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|. Introduction

In December 1975, during the aftermath of the energy crisis created by the oil embargo of
1973-1974, Congress enacted the Energy Policy and Conservation Act (EPCA). The Act
established an automotive fuel economy regulatory program by adding Title V, "Improving
Automotive Efficiency," to the Motor Vehicle Information and Cost Saving Act. These
corporate average fuel economy (CAFE) standards set a minimum performance requirement in
terms of an average number of miles a vehicle travels per gallon of gasoline or diesel fuel.
Section 32902(a) of Chapter 329 states that the Secretary of Transportation shall prescribe by
regulation CAFE standards for light trucks for each model year in consideration of four factors in
determining the "maximum feasible" fuel economy level:

(1) technological feasibility;

(2) economic practicability;

3) the effect of other Federal motor vehicle standards on fuel economy; and
(4) the need of the Nation to conserve energy.

CAFE standards are set by statute for passenger cars and by regulation for light trucks. The first
light truck CAFE standards were established for model year (MY) 1979 and applied to light
trucks with Gross Vehicle Weight Ratings (GVWR) up to 6000 pounds. Beginning with MY
1980, NHTSA raised this GVWR ceiling to 8500 pounds. During the 1980’s and early 1990°s,
light truck standards were set frequently, covering short time periods. In 1994, the agency
departed from its usual past practice of considering light truck standards for one or two model
years at a time and published an Advance Notice of Proposed Rulemaking (ANPRM) in the
Federal Register outlining NHTSA's intention to set standards for some, or all, of MYs 1998-
2006. On November 15, 1995, Congress put a freeze on all CAFE related activities in the
Department of Transportation and Related Agencies Appropriations Act for FY 1996, stating:

None of the funds in this Act shall be available to prepare, propose, or promulgate
any regulations . . . prescribing corporate average fuel economy standards for
automobiles . . . in any model year that differs from standards promulgated for
such automobiles prior to enactment of this section.

In 1996, the agency set a light truck standard for model year 1998 at the existing 20.7 mile per
gallon (mpg) level. The agency continued this practice due to the limitations on appropriations
for model years 1999 through 2003.

The Department of Transportation and Related Agencies Appropriations Act for FY 2001
contained the restriction on CAFE rulemaking identical to that contained in prior appropriation
acts. However, the conference committee report for that Act directed that NHTSA fund a study
by the National Academy of Sciences (NAS) to evaluate the effectiveness and impacts of CAFE
standards. NAS submitted its report to the Department of Transportation on July 30, 2001. The
final report, released in January 2002, concluded that technologies exist that could significantly
increase passenger car and light truck fuel economy within 15 years.
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In a letter dated July 10, 2001, Secretary of Transportation Norman Mineta asked the House and
Senate Appropriations Committees to lift the restriction on the agency’s spending funds for the
purposes of improving CAFE standards. The Appropriations Act for FY 2002, which was
enacted on December 18, 2001, did not contain a provision restricting the Secretary’s authority
to prescribe fuel economy standards. Because the agency did not have adequate time to conduct
an appropriate analysis, the MY 2004 CAFE standard was set at the existing 20.7 mpg. The
following year, the agency set new CAFE standards for MY 2005-2007 that increased the
standards for light trucks by a total of 1.5 mpg. The agency estimated the costs and benefits of
this rulemaking using a combination of manual and automated technology analysis and
spreadsheet-based effects analysis.

After the MY 2005-2007 light truck rulemaking ended, it became apparent that the development
of an automated rulemaking tool capable of evaluating both the stringency and changes in the
structure of the CAFE regulation would be desirable for a number of reasons. In the past,
standards have been set by manually applying fuel saving technologies to individual vehicles to
determine a standard. While this process has its merits, it is time consuming and generally not
repeatable. An automated modeling system would help meet tight the deadlines demanded by the
rulemaking process. Presently, we are limited to setting standards for only a few years at a time.
CAFE standards must be set no more than 18 months in advance of the regulated MY. For
example, standards governing MY 2008 must be set no later than April 1, 2006. If a standard is
not set for a given MY, there is no CAFE standard for the year. The process begins at least a year
earlier with a 90-day request for comment (RFC) and solicitation of manufacturer product plans.
Once the data is analyzed, standards are proposed in a notice of proposed rulemaking (NPRM)
followed by a 90-day comment period. Comments are analyzed and incorporated into the
analysis to determine if there is a need to modify the proposed standards for the final rule.

Although the entire process takes a year or longer, the time allowed for analysis is much shorter.
Initial standards must be determined after the RFC comment period has closed and before the
NPRM is released. Final standards are determined after the NPRM comment period closes and
before the FR is published. A computerized rulemaking analysis system would save time during
the two short periods that the agency has to determine CAFE standards. Keeping the system
updated in periods in between rulemakings would alleviate the need to “reinvent the wheel”
every one, two or three years that CAFE standards must be set.

CAFE activities involve more than setting light truck stringency standards. The agency is
frequently asked by Congress and the administration to evaluate alternative CAFE proposals that
are considered in legislation. These requests must be answered within a few days. The agency is
also involved in a rulemaking to reform the regulation. On December 29, 2003, NHTSA
published an advanced notice of proposed rulemaking (ANPR) for CAFE reform. In the
document, we describe potential reforms that we have the statutory authority to implement.
Many of these reforms were suggested in the NAS report. In the past year, NHTSA had to
evaluate a petition filed by Nissan of North America. All of these tasks will or would be greatly
simplified by an automated rulemaking analysis system.

Over time, the analysis required to set CAFE standards has become increasingly complicated and
presently includes a multitude of economic and environmental impacts that were not considered
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in the past. In addition to accounting for these impacts, a computer model will allow for the
evaluation of incremental costs and benefits rather than total costs and benefits when setting
standards. The model will also allow for an uncertainty analysis to measure the potential range of
outcomes. Neither of these types of analyses are practical under the manual approach of applying
technologies to each vehicle.

The CAFE rulemaking analysis system that is described in this document links all the analyses
together into a cohesive and transparent computer model. The model can be used to analyze
changes in CAFE stringency and the structure of the regulation separately or simultaneously over
several model years. Given a policy change, the modeling system predicts how manufacturers
will react through applications of fuel saving technologies to comply with CAFE standards. The
system then determines the economic and environmental impacts that result.

When constructing the modeling system, we relied on well-known studies, models and
assumptions from credible sources outside the Department of Transportation. Technology
assumptions and implementation paths are taken from the National Academy of Science’s CAFE
report. Economic assumptions come from various academic publications and the Office of
Management and Budget’s regulatory guidelines. Environmental analyses are conducted using
the Environmental Protection Agency’s MOBILE6 model and Argonne National Laboratory’s
GREET model.

I1. Comparability to Other Modeling Systems

Before beginning development of this modeling system, we considered other options for
analyzing CAFE standards. However, such options are limited by structural and functional
considerations. The most important structural requirement is the ability to represent the vehicle
fleet in fine detail. Specifically, each vehicle model configuration, of which there are more than
a thousand, must be accounted for separately. Important functional requirements include, but are
not limited to the ability to properly account for various combinations of potential CAFE
reforms, determine the applicability and cost efficiency of various technologies on a model-by-
model basis, account for the use of a given engine or transmission across multiple vehicle
models, calculate shifts in sales volumes resulting from changes in vehicle prices and fuel
economy levels, properly assign vehicle models to relevant emissions “classes”, and calculate
changes in highway travel, energy demand, emissions, and economic externalities related to
highway travel and energy consumption.

Although various other modeling systems address some of these requirements, and some do so
more robustly than the system discussed here, we are aware of no other system that provides the
ability to efficiently fulfill even a majority of these requirements.

