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Transportation is a Large Part of our Energy Economy

Transportation is  

the 2nd
largest 

expense for U.S. 

households

On-road vehicles 

account for 

85%of 

transportation 

petroleum usage

11 billion 

Tons goods

Over 3 Trillion 

Miles

Annually

70% of total 

U.S. petroleum 

usage is for 

transportation
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EEREõs Vehicle Technologies Office (VTO)

Vehicle Technologies Office

Electrification Materials 
Technology

Energy 
Efficient 
Mobility 
Systems

Advanced 
Combustion 
Systems and 

Fuels

Partnerships

Outreach,

Deployment,

& Analysis

V Improve energy efficiency

V Increase domestic energy security

VReduce operating cost for consumers & 
business

V Improve global competitivenessof US 
economy

VTO develops advanced 

transportation technologies 

that:
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Degree of 
electrification 

0% 100%

Internal Combustion 
Engine

ElectricHybrid-Electric

PHEV

Graphic Adapted from http://www.eucar.be

Vision for Electrification

Battery: 

Å Cost

Å Energy density

Å Recharging Time

Micro Full hybrid PHEV EREV Fuel Cell BEV
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2014 2020 2022 20242012 2016 2018 2026

4V, NMC

$235/kWh

4.7 

Volt

Graphite/High 

Voltage NMC

$256/kWh

4.2V, 10% 

Si

Silicon/High 

Voltage NMC

4.7 Volt, 30% Si

2028 2030

Lithium-Metal or 

Lithium/Sulfur

5x excess Li, 10% S

$320/kWh

Li-Metal Battery projection 
assumes cycle life, cell 

scale-up, and catastrophic 
failure issues have been 

resolved

1.5x excess Li, 75% S, 

~$80/kWh

Cost Trajectories for Lithium Based EV Batteries
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Hybridization has Advantages for Advanced Engines

Advanced Combustion 
Strategies

Advanced Engine 
Architectures

Novel Thermodynamic 
Cycles

Enabling Opportunities

Electrically assisted 
boosting systems

Transient Emissions 
Control

Cranking emissions 
and startability

Catalyst light-off

Transient waste heat 
recovery

Higher power density

Ability to better manage  
many current challenges

Range

Cost

Advantages vs. BEVs
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Engine Simulation
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Liquid fuel

Soot (red) & OH (green)

Liquid fuel & OH
In-cylinder air motion & 
Unburned hydrocarbons

Laser 
beams 

Camera 

Needle motion

Argonne

Fuel concentration

Sandia
Diesel Spray A 90�qC

900 K, 60 bar

Liquid�²phase structure

Sandia

Ç Explore advanced combustion 

strategies to achieve higher engine 

efficiencies with near-zero emission 

of NOx and PM.

Ç Develop greater understanding of 

engine combustion and in-cylinder 

emissions formation processes.

Ç Develop science-based, truly 

predictive simulation tools for industry 

to design advanced engine. 

Combustion R&D towards next-generation engines


