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PEM Fuel Cell DiagramPEM Fuel Cell Diagram
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Fuel Cell TypesFuel Cell Types

Note: ITSOFC is intermediate temperature SOFC and TSOFC is tubular SOFC 
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Why H2 Fuel Cells for Vehicles?Why H2 Fuel Cells for Vehicles?

GHGs for Hydrogen FCVs vs. ICE Vehicles 

Source: Bevilacqua-Knight, 2001 



Institute of Transportation Studies • University of California, Berkeley 

U.S. Renewable Energy PotentialU.S. Renewable Energy Potential
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DaimlerChryslerDaimlerChrysler ““F-CellF-Cell”” VehicleVehicle



Institute of Transportation Studies • University of California, Berkeley 

New Chevron / AC Transit StationNew Chevron / AC Transit Station
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• Many Production Methods, Including Steam Reformation of 
Natural Gas (Methane), Electrolysis of Water Using Any
Source of Electricity (including renewables), and Coal 
Gasification Among Others 

• Various Production Scales and Transport/Delivery Options
(e.g. trucks, pipelines, mobile refuelers) 

• Onsite Production Has Advantage of No Need for 
Transportation 

• “Energy Stations” for Hydrogen and Electricity Co-
Production 

• Again, Widely Varying Economics and Environmental 
Impacts 

Hydrogen Production/DistributionHydrogen Production/Distribution
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• Reforming of Natural Gas or Other 
Fuel 

• Coal Gasification 
• Electrolysis 
• Biomass Gasification and Pyrolysis 
• Algal Production 
• Photo-Electrochemical 
• Nuclear Cycles 

Hydrogen ProductionHydrogen Production
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Ranges In Delivered Hydrogen CostsRanges In Delivered Hydrogen Costs
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National Research Council HNational Research Council H22 StudyStudy
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GHG Emissions from HGHG Emissions from H22 Pathways:Pathways:
Hydrogen isHydrogen is NotNot Always Good forAlways Good for EnvEnv’’tt
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Hydrogen Production/DistributionHydrogen Production/Distribution
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Global H
50 Mton/yr! 
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Mobile HydrogenMobile Hydrogen RefuelersRefuelers



Institute of Transportation Studies • University of California, Berkeley 

Featured ProjectsFeatured Projects

• Burlington, VT H2 Station 
• Minnesota Wind-to-H2 Project 
• Sierra Nevada Brewery In

Chico, CA 
• New Jersey Residential H2

Project 
• Twenty-Five Projects

Identified With Renewable 
Hydrogen Production Aspects 

Four 250 kWFour 250 kW MCFCsMCFCs inin
Chico, CAChico, CA
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Hydrogen Energy StationsHydrogen Energy Stations

• Co-Production of Hydrogen, Electricity and
Heating/Cooling 

• Use Stationary Fuel Cell to Produce Electricity
With Excess Hydrogen Sold to Vehicles 

• Reduce Risks of “Stranded Assets” When 
Hydrogen Demand is Low (Transition Strategy) 

• Can Be Located at Gasoline Stations, Office
Buildings, Fleet Refueling Locations, Even
Residences (e.g. Honda Home Energy Station) 

• Many Different Possible Designs 
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Hydrogen Energy StationsHydrogen Energy Stations

Called out in the Governor’s California Hydrogen
Highway Network Executive Order: 

“Whereas, the economic feasibility of a 
hydrogen infrastructure is enhanced by

building hydrogen energy stations that power
vehicles as well as supply electricity for 

California’s power needs” 
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Compressed 

hydrogen storage 
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Natural Gas 

Reformer 

High -pressure 
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Compressed 
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system 
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stack 
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Hydrogen Energy Station:Hydrogen Energy Station:
One Design Based on PEM Fuel CellOne Design Based on PEM Fuel Cell

Distributed Power Generation Can Be Good Biz Model 

Distributed Hydrogen Production for <30-50 Veh/Day is Probably Bad Biz Model 
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Hydrogen Energy Station inHydrogen Energy Station in
Las Vegas, NevadaLas Vegas, Nevada
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ChevronTexacoChevronTexaco Energy Station ConceptEnergy Station Concept
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CETEEM Top Level (CETEEM Top Level (SimulinkSimulink))
CCleanlean EEnergynergy TTechnologyechnology EEconomics andconomics and EEmissionsmissions MModelodel
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CETEEM Inputs and OutputsCETEEM Inputs and Outputs

Capital Costs 
O&M Costs 

Utility Costs 

Technical Specs CETEEM 

Simulink Model 

COE ($/kWh) 

COH ($/kg) 

Annual Costs /
Savings ($/yr) 
Technical 
Performance 

Fuel cycle
emissions 
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Energy Service Stations Can LowerEnergy Service Stations Can Lower
Cost Barriers During TransitionCost Barriers During Transition

Lose Less Money! 

H2 Sold@
$20/GJ 



Hydrogen Highway Exec. Order 

Institute of Transportation Studies • University of California, Berkeley 



Institute of Transportation Studies • University of California, Berkeley 

Hydrogen Highway Exec. OrderHydrogen Highway Exec. Order

• Designates 21 Interstate Highways as the “California
Hydrogen Highway Network” 

• Calls for Plan to Develop Refueling Infrastructure by 2010 
– So that “every Californian will have access to hydrogen fuel, with a significant and

increasing percentage produced from clean, renewable sources” 

• California Hydrogen Economy Blueprint Plan 
– Reports Released in 2005 
– Defines path “for the rapid transition to a hydrogen economy in California” 

• Negotiations with Automakers to Ensure Availability of
Hydrogen-Powered Vehicles 

• Development of Safety Standards, Building Codes, and
Emergency Response Procedures 

• Incentives for Vehicle Purchase and Renewable Hydrogen
Production 
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New Hydrogen Station RFPNew Hydrogen Station RFP

• RFP for 3 New CA Stations Issued Last 
Week 

• $5.5 Million to be 50/50 Cost Shared with 
Industry 

• Stations to Be Operational by End of 2007 
• Renewable Content (20%) and E-Station 

Features 
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Policy RecommendationsPolicy Recommendations

• Dedicate Significant Funding for Hydrogen R&D 
• Demonstrate The Viability of Hydrogen Storage

and Production for Critical Applications 
• Visibly Link Hydrogen Production and Clean

Energy Technologies 
• Establish Incentives for High-Value, On-Site

Applications 
• Proactively Address Regulatory Incentives 
• Accelerate Private Investment 
• Develop Compelling Communications Strategies 
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ConclusionsConclusions

• Stationary Fuel Cells and Fuel Cell Vehicles 
– Coming on strong but still key economic and technical hurdles,

especially for vehicles 
• Hydrogen Production 

– Lots of potential pathways with very different envt’l implications 
– Upstream vs. downstream impacts 
– Economics of the cleanest options remain a challenge 

• Government Initiatives 
– Lots of activity at both federal and state levels 
– Funding for key activities is an issue (tight federal and state budgets) 

• Final Thoughts 
– Overall “no regrets” clean energy strategy is critical 
– Important to manage public expectations 
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