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Fuel cell patent growth reflects level 

of investment in emerging, 

promising industry  

Ą DOEõs efforts in fuel cells and 

hydrogen are spurring innovation 

throughout the industry.   

Clean Energy Patent Growth Index shows 

there were nearly 1,000 fuel cell patents 

worldwide in 2010. 

Steady growth in the market but global 

competition is increasing  

Sources: FuelCells2000, Pike Research, Fuel Cell Today, ANL, 

www.fuelcells.org/BusinessCaseforFuelCells.pdf, 

www.fuelcells.org/StateoftheStates.pdf 

http://cepgi.typepad.com/heslin_rothenberg_farley_/2011/03/clean

-energy-patent-growth-index-2010-year-in-review.html 

[1] 2010 Year in Review from 

http://cepgi.typepad.com/heslin_rothenberg_farley_/ 

Ą Fuel cell markets 

continue to grow  

 ~ 36% increase in global 

MWs shipped in 1 year 

 ~ 50% increase in MWs 

shipped from North 

America 

 

Top 10 

companies: 

Honda, GM, 

Toyota, UTC 

Power, 

Samsung, 

Ballard, Nissan, 

Plug Power, 

Delphi 

Technologies, 

Matsushita 

Electric 

Industrial 

ÅNumber of fuel cell patents grew > 57% in 2010. 

Fuel Cell Market Overview  

Source:Clean Energy 

Patent Growth Index 

http://www.fuelcells.org/BusinessCaseforFuelCells.pdf
http://www.fuelcells.org/StateoftheStates.pdf
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DOE Program Plan Released  
An integrated strategic plan for the research, development, and demonstration activities of 
DOEôs Hydrogen and Fuel Cells Program: Includes Stationary, Portable and Transportation 

Fuel Cells 

Released September 2011 

http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/program_plan2011.pdf 

Update to the 

Hydrogen Posture 

Plan (2006) 

Program efforts are planned to transition to industry                                                                 

as technologies reach commercial-readiness. 
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DOE Program Structure  

The Program is an integrated effort, structured to address all the key challenges 

and obstacles facing widespread commercialization. 

Nearly 300 projects currently funded 

at companies, national labs, and universities/institutes 

More than $1B DOE funds spent from FY 2007 to FY 2011 



5 | DOE Fuel Cell Technologies Program   Source: U.S. DOE 2/14/2012 eere.energy.gov 

DuPont 

DOE funding has led led to 313 patents, ~30 commercial technologies and >60 emerging technologies. 

DOEôs Impact: ~$70M in funding for specific projects was tracked ï and found to have led to nearly $200M 
in industry investment and revenues.  

>310 PATENTS resulting 

from EERE -funded R&D:  

- Includes technologies for 

hydrogen production and 

delivery, hydrogen storage, and 

fuel cells 

Source: Pacific Northwest National Laboratory 
http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/pathways_success_hfcit.pdf 

Assessing the Impact of DOE Funding  

Proton Energy 

Systems 

3M 

Quantum 

Technologies 

BASF 

Catalysts LLC 

Dynalene, 

Inc. 

Examples 
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http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/path

ways_2011.pdf 
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DOE FCT  Program adjusted FY 2012 budget based on Senate Mark language. 

Excerpts from Senate Mark Language in the FY 2012 Appropriation 
ñ The Committee recognizes the progress and achievements of the Fuel Cell 

Technologies program. The program has met or exceeded all benchmarks, and has 

made significant progress in decreasing costs and increasing efficiency and 

durability of fuel cell and hydrogen energy systems.ò 

 

ñ Within the available funds, the Committee recommends funding is provided for 

Technology Validation focused on passenger vehicle and hydrogen infrastructure 

applications, hydrogen fuels R&D, and for Market Transformation in early markets.ò 

IMPACT 

FY 2012 Request: $100.5 M    FY 2012 Appropriation: $104 M 

Following guidance from the Senate mark language:  

Å $1 M was added to the original request for Technology Validation (total $9M) 

Å $3 M  was added for Market Transformation (total $3M) 

($33.8 M already planned for Hydrogen Fuels R&D) 

FY 2012 Senate Mark Language and 

Impact  
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FY 2013 Budget Background  

ÅThe FY 2013 budget request allows the Department to sustain a balanced R&D 

portfolio, and hydrogen and fuel cells remain an integral part of that portfolio.  

