
• 7 May Polidoro. H2 in boilers

• 14 May Fincantieri: H2 for maritime transport

• Visit to DISC lab on SOFC



Hydrogen use as energy 
vector

FUEL CELLS







PEM- Proton Exchange Membrane Fuel Cell 
(Polymer Electrolyte Membrane Fuel Cell)

Anode:  H2 → 2H+ + 2e-

Cathode: 2H+ + ½ O2 + 2e-→ H2O

60-80°C



Nafion ®













SOFC- Solid Oxide Fuel Cells

Anode:  H2 +O2-→ 2H2O + 2e-

Cathode: ½ O2 + 2e-→ O2
2-



















FC+TG



SOFC+TG

• SOFC substitutes the traditional combustion chamber;

• CO ed NOX are very lower due to the absence of combustion

• The GT can be cogenerative;

•PFC = 4PMGT

h>60%



EXAMPLES

▪ University of California, 

Irvine

▪ Essen, Germania

▪ Milano, Edison S.p.A.

▪ Sinetta Marengo, 

Alessandria

SOFC-MGT 220 kW



MCFC+TG

h=67%



FC+CCGT

h=75%



FC+ST



MCFC+ST

h=63%



MCFC+STIG

h=69%



FC+GT+ORC



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




