Vehicle Technologies

Funding Profile by Subprogram®

FY 2005 Request vs
FY 2003 FY 2004 Base

Comparable Comparable FY 2005 | FY 2005
Appropriation | Appropriation® Base Request | $ Change % Change

Vehicle Technologies

Vehicle Systems ........ 13,485 14,335 14,335 13,883 -452 -3.2%
Innovative Concepts .. 1,590 494 494 500 +6 +1.2%
Hybrid and Electric
Propulsion.................. 41,996 45,002 45,002 51,821 +6,819 +15.2%
Advanced
Combustion R&D ....... 55,267 54,405 54,405 35,936 -18,469 -33.9%
Materials
Technology ................ 36,094 39,744 39,744 39,799 +55 +0.1%
Fuels Technology....... 19,164 16,494 16,494 6,800 -9,694 -58.8%
Technology
Introduction ................ 4,570 4,939 4,939 6,014 +1,075 +21.8%
Technical Program
Mgmt Supt.................. 2,005 2,095 2,095 1,903 -192 -9.2%
Biennial
FreedomCAR Peer
Review ........cccoeeeene 0 494 494 0 -494 -100.0%
Total, Vehicle
Technologies .........ccceeeenn. 174,171 178,002 178,002 156,656 -21,346 -12.0%

Public Law Authorizations:

P.L. 95-91, "U.S. Department of Energy Organization Act" (1977)
P.L. 102-486, “Energy Policy Act” (1992)

Mission

The mission of the Vehicle Technologies Program managed by the Office of FreedomCAR and Vehicle
Technologies (FCVT) is to develop more energy efficient and environmentally friendly highway
transportation technologies (for both cars and trucks) that will enable America to use significantly less
petroleum. The long-term aim is to develop “leapfrog” technologies that through improvements in

# SBIR/STTR funding in the amount of $3,132,449 was transferred to the Science appropriation in FY
2003. Estimates for SBIR/STTR budgeted in FY 2004 and FY 2005 are $4,534,635 and $3,956,457 respectively.

b Programs in the Energy Conservation appropriation were reduced by .59 percent as required by the
Omnibus Appropriation Bill.
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vehicle energy efficiency will provide Americans with continuing freedom of mobility and greater
energy security, at lower costs and with lower impacts on the environment than current high efficiency
vehicles. The program focuses its research and development investments specifically on potential
technology improvements that have uncertain or long-term outcomes, yet have significant public benefit.
The high risks associated with these projects make it unlikely that they would be pursued by industry
alone.

Benefits

The Vehicle Technologies Program mission and activities contribute directly to EERE’s and DOE’s
mission of improving National Energy and Economic Security by addressing the President’s National
Energy Policy call for reducing dependence on oil imports and modernizing conservation technologies
and practices. President Bush observed that . . . any effort to reduce (oil) consumption must include
ways to safely make cars and trucks more fuel efficient. New technology is the best way to do so.” In
fact highway vehicles alone account for 54 percent of total U.S. oil use, more consumption than U.S.
domestic production. Cost competitive and more energy efficient vehicles will enable U.S. citizens and
businesses to accomplish their daily tasks while reducing their consumption of gasoline and diesel fuels,
thus reducing demand for petroleum, lowering carbon emissions, and decreasing energy expenditures.
These changes can help make the Nation more secure and more prosperous while protecting the
environment.

More detailed, integrated and comprehensive economic, energy and energy security benefits estimates
are provided in the Expected Program Outcomes section at the end of the program level budget
narrative.

Strategic and Program Goals

The Department’s Strategic Plan identifies four strategic goals (one each for defense, energy, science,
and environmental aspects of the mission) plus seven general goals that tie to the strategic goals. The
Vehicle Technologies Program supports the following goal:

Energy Strategic Goal

General Goal 4, Energy Security: Improve energy security by developing technologies that foster a
diverse supply of reliable, affordable and environmentally sound energy by providing for reliable
delivery of energy, guarding against energy emergencies, exploring advanced technologies that make a
fundamental improvement in our mix of energy options, and improving energy efficiency.

The Vehicle Technologies Program has one program goal which contributes to General Goal 4 in the
“goal cascade”. This goal is:

Program Goal 04.02.00.00: Vehicle Technologies. The Vehicle Technologies Program goal is to
develop technologies that enable cars and trucks to become highly efficient, through improved power
technologies and cleaner domestic fuels, and to be cost and performance competitive. Manufacturers
and consumers can then use these technologies to help the Nation reduce both energy use and
greenhouse gas emissions thus improving energy security by dramatically reducing dependence on oil.

