
Delphi based low technology - passive aerodynamic improvements.

¢ All medium complexity technologies will be estimated to equal the ICM of the modified
Delphi based medium technology - engine turbo downsizing.

e Strong hybrids and non-battery PHEVs will be estimated to equal the ICM of the high
complexity consensus based high technology — hybrid electric vehicle.

e PHEVs with battery packs and full electric vehicles will be estimated to equal the ICM
of the high complexity modified Delphi based high technology — plug-in hybrid electric
vehicle.

In addition to shifting the proxy basis for each technology group, the agencies reexamined each
technology’s complexity designation and adjusted the grouping of technologies. Some new
technologies are also added to the groupings. Other changes to the ICMs for this rulemaking
include basing them on the expected long-term average RPE rather than that of any one specific
year (2007), which involved normalizing them to an average RPE multiplier level of 1.5; and
distinguishing the ICMs into two parts, one applied to warranty cost and one applied to non-
warranty cost. The latter was done because the agencies believe that learning curves are more
appropriately applied only to direct costs, with indirect costs established up front based on the
ICM and then held constant while direct costs are reduced by learning.

More detailed information about how the agencies applied ICMs in this FRM analysis can be
found in Chapter VII of this FRIA.

More and Refined Learning Schedules

In MYs 2012-2016 rulemaking, the agency applied two types of learning, “time-based” learning
and “volume-based” learning. For this FRM the agency has, however, adopted new terminology
to distinguish the two different learning applications. Emerging technologies are adjusted using
what we now call the “steep “learning schedule, which involves 20% decreases, while mature
technologies are modified using one of a number of “flat” schedules, involving the smaller 3%,
2%, or 1% decreases. The “flat” curves assume a learning rate of 3% over the previous years’
cost for a number of years, followed by 2% over several more years, followed by 1%
indefinitely. The “steep” curves assume larger decreases of 20% every 2 years during the initial
years of production, for a maximum of two learning cycles, before converting to the “flat”
learning curve rates. For this FRM analysis, the agency has determined where on the learning
curve each technology lies and then applied learning effects based on those determinations.
Figure V-28 shows how these determinations impact the level of learning effects applied in our
analysis. Chapter VII of this FRIA contains a detailed discussion of the changes to the ICM and
their application to individual technologies.

Figure V-28. Learning Factors used in the Analysis to accommodate Technologies at
Different Places on the Learning Curve and Having Costs Based in Different Years



Kevin.Green

Text Box

Excerpt from Final Regulatory Impact Analysis from MYs 2017-2025 Rulemaking





226

Learning Curves
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Inclusion of Stranded Capital Costs

There is also the potential for stranded capital'®® if technologies are introduced too rapidly for
some indirect costs to be fully recovered. Due to the capital-intensive nature of producing
automotive components, it is possible for substantial capital investments in manufacturing
equipment and facilities to become “stranded.” While the FEV tear-down analysis results are
assumed to be generally valid for the 2017-2025 timeframe for fully mature, high sales volumes,
FEV perform a supplemental analysis to consider potential stranded capital costs. For a select
group of technologies NHTSA has included that ability account for stranded capital costs, as
supplied by FEV, into the analysis. The agency refers readers to Chapter 3 of the joint TSD for a
more detailed description of how FEV estimated stranded capital costs and later in this chapter
the agency describes how stranded capital costs were integrated into the analysis.

What’s new in this final rulemaking from NPRM?

Inclusion of Mild Hybrid/Belt Integrated Starter Generator (BISG)

1% The potential for stranded capital occurs when manufacturing equipment and facilities cannot be used in the
production of a new technology.
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Table V-15 Mapping between NHTSA and EPA Vehicle Classifications

EPA Lumped
NHTSA/CAFE EPA Vehicle Class Parameter Example
model Classification | for Cost Purpose Model P
Classification
Subcompact
Sub t Perf PC
ubcompact rer Subcompact/Small Small Car Yaris
Compact Car
Compact Perf PC
Midsize PC
Midsize Perf PC Standard Car Standard Car | Camry
L PC
LZEZ Perf PC Large Car Large Car Chrysler 300
Small LT Small MPV Small MPV Saturn Vue
Midsize LT
% §1ze Large MPV Large MPV Dodge Grand
Minivan LT Caravan
Large LT Truck Truck Ford F150

How much of the technology can be applied to the fleet this year? (phase-in caps)

Besides the refresh/redesign cycles used in the CAFE model, which constrain the rate of
technology application at the vehicle level so as to ensure a period of stability following any
modeled technology applications, the other constraint on technology application employed in
NHTSA’s analysis is “phase-in caps.” Unlike vehicle-level cycle settings, phase-in caps
constrain technology application at the vehicle manufacturer level.*”” Phase-in caps are intended
to function as a proxy for a number of real-world limitations in deploying new technologies in
the auto industry. These limitations can include, but are not intended to be limited to,
engineering resources at the OEM or supplier level, financial resources, restrictions on
intellectual property that limit deployment, and/or limitations in material or component supply as

295 While phase-in caps are expressed as specific percentages of a manufacturer’s fleet to which a technology may be
applied in a given model year, phase-in caps cannot always be applied as precise limits, and the CAFE model in fact
allows “override” of a cap in certain circumstances. When only a small portion of a phase-in cap limit remains, or
when the cap is set to a very low value, or when a manufacturer has a very limited product line, the cap might
prevent the technology from being applied at all since any application would cause the cap to be exceeded.
Therefore, the CAFE model evaluates and enforces each phase-in cap constraint after it has been exceeded by the
application of the technology (as opposed to evaluating it before application), which can result in the described
overriding of the cap.
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engine, drivetrain and vehicle characteristics that are averaged over the EPA fuel economy drive
cycle.

As part of the calibration/updating process, EPA adjusted the LPM inputs to ensure that the
results closely aligned with those of the Ricardo work. Thus the results of this analysis using the
LPM were generally consistent with Ricardo’s most recent full-scale vehicle simulation
modeling.’” Detailed information about how the LPM works and how EPA used it to develop
technology effectiveness values for this analysis can be found in Chapter 3 of the joint TSD.

The technology effectiveness inputs used in the CAFE model for this analysis are based on
entirely on the outputs of the newly updated LPM, and thus incorporate the Ricardo simulation
work from 2007 and 2011. Table V-17 to Table V-27 below define how NHTSA mapped
technology effectiveness calculations from the LPM into CAFE model-specific inputs. The
LPM defines technologies specific to EPA’s OMEGA model so NHTSA had to create a process
of mapping technologies in the LPM that are consistent with those found in the CAFE model’s
decision trees. For example, to generate the effectiveness for the Improved Automatic
Transmission Controls/Externals (IATC) NHTSA had to enable both “Early Upshift” and
“Aggressive Torque Converter Lockup” in the LPM. NHTSA used this mapping technique to
calculate the absolute effectiveness of each technology relative to a baseline vehicle. NHTSA
then used these absolute effectiveness estimates, for each step in the decision trees, to calculate
the incremental effectiveness estimates for each technology, which is what the CAFE model
ultimately needs to analyze a heterogeneous fleet baseline fleet on a model year by model year
basis.

Table V-17. CAFE Model and LPM Mapping for Engine Technologies
(non-Valvetrain Dependent Engine Technologies)

NHTSA Techs LPM Selection
Model Years 2012-2016 2017+
LUBI1 Low Fric Lubes Low Fric Lubes
Low Fric Lubes Low Fric Lubes
EFR1
EF Reduction (Level=1) | EF Reduction (Level=1)
LUB2 EFR2 EF Reduction (Level=2)

208 Regardless of a generally consistent set of results for the vehicle class and set of technologies studied, the lumped
parameter tool is not a full vehicle simulation and cannot replicate the physics of such a simulation.
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Table V-18. CAFE Model and LPM Mapping for Engine Technologies

(SOHC Path)
NHTSA Techs LPM Selection
Model Years 2012-2016 | 2017+
SOHC Path
Low Fric Lubes
CCPS EF Reduction (Level=1) EF Reduction (Level=2)
CCP CCP
Low Fric Lubes
DVVLS EF Reduction (Level=1) EF Reduction (Level=2)
CCpP CCpP
DVVL DVVL
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
DEACS CCpP CCpP
DEAC DEAC
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
SGDI CCpP CCP
DEAC DEAC
GDI (stoich) GDI (stoich)
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
TRBDSI1 Dep Dep
|Sbar DVVL . DVVL .
GDI (stoich) GDI (stoich)
Turbo/Downsize (gas engines
only) (Percent=33%) Turbo/Downsize (gas engines only) (Percent=33%)
EF Reduction (Level=2)
TRBDS2 bep
24bar DVVL .
GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGRI1 bep
24bar DVVL .
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGR2 DCp
27bar DVVL
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=56%)
Adv Diesel Advanced Diesel (2020)
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Table V-19. CAFE Model and LPM Mapping for Engine Technologies

(DOHC DVVL Path)
NHTSA Techs LPM Selection
Model Years 2012-2016 | 2017+
DOHC DVVL Path
Low Fric Lubes
ICP EF Reduction (Level=1) EF Reduction (Level=2)
ICP ICP
Low Fric Lubes
DCP EF Reduction (Level=1) EF Reduction (Level=2)
DCP DCP
Low Fric Lubes
DVVLD EF Reduction (Level=1) EF Reduction (Level=2)
DCP DCP
DVVL DVVL
Low Fric Lubes
DEACD EF Reduction (Level=1) EF Reduction (Level=2)
DCP DCP
DEAC DEAC
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
SGDI DCP DCP
DEAC DEAC
GDI (stoich) GDI (stoich)
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
TRBDSI DCP DCP
18bar DVVL DVVL
GDI (stoich) GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=33%) | Turbo/Downsize (gas engines only) (Percent=33%)
EF Reduction (Level=2)
TRBDS2 Dep
24bar DVVL .
GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGRI Dcp
24bar DVVL .
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGR2 DEp
27bar DVVL
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=56%)
Adv Diesel Advanced Diesel (2020)
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Table V-20. CAFE Model and LPM Mapping for Engine Technologies
(DOHC CVVL Path)

NHTSA Techs LPM Selection
Model Years 2012-2016 | 2017+
DOHC CVVL Path
Low Fric Lubes
CVVL EF Reduction (Level=1) EF Reduction (Level=2)
DCP DCP
CVVL CVVL
DEACD This is ignored because effectiveness is less than CVVL
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
SGDI DCP DCP
CVVL CVVL
GDI (stoich) GDI (stoich)
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
TRBDSI1 DCP DCP
18bar DVVL DVVL
GDI (stoich) GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=33%) Turbo/Downsize (gas engines only) (Percent=33%)
EF Reduction (Level=2)
TRBDS2 Dep
24bar DVVL )
GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGRI Dep
24bar DVVL .
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGR2 DEp
27bar DVVL
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=56%)
Adv Diesel Advanced Diesel (2020)
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Table V-21. CAFE Model and LPM Mapping for Engine Technologies

(OHV Path)
NHTSA Techs LPM Selection
Model Years 2012-2016 | 2017+
OHYV Path
Low Fric Lubes
DEACO EF Reduction (Level=1) EF Reduction (Level=2)
DEAC DEAC
Low Fric Lubes
VVA EF Reduction (Level=1) EF Reduction (Level=2)
CCP CCP
DEACO DEACO
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
SGDI CCp CCp
DEACO DEACO
GDI (stoich) GDI (stoich)
Low Fric Lubes
EF Reduction (Level=1) EF Reduction (Level=2)
TRBDSI DCP DCP
18bar DVVL DVVL
GDI (stoich) GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=33%) | Turbo/Downsize (gas engines only) (Percent=33%)
EF Reduction (Level=2)
TRBDS2 bcP
24bar DVVL .
GDI (stoich)
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGRI DEp
24bar DVVL
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=50%)
EF Reduction (Level=2)
CEGR2 Dep
27bar DVVL
GDI (stoich) w/ cooled EGR
Turbo/Downsize (gas engines only) (Percent=56%)
Adv Diesel Advanced Diesel (2020)
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Table V-22. CAFE Model and LPM Mapping for Transmission Technologies

NHTSA Techs LPM Selection
Model Years 2012-2016 2017+
ATC Early upshift (formerly ASL) Early upshift (formerly ASL)
Agg TC Lockup Agg TC Lockup
Baseline for the following technologies is 5-speed automatic transmission
6-spd gearbox 6-spd gearbox
NAUTO Early upshift (formerly ASL) Early upshift (formerly ASL)
Agg TC Lockup Agg TC Lockup
High efficiency gear box (auto) (Percent= 7%) | High efficiency gear box (auto) (Percent= 7%)
6-spd gearbox 6-spd gearbox
DCT (Dry) DCT Dry 4 DCT Dry .
Early upshift (formerly ASL) Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent=7%) | High efficiency gear box (auto) (Percent= 7%)
6-spd gearbox 6-spd gearbox
DCT Wet DCT Wet
DCT (Wet)

Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent= 7%)

Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent= 7%)

8 SPD (Auto)

8-spd gearbox
Early upshift (formerly ASL)
High efficiency gear box (auto) (Percent= 7%)

8 SPD (Dry DCT)

8-spd gearbox

DCT Dry

Early upshift (formerly ASL)

High efficiency gear box (auto) (Percent= 7%)

8 SPD (Wet DCT)

8-spd gearbox

DCT Wet

Early upshift (formerly ASL)

High efficiency gear box (auto) (Percent= 7%)

(Additional Selection over previous selection)

HETRANS High efficiency gear box (auto) (Percent=25%)
SHIFTOPT (Additional Selection over previous selection)
Optimized shift strategy*
Notes

* Make sure "Early upshift (formerly ASL)" is turned off.
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Table V-23. CAFE Model and LPM Mapping for Accessory Technologies

NHTSA Techs

LPM Selection

EPS

EPS

IACC1

EPS
Electric access (12v)
High eff alternator (70%)

IACC2

EPS

Electric access (12v)

High eff alternator (70%)
Alternator regen on braking

MHEV
(12v SS)

EPS

Electric access (12v)

High eff alternator (70%)
Alternator regen on braking
12V SS (idle off only)

ISG

EPS
6-spd AT
Electric access (high V)

Hybrid drivetrain (15 kW motor)*

*Motor size is adjusted to 10 kW for small cars and 18 kW
for pickup trucks

Table V-24. CAFE Model and LPM Mapping for Strong Hybrid Technologies
(MY2012-2016 Technologies)

SHEV1 (non-towing) SHEV1 (non-towing) SHEV1 (towing)*
(subcompact PC, compact PC with dry (midsize PC, large PC, small LT with (Midsize LT, Minivan and Large LT with
DCT) wet DCT) ATX)
% or % or % or
Level Level Level
Low Fric Lubes Low Fric Lubes Low Fric Lubes
EF Reduction 1 EF Reduction 1 EF Reduction 1
DCP DCP DCP
DVVL DVVL DVVL
Turbo/Downsize (gas engines
only) 35%
6-spd gearbox 6-spd gearbox 6-spd gearbox
DCT Dry DCT Wet
Early upshift (formerly Early upshift (formerly
ASL) ASL) Early upshift (formerly ASL)
Agg TC Lockup
High efficiency gearbox High efficiency gearbox
(auto) 7% (auto) 7% High efficiency gearbox (auto) 7%
EPS EPS EPS
Electric access (12V) Electric access (12V) Electric access (12V)
High efficiency alternator High efficiency alternator High efficiency alternator
(70%) (70%) (70%)
GDI (stoich) GDI (stoich) GDI (stoich)
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Motor Motor Motor
kw kw kw
Hybrid drivetrain 17 Hybrid drivetrain 24 Hybrid drivetrain 36

Atkinson cycle engine

Atkinson cycle engine

Notes

*Vehicle with towing will have automatic transmission and non-Atkinson cycle engine with downsizing.
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Table V-25. CAFE Model and LPM Mapping for Strong Hybrid Technologies

(MY2017+ Technologies)

SHEV?2 (non-towing) SHEV?2 (non-towing) SHEV?2 (towing)*
(subcompact PC, compact PC with dry (midsize PC, large PC, small LT with (Midsize LT, Minivan and Large LT with
DCT) wet DCT) ATX)
% or % or % or
Level Level Level
EF Reduction 2 EF Reduction 2 EF Reduction 2
DCP DCP DCP
DVVL DVVL DVVL
Turbo/Downsize (gas engines
only) 48%
8-spd gearbox 8-spd gearbox 8-spd gearbox
DCT Dry DCT Wet
Optimized shift strategy Optimized shift strategy Optimized shift strategy
Agg TC Lockup
High efficiency gearbox High efficiency gearbox
(auto) 25% (auto) 25% High efficiency gearbox (auto) 25%
Alternator regen on braking Alternator regen on braking Alternator regen on braking
EPS EPS EPS
Electric access (12V) Electric access (12V) Electric access (12V)
High efficiency alternator High efficiency alternator High efficiency alternator
(70%) (70%) (70%)
GDI (stoich) GDI (stoich) GDI (stoich)
Motor Motor Motor
kw kw kw
Hybrid drivetrain 17 Hybrid drivetrain 24 Hybrid drivetrain 36
Atkinson cycle engine Atkinson cycle engine
Notes

*Vehicle with towing will have automatic transmission and non-Atkinson cycle engine with downsizing.

