
Program Name or Ancillary Text eere.energy.gov

Gurpreet Singh, Team Leader
Advanced Combustion Engine R&D Subprogram 

Vehicle Technologies Program

Overview of the DOE Advanced 
Combustion Engine R&D

Presented at the 
2010 DOE Hydrogen Program and Vehicle 
Technologies Program Annual Merit Review 
Washington, DC
June 7-11, 2010

Vehicle Technologies Program Mission
To develop more energy efficient and 

environmentally friendly highway 
transportation technologies that enable 

America to use less petroleum. 
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The Federal Role

 Facilitate development of precompetitive technical 
knowledge base through investments in fundamental 
and applied R&D

 Undertake High-Risk Mid- to Long-Term Research
 Utilize Unique National Lab Expertise and Facilities
 Help Create a National Consensus
 Enable public-private partnerships to integrate R&D 

into industrially useful design tools
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DOE Vehicle Technologies 
Program Strategy
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Increasing the efficiency of 
ICEs is the most promising 
and cost effective approach to 
improving the fuel economy of 
the Nation's fleet of vehicles in 
the near- to mid-term. … with 
their relatively low cost, high 
performance, and ability to 
utilize renewable fuels, ICEs 
will likely dominate the market 
for at least the next 30 years.  
…advanced engines in hybrid 
electric and plug-in  hybrid 
electric vehicles  will enable 
even greater fuel savings. 



Vehicle Technologies Program eere.energy.gov

“Internal combustion engines (ICEs) will 
be the mainstay of the nation’s 
automotive fleet for a very long time…
This kind of research has provided 
understanding that allows ICEs to meet 
emission constraints and efficiency 
goals simultaneously.”

The National Research Council fully supports 
advanced combustion engine research: 

Source:  Review of the Research Program of the FreedomCAR and Fuel Partnership: Second Report,
Committee on Review of the FreedomCAR and Fuel Research Program, Phase 2, National 
Research Council, 2008.
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Strategic Goal: Reduce petroleum dependence by removing 
critical technical barriers to mass commercialization of high-
efficiency, emissions-compliant internal combustion engine 
(ICE) powertrains in passenger and commercial vehicles

Advanced Combustion 
Engine R&D

Primary Directions
 Improve ICE efficiency for cars, light- and heavy-duty trucks 

through advanced combustion and minimization of thermal 
and parasitic losses 

 Develop aftertreatment technologies integrated with combustion strategies for 
emissions compliance and minimization of efficiency penalty

 Explore waste energy recovery with mechanical and advanced thermoelectrics 
devices

 Coordinate with fuels R&D to enable clean, high-efficiency engines using 
hydrocarbon-based (petroleum and non-petroleum) fuels and hydrogen 

Performance Targets

Light-Duty Heavy-Duty  2010 2015 2015 2018 
Engine brake                
thermal efficiency 45%  50% 55% 

Powertrain cost < $30/kW    
NOx & PM 
emissions     

Tier 2, 
Bin5 

Tier 2, 
Bin2 

EPA 
Standards 

EPA 
Standards 

Fuel economy 
improvement  25 – 40% 20% 30% 
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Technology Maturation
& DeploymentApplied ResearchFundamental  Research  

Fundamental to Applied 
Bridging R&D

 ORNL  – Experiments and 
simulation of engines and 
emission control systems 
(bench-scale to fully 
integrated systems)

 ANL – H2-fueled ICE;       
fuel injector design

Fundamental R&D
 SNL – Advanced  Combustion 

Strategies (lean-burn, LTC, 
advanced DI)
 PNNL – Catalyst Characterization 

(NOx and PM Control)
 ANL – X-ray fuel spray characterization 
 LLNL – Chemical kinetics models 

(LTC and emissions)
 LANL – CFD modeling of combustion
 Universities (U. of WI, U Conn, MTU, 

U. of MI, MSU, others)  – Complementary 
research

Competitively Awarded Cost-
shared Industry R&D
 Automotive and engine 

companies,– engine systems, 
vehicle demonstration
 Suppliers – enabling technologies 