® Remarks by President George W. Bush on Energy Efficiency, Feb. 25, 2002.
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Contribution to Program Goal 04.02.00.00 (Vehicle Technologies)

The program contributes to General Goal 4, Energy Security, by developing technologies that can enable
cars and trucks to become highly efficient by means of R&D that provides clean power technologies and
improved domestic fuel specifications that work in concert with advanced power systems. In addition,
the program R&D will focus on reducing the cost and improving other attributes of advanced vehicle
technologies so that they will be both performance and cost competitive. The program activities
presented below demonstrate key technology pathways that contribute to achievement of this goal.

Vehicle Systems Subprogram and Materials Technologies Subprogram: Reduce heavy truck
parasitic losses (e.g. aerodynamics, ancillary systems) from 39% of engine output in 1998 to 24% in
2006 and reduce the weight of a tractor-trailer from 23,000 pounds in 2003 to 18,000 pounds in 2010
(a 22% reduction), thereby increasing heavy truck fuel efficiency.

Hybrid and Electric Propulsion Subprogram: By 2010, Hybrid and Electric Propulsion R&D
activities will reduce the production cost of a high power 25kW battery for use in light vehicles from
$3,000 in 1998 to $500 (with an intermediate goal of $750 in 2006) enabling cost competitive
market entry of hybrid vehicles.

Advanced Combustion Engine R&D Subprogram and Fuel Technology Subprogram: Improve the
efficiency of internal combustion engines from 30 percent (2002 baseline) to 43 percent by 2010 for
light-duty and from 40 percent (2002 baseline) to 55 percent by 2012 for heavy-duty applications
while utilizing an advanced fuel formulation that incorporates a non-petroleum based blending agent
to reduce petroleum dependence and enhance combustion efficiency.

Materials Technology Subprogram: By 2006, Transportation Materials Technologies R&D activities
will reduce the projected production volume cost of carbon fiber from $12 per pound in 1998 to $3
per pound.
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Annual Performance Results and Tar

ets

FY 2000 Results

FY 2001 Results

FY 2002 Results

FY 2003 Results

FY 2004 Targets

FY 2005 Targets

Program Goal 04.02.00.00 (Vehicle Technologies)
Vehicle Systems (Heavy Vehicle Systems R&D Activity) and Materials Technologies (Lightweight Materials Technology Activity)

Complete testing of baseline
prototype, 50-volt high power
lithium-ion battery modules
for use in hybrid vehicles.
(MET GOAL)

Complete testing of the 276-
volt battery aimed at
demonstrating an integrated
system having thermal and
electrical controls. (MET
GOAL)

Hybrid and Electric Propulsion (Energy Storage Activity)

N/A

Completed explorations of
lithium-polymer and lithium
ion battery technologies;
lithium ion was selected as
the most promising approach
for continued development.

Reduced parasitic losses of
heavy vehicle systems to 36
percent. (MET GOAL)

Completed development of
second generation Lithium
ion electrochemistry for
hybrid vehicle power. (MET
GOAL)

Reduced parasitic losses of
heavy vehicle systems to 30
percent of total engine output
and benchmark additional
reductions through heavy
truck electrification.
(EXCEEDED GOAL)

Reduced high power 25 kW
estimated lithium ion battery
cost to $1,180 per battery
system. (EXCEEDED GOAL)

Advanced Combustion Engine R&D (Combustion & Emission Control and Heavy Truck Engine activities) and Fuels Technology

N/A

Materials Technology (Lightweight Materials Technology activity)

N/A

Management of Funds

N/A

N/A

Energy Conservation/Vehicle Technologies

N/A

Fabricated a sport utility
vehicle chassis component
using carbon fiber in a low
cost molding process that is
suitable for high volume
production. (NOT MET)
Completion of their target
was delayed due to an
equipment failure requiring
significant repairs. The
target was rescheduled for
completion in FY 2003.

Demonstrated optimized
emission control system that
achieves 0.07 g/mile NOsand
0.01 g/mile PM short-term
performance in light duty
vehicles. (MET GOAL)

Completed R&D on
technologies, which, if
implemented in high volume,
could reduce the price of
automotive-grade carbon
fiber to less than $7/pound.
(EXCEEDED GOAL)

Reduce parasitic loses to 27
percent of total engine output
in a laboratory test.

