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U.S. Petroleum Gap  (2009)
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U.S. Petroleum Production and 
Consumption, Transportation

• 240 million vehicles on the road
• Approximately 9M new cars & light trucks for 2009. Average is 15.7 M/yr 

2002-2007
• 11.5 Million barrels of oil per day consumed by on-road vehicles
• Light-duty vehicles consume 60% of transportation fuel, and account for 42% 

of total US petroleum use.
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Where are the opportunities 
for reducing transportation petroleum demand?

(In addition to walking more)

For Light-duty Passenger Vehicles
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Vehicle Energy Consumption

Engine Losses = 62.4%

Aero-Dynamic Drag = 2.6%
Inertia = 5.8%  → Brakes

Drivesystem Friction = 5.6%

Rolling 
Resistance = 4.2%

Accessory Loads = 2.2%Idling = 17.2%

Vehicle Technologies
• Advanced Engine Development

• Automotive Fuel Cells
• Hybrid Electric Drivetrains

• Advanced Materials
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• Advanced Engine Combustion R&D
• Materials Development
• Batteries and Electric Drives
• Fuel Cells

Program Overviews
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Increasing engine efficiency a cost-effective approach to increasing fuel economy

Benefits All Vehicle Classes

Advanced Engine Combustion R&D

Heavy-
Duty

Light-
Duty

Class 2b-8
Cars

Trucks
• Power Rating: 100-
300hp

• Power Rating: 200-400hp

• Power Rating: 250-
600hp

Status and Targets

“Support improved mileage performance of internal combustion engines…” – Secretary of Energy Steven Chu

25-40% 
ImprovementUp to 20%

Improvement

Improve gasoline engine efficiency by 
advancing technologies such as lean-burn 

operation, turbocharging, variable valve 
actuation, variable compression ratio

2015 Passenger Vehicle: Improve gasoline vehicle 
fuel economy by 25% and diesel vehicle fuel economy 

by 40%; compared to 2009 gasoline baseline

2015 Commercial Engine: Improve commercial 
engine efficiency by more than 20%; compared to 

2009 baseline

http://www.fallingpixel.com/products/2427/mains/Dodge_Ram_1500_01.jpg�
http://images.google.com/imgres?imgurl=http://www.epa.gov/oms/technology/images/ups-truck.jpg&imgrefurl=http://www.epa.gov/oms/technology/recentdevelopments.htm&usg=__5KiLiDpi8VBGwjP_j2mCGEzfd3w=&h=200&w=300&sz=14&hl=en&start=35&sig2=gU3DS-_CTQI1B79IcGH0PQ&um=1&tbnid=VmyOL700IkNGNM:&tbnh=77&tbnw=116&prev=/images?q=ups+truck&ndsp=20&hl=en&rlz=1T4GGQD_enUS285&sa=N&start=20&um=1&ei=Jo6qSsrAN9_5nQeblt2kDw�
http://images.google.com/imgres?imgurl=http://althippo.com/images/metrobus.jpg&imgrefurl=http://blog.althippo.com/2008/07/21/the-new-metro-bus-colors-are-in/&usg=__lrHZCHYIdTUqC7Dww09pa43AsV8=&h=233&w=350&sz=108&hl=en&start=9&sig2=aaVu3IZPHCDMjx71sFLTRg&um=1&tbnid=ZfF7iMB6N_ro-M:&tbnh=80&tbnw=120&prev=/images?q=dc+metro+bus&hl=en&rlz=1T4GGQD_enUS285&um=1&ei=046qSrPVGIusnAf9kLG4BA�
http://images.google.com/imgres?imgurl=http://www.thedailygreen.com/cm/thedailygreen/misc/Vu/2009-ford-escape-lg&imgrefurl=http://www.thedailygreen.com/environmental-news/latest/fuel-efficient-cars-47102201&usg=__5F9c05kC5EuXYNP97uWPtKZs794=&h=360&w=460&sz=26&hl=en&start=37&sig2=HSMhb085UFdU5_DXSl23_w&um=1&tbnid=mzUKYDoo10h9NM:&tbnh=100&tbnw=128&prev=/images?q=suv&ndsp=20&hl=en&rlz=1T4GGQD_enUS285&sa=N&start=20&um=1&ei=bo-qStSfD9D4nAfStqSlDw�
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Materials Development

