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Appendix A

Fuel Cell operating principle

A.1: Chemical reaction on the electrodes:

The reaction below shows the chemical reactions for hydrogen as fuel:

:Anode 2 2  2H H e-Æ +

:Anode 2 2 2O H H O- ++ Æ

:Cathode 2
2

1
2   

2
O e O- -+ Æ

:Overall 2 2 2

1

2
H O H O+ Æ

A.2: fuel cell thermodynamics

product s reactantsG G GD = D - D

Where:

ΔG: is the Gipps free energy

ΔGo : Eo*neF

Where:

ΔGo: is the Gipps free energy at start

Eo :cell voltage at start 

ne:number of electrons

F: faraday’s constant (F=1)
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Where: 

R: idle gas constant.

T: tempreture.

PH2: partial pressure for hydrogen.

PO2: partial pressure for oxygen.

PH2O: partial pressure for water.

A.3: Voltage loss

–V E h h h= - -cell cell act ohmic con

Where:

η act: Activation polarization loss.

η ohmic: Ohmic loss.

η con: concentration/diffusion loss.

A.3.1: Activation loss (η act)

 ln
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act
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Where: 

b : Butler-Volmer Constant.

i: Current density. 

io: Exchange current density at an electrode/electrolyte interface.
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Where:

k: Cp/Cv

A.3.2: Ohmic loss (η ohmic)

 *  Ohmic ohmi Rh =

Where:

i: Current density.

Rohm: ohmic resistance.

Rohm=Ra+Re+Rc+Ri

Where:

Ra: Anode resistance. 

Re: Electrolyte resistance.

Rc: Cathode resistance. 

Ri: Interconnector resistance.

A.3.3: Concentration/diffusion loss (η con)

( )nifccon meh =

Where: 

m: mass.

ifc: current per unit area for fuel cell.