Table V-26. CAFE Model and LPM Mapping for Plug-in Hybrid Technologies

(20-Mile Range)
PHEYV 20 Mile PHEV 20 Mile
(subcompact PC, compact PC with dry DCT)(midsize PC, large PC, small LT with wet DCT)
% or Level % or Level
EF Reduction 2 IEF Reduction 2
DCP DCP
DVVL DVVL
8-spd gearbox 8-spd gearbox
DCT Dry DCT Wet
Optimized shift strategy Optimized shift strategy
High efficiency gearbox (auto) 25%  High efficiency gearbox (auto) 25%
Alternator regen on braking |Alternator regen on braking
EPS 100% [EPS 100%
[Electric access (12V) Electric access (12V)
High efficiency alternator (70%) High efficiency alternator (70%)
GDI (stoich) GDI (stoich)
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Motor kW Motor kW
Hybrid drivetrain 30 Hybrid drivetrain 30
Atkinson cycle engine IAtkinson cycle engine
Plug-In 40%  [Plug-In 40%

Table V-27. CAFE Model and LPM Mapping for Plug-in Hybrid Technologies

(40-Mile Range)

PHEV 40 Mile PHEYV 40 Mile
(subcompact PC, compact PC with dry DCT) (midsize PC, large PC, small LT with wet DCT)
% or Level % or Level
EF Reduction 2 EF Reduction 2
DCP DCP
DVVL DVVL
8-spd gearbox 8-spd gearbox
DCT Dry DCT Wet
Optimized shift strategy Optimized shift strategy
High efficiency gearbox (auto) 25% High efficiency gearbox (auto) 25%
Alternator regen on braking Alternator regen on braking
EPS 100% EPS 100%
Electric access (12V) Electric access (12V)
High efficiency alternator (70%) High efficiency alternator (70%)
GDI (stoich) GDI (stoich)
Motor kW Motor kW
Hybrid drivetrain 30 Hybrid drivetrain 30
Atkinson cycle engine Atkinson cycle engine
Plug-In 63% Plug-In 63%

We note that the U.S. D.O.T. Volpe Center, which supports NHTSA in its CAFE rulemaking
work, contracted with Argonne National Laboratory (ANL) to provide full vehicle simulation
modeling support for this MY's 2017-2025 rulemaking. While modeling was not completed in
time for use in the NPRM, NHTSA used this modeling to update technology effectiveness
estimates and synergy factors as appropriate for the CAFE model for the final rulemaking
analysis. Specifically, the results were used to define the effectiveness of mild hybrids for both
agencies, and NHTSA used the results to update the effectiveness of advanced transmission
technologies coupled with naturally-aspirated engines for the CAFE analysis This simulation
modeling was accomplished using ANL’s full vehicle simulation tool called “Autonomie,”
which is the successor to ANL’s Powertrain System Analysis Toolkit (PSAT) simulation tool,
and that includes sophisticated models for advanced vehicle technologies. The ANL simulation

modeling process and results are documented in multiple reports that can be found in NHTSA’s
docket.*”

29 Docket No: NHTSA-2010-0131
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Table V-31 Stranded Capital Costs (20109)

Stranded Capital Cost Table

Year Year Year Year Year Year Year Year Year Year
Technology Abbr. 1 2 3 4 5 6 7 8 9 10

Low Friction Lubricants - Level 1 LUBI $ 0 s S0 S0 S0 $ 0 $0 $0 $ 0 S0
Engine Friction Reduction - Level 1 EFRI S0 S0 $0 S0 0 S0 S0 S0 S0 S0
Low Friction Lubricants and Engine Friction
Reduction - Level 2 LUB2 EFR2 $ 0 $ 0 $ 0 $ 0 $ 0 $0 $0 $0 $ 0 $0
Variable Valve Timing (VVT) - Coupled Cam
Phasing (CCP) on SOHC CCPS $ 0 $0 $0 $0 $ 0 $ 0 $ 0 $ 0 $0 $ 0
Discrete Variable Valve Lift (DVVL) on SOHC DVVLS $0 $0 S0 S0 S0 $0 $0 $0 $0 $0
Cylinder Deactivation on SOHC DEACS $0 $0 S0 S0 S0 $0 $0 $0 $0 $0
Variable Valve Timing (VVT) - Intake Cam
Phasing (ICP) ICP $ $ $ 0 $0 $0 $0 $0 $0 $0 $
Variable Valve Timing (VVT) - Dual Cam
Phasing (DCP) DCP $ 0 $0 $0 $0 $0 $ 0 $ 0 $ 0 $ 0 $0
Discrete Variable Valve Lift (DVVL) on DOHC DVVLD $0 $0 $0 $0 $0 $0 $0 $0 $0 g
Continuously Variable Valve Lift (CVVL) CVVL $0 0 s s s $0 $0 $0 $0 s
Cylinder Deactivation on DOHC DEACD S0 S0 S0 $0 $0 0 $0 30 S0 S0
Stoichiometric Gasoline Direct Injection (GDI) SGDI 0 S0 S0 S0 S0 $0 $0 $0 $ 0 S0
Cylinder Deactivation on OHV DEACO S S0 S0 $0 $0 S0 S0 S0 s S0
Variable Valve Actuation - CCP and DVVL on
OHV VVA $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 0 $ 0 $ 0 $ 0
Stoichiometric Gasoline Direct Injection (GDI)
on OHV SGDIO $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ -
Turbocharging and Downsizing - Level 1 (18
bar BMEP) - Small Displacement TRBDS1_SD $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Turbocharging and Downsizing - Level 1 (18
bar BMEP) - Medium Displacement TRBDS1 MD | $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Turbocharging and Downsizing - Level 1 (18
bar BMEP) - Large Displacement TRBDS1 LD $78.48 | $69.69 | $60.90 | $52.20 | $43.50 | $34.80 | $26.10 | $17.40 | $8.70 | $0.00
Turbocharging and Downsizing - Level 2 (24
bar BMEP) - Small Displacement TRBDS2 SD $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Turbocharging and Downsizing - Level 2 (24
bar BMEP) - Medium Displacement TRBDS2 MD | $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Turbocharging and Downsizing - Level 2 (24
bar BMEP) - Large Displacement TRBDS2 LD $78.48 | $69.69 | $60.90 | $52.20 | $43.50 | $34.80 | $26.10 | $17.40 | $8.70 | $0.00
Cooled Exhaust Gas Recirculation (EGR) -
Level 1 (24 bar BMEP) - Small Displacement CEGR1 SD $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Cooled Exhaust Gas Recirculation (EGR) -
Level 1 (24 bar BMEP) - Medium Displacement CEGR1_MD $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Cooled Exhaust Gas Recirculation (EGR) -
Level 1 (24 bar BMEP) - Large Displacement CEGR1 LD $78.48 | $69.69 | $60.90 | $52.20 | $43.50 | $34.80 | $26.10 | $17.40 $8.70 | $0.00
Cooled Exhaust Gas Recirculation (EGR) -
Level 2 (27 bar BMEP) - Small Displacement CEGR2_SD $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Cooled Exhaust Gas Recirculation (EGR) -
Level 2 (27 bar BMEP) - Medium Displacement CEGR2_MD $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Cooled Exhaust Gas Recirculation (EGR) -
Level 2 (27 bar BMEP) - Large Displacement CEGR2 LD $78.48 | $69.69 | $60.90 | $52.20 | $43.50 | $34.80 | $26.10 | $17.40 | $8.70 | $0.00
Advanced Diesel - Small Displacement

ADSL SD $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Advanced Diesel - Medium Displacement

ADSL_MD $73.38 | $65.16 | $56.93 | $48.80 | $40.66 | $32.53 | $24.40 | $16.27 | $8.14 | $0.00
Advanced Diesel - Large Displacement ADSL LD | $78.48 | $69.69 | $60.90 | $52.20 | $43.50 | $34.80 | $26.10 | $17.40 | $8.70 | $0.00
6-Speed Manual/Improved Internals 6MAN $0 $0 0 0 $0 S0 $0 $0 sl so
High Efficiency Gearbox (Manual) HETRANSM %0 $ 0 S0 S0 S0 S0 S0 S0 $0 $ 0l
Improved Auto. Trans. Controls/Externals IATC $0 S $0 $ $ 0 $0 g S0 S






6-Speed Trans with Improved Internals (Auto)

NAUTO $79.99 | $67.61 | $55.23 | $47.34 | $39.45 | $31.56 | $23.67 | $15.78 | $7.89 | $0.00
6-speed DCT
spee DCT $36.18 | $32.16 | $28.14 | $24.12 | $20.10 | $16.08 | $12.06 | $8.04 | $4.02 | $0.00
8-Speed Trans (Auto or DCT
peed Trans (Auto or DCT) 8SPD $65.10 | $56.68 | $48.26 | $41.36 | $34.47 | $27.58 | $20.68 | $13.79 | $6.89 | $0.00
High Effici box (Auto or DCT
igh Efficiency Gearbox (Auto or DCT) HETRANS $ 0 $ 0 $ 0 $ 0 $ 0 $ 1 $ 1 $ 1 $0 | s0
Shift Optimi
1 Lptimizer SHFTOPT $ 0 $ 0 $ 0 $ 0 $ 0 $ 1 $ $ $0 | $o
Electric P tecri
ectric Power Steering EPS $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0
I dA ies - Level 1
Tprovea Accessories - Leve IACCI $ 0 $ 0 $ ] $ $ $ $ 0 $ 0 $0 | so
Improved Accessories - Level 2 (w/ Alternator
Regen and 70% efficient alternator) IACC2 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0
12V Micro-Hybrid (Stop-Start
icro-Hybrid (Stop-Start) MHEV $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $0 | 80
Int ted Starter G t
niegrated Starter Lyenerator 1SG $ 1 $ 1 $0 $ 0 $ 0 $ 0 $ 0 $ 0 $0 | so
Strong Hybrid - Level 1
rong Hybna - Leve SHEVI $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $0 | so
C ion from SHEV1 to SHEV?2
onversion from ° SHEV1 2 $ O $ O $ 0 $ 0 $ 0 $ 0 $ $ O $0 | so
Strong Hybrid - Level 2
rong Hybrid - Leve SHEV2 $ 0 $ 0 S0 S0 S0 $ 0 $ 0 $ 0 su | so
Plug-in Hybrid - 30 mi
ug-in Hybrid - 30 mi range PHEV1 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $0 | so
Plug-in Hybrid
ug-m Hyon PHEV2 $ 0 $ 0 $ 1 $ 1 $ 1] $ $ $ $0 | s$o
Electric Vehicle (Early Adopter) - 75 mil
ectric Vehicle (Early Adopter) mile range EVI $0 $0 S0 S0 $0 $0 S0 0 S0 $0
Electric Vehicle (Early Adopter) - 100 mile
range EV2 $ 0 $ 0 $ $ $ $ 0 $ 0 $ 0 $ 0 $ 0
Electric Vehicle (Early Adopter) - 150 mile
range EV3 $ 0 $ 0 $ $ $ O $ 0 $ 0 $ 0 $ 0 $
Electric Vehicle (Broad Market) - 150 mile
range EV4 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0
Fuel Cell Vehicl
uel Cell Vehicle FCV $0 $0 $ 0 $0 $ 0 $ 0 $ 0 $ 0 $0 $0
Mass Reduction - Level 1
ass Reduction - Leve MR1 $ $ $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $0 | so
Mass Reduction - Level 2
ass Reduction - Leve MR2 $0 $0 $0) $0) $ 0 $ 0 $ 0 $ 0 $ 0 $ 0
Mass Reduction - Level 3
ass Reduction - Leve MR3 $0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 s | so
Mass Reduction - Level 4
ass Reduction - Leve MR4 $ 0 $ 0 $ L $ 0 $ 0 $ 0 $ 0 $ 0 su | so
Mass Reduction - Level 5
ass Reduction - Leve MRS5 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0
Low Rolling Resistance Tires - Level |
oW Rofling Resistance Tires - Leve ROLLI $ 0 $ 0 $ 0 $ 0 $ 1 $ $ 0 $ $0 | so
Low Rolling Resistance Tires - Level 2
OW Rolling Kkesistance 11ires eve ROLL2 $ 0 $ 0 $ o $ o $ o $ 0 $ 0 $ 0 $ 0 $ 0
Low Rolling Resistance Tires - Level 3
Oow Rolling Resistance Tires - Leve ROLL3 $ 0 $ 0 $ 1 $ $ 1 $ 0 $ 0 $ 0 $0 | so
Low Drag Brak
ow rag Brakes LDB $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $0 | so
Secondary Axle Disconnect -~ _ .
SAX $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $0 | s
Aero Drag Reduction, Level |
ero Lrag freduction, Leve AEROI $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $0 | so
Acro Drag Reduction, Level 2
£10 Drag Redlichion, Leve AERO2 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0 $ 0

Learning Curves

The agency uses learning curves to account for the cost reductions that manufacturers realize

through experiential learning achieved through applying technologies. A complete discussion on

the development and application of learning curves can be found in Chapter VII of this FRIA.
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NHTSA and EPA reviewed estimates from MYs 2012-2016 final rule, the TAR, and existing
public literature. The previous estimate from the MYs 2012-2016 assumed a 12 to 14 percent
absolute effectiveness improvement, which included low friction lubricant (level one), engine
friction reduction (level one), DCP, DVVL and SGDI, over a baseline fixed-valve engines,
similar to the estimate for Ford’s Ecoboost engine, which is already in production. Additionally,
the agencies analyzed Ricardo vehicle simulation data for various turbocharged engine packages.
Based on this data, and considering the widespread nature of the public estimates, the agencies
believe that the effectiveness of turbocharging and downsizing is highly dependent upon
implementation and degree of downsizing.

Given these variances, for this final rule, consistent with the proposal, the agencies evaluated 4
different levels of downsized and turbocharged high Brake Mean Effective Pressure (BMEP)>*
engines: 18-bar (TRBDS1), 24-bar (TRBDS2), 24-bar with cooled exhaust gas recirculation
(CEGR1), and 27-bar with cooled EGR (CEGR2). All engines are assumed to include gasoline
direct injection (SGDI), and thus the effectiveness values for TRBDS include the benefits of this
technology. In addition, the agencies believe that in order to implement in production a 27-bar
level engine, it is necessary to incorporate cooled exhaust gas recirculation (EGR), and also to
require a 2-stage turbocharger as well as engine changes to increase robustness of the engine to
allow the engine to operate at these higher BMEP levels. The cooled EGR technology is
discussed later in this section. To mitigate potential issues with launch performance for these
highly downsized engines, NHTSA does not allow the application of 24- or 27-bar engines
unless the vehicle utilizes an 8-speed automatic or DCT transmission or a 6-speed manual
transmission. This requirement helps to ensure that the transmission’s gear ratio spread can
accommodate a lower first gear, a.k.a. “granny gear”, to aid in launching the vehicle from a
complete stop. Table V-42 lists the possible engine downsizing options that the agencies
considered in this FRM analysis.

Table V-42 Possible Engine Downsizing Options

Base 18-bar | 24-bar | 27-bar
Engine | Engine | Engine | Engine

14 14 I3 I3
Vo6 14 14 14
V8+ Vo6 Vo6 14

3% Brake Mean Effective Pressure is the average amount of pressure in pounds per square inch (psi) that must be
exerted on the piston to create the measured horsepower. This indicates how effective an engine is at filling the
combustion chamber with an air/fuel mixture, compressing it and achieving the most power from it. A higher
BMEP value contributes to higher overall efficiency.










U.S. DOT — NHTSA and Volpe National Transportation Systems Center

Modeling System Cost Inputs

For the CAFE Compliance and Effects Model, inputs defining up-front and operating costs' and
savings associated with fuel-saving technologies are specified in a “technologies” input file that
also defines technology efficacy. The model applies these inputs to estimate costs incurred for
specific vehicle models, as well as average and total costs incurred at the OEM level and for the
industry-wide total fleets. Basic categories, meaning, and application of these inputs are
presented below, and in greater detail in the model documentation.

Technology Costs

The vehicle technology costs represent the costs arising from application of additional
technology to a vehicle. Some technology costs have a cost basis associated with them. For
instance, for mass reduction technologies, the technology input costs must be multiplied by the
reduction of vehicle curb weight, in pounds, to get the full cost of applying the technology.
Similarly, some engine technologies have costs determined on a per-cylinder or per-bank
(configuration) basis.