Reduce high power 25 kW
light vehicle estimated lithium
ion battery cost to $1,000 per
battery system.

Complete Light Truck activity
with 35 percent fuel efficiency
improvement over a gasoline
powered light truck and Tier
2 emissions levels
(0.07g/mile NO).
Demonstrate 45 percent
thermal efficiency for heavy-
duty diesel engines while
meeting EPA 2007 emission
standards (1.2g/hp-hr NOy).

Complete R&D on
technologies which, if
implemented in high volume,
could reduce the price of
automotive-grade carbon
fiber to less than $5/pound.

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program uncosteds to a

Reduce parasitic energy loss
to 25 percent of total engine
output and reduce unloaded
tractor-trailer weight to
22,000 pounds.

Reduce high power, 25kW,
light vehicle, lithium ion
battery cost to $900 per
battery system.

Light vehicle combustion will
reach 39 percent brake
thermal efficiency and heavy
vehicle combustion engines
will be greater than 45
percent efficiency while
meeting EPA 2007 emission
standards (1.2 g/hp-hr NOy).

Complete R&D on
technologies, which, if
implemented in high volume,
could reduce the price of
automotive-grade carbon
fiber to less than
$4.50/pound.

Contribute proportionately to
EERE’s corporate goal of
reducing corporate and
program uncosteds to a
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FY 2000 Results FY 2001 Results FY 2002 Results FY 2003 Results | FY 2004 Targets | FY 2005 Targets

range of 20-25 percent by range of 20-25 percent by
reducing program annual reducing program annual
uncosteds by 10 percent in uncosteds by 10 percent in
2004 relative to the program 2005 relative to the program
uncosted baseline (in 2003). uncosted baseline (2004).
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Means and Strategies

The Vehicle Technologies Program will use various means and strategies to achieve its program goals as
described below. “Means” include operational processes, resources, information, and the development
of technologies, and “strategies” include program, policy, management and legislative initiatives and
approaches. Various external factors, as listed below, may impact the ability to achieve the program’s
goals. Collaborations are integral to the planned investments, means and strategies, and to addressing
external factors.

The Department will implement the program through the following means:

» The program focuses its technology research and development investments specifically on areas that
would not be pursued by industry alone due to high risks and uncertain or long-term outcomes.
Program activities include research, development, demonstration, testing, technology validation,
technology transfer, and education. These activities are aimed at developing technologies that could
achieve: 1) significant improvements in vehicle fuel efficiency; and 2) displacement of oil by other
fuels which ultimately can be produced domestically in a clean and cost-competitive manner.

= Fuel efficiency gains will be achieved through the introduction of more efficient technologies and
lightweight materials. The use of advanced technologies will be more economically attractive
through DOE research and development efforts that reduce their costs.

= Vehicles with advanced technologies include advanced combustion engines, hybrid internal
combustion vehicles, and hybrid fuel cell vehicles. The penetration of these vehicles in the
marketplace will be enhanced by DOE research and development that, for example, reduces high
power battery costs and extends battery calendar life for hybrid vehicles, improves diesel and other
combustion engines by making them more efficient and cleaner, and improves the power electronics
and the electric motors needed for fuel cell and combustion hybrid vehicles.

* The 21" Century Truck Partnership has identified desirable technology goals in five general areas:
engine systems, heavy-duty hybrids, parasitic losses, truck safety, and idling reduction. The partners
are jointly developing technical roadmaps that outline the pathways for achieving long-range
technology-specific R&D goals (including cost targets) and the milestones required to demonstrate
progress. Each partner will consider these goals in implementing its respective R&D programs.

The Department will implement the program through the following strategies:

= For light vehicles the long-term strategy is clearly to perfect the technologies that will enable a
timely transition to a transportation hydrogen economy. There are, however, significant gains in oil
reduction possible from R&D to improve highway transportation technologies in the interim.
Taking advantage of these interim opportunities to significantly reduce oil use (thus benefiting both
our economy and our energy security) is a key outcome sought by both the FreedomCAR and 21*
Century Truck Partnerships.

= The truck industry and government partners have developed a common vision -- “that our Nation's
trucks and buses will safely and cost-effectively move larger volumes of freight and greater numbers
of passengers while emitting little or no pollution and dramatically reducing the dependency on
foreign oil.” Ultimately, the partnership seeks safe, secure, and environmentally friendly trucks and
buses that use sustainable and self-sufficient energy sources, thereby helping enhance America’s
global competitiveness.

