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2OverviewOverview

• Mission and Goals

• R&D Portfolio and Budget Trends

• Recovery Act Projects 

– Battery & Components Manufacturing

– Transportation Electrification

– Clean Cities Program

– Smart Grid

• Summary
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Decrease petroleum dependency               Reduce greenhouse gases 

DOE Vehicle Technologies 
Program Goals

• Develop more energy efficient and environmentally friendly highway transportation 
technologies that enable America to use less petroleum

• Develop technologies that provide Americans with greater freedom of mobility and 
energy security, with lower costs and lower impacts on the environment
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U.S. Petroleum Production U.S. Petroleum Production 

and Consumption, 1970and Consumption, 1970--2035 2035 

U.S. Vehicle Market
• 240 Million vehicles on the road
• Approximately 9M new cars & light trucks for 2009; 

(average is 15.7 M/yr during 2002-2007)
• Hybrid vehicles now ~3% of sales
• 13 Million cars and light trucks taken out of use per year

2009 Oil Use in the U.S. 
(19.4 MBPD)

2007 Trans. CO2 Emissions 
32% of Total U.S.

Rail

Highway

82%

Air
10%

Water
3%

Pipeline

2%

3%

Highway

59%

Other Transportation

11%

Residential
3%

Commercial
2%

Industrial

24%

Electric Power 
1%
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GHG Emissions and Petroleum Consumption by Vehicle Technology

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

50% reduction

from reference

vehicle GHG 

emissions:

215 g CO2eq /mi

Reference

vehicle GHG 

emissions:

430 g CO2eq /mi

Analysis Informs StrategyAnalysis Informs Strategy
Projected Vehicle Technology for 2030Projected Vehicle Technology for 2030

Vehicle GHG 

emissions fall 

into 3 major 

groups:

• Conventional

• Electric-drive

• Combination 
electric-drive 
& biofuel

Petroleum 

consumption 

loosely mirrors 

GHG emissions

Vehicle GHG 

emissions fall 

into 3 major 

groups:

• Conventional

• Electric-drive

• Combination 
electric-drive 
& biofuel

Petroleum 

consumption 

loosely mirrors 

GHG emissions
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Fuels Technology

• Bio-Based Fuels
• Clean/Efficient 

Combustion Fuel 
Characteristics

• Intermediate Blends
• Advanced Lubricants

Technology Integration

• FreedomCAR
• SuperTruck
• Clean Cities
• EcoCAR
• GATE

Materials Technology

• Lightweight Structures
• Lightweight Materials
• Processing/Recycling/   

Manufacturing
• Design Data Test 

Methods
• HTML 
• Propulsion Materials

Hybrid Electric Systems

• Advanced Batteries
• Power Electronics

& Electric Motors
• HEV & PHEV
• Systems Analysis

and Testing
• Electrification/Smart Metering
• Aerodynamics, Rolling

Resistance & Accessory
Loads

Advanced Combustion Engine R&D

• Low Temperature Combustion R&D
• Emission Controls
• Light- & Heavy-Duty Engines
• Waste Heat Recovery
• Health Impacts

Advanced Vehicle Technology R&D
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Activity

FY 2010

Approp

($ in 
Millions)

FY 2011

Request 

($ in 
Millions)

Batteries and 
Electric Drive 
Technology

101 121

Vehicle and 
Systems: 

Simulations & 
Testing

44 44

Combustion 57 58

Materials 51 51

Fuels 
Technology

24 11

Deployment 33 41

TOTAL 311 325

• VT ARRA Activities $2.8 B

• ATVM Loan Program  $25.0 B

• Other DOE

• Office of Science

• ARPA-E

• Office of Electricity

Other DOE Vehicle Activities

Unprecedented Investment in Advanced 

Vehicle Technologies
• A 50% increase in Vehicle Technologies Program 
budget in the last 2 years

•1/2 of our over $311M budget directly on vehicle 
electrification initiatives

• $25B Advanced Technology Vehicles Mfg Loan 
Program, 
•The launch of ARPA-e
• The Recovery Act's greater than $2.8B in grants for 
vehicle technology & demos

DOE Vehicle Technologies
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Transportation

68.3%

Hybrid and Electric Systems

Vehicle and Systems 
Simulation and Testing

Energy Storage 
R&D

Advanced Power 
Electronics and Electric 

Motors R&D

Complements hardware R&D 
activities through vehicle 
simulation and testing

Battery technology 
R&D for hybrid-electric 
and plug-in hybrid-
electric vehicles

R&D for electric and 
electronic devices needed 
for drivetrain electrification
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Advanced Battery R&DAdvanced Battery R&D

Advanced
Materials
Research

High Energy & 
High Power 

Cell R&D

Full System
Development and

Testing

Commercialization

• High energy cathodes
• Alloy, Lithium anodes
• High-voltage 
electrolytes 
• Lithium-air couples

• High rate electrodes
• High energy couples
• Fabrication of high E 
cells
• Ultracapacitor carbons

• Hybrid Electric Vehicle (HEV) systems
• 10 and 40 mile Plug-in HEV systems
• Advanced lead acid
• Ultracapacitors