(sensors, VVA, WHR, 
thermoelectrics, others)

IndustryAdvanced Combustion Engine R&D

Commercial 
Product

Overall R&D Approach
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Advanced Combustion 
Engine R&D

Key Activities
 Combustion and Emission Control R&D

 Fundamental Combustion Research
 Emission Control R&D
 High Efficiency Engine Technologies
 Health Impacts

 Solid State Energy Conversion
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 Strategic Goal: To provide the science base for 
combustion and emission formation needed to develop 
more efficient, cleaner engines for transportation. 
 Supports FreedomCAR mid-term program goals

• Light-duty
- peak efficiency of 45%, emission compliant, by 2010
- improve fuel economy by 25 to 40% by 2015

 Supports 21st Century Truck Program goal 
• Heavy-duty

− engine efficiency of 50%, emission compliant, by 2015
− engine efficiency of 55%, emission compliant, by 2018

 Key customers: the U.S. vehicle and engine industry.

 Strong interactions and collaborations between 
industry, suppliers, universities, and national labs.

Fundamental Combustion 
Research 
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Advanced Combustion Research 

 Combustion work coordinated under a Memorandum of 
Understanding (MOU) – Recently renewed through 2013

 Five energy companies joined MOU in 2006 
• Added perspectives for production of potential fuels or fuel blends

Goal: To develop the knowledge base for low-temperature 
combustion (LTC) strategies and carry research results to 
products.
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 Challenges
 Combustion phasing
 Load range
 Heat release rate
 Transient control
 HC and CO emissions
 Fuel characteristics
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Potential to enable high-efficiency and low-emission operation

 LTC used generically to represent 
many processes
 Homogeneous-Charge 

Compression-Ignition (HCCI)
 Premixed-Charge Compression-

Ignition (PCCI),
SCCI, HECC, MK, UNIBUS, …

Combustion Research 
Directions and Challenges

Focus On Low-Temperature Combustion (LTC) Strategies 
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n-hexadecane

Leading to engine CFD modeling tools widely used in industry

Fundamental Research Tools Improve Combustion 
Models, Engine Simulations, and Support Industry R&D

 Close coupled modeling and experiments
– Advanced diagnostics

•Optical-, laser-, and x-ray- based 
techniques

– Multi-/single-cylinder engines
– Combustion simulators
– Multi-dimensional computational models
– Fuel kinetics

 Close collaboration between industry, national 
labs and universities

Nozzle Sac 
X-Ray Image

3-Million Cell
LES GridOptical Engines

Engine Simulation

Multi-Cylinder Diesel, LTC 
and Lean-burn Gasoline

LTC Simulator H2 EngineHCCI & Lean-
burn Gasoline
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University Solicitations

 University Research in Advanced Combustion and Emission 
Control 
 2 – 3 years
 Research Areas of Interest:

• Lean-burn and low-temperature combustion strategies 
• Reduce nitrous oxide and particulate matter emissions in 

lean-burn combustion
• Reduce combustion inefficiencies
• Reduce hydrocarbon and carbon monoxide emissions for low 

temperature and lean-burn combustion
 Universities selected:

 Michigan State
 Regents of the U. of Michigan
 Board of Regents of the U. of Wisconsin 
 Michigan Tech
 U. of Houston
 U. of Connecticut
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 Objectives are to develop and demonstrate advanced engine and vehicle 
technology as follows:
 Heavy-Duty Class 8 Trucks

• 20% improvement in engine brake thermal efficiency (50% BTE)
• 50% improvement in freight efficiency (ton-miles/gallon)
• Modeling and analysis for pathway to 55% Brake Thermal Efficiency 

 Light-Duty Vehicles
• 25% fuel economy improvement over for gasoline engines baseline*
• 40% fuel economy improvement over for diesel engines baseline*

 Funding:
 $100M in ARRA Funding
 $87M in annual appropriations over six fiscal years

SuperTruck/Advanced Technology Powertrain
Funding Opportunity Announcement

Systems Level Technology Development, Integration, and Demonstration 
for Efficient Class 8 Trucks (SuperTruck) and Advanced Technology 
Powertrains For Light-Duty Vehicles (ATP-LD)

