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• Fuel cells are electrochemical devices, which  
highly efficiently convert energy in a fuel directly 
into electricity without prior combustion and   
with no moving parts.

• The process is the opposite of electrolysis.
• Fundamentally, all fuel cells operate on hydrogen 

and oxygen.
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CFS: Discoverer of the fuel cell effect (1838)

WRG: Inventor of the first fuel cell (1845)

Christian Frederic Schönbein & William Robert Grove
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• High efficiencies – best known way to convert the chemical energy 

of a fuel into electricity.

• Low acoustic- and other environmental emissions.

• Fuel Cells have excellent part-load characteristics even at low power applications!

• Scalability advantages compared to batteries.

• No moving mechanical parts � less wear & long lifetimes (note: There are still moving

parts in the electrical traction system in a fuel cell vehicle!).

• More than 40,000 hours operation demonstrated with only minor degradation of

efficiencies of PEM fuel cells – compares to typically 2000-5000 hours nominal

operational time of internal combustion engines for cars).
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• PEM/DMFC (Polymer Electrolyte Membrane Fuel Cells/Direct Methanol Fuel Cells 50-120°C)

- Lightweight, rugged, fast start-up (PEM temp ~ 70-80°C, HTPEM’s~200°C under dev.)

- No liquid electrolyte

- Poisoned by CO (content must be less than 10-50ppm in reformate)

- Suited for transportation (buses and cars)

- Used (PEM) on Gemini and Skylab

• AFC (Alkaline Fuel Cells ~ 80°C)

- High power density (as high or even higher than PEM)

- Is poisoned by CO2 (impossible to use air as oxidant!)

- Used in the Apollo space shuttles

• PAFC (Phosphoric Acid Fuel Cells ~ 200°C)

- Most developed fuel cell type – commercially available

- Not quite as efficient as PEM

- Used in stationary power applications – particularly in Japan

• MCFC (Molten Carbonate Fuel Cells ~ 650°C)

- High temperature (corrosion and catalyst deactivation)

- Complex system requirements

- Can use methane directly by internal reforming with Ni-catalyst.

SOFC (Solid Oxide Fuel Cells ~ 1000°C)

- Monolithic design possible (simpler than fixed beds – low pressure drops)

- High temperature – internal reforming might be possible

- Still developmental – electrolyte conductivity the main problem

along with designing ceramic materials and catalysts that can

withstand the high operational temperatures
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CH3OH + 3/2O2 � CO2 + 2H2O 
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• Dependant mainly upon temperature, pressure and concentration of species 
and humidification at anode and cathode side.

• A battery has the same characteristic – only the load jcell (the abscissa) 
should be replaced by the number of operation hours.
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• Storage Issues & Fuel Production/Transportation Infrastructure
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Reformer
Fuel

Water
Air

Products
(Reformate or Syngas)

H2, CO2, CO, CH4, N2

CnHmOp

CnHmOp + xO2 + (2n-2x-p)H2O = nCO2 + (2n-2x-p+m/2)H2CnHmOp + xO2 + (2n-2x-p)H2O = nCO2 + (2n-2x-p+m/2)H2

–∆Hr = n∆HCO2 – (2n-2x-p)∆HH2O – ∆Hfuel  –∆Hr = n∆HCO2 – (2n-2x-p)∆HH2O – ∆Hfuel  

General Reforming Reaction (Developed By Argonne National Laboratory):

Enthalpy of Reaction:

Definition of Reforming: The process of 
converting liquid or gaseous hydrocarbon 

fuels into a gas consisting of mainly 
hydrogen and carbon monoxide.

	�+�� ���5�������
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Anode
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Electrolyte

Water/air 
separator

FUEL REFORMER (Production of H2 and CO2 from a CH-fuel)

Fuel

Reactor

Burner

Exhaust Gasses

Turbine Compressor Motor/Generator

Cooler/HumidifierH2 + CO2

Air

H2O

Approx. 10-20% of inlet H2

Air

H2 + CO2

Air

Air IntakeExhaust

PEMFC
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Steam Reforming Of DNG, p=1.013 bar, S/C=1
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Effects over time at 200mA/cm² and 10ppm CO
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Adapted from Volkswagen presentation, 2002Adapted from Volkswagen presentation, 2002
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• Dependant mainly upon temperature, pressure and concentration of species.
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NB: Measurements indicates that many of the major 
ohmic losses are caused by contact resistance between the 
different layers
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NB: The concentration over potential is negative if the 
concentration of reactants are less than unity and positive
if the concentration is above unity e.g. a pressurised cell
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