The costs are specified independently for the 12 technology classes available to the modeling
system: Subcompact PC, Subcompact Performance PC, Compact PC, Compact Performance
PC, Midsize PC, Midsize Performance PC, Large PC, Large Performance PC, Minivan, Small
LT, Midsize LT, and Large LT. The technologies input file contains worksheets corresponding to
each of the technology classes. The costs are entered under the “Cost Table” section (cols.Q-
AGQG), as a fully learned out table of costs, per technology, for each model year. The screenshots
in Figure 2 and Figure 3 toward the end of this document provide example worksheets for the
Compact PC and the Midsize LT technology classes. Note that, in order to conserve space, some
of the input data in the below screenshots has been cropped.

The technology costs are further discussed in the FRIA on pages 274-282 and in the CAFE
Model Documentation, in Section S2.2.5 on page 11.

Vehicle Maintenance Costs

The vehicle maintenance costs specify the changes in the amount buyers are expected to pay for
maintaining a new vehicle as a consequence of applying additional technology. The maintenance
costs may lead to increases in cost to consumers, such as for advanced diesel engines, or in cost
saving to consumers, such as for of electric vehicles. In the case of electric vehicles, the cost
savings result from avoiding traditional vehicle maintenance such as engine oil changes.

The user may include additional maintenance costs in the analysis, or modify existing ones, by
entering appropriate data in the “Maint. Table” section (cols.AH-AX) in the technologies input
file, on each worksheet corresponding to the various vehicle technology classes. The modeling
system assumes that the data is provided as a fully learned out table of costs, per technology, for
each model year, and incorporates appropriate discounting. The screenshots in Figure 2 and

! Other than outlays for fuel purchases, which the model calculates based on fuel economy and fuel prices.
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Figure 3 toward the end of this document provide example worksheets for the Compact PC and
the Midsize LT technology classes. Note that, in order to conserve space, some of the input data
in the below screenshots has been cropped.

The maintenance costs are further discussed in the FRIA on pages 917-918 and in the CAFE
Model Documentation, in Section S2.2.5 on page 11.

Post-Warranty Repair Costs

The vehicle post-warranty repair costs specify the increases in operating costs during the post-
warranty period as a consequence of applying additional technology. NHTSA evaluated post-
warranty repair costs as part of a sensitivity analysis only. However, repair costs during the
warranty period remain a component of the indirect cost multiplier, and are included in the main
analysis.

The user may include the operating costs during the post-warranty period in the analysis by
entering appropriate data in the “Repair Table” section (cols.AY-BO) in the technologies input
file, on each worksheet corresponding to the various vehicle technology classes. The modeling
system assumes that the data is provided as a fully learned out table of costs, per technology, for
each model year, and incorporates appropriate discounting. The screenshots in Figure 2 and
Figure 3 toward the end of this document provide example worksheets for the Compact PC and
the Midsize LT technology classes. Note that, since the post-warranty repair costs are not
included as part of the reference case analysis for the recent final rule, the “Repair Table”
appears blank. Also note that, in order to conserve space, some of the input data in the below
screenshots has been cropped.

The repair costs are further discussed in the FRIA on page 917-918 and in the CAFE Model
Documentation, in Section S2.2.5 on page 11.

Loss of Value

The loss of value specifies the loss in value to the consumer, due to decreased vehicle range,
resulting from application of a certain technology to a vehicle. For the NPRM and the final rule,
NHTSA attributed value losses to a vehicle whenever such vehicle was converted to a pure
electric via the broad-market EV technology. During compliance simulation, the modeling
system considers the influence of loss in value to the consumer when evaluating the effectiveness
of a technology.

The user may ascribe loss in value for additional technologies by entering appropriate data under
the “Loss of Value” column (col.K) in the technologies input file, on each worksheet
corresponding to the various vehicle technology classes. The screenshots in Figure 2 and Figure
3 toward the end of this document provide example worksheets for the Compact PC and the
Midsize LT technology classes. Note that, in order to conserve space, some of the input data in
the below screenshots has been cropped.

The loss of value is further discussed in the FRIA on page 204.
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Stranded Capital Costs

The stranded capital costs specify additional costs occurring when a specific technology replaces
another technology for which the manufacturing process has not been fully depreciated. During
compliance simulation, the modeling system considers the stranded capital cost of a technology
being replaced when evaluating the effectiveness of a new technology.

The user may include additional stranded capital costs in the analysis, or modify existing ones,
by entering appropriate data in the “Early Replacement Penalty Cost Table” section (cols.Y-AH)
in the technologies input file, on the main technologies definitions worksheet. The screenshot in
Figure 1 toward the end of this document shows an example of the technologies definitions
worksheet. Note that, in order to conserve space, some of the input data in the below screenshots
has been cropped.

The stranded capital costs are further discussed in the FRIA on pages 277-282.
Model Outputs

During modeling, each of the technology costs discussed above are accrued for each vehicle
independently. Toward the end of the model simulation, these costs represent the cumulative
sum of all technology application that went into improving a particular vehicle. The modeling
system reports the various cost metrics for each individual vehicle as well as aggregated figures
for each manufacturer, the overall industry, and for each regulatory class (Passenger Cars vs.
Light Trucks). The vehicle-specific results may be found in the vehicles_report.csv output file,
while the aggregated manufacturer-level and industry-level values are located in the
compliance_report.csv output file.

The following screenshot is an excerpt from the vehicles_reports.csv, which presents some of the
accrued costs on a vehicle-bases:

Footprint Tech Cost Price Increase Tax Credit Value Loss Rel. Value Loss Maint Cost Repair Cost

43.0 19,897.91 19,897.91 0.00 3,597.00 900.02 -531.43 0.00
43.0 14,966.18 14,966.18 0.00 3,597.00 804.35 -534.70 0.00
45.8 26,003.23 26,003.23 0.00 3,597.00 1,046.69 -614.73 0.00
43.2 21,318.61 21,318.61 0.00 3,597.00 1,026.81 -555.45 0.00
45.8 1,468.67 1,468.67 0.00 0.00 0.00 0.00 0.00
51.0 584.79 584.79 0.00 0.00 0.00 20.25 0.00
51.0 584.79 584.79 0.00 0.00 0.00 20.25 0.00

The following screenshot is an excerpt from the compliance_reports.csv, which presents some of
the accrued costs aggregated across all vehicles for a manufacturer:
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Average FP Tech Cost Fines Reg-Cost
44.0 666,982,438 38,017,678 700,773,089 11,254,484
45.5 20,260,114,665 592,315,526 20,867,329,659 11,254,484
48.6 32,581,814,809 731,886,166 33,313,700,975 11,254,484
43.7 830,569,101 50,558,948 881,128,049 11,457,710
45,5 21,947,278,177 653,946,975 22,599,656,983 11,457,710
48.6 35,075,508,219 785,982,472 35,861,490,691 11,457,710

Value Loss Rel. Value Loss Maint Cost

2,992,920
40,767,404 1,322,398,811
40,769,506 2,052,473,435

2,641,369

114,558,787 1,399,679,376

53,673,095

68,017,665

157,392,945 2,164,309,207

Repair Cost

o O O O o o

Note, the stranded capital costs are not reported separately by the modeling system; instead, they

are added to the base technology costs.

The following screenshot is an excerpt from the model’s log file, which traces “line-by-line”
application of each technology. The cost of applying a technology, along with the stranded
capital cost resulting from some other technology being replaced, is shown. In one case, the
multiyear capabilities of the model are demonstrated as well (shown in green), where the

learning effect may also be observed.

Veh Techs
763 MR2
764 DCT
196 8SPD, HETRANS
196 8SPD, HETRANS
371 TRBDS2_MD
337 CEGR1_SD
1144 TRBDS2_SD

2/27/13

Year Sales

2020
2020
2021
2020
2024
2024
2025

2531.47402
65754.21577
50635.27931
50828.96906
13946.51393
4116.554669
3470.198046

Cost

48.0597
-50.048
466.8243
475.8891
277.9291
313.9234
45.4885

ERP-Cost
32.5321
31.5591
16.0792
16.0792
40.6626
40.6626
40.6626
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CAFE Credit Program

NHTSA, February 13, 2013





CAFE Credit Background

+ Credit Program established December 19, 1980
45FR83235, also see 49 U.S.C. § 32903

+ Manufacturer’s earn credits by model year and
compliance category

+ NHTSA established Part 536 allowing credit
trades and transfers

March 30, 2009 (74FR14196, est. 49 CFR Part 536)

NHTSA, February 13, 2013





Process - Inputs

+ Manufacturer’s Reports
Pre-Model Year Reports (Dec 315t during MY)
Mid Model Year Reports (July 315t during MY)
EPA Final Reports (After MY)

+ NHTSA Notices (received throughout the MY)
Petitions for Alternate Standard
Changes in Corporate Relationships
Notifications of Credit Trades and Transfers
Requests for Credit Balances from Credit Holder

NHTSA, February 13, 2013





Credit Formulation and Process

1 Credit = {1/10 mpg above the standard per one vehicle) or

Credits = number of mpg above the standard x number of
vehicles x 10

NHTSA calculates and tracks estimated credits based upon
PMY and MMY reports

EPA measures fuel economy, calculates average fuel
economy, and reports measurements and calculations to
NHTSA in a Certified Final Report

NHTSA calculates and tracks earned credits
Manufacturer notified by NHTSA when standard not met
Manufacturer must confirm shortfall and submit a plan:
For Carry-Forward or Carry-Back

For Transfer from another fleet

Or Trade with another credit holder in which letters are needed
from both

Submitted plans must be approved by NHTSA

Otherwise, manufacturers must pay civil penalty

NHTSA, February 13, 2013





CAFE Credit Program Overview
MY 2011 and beyond

Credit Applies Credits*** Credit Carry Credit Carry Trade * Transfer** Penalties
Allocation to Forward and Back (credit
Program expiration short fall)
MY 2011 MY Each 1/10 MY 2008 -3 MYs Credits earned Credits earned | If sufficient
and 2011+ mpg above or +5 MYs (Positive MY 2011+ MY 2011+ credit are
beyond PC and below STD x (Positive credits within (Between (Across not
LTs number of credits within | same different credit compliance available
vehicles same category) holders within categories held | to offset
category) same by same shortfalls
No credit if compliance manufacturer) | mfg is
STD = Actual category) liable for
achieved mpg civil
penalty
$5.50
each
negative
credit

* A trade occurs when NHTSA approves received instructions from two parties that they would like to initiate a

trade.
*k A transfer occurs when NHTSA receives instructions from a credit holder to move credits from one of its

compliance categories to another of its (or another manufacturers) compliance categories.

% Credit vintage is retained throughout credit life and is the basis for any adjustment factors and expiration dates.

NHTSA, February 13, 2013
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Trade and Transfer Restrictions

Traded and transferred credits must be adjusted to ensure fuel savings are preserved (49
CFR Part 536)

Credit transfer limitations (49 U.S.C. 8 32903 (g)(3)) — mpg increase due to credit
transfers can only be:

MY 2011 - 2013, 1.0 mpg; MY 2014 - 2017, 1.5 mpg; MY 2018 and there after, 2.0 mpg

Domestic passenger car minimum standard cannot be met with traded and transferred
credits (92% of the projected average passenger car fuel economy when standards were
issued)

MY 2011 = 27.8
MY 2012 = 30.7

MY 2008 through 2010 shortfalls cannot be offset with traded or transferred credits. (536.6(c)
& 536.8(b)

Tra(ljdles and transfers begin with Model Year 2011 and can only offset shortfalls occurring in MY 2011
and later.

Maximum increase limited from dual fueled automobiles (49 U.S.C. § 32906(a))
Phased out over time from 1.2 mpg through MY 2014 to 0.2 mpg in MY 2019
There is no limit in MY 2020 or later

NHTSA, February 13, 2013 6





Adjustment Factor

A factor used to adjust the value of a traded or transferred credit

Part 536.4 : When traded or transferred and used, credits are adjusted to ensure
fuel oil savings is preserved.

For traded credits, the user (or buyer) of credits must multiply the calculated adjustment factor
by the number of its shortfall credits it plans to offset in order to determine the number of
equivalent credits to acquire from the earner (or seller).

For transferred credits, the user of credits must multiply the calculated adjustment factor by
the number of its shortfall credits it plans to offset in order to determine the number of
equivalent credits to transfer from the compliance category holding the available credits.

The adjustment factor is calculated by the formula on the following page using
the Model Year Lifetime Vehicle Miles Traveled (VMT) values below:

2011* 2012 2013 2014 2015 2016
Passenger Cars 150,922 177,238 177,366 178,652 180,497 182,134
Light Trucks 172,552 208,471 208,537 209,974 212,040 213,954

*2011 — Issued as a single rule

NHTSA, February 13, 2013





Adjustment Factor

e A factor used to adjust the value of a traded or transferred credit

e Ensures the value of the credit when used reflects the total volume of oil
saved when the credit was earned

VMTu * MPGae * MPGse
VMTe * MPGau * MPGsu

Adjustment Factor =

VMTu — Vehicle Miles Travelled for fleet where credits are to be used
MPGae — Actual Fuel Economy for fleet where credits were earned
MPGse — Fuel Economy Standard for fleet where credits were earned
VMTe — Vehicle Miles Travelled for fleet where credits were earned
MPGau —Actual Fuel Economy for fleet where credits are to be used

MPGsu — Fuel Economy standard for fleet where credits are to be used

NHTSA, February 13, 2013





Adjustment Factor - "Trade”

Example (2012-2016 equation)
I I N A O I N

4 { VMTu # MPGae = MPGse ]

Required for offset

VMTe # MPGau * MPGsu
A 1.39
VMTu Vehicle Miles Traveled (VMT) of fleet where credits are to be used 177,366
MPGae Actual Fuel Economy (FE) of earned Mfr, Fleet and Model Year 28.5
MPGse FE Std of earned Mfr, Fleet and Model Year 27.5
VMTe VMT of fleet where credits were earned 177,238
MPGau Actual FE of the using Mfr, Fleet and Model Year 20.5
MPGsu FE Std of using Mfr, Fleet and Model Year 27.5
Manufacturer Fleet My FE std Sales Credits
A IP 2012 28.5 27.5 150,000 1,500,000
B IP 2013 20.5 27.5 7,500 -525,000

NHTSA, February 13, 2013

729,750





Example of Credit Allocation Process

MANUFACTURER A

Domestic Passenger Automobiles
 — MY Credit
Actual CAFE Balance OPTION 1
Model CAFE | Standard | Production | Excess or Carry forward
Year (mpg) (mpg) Volume (Shortfall) +3,570,471 credits
From previous MYs in same
2012 32.2 325 1,190,157 -3,570,471 Comp"ance category
I
OPTION 2
MANUFACTURER A Carry backwards
. . Il +3,570,471 credits
Domestic Passenger Automobiles From subsequent MYs in same
MY Credit compliance category
Actual CAFE Balance
Model CAFE Standard | Production | Excess or
Year (mpg) (mpg) Volume (Shortfall) %
2012 32.2 325 1,190,157 0 Trade

+3,570,471 Adjusted credits
Between different credit holders

within same compliance category

OPTION 3

MY 2011+

Transfer OPTION 4A
+3,570,471 Adjusted credits MY 2011+

Trade then Transfer
+3,570,471 Adjusted credits
Across compliance categories after

being traded

Across compliance categories held by
same manufacturer

OPTION 5
Pay civil penalty of

$19,637,590.50
NHTSA, February 13, 2013
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Adjustment Factor Example

Manufacturer Model VMT
Year

Earned Green Motors 2011 150,922 31.2 29.8
Used Belchfire Motors 2012 LT 208,471 20.2 27.1

VMTu * MPGae * MPGse
VMTe * MPGau * MPGsu

Adjustment Factor =

208,471 * 31.2 * 29.8
Adjustment Factor = = 2.3461
150,922 * 20.2* 27.1

NHTSA, February 13, 2013
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Transfer within a Model Year
Green Motors DP 2011 Transferring to Green Motors LT 2011

Credit Holder MY Credits
Factor

Green Motors 2011 29.8 28.4 502,532 7,035,448
Green Motors LT 2011 24.4 247 835,561 (2,506,683)

1.6055

Green Motors DP 2011 Credits Required to Offset Green Motors LT
2011 Deficit
= 1.6055 * 2,506,683 = 4,024,480

Green Motors DP 2011 credit balance after transaction
= 7,035,448 — 4,024,480 = 3,010,968

Green Motors LT 2011 credit balance after transaction
=0

NHTSA, February 13, 2013
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Trade within a Model Year
Green Motors IP 2012 Trading to Belchfire Motors LT 2012

Credit MY Credits
Holder Factor

Green 2012 40.6 31.0 111,925 10,744,800

Motors
2.6469
Belchfire LT 2012 23,5 23.8 915,054 (2,745,162)

Motors

Green Motors IP 2012 Credits Required to Offset Belchfire Motors LT
2012 Deficit
= 2.6469* 2,745,162 = 7,266,169

Green Motors IP 2012 credit balance after transaction
=10,744,800 - 7,266,169 = 3,478,631

Belchfire Motors LT 2012 credit balance after transaction
=0

NHTSA, February 13, 2013





Trade between Model Years
Green Motors DP 2011 Trading to Belchfire Motors DP 2012