The most relevant alternative modeling system known to us is the National Energy Modeling
System (NEMS), which is maintained by the Department of Energy’s (DOE’s) Energy
Information Agency (EIA).! NEMS is an integrated modeling system designed to forecast future
energy supply and demand based on a wide range of data and assumptions regarding key supply

" NEMS documentation is available at http://www.eia.doe.gov/bookshelf/docs.html.
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and demand sectors, and interactions with macroeconomic models maintained by Global Insight,
Inc. With respect to CAFE, the following features of NEMS are especially relevant: explicit
models of international petroleum markets, domestic petroleum production, and petroleum
refining; representation of a wide range of technologies relevant to light vehicle fuel economy;
explicit representation of CAFE standards for passenger and nonpassenger automobiles; and
feedback between petroleum product price, demand, and supply. EIA uses NEMS to produce its
Annual Energy Outlook (AEOQ) series and to respond to requests by members of Congress for
analyses of potential policies, including potential CAFE standards.

We expect to use NEMS to develop some key inputs, such as fuel prices and domestic refinery
output, for the system discussed here. Separately, because our system does not attempt to
simulate energy supply, we also expect to use NEMS to examine potential feedbacks between
CAFE policies and energy markets (although such feedbacks are typically estimated to be
relatively small).

Table 1. Key Differences between this System and NEMS

Characteristic This System NEMS

model-by-model (1,000" records/year) with
topic-specific aggregation

accounting structure 24 vehicle categories mapped to four groups
(domestic and imported cars and light

trucks)

CAFE policies
represented

conventional standards conventional standards
changes to light truck definition
expansion to cover heavy vehicles
class-based standards

CAFE credit trading (limited)
function-based standards

“fixed attribute” standards

intended modeling narrow (window of 3-5 model years) medium (25 years)

period
technologies “conventional” technologies “conventional” technologies
HEVs HEVs
AFVs
technology cost static dynamic

estimates

interactions with

energy market

estimated using NEMS-based fuel price
forecasts and other energy-related inputs

explicit feedbacks between energy
consumption, supply, and prices

reporting

full useful life on MY-by-MY basis

annual on CY-by-CY basis

model-by-model
manufacturer-specific
industry-wide

import/domestic car/truck
industry-wide

However, the ability of NEMS to meet the above-mentioned requirements is currently limited in
several important ways, as is understandable given that NEMS is designed primarily for mid-
term energy forecasting, not near-term regulatory analysis. Key differences, summarized above
in Table 1, are as follows: First, and most important, although NEMS divides light vehicles into
several representative classes, it cannot represent light vehicles on a model-by-model basis. This
means, that NEMS does not produce manufacturer-specific estimates of compliance costs.
Second, although NEMS allows for the year-by-year specification of standards for passenger and
nonpassenger CAFE standards, it does not provide the ability to simulate most potential CAFE
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reforms. Because of its class-based representation of the vehicle market, modification of NEMS
to represent many CAFE reforms would require significant data development and programming.

Among other modeling systems we have considered, key capabilities and limitations vis-a-vis
analysis to support CAFE rulemakings are as follows:

ADVISOR: The “Advanced Vehicle Simulator” (ADVISOR), which was created by
DOE's National Renewable Energy Laboratory (NREL) and recently commercialized by
AVL Powertrain Engineering, estimates vehicular energy consumption through second-
by-second simulation based on detailed vehicle and drive cycle characteristics.” Though
possibly relevant in a vehicle design environment, ADVISOR’s data requirements are far
too extensive for CAFE analysis, and it provides no means of performing most other
CAFE-related calculations (e.g., compliance evaluation, cost estimation, fleet energy
consumption and emissions). Similar vehicle simulation tools, such as AVL’s CRUISE
model and Argonne’s PSAT model, share these basic capabilities and limitations.

GREET: Argonne’s “Greenhouse Gases, Regulated Emissions, and Energy Use in
Transportation” (GREET) model is a spreadsheet-based system that estimates full fuel-
cycle energy consumption and emissions for various combinations of vehicle
technologies and fuels.” Although GREET does not perform other CAFE-related
calculations (e.g., cost estimation), we use it to estimate upstream (i.e., non-vehicular)
emissions as inputs to our modeling system.

MOBILE: EPA’s MOBILE model predicts vehicular emission rates under various
conditions.” Although MOBILE does not perform other CAFE-related calculations, we
use it to estimate vehicular emissions as inputs to our modeling system.

SGM: Pacific Northwest National Laboratory’s (PNNL’s) “Second Generation Model”
(SGM), developed as a complement to the PNNL’s first generation model (“MiniCAM”),
is a computable general equilibrium model with conceptual similarities to NEMS and
explicit representation of transportation sector energy demand. However, the SGM does
not explicitly represent CAFE standards, and its representation of the passenger vehicle
market is far too generalized to meaningful for CAFE-related analysis.’

TAFV: Leiby and Rubin’s “Transitional Alternative Fuels and Vehicles” (TAFV) model
estimates the cost and consumption of alternative fuels and alternative fuel vehicles
during a transition between a conventional market and a market in which such fuels and
vehicles play a much more significant role.’

? Documentation of ADVISOR is available at http://www.ctts.nrel.gov/analysis/advisor.html.
* Documentation of GREET is available at http://www.transportation.anl.gov/software/GREET/index.html.

* Documentation of MOBILE (and a successor called MOVES that EPA is developing) is available at
http://www.epa.gov/otag/models.htm.

> Documentation of SGM and MiniCAM is available at http://www.globalchange.umd.edu/?tools.
% Documentation of TAFV is available at http:/pzl1.ed.ornl.gov/altfuels.htm.
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I11. Design and Rationale
A. Overall Structure

The basic design of the CAFE Compliance and Effects Modeling System is as follows: The
system first estimates how manufacturers might respond to a given CAFE scenario and then
estimates what impact that response will have on energy consumption, emissions, and economic
externalities. A CAFE scenario could involve one or more CAFE reforms, such as a change to
the definition of nonpassenger automobiles, or a simple change in the stringency of either the
passenger or nonpassenger automobile standard.

Compliance simulation and effects estimation encompass numerous subsidiary elements.
Compliance simulation begins with a detailed initial forecast of the vehicle models offered for
sale during the simulation period. In general, NHTSA and the Volpe Center assemble these
forecasts by integrating detailed confidential product plans provided by some manufacturers with
“synthesized” forecasts of other manufacturers’ offerings.” The compliance simulation then
attempts to bring each manufacturer into compliance with a CAFE policy scenario described in
an input file developed by the user. The model sequentially applies various technologies to
different vehicle models in each manufacturer’s product line in order to make progress toward
compliance with CAFE standards. Subject to a variety of user-controlled constraints, the model
applies technologies based on their relative cost effectiveness, as determined by several input
assumptions regarding the cost and effectiveness of each technology, the cost of CAFE-related
civil penalties, and the value of avoided fuel expenses. For a given manufacturer, the
compliance simulation algorithm applies technologies until the manufacturer achieves
compliance, until the manufacturer exhausts all available technologies, or until paying fines
becomes more cost effective than increasing vehicle fuel economy. The user may disable the
fine paying option for manufacturers that generally do not pay fines, thus forcing the
manufacturer to add additional technology. At this stage, the system assigns an incurred
technology cost and updated fuel economy to each vehicle model, as well as any civil penalties
incurred by each manufacturer.

