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Fuel Cell Technical Barriers

Although many issues are discussed below, it should be noted that 
cost and durability present two of the more significant technical 

barriers to the achievement of clean, reliable, cost-effective systems. 

BARRIERS
A. Durability
B. Cost
C. Electrode Performance
D. Thermal, Air, Water Management
E. Compressors/Expanders
F. Fuel Cell Power System Integration
G. Power Electronics
H. Sensors
I. Hydrogen Purification/CO Cleanup
J. Startup Time/Transient Operation



Key Targets

Transportation (PEMFC)
• $45/kW by 2010 
• $30/kW by 2015
• 5,000 hours durability 

Auxiliary Power Units (SOFC)
• specific power of 100 W/kg by 2010
• power density of 100 W/L by 2010

Consumer Electronics (DMFC)
• energy density of 1000 W/L by 2010

Distributed Energy (PEMFC)
• $400-$750/kW by 2010
• 40,000 hours durability



Changes to Technical Targets

• Targets focused on fuel cell system, excluding hydrogen 
storage

• Shift from 50kW fuel cell system for transportation to 
80kW fuel cell system

• Shift to components:
– Membranes
– Electrocatalysts
– Membrane Electrode Assemblies
– Bipolar plates

• Hydrogen Quality



Gap Between Transportation PEMFC 
Status and Targets

Fuel Cell System, Stack, and Component Costs: 
Status v. Targets
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Cost status and targets are based on production of 500,000 units per year.



New Fuel Cell Projects
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Research Partners
Stack Components
Membranes & MEA’s
UTC Fuel Cells, 3M, DeNora, 
Arkema Chemicals, DuPont, Plug 
Power, LANL, ANL, NREL, SNL
Catalysts
Ballard, U. of South Carolina, 3M, 
Cabot-Superior Micropowders, 
OSRAM Sylvania, NRL, NASA, 
ANL, LBNL, BNL
Platinum Recycling
Englehard , Ion Power
Bipolar Plates
Porvair, ORNL, PNNL, NREL
Fuel Cell Characterization
NIST, ORNL, LANL, LBNL

Transportation 
Systems
System Modeling
ANL, NREL, LANL
Sensors
Honeywell, UTC Fuel 
Cells, LLNL, ORNL
Compressor
Honeywell, 
Mechanology
Humidifiers / Heat 
Exchangers
Honeywell, ORNL
APU’s in Trucks (SOFC)
Delphi Automotive, 
Cummins, PNNL,ANL
Portable Power (DMFC)
PolyFuel, MTI Micro 
Fuel Cells, LANL
Off-Road (PEMFC)
IdaTech

Distributed Energy
Stationary Systems
IdaTech, UTC Fuel 
Cells, Plug Power
Modeling and Analysis 
ANL, NREL, Battelle

Fuel Processor
Catalysts & FP 
Systems for Stationary
Nuvera, Texaco, 
Catalytica, U. Michigan, 
ANL, ORNL, PNNL

Technology Validation (Vehicle Portion)
General Motors and Shell
Ford and BP
DaimlerChrysler and BP
ChevronTexaco and Hyundai



Funding Distribution

9%

Distributed Energy 
Systems $6.902M
• High efficiency PEMFC 
power systems as an 
alternative to grid-based 
electricity for buildings 

13%

Fuel Processor R&D $9.721M
• LPG or propane fuel processors 
technology for stationary applications
• Fuel processor catalysts

Stack Component R&D $32.541M
• High temperature, low RH membranes, with 

lower cost, improved durability and 
tolerance to impurities

• Improved understanding of
proton conduction and

membrane degradation 
• Lower cost non-precious

metal catalysts and
ultra-low platinum loading

• Durable, lightweight,
low-cost bipolar plates

43%

24% Technology 
Validation 
$17.750M

• 1st and 2nd generation 
fuel cell vehicles

• Validation of 
performance and

durability of fuel cell 
systems

Technical/Program 
Management Support $0.535M
• Program, strategic & operating plans

10%Transportation
Systems $7.495M
• System analysis
• System sensors
• Compact humidifiers/heat exchangers 
• APUs for trucks 
• Portable power applications
• Full scale compressors

1%



Reduced the high-volume cost of automotive fuel cells from $275/kW 
(2002) to $200/kW (2004) using innovative processes developed by
national labs and fuel cell developers for depositing platinum catalyst.  
2015 target is $30/kW.

