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What is fuel cells
� Convert chemical energy directly into 

electricity without combustion

� Reaction take place through a membrane

� Current and voltage determined number of 
molecules reacting and chemical potential of 
the species
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50 mmmmm

� Typical size: 1 m3 => 2 tons => 1 MW
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Several technologies

� Low operation temperature

� Cars, submarines, small scale CHP

� Hydrogen as fuel

� High operation temperature

� Medium and large scale power production

� All kind of fuels

PEM SOFC
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� High efficiency ®®®® Low CO2 emissions and 
saves resources

� No combustion  ®®®® No NOX

� Reforming of fuel ®®®® No particles, CO or 
rest fuel

� No mixing of fuel and air ®®®® Simple CO2
capture

� Fuel flexible ®®®® Natural gas, gas from coal 
or biomass

Benefits
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No proven concept that satisfy

� Long term performance

� Cost effective production

Material challenges

� Increased power density

� Internal reforming

� Cooling concepts

� Cheap production techniques

Challenges
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Distributed CHP

� Low noise, may be placed closed to the heat consumer

� Land based power to cruise ships



CMR Prototech - Brenselceller 04.11.2008 10

State of the art – 3 kW pilot

Kollsnes, Mars 2008:
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Fuel cell on wood and waste
� A fuel cell produces more power than a gas engine

� Tar is utilized as fuel

� Heat from the fuel cell is used for gasification

� Doubles the overall efficiency

Gas

Heat
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First fuel cell stack on wood gas

Munich,

October 2007:
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Reversible fuel cell

el

el

el

H2 � Buffering of renewable 
energy

� Same unit works as 
both fuel cell and 
electrolyser

� May be combined with 
other fuels
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CO2 capture

� Exhaust from gas or coal power plants: 5-10% CO2, the rest is air

� Existing technology, absorbing CO2 with amines

� Large additional investments

� Consumes 15 – 20% of the energy

� Emissions of amines, uncertain consequence

� Safe storage is also required
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CCS from fuel cells

� No mixing of fuel and air

� Exhaust is CO2 + H2O, simple CO2 separation 

� Concepts includes oxygen membrane, 10 % 
additional investments
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The Zero emission concept

� Combines production of 
electricity and hydrogen

� ”Waste heat” utilized for 
hydrogen production

� 80 – 90 % efficiency 
(dependent of level of 
integration)
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� The ZEG technology may deliver 
CO2 free electricity and hydrogen 
to approximately same price as 
conversional power plants without 
CO2 capture. 

400 MW + 700 MW ZEG

420 MW Kårstø
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Small scale field test
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Summary

� Fuel cells may deliver environmental friendly electricity in both small and large scale 
application

� Sustainable power by using sustainable fuel

� Simple and cost effective CO2 capture
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Vågen on hydrogen
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