This point marks the system’s transition between compliance simulation and effects calculations.
At the conclusion of the compliance simulation for a given model year, the system contains a
new fleet of vehicles with new prices, sales levels, fuel types, fuel economy values, and curb
weights that have all been updated to reflect the application of technologies in response to CAFE
requirements. For each vehicle model in this fleet, the system then estimates the following:
lifetime travel, fuel consumption, and carbon dioxide and criteria pollutant emissions. After
aggregating model-specific results, the system estimates the magnitude of various economic
externalities related to vehicular travel (e.g., noise) and energy consumption (e.g., the economic
costs of short-term increases in petroleum prices).

7 As needed, we typically develop a “synthesized” forecast by assembling available data for a recent model year and
inflating sales volumes consistent with overall market forecasts.
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Different categorization schemes are relevant to different types of effects. For example, while
energy and carbon dioxide calculations group vehicles by type of fuel, criteria pollutant
calculations group vehicles by U.S. Environmental Protection Agency (EPA) emissions classes.
Therefore, unlike many other modeling systems, this system uses model-by-model categorization
and accounting when calculating most effects, and aggregates results only as required for
efficient reporting.
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B. CAFE Compliance Simulation
B.1. Compliance Simulation Algorithm

Each time the modeling system is used, it evaluates one or more CAFE scenarios. Each of these
scenarios is defined in the “compliance model parameters” input file described in Appendix C.
Each scenario describes an overall CAFE program in terms of the program’s coverage, the
definition of nonpassenger automobiles, the stringency of the standards applicable to passenger
automobiles, and the structure and stringency of the standards applicable to nonpassenger
automobiles. The first scenario is identified as the baseline scenario, providing results to which
results for any other scenarios are compared. Although many scenarios can be examined with
each run of the model, for simplicity in this overview, we will only describe one scenario
occurring in one model year.

The compliance simulation applies technology to each manufacturer’s product line based on the
CAFE program described by the current scenario and the assumed willingness of each
manufacturer to pay civil penalties rather than complying with the program. The first step in this
process involves definition of the fleet’s initial state—that is, the volumes, prices, and attributes
of all vehicles as projected without knowledge of CAFE standards—during the study period,
which can cover one or more consecutive model years (MYs) during MY2002-MY2015. The
second step involves evaluating the applicability of each available technology to each vehicle
model, engine, and transmission in the fleet. The third and final step involves the repeated
application of technologies to specific vehicle models, engines, and transmissions in each
manufacturer’s fleet. For a given manufacturer, this step terminates when CAFE standards have
been achieved or all available technologies have been exhausted. Alternatively, if the user
specifies that some or all manufacturers should be considered willing to pay CAFE fines (i.e.,
civil penalties for noncompliance), this step terminates when it would be less expensive to pay
such fines than to continue applying technology.

Initial State of the Fleet

The fleet’s initial state is developed using information contained in the vehicle models, engine,
and transmission worksheets described in Appendix C. The set of worksheets uses identification
codes to link vehicle models to appropriate engines, transmissions, and preceding vehicle
models. Figure 1 provides a simplified example illustrating the basic structure and
interrelationship of these three worksheets, focusing primarily on structurally important inputs.
These identification codes make it possible to account for the use of specific engines or
transmissions across multiple vehicle models. They also help the compliance simulation
algorithm to appropriately “carry over” technologies between model years.
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Sales Price . -
Engine Transmission
\{Eh Model FE Cg d Cod Predecessor
MY08 | MY09 | Myos | MYO09 ode ode
223 Mla 2095 | 22301 | 2+776 | 27,750 28,125 1 2
24 | M2a | 2078 57,118 22,500 1 \
225‘ M3a 18.33 32,089 31,250 /2 71
227 Mda 22.02 45,793 24,250 3 /3 \
228 M3b 18.51 37,283 31,50 4 /4 225
Engines Workshget
Eng . Valve per
D Nagme Fuel Cyl Displacement Cylinder
1 Ela G 6 / 35 2
2K E2a G §/ 4.0 2
3 Elb G /6 35 4
4 E2b G / 8 4.0 4
Transmissionf Worksheet
Trans
D ame Type Gears Control
1 M5 C 5 M
2 / Ada T 4 A
3 / AS5b T 5 A
4* Adc T 4 A

Figure 1. Basic Structure of Input File Defining the Fleet’s Initial State
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Technology Application

Having defined the fleet’s initial state, the system applies technologies to each manufacturer’s
fleet based on the CAFE program for the current model year. The system currently represents
the set of technologies considered by the NAS in its 2002 study of the CAFE program. The
Final Economic Analysis of the recent rulemaking establishing MY2005-MY 2007 nonpassenger
automobile standards explains why we have used this set of technologies and the accompanying
NAS assumptions regarding cost impacts and fuel consumption benefits.® In addition to this set
of technologies, the system also provides a means of representing “Dieselization” (i.e.,
replacement of gasoline with Diesel engines), the use of hybrid powertrains, and materials
substitution to change vehicle weight. Table 2 lists the technologies represented by the system,
and the grouping we have applied to enable the system to follow a constrained path within any
given group without being unnecessarily prevented from considering technologies in other
groups. This “parallel path” approach is discussed below.

Table 2. Technologies

Engine Technologies Transmission Technologies

Low Friction Lubricants 5-Speed Automatic Transmission

Engine Friction Reduction 6-Speed Automatic Transmission

Multi-Valve, Overhead Camshaft Automatic Transmission w/ Aggressive Shift Logic
Variable Valve Timing Continuously Variable Transmission (CVT)
Cylinder Deactivation Automatic Shift Manual Transmission (AST/AMT)
Variable Valve Lift & Timing Advanced CVT

Engine Supercharging & Downsizing
Camless Valve Actuation

Intake Valve Throttling

Variable Compression Ratio

Dieselization’

Materials Substitution Dynamic Load Reduction Other

Material Substitution 1 Improved Rolling Resistance Electric Power Steering
Material Substitution 2 Aero Drag Reduction' Engine Accessory Improvement
Material Substitution 3 42 Volt Electrical Systems

nll

Material Substitution "Plus Integrated Starter/Generator

As discussed in Appendix C, input assumptions for each of these technologies are specified in
the technologies input file, and are specific to each of the following vehicle types: small SUVs,
midsize SUVs, large SUVs, minivans, small pickups, large pickups, subcompact cars, compact
cars, midsize cars, and large cars. Table 3 lists the input assumptions specified in this file.

¥ [add reference]
? Replacing a gasoline engine with a Diesel engine.
1% Aerodynamic improvements have been assigned to a separate technology group.

" Increasing vehicle weight through materials substitution.
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Table 3. Technology Input Assumptions

Input Meaning

FC-Low minimum reduction (%) of fuel consumption

FC-High maximum reduction (%) of fuel consumption

Cost-Low minimum added cost'? (retail price equivalent in 2003 dollars)
Cost-High maximum added cost'? (retail price equivalent in 2003 dollars)

Year Avail. first model year available

Pathl inclusion on technology application path #1

Path2 inclusion on technology application path #2

Path3 inclusion on technology application path #3

Phase-In maximum share of fleet (%) to which technology may be added in any single model year
Kweight percent change reduction of curb weight (materials substitution only)
Abbr. abbreviation for technology

seq sequence for ordering technologies within each technology group
TechType technology group (see Table 2)

As discussed below, the system uses estimates of each technology’s impact on cost and fuel
consumption when selecting which technologies to apply to which vehicles in order to achieve
compliance with CAFE standards. Within each technology group (as specified using the
“TechType” field mentioned above), the system considers technologies based on their order of
appearance (which corresponds to the “seq.” field), taking into account overall availability (as
specified using the “Year Avail.” field) and any constraints on the rate of uptake (as specified
using the “Phase-In” field). As discussed below, the applicability of a given technology to one
of the types of vehicles mentioned above is determined, at least provisionally, by the inclusion or
exclusion of the technology on the selected “NAS Path” (i.e., Path1, Path2, or Path3). The user
defines these paths in an input file discussed in greater detail in Appendix C (see Table C-5).
The user also specifies which path is to be applied. As discussed below, the precise sequence
with which technologies are applied to different vehicle models is determined using an
optimization algorithm subject to several user-specified constraints in addition to those related to
the choice and definition of path.