The Energy Storage R&D effort covers a wide rage of topics, from
fundamental materials to battery development and testing
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Power Electronics – Power inverters 
and converters for electric drivetrains

• Wide Band Gap semiconductors for 
increased efficiency

• New device packaging and topologies 
to minimize cost

• Low cost, high temperature capacitors

Electric Motors – Hybrid and Plug-in 
Hybrid capable designs

• Novel motor concepts without 
permanent magnets to reduce cost

• Research to develop low cost, high 
performance magnetic materials

Thermal Control – Improving heat 
transfer and reliability evaluation

• Enables smaller devices through 
more aggressive cooling technologies

• Predictive thermal stress and 
reliability 
models identify 
design issues

Traction Drive Systems – Combined 
stand-alone drive systems enable all-
electric 
operation for 
plug-in hybrids 
and fuel cell 
vehicles
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Brake

Dynamometer

CVT

I/O Board

Motor

Measurements

Commands

Engine
Brake

Dynamometer

CVT

I/O Board

Motor

Measurements

Commands

Engine

Vehicle Systems AnalysisVehicle Systems Analysis

Development and Validation 
in Emulated Vehicles
• Hardware-In-the-Loop (HIL) &  PSAT-PRO©

• HIL System Integration

• Technology Validation

R&DR&D

Validation in Vehicle Testing
• Advanced Vehicle Testing Activity

• Dynamometer Laboratory Testing

• On-Road Vehicle Performance Evaluation

• PHEV Technology Acceleration

& Deployment Activity

• Fleet Data Collection

• Model Validation

Analysis/Model 
Validation
• Policy

• Vehicle Design

• Configurations

• Control

• Component 
requirements

• PSAT

• Reference Vehicle

Definition

• Technology Verification



12

HybridHybrid--Electric SystemsElectric Systems
Petroleum Displacement via Fuel Substitution & Improved EfficienPetroleum Displacement via Fuel Substitution & Improved Efficiencycy

Administration Goal:1 Million PHEVs by 2015

Targets and Status

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

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

Status: $8,000-$11,000 for PHEV 40-mile range 
battery

Status: Current cost of electric traction system is 
$40/kW

Types of Vehicles and Benefits

EV

PHEV

HEV

Nissan Leaf

Toyota Prius

Chevy Volt

All Electric

50 MPG

>100 MPGe

PHEV Battery Cost 
per kW·h

PEEM Cost 
per kW

System Cost

$1,000 - $1,200$1,000 - $1,200

$700 - $950$700 - $950

Goal = $300Goal = $300

Goal = $500Goal = $500

2008

2015

$19$19

$22$22

Goal = $17Goal = $17

Goal = $12Goal = $12
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RecoveryRecovery ActAct (Stimulus) (Stimulus) ProjectsProjects
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President Obama at Navistar, Elkhart, IN

American Reinvestment and Recovery Act:
Transportation Electrification Projects

Vice President Biden and Gov Granholm

• Recovery Act signed 

– February 17, 2009

• FOA issued

– March 19, 2009

• 48 project selections announced, 
including Battery Manufacturing, 
Electric Drive Components and 
Transportation Electrification

– August 5, 2009

• All contracts are signed and work 
is underway
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$1.5 Billion for Advanced Battery Manufacturing for Electric Dri$1.5 Billion for Advanced Battery Manufacturing for Electric Drive Vehiclesve Vehicles

““Commercial Ready TechnologiesCommercial Ready Technologies””

Lithium Supply

Electrolyte Prod.

Separator Prod.

Cell Cases

Iron Phosphate

Nickel Cobalt Metal

Manganese Spinel

Iron Phosphate

Nickel Cobalt Metal

Manganese Spinel

Lithium Ion

Advanced Lead 
Acid Batteries

Material
Supply

Cell 
Components

Cell
Fabrication

Pack 
Assembly

Recycling

$28 M $259 M $735 M $462 M $10 M

Recovery Act Funding for 
Battery Manufacturing

Chemetall
Foote

A123

JCI
SAFT

EnerDel

Exide
East Penn

GM
DOW-Kokam

JCI
SAFT

EnerDel

A123

CPI-LG
DOW-Kokam

Celgard
ENTEK/JCI

Novolyte
Honeywell

H&T Waterbury

TOXCO

Awards
•9 Battery Pack or Cell 
Manufacturing Awards
•10 Material Production 
Awards
•1 Recycling Award

Timeline
•December 2011 –
Battery Manufacturing 
Capacity of 50,000 
PHEV Batteries (10 
Kilowatt-hours)
•2015 – Battery 
Manufacturing Capacity 
of  500,000 PHEV 
Batteries (10 Kilowatt-
hours)

Cathode Material
A123
BASF
Toda

Anode 
Material
EnerG2
Pyrotek

FutureFuel
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Recovery Act Events Recovery Act Events –– Battery ManufacturingBattery Manufacturing

DOE Secretary Steven Chu at General Motors’