The Department continues to support development of hydrogen and fuel 

cell technologies for stationary, portable, and transportation applications, 

including fuel cell electric vehicles. 

 

ÅThe Department has made substantial progress in fuel cell technologies 

V reduced cost by more than 80% since 2002 and 30% since 2008 

V doubled fuel cell durability 

V reduced platinum content by a factor of five 

 

 

Å FY 2013 activities will focus on technology advancements in key areasð
including ongoing reductions in the cost and improvement in the durability of fuel 
cells, reductions in the cost of renewably produced hydrogen, and improvements 
in systems for storing hydrogen.   

Å Funding has been reduced (or deferred) for aspects of the program with less 
impact on R&D progress, such as technology validation, codes and standards, 
market transformation, and education. 
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Budget: FCT Program Key Activities  

Funding ($ in thousands) 

Key Activity 
FY 2010 

Appropriation 

FY 2011  

Allocation 

FY 2012 

Appropriation 
FY 2013 Request 

Fuel Cell R&D
1
 75,609 41,916 43,556 36,899 

Hydrogen Fuel R&D
2
 45,750 32,122 33,785 26,177 

Technology Validation  13,005 8,988 8,987 4,992 

Safety, Codes and Standards 8,653 6,901 6,893 4,921 

Systems Analysis  5,408 3,000 2,925 2,922 

Manufacturing R&D  4,867 2,920 1,941 1,939 

Market Transformation 15,005 0 3,000 0 

Education 2,000 0 0 0 

SBIR/STTR 3,703 2,153 2,537 2,150 

Total $174,000  $98,000  $103,624  $80,000  

1Fuel Cells Systems R&D includes Fuel Cell Stack Component R&D, Transportation Systems R&D, Distributed Energy Systems R&D, and Fuel Processor R&D 
2Hydrogen Fuel R&D includes Hydrogen Production & Delivery R&D and Hydrogen Storage R&D 

In FY 2013, the Program will leverage activities in other EERE Programs (e.g., Advanced 

Manufacturing and Vehicle Technologies in key areas). 
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FY 2013 Budget in Brief:  Examples of Key 

Quantitative Objectives  

Develop technologies to enable fuel cells to be cost-competitive in diverse 

applications, including light-duty vehicles (at $30/kW) and stationary power (at less 

than $1,500/kW), and to enable renewable hydrogen (from diverse resources) to be 

cost-competitive with gasoline ($2 ï 4/gge, delivered and dispensed). 

Å Fuel Cell R&D will improve durability, reduce cost, and improve performance  Key goals include 
increasing PEM fuel cell power output per gram of PGM catalyst from 2.8 kW/g (in 2008) to 5.9 kW/g 
in 2013 and 8.0 kW/g by 2017. 

ÅHydrogen Fuel R&D, will focus on production from renewable resources, delivery R&D to achieve a 
10% reduction in the delivered, untaxed hydrogen cost from the baseline of $8/gge, and hydrogen 
storage R&D to achieve a 10% reduction from current projected costs of $17/kWh. 

ÅSafety, Codes and Standards will develop and validate fast-fill models to optimize fueling protocols 
for SAE J2601. 

ÅManufacturing R&D will develop and demonstrate advanced manufacturing technologies and 
processes.  Key goals include reducing the cost  of manufacturing MEAs by 25%, relative to 2008 
baseline of $63/kW (@ 1000 units/year).  