Unless the current model year is the first or only model year in the study period, the compliance
simulation algorithm first applies any technologies that should be “carried over” from the
previous model year. This carryover is implemented based on any “predecessor” relationships
specified in the vehicle models input file, and increases the cost and fuel economy of affected
vehicles in the current model year."” Carrying over technologies between model years based on
such relationships avoids some unlikely predictions, such as that a given technology would be
added to a given vehicle model in one model year and then removed in the following model year.

12 Because materials substitution is applied as a percentage of curb weight, the corresponding cost estimates are in
dollars per pound of incremental change in curb weight.

" Because it occurs without reference to CAFE standards applicable to the current model year, this technology
carryover can cause overcompliance with one or more CAFE standards, depending on overall changes in the
manufacturer’s fleet.

11
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The algorithm next determines the applicability of each technology to each vehicle model,
engine, and transmission. Ifthe technology is available in the current model year and included
on the NAS technology application path selected by the user (e.g., if the user has selected “Path
2 and Path?2 is set to “TRUE” for the appropriate vehicle type and the technology in question),
the system identifies the technology as potentially applicable. However, technology “overrides”
can be specified for specific vehicle models, engines, and transmissions in the corresponding
input files."* If any such overrides have been specified, the algorithm reevaluates applicability as
shown in Figure 2.

" These overrides, described in Appendix C (see Table C-2), provide a means of accounting for engineering and
other issues not otherwise represented by input data or the overall system.

12
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Figure 2. Technology Applicability Determination
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If a given technology is still considered applicable after considering any overrides, the algorithm
again reevaluates applicability based the following engineering conditions:

Table 4. Engineering Conditions for Technology Applicability

Technology Constraint
Low-Friction Lubricants Do not apply if engine oil is better than SW30
Variable Valve Timing (VVT) gl(; élgt;?ply to OHV engines or engines with displacement greater
Variable Valve Lift and Timing (VVLT) Do not apply to engines with displacement greater than 3.0 / or that do
not already have VVT

Do not apply to engines with VVT, VVLT, multivalve OHC, and/or
fewer than 6 cylinders.

Continuously Variable Transmission Apply only to FWD unibody vehicles.

Front Axle Disconnect Apply only to 4WD vehicles with cylinder count greater than six.

For vehicles with curb weights over 4,000 pounds, do not apply unless
42-Volt systems are already present.

Do not apply to SUVs with seating less than 7 or pickups with seating
less than 4

Weight Reduction Do not apply to vehicles with curb weights below 5,000 pounds.

Cylinder Deactivation

Electric Power Steering

Integrated Starter-Generator

Having determined the applicability of each technology to each vehicle model, engine, and/or
transmission, the compliance simulation algorithm begins the process of applying technologies
based on the CAFE standards applicable during the current model year. This involves repeatedly
evaluating the degree of noncompliance, identifying the “best next” technology available on each
of the parallel technology paths mentioned above, and applying the best of these. Figure 3 gives
an overview of the process. If, considering all regulatory classes, the manufacturer owes no
CAFE fines, the algorithm applies no technologies beyond any carried over from the previous
model year. If the manufacturer does owe CAFE fines, the algorithm first finds the best next
applicable technology in each of the technology groups (e.g., engine technologies), and applies
the same criterion to select the best among these. If this manufacturer is assumed to be unwilling
to pay CAFE fines (or, equivalently, if the user has set the system to exclude the possibility of
paying fines as long as some technology can still be applied), the algorithm applies the
technology to the affected vehicles. If the manufacturer is assumed to be willing to pay CAFE
fines and applying this technology would have a lower “effective cost” (discussed below) than
simply paying fines, the algorithm also applies the technology. In either case, the algorithm then
reevaluates the manufacturer’s degree of noncompliance. If, however, the manufacturer is
assumed to be willing to pay CAFE fines and doing so would be less expensive than applying the
best next technology, the algorithm stops applying technology to this manufacturer’s products.
After this process is repeated for each manufacturer, the compliance simulation algorithm
concludes.

14
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Begin

Find Best Next
] Transmission Modification

Find Best Next

Engine Modification
N Find Best Next > Select Best Nf:xt .
Accessory Load Reduction Technology Application
N Fir}d Best Next Manufacturer
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[, Find Best Next .
Other Dynamic Load Reduction
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Fines?

Apply ];est Tech. | | Pay Fines |
I

Repeat for Next Manufacturer
Or
Proceed to Cost Allocation Model

Figure 3. Compliance Simulation Algorithm

Whether or not the manufacturer is assumed to be willing to pay CAFE fines, the algorithm uses
CAFE fines not only to determine whether compliance has been achieved, but also determine the
relative attractiveness of different potential applications of technologies. Whenever the
algorithm is evaluating the potential application of a technology, it considers the effective cost of

15
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applying that technology to the group of vehicles in question, and chooses the option that yields
the lowest effective cost.'> The effective cost is used for evaluating the relative attractiveness of
different technology applications, not for actual cost accounting. The effective cost is defined as
the change in total technology costs incurred by the manufacturer plus the change in CAFE fines
incurred by the manufacturer minus the value of any reduction of fuel consumed by vehicles sold
by the manufacturer:

ATECHCOST + AFINE —VALUE
(j()g]gﬁ — ]v‘ FUEL

J

(1.1)

where ATECHCOST is simply the product of the unit cost of the technology and the total sales
(Nj) of the affected cohort of vehicles (f). The value of the reduction in fuel consumption
achieved by applying the technology in question to all vehicles 7 in cohort j is calculated as
follows: '

VALUE,,,, = Z

iej

T SURVMI,FUELPRICE,,,, [ 1 1 (12)
S (1-gap)(1+7 FE, FE '

)V+0A5

where M, is the number of miles driven in a year at a given vintage v, SURV, is the probability
that a vehicle of that vintage will remain in service, FE; and FE, are the vehicle’s fuel economy

prior to and after the pending application of technology, gap is the relative difference between
on-road and laboratory fuel economy, N; is the sales volume for model i in the current model
year MY, FUELPRICE)y+, is the price of fuel in year MY+v, and PB is a “payback period”, or
number of years in the future the consumer is assumed to take into account when considering
fuel savings. As discussed in Appendix C, MI,, SURV,,FUELPRICE)y-,, and PB are all
specified in the compliance model parameters file.

In (1.1), AFINE is the change in total CAFE fines (i.e., accounting for all regulatory classes in
the current CAFE scenario and model year). Typically, AFINE is negative because applying a
technology would increase CAFE."” AFINE is calculated by evaluating the following before and
after the pending technology application, and taking the difference between the results:

FINE =k, | Y MIN(CREDIT,,0)+ MIN(Z CREDITC,OH (1.3)

ceT ceTl

' Such groups can span regulatory classes. For example, if the algorithm is evaluating a potential upgrade to a
given engine, that engine might be used by a station wagon in the domestic passenger automobile fleet, a large car in
the imported passenger automobile fleet, and a minivan in the nonpassenger automobile fleet. If the manufacturer’s
domestic and imported passenger automobile fleets both comply with the corresponding standard, the algorithm
accounts for the fact that upgrading this engine will incur costs and realize fuel savings for all three of these vehicle
models, but will only yield reductions of CAFE fines for the nonpassenger fleet.