Vehicle lightweighting is a effective way of reducing fuel consumption

Types of Materials and Benefits

Magnesium
Carbon Fiber25-35% Lighter than a 

Aluminum Engine Block and 
45-55% Lighter Compared 

to Cast Iron

50-60% Lighter than a 
Standard Steel Body in White

Lightweighting improves fuel economy and reduces the demands on the 
powertrain and ancillary systems (e.g., braking)

Targets and Status

* Hypothetical Distribution

2015 Target: Validate cost-effective reduction 
of passenger vehicle body and chassis weight 
by 50% in high volume applications compared 
to 2002 vehicles.
2015 Target: Commercial introduction of 
thermoelectric coolers/heaters to replace 
vehicle A/C systems

2009 Status: Modeling demonstrated that 
body and chassis weight reduction goal of 
40% could be achieved, but not at cost parity.
2009 Status: Thermoelectrics that convert 
engine waste heat directly to electricity which 
provides a 5% improvement in fuel economy 
on the highway
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Hybrid Electric Drive Options
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Batteries and Electric Drive 
Technology

Drivetrain electrification is inherently efficient and a clear pathway to low-carbon 
transportation. Program targets focus on enabling market success

2009 Status: $8000-
$12,000 for a PHEV 40-

mile range battery
2009 Status: Current cost 

of the electric traction 
system is ~$34/kW

2014 PHEV: Battery that has a 40-mile all-electric 
range and cost $3,400

2015 PEEM:  Cost for electric traction system no 
greater than $12/kW peak by 2015

Types of Vehicles and Benefits

HEV
Toyota Prius 50 MPG• 1 kWh battery

• Power Rating: 80kW
• System Cost: $3000

PHEV
Chevy Volt 100 MPGe

• 16 kWh battery
• Power Rating: 170kW
• System Cost: est. $16,000

EV
Nissan Leaf All Electric

• ≥ 40 kWh battery
• Power Rating: ≥ 110kW
• System Cost: est.$36,000

Potential Benefits
• Potential oil savings in 2030 is ~1.25 million barrels per day (Mbpd)
• Corresponding GHG emissions reduction is ~170 million metric tons of CO2 equivalent 

(MMTCO2e)

http://www.edmunds.com/toyota/prius/2009/picturearchive.html�
http://www.google.com/imgres?imgurl=http://blog.cleveland.com/business/2007/09/12volt.jpg&imgrefurl=http://blog.cleveland.com/business/2007/09/&h=1896&w=3000&sz=2414&tbnid=iDxFjULi9DF6YM:&tbnh=95&tbnw=150&prev=/images?q=picture+of+volt&usg=__raTEFKUHn-fjtp5sHHm2rq1rNPo=&ei=IQepSrP9JYWGtgeD2aGpCA&sa=X&oi=image_result&resnum=3&ct=image�
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Power and Energy Storage

Relative Performance of Various Electrochemical Energy Storage Devices
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Hybrid-Electric Systems

• Cell materials & fabrication represents about 3/4 
the cost for PHEV batteries

• For significant cost reduction, new materials with 
increased energy density are needed to reduce:  
- material needs
- cell count, and
- cell/pack hardware 
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While Power Electronics & Electric Machine (PEEM) 
costs predominate in a HEV traction drive system, 
increased battery size  in PHEV configurations will 
necessitate increased focus on battery cost reduction.
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Fuel Cells — Where are we today?

Fuel Cells for Transportation
In the U.S., there are currently:

> 200 fuel cell vehicles 
> 20 fuel cell buses
~ 60 fueling stations 

Production & Delivery of  
Hydrogen

In the U.S., there are currently:

~9 million metric tons                
of H2 produced annually

> 1200 miles of                                  
H2 pipelines

Fuel Cells for Stationary Power, 
Auxiliary Power, and Specialty 
Vehicles

Fuel cells can be a cost-
competitive option for 

critical-load facilities, backup 
power, and forklifts.

The largest markets for fuel cells today are in 
stationary power, portable power, auxiliary power 
units, and forklifts.