Credit MY Credits
Holder Factor

Green 2011 34.2 30.5 863,168 31,937,216
Motors

Belchfire DP 2012 32.0 32.6 40,200 (241,200)
Motors

Green Motors DP 2011 Credits Required to Offset Belchfire Motors DP
2012 Deficit
=1.1743* 241,200= 283,241

1.1743

Green Motors DP 2011 credit balance after transaction
=31,937,216 — 283,241 = 31,653,975

Belchfire Motors DT 2012 credit balance after transaction
=0

NHTSA, February 13, 2013





Trade to a Manufacturer Banking

Credits for Future Use
Green Motors DP 2011 Trading to Belchfire Motors DP 2011

Credit MY Credits
Holder Factor

Green 2011 34.7 30.6 337,867 13,852,547
Motors

N/A
Belchfire DP 2011 29.8 28.4 239,716 3,356,024

Motors

Green Motors DP 2011 Credits Traded to Belchfire Motors DP 2011 to
Bank
= 8,000,000

Green Motors DP 2011 credit balance after transaction
= 13,852,547 — 8,000,000 = 5,852,547

Belchfire Motors DP 2011 credit balance after transaction
= 3,356,024 +

8,000,000 banked unadjusted credits from Green Motors DP 2011
NHTSA, February 13, 2013





NHTSA Annual Notifications
to Manufacturers

Annual shortfall notification letter

Two types of letters:
Confirm carry forward
Request to pay penalty or submit carryback plan

Annual Credit Status Letter to each Credit Holder

Includes total available credits and any credit activities by MY
and Fleet

NHTSA, February 13, 2013
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2

NHTSA Public Reports

Credit Holdings for each Credit Holders

* NHTSA does not make individual transactions
public

Summary of Fuel Economy Performance (March)
Summary of CAFE Fines (January)

Flexible Fuel Credits (March)

NHTSA, February 13, 2013
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Discussion & Questions

NHTSA, February 13, 2013
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NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

NATIONAL RESEARCH COUNCIL
COMMITTEE ON FUEL ECONOMY OF LIGHT-DUTY VEHICLES, PHASE 2
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CAFE Rulemaking Analysis

Overview of Key Statutory Considerations

The purpose of DOT’s CAFE Compliance and Effects Modeling System is to produce analyses informing

and supporting the rulemaking process to establish new CAFE standards. CAFE rulemaking procedures

must satisfy relevant statutory requirements, many of which influence the nature of DOT’s supporting

analyses. DOT’s model has been designed within this context. Key statutory requirements that have

shaped aspects of DOT’s model are summarized below:

Statutory and Other Considerations

Administrative Procedure Act (APA): Passed in
1946, establishes “rules for rulemaking”.

- Public informed of proposed rule
- Meaningful opportunity for comment

National Environmental Policy Act (NEPA): Passed
in 1970, requires most agencies to evaluate and
take comment on environmental impacts of
contemplated regulatory alternatives.

- reasonable range of regulatory alternatives
- range of environmental impacts
- dedicated notice and comment process

Energy Policy & Conservation Act (EPCA): Passed
in 1975, established key structural and process
requirements that remain in place for the CAFE
program.

- no specific vehicle need meet standard because
compliance based on corporate average
- DOT determines stringency
- separate standards for pass. cars (PC) and light
trucks (LT)
- maximum feasible level in each model year
- technological feasibility
- economic practicability
- need of the nation to conserve energy
- impact of other standards
- setting aside alternative fuel vehicle AFV/FFV
and credit provisions
- AFV and FFV mpg based on petrol. displacement
- allows credit carry-forward, carry-back
- allows fines if compliance not achieved

Relevant Aspects of DOT’s Analysis

Analyses supporting proposed and final rules cover
a meaningful range of regulatory alternatives with
clearly-defined standards (mathematical
functions).

Model, supporting documentation, and sample
inputs and outputs readily available to public (to
facility public’s ability to comment thoroughly).

Analyses supporting draft and final rules produce
estimates of broad range of energy and
environmental outcomes (e.g., petroleum imports,
global temperature rise) under each alternative.

Analyses supporting proposed and final rules:

- account for individual OEMs’ fleets

- differentiate between PC and LT fleets

- account for potential changes in LT definition

- account for each model year explicitly

- account for fine payment by some OEMs

- exclude AFVs and credits for determination of
maximum feasible standards

- include AFVs and credits for “real world” analysis

2/27/13
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Statutory and Other Considerations

Energy Independence & Security Act (EISA):
Passed in 2007, required structural changes and
introduced requirements and flexibilities

- limits each rulemaking to at most 5 model years
atatime
- retains EPCA requirements regarding “maximum
feasible” standards
- year-by-year, separate PC and LT fleets, etc.
- fleet must average at least 35 mpg by MY 2020
- requires vehicle attribute-based standards
- standards expressed as mathematical functions
- PC& LT transfers of credits allowed (w/ cap)
- technological feasibility
- OEM< > OEM trade of credits allowed (w/cap)
- technological feasibility
- extends carry-forward (i.e., “banking”) horizon
- carry-forward up to 5 model years (was 3)
- carry-back up to 3 years (unchanged)

EOP/OMB Requirements (E.O. 12866 and Circular
A-4): EOP/OMB requirements regarding analyses
supporting agency rulemakings

- evaluate costs and benefits

- consider maximization of net benefits

- sensitivity analysis

- uncertainty analysis

- consider “what market would do anyway?”

Two Key Court Decisions

Competitive Enterprise Institute v. NHTSA: 1990
DC Circuit ruling upholding NHTSA’s consideration
of safety when establishing CAFE standards

Center for Biological Diversity v. NHTSA: 2007 ot
Circuit ruling

- upholding maximization of net benefits

- upholding agency’s use of CAFE model

- requiring agency to prepare EIS under NEPA

- requiring agency to ascribe economic value to
avoided CO,

Relevant Aspects of DOT’s Analysis

Analyses supporting proposed and final rules:

- account for each model year and fleet explicitly

- estimate progress toward 35 mpg requirement

- account for standards defined in terms of
contemplated function(s) and attribute(s)

- represent different contemplated functions

- estimate effect of PC& LT credit transfers

- enable future accounting for credit trades

- monetize costs and benefits as fully as practical

- estimate stringencies that maximize net benefits

- estimate sensitivity of results to key inputs
(currently, discrete-case sensitivity analysis)

- estimate uncertainty of key results

- (currently, probabilistic uncertainty analysis)

- allow analysis with market-drive mpg increases
in baseline (and contemplated standards)

- estimate safety impacts
(currently, avoided or additional fatalities)

- continue use of CAFE model

- produce results supporting preparation of EIS

- place dollar value on avoided CO,

- place dollar values other impacts of uncertain
value (e.g., avoided CH,4, N,0)

2/27/13
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Overview of CAFE Model Inputs, Simulation, and Outputs

The CAFE modeling system estimates the extent to which manufacturers could respond to CAFE
standards and other factors (e.g., technology costs, fuel prices, etc.) by adding technology beyond that
represented by a market forecast contained in a model input file. In order to analyze the effects of
different CAFE standards as required by Executive Order 12866 and OMB Circular A-4, DOT must
develop a “baseline,” an estimate what the world would look like in the absence of new CAFE standards
as a basis for comparison. The market forecast provides the initial basis for developing that baseline,
which may include additional technology estimated to be added in response to fuel prices and baseline
standards.

The model then calculates the impacts of that additional technology, like fuel savings and monetized
costs and benefits, all relative to the baseline scenario. When applying technology, the model follows
an approach that attempts to minimize the “effective cost” of responding to CAFE standards and other
factors. This approach helps DOT to consider the technological feasibility and economic practicability of
different regulatory alternatives, providing a basis to select the maximum feasible standards applicable
to each fleet in each model year.

2/27/13 Page 1 of 5
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Hierarchy of Model Results

Model results build from (a) detailed results for each included vehicle model to (b) average and total
results for each OEM’s fleets of passenger cars and light trucks to (c) results for the aggregate fleet.

Industry-Wide Results
- total PC and LT production
- average required FE levels
Total U.S. Fleet - average achieved FE levels
- technology penetration
—‘ - average per-vehicle costs

» | - highway travel (VMT)
"] - fuel savings and CO2 emissions
A - other emissions (HC, NOx, PM, etc.)
- avoided or additional highway fatalities
- total societal and consumer costs
- total societal and consumer benefits
- net benefits
- etc.

General

Nissan Aston Martin Mitsubishi Porsche
Motors

Toyota Hyundai Geely/Volvo Tata BMW

OEM-Specific Results
(e.q.. Volkswagen)
Ford Kia Lotus Suzuki Daimler - total PC and LT production
- required PC and LT CAFE
- technology penetration
- achieved PC and LT CAFE
/ \ - creation/use of credits

- fines (if owed)
Fiat/Chrysler Honda Mazda Subaru Volkswagen ([~ - average per-vehicle costs

/ - etc.
1

For purposes of CAFE
compliance, OEM's fleet is
comprised of all model
types produced for U.S.,
spanning all brands owned
by the OEM.

A 4

Manufacturer- and national-scale results are generally of greatest interest for determination of standards.

Vehicle-Specific Results
(e.q.. Audi A6)

- technology content

- fuel economy

- production volume

- technology cost

- price increase

- weight

- etc.

Vebhicle-level results underlie higher-level results, but are
generally not a major focus for determination of standards.

| e o o o o

Fleet typically includes ~2,000 discrete vehicle “model types” (symbolized here as squares)--often differentiated
by engine, transmission, drive type (e.g., RWD v. 4WD), body style (e.g., sedan v. convertible), etc.
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Overview of Compliance Simulation (Technology Application Algorithm)

The following flow chart provides an overview of the logic applied by the CAFE modeling system when

used to estimate manufacturers’ potential response to CAFE standards, assuming that manufacturers

only increase fuel economy in response to CAFE standards. CAFE fines are used as a test to determine

whether compliance has been achieved, and also as a basis for estimating when manufacturers with

some history of paying fines might apply some very cost-effective technology, but stop short of

achieving compliance with CAFE standards. In either case, multiyear planning (i.e., impacts on future

model years) is considered. Though not shown below, the algorithm can also be used to estimate

manufacturers’ potential addition of technology beyond levels required for compliance, in which case

technology is added as long as effective costs are negative, given inputs specifying the payback period to

apply as representing the potential that market-driven fuel economy increases could occur.

Begin
v incremental effective cost becomes positive.
Fines No
Required?
Yes
|yl Find Best Ne_x't Transmlssmn
Modification
Find Best Next Engine
g Modification
- Find Best Next Electrical
Accessory Modification
|y Find Best Next Hybrid
Technology Application
Find Best Next Dynamic Load
! :
Reduction
Find Best Next Material
g Substitution
Ly Find Best Next Aerodynamic
Load Reduction

Fines are required until compliance is achieved (or, if included, sufficient credits are available). Defines
“stopping point” when standards are treated as only reason manufacturers increase fuel economy.
When market-driven fuel economy increases are simulated, technology application continues until

“Best” in terms
of effective cost

/

Select Es?st'Technology
Application

Manufacturer
Willing to Pay
Fines?

Best Tech.
“Cheaper” than
Fines?

Yes

Apply Best Tech. ‘

2/27/13
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Or
Proceed to Cost Allocation
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Effective Cost

Effective Cost: The CAFE model uses “effective cost” (COSTe¢) to select among available opportunities to introduce
additional technology. Depending on inputs settings, the model also uses effective cost to determine when to stop
adding technology (for OEMs assumed willing to pay fines, or OEMs that have already achieved compliance with CAFE

standards).

In effect, the model applies technology assuming the manufacturer acts as if the effective cost represents

the revenue loss that would be entailed in pricing the vehicle to leave buyers “neutral” regarding the vehicles offered
with the additional technology.

0.77 x ATECHCOST; -

AFINE, -

VALUEyg,) |+ WELFARELOSS,

Multiyear planning evaluates
range of model years affected
when adding technology to a
vehicle (typically at redesign).

Assumes manufacturer acts as
if average first owner expects,
when reselling, to recover 23%
of additional cost.

(Ny),

Term representing value loss
to buyer. Could be reduced
range (pure EVs). Could be
reversed sign for any
additional value to buyer.

0)

FINE =

—kFZMIN(

Fine calculated based on credit deficit in each regulatory class C. |

= N [STD.(N.,A.)—-CAFE_ (N,

)]

Adding technology changes
fuel economy of some set of
vehicles in regulatory class C.

Assumes manufacturer acts as if
can price based on buyer being

| Fuel prices for each fuel type. |

VALUEFUEL = Z Ni “paid back” in within PB years.
i€j
T ( SURV X M1, X VMTGROWTHyy., % PRICEFT)MH,,\
(FSFT)i (FS'pr)i \]
X N ! e S o woriom Real-world fuel economy is lower
(FEFT)I' (FE .FT)(' J ;:ﬁ Izz_??::?:g;?h than laboratory fuel economy.
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Notation

COSTeff: effective cost

PresentMY: the current modeling year

BaseMY: first year of the potential application of the technology (can be less than or equal to
PresentMY)

ATECHCOST: product of affected sales and the unit cost of the technology

WELFARELOSS;: the loss of value to the consumer (negative for consumer benefit)

Nj:  production of affected cohort of vehicles (j) for all years involved in the candidate
technology application.

SURV,: average probability that a vehicle of that vintage will remain in service

Ml,: average number of miles driven in a year at a given vintage v

VMTGROWTH,y+,: growth factor to apply to the base miles driven in the current model year
MY at the given vintage v

FT: fuel type the vehicle operates on (gasoline, diesel, or electricity)

(FEer); and (FE'rr)i: vehicle’s fuel economy for a specific fuel type prior to and after the pending
application of technology

(FSer)i and (FS'er)i: vehicle’s assumed share of operating on a specific fuel type prior to and after
the pending application of technology

GAPrr: relative difference between on-road and laboratory fuel economy for a specific fuel type
Ni: sales volume for model i in the current model year MY

(PRICEfr)my+y : price of the specific fuel type in year MY+v

PB: “payback period”, or number of years in the future the consumer is assumed to take into
account when considering fuel savings.

FINE: change in total CAFE penalties (i.e., accounting for all regulatory classes in the current
CAFE scenario and model year)

ke: fine rate s in dollars per mpg (e.g., $55/mpg)

A vector containing the value of the relevant attribute for each vehicle model in regulatory
class C

CAFE.:. the CAFE level for regulatory class C (e.g., if the standard depends on curb weight, Ac
contains each vehicle model’s curb weight)

FEc:: vector containing the fuel economy level of each vehicle model in regulatory class C, N¢is
the total sales volume for regulatory class C

N¢:  vector containing the sales volume for each vehicle model in regulatory class C, and
STD(N¢,Ac): function defining the standard applicable to regulatory class C.
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Market Forecast for CAFE Analysis: Structure, Development, and Impact

Introduction

DOT’s CAFE Compliance and Effects Modeling System begins with an input file defining a forecast of the
future light vehicle market, expressed in terms of specific vehicle models with specified engineering
characteristics (e.g., vehicle size and weight, fuel economy, engine and transmission properties), as well
as production volumes in each model year. Forming the foundation for analysis of CAFE standards, the
market forecast influences all calculations performed by the model.

Background

For CAFE rulemakings through 2009, NHTSA requested manufacturers to provide detailed product plans;
reviewed these plans and sought explanations and corrections; and used these product plans in building
a forecast of the future light vehicle market. Insofar as reflected in these plans, the resultant market
forecast accounted for manufacturers’ plans to introduce new vehicles, discontinue others, and make
changes to vehicle characteristics (e.g., technology, dimensions, weight, footprint, etc.). Most recently,
most major manufacturers responded to this request. Manufacturers’ responses varied in detail, and
generally reflected increasing uncertainty regarding longer time horizons. Because product plans are
confidential business information, NHTSA is required to protect them—and correspondingly detailed
(vehicle-level) results—from disclosure.

Since 2009, DOT has collaborated with EPA to build market forecasts using public and commercial
sources. For the recent MYs 2017-2025 rulemaking, DOT conducted analysis using two such market
forecasts—one beginning with CAFE compliance data from MY 2008, the other beginning with CAFE
compliance data from MY 2010. Discussed below, the MY2010-based market forecast assumed that the
same vehicles sold in MY 2010 would be sold through MY2025 without change in performance,
amenities, or utility, in quantities estimated based on a commercial segment- and brand-level forecast
acquired from LMC (then J.D. Power), and on an EIA forecast of overall volumes of passenger cars and
light trucks. The MY2008-based market forecast was developed through similar methods, using the
MY2008 stock of vehicle models and segment/brand and aggregate forecasts obtained earlier from CSM
and EIA. All resultant detailed model inputs and outputs have been made public on NHTSA’s web site,
as have all corresponding detailed outputs from the CAFE model.

Chapter 1 of the TSD supporting the final rule presents details of the development of the MY2008-based
and MY2010-based market forecasts.