' This is not necessarily the “actual” value of the fuel savings, but rather the increase in vehicle price the
manufacturer is assumed to expect to be able impose without losing sales.

17 Exceptions can occur if materials substitution is applied under a weight-based system.

16
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Here, T is the set of vehicles among which credit trading is allowed (i.e., the “trading pool”) and
kr is in dollars per mpg (e.g., $55/mpg) and specified in the compliance model parameters file.
Currently, the trading pool is either an empty set (if credit trading is not allowed in the current
scenario) or includes all classes of nonpassenger automobiles (if credit trading is allowed).
Credit trading between manufacturers is not accommodated. The system assumes that as
regulatory classes, both domestic and imported passenger automobiles are excluded from any
such trading.'® Therefore, for any system in which nonpassenger automobiles are covered as a
single regulatory class, no credit trading is allowed. Also, the system currently implements
credit trading only within a single model year, and does not attempt to account for credit “carry
forward” (i.e., banking) or “carry back” between model years.

Within each regulatory class C, the net amount of CAFE credit created (noncompliance causes
credit creation to be negative, which implies the use of CAFE credits) is calculated by
subtracting the CAFE level achieved by the class from the standard applicable to the class, and
multiplying the result by the number of vehicles in the class. Taking into account the possibility
of attribute-based CAFE standards (for nonpassenger automobiles), this is expressed as follows:

CREDIT, = N,[STD, (N,,A, )-CAFE_(N_,FE,)] (1.4)

where A¢ is a vector containing the value of the relevant attribute for each vehicle model in
regulatory class C, CAFE( is the CAFE level for regulatory class C (e.g., if the standard depends
on curb weight, Ac contains each vehicle model’s curb weight), FE( is a 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¢ is a vector containing the sales volume for each vehicle model in
regulatory class C, and STD(N¢ ,A¢) is a function defining the standard applicable to regulatory
class C. For all systems that use flat CAFE standards, STD(N¢ ,Ac¢) reduces to STD¢ (e.g., 27.5

mpg).

Figure 4 gives an overview of the logic the algorithm follows in order to identify the best next
technology application for each technology group.

'8 Under current CAFE provisions, CAFE credits may be transferred across model years (subject to limitations) but
may not be transferred between the domestic passenger automobile, imported passenger automobile, and
nonpassenger automobile fleets. For systems that divide nonpassenger automobiles into multiple regulatory classes,
we accommodate the possibility that trading between these new classes might or might not be allowed.
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Within a given technology group, the algorithm considers technologies in the order in which they
appear. If the phase-in limit for a given technology has been reached, the algorithm proceeds to
the next technology. If not, the algorithm determines whether or not the technology remains
applicable to any sets of vehicles, evaluates the effect cost of applying the technology to each
such set, and identifies the application that would yield the lowest effective cost. As shown in
Figure 3, the algorithm repeats this process for each technology group, and then selects the
technology application yielding the lowest effective cost.

C. Calculation of Effects

This section describes how the effects of tightening or reforming CAFE standards on energy use,
emissions of air pollutants and greenhouse gases are estimated. These effects are caused by
improvements in the fuel economy of some vehicle models as manufacturers respond to changes
in the CAFE standards, together with changes in the composition and use of the light-duty
vehicle fleet resulting from new vehicle buyers’ responses to changes in the prices and fuel
economy levels of new vehicle models. This section also describes how these various impacts
are translated into estimates of economic benefits or costs, and identifies whether these economic
impacts are or borne privately by vehicle owners or by society as a whole.

The effects on energy use, emissions from tightening or reforming CAFE standards are estimated
separately for each individual vehicle model and vintage (model year) over its expected life span
in the U.S. vehicle fleet.® A vehicle’s life span extends from the initial year when it is produced
and sold until the time when all vehicles from that model year have been scrapped or retired

% [deleted]
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from service, assumed to be 30 years after it is sold.”” Each of these effects is measured by the
difference in the value of a variable — such as total gallons of fuel consumed by a vehicle model
and vintage during a future calendar year — with the baseline CAFE standard (usually the
standard currently in effect for that class of vehicle) remaining in effect, and if those vehicles
were instead required to comply with a stricter CAFE standard.

Although these effects are calculated for individual vehicle models and vintages, they are
typically reported at the aggregate level for all vehicle models in each CAFE class (domestic
automobiles, import automobiles, and light trucks) produced during each model year affected by
the stricter standard. These aggregated values are reported for each future calendar year during
which a model year remains in the vehicle fleet. Cumulative impacts for each CAFE class and
model year over its expected life span are also reported, both in undiscounted terms and as their
present value discounted to the calendar year when each model year is offered for sale.’’

Light-Duty Vehicle Sales and Fleet
The forecast number of new vehicles of a specific model & sold during a given model year MY is:

=N,,P (1.13)

nk,MY MY " kMY

Where N,y indicates the forecast of total new light-duty vehicle sales during that model year,
and the forecast market share of each vehicle model produced during that year, Py sy, is obtained
from (1.6), (1.7), and (1.8), as discussed previously in Section I1I.B.*

The number of vehicles of a specific model and vintage that remains in service during each
subsequent calendar year is calculated by applying estimates of the proportion of vehicles
initially sold that remain in service at each age. Thus the number of vehicles of model k
produced during model year m that remain in use during a future year ¢, or 1y s, 1S:

(1.14)

My vy = My ey

where s, denotes the proportion of vehicles of model £ expected to remain in use during year z.
During year ¢, those vehicles will have reached age a, where a =t — MY + 1.** The model
utilizes different schedules of expected survival rates by vehicle age for six separate classes of

* We adopt the simplification that vehicle model years and calendar years are identical.
31 [deleted]

32 The subscripts denoting buyers (1) and the market segment (s) that includes vehicle model & are dropped to
simplify this and the following expressions.

3 We define a vehicle’s age to be 1 during the year when it is produced and sold; that is, when /=MY. Thus for
example, a model year 2005 vehicle is defined to be 10 years old during calendar year 2014. Because we do not
attempt to forecast changes in the proportion of vehicles produced during future model years that are expected to
survive to each age, a vehicle’s age is depends only on the difference between its model year (MY) and the calendar
year (¢) for which these calculations are performed, and not on their specific values.
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light-duty vehicles, as reported in Appendix C. As the absence of a MY subscript from the
parameter s indicates, we assume that these survival rates will not vary for future model years.

C.1. Vehicle Use and Total Mileage

The total number of miles driven by vehicles of a specific model and vintage (or model year)
during each year they remain in the fleet is calculated by multiplying age-specific estimates of
annual miles driven per vehicle by the number of vehicles of that model year remaining in
service at the age corresponding to that future year. As with survival rates, the average number
of miles driven by a specific vehicle model at each age during its expected lifetime differs
depending on its vehicle class. Thus the total miles driven by vehicles of model k£ produced
during model year MY that are expected to remain on the road during year ¢, denoted Mj, v, 1s
calculated as:

Mk,MY,t =My My (1.15)

where my v, 1s the average number of miles that a surviving vehicle of model £ is driven during
year ¢, when those vehicles will have reached age @ =t — MY + 1. The model uses separate
estimates of average annual utilization at different ages for different classes of light-duty
vehicles, as discussed in Appendix C. As with survival rates, we assume that annual usage of
each vehicle type at each age during its expected lifetime will remain unchanged for future
model years.

Separate estimates of average annual utilization at different ages are used for automobiles and
several different classes of light-duty trucks, as discussed in Appendix C.