Chevy Volt lithium-ion battery pack facility

in Brownstown, MI

Saft America lithium-ion battery plant 

groundbreaking in Jacksonville, FL

President Obama at 

Compact Power Inc

in Holland, MI
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Company Location
Total 

Investment
Cell 

Manu.
Pack 

Assembly
Description

Holland, MI
Lebanon, OR

$600 M Li-Ion: Nickel Metal Cobalt

Romulus & 
Brownstown, MI

$500 M
Li-Ion: Iron Phosphate

St. Clair & 
Holland, MI

$390 M
Li-Ion: Mixed Manganese

Brownstown, MI
$236 M

Jacksonville, FL
$191 M

Li-Ion: Nickel Metal Cobalt

Midland, MI $490 M
Manganese Spinel

Bristol, TN & 
Columbus, GA

$70 M Spiral Wound AGM and Flat  
Plate  Batteries

Lyon Station, PA
$98 M Advanced VRLA and the 

Ultra Batteries

Indianapolis, IN
$180 M

Li-Ion: Nickel Metal Cobalt

Battery Manufacturing Facilities
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Recovery Act Events Recovery Act Events –– Materials ManufacturingMaterials Manufacturing

Governor Granholm at 

Toda America, Battle Creek, MI 
President Obama at 

Celgard plant, Charlotte, NC
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Company Location Funding Material Description

Elyria, OH $50 M Cathode
Production of nickel-cobalt-metal 

cathode material for Li-ion batteries

Goose Creek,  SC
$70 M

Cathode 
Production of nickel-cobalt-metal 

cathode material for Li-ion batteries

Sanborn, NY
$23 M

Anode
Production of carbon powder anode 

material for Li-ion batteries

Batesville, AR
$25 M

Anode
Production of high-temp anode 

material for Li-ion batteries

Zachary, LA
$41 M

Electrolyte
Production of electrolytes                  

for Li-ion batteries

Buffalo, NY & Metropolis, IL
$55 M

Electrolyte
Production of electrolyte salt             

for Li-ion batteries

Charlotte, NC & Aiken, SC $101 M Separator
Production of polymer separator 
material for lithium-ion batteries

Silverpeak, NV & Kings Mtn., NC
$60 M 

Lithium
Production of battery-grade lithium 

carbonate and lithium hydroxide

Albany, OR
$28 M

Carbon
Production of high-energy density 
nano-carbon for ultracapacitors

Holland, MI
$10 M

Cell Cases
Manufacturing of precision aluminum 

casings for cylindrical cells

Lancaster, OH
$19 M

Recycling
Hydrothermal recycling of Li-ion 

batteries

Lebanon, OR $26 M Separator
Production of battery separators for 

HEVs and EVs

Battery Materials, Production and Recycling
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American Reinvestment and Recovery Act

Transportation Electrification

• 8 Grants representing the largest ever 
coordinated deployment of electric-drive 
vehicles and charging infrastructure in 
the U.S.

• Deployment of 7,000 electric-drive 
vehicles, including light-duty, medium-
duty, and heavy-duty passenger and 
commercial vehicles 

• Installation of over 20,000 Level 2 
(240VAC) vehicle charging sites at 
residential, commercial, and public 
locations,   and 350 Level 3 (500VDC) 
Fast Chargers

• Collection of detailed operational data 
from vehicles and charging 
infrastructure, to evaluate and analyze 
vehicle usage, charging patterns, and 
potential grid impacts

Transportation Electrification Demonstration Projects

• 10 Grants to establish 
comprehensive educational and 
outreach programs focused on 
electric-drive vehicles

• Funding of the first programs to 
educate first responders and 
emergency personnel in how to 
deal with accidents involving 
EVs and PHEVs
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American Reinvestment and Recovery ActAmerican Reinvestment and Recovery Act

Clean Cites Program Clean Cites Program –– EV DeploymentEV Deployment

Mission: Deployment of  alternative fuel vehicles by encouraging and supporting Local and 
State Governments decisions to adopt practices that advance the energy, economic, and 
environmental security of the U.S. 

1965 Hybrid
Vehicles

611 Electric
Vehicles

1603 Charging
Stations 

86 Coalitions in 45 States

500,000 AFVs

6,166 AFV Stations

Increased emphasis on the 
deployment of light, medium, and 
heavy duty electric drive vehicles
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American Reinvestment and Recovery Act

Smart Grid Investment Grants

Smart Grid Systems 
and Equipment

Numbers of 
Units

(self-reported 

estimates)

Improvements

Smart Meters 18,179,912 • 13% of the 142 million customers in the U.S.

Load Control Devices 176,814 • Enables peak demand reductions

PHEVs / 

Charging Stations

12 / 

100

• Accelerates market entry

Smart Transformers 205,983 • Enables preventative maintenance

Automated Substations 671 • 5% of 12,466 transmission and distribution 

substations in the U.S.

2
2

(100 projects:    $3.4B Federal;  $4.7B non-Federal) 
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Contact InformationContact Information

www.vehicles.energy.gov

David Howell, Hybrid Electric Systems Team Lead

202-586-2476

david.howell@ee.doe.gov

or

james.miller@anl.gov


