
Formula memento 
Fuel Cells
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1. Refresher
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2. Fuel Cell Energy Balance and Thermodynamics

Δ𝐺𝑓𝑢𝑒𝑙
Transformation

Joule to Volts

2. Theoretical Mechanical Work= Theoretical Work given by Gibbs Free energy

= -

1. Available Chemical Energy = Liberated Heat ΔHr of reaction

Anode:

Cathode:

Overall:

𝐶𝐻4 + 2𝑂2 → 2𝐻2𝑂 + 𝐶𝑂2

Fuel
@25℃
1 atm

LHV 
[kJ mol-1]

HHV 
[kJ mol-1]

LHV 
[MJ kg-1]

HHV 
[MJ kg-1]

H2 241.83 285.84 119.96 141.8

CH4 802 890 50.00 55.50

(Gas or Liquid)

n=2 for H2, CO..
n=8 for CH4
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2. Fuel Cell Energy Balance and Thermodynamics

Δ𝐺𝑓𝑢𝑒𝑙
Transformation

Joule to Volts

4. Useful Cell Power

𝑈𝑐𝑒𝑙𝑙

Voltage Losses

Ohmic Loss
Cathode total 
polarization loss

Anode total 
polarization  
loss

Current –
operating point

Voltage –
operating point

𝑃𝐶𝑎𝑡ℎ𝑜𝑑𝑒: Cathode total 
pressure

𝑃𝐴𝑛𝑜𝑑𝑒: Anode total 
pressure

𝑃𝑜: Reference Pressure 
1atm

3. Equilibrium Voltage= Includes effect of concentration

𝐸𝑜 =
ΔG𝑟

0

𝑛𝐹
𝑥𝐻2
𝑎𝑛𝑜𝑑𝑒: Anode Hydrogen 

molar fraction

𝑥𝑂2
𝐶𝑎𝑡ℎ𝑜𝑑𝑒: Oxygen Cathode 

molar fraction

𝑥𝐻2𝑂
𝐶𝑎𝑡ℎ𝑜𝑑𝑒: Steam Cathode 

molar fraction

𝑥𝐻2𝑂
𝑎𝑛𝑜𝑑𝑒: Anode steam 

molar fraction

𝑅𝑇

𝑛𝐹
ln(𝑄𝑟)

All species at 1 atm

Equilibrium 
constant

Voltage
losses



3. Key Values
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𝑃𝑜𝑤𝑒𝑟 𝑃 𝑊 = 𝑉 𝑉 × 𝐼 [𝐴]

𝑃𝑜𝑤𝑒𝑟 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑃 [𝑊 𝑐𝑚−2] = 𝑉 [𝑉] × 𝐽 [𝐴 𝑐𝑚−2]

= Fuel LHV or HHV

• Efficiency

• Operating Map

𝐽 = 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐷𝑒𝑛𝑠𝑖𝑡𝑦

𝑉 = 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 f – molar fuel flowrate
F = 96485.332 C mol-1

= LHV or HHV efficiency
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