Accounting for the “Rebound Effect”

Improving a vehicle’s fuel economy reduces the cost of driving by reducing the amount of fuel
required to drive each mile. In response to the lower per-mile cost of driving a more fuel-
efficient vehicle, some buyers will increase the amount of driving they do, although the precise
nature and magnitude of this response is uncertain. Thus imposing stricter fuel economy
standards results in a slight increase in the annual number of miles driven by vehicle models
whose fuel economy is improved as a result of manufacturers’ efforts to comply with those
standards.’* This increase in the annual use of vehicle models whose fuel economy is improved,
referred to as the “rebound effect” in vehicle use, results in a corresponding increase in the total
number of miles driven by vehicles produced during each model year affected by the stricter
standards during each year they remain in the fleet.

The proportional increase in the average annual number of miles driven during year ¢ by a
vehicle model £ when its fuel economy is improved from the level specified by its
manufacturer’s product plan for its model year, denoted mpgi sy pian, to a higher level,

3* The rebound effect also produces additional benefits to vehicle owners in the form of consumer surplus from the
increase in driving, which is discussed in Section C.6.
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mpgi.my,c4rE, 18 calculated using a standard form for the elasticity of travel demand with respect
to the fuel cost of driving:

S )
Ay vy o care — e MPEk.care__ MPEk, pian (1.16)

cpm
mk,MY,t #

mpgk,plan

where €., 1s the elasticity of vehicle use with respect to the cost of fuel per mile driven, a
measure of the rebound effect, and £, is the price of fuel per gallon during future year ¢ . Because
the fuel cost per mile driven by any vehicle is equal to the price of fuel per gallon divided by its
fuel economy in miles per gallon, the bracketed term in (1.16) represents the proportional
reduction in fuel cost per mile driven resulting from the improvement in fuel economy.”

Thus the absolute increase in average miles driven by vehicles of model £ during year ¢ that
results from the standard is:

MPEy sy pi
_ MY, plan_
AMy vy o care = Ecpm ( Limy (1.17)

MPE . my care

Finally, the increase in the total number of miles driven by vehicles of model k£ and model year
MY each future year ¢ they remain in the fleet, denoted AMj ysv; cark 1s calculated from:

AM, vy i care = Wy Ay sy o care (1.18)

where ny py, 1s given by (1.14).

Total miles driven each year increases due to the rebound effect only for those vehicle models
whose fuel economy is improved as part of their manufacturers’ efforts to comply with a CAFE
standard that applies during the model year they are produced. In contrast, there is no increase in
annual usage of vehicle models whose fuel economy remains unchanged from the level specified
in manufacturers’ product plans for that model year.

The existence of the rebound effect also means that any scenario requiring a vehicle
manufacturer to increase the fuel economy of some models from those indicated in its product
plan for that model year results in an increase in their use over each year of their expected
lifetime. Thus where a manufacturer’s product plan specifies fuel economy levels that will result
in non-compliance with the CAFE standard in effect during the previous model year, any
improvement in the fuel economy of its models necessary to ensure compliance with that
baseline standard will produce a slight increase in their lifetime use through the rebound effect.

3 For (1.16) to be strictly correct, mpg must represent actual “on the road” fuel economy. The difference between
laboratory test and actual on-road fuel economy is discussed in detail in Section C.2. below.
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The effect on total annual mileage driven resulting from substituting a new CAFE standard
(denoted CAFE),) for a previous standard (CAFE)) is the difference in the added driving from the
rebound effects associated with the two standards:

AM o vcarer =AM o1 cargo = My (Amk,a,t,CAFE] —Amy ., carro ) (1.19)

C.2. Fuel Use and Savings

Fuel consumption by vehicles of each specific model and vintage during a future year depends
on the total mileage that the surviving vehicles are driven during that year, and the average fuel
efficiency they obtain in actual driving. Computing this value is complicated by the presence of
the rebound effect, which as discussed previously causes slightly higher annual usage throughout
the lifetime of any vehicle model whose fuel economy is improved above the level specified in
its manufacturer’s product plan.

Another complication is posed by the difference between the fuel economy levels of new
vehicles as measured for purposes of assessing CAFE compliance and the (lower) levels they
actually achieve in real-world driving. Finally, it is also necessary to calculate fuel use
separately for gasoline and diesel vehicles, since these fuels result in different levels of
greenhouse gas and air pollutant emissions.

The number of gallons of fuel consumed by vehicles of model £ and model year MY during year
t, denoted g yrv, 1s calculated from:

M +AM

My
gk,MY,t -

MY (1.20)
mpg; vy (1 - gap)

where gap indicates the difference between that model’s fuel economy as measured for CAFE
purposes and its actual on-road fuel economy. We assume that a vehicle’s fuel economy is
constant with respect to both age and accumulated mileage, and that the test versus on-road fuel
economy gap is identical for all vehicle types and ages.*

When the value of mpgy v in this expression corresponds exactly to the value specified in the
product plan submitted by vehicle £’s manufacturer for model year MY, there is no rebound
effect (i.e., AMj v = 0), and

M
kvt (1.21)

mpgk,MY,plan (1 - gap)

gk,MY,t,plun =

3% These assumptions explain the absence of an age subscript on mpg, and of all subscripts on the parameter gap.
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For any vehicle model whose fuel efficiency its manufacturer elects to increase as part of its
strategy to comply with a CAFE standard (including an extension to future model years of the
prevailing standard), the appropriate form of (1.20) is:

M + AMk,MY’, (122)

MPE . vy carE (1-gap)

ke, MY t

8 my i care =

or, equivalently:
M AM

+ S (1.23)
MPE . vy care (1-gap) MPE. vy carke (1-gap)

kMY t

8k my ,care =

where the second term on the right hand side represents the additional fuel consumption
attributable to the standard’s inducement of additional driving through the rebound effect. The
effect on total fuel use during year ¢ resulting from substituting a different standard (denoted
CAFE)) for one previously in effect (CAFE,) is obtained by summing expression (1.22) or (1.23)
over all vehicle models produced during the model years to which the alternative standard would
apply:

Gt,CAFEl = ZMY Zk (gk,MY,t,CAFEl — 8k MY 1,CAFEO ) (1.24)

Thus the change in fuel use that results from imposing a different CAFE standard is always
measured relative to expected fuel use with some baseline or comparison standard in effect. A
frequent assumption is that this baseline standard would be an extension of the same standard
that applies to vehicles produced during the preceding model year.

Cumulative fuel savings from imposing a stricter standard on vehicles produced during a single
model year MY over the years they are assumed to remain in service are:

GMY,CAFEI = Z, Zk (gk,MY,t,CAFEl = 8k .My 1,CAFEO ) (1.25)

An often more appropriate measure of these fuel savings is the present value of lifetime fuel
savings for model year MY vehicles, discounted to the year they are produced (i.e., their model
year), or:

8k.my r.carer — k. my 1,CAFEO
I I e 126

where d is the annual discount rate. Appendix C specifies the discount rate used in our model.
Greenhouse Gas Emissions

Environmental impacts from petroleum use stem primarily from combustion of petroleum
products such as gasoline, and to a lesser extent from petroleum refining and the distribution and

storage of refined products. These impacts include emissions of greenhouse gases, which are
widely believed to increase the potential for global climate change, and of regulated or “criteria”
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air pollutants, which at sufficient concentrations can adversely affect human health and damage
property.

Tighter CAFE standards for light-duty trucks will reduce gasoline consumption and the amount
of petroleum refined, and both of these effects will in turn reduce emissions of greenhouse gases.
While reduced gasoline refining will also lower emissions of criteria pollutants, the increase in
vehicle use that results from improving their fuel economy via the rebound effect will raise
emission of these pollutants. Thus on balance, CAFE standards can reduce or increase emissions
of criteria pollutants, depending on vehicles’ emission rates per mile driven and on the size of the
rebound effect.