~75,000 fuel cells have been shipped 
worldwide.

~24,000 fuel cells were shipped in 2009
(> 40% increase over 2008).

Several manufacturers—
including Toyota, Honda, 
Hyundai, Daimler, GM, and 
Proterra (buses) —have 
announced plans to 
commercialize vehicles by 
2015.

GM

http://images.google.com/imgres?imgurl=http://www.isecorp.com/ise_products_services/fuel_cell_vehicles/images/AC_FuelCellBus.jpg&imgrefurl=http://www.isecorp.com/ise_products_services/fuel_cell_vehicles/&h=236&w=350&sz=16&hl=en&start=25&um=1&tbnid=y5r3dJ3Z-gRaMM:&tbnh=81&tbnw=120&prev=/images?q=ac+transit+fuel+cell&start=20&ndsp=20&um=1&hl=en&rls=HPID,HPID:2005-17,HPID:en&sa=N�
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GHG Emissions and Petroleum Consumption by Vehicle Technology

GHG Emissions (g CO2-eq / mi) Petroleum Consumption (gal gas-eq / mi)

Reference 
vehicle GHG 

emissions: 430 
g C02 eq/mi

50% reduction 
from reference 
vehicle GHG 

emissions: 215 
g CO2 eq/mi

What is the payoff? -- 2030
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Car Technology Penetration Years after
First Significant Use
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Vehicle and Systems Simulation and 
Testing

PHEV Market Introduction Study
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Prius sales are related to the 
price of gasoline.
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Investments
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Fiscal Year 2010 Budget

Total – $311 M
Vehicle Technologies

Hybrid Electric
Systems
$146M

Fuels
$24M Technology

Integration
$33M

Materials
$51M

Advanced 
Combustion 
$57M

Vehicle Technologies and ARRA
Total – $3.1 B

VTP

VTP ARRA 

$311 M

$ 2.8 B
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$30.7 M investment in Lightweight Materials Technology to accelerate the 
introduction of light weight materials and structures for vehicles in order to 
reduce transportation fuel consumption and greenhouse gas emissions.  

$13 M investment in Propulsion Material Technology to develop high 
performance materials for automotive engine components, in order to 
improved the performance, efficiency, and emissions of internal combustion 
engines.

$5.7 M investment in High Temperature Materials Laboratory to make 
available to researchers a set of unique analytical tools and techniques for 
characterizing the behavior of materials at high temperatures and stresses.

$44 M investment in Power Electronics and Electric Machines to accelerate 
development of lower cost, compact, highly efficient electronic power 
management systems and electric motors for electric drive vehicles.

$76.3 M investment in Energy Storage for high performance, lower cost 
energy storage devices, including high capacity lithium-ion batteries and 
capacitors.

$22.3 M investment in Vehicle and Systems Simulation and Testing for 
modeling and field evaluation of hybrid, plug-hybrid, and electric vehicles, and 
development of the infrastructure to support large numbers of electric vehicles 
charged from the utility grids.

Materials and Energy Storage 2010 
Budgets
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$300 Million for Clean Cities
The Recovery Act funding for state and local governments, and 
transit authorities will expand the nation’s fleet of clean, 
sustainable vehicles and the fueling infrastructure necessary to 
support them.
$100 Million for SuperTruck and Advanced Combustion 
R&D
Heavy-duty trucks are emphasized because they rapidly adopt 
new technologies and account for 20% of the fuel consumed in 
the United States.

$1.5 Billion to accelerate the manufacturing and deployment of 
the next generation of U.S. batteries

$500 Million for Electric-drive Components Manufacturing

$400 Million for Transportation Electrification
Recovery Act money is funding 48 new projects in advanced 
battery and electric drive components manufacturing and 
electric drive vehicle deployment in over 20 states: Directly 
resulting in the creation tens of thousands of manufacturing 
jobs in the U.S. battery and auto industries

Vehicle Technologies Recovery 
Act Funding – 2.8 Billion
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Thank you

Edwin Owens, Supervisor
Hybrid Electric Systems and Materials Technology

202-586-4830

www.annualmeritreview.energy.gov/
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