= These mission strategies are accomplished by targeted Federal investments in technology research
and development in strategic partnerships with auto manufacturers, heavy vehicle manufacturers,
equipment suppliers, energy companies, other Federal agencies, State government agencies,
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universities, national laboratories, and other stakeholders. These strategic partnerships facilitate the
technical coordination of activities and attract cost sharing to provide leveraged benefits for the
American taxpayer. Two partnerships represent the major crosscutting elements of the program, the
FreedomCAR Partnership and the 21* Century Truck Partnership.

In addition, the program invests in technical program and market analysis and performance
assessments in order to direct effective strategic planning.

These strategies will result in significant cost savings and a significant reduction in the consumption of
gasoline and diesel fuels, thus cost effectively reducing America’s demand for petroleum, lowering
carbon emissions, and decreasing energy expenditures.

The following external factors could affect the ability of the Vehicle Technologies Program to achieve
its strategic goal:

Cleaner and more energy efficient highway transportation technologies face several market barriers
in gaining consumer acceptance and private investment from manufacturers. For example, most new
vehicle buyers do not place a high value on fuel economy, a statistic that has not varied much for
many years.” Surveys show that the average new vehicle buyer wants about a three year payback for
making an incremental expenditure for more fuel efficient technologies. As a result, manufacturers
have been reluctant to assume the risk required for the production and distribution of advanced
vehicle technologies.

For each vehicle type and class and for each region, a number of technologies compete against each
other for vehicle sales. These include conventional gasoline, advanced combustion diesel, gasoline
hybrids, diesel hybrids, gasoline fuel cell, hydrogen fuel cell, electric, natural gas, and alcohol.
Factors such as the cumulative sales over time of the various technologies in the market for each
type of light vehicle, vehicle and fuel prices, and consumer preferences will all affect results.

Estimates for energy savings, oil savings, carbon emission reductions, and energy expenditure
savings reflect EIA reference case assumptions about future energy markets. In the event oil prices
are higher (or more volatile) than expected or if air quality, security, or other concerns result in
changes in energy policy or encourage consumers to purchase more efficient vehicles, the goals and
benefits could be affected.

Results are sensitive to the assumptions about consumer preferences made in the model, especially
with regard to vehicle purchase price. The potential for hybrid and other efficient vehicle sales to
respond to local market conditions, such as State and local vehicle preferences (e.g., use on carpool
lanes) will effect results.

Timing of market entry of fuel cell vehicles.

In carrying out the program’s mission, the Vehicle Technologies Program performs the following
collaborative activities:

The FreedomCAR Partnership is a collaboration with the U.S. Council for Automotive Research
(USCAR). The USCAR member companies are Ford, General Motors and DaimlerChrysler
corporations. The USCAR aim is to strengthen the technology base of the U.S. domestic automotive
industry through cooperative, pre-competitive research. The “CAR” in FreedomCAR stands for
Cooperative Automotive Research.

@ Surveys by JD Power for 1980, 1983, 1985, and 1987 and by Opinion Research Corporation for 1996,

1998, and 2000.
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= Since fuel cell technologies are a common element of both, the FreedomCAR Partnership is closely
linked to the President’s Hydrogen Fuel Initiative. The Secretary of Energy and senior executives of
DaimlerChrysler, Ford, and General Motors announced the FreedomCAR Partnership on January 9,
2002, to develop the vehicle component technologies necessary to free the Nation’s personal
transportation system from petroleum dependence and from harmful vehicle emissions, without
sacrificing freedom of mobility and freedom of vehicle choice. In early 2003, the President
announced the Hydrogen Fuel Initiative which, along with the FreedomCAR Partnership, can help
direct the Nation towards a hydrogen transportation economy and a secure, emissions-free energy
future. Together these address the key technology and infrastructure barriers of hydrogen fuel cell
vehicles. The initiatives aim to facilitate an industry decision to commercialize hydrogen-powered
fuel cell vehicles by the year 2015. The Vehicle Technologies Program develops the vehicle
component technologies (lightweight materials, energy storage, advanced internal combustion
engines, electronic components, and hybrid electric drivetrains) needed for both hybrid electric fuel
cell vehicles and more efficient hybrid combustion engine vehicles. Many of the technologies under
consideration by the FreedomCAR Partners provide opportunity for the achievement of significant
energy savings in the interim period.