Fuel savings from stricter light truck CAFE standards will result in lower emissions of carbon
dioxide, the main greenhouse gas emitted as a result of refining, distribution, and use of
transportation fuels.”’ Lower fuel consumption reduces carbon dioxide emissions directly,
because the primary source of these emissions in transportation is fuel use in internal combustion
engines. We calculate reductions in carbon dioxide emissions from vehicle operation by
multiplying the volume of fuel consumed by the amount of carbon converted to carbon dioxide
during the combustion process per unit volume of fuel.*®

Direct or “tailpipe” carbon emissions (in the form of carbon dioxide) generated during year ¢
from fuel consumption by vehicles of model k produced during model year MY are calculated
from:

C/??MY,t =8rmyCr (1.27)

where crindicates the carbon content (by weight) per gallon of fuel. As with fuel use, this
calculation is performed separately for carbon emissions resulting from gasoline and diesel fuel
combustion. The carbon content of gasoline is assumed to be a weighted average of those for
different types of gasoline in use (see Appendix C for fuel-specific carbon content and the
assumed mix of gasoline types).

As with fuel consumption, the effect of a proposed CAFE standard on carbon emissions from
vehicle operation is measured by the difference in emissions with the proposed standard in effect
and those with a baseline or other alternative standard. Denoting these CAFE; and CAFE, as
previously, the change in carbon emissions from fuel consumed by vehicles of model k& and
model year MY during year ¢ is

ip = —
Ck,MY,t,CAFEl - (gk,MY,t,CAFEl gk,MY,t,CAFEO ) cf (128)

37 Carbon dioxide emissions account for more than 97% of total greenhouse gas emissions from the refining and use
of transportation fuels; see U.S. Environmental Protection Agency, Draft Inventory of GHG Emissions and Sinks
(1990-1999), Tables ES-1 and ES-4, http://www.epa.gov/globalwarming/publications/emissions/us2001/energy.pdf.

¥ Although the system does not explicitly account for incomplete conversion of carbon to carbon dioxide, input
values specifying carbon content can be adjusted accordingly (i.e., reduced to 99-99.5% of actual carbon content).
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Again, this calculation is performed separately for carbon emissions from gasoline and diesel
fuel use. Its results can be summed over the vehicle models and vintages affected by a proposed
standard to estimate its impact on carbon emissions during future years, or over vehicle types and
years to estimate the proposed standard’s effect on lifetime carbon emissions of vehicles
produced during the model years it would affect.

At the same time, changing the stringency of CAFE standards will affect carbon emissions
generated by fuel combustion and other energy use that occurs during crude petroleum
extraction, transportation and storage, and refining to produce each type of fuel, as well as during
the storage and distribution of refined fuel (often referred to as “upstream” emissions). Carbon
emissions from each of these activities are calculated using estimates of emission rates per unit
of fuel energy refined and distributed to retail fueling stations.

These estimates are converted to a per-gallon basis using the energy content of different types of
gasoline and of diesel fuel, and used to calculate total carbon emissions per gallon of fuel used.
For vehicles of model £ and model year MY, total carbon emissions during year ¢ from fuel
production, distribution, and use are calculated as:

Cilvrs = 8w (¢, +77¢,+¢,) (1.29)

where as above c1s the carbon content of each fuel type, ¢, includes carbon emissions per gallon
during crude petroleum extraction, transportation, and refining to produce that type of fuel, ¢,
represents carbon emissions per gallon during storage and distribution of refined fuel, and 7 is the
fraction of that fuel type refined domestically (rather than imported directly). The values of
these parameters are specified in Appendix C.

The effect of replacing an initial or baseline standard CAFE, with an alternative standard CAFE;
on total carbon emissions from fuel production and use is:

tot _ _ .
Cemy scarer = (gk,MY,t,CAFEl gk,MY,t,CAFEO)(Cf Trec.+ Cd) (1.30)

Again, this quantity can be summed over vehicle models and ages to estimate the effect of a
proposed standard on total carbon emissions during any future year, or over vehicle types and
years to estimate the standard’s effect on lifetime total carbon emissions of vehicles affected by
it.

C.3. Air Pollutant Emissions

Stricter CAFE standards can result in higher or lower emissions of regulated or “criteria” air
pollutants, by-products of fuel combustion that are emitted in extremely small amounts by the
internal combustion engines used to power light-duty vehicles as well as in gasoline refining and
distribution. Criteria pollutants emitted in significant quantities by light-duty motor vehicles
include carbon monoxide, various hydrocarbon compounds, nitrogen oxides, sulfur dioxide, and
fine particulate matter.

26



O 001N DN B~ WK =

—_
)

[N T NG T NG T NG T NG T NG TN NG T NG i S S e T
NN P WN= OOV N WN —

[\
(o2¢]

W W W W W W W WK
NN DNk W = OO

W W
O o0

DRAFT (5/26/2006)

On one hand, the increased use of some vehicle models that occurs through the effect of higher
fuel economy on the fuel cost per mile driven (the rebound effect) causes increased emissions of
criteria pollutants, since federal standards regulate permissible emissions of these pollutants on a
per-mile basis. Additional emissions of these pollutants from vehicle operation are estimated by
multiplying the increase in total miles driven using vehicle models and vintages whose fuel
economy is improved by per-mile emission rates for each of these pollutants.

Emissions of pollutant i resulting from the operation of vehicle model k£ and model year MY
during year ¢ are calculated as:

I _ _
E oy, = (Mk,MY,t AM vy )ei,k,MY,t (1.31)

where (Mj vy + AMy py,) 1s given by (1.20), and e; x urv, 1S emissions per mile of pollutant i by
vehicles of model k£ and model year m during year ¢, when they will have reached age a =t - MY.
Emissions of each pollutant per mile driven are estimated as functions of vehicle age for
different classes of light-duty vehicles, using the U.S. EPA’s MOBILE motor vehicel emission
factor model (see Appendix C). As with other measures, emissions can be summed for calendar
or model years.

Changes in the volume of fuel consumption from varying CAFE standards will also affect
emissions of criteria pollutants that occur during refining, distribution, and retailing of gasoline
and diesel fuel.*” As with greenhouse gas emissions, these “upstream” emissions are estimated
by applying emission factors for each criteria pollutant per unit of fuel refined to the total volume
of each type of fuel consumed with any specified CAFE standard in effect.

Upstream emissions of pollutant i generated in producing and distributing each type of fuel
consumed by vehicles of model k£ and vintage MY during year ¢ are:

E i vvs = &imra (r G ei,d) (1.32)

where g vy, 1s calculated from (1.20), r is the fraction of each fuel type refined domestically, e; ,
is emissions of pollutant i that occur during crude petroleum extraction, transportation, and
refining, and e; 4 is emissions of that pollutant from the storage and distribution of refined fuel.
Both ¢;, and e; 4 are expressed per gallon of fuel produced.

Total emissions of criteria pollutant 7 from the production, distribution, and use of fuel are the
sum of emissions during vehicle operation and from the production and distribution of fuel:

E%\y, =E" y +E"

ik, MYt ik, MYt ik, MYt

(1.33)

3% As with carbon dioxide emissions, reductions in criteria pollutant emissions from fuel refining and distribution are
calculated using emission rates obtained from Argonne National Laboratories’ GREET model; see Argonne
National Laboratories, The Greenhouse Gas and Regulated Emissions from Transportation (GREET) Model,
Version 1.6, February 2000, http://www.transportation.anl.gov/ttrdc/greet/index.html.
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In turn, the effect on criteria pollutant emissions of substituting standard CAFE; for an
alternative standard CAFE, is

tot _ .
Ei,k,MY,t,CAFEl - (AMk,MY,t,CAFEl Aj\lk,MY,t,CAFEO ) ei,k,MY,t

+ (gk,MY,t,CAFEl = 8k.MY 1,CAFEO )(’” €, Tey )

(1.34)

As usual, this quantity can be summed over model or calendar years to report annual or lifetime
effects of proposed CAFE standards on emissions of criteria pollutants.