*Baseline is state-of-the-art port-fuel injected gasoline engine
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Advanced Technology Powertrain  
Competitive Awards

*DOE cost share as selected

Light-Duty Selection

Heavy-Duty Selection

Daimler LLC
$39,559,868*
Portland, OR

Cummins, Inc.
$15,000,000*
Columbus, IN

Cummins, Inc.
$38,831,115*
Columbus, IN

Ford Motor Co.
$15,000,000*
Dearborn, MI

General Motors
$7,705,862*
Pontiac, MI

Delphi
$7,480,572*

Troy, MI

Chrysler Group
$14,458,572*

Auburn Hills, MI

Robert Bosch
$11,953,786*

Farmington Hills, MI

Navistar, Inc.
$37,328,933*

Fort Wayne, IN
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Awardees Additional Team Members 

Cummins, Inc.  Peterbilt, Eaton, Delphi, Bridgestone, Modine, U.S. Xpress, Purdue 
University, University of Wisconsin, and Oak Ridge National Laboratory 

Daimler Trucks 
North America 

Detroit Diesel, Oak Ridge National Laboratory, Massachusetts Institute 
of Technology, and University of Oregon 

Navistar, Inc.  

Arvin Meritor, ATDynamics, Bosch, FEV, Federal Mogul, Michelin, 
Modine Swift, Sheppard, Safeway, University of Illinois, Southwest 

Research Institute, Wabash National, University of Wisconsin, Argonne 
National Laboratory, and Lawrence Livermore National Laboratory  

 

Competitive Awards

Systems Level Technology Development, Integration, and 
Demonstration for Efficient Class 8 Trucks (SuperTruck)

Advanced Technology Powertrains For Light-Duty Vehicles (ATP-LD)
Awardees Additional Team Members 

Chrysler Group  Delphi, Ricardo, Ohio State University, Argonne National 
Laboratory, and Fiat 

Cummins Inc. Johnson-Matthey, NxtGen Emission Controls, Dow Chemical 
Company, Nissan, and Oak Ridge National Laboratory 

Delphi Automotive 
Systems, LLC  

Hyundai/Kia American Technical Center Inc. (HATCI), Wisconsin 
Engine Research Consultants, Wayne State University 

Ford Motor 
Company Michigan Technological University 

General Motors 
Corporation N/A 

Robert Bosch AVL Powertrain Engineering Inc., Emitec, University of Michigan, 
Stanford University, Chevron Energy Technology Company 
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Future Awards

Area of Interest 4 - Advanced Thermoelectrics and 
Enabling Technologies for Energy Efficient Powertrains

Funding Opportunity Announcement (FOA)  - for
near and mid-term projects in technology areas that 
support the vehicle technologies mission and goals. 
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Major Activities FY 2008 

Appropriation 
FY 2009 

Appropriation 
FY 2010 

Appropriation 
FY 2011 
Request 

Advanced Combustion Engine R&D $44,591K $40,800K $57,600K $57,600K 

Combustion and Emission Control * 38,815 35,089 47,239 47,239 

Solid State Energy Conversion** 4,527 4,568 8,748 8,748 

SBIR/STTR 1,248 1,143 1,613 1,613 

       
 

Advanced Combustion Engine R&D 
Budget by Activities

*Includes Heavy Truck Engine and Health Impacts.
**Formerly Waste Heat Recovery


	Overview of the DOE Advanced Combustion Engine R&D
	The Federal Role
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Overall R&D Approach
	Advanced Combustion Engine R&D
	Fundamental Combustion Research 
	Advanced Combustion Research 
	Combustion Research Directions and Challenges
	Fundamental Research Tools Improve Combustion Models, Engine Simulations, and Support Industry R&D
	University Solicitations
	SuperTruck/Advanced Technology Powertrain�Funding Opportunity Announcement
	Advanced Technology Powertrain  Competitive Awards
	Competitive Awards
	Future Awards
	Slide Number 17