FreedomCAR Partnership Budget

(dollars in millions)

FY 2003 FY 2004 FY 2005

Appropriation Appropriation Request
Vehicle Technologies Portion 84,081 89,736 91,400
Fuel Cell Portion 46,638 65,187 77,500
Hydrogen Portion® 20,870 0 0
Total, FreedomCAR Partnership.......................... 151,589 154,923 168,900

=  The FreedomCAR Partnership is being jointly developed and implemented by the FreedomCAR and
Vehicle Technologies (FCVT) Program Office and the Hydrogen, Fuel Cells, and Infrastructure
Technologies (HFCIT) Program Office. Funding for the FreedomCAR Partnership comes from both
Programs. For example, the FVCT Program funds all of FreedomCAR’s planned activities dealing
with R&D on hybrid technologies, advanced combustion engines, light weighting materials and
vehicle systems, as well as Partnership direction and support. Fuel cell related R&D such as
polymer electrolyte fuel cells are funded by the HFCIT Program. Hydrogen production, storage,
and infrastructure technologies needed to advance commercialization of fuel cell vehicles are now
part of a larger and complementary Administration effort on hydrogen called the Hydrogen Fuel
Initiative which involves partnering with energy companies. (See the HFCIT section.)

= In establishing technical directions and priorities, the program has obtained substantial inputs from
energy and transportation experts from outside of DOE through interaction of government-industry-
laboratory technical teams, independent project reviews with selected panelists, solicited review of
DOE R&D plans, and critiques by organizations such as the National Academy of Sciences (NAS).
The perspectives of these outside experts are extremely valuable in helping to assure that the
program’s research directions and priorities are aligned properly with the needs of auto and heavy

® After FY 2003, the Hydrogen Technology funding is reflected in the Hydrogen Fuel Intiative.
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vehicle manufacturers, equipment suppliers, energy companies, other Federal agencies, State
agencies, consumers, and other stakeholders.

* The FreedomCAR Partners have identified nine 2010 specific technology goals (one of which is
jointly shared between FCVT and HFCIT) and timetables for government and industry R&D efforts,
to measure progress in technologies that could enable reduced oil consumption and increased energy
efficiency in light vehicles. This request fully supports FreedomCAR Partnership goals for Electric
Propulsion Systems, Electric Drivetrain Energy Storage, and Material and Manufacturing
Technologies. With regard to the two Internal Combustion Powertrain Systems goals, the request is
commensurate with achievement of an estimated 43 percent efficiency in 2010.

FreedomCAR Partnership Goals
The Office of FreedomCAR and Vehicle Technologies has responsibility for these goals:

= Electric Propulsion Systems with a 15-year life capable of delivering at least 55 kW for 18
seconds and 30 kW continuous at a system cost of $12/kW peak.

= Internal Combustion Engine Powertrain Systems costing $30/kW, having a peak brake engine
efficiency of 45 percent, and that meet or exceed emissions standards.

= Electric Drivetrain Energy Storage with 15-year life at 300 Wh with discharge power of 25 kW
for 18 seconds and $20/kW.

* Material and Manufacturing Technologies for high volume production vehicles which
enable/support the simultaneous attainment of: 50 percent reduction in the weight of vehicle
structure and subsystems, affordability, and increased use of recyclable/renewable materials.

= Internal Combustion Engine Powertrain Systems operating on hydrogen with cost target of
$45/kW by 2010 and $30/kW in 2015, having a peak brake engine efficiency of 45 percent, and
that meet or exceed emissions standards. (shared responsibility with HFCIT)

The Office of Hydrogen, Fuel Cells, and Infrastructure Technologies has responsibility for these
goals:

= 60 percent peak energy-efficient, durable direct hydrogen Fuel Cell Power Systems (including
hydrogen storage) that achieves a 325 W/kg power density and 220 W/L operating on hydrogen.
Cost targets are $45/kW by 2010 and $30/kW by 2015.

= Fuel Cell Systems (including an on-board fuel processor) having a peak brake engine efficiency
of 45 percent, and that meet or exceed emissions standards with a cost target of $45/kW by 2010
and $30/kW by 2015.

* Hydrogen Refueling Systems demonstrated with developed commercial codes and standards and
diverse renewable and non-renewable energy sources. Targets: 70 percent energy efficiency
well-to-pump; cost of energy from hydrogen equivalent to gasoline at market price, assumed to
be $1.50 per gallon (2001 dollars).