2/27/13 Page 1 of 10
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Structure and Content

Inputs to the CAFE model define specific vehicle models (about 1,200 records in the MY2010-based
forecast, as in the underlying CAFE compliance data), each identified with a specific engine and a specific
transmission, either of which may be present on multiple vehicle models. As discussed in Chapter 1 of
the TSD, some engine, transmission, and vehicle attributes (e.g., cylinder count, drive and transmission
type, curb weight, fuel economy) were available from CAFE compliance data for the MY2010 fleet, and
other attributes (e.g., track width, wheelbase, seating capacity) were derived from public and
commercial sources (e.g., manufacturers’ web sites, Motortrend.com, Edmunds.com, Ward'’s). The
MY2010-based market forecast holds all vehicle attributes constant through MY2025, although the CAFE
model can accommodate changes in vehicle attributes over time.

Projected Production Volumes

Chapter 1 of the agencies’ TSD explains the development of projected production volumes in the
MY2010-based market forecast. Steps included:

e The list of individual vehicle models was taken from CAFE compliance data for MY2010.

e Industry total passenger car and light truck volumes were estimated for each year covered by
the analysis by Volpe Center staff using DOE/EIA’s National Energy Modeling System (NEMS).*

e Sales forecasts reflecting shifts among market segments and manufacturers were acquired from
LMC Automotive (then J.D. Power).

e EPA staff mapped individual vehicles to market segments, developed growth factors (see below)
and sales forecasts at the individual vehicle level, and adjusted these to match the NEMS-based
forecast of total sales volumes for passenger cars and light trucks.

Vehicle Model List

The vehicle model list in the market data input file comes from the MY 2010 CAFE compliance data. This
data file is also the source of the MY 2010 sales volumes and fuel economy figures for the individual
vehicle models analyzed by the CAFE model, although Saab vehicles were deleted to account for Saab’s
exit from the market. There are 1,171 individual vehicles in the market data input file, differentiated on
the basis of manufacturer, nameplate, engine, transmission, drive type, wheelbase (pickups), etc.

NEMS-Based Forecasting of Passenger Car and Light Truck Sales

For the MY2010-based forecast, total car and light truck sales volumes were estimated using the version
of NEMS for the “early release” version of AEO 2012 issued in January 2012. As provided by EIA, NEMS
shifted the market toward passenger cars in order to ensure compliance with EISA’s requirement that
CAFE standards cause the fleet to achieve 35 mpg by 2020. However, NHTSA’s CAFE analysis measures
impacts relative to continuation of the MY2016 CAFE standards. Therefore, Volpe Center staff
deactivated the above-mentioned sales-volume shifting methodology and re-ran NEMS, holding post-
2016 CAFE standards constant at MY 2016 levels. The following chart shows the result of this process in

! This increases consistency with EIA’s reference case fuel prices, which DOT uses as another modeling input.
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terms of total light vehicle production and the share regulated as passenger cars (after accounting for

2WD SUVs being regulated as passenger cars), comparing results to those obtained earlier for

development of the MY2008-based forecast. Total production volumes are plotted as solid lines against

the first (left) y axis, and passenger car shares of the light vehicle market are plotted as dashed lines

against the second (right) y axis:

18,000,000 -

17,000,000 -

16,000,000 -

15,000,000 -

14,000,000 -

Annual Light Vehicle Production

12,000,000 -

Total Size and Passenger Car (PC) Share of Light Vehicle Market

e [otal Sales (MY2008-Based Forecast)
Total Sales (MY2010-Based Forecast)

e Regulated as PC(MY2008-Based Forecast)
Regulated as PC(MY2010-Based Forecast)

- 75%

- 70%

- B5%

- 60%

- 55%

- 50%

- 45%

- 40%

Share of Production Regulated as Passenger Cars

12,000,000
2012

LMC Automotive Segment- and Brand-Level Forecast

2014

2016

2018

2020 2022 2024

Model Year

25%

Tables 1, 2 and 3 below provide examples of forecast information purchased by EPA from LMC

Automotive, in all cases based on reference fuel prices. These forecasts, along with the AEO forecasts,

are the basis of forecast shifts in sales of the individual vehicle models in the market data input file.
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segments losing share are indicated in bold.

1 - LMC Automotive Segment Forecast

Table 1 shows the 2010 LMC market segment distribution and their forecasted 2025 market segment

distribution. The forecast indicates small shifts in market segment shares from 2010 to 2025. Market

Segment 2010 2025 Difference
Midsize Conventional 1,779,049 | 15.4% 3,136,084 | 17.1% 1.7%
Compact Conventional 1,658,852 | 14.3% 2,210,271 12.0% -2.3%
Large Pickup 1,344,036 | 11.6% 2,358,883 | 12.8% 1.2%
Compact CUV 1,206,797 | 10.4% 1,342,544 7.3% -3.1%
Midsize CUV 976,481 8.4% 1,628,306 8.9% 0.4%
Compact Premium Conventional 545,107 4.7% 869,058 4.7% 0.0%
Large Conventional 534,783 4.6% 779,207 4.2% -0.4%
Midsize Van 460,154 4.0% 585,621 3.2% -0.8%
Sub-Compact Conventional 361,697 3.1% 708,637 3.9% 0.7%
Midsize Utility 330,663 2.9% 394,108 2.1% -0.7%
Midsize Premium CUV 291,864 2.5% 567,557 3.1% 0.6%
Midsize Pickup 282,454 2.4% 527,595 2.9% 0.4%
Large Utility 243,933 2.1% 406,583 2.2% 0.1%
Compact MPV 241,959 2.1% 467,973 2.5% 0.5%
Compact Utility 201,974 1.7% 279,246 1.5% -0.2%
Midsize Sporty 197,342 1.7% 242,399 1.3% -0.4%
Midsize Premium Conventional 194,514 1.7% 451,672 2.5% 0.8%
Large Van 190,765 1.6% 438,589 2.4% 0.7%
Compact Premium CUV 140,018 1.2% 283,621 1.5% 0.3%
Compact Sporty 95,660 0.8% 159,917 0.9% 0.0%
Large Premium Utility 93,555 0.8% 166,211 0.9% 0.1%
Large Premium Conventional 83,941 0.7% 190,883 1.0% 0.3%
Compact Premium Sporty 52,242 0.5% 55,953 0.3% -0.1%
Midsize Premium Utility 23,556 0.2% 39,360 0.2% 0.0%
Midsize Premium Sporty 22,530 0.2% 62,987 0.3% 0.1%
Large Premium Sporty 6,965 0.1% 21,998 0.1% 0.1%
Large Premium Pickup 2,082 0.0% 0 0.0% 0.0%
Total 11,562,973 | 100.0% | 18,375,262 | 100.0%
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Table 2 shows the 2010 LMC manufacturer distribution and their forecasted 2025 manufacturer

distribution. The forecast indicates insignificant shifts in market shares from 2010 to 2025, with all

shifts, either loss or gain, of <1% over the course of that time period. Manufacturers losing share are

indicated in bold.

2 - LMC Automotive Sales Group Forecast

Sales Group 2010 2025 Difference
General Motors Group 2,211,091 19.1% | 3,675,481 | 20.0% 0.9%
Ford Group 1,910,400 | 16.5% | 2,935,408 | 16.0% -0.5%
Toyota Group 1,763,595 15.3% 2,658,145 14.5% -0.8%
Honda Group 1,230,480 | 10.6% | 1,838,444 | 10.0% -0.6%
Fiat-Chrysler Group 1,085,211 9.4% | 1,948,062 10.6% 1.2%
Renault-Nissan Group 908,570 7.9% | 1,288,609 7.0% -0.8%
Hyundai Group 894,497 7.7% | 1,438,426 7.8% 0.1%
Volkswagen Group 383,778 3.3% 617,728 3.4% 0.0%
BMW Group 265,757 2.3% 460,868 2.5% 0.2%
Fuji Heavy 263,820 2.3% 339,206 1.8% -0.4%
Daimler Group 230,863 2.0% 404,897 2.2% 0.2%
Mazda Motors 229,566 2.0% 318,449 1.7% -0.3%
Mitsubishi Motors 55,683 0.5% 87,467 0.5% 0.0%
Geely Group 53,949 0.5% 100,912 0.5% 0.1%
Jaguar Land Rover 45,204 0.4% 89,013 0.5% 0.1%
Suzuki Group 23,994 0.2% 52,594 0.3% 0.1%
Spyker Cars 5,445 0.0% 17,357 0.1% 0.0%
Other 1,070 0.0% 104,194 0.6% 0.6%
Total 11,562,973 | 100.0% | 18,375,262 | 100.0%

Table 3 shows the 2010 distribution of sales by market segment for an example manufacturer, Geely
(Volvo), and LMC's forecast for 2025. Note that for this particular manufacturer LMC is forecasting a
significant shift in market segment mix in going from 2010 to 2025.

3 - LMC Automotive Sales Group & Segment Forecast

Sales Group Segment 2010 2025 Difference
Geely Group | Compact Premium Conventional 12,686 | 23.5% | 34,026 | 33.7% 10.2%
Geely Group | Compact Premium CUV 12,031 | 223% | 25,752 | 25.5% 3.2%
Geely Group | Compact Premium Sporty 3,714 6.9% 5,473 5.4% -1.5%
Geely Group | Midsize Conventional 0 0.0% 0 0.0% 0.0%
Geely Group | Midsize Premium Conventional 15,400 | 28.5% | 16,880 | 16.7% -11.8%
Geely Group | Midsize Premium CUV 10,118 | 18.8% | 18,781 | 18.6% -0.1%
53,949 | 100.0% | 100,912 | 100.0%
2/27/13 Page 5 of 10
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Vehicle Level Sales Forecasts

Also using Geely as an example, Table 4 illustrates the process used by EPA staff to develop vehicle-level
sales forecasts, using model year 2025 as an example.

e Each vehicle model was mapped to a market segment in LMC'’s forecast.

e The growth factor indicated by LMC’s forecast for the corresponding manufacturer/market
segment was applied to get an initial sales estimate for each vehicle for each forecast year.

e For each forecast year, adjustment factors for passenger cars and light trucks were calculated by
comparing total sales from the initial sales estimates by LMC to total sales from the NEMS-based
forecasts.

e Resultant “AEO-normalized” sales volumes were applied in the market forecast input file used
by the CAFE model.
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Influence of Market Forecast

Comparison of the MY2008- and MY2010- market forecasts applied in analysis for the MYs 2017-2025 final rule helps to
illustrate the forecast’s influence over model calculations. OEM-level volumes, shown below, were among the
differences between the two forecasts.

5 - Production Volumes? in MY2008-Based and MY2010-Based Market Forecasts

Estimated MY 2016 Production Estimated MY 2025 Production

Manufacturer MY2008-Based MY2010-Based | MY2008-Based MY2010-Based
Aston Martin 1.0 0.6 1.2 0.6
BMW 566.5 423.9 550.7 464.4
Mercedes 381.1 347.7 441.8 380.3
Chrysler/Fiat 889.6 1,518.8 775.9 1,628.1
Ford 2,323.3 2,393.2 2,224.6 2,439.0
Geely (Volvo) 144.5 92.2 143.7 97.4
General Motors 2,835.0 2,893.9 3,197.9 2,958.0
Honda 1,449.8 1,658.1 1,898.0 1,799.3
Hyundai 588.6 983.5 845.4 1,053.3
Kia 636.1 378.2 460.4 388.7
Lotus 0.3 0.4 0.3 0.4
Mazda 470.6 317.8 368.2 315.9
Mitsubishi 140.0 69.8 109.7 83.4
Nissan 1,279.2 1,217.3 1,441.2 1,231.9
Porsche 48.1 39.6 51.9 36.7
Spyker 20.0 26.6

Subaru 309.6 306.6 331.7 315.2
Suzuki 115.8 46.7 124.5 52.9
Tata (Jaguar/Land Rover) 105.0 81.9 122.2 81.3
Tesla 27.3 32.0

Toyota 3,202.4 2,502.1 3,318.1 2,543.4
Volkswagen 661.4 589.9 784.4 584.4
Total 16.2 15.9 17.3 16.5

Section 1.5 (pp. 1-54 to 1-59) of the TSD supporting the final rule discusses some additional differences between the two
forecasts.

Such differences led to differences in some key model results. Below, tables 6 and 7 compare results between the
market forecasts, with all other model inputs held constant.

2 Among brand-level volumes, the MY2008-based forecast contains the Hummer and Pontiac brands in GM’s future fleet. Hummer
is absent from the MY2010-based forecast; Pontiac nearly so. Both the MY2008-based and MY2010-based forecasts contain the
Mercury brand in Ford’s future fleet. The MY2008-based fleet contains the Saab brand in Spyker’s fleet (which also includes the
Spyker C8).
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6 — Average Incremental Technology Costs ($, Relative to Continuation of MY2016 Standards)

MY2008-Based Fleet & MY2010-Based Fleet

NHTSA’s MYs 2017-2025 rulemaking measured costs, impacts, and benefits of new standards on an incremental basis,

relative to a baseline scenario defined by continuation of standards at MY 2016 levels. Shown below, the MY2008-based

and MY2010-based market forecasts produced different estimates of average incremental technology costs. Other

comparisons can be found in the final rule (e.g., tables IV-47 through 1V-114 of the preamble) and accompanying final

RIA (chapters VII-X).