Overall Transportation Fuel Cell System Cost Goal:

7X gap between today’s high volume cost and target7X gap between today’s high volume cost and target
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2004 Technical Accomplishments



Demonstrated:

• long-term, 8X mass specific activity 
improvement of low Pt-content (Pt-Pd 
BNL) cathode catalysts.

• high-surface-area Pt-alloy/carbon 
catalysts achieve 2X activity gain and 
higher durability than pure Pt 

• 5X gain in specific activity of Pt and Pt 
alloys on nano-structured thin film over 
catalysts on conventional high-area 
carbons

• electrolyte polymer with proton 
conductivity of 0.1 S/cm at < 25% RH 
and 120oC

• fluoride loss with chemically stabilized 
(CS) Nafion® reduced by ~90%

• bipolar plate manufacturing process (at 
20 parts per hour) that produces plates 
with target properties and acceptable 
performance

Overcoming critical technical barriers at the fuel cell 
component level

2004 Technical Accomplishments



Next Generation Fuel Cell R&D Projects

Future Plans

Pre-Solicitation Workshop to Discuss Potential Topics of Research 
This Thursday, May 26, 1:00 – 5:00 pm, Here.

• R & D focused on advancing PEM fuel cell technology toward 
2010 performance targets

• Funding Opportunity Announcement ~ August 2005 
• Anticipated DOE funding of $70 M over 3 years, with applicant 

cost share of 20-40% depending on stage of development
• Potential Topics of Research:

Improved Fuel Cell Membranes
Water Transport Within the Stack
Advanced Cathode Catalysts and Supports
Cell Hardware (Bipolar Plates, Seals)
Freeze-Capable Stacks
Balance of Plant (Compressors, Auxiliary Motor/Controllers)
Effects of Impurities on Fuel Cell Performance & Durability

As announced in
April 19, 2005

Federal Register Notice
DE-PS36-05GO95018



Key Milestones

Go/NoGo Decision 
on Chemical and 
Physical Sensors 

No Go Decision 
for On-Board Fuel 

Processing

Go/NoGo Decision on 
Air/Water/Thermal 

Management Systems 

Go/NoGo Decision 
on Portable Power, 
APU and Off-Road 

Go/NoGo Decision 
on Distributed 

Energy Systems



Coordination

International Partnership for the Hydrogen Economy 

IPHE.net

Federal/State/Local (Example)

California Fuel Cell Partnership

California Hydrogen Highway Network

Interagency Hydrogen Research and Development
Task Force (OSTP lead)

hydrogen.gov

Other DOE Offices - Science 

http://www.sc.doe.gov/bes/reports/abstracts.html#NHE

FreedomCAR & Fuel Partnership 

http://www.uscar.com/freedomcar/

http://images.google.com/imgres?imgurl=http://www.usa4us.com/images/White%2520House%2520-%2520HalfStaff.jpg&imgrefurl=http://www.usa4us.com/news.htm&h=164&w=250&sz=8&tbnid=Vl7cMUTo7SIJ:&tbnh=69&tbnw=105&start=32&prev=/images%3Fq%3Dwhite%2Bhouse%26start%3D20%26hl%3Den%26lr%3D%26sa%3DN
http://www.hydrogenhighway.ca.gov/


www.eere.energy.gov/hydrogenandfuelcells

Valri Lightner, Team Leader
Overall Fuel Cell Systems/ 
FreedomCARTechTeam/IPHE/

202 586-0937 

For More Information

Valri.Lightner@ee.doe.gov

Kathi Epping
Stationary&Back-Up/Fuel Processing

202 586-7425 
Kathi.Epping@ee.doe.gov

John Garbak
Vehicle Demo/APU’s/Compressors

202 586-1723 
John.Garbak@ee.doe.gov

Nancy Garland
National Lab R&D/Cost Analyses/

HT Membrane/IEA ExCo
202 586-5673

Nancy.Garland@ee.doe.gov

Donna Ho
Transportation BOP/Portable Power

Catalysts/Bipolar Plates/SBIR
202 586-8000

Donna.Ho@ee.doe.gov

Amy Manheim
Membranes/MEAs/OSTP

202 586-1507
Amy.Manheim@ee.doe.gov

DOE Fuel Cell Team
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Detailed R&D Timeline/Milestones



Hydrogen Fuel Cell R&D 
Milestone Chart



Hydrogen Fuel Cell R&D 
Milestone Chart (cont’d)



Milestones 



Milestones (cont’d)



Outputs and Inputs
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