= Hydrogen Storage Systems demonstrating an available capacity of 6 weight percent hydrogen,
specific energy of 2.0 kWh/kg and energy density of 1.5 kWh/I at a cost of $4/kWh.

= Internal Combustion Engine Powertrain Systems operating on hydrogen with cost target of
$45/kW by 2010 and $30/kW in 2015, having a peak brake engine efficiency of 45 percent, and
that meet or exceed emissions standards. (shared responsibility with FCVT)
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» The 21* Century Truck Partnership, Vehicle Technologies’ other major crosscutting effort, has
similar aims, but is focused on improving technologies for heavy vehicles. In November 2002, the
Secretary of Energy announced the "New Vision for the 21* Century Truck Partnership" that focuses
on improving the energy efficiency and safety of trucks and buses. The truck partnership involves
key members of the heavy vehicle industry, truck original equipment manufacturers, hybrid
propulsion developers, and engine manufacturers as well as other Federal agencies. Primarily due to
hydrogen’s low energy density when compared to diesel fuel, hydrogen fuel cells are not seen as a
viable option for heavy commercial vehicles. They would not provide adequate driving range and
would limit cargo carrying capacity. Therefore, the effort centers on research and development to:

e improve engine systems

e improve heavy-duty, hybrids, and truck safety
¢ reduce parasitic and idling losses

e validate and demonstrate these technologies.

* The 21* Century Truck Partnership will fund a cooperative effort between the heavy vehicle (trucks
and buses) industry and major Federal agencies to develop technologies that will make our Nation’s
heavy vehicles more efficient, cleaner, and safer. The government agency participants are the
Departments of Energy, Defense (represented by the U.S. Army), Transportation, and the
Environmental Protection Agency. Industry partners are Allison Transmission, BAE Systems
Controls, Caterpillar, Cuammins, DaimlerChrysler, Detroit Diesel, Eaton Corporation, Freightliner,
Honeywell International, International Truck and Engine, Mack Trucks, NovaBUS, Oshkosh Truck,
PACCAR, and Volvo Trucks North America.

21% Century Truck Partnership Budget

(dollars in millions)

FY 2003 FY 2004 FY 2005
Appropriation Appropriation Request
21% Century Truck Partnership 80.9 78.6 56.1

Validation and Verification

The Vehicle Technologies Program uses several program performance management methods to validate
and verify its performance during the course of the program on an annual and ongoing basis, including:
management standards; incorporation of goals; measurement and reporting from program contracts; peer
reviewed roadmaps and activities; performance modeling and estimation; prototype testing; site visits;
and annual program reviews.

Data Sources: Program Reviews, Peer Reviews, Laboratory Tests, On-Road Tests, and Peer-
Reviewed Model Baselines.

Baseline: Parasitic losses for heavy trucks in 1998 (39 percent), weight of heavy trucks in
2003 (23,000 pounds), cost of hybrid batteries in 1998 ($3,000 for a high power
25kW battery), combustion efficiency in 2002 (30 percent for light vehicles and
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Frequency:
Data Storage:

Verification:

40 percent for heavy vehicles), and carbon fiber costs in 1998 ($12 per pound).
Biennial reviews for the FreedomCAR and the 21 Century Truck partnerships.
EE Strategic Management System.

Conduct a biennial review of the FreedomCAR Partnership by an independent
third party, such as the National Academy of Sciences/National Academy of
Engineering, to evaluate progress and program direction. The review will include
evaluation of progress toward achieving the Partnership’s 2010 technical goals
and direction. Based on this evaluation, resource availability, and other factors,
the FreedomCAR partners will consider new opportunities, make adjustments to
technology specific targets, and set goals as appropriate.

Run vehicle simulation tests, conduct bench tests, run laboratory tests on the
engine and vehicle dynamometers, run wind tunnel tests, and conduct on-road and
track tests to evaluate the technology. Conduct fleets tests and undertake target
performance review.