ÅSystems Analysis will determine technology gaps, economic/jobs potential, infrastructure cost 
reduction opportunities for early market penetration of fuel cells, and quantify technology 
advancements in 2013 

Funding for Education and Market Transformation is deferred to focus efforts on key R&D challenges. 
In addition, Market Transformation funding is deferred while Recovery Act deployments, data collection, 
and analyses continue and FY 2012 projects commence.  
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Reduced the projected 

high -volume cost of fuel 

cells to $49/kW (2011)*  

ÅMore than 30% reduction 
since 2008 

ÅMore than 80% reduction 
since 2002 

Balance of Plant ($/kW, 
includes assembly & 
testing) 

Stack ($/kW) 

Current status: 
$49/kW vs  

target of $30/kW 

Initial Estimate 

Target 

$30/kW 

$51/kW 
$61/kW 

$73/kW 

$94/kW 
$108/kW 

*Based on projection to high-volume manufacturing (500,000 units/year). The projected cost status is 

based on an analysis of state-of-the-art components that have been developed and demonstrated through 

the DOE Program at the laboratory scale.  Additional efforts would be needed for integration of components 

into a complete automotive system that meets durability requirements in real-world conditions. 

$49/kW 

$275/kW 

Fuel Cell R&D ñ Progress: Cost  

Key Accomplishments:  
 

ÅReduced platinum group 
metal (PGM) content from  

Å>1 g/kW to  <0.2 g/kW 
(target: 0.125 g/kW) 

 

ÅNovel catalyst structure has 
shown the potential to meetðand 
exceedðtargets for durability 
(5,000 hours). 
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Current Portfolio Addresses High -

Impact Areas  

 $49.00   $2.00  
 $7.00  
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23% 

12% 

37% 

13% 

16% 

Bipolar Plate
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Catalyst

GDL

MEA Frame and
Gasket

Targeted 80 kW PEM fuel cell system cost: $30/kW at 500,000 units/yr  

Sensitivity Analysis helps guide R&D 

Strategic technical analysis guides focus areas and 

priorities for budget. 

Need to reduce cost from $49/kW to $30/kW and 

increase durability from 2,500-hr to 5,000-hr. 

Strategies to Address 
Challenges ï  

Catalyst Examples 

ǒLower PGM Content 

ǒPt Alloys 

ǒNovel Support Structures 

ǒNon-PGM catalysts 

Key Focus 

Areas for 

R&D 
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Fuel Cell R&D- Plans 

FY 2013 Request = $36.9M  

FY 2012 Appropriation = $43.6M  

EMPHASIS 
üFocus on approaches that will increase activity 

and utilization of current PGM and PGM-alloy 

catalysts, as well as non-PGM catalyst 

approaches for long-term applications. 
 

üDevelop high-temperature membranes that will 

reduce the negative effects of impurities and 

decrease the size of the cooling system. 
 

üImprove PEM-MEAs through integration of state-

of-the-art MEA components. 
 

üDevelop transport models and in-situ and ex-situ 

experiments to provide data for model validation. 
 

üIdentify degradation mechanisms and develop 

approaches to mitigate their effects. 
 

üMaintain core activities on components, 

subsystems and systems specifically tailored for 

stationary and portable power applications (e.g. 

SOFC) 

 Maintains critical fuel cell R&D  to improve the durability, reduce cost, and improve the performance of fuel 

cell systems for stationary, transportation and portable power. Key goals:  Increase PEM fuel cell power 

output per gram of PGM catalyst from 2.8 kW/g (in 2008) to 5.9 kW/g in 2013 and 8.0 kW/g by 2017. 

* 

* Excludes SBIR/STTR 
Subject to appropriations, project go/no go decisions and competitive selections 
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Hydrogen Production - Strategies  
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The revised hydrogen threshold cost is a key driver in the assessment of 

Hydrogen Production and Delivery R&D priorities. 

Progress: Hydrogen Production R&D  

Projected High-Volume Cost of Hydrogen Production1 (Delivered2)τStatus 
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 Electrolysis 

Feedstock variability: $0.03 - $0.08 per kWh 

Bio-Derived Liquids 

Feedstock variability:  $1.00 - $3.00 per gallon ethanol  

Natural Gas Reforming 

Feedstock variability: $4.00 - $10.00 per MMBtu 

Electrolysis 

Feedstock variability: $0.03 - $0.08 per kWh 

Biomass Gasification 

Feedstock variability: $40- $120 per dry short ton 

Distributed Production (near term) 

Central Production (longer term) 

Notes: 
[1] Cost ranges for each pathway  are shown in 2007$ based on high-

volume projections from H2A analyses, reflecting variability in major 

feedstock pricing and a bounded range for capital cost estimates.   