Passenger Cars

2017 2018 2019 2020 2021 2022 2023 2024 2025
Industry 233 — 354 434 — 471 602 — 643 904 — 837 1,105 - 965 1,219 - 1,053 1,326 — 1,173 1,666 — 1,430 1,738 — 1,519
Fiat 278 — 338 644 — 372 628 — 579 1,088 — 811 1,114 - 1,077 1349 1,095 16921530 1,770~ 1,692 2,045— 1,910
Ford 390 — 309 443 — 326 755 — 438 1,515 — 945 1,854 - 993 2,075 1,172 2,076 — 1,184 3,345 — 1,651 2,961 — 1,780
General Motors 144 — 225 526 — 462 630 — 486 1,015 — 758 1,185 — 868 1,189 — 879  1,475— 1,062 1,739 — 1,220 2,010 — 1,531
Honda 228 — 632 484 — 805 510 — 825 513 — 816 1,100 — 1,009 1,132 — 1,009 1,309 — 1,249 1,310 — 1,254 1,284 — 1,229
Hyundai 510 — 605 549 — 591 844 — 898 920 — 913 969 — 1,060 1,126 — 1,226 1,133 — 1,258 1,585 — 1,408 1,501 — 1,419
Kia 13 — 353 94 — 414 339 — 759 780 — 988 915 — 1,081 999 — 1,330 1,154 — 1,316 1,163 — 1,302 1,447 — 1,497
Mazda 337 =737 447 — 845 423 — 773 767 — 1,086 758 — 1,073 1676 — 1,481 1,784 — 1589 1,875— 1,589 2,070 — 1,782
Mitsubishi 500 — 575 1,015 — 634 988 — 580 1,299 —» 1,722 1,737 — 2,022 1,686 — 2,001 1,646 — 1,982 1,920 — 1,962 3,757 — 2,007
Nissan 409 — 565 645 — 653 1,054 — 864 1,100 — 926 1125 - 953 1368 — 1,080 1,440 —- 1191 1851 1555 18051531
Subaru 148 — 2 183 — 2 434 — 895 1,191 — 1,407 1,152 - 1,367 1,121 - 1,333 1,100 — 1,315 1,835 — 3,963 3,335 — 3,231
Suzuki 13 -84 20 — 109 1,420 - 825 1,555 — 1,080 1,666 — 1,426 1,687 — 1,435 1,662 — 1426 1,682 1,401 2,283 1,630
Toyota 220 — 322 507 — 460 657 — 840 852 — 957 1,082 - 1,189 1,125 — 1,247 1,115 — 1,248 1,276 — 1,493 1,265 — 1,433
Volkswagen 2—-13 5— 387 5— 413 474 — 632 537 — 756 587 — 780 669 — 811 691 — 1,000 1,020 — 1,322
Light Trucks
2017 2018 2019 2020 2021 2022 2023 2024 2025
Industry 78 — 147 191 — 196 422 — 396 620 — 628 853 — 907 949 — 942 994 — 1,053 1,076 — 1,141 1,171 — 1,213
Fiat 100 — 469 108 — 468 173 — 538 939 — 1,199 1,013 — 1,316 992 — 1,295 1,286 — 1,747 1,324 — 1,726 1,611 — 1,816
Ford 7 - 87 85 — 116 97 — 195 297 — 303 1,089 — 1,150 1,166 — 1,126 1,187 — 1,118 1,198 — 1,120 1,389 — 1,209
General Motors 1—-1 162 — 40 656 — 471 993 — 921 957 — 905 940 — 887 928 — 894 974 — 972 1,233 — 1,169
Honda 196 — 210 199 — 252 345 — 310 395 — 336 688 — 741 911 — 878 978 — 897 959 — 1,025 945 — 1,002
Hyundai 288 — 272 301 — 282 423 — 911 418 — 949 408 — 932 901 — 1,174 865 — 1,175 1,288 — 1,413 1,254 — 1,369
Kia 49 — 316 103 — 324 229 — 369 342 — 365 833 — 825 818 — 780 934 — 1,089 919 — 1,060 936 — 1,016
Mazda 415 561 — 762 509 — 686 532 — 690 502 — 669 488 — 661 739 — 901 811 — 1,051 793 — 1,008
Mitsubishi 284 — 276 319 — 283 269 — 258 269 — 254 2,092 - 1509 2020— 1,462 1986 — 1,441 1,958 — 1,421 1,824 — 1,337
Nissan 237 — 178 252 — 201 481 — 414 609 — 608 993 — 682 1,221 — 791 1,172 — 786 1,256 — 1,007 1,415 — 997
Subaru -70 — 807 78 — 824 663 — 1,238 644 — 1,218 607 — 1,200 597 — 1,222 589 — 1,188 1,318 — 1,501 1,238 — 1,464
Suzuki 1— 252 13 — 251 594 — 231 585 — 228 745 — 1,719 712 — 1,668 702 — 1,643 691 — 1,618 1,015 — 1,504
Toyota 13—6 234 — 88 402 — 313 479 — 327 749 — 650 776 — 674 817 — 887 938 — 1,086 895 — 1,095
Volkswagen 1-25 102 — 180 673 — 340 684 — 583 735 — 570 733 — 583 985 — 755 1,458 — 1,091 1,314 — 1,318
Overall Fleet
2017 2018 2019 2020 2021 2022 2023 2024 2025
Industry 176 — 281 347 374 538 556 805 — 764 1018 - 945 1126 — 1,015 1,213 — 1,133 1,470 — 1,333 1,552 — 1,417
Fiat 192 — 405 385 — 420 412 — 559 1,020 — 999 1,069 — 1,191 1,188 — 1,189 1,509 — 1,630 1,575— 1,707 1,861 — 1,868
Ford 248 = 212 313 - 235 525 333 1,098 — 672 1,596 — 1,059 1,770 — 1,153 1790 — 1,157 2,671 — 1,433 2,478 — 1,547
General Motors 78 — 130 355 — 282 642 — 480 1,004 — 828 1,077 — 884 1,072 — 883 1,222 — 990 1,389 — 1,114 1,655 — 1,377
Honda 217 — 496 392 — 631 458 — 662 477 — 669 972 — 928 1,065 — 970 1,210 — 1,146 1,208 — 1,189 1,185 — 1,166
Hyundai 485 — 561 497 — 551 755 — 900 817 — 917 855 — 1,045 1,081 — 1,220 1,079 — 1,250 1,525 — 1,408 1,452 — 1,413
Kia 22 — 348 96 — 404 313 - 715 680 — 920 897 — 1,054 959 — 1,273 1,106 — 1,293 1,110 — 1,278 1,338 — 1,450
Mazda 260 — 600 475 — 829 443 — 757 710 — 1,016 693 — 1,002 1,372 - 1,339 1,518 - 1472 1,610 1,497 1,761 — 1,652
Mitsubishi 446 — 520 842 — 566 813 — 518 1,052 — 1442 18221925 1765—1899 1726— 1880 19291862 3,319 — 1,882
Nissan 351 — 4686 517 — 535 872 — 748 948 — 843 1,084 — 884 1,323 - 1,006 1,358 1,088 1,672— 1416 1,690 — 1,396
Subaru 91 — 257 156 — 261 492 — 1,001 1,057 — 1,349 1,022 — 1,316 999 — 1,299 981 — 1,277 1,716 — 3,214 2,863 — 2,691
Suzuki 11— 96 19 — 119 1,266 — 778 1,380 — 1,015 1,502 — 1,449 1516 — 1,454 1,495 1442 1,509 — 1,418 2,066 — 1,620
Toyota 134 — 200 398 — 315 559 — 636 710 — 717 952 — 985 991 — 1,033 1,003 — 1,115 1,152 — 1,344 1,130 — 1,311
Volkswagen 2-15 26 — 350 148 — 400 518 — 623 577 — 722 616 — 744 734 — 801 849 — 1,017 1,078 — 1,321
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7 - Averages of Required Fuel Economy Levels (mpg)
MY2008-Based Fleet > MY2010-Based Fleet

Overall averages of required fuel economy levels are estimated to be lower under the MY2010-based forecast than
under the MY2008-based forecast. For example, the MY2025 average under the MY2010-based forecast is 48.7 mpg,
1.0 mpg lower than the 49.7 mpg value calculated under the MY2008-based forecast (corresponding to the 54.5 “mpg
CAFE-equivalent” value for EPA’s MY2025 standards). This is explained by lower averages of required fuel economy
levels for the passenger car and light truck fleets, resulting from differences in distributions among vehicle footprints,
with the MY2010-based forecast being shifted less toward smaller footprints than the MY2008-based forecast. Of
course, the standards—i.e., the mathematical functions defining fuel economy targets at each footprint—are identical
for both forecasts, and manufacturers’ actual fuel economy requirements will be based on their actual production.

Passenger Cars

2017 2018 2019 2020 2021 2022 2023 2024 2025
Industry 401 — 396 416 — 41.1 431425 448 — 442 46.8 — 46.1 49.0 — 48.2 51.2 - 505 53.6 - 529 56.2 — 55.3
Fiat 39.1 - 38.7 40.6 — 39.9 421 - 414 43.7 — 43.0 457 — 44.9 47.9 — 47.0 50.2 — 49.2 52.6 — 51.6 55.1 — 54.0
Ford 39.1 - 395 40.6 — 41.0 421425 43.7 — 44.1 45.6 — 46.0 47.7 — 48.2 49.9 - 504 52.3 - 52.8 54.7 — 55.3
General Motors 39.6 — 39.3 41.1 - 40.8 426 —42.2 44.3 — 43.9 46.2 — 45.7 48.4 — 47.9 50.7 — 50.1 53.1 —»52.5 55.6 — 54.9
Honda 404 — 39.7 41.9 — 411 43.4 — 426 452 — 44.2 47.1 — 46.1 49.3 — 48.3 51.6 — 50.5 54.0 —» 52.9 56.6 — 55.4
Hyundai 40.4 — 39.8 419 - 413 43.4 — 42.7 452 — 44.5 471 — 464 49.3 — 48.6 51.6 — 50.8 54.1 — 53.2 56.6 — 55.7
Kia 41.1 - 408 426 —42.3 442 — 43.8 46.0 — 456 48.0 — 47.5 50.3 — 49.8 52.6 — 52.1 55.1 — 54.5 57.7 — 57.1
Mazda 41.5 — 40.1 43.0 - 416 445 — 43.0 46.3 — 44.7 48.3 — 46.6 50.6 — 48.8 53.0 — 51.1 55.5 — 53.5 58.1 — 56.0
Mitsubishi 405 —41.8 42.0—-43.3 436 — 449 453 — 46.7 47.3 — 48.7 495 — 51.0 51.8 —53.4 542 —55.9 56.8 — 58.6
Nissan 39.8 — 39.6 412 —-41.0 42.8 - 425 444 — 442 46.3 — 46.0 48.5 — 48.2 50.7 — 50.4 53.1 —52.8 55.6 — 55.2
Subaru 42.6 — 41.1 442 - 426 458 — 44 .1 476 — 45.8 497 — 477 52.0 — 49.9 544 —52.2 57.0 = 54.7 59.6 — 57.2
Suzuki 43.3 — 42 1 449 — 436 465 — 452 484 — 469 50.5 — 489 528 —51.2 553 — 536 57.9 — 56.1 60.6 — 58.7
Toyota 406 — 397 421 412 437 - 427 454 — 443 474 — 46.2 496 — 484 519 — 507 543 - 53.0 56.9 — 555
Volkswagen 41.4 — 40.5 43.0 - 41.9 445 — 43.5 46.3 — 45.2 48.3 — 47.1 50.6 — 49.3 52.9 - 51.6 55.4 — 54.1 58.0 — 56.6

Light Trucks

2017 2018 2019 2020 2021 2022 2023 2024 2025
Industry 29.4 — 29.1 30.0 - 29.6 30.6 — 30.0 31.2— 306 333326 349 342 36.6 — 35.8 385375 403 — 393
Fiat 29.6 — 29.6 30.2 - 30.2 30.8 — 30.7 31.5—- 315 33.7 - 336 353 - 35.2 37.0 - 36.9 38.8 — 38.6 40.6 — 40.4
Ford 28.6 — 27.5 29.1 - 27.8 29.6 — 28.0 30.0 — 284 32.0—-30.2 335—-317 35.2 — 33.1 37.0—- 347 38.8 — 36.4
General Motors 28.0 — 27.8 28.5 — 28.1 291 — 286 296 — 292 317 —-312 332328 349343 36.6 — 36.0 384 — 378
Honda 31.0 - 30.4 31.7 - 3141 3235317 33.1 - 325 354 — 347 37.0 - 36.4 38.8 — 38.1 40.7 — 39.9 426 — 41.8
Hyundai 31.3 - 321 32.1 - 33.0 32.8 - 33.7 33.6 — 34.86 359 — 36.9 37.6 — 38.7 39.4 - 405 41.3 > 42,5 43.2 — 445
Kia 30.0—30.3 30.6 — 31.0 312 —=31.7 32.0 — 325 342 —348 35.8 = 36.5 37.5—38.3 39.3 — 40.1 411 — 421
Mazda 314 - 316 324 - 325 33.1 — 3341 33.8 — 339 359 - 36.2 37.6 — 38.0 39.3 - 39.8 41.2 - 41.7 43.2 - 43.6
Mitsubishi 32.9 - 341 33.9 - 351 346 — 35.9 35.5 — 36.7 379393 39.7 — 411 41.6 — 43.1 43.6 — 45.2 45.7 — 47.3
Nissan 29.6 — 29.6 30.3 — 30.1 30.9 — 30.5 31.6 — 31.1 33.5 — 33.1 35.1 =346 36.8 — 36.2 38.7 — 37.9 406 — 39.7
Subaru 34.4— 349 354 — 35.9 36.1 — 36.7 37.1 — 378 39.6 — 40.2 41.5 — 421 43.5 — 441 455 — 46.2 47.7 — 48.4
Suzuki 322 - 34.2 33.2—-35.2 33.9 - 36.0 34.7 — 36.9 371 -394 389 —-413 40.7 — 43.3 427 — 453 44.7 — 47.5
Toyota 29.7 — 29.4 30.4 — 30.0 31.0—30.5 31.6 — 31.1 33.7—329 353 —344 37.0 — 36.1 38.9— 37.8 40.7 — 39.6
Volkswagen 29.5 — 30.9 30.1 - 317 30.8—324 315 — 332 335354 35.1 — 37.1 36.7 — 38.9 38.5 — 40.8 403 — 427

Qverall Fleet

2017 2018 2019 2020 2021 2022 2023 2024 2025
Industry 35.4 — 35.1 36.5 — 36.1 37.7 — 37.1 38.9 — 38.3 41.0 — 40.3 43.0 — 42.3 451 — 44.3 47.4 — 46.5 49.7 — 48.7
Fiat 33.8 334 348 — 344 359353 37.1 — 365 395 — 387 412 — 406 432 — 426 455 — 448 479 — 469
Ford 34.4 — 33.2 35.5 — 34.0 36.7 — 34.7 37.8 - 35.7 39.9 - 37.7 41.8 — 39.6 44.0 — 414 46.3 — 43.5 48.6 — 45.6
General Motors 33.2 - 334 34.0 - 342 349 — 350 35.8 — 36.1 38.0 — 38.1 39.9 — 40.0 419419 440 — 439 46.2 — 46.0
Honda 36.6 — 36.1 37.9 - 373 39.2 - 384 40.6 — 39.8 42.7 — 41.9 44.8 — 44.0 47.0 — 46.1 49.3 — 48.4 51.6 — 50.8
Hyundai 38.1 — 38.6 39.4 — 40.0 406 — 413 422 — 43.0 443 — 450 46.4 — 472 48.6 — 49.4 50.9 — 51.7 53.3 — 542
Kia 37.8—-39.3 38.9 — 40.6 40.1 — 42.0 41.8 — 43.7 44.0 — 45.7 46.2 — 48.0 48.4 — 50.3 50.7 — 52.6 53.1 — 55.2
Mazda 38.6 — 38.1 39.8 — 395 411 — 408 425 — 423 444 — 44 4 46.5 — 46.5 48.7 — 487 51.1 — 51.0 53.6 — 53.4
Mitsubishi 38.3 — 40.1 39.6 — 414 41.0 — 42.8 42,5 — 44.4 44.7 — 46.6 46.8 — 48.8 49.0 — 51.1 51.3 — 53.6 53.8 — 56.1
Nissan 35.6 — 36.4 36.9 - 375 38.1 — 385 39.4 — 399 414 — 418 43.4 — 438 455 — 458 47.8 — 48.0 50.1 — 50.2
Subaru 40.1 — 38.9 41.5 — 40.2 42,9 — 415 445 — 42.9 46.8 — 45.1 49.1 — 47.2 51.4 — 494 53.9 — 51.8 56.4 — 54.2
Suzuki 406 — 41.4 421 — 429 435 — 443 452 — 459 47.4 — 48.0 497 — 503 52.1 — 526 54.5 — 55.1 57.1 — 576
Toyota 35.2 - 35.0 36.5 — 36.0 37.8—-37.0 38.9 — 38.1 40.9 — 40.1 42,9 — 42.0 45.1 — 44.1 47.4 — 46.2 49.7 — 48.5
Volkswagen 38.5 — 384 39.4 - 39.7 406 — 41.0 422 — 424 443 — 445 46.5 — 46.5 48.5 — 48.8 50.8 — 51.1 53.4 — 535
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Sensitivity and Uncertainty Analysis

With a view toward meeting OMB guidance regarding rulemaking analysis, DOT’s analyses supporting
CAFE standards have, since 2002, included formal sensitivity and uncertainty analysis. DOT’s sensitivity
analysis involves evaluating how key results (e.g., costs, benefits) change if discrete key input
assumptions and estimates (e.g., fuel prices) change. DOT’s uncertainty analysis involves estimating the
probabilities of different outcomes (e.g., different net benefits to society), based on the estimated
probabilities of a range of different input assumptions and estimates.

Sensitivity Analysis

For the 2012 rulemaking regarding post-2016 standards, DOT’s sensitivity analysis examined (separate)
side cases involving different estimates and assumptions for:

o fuel prices

e rebound effect

e value of avoiding CO2 emissions

e valuation of CH4 and N20 (non - zero)

e military security benefits (non - zero)

e consumer benefits (less than 100% of theoretical)

battery cost

mass reduction cost

potential for market - driven fuel economy increases (beyond required by CAFE)
exclusion of shift optimizer

The Final RIA, Chapter X (pp. 1084 - 1121) features the definitions and results associated with each
sensitivity case, but the table below summarizes the impact on net benefits of each alternative input
assumption.

% change
from
Central

Net Benefits

Sensitivity Case

($B)

High Fuel Price

Low Fuel Price 299.6 —36.1
5% Rebound Effect 489.6 4.4
15% Rebound

Effect 466.2 - 0.6
20% Rebound

Effect 454.5 -3.1

$0.12/gal Military
Security Premium

S5/ton CO2 440.6 -6.0

493.2 5.2





$36/ton CO2 507.2 8.2

S68/ton CO2 580.6 23.8
High GWP gases
included in CO2e 478.1 2
emissions

[0)
50% Cpnsumer 2331 _503
benefit

o,
75% Consumer 355.5 ~24.2
benefit
Post-‘Warranty 459.6 ~20
repair costs
Low battery cost 478.1 2
High battery cost 477.4 1.8
Low cqst mass 483.9 39
reduction
High C(?St mass 474 11
reduction
Mark.et-drlven 3207 _316
baseline
No shift 455 _30

optimization

Most of the alternative input assumptions considered in the sensitivity cases produce small changes to
total program net benefits. However, several of them have significant impacts. In particular, fuel prices,
the social cost of carbon emissions, the percentage of consumer benefits that can be attributed to the
standards, and the behavior of the market in the absence of CAFE increases after MY 2016 all have the
potential to alter total net benefits by more than 25 percent. The factors with the largest impact are
also among the least certain inputs.

Fuel price forecasts are notoriously inaccurate, and the forecasts used in this analysis (from the AEO
2012 Early Release) really only capture the long-term trend, rather than any annual or inter-annual
variability. Estimates of the social cost of carbon emissions vary widely in the literature, and large
deviations from the nominal value in the Final Rule ($22 in 2010, increasing annually thereafter) have
the ability to significantly increase the benefits of the rule. In the case where manufacturers assume
new vehicle buyers place some small value on fuel economy (the equivalent of willingness to pay for fuel
economy technology increases with one-year payback periods) in excess of the levels required by CAFE,
total program net benefits are reduced by over 30 percent.