Funding by General and Program Goal

(dollars in thousands)

FY 2003
Comparable FY 2004 FY 2005 $ %
Appropriation Request Request Change Change
General Goal 4, Energy Security
Program Goal 04.02.00.00, Vehicle
Technologies
Vehicle Systems..............cccccoco 13,485 14,335 13,883 452 -3.2%
Innovative Concepts........cccecveeeennen 1,590 494 500 +6 +1.29%
Hybrid and Electric Propulsion.......... 41,996 45,002 51,821 +6,819  +15.2%
Advanced Combustion Engines........ 55,267 54,405 35,936 -18,469 -33.9%
Materials Technologies...................... 36,094 39,744 39,799 +55 +0.1%
Fuels Technology...........cccccccveiniiniins 19,164 16,494 6,800 9,694 -58.8%
Technology Introduction.................... 4,570 4,939 6,014 +1,075  +21.8%
Technical/Program Management
SUPPOM ... 2,005 2,095 1,903 -192 -9.2%
Biennial FreedomCAR Peer
REVIEW......evviiiiiiiiiiieee s 0 494 0 494  -100.0%
Total, Program Goal 04.02.00.00,
Vehicle Technologies..........ccccccccvereennen 174,171 178,002 156,656 -21,346 -12.0%
Total, Vehicle Technologies .................. 174,171 178,002 156,656 -21,346 -12.0%
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The Vehicle Technologies (VT) Program is organized into subprograms that are described in the
following sections. Nearly all of the subprograms are coordinated with the U.S. auto or trucking
industries under the FreedomCAR or 21* Century Truck Partnerships, respectively.
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Expected Program Outcomes

The Vehicle Technologies Program pursues its mission through integrated activities designed to improve
the energy efficiency and productivity of our economy. We expect these improvements to reduce
susceptibility to energy price fluctuations and potentially lower energy bills; reduce EPA criteria and
other pollutants; enhance energy security by increasing the diversity of domestic fuel use; and provide
greater energy security and reliability by reducing reliance on imported oil. In addition to these “EERE
business-as-usual” benefits, realizing the Vehicle Technologies Program goals would provide the
technical potential to reduce conventional energy use even further if warranted by future energy needs.

Estimates of annual non-renewable energy savings, energy expenditure savings, carbon emission
reductions, oil savings, and natural gas savings that result from the realization of Vehicle Technologies
Program goals are shown in the table below through 2050. These benefits are achieved by targeted
Federal investments in technology research and development in partnership with auto manufacturers,
heavy vehicle manufacturers, equipment suppliers, energy companies, other Federal agencies, State
government agencies, universities, national laboratories, and other stakeholders. These partnerships
facilitate the technical coordination of activities and attract cost sharing to provide leveraged benefits for
the American taxpayer. Two partnerships represent the major crosscutting elements of the program, the
FreedomCAR Partnership and the 21* Century Truck Partnership (21CT).

The assumptions and methods underlying the modeling efforts have significant impact on the estimated
benefits, and results could vary significantly if external factors, such as future oil prices and consumer
attitudes towards the fuel economy of their vehicles, differ from the baseline case assumed for this
analysis. A summary of the methods, assumptions, and models used in developing these benefit
estimates that are important for understanding these results are provided at
www.eere.energy.gov/office_eere/budget gpra.html. Final documentation estimated to be completed
and posted by March 15, 2004. Uncertainties are larger for longer term estimates. The results shown in
the long term benefits tables are preliminary estimates based on initial modeling of some of the possible
program production technologies; nonetheless, they provide a useful picture of growing national benefits
over time.

GPRA Benefits Estimates for the Vehicle Technology Program®
Mid-term benefits"

2010 2015 2020 2025

Primary Non-Renewable Energy Savings (Quads).........cccccoviveeeennne. 0.2 0.6 1.4 29
Carbon Emission Reductions (MMTCE) .........cccccoiiiiiiiiiiiiiee e 4 13 27 53
Oil SaVINGS (MBPD)........ueiiiieeie et 0.08 0.27 0.67 1.39
Energy Expenditure Savings (Billion 2001$).........cccooeiiiiieiiniiieee 6 8 26 55

® Benefits reported are annual, not cumulative, for the year given. Estimates reflect the benefits
associated with program activities from FY 2005 to the benefit year or to program completion (whichever is
nearer), and are based on program goals developed in alignment with assumptions in the President’s Budget.

® Mid-term program benefits were estimated utilizing the GPRA05-NEMS model, based on the Energy
Information Administration’s (EIA) National Energy Modeling System (NEMS) and utilizing the EIA’s Annual
Energy Outlook (AEO) 2003 Reference Case.