Emissions of some criteria pollutants are likely to increase as a result of stricter CAFE standards,
as increased emissions from added driving due to the rebound effect outweigh the reduction in
emissions from gasoline refining and distribution. For other pollutants, however, emission rates
during fuel production are large relative to those from vehicle operation, so the reverse is likely
to be true. As a result, the pattern of net changes in criteria pollutant emissions varies
significantly, both over future years and among individual pollutants during any year.

C.6. Private and Social Costs and Benefits

Improving the fuel efficiency of new vehicles produces a wide range of benefits and costs, some
of which affect buyers of those vehicles directly, while others are borne more broadly by society
as a whole. Depending upon how manufacturers attempt to recoup the costs they incur for
improving the fuel efficiency of selected models, buyers are likely to face higher prices for some
— and perhaps even most — new vehicle models. Purchasers of models whose fuel economy is
improved benefit from the resulting savings in the value of fuel their vehicles consume, from any
increase in the range they can travel before needing to refuel, and from the added driving they do
as a result of the rebound effect. Depending on the technology manufacturers use to improve
fuel economy and its consequences for vehicle power and weight, these benefits may be partly
offset by a slight decline in the performance of some new models.

At the same time, the reduction in fuel production and use resulting from improved fuel economy
produces certain additional benefits and costs to society as a whole. Potential social benefits
from reduced fuel use include any value society attaches to fuel savings over and above its
private value to new vehicle buyers, lower emissions of air pollutants and greenhouse gases
generated by from fuel production, distribution, and consumption, and reduced economic costs
associated with U.S. imports of crude petroleum and refined fuel. By causing some additional
driving through the rebound effect, improving fuel economy can also increase a variety of social
costs, including the economic value of health effects and property damages caused by increased
air pollution, the value of time delays to motorists from added traffic congestion, added costs of
injuries and property damage resulting from more frequent traffic accidents, and economic costs
from higher levels of traffic noise.

1 Ibid., p. 5.
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The following sections discuss how each of these benefits and costs can result from improving
the fuel economy of new vehicles, the factors affecting their likely magnitudes, and how their
values are commonly measured or estimated. Appendix C provides the specific unit economic
values and other parameters used to estimate the aggregate value of these various benefits and
costs, explains how these values were derived, and reports the specific sources from which they
were obtained.

Benefits and Costs to New Vehicle Buyers
Increases in New Vehicle Prices

Depending upon how manufacturers attempt to recover the costs they incur in complying with
CAFE regulations, purchase prices for some new models are likely to increase. Because we
assume that manufacturers fully recover all costs they incur for installing fuel economy
technologies to comply with CAFE in the form of higher prices for some models, the total
increase in vehicle sales prices has already been accounted for in estimating technology costs to
manufacturers. Nevertheless, the total value of these price increases represent a cost of CAFE
regulation from the viewpoint of new buyers of models whose prices rise.

In addition to increases in the prices paid by buyers who elect to purchase these models even at
their higher prices, higher prices result in losses in welfare or consumer surplus to buyers who
decide to purchase different models instead. These losses are extremely complex to estimate if
prices change for a large number of models, and in any case are likely to be small even in total.
Thus we do not attempt to estimate their value.

The Value of Fuel Savings

We estimate the economic value of fuel savings to buyers of new vehicle models whose fuel
economy is improved as part of their manufacturers’ efforts to comply with stricter CAFE
standards by applying the Energy Information Administration’s Annual Energy Outlook forecast
of future fuel prices to each year’s estimated fuel savings for those models. The annual fuel
savings for a model during each year of its lifetime in the vehicle fleet is multiplied by the
number of those initially sold that are expected to remain in use during that year to determine the
total annual value of fuel savings to buyers of that model.

The forecast retail price of fuel per gallon—including federal and average state fuel and other
taxes—during that year is used to estimate the value of these fuel savings as viewed from the
perspective of their buyers. Based on evidence from previous studies of consumer purchases of
automobiles and durable appliances, we assume that new vehicle buyers value these savings over
the approximate number of years they expect to own a new vehicle, and that buyers discount
these expected savings to the year in which they purchase new vehicles.

Benefits from Additional Driving

The rebound effect results in additional benefits to new vehicle buyers in the form of consumer
surplus from the increased driving it produces. These benefits arise from the value to drivers and
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passengers of the social and economic opportunities made available to them by additional
traveling. As evidenced by the fact that they elect to make more frequent or longer trips when
improved fuel economy reduces the cost of driving, the benefits from this additional travel
exceed the costs drivers and their passengers incur in making more frequent or longer trips. The
amount by which these benefits from additional travel exceed its cost—which has been reduced
by lower fuel consumption—represents the increase in consumer surplus associated with
additional rebound effect driving.

Our analysis estimates the value of these benefits using the conventional approximation, which is
one half of the product of the decline in fuel cost per mile driven in vehicle models with
increased fuel economy and the resulting increase in the annual number of miles they are driven.
This value is calculated for each year that a model whose fuel economy is improved remains in
the fleet, multiplied by the number of vehicles of that model expected to remain in use during
each year of its lifetime, and discounted to its present value as of the year it was purchased. This
benefit is likely to be small by comparison to most other economic impacts of raising CAFE
standards.

The Value of Extended Refueling Range

Manufacturers’ efforts to improve the fuel economy of selected new vehicle models will also
increase their driving range between refueling. By reducing the frequency with which drivers
typically refuel their vehicles, and by extending the upper limit of the range they can travel
before requiring refueling, improving fuel economy thus provides some additional benefits to
their owners.”> No direct estimates of the value of extended vehicle range are readily available,
so our analysis calculates the reduction in the annual number of required refueling cycles that
results from improved fuel economy.

The change in required refueling frequency for vehicle models with improved fuel economy
reflects the increased driving associated with the rebound effect, as well as the increased driving
range stemming from higher fuel economy.

*2 If manufacturers instead respond to improved fuel economy by reducing the size of fuel tanks to maintain a
constant driving range, the resulting savings in costs will presumably be reflected in lower sales prices.
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Changes in Performance and Utility

In its recent report on CAFE, the NAS assumed that, when applying efficiency-related
technologies in response to CAFE standards, manufacturers would hold vehicle performance and
utility constant. We make the same assumption.

Social Benefits and Costs from Increased Fuel Economy
The “Social Value” of Fuel Savings

The economic value to society of the annual fuel savings resulting from stricter CAFE standards
is also assessed by applying estimated future fuel prices to each year’s estimated fuel savings.
Unlike the value of fuel savings to vehicle buyers themselves, however, the pre-tax price per
gallon is used in assessing the value of fuel savings to the economy as a whole. This is because
reductions in revenues generated by state and federal taxes on fuel will be exactly offset by
reduced spending on the government programs — mainly construction and maintenance of streets
and highways -- they are used to finance, and thus do not reflect a net savings in resources to the
economy.

When estimating the nationwide aggregate economic benefits and costs from CAFE regulation,
we include this “social” value of fuel savings rather than their private value to vehicle buyers. In
computing the social value of fuel savings, we include their annual value over the entire expected
lifetimes of vehicle models whose fuel economy is improved, reflecting the presumably longer-
term horizon of society as a whole compared to that of vehicle buyers, who may be concerned
with fuel savings only over the time they 