In addition to the sensitivity cases listed above, the agency also analyzed the impact that having a retail
price equivalent (RPE) factor of 1.5 for all technologies would have on the various alternatives instead of
using the indirect cost markup (ICM) methodology. The ICM methodology results in an overall markup
factor of 1.2 to 1.25 compared to the RPE markup factor from variable cost of 1.5. Next, the agency
conducted a separate sensitivity analysis using values that were derived from the 2011 NAS report. This





analysis used an RPE markup factor of 1.5 for non-electrification technologies, which is consistent with
the NAS estimation for technologies manufactured by suppliers, and a RPE markup factor of 1.33 for
electrification technologies (HEV, PHEV and EV); three types of learning which include no learning for
mature technologies, 1.25 percent annual learning for evolutionary technologies, and 2.5 percent
annual learning for revolutionary technologies; technology cost estimates for 52 percent (33 out of 63)
technologies; and technology effectiveness estimates for 56 percent (35 out of 63) of technologies. The
results are summarized in the table below.

A‘z’g;asgrfe'\:\( MY 2017-2025
Cost Method and Set of MY 2025 Vehicle Net Benefits
Cost Estimates Achieved MPG (Shillion), 3%
Technology
DR
Cost

Passenger Cars
ICM w/Main Analysis
Costs 54.07 $1,578 293.1
RPE w/Main Analysis Costs 53.92 $1,943 273.3
ICM w/ NAS Costs 52.78 $2,103 242.9
Light Trucks
ICM w/Main Analysis
Costs 39.29 $1,226 175.8
RPE w/Main Analysis Costs 39.14 $1,491 181.2
ICM w/ NAS Costs 37.71 $1,375 154.6

However, the sensitivity analysis cases still offer a somewhat limited perspective of the true uncertainty
surrounding the estimated net benefits in the central analysis of the Final Rule. In each case, assuming
that only a single parameter deviates from the nominal values in the central analysis holds all others at
those levels, and obscures some of the more complicated interactions among model inputs and decision
logic.

Uncertainty Analysis

OMB Circular A-4 directs agencies to conduct formal probabilistic uncertainty analysis of complex rules
where there are large, multiple uncertainties whose analysis raises technical challenges or where effects
cascade and where the impacts of the rule exceed $1 billion. For the 2012 rulemaking regarding post-
2016 standards, DOT’s uncertainty analysis varied all of the following simultaneously, using probability
distributions for each:

e technology costs

e technology effectiveness

e fuel prices

e potential for market - driven fuel economy increases (beyond required by CAFE)

e average vehicle miles traveled per vehicle (differentiated by passenger cars and light trucks)
e rebound effect

e value of oil consumption externalities





In addition to these factors, the uncertainty analysis contains the only consideration of uncertainty in
the new vehicle market. Since the total new vehicle sales for every model year and the passenger car
share of the new vehicle market are both derived using outputs from EIA’s NEMS model, and then used
to modify the purchased market forecast, we estimated the difference equation in NEMS that
determines passenger car share and integrated it into the CAFE model for the Monte Carlo simulations.
As vehicles attributes (PC weight, fuel economy, power, etc.) and fuel prices change within each draw,
the share of passenger cars in the new vehicle market responds to those changes and progresses from
its historical starting point in 2010. The graph below shows the variation in the passenger car share in
MY 2025resulting from the inclusion of this relationship.
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The Final RIA, Chapter XII (pp. 1122 - 1173) contains the detailed discussion of the uncertainty analysis
for the Final Rule, including the probability distributions associated with each uncertainty and the results
of the simulations.

The agency modeled the plausible range of costs individually for each technology using beta
distributions with mode values equal to the corresponding technology costs used in the central analysis.
The beta distribution was chosen to represent the higher probability implicit in the central values, but
also recognizing that alternative values recommended by the National Academy of Sciences (NAS) would
have some probability of occurring. The agency calculated the ratio of total MY 2025 costs under the
central values used in this analysis and compared them to the alternate values based on NAS
recommendations, and found that NAS recommended values were 1.45 times the central values. The
agency created a beta model based on a mode equal to the central value, with the tails defined based
on the average confidence intervals found in the NAS study. This confidence interval (18.6%) was added
to the NAS relative cost.





There were no confidence intervals provided in the FEV reports, which defines the mode value, so the
lower tail was defined as the absolute value of the difference between the NAS value and its upper
confidence interval subtracted from the central values.

This effectively assigned a confidence interval to the central values of 27%. Within these parameters,
the agency chose alpha and beta values of 1.8 and 3.14, respectively, to assign a 5% probability that
values chosen would be equal to or greater than the NAS costs.

Sample of Technology Incremental Cost “Draw” Distribution for Shift Optimizer
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The agency used what were deemed the most likely effectiveness values in the main analysis. For the
uncertainty analysis, the central NPRM value and the NAS-recommended value for effectiveness were
used in establishing a range for variation. In many cases, the values were the same. In this case, a
normal distribution was used and, as had been done in previous uncertainty analysis for CAFE rule-
making, technology complexity was used to determine the standard deviation for the distribution. The
determination of complexity was by agency expert professional judgment, and divided into low-
complexity, medium-complexity and high-complexity.





In cases where the NAS value did not equal the central NPRM value, a beta distribution was used to give
a distribution which had 20% probability of being outside of the range between the NAS value and the
central NPRM value. The beta parameters used were 1.2 and 1.055 for cases where the NAS value was
less than the central NPRM value, and 1.1 and 1.411 for cases where the central NPRM value was less
than the NAS value. A full accounting of complexity designation for each of the 65 technologies can be
found on pages 1126-1128 of the FRIA. An example of a technology effectiveness distribution is shown
below.

Sample of Technology Incremental Efficacy “Draw” Distribution
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Perhaps the most influential uncertainty in the analysis, fuel prices, was treated in a more continuous
fashion than has been the case in previous rulemakings, which simply assigned a probability of .5 to the
EIA’s reference case oil projection and a probability of .25 to each of the low and high projections. The
analysis still relies on the price projections from the AEQ, in this case the AEO 2012 Early Release. From
these forecast fuel prices, a set of distributions were made for each year (up to 2100) for each fuel type
(gasoline, diesel, ethanol-85, electricity). The Reference case, LOP and HOP were, for each fuel, fit to a
curve to supply a less jagged target (this reduced the annual variation in the projections, but preserved
the long-term trend which was most relevant to this analysis), and a beta distribution was fit to each
year for each fuel. This distribution used the curve-fitted Reference case as the mode and was calibrated
to give approximately 12.5% probability that the chosen fuel price would be lower than LOP or higher





than HOP. From here, a single random value is chosen to represent the percentile of each (annual) beta
distribution, tracing out a full time series of fuel prices for each random draw. The graph below shows
the resulting distribution of gasoline prices in 2025 (in constant $2010).

Gasoline Price in 2025
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It is estimated that each gallon of fuel saved that results in a reduction in U.S. petroleum imports (either
crude petroleum or refined fuel) will reduce the expected costs of oil supply disruptions to the U.S.
economy by $0.097 to $0.297, with the actual value most likely to be $0.197 per gallon. The uncertainty
analysis draws samples from a normal distribution with a mean of $0.197 and a standard deviation of
$0.05, developed so that the upper and lower bounds of the estimated range occur two standard
deviations from the mean.





Economic Cost of Exposure to Price Shocks (S/gal)
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For the treatment of the rebound effect in the uncertainty analysis, a range of 5 to 30 percent was used
and employed in a slightly skewed beta distribution which produced a mean of approximately 14.2
percent. The skewed distribution reflects the agency’s belief that the more credible studies that differ
from the 10 percent value chosen for the main analysis fall below this value (i.e., are more negative) and
differ by more substantial margins than the upper range of credible values.





Rebound Effect Distribution
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The CAFE model implicitly includes the capability to apply appropriate amounts of technology under
varying fuel price cases by including a variable that represents manufacturers’ assumption about
consumer willingness-to-pay for fuel economy technology. This willingness-to-pay is characterized as the
payback period for fuel economy technology investments, meaning the number of years’ worth of fuel
savings necessary to balance the cost of the new technology. In the central analysis, the model alters
that variable to be zero once a manufacturer reaches compliance (or decides to pay fines, if they have
historically done so). This means that no additional technology is added beyond the standards in the
baseline, or in any of the other regulatory scenarios.

Assuming some non-zero payback period ensures that when fuel prices are very high, manufacturers will
continue to add cost-effective fuel economy technologies even when the standards are not sufficient to

force these additions. As one might expect, higher fuel prices and longer payback periods result in more

fuel economy technology being added beyond the level mandated by the standards, while lower fuel





prices and shorter payback periods result in less. Manufacturers’ assumption about the payback period
(in years) desired by new vehicle buyers was drawn from a Poisson distribution that placed the highest
probability on the value used in the central analysis.

Payback Period the Manufacturers Assume New Vehicle Buyers Will Tolerate
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Results

Some variables exhibited very little influence on the distribution of net benefits. For example, the
energy security externality resulted in similar distributions of net benefits across the range of values
considered. The limited consideration of market uncertainty produced similarly minor shifts. Despite the
inclusion of a relationship that modifies the share of passenger cars in the new vehicle market, the
average required fuel economy varied only slightly around the value in the central analysis. The graph
below shows the resulting variation.

Average Required Fuel Economy (mpg) in MY2025
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Technology costs exhibited more variation at both the high and low ends for the industry as a whole. For
example, in MY 2021 the majority of the technology cost outcomes occur around $15 billion (the
industry tech cost for MY 2021 in the central analysis is about $14.9 billion), but these central cases are
bookended by very inexpensive cases and very costly ones (though in much smaller frequencies). The
graph below shows the distribution of total technology cost for MY 2021.

The uncertainty analysis, similar to the central analysis, is conducted using both a 3% and a 7% discount
rate. While the direction of the impact of using a higher discount rate is obvious, the adjacent figure
provides a sense of the magnitude of the impact, which grows over successive model years.
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Variation in fuel price draws has the ability to change both the shape of the distribution of net benefits
and its scale. As one would expect, lower fuel prices lead to lower net benefits (reducing the value of
each gallon of fuel saved), but also lead to narrower, single-peaked distributions. Higher fuel price draws
created more nuanced distributions with multiple inflection points. Fuel prices interact with technology
application (influencing the effective cost of each technology, making more expensive technologies
more cost effective in earlier model years, shortening the payback period for more advanced
technologies) and the benefit accounting (changing the value of each gallon of fuel saved and the impact
of the rebound effect).

Impact of Fuel Price on Distribution of Estimated MY2021 Net Benefits
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As one would expect, varying the payback period assumption increased the amount of technology
application (and hence, fuel economy) in the baseline. It’s worth noting that the distribution (shown
above) of achieved industry-wide fuel economy was still relatively narrow, despite the influence of the
market. This implies that similar levels of conservation were achieved across a broad range of
assumptions about fuel prices and payback periods, but that variation in the accounting and attribution
of savings impacted net benefits. Low fuel price cases reduced the value of fuel saved (just as high prices
increased it) and more aggressive market adoption of fuel economy technology reduced the benefits





that could be attributed to the rule. The influence of the payback period variation across the entire set

of draws is illustrated below.
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Overall, the expected value of net benefits differed from the point estimate in the central analysis once

uncertainty was considered. The graph below shows the distribution of total program net benefits

across all model years, identifying the values associated with the expected net benefits and the net
benefits estimated in the central analysis. Although the two differ, the expected net benefits of the
program are still significantly positive.
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U.S. DOT — NHTSA and Volpe National Transportation Systems Center

Multiyear Planning Effects, Credit Transfer and Carry-Forward, and Market-Driven CAFE Increases

Toyota Results as a Case Study

Introduction

The CAFE model is a highly integrated, comprehensive model that analyzes methods individual
manufacturers and the industry can use to comply with an array of potential fuel economy standards
over a number of years, and analyzes the effects on each OEM and the overall industry in each model
year and cumulatively, as well as private and societal economic and environmental impacts each model
year and cumulatively. The model estimates how each manufacturer could add fuel-saving technology
in response to new standards, and estimates resultant impacts on vehicle costs, travel demand, fuel
consumption, emissions, highway safety, and monetized benefits to society. The model has been
developed over 11 years and used for 5 CAFE rulemakings. Similar to how OEMs have told NHTSA they
comply with CAFE standards, the model accounts for:

a. Vehicle redesign schedules, allowing all technologies to be applied during vehicle redesign, and
limiting application in other years.

b. Considering and applying technologies on an individual vehicle model basis with the ability to apply
technologies uniquely on each model.

c. Limits on pace over which OEMs can apply technologies across their fleet, recognizing constraints.

d. Ability for OEMs to bank credits for over-compliance and carry those credits forward or backwards,
and to transfer those credits between fleets. The model uses over-compliance in some years and
under-compliance in other years to estimate the most cost effective strategy over multiple years.

e. Ability of OEMs to pay civil penalties as an alternative to compliance
f. Ability to use incentives as defined by EPCA/EISA, such as for alternative fuel vehicles.

g. Ability to simulate the potential that a manufacturer would increase fuel economy in response to
estimated market demand: this aspect of the model relates to many manufacturers’ statements
regarding the role of fuel prices vis-a-vis consumer acceptance of price increases necessary to pay
for fuel economy improvements

To illustrate several of these aspects of the CAFE model, results for a specific manufacturer—Toyota—
are presented below.

Background

In response to earliest version (2002) of DOT’s CAFE model, commenters stated that the model should
account for product cadence—that is, manufacturers’ year-by-year schedules for redesigning and
freshening products—because many technologies can only practicably be added as part of a vehicle
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redesign or freshening. Manufacturers argued that a failure to account for product cadence could lead
to standards that would not be technologically feasible or economically practicable. NHTSA agreed,
especially considering EPCA/EISA’s requirement that the agency set CAFE standards at their maximum
feasible levels in each model year, and has since continued to refine the model in order to account for
product cadence.’

Manufacturers have also emphasized their plans to use credit provisions as an integral part of their
compliance strategies, with certain fleets overachieving standards in some model years, and using those
credits to offset shortfalls in other fleets in the same or in other model years. In the December NRC
meeting in Dearborn, MI, one manufacturer discussed their plans to use credits for compliance, in
particular highlighting the use of credits to offset shortfalls in model year 2016. Recent versions of
DOT’s CAFE model simulate this balancing of credit earning and use between model years.

Caveat

These results should not be interpreted as indicative of Toyota’s actual product plans. For the two
rulemakings issued since 2009, DOT has collaborated with EPA to build market forecasts using public
and commercial sources. The market forecast used for the current example used the MY2010 baseline
fleet (from publicly available CAFE compliance data), assuming that the same vehicle models would be
sold through MY2025. Production volumes were estimated based on a segment-level and brand-level
commercial forecast acquired from LMC (then J.D. Power), and on an EIA forecast of overall volumes of
passenger cars and light trucks. While NHTSA and EPA jointly used this market forecast for analysis
supporting the agencies’ 2012 rulemaking, NHTSA recognizes that Toyota’s actual plans may differ from
this forecast in significant ways.

! See, e.g., discussion at Federal Register / Vol. 68, No. 66 / Monday, April 7, 2003 / Rules and Regulations, pp.
16882-16883.
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Model-Level Application of Technologies Based on Estimated Product Design Cycles

The CAFE model limits the application of most technologies to vehicle redesign timing. A few
technologies may be applied during a vehicle refresh. Having applied technology, the CAFE model
“carries” the technology forward until the next redesign. The CAFE model “looks forward” when making
decisions on adding technologies, considering the ability to facilitate compliance in future model years,
based on refresh and redesign schedules. This simulates manufacturers’ multiyear planning (i.e., adding
“extra” technology in years with many planned redesigns to facilitate compliance in a later year with
fewer planned redesigns) and emphasizes the packaging of technologies to coincide vehicle redesigns.

For example, DOT’s MY2010-based market forecast assumed Toyota could redesign the Tacoma in
model years 2014, 2019, and 2024, freshening the truck in model years 2016 and 2021.% For the
automatic transmission versions of the Tacoma, the following chart shows how the CAFE model timed
the addition of technology based on this estimated design cycle.?
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? For the recent MYs 2017-2025 final rule, NHTSA developed redesign and refresh schedules for each of a
manufacturer’s vehicles included in the analysis, essentially based on the last known redesign year for each
vehicle, and projected forward using a 4 to 8-year redesign and a 2—3 year refresh cycle. NHTSA used publicly-
available data to estimate the last known redesign schedule for the vehicles produced by the manufacturers.