Page 267
Energy Conservation/Vehicle Technologies FY 2005 Congressional Budget



Long-term benefits”

2030 2040 2050

Primary Non-Renewable Energy Savings (QUads) ..........ccccoviieiiiiinieneniee e, 5.9 12.4 16.2
Carbon Emission Reductions (MMTCE)........c.cooiiiiiiieiiiiee e 117 241 317
Oil SAVINGS (MBPD)....coiiiiiiiie ettt e et e e e e e e st e e e e e e s e s sanraaeeaaaaeans 2.8 5.8 7.6
Energy System Cost Savings (Billion 2001$) ........c..cooviiiiiiiiieeeeeeee e 25 83 150

The vehicles in the model increase their market share over time as their incremental cost relative to
conventional vehicles declines and as their efficiency relative to conventional vehicles increases. Some
of the efficiency gains are attained by using lightweight materials while maintaining the safety of the
vehicles. By 2025, about 1.4 million barrels per day (mbpd) of oil is projected to be saved as compared
with the reference projection without these technologies. This accounts for about 6% of projected
transportation oil use in 2025. By 2050, the projected oil savings grows to 7.6 mbpd, which is about
35% of the amount of oil use projected for transportation in that year. The primary non-renewable
energy savings are expressed in quads of energy and they are nearly equal to the oil savings since oil is a
non-renewable energy source. The energy expenditure savings (in the mid-term benefits) are the savings
in fuel costs by vehicle users due to the increased efficiency of their advanced vehicles. The energy
system cost savings (in the long-term benefits) includes the fuel cost savings by vehicle users and the
incremental expenditures the vehicle users made to purchase their advanced vehicles. Carbon savings
are based on the amount of carbon that the petroleum products saved would have released if they had
been used.

®Long-term benefits were estimated utilizing the GPRAO05 - MARKAL developed by Brookhaven National
Laboratory (BNL). Results can differ among models due to differences in their structure. In particular, the two
models estimate economic benefits in different ways, with the MARKAL model reflecting the cost of additional
investments required to achieve reductions in energy bills.
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Vehicle Systems

Funding Schedule by Activity

(dollars in thousands)

FY 2003 FY 2004 FY 2005 $ Change % Change
Vehicle Systems
Heavy Vehicle Systems
R&D
Vehicle Systems
Optimization.................. 9,555 10,188 8,983 -1,205 -11.8%
Truck Safety Systems... 397 394 100 -294 -74.6%
Total, Heavy Vehicle
Systems R&D.................... 9,952 10,582 9,083 -1,499 -14.2%
Ancillary Systems............... 1,100 1,185 1,300 +115 +9.7%
Simulation and Validation .. 2,433 2,568 3,500 +932 +36.3%
Total, Vehicle Systems............... 13,485 14,335 13,883 -452 -3.2%
Description

The Vehicle Systems subprogram funds R&D on advanced vehicle technologies and auxiliary
equipment that could achieve significant improvements in fuel economy for light and heavy vehicles
without sacrificing safety, the environment, performance, and affordability. This subprogram’s funding
contributes to both the FreedomCAR Partnership and the 21st Century Truck Partnership.

Benefits

The Vehicle Systems subprogram contributes to the VT program goal by addressing those system
elements that, when resolved and adequately integrated into a vehicle’s design, will accomplish
improved system efficiency. For example, parasitic losses and vehicle weight in heavy trucks contribute
to overall system inefficiencies. When appropriately addressed, improvements in these areas will add to
the improvements that are achieved in the other activities.

A key objective for heavy trucks is to demonstrate a reduction in parasitic losses (e.g. aerodynamics,
ancillary systems) from 39% of engine output in 1998 to 24% in 2006 and demonstrate the technical
feasibility of reducing the weight of a tractor-trailer from 23,000 pounds in 2003 to 18,000 pounds in
2010 (a 22% reduction), thereby increasing heavy truck fuel efficiency.

Progress is indicated by measured parasitic losses (aecrodynamics, cooling, compressed air) and truck
weight. Actual and projected parameters for these two factors are shown graphically below:
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Heavy Vehicle Systems Indicator
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Related milestones that will also contribute to meeting the VT program goal are:

» By 2005, demonstrate that a 14 percent increase in fuel efficiency for a fully loaded heavy truck can
be achieved by removing belt-driven pumps, substituting electric turbo-compounding, and adding a
more efficient air conditioning system.

» By 2005, complete technology requirements for a range of vehicle platforms to facilitate VT
Program year 2030 vision of significantly reducing petroleum usage for transportation, based on
fleet projections.

» By 2005, demonstrate stability and safety characteristics of tractor-trailers utilizing