[2] Costs include total cost of production and delivery (dispensed, 

untaxed).  Forecourt compression, storage and dispensing added an 

additional $1.82 for distributed technologies,  $2.61 was added as the 

price of delivery to central technologies.  All delivery costs were based on 

the Hydrogen Pathways Technical Report (NREL, 2009). 

[3] Analysis of projected costs for natural gas reforming indicated that the 

threshold cost can be achieved with current technologies or with 

incremental improvements made by industry. FCTP funding of natural gas 

reforming projects was completed in 2008.  

H2 Production and Delivery Threshold Cost  

$2 - $4/gge  

3 

H2 Production and Delivery Threshold Cost  

$2 - $4/gge 
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Cost Status using 
2010 Material 
Properties and 

Costs 
  
 

PEC EFICIENCY 
IMPROVEMENT 
FROM 4% TO 

25% STH 
  
 

PEC PANEL 
MATERIAL COST 

REDUCTION 
FROM $900 TO 

$200/m2 

PEC MATERIAL 
LIFE 

ENHANCEMENT 
FROM 1 TO 20 

YEARS 
  

Cost Target 
 
 
 
 
  

Photoelectrochemical  Cost Reduction Pathways   

MATERIAL EFFICIENCY: Increase PEC efficiency from 

4% (baseline) to 25%. 

Focus on novel integrated thin film device 

structures (e.g., with metal oxides) with multi-

junction absorber layers for 1.8-2.2 V and 

enhanced surface catalysis for efficiency 

enhancements toward the 25% target 

MATERIAL COST:  Decrease PEC panel material cost 

from $900/m2 to $200/m2.   

Focus on material and processing/fabrication 

cost reductions, e.g. breakthrough self-

assembling semiconductor synthesis 

approaches (instead of vapor deposition, etc.) 

MATERIAL LIFETIME:  Increase life from 1 to 20 yrs. 
 

Focus on advanced surface modification 

strategies to enhance catalysis and mitigate 

corrosion of the crystalline material systems 

currently capable of >18% solar-to-hydrogen 

conversion 
 

NEW IDEAS: Disruptive technologies incorporating nano-

structured semiconductor, catalyst and membrane 

components with the potential for high efficiency and 

durability using low-cost synthesis routes (e.g., work with 

EFRC/Solar Hub on approaches such as nanoparticle MoS2 in 

porous scaffold)  

$2.00 $3.00 $4.00 $5.00 $6.00 $7.00 $8.00 $9.00

lifetime yr

cost $/m2

efficiency %
[25,15,4] 

[200,315,900] 

[20,10,1] 

$/kg H2 cost sensitivities for [long-, mid-, near-term] materials targets (based 

on DTI PEC Technoeconomic Boundary Level Analysis: Type 4 System) 

Cost Sensitivity for Photoelectrochemical  Production  

Potential areas for cost reduction guide R&D activities 

Cost Reduction Roadmap for H 2 Production  
Example ñ Photoelectrochemical Production  
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Blue Ribbon Panel: H 2 Production  

Provide guidance to DOE FCT Program on coordination with other agencies and 

offices to optimize effectiveness of the Hydrogen Production Portfolio 

Nano-catalyst support scaffold 

(Stanford) 

Bandgap 

tailoring 

Pt monolayer 

Pd core 
Mechanistic 

understanding of 

catalysts 

Current Collaborations Objectives 
1. Evaluate the current status and future prospects for                    

distributed- and central- hydrogen production pathways,               

including those currently in the DOE R&D portfolio 

2. Prioritize research and development needs to advance hydrogen 

production technologies 

3. Recommend how to best coordinate R&D efforts in hydrogen 

production among DOE Offices and Programs (including EERE-

FCT, SC, ARPA-E and the Innovation Hubs), and with other 

agencies 

Progress to Date 
HTAC & DOE defined purpose and focus of Panel 

Development of agenda in process 

RFI Planned on 

H-Prize 