® Time-based “learning effects” are evident in the downward slope evident in the cost “plateaus” (e.g., 2014-2018).
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Estimated Redesigns in MY2010-Based Market Forecast

Because the CAFE model times the addition of most technologies to coincide with product redesigns, the
estimated timing of those redesigns plays an important role in the model’s estimates of when CAFE
levels and corresponding average costs could increase, and by how much. Particularly given the model’s
representation of multiyear planning effects, increases in technology application (and resultant fuel
economy and cost increases) can be significant during model years with high concentrations of
redesigns, and less significant during model years with few redesigns. (Of course, not timing additional
technology to be applied during redesigns would involve additional costs.) Typical of product plans
manufacturers have previously provided to NHTSA, the following chart showing NHTSA’s estimates of
Toyota redesigns in the agency’s MY2010-based forecast has varying concentrations of redesigns:
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Given this estimated redesign schedule, it would be reasonable to anticipate that under a regulatory
alternative defined by steady, rapid increases in the stringency of CAFE standards, “extra” technology
might be added during MYs 2014-2016 and 2024 to facilitate compliance in MYs 2017 and 2025,
respectively.

Below, a series of charts illustrates the year-by-year impact of different aspects of the CAFE model’s
operation that interact with the refresh and redesign cadence.
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When multiyear planning effects (and credit and market effects) are not included in the simulation,
Toyota appears to have difficulty complying with either or both standards in several model years (2015,
2017, 2022, 2023, and 2025). This occurs because, in any given model year, the model applies only as
much technology as is needed to achieve compliance in that model year, and adds most technology only
to vehicles being redesigned in that model year (although the model “carries forward” technology
applied to other vehicles in prior model years).

NOTE regarding FFV credits and AFVs: For purposes of determining the maximum feasible stringency of
CAFE standards, EPCA/EISA does not allow NHTSA to consider manufacturers ability to apply CAFE credits
or increase AFV production. However, even for its “standard setting” analysis, NHTSA is allowed to
consider the potential that manufacturers would be able to apply credits in earlier model years. For the
MY2017-2025 rulemaking, NHTSA did so by assuming manufacturers could take full advantage of FFV
credit provisions through MY2016.
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60 Multivear Planning - No Use of Credits* - No Market-Driven FE Increases
55 - ’/.,_————1“
- '_._7__.// &)
50 A o
5. .
e -
P o g 3 r\',_"\
45 - P - :
o &
g //’/r{ &)
40 - e "
- ‘ /,,: O s A
S _._,__7.——*-""" : & > il 2N
e i G =
35 s 3 A ;
s S35 i
N G e
"40% of LT fleet redesigned, so ,_.»»"’"k ) B
P i oy G o © ke ey
30 (3] extra” FE increases appliied in 1,141.r o ?__- ::\ I
B e -
e il
_,Q;;;;:ﬁ“ﬁi'"ﬁ E\\\\\ --r- Required CAFE (PC)
25 g —e— Achieved CAFE (PC)
...to carry forward technology into 2015 .
- Required CAFE (LT)
—a— Achieved CAFE (LT)
20 T T T T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Model Year

*FFV credits considered through MY2016.

By simulating multiyear planning effects, the CAFE model suggests that Toyota could apply “extra”
technology in some early model years (e.g., 2014, for light trucks), in order to facilitate compliance in
later model years, when more stringent standards are in place and/or fewer redesigns are anticipated.
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DOT’s model also simulates credit carry-forward (aka banking) and transfers.

With the model set to apply EPCA/EISA’s statutory limitations on carry-forward and transfer limits,
DOT’s model suggests Toyota could transfer credits from the passenger car to the light truck fleet, and

carry forward credits to apply to the passenger car fleet in 2023 and 2025.
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Market-Driven FE Increases (1-Year Payback Period)

Given model inputs, introducing market-driven fuel economy leads CAFE levels to
increase beyond levels achieved in response only to CAFE standards, even when
limiting "pull” to technologies that "pay back” within first year of ownership.
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Model Year

DOT’s CAFE model can simulate the potential that if “extra” fuel economy increases are sufficiently
attractive to buyers, manufacturers will apply these increases even beyond the point required for

compliance with CAFE standards.

This effect is controlled by setting the “payback period” and discount rate applicable to fuel savings

realized over a vehicle’s useful life.

For the MYs 2017-2025 final rule, DOT showed a side case applying a 1-year payback period. This is
equivalent to assuming that, except as necessary to achieve compliance with CAFE standards, no
manufacturer will increase the fuel economy of any vehicle beyond the point at which additional costs
require longer than a year to “pay for themselves in fuel savings to the buyer”.

2/27/13

Page 8 of 10





U.S. DOT — NHTSA and Volpe National Transportation Systems Center
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For the final rule, DOT also examined side cases involving longer payback periods.

Relative to a vehicle’s average full useful life of more than 15 years, a 3-year payback period reflects

considerable “undervaluation” of fuel economy improvements.
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60 - Market-Driven FE Increases (3-Year Payback Period; High Fuel Prices)
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Like estimates of technology cost and effectiveness, fuel prices play a major role.
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Direct Manufacturing Costs (DMC)

O Sources:

= FEV, ANL BatPac model, Agency estimates of mass reduction and 2012-2016 final rule
and TAR (OEM and supplier interviews, product plan submissions and Ricardo)

0 Defined by:
= Source S year (e.g., 20105)
o Adjusted using GDP deflator
= Model Year (MY) of applicability (e.g., 2017)
o Defined the year in which learning starts (learning can go forward or backward)
= Learning rate (FRIA Table V-28)
o No learning —applied to technologies driven mostly by commodity prices
— 0% indefinitely
o “Flat” curve — applied to mature technologies

— 3% reduction for first 5 yrs., 2% reduction for 2" 5 yrs., followed by 1%
indefinitely

o “Steep” curve —applied to emerging technologies
— 20% reduction every 2 years for 2 cycles

o Once 2 cycles of “steep” learning was applied, technologies transitioned to “flat”
learning






Direct Manufacturing Costs (DMCQC) -
continued

QO Defined by:
= Engine architecture (e.g., I-4, V-6, V-8)

= Mass reduction impact on hybrid/electric vehicles battery and component
sizing






Indirect Costs (1C)

0 Defined by:
» |ndirect Cost Multiplier (ICM) applied to DMC

o 4 complexity levels

— Low, Medium, High1 and High2
o 2timeframes

— Near term

— Long term (applied after full implementation of technology is
assumed - e.g., MY2018 or MY2024)

Complexity |NearTerm |[LongTerm

Low 1.24 1.19
Medium 1.39 1.29
Highl 1.56 1.35

High2 1.77 15






Application of Stranded Capital

O FEV assumed a 10 year production life for capital depreciation

= |f a technology evaluated by FEV was replaced before the 10th year, there was the
potential for stranded capital

= FEV derived stranded capital costs for situations when technology was replaced
after 3, 5 and 8 years of production

= FEV assumed that if capital was stranded it would be recouped over a 5 year period

O NHTSA extrapolated the FEV values and created a look up table that
defined stranded capital for years 1-10 (FRIA Table V-31)

= |f the CAFE model replaced a technology evaluated by FEV before the 10t year it
applied the corresponding stranded capital cost from Tabled V-31 for 5 years

O The other option would have been to assume a 5 year product life
(i.e., capital costs amortized over 5 years)






Engine Downsizing Costs

18-bar 24-bar 27-bar
EPA Class NHTSA Class Technology List Abs. Cost Technology List Abs. Cost tI:cl' 8C :::: Technology List Abs. Cost tI:cz‘::::
Subcompact |Subcompact, Compact |14 to I3 wT -$193 |4 to I3wT -$193 $0 14t0 I3wWT -$193 $0
small car Midsize PC 14 DOHC to 14 DOHC wT -$85 14 DOHC to 14 DOHC wT -$85 $0 14 DOHC to 14 DOHC wT -$85 $0
V6 DOHC to 14 wT -$547 |V6 DOHC to 14 wT -$547 $0 |v6 DOHC to 14 wT -$547 $0
large car Large PC V8 DOHC to V6 DOHC wT -$274 |v8 DOHC to V6 DOHC wT -$274 $0 |Vv8 DOHC to 14 DOHC wT -$821 -$547
V8 OHV to V6 DOHC wT $315 |V8 OHV to V6 DOHC wT $315 $0 V8 OHV to 14 DOHC wT -$232 -$547
14 DOHC to 14 DOHC wT -$85 14 DOHC to 14 DOHC wT -$85 $0 14 DOHC to 14 DOHC wT -$85 $0
V6 DOHC to 14 wT -$547 |V6 DOHC to 14 wT -$547 $0 |v6 DOHC to 14 wT -$547 $0
minivan Minivan LT, Midsize LT |V6 SOHC to 14 wT -$382 |V6 SOHC to 14 wT -$382 $0 |v6 SOHC to 14 wT -$382 $0
V8 DOHC to V6 DOHC wT -$274 |V8 DOHC to V6 DOHC wT -$274 $0 V8 DOHC to 14 DOHC wT -$821 -$547
V8 SOHC to V6 DOHC wT -$84 V8 SOHC to V6 DOHC wT -$84 $0 V8 SOHC to 14 DOHC wT -$631 -$547
small truck Small LT V6 SOHC to 14 wT -$382 |V6 SOHC to 14 wT -$382 $0 V6 SOHC to 14 wT -$382 $0
V6 DOHC to 14 wT -$547 |V6 DOHC to 14 wT -$547 $0 V6 DOHC to 14 wT -$547 $0
V6 OHV to 14 DOHC wT $270 |V6 OHV to 14 DOHC wT $270 $0 V6 OHV to 14 DOHC wT $270 $0
V6 SOHC to 14 wT -$382 |V6 SOHC to 14 wT -$382 $0 V6 SOHC to 14 wT -$382 $0
large truck |large LT V8 DOHC to V6 DOHC wT -$274 |V8 DOHC to V6 DOHC wT -$274 $0  |v8 DOHC to 14 DOHC wT -$821 | -$547
V8 OHV to V6 DOHC wT $315 |Vv8 OHV to V6 DOHC wT $315 $0 V8 OHV to 14 DOHC wT -$232 -$547
V8 SOHC 3V to V6 DOHC wT -$155 |V8 SOHC 3V to V6 DOHC wT -$155 $0 V8 SOHC 3V to 14 DOHC wT -$703 -$547

* 20075 and applicable in MY2012






Turbocharging Costs

Configuration Baseline Source Applicable MY | Cost (2007%) Notes

TURB18-1 increment to base engine |FEV 2012 $404

TURB18-V increment to base engine |FEV 2012 $681

TURB24-1 increment to base engine |FEV 2012 $606 Single-stage turbo, 1.5x 18 bar
TURB24-V increment to base engine |FEV 2012 $1,022 Single-stage turbo, 1.5x 18 bar
TURB27-1 increment to base engine |2017+ NPRM 2012 $1,010  |2-stage turbo, 2.5x 18 bar
TURB27-V increment to base engine |2017+ NPRM 2012 $1,703  |2-stage turbo, 2.5x 18 bar

* 20075 and applicable in MY2012






Effectiveness Derivation

L

Mapped DOT vehicle classes to EPA classes (FRIA Table V-15)

Derived absolute effectiveness estimates for each step in decision
trees using EPA’s Lumped Parameter Model (LPM) - (FRIA Tables V-
17 thru V-27)

Calculated incremental effectiveness estimates for each technology
using absolute effectiveness for each step

= “In-path” synergies (those within a decision tree - e.g., engine path) were taken
into account because absolute effectiveness estimates accounted for
preceding/existing technologies
Derived “between-path” synergies (e.g., engine technology to
transmission technology)

= Systematically “walked” through applications of individual technologies to define
synergies between pairs of technologies

= |teratively evaluated hundreds of technology combinations to ensure these
combinations closely alighed with overall fuel consumption reductions predicted by

the LPM
o Focused on combinations that the CAFE model most often forms dynamically
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Direct Manufacturing Cost
Sources

. FEV

e  2012-2016FR

e  Agency Estimate of Mass
Reduction based on Literature

Review

e  ANL BatPac Model for Battery
Cost

. EPA Estimate for Non-Battery and
Charger Cost

Dollar Year

Per cylinder, per bank, per vehicle

Learning Curve
8 types of learning
curves used

Gather Direct Manufacturing Cost for
> Each Technology (DMC)
(89 items)

v

: Calculate Learned Direct

Manufacturing Cost for Each

Calculate Indirect Manufacturing Cost for Each
Technology (InDMC)
INDMC = DMCwLearning x ICM_Warranty

Technology (DMCwLearning)
DMCwLearning = DMC x Year-by-Year
Learning

g

+ DMC x ICM_NonWarranty

@
<

ICM-Other Indirect

ICM-Warranty

Calculate Total Cost for Each
Technology (Total Cost)
Total Cost = DMCwLearning + InDMC

4

Electrification Cost = Battery Cost +
NonBattery Cost + Charger Cost
(PHEV and EV)

Costs
Short Long Short Long ¢
Term Term Term Term
S LU E [ i 2aes | e Calculate Incremental Cost Relative to
Medium2 0.0446 0.0310 0.3427 0.2587 the Previous Technology
High1 0.0647 0.0318 0.4989 0.3136
High2 0.0736 0.0488 0.6964 0.4478

NHTSA Fuel Economy Division

February 27, 2013
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Name

Cost Source

Low Friction Lubricants - Level 1

2012-2016 FR

Engine Friction Reduction - Level 1

2012-2016 FR

Low Friction Lubricants and Engine Friction Reduction - Level 2

2017+ NPRM

Variable Valve Timing (VVT) - Coupled Cam Phasing (CCP) on SOHC

2012-2016 FR

Discrete Variable Valwe Lift (DVVL) on SOHC

2012-2016 FR

Cylinder Deactivation on SOHC

2012-2016 FR

Variable Valve Timing (VVT) - Intake Cam Phasing (ICP)

2012-2016 FR

Variable Valve Timing (VVT) - Dual Cam Phasing (DCP)

2012-2016 FR

Discrete Variable Valwe Lift (DVVL) on DOHC

2012-2016 FR

Continuously Variable Valve Lift (CVVL)

2012-2016 FR

Cylinder Deactivation on DOHC

2012-2016 FR

Stoichiometric Gasoline Direct Injection (GDI)

FEV

Cylinder Deactivation on OHV

2012-2016 FR

Variable Valve Actuation - CCP and DVVL on OHV

2012-2016 FR

Stoichiometric Gasoline Direct Injection (GDI) on OHV FEV
Downsizing for small, medium and large displacement, 18bar, 24bar and 27bar |FEV
Turbo for small, medium and large displacement, 18bar, 24bar and 27bar FEV
CEGR for small, medium and large displacement, 18bar, 24bar and 27bar FEV
Advanced Diesel for small, med and large displacement EPA

6-Speed Manual/Improved Internals

2012-2016 FR

Improved Auto. Trans. Controls/Externals

2012-2016 FR

6-Speed Trans with Improved Internals (Auto) FEV
6-speed DCT FEV
8-Speed Trans (Auto or DCT) FEV
High Efficiency Gearbox w/ dry sump (Auto or DCT) EPA
Shift Optimizer EPA

Electric Power Steering

2012-2016 FR

Improved Accessories - Level 1

2012-2016 FR

Integrated Starter Generator - Battery 2017 + FR
Integrated Starter Generator - Non-Battery 2017 + FR
Integrated Starter Generator - Battery 2017 + FR
Integrated Starter Generator - Non-Battery 2017 + FR
Strong Hybrid (Powersplit or 2-Mode) - Lewel 1 - Battery BatPac
Strong Hybrid (Powersplit or 2-Mode) - Level 1 - Non-Battery FEV
Conversion from SHEV1 to SHEV2 BatPac
Strong Hybrid (P2 Parallel or 2-Mode) - Lewel 2 - Battery BatPac
Strong Hybrid (P2 Parallel or 2-Mode) - Lewvel 2 - Non-Battery FEV
Plug-in Hybrid - 20 mi range - Battery BatPac
Plug-in Hybrid - 20 mi range - Non-Battery FEV
Plug-in Hybrid - 40 mi range - Battery BatPac
Plug-in Hybrid - 40 mi range - Non-Battery FEV
Electric Vehicle (Early Adopter) - 75 mile range - Battery BatPac
Electric Vehicle (Early Adopter) - 75 mile range - Non-Battery FEV
Electric Vehicle (Early Adopter) - 100 mile range - Battery BatPac
Electric Vehicle (Early Adopter) - 100 mile range - Non-Battery FEV
Electric Vehicle (Early Adopter) - 150 mile range - Battery BatPac
Electric Vehicle (Early Adopter) - 150 mile range - Non-Battery FEV
Electric Vehicle (Broad Market) - 150 mile range - Battery BatPac
Electric Vehicle (Broad Market) - 150 mile range - Non-Battery FEV

Fuel Cell Vehicle 2017+ NPRM
Charger-PHEV20 EPA
Charger-PHEV40 EPA
Charger-EV EPA
Charger Labor EPA

Mass Reduction

Literature Review,
Agency Consensus

Low Rolling Resistance Tires - Level 1

2012-2016 FR

Low Rolling Resistance Tires - Level 2

2017+ NPRM

Low Rolling Resistance Tires - Level 3

N/A

Low Drag Brakes

2012-2016 FR

Secondary Axle Disconnect

2012-2016 FR

Aero Drag Reduction, Lewvel 1

2012-2016 FR

Aero Drag Reduction, Level 2

2010 TAR
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