
Hydrogen use as

energy vector
FUEL CELLS
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• High Heating Value

HHV= Hreact (T0, p0)-Hprod(T0, p0)

• Max extractable work

Wmax=Hreact (T0, p0)-Hprod(T0, p0)-

T0(Sreac(T0, p0)-Sprod(T0, p0)) 



Comparison between Heating values

and maximum extractable work

Fuel HHV

[kJ/mol]

LHV

[kJ/mol]

Wmax

[kJ/mol]

h=Wmax/ 

HHV [%]

h=Wmax/ 

LV [%]

Hydrogen 295.9 241.8 237.2 82.9 98.1

Methane 890.4 802.3 818.0 91.87 101.96

Propane 2220.0 2044.0 2108.4 94.96 103.15

Methanol 726.6 638.5 702.5 96.68 110.02





Reactions

Anode:  H2 → 2H+ + 2e-

Cathode: 2H+ + ½ O2 + 2e-→ H2O

Anode: H2 +CO3
2-→ H2O+ 2e- +CO2

Cathode: CO2 + ½ O2 + 2e-→ CO3
2-

Anode:  H2 +O2-→ 2H2O + 2e-

Cathode: ½ O2 + 2e-→ O2
2-

• AFC 

• PEMFC

• PAFC

• MCFC

• SOFC

Anode:  H2 +2OH-→ 2H2O + 2e-

Cathode: H2O + ½ O2 + 2e-→ 2OH-



Reactions

Anode: CH3OH +H20→ 6H+ + 6e-

+CO2

Cathode 6H+ + 3/2O2 + 6e-→ 3H2O

• DMFC





FC classification

• On the basis of the electrolyte

– Liquid

– Electrolytic solutions

– Molten salts

– Ionic solid



For a cell

• Wel=Wmax=-nFErev

N = Number of electrons for a reaction

F= Faraday constant =96485 Coulomb/mol of electrons

Erev = reversible potential of the cell
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LHV = 241.8 kJ/mol (H2)
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Losses:

1. activation

2. Ohmic

3. concentration
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FCs’s competitors

< 0.01 g/kWh5-5.9 g/kWh3.6-7.3 g/kWh3.6-5.4 g/kWhSOX emissions

330-510 g/kWh590-720 g/kWh450-850 g/kWh420-640 g/kWhCO2 emissions

80-1000°C200-300°C450-550°C400-600°C
Exhaust gas 

temperature

< 0.02 g/kWh0.2-0.65 g/kWh0.3-0.5 g/kWh>1.4 g/kWhNOX emissions

Hydrogen, (natural

gas, methanol)

Natural gas, 

propane

Natural gas, liquid

fuels, 

Natural gas,  diesel, 

biogas, syngas
Fuel

30-50 %20-30 %23-35 %30-45 %Electric efficiency

3kW - 10MW25 - 150 kW500kW - 25MW50kW - 5MWSize

FCMTGTGMCI



MAIN ADVANTAGES OF 

FUEL CELLS

• High efficiency at partial load

• Low emissions (CO2, NOx, SOx)

• Rapid load variability

• Absence of moving parts (low noise-no vibrations)

• Modularity

• High efficiency

• Possibility of CHP



• H2 must be pure

• Low energy density

• EE is produced as DC


