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Temperature 
(°C) 

60-220 600-1000 (O2-) 
400-800 (H+) 

60-85 (LT) 
130-220 (HT) 

160-220 600-700 

Pressure 
(MPa) 

0.5 0.3 1-2 0.1 0.2 

Electrolyte 35wt%-85wt% 
KOH 

Ceramics, e.g., 
YSZ 

Polymer 
membrane 

Phosphoric acid Carbonates, e.g., 
Na2CO3, Li2CO3 

Anode 
catalyst 

Ni, Pt/C Ni, Zr Pt/C Pt/C Ni (Cr, Al) 

Cathode 
catalyst 

Ag, Pt/C LaMnO4 Pt/C Pt/C NiO 

Electrical 
efficiency 

45-60% 50-60% 40-60% 40-45% 45-55% 

CHP 
efficiency 

68-76% 79-87% 60-80% 85-90% 85% 

Available 
fuel 

Pure hydrogen Natural gas, 
Hydrogen, CO, 
HC 

Hydrogen Natural gas, 
Hydrogen, LPG 

Nature gas, Hydrogen, 
LPG 

Oxidant O2 Air Air Air Air 
Sensitive 
impurity 

S, CO2 S S, CO, NH3 S S 

Electrolyte 
storage 
matrix 

Asbestos - - SiC LiAlO2 

Lifetime (h) 8k 80k 80k 60k 20k 
Stack output 
power (kW) 

1-100 5-3000 1-100 150-400 300-1000 

Start time 1-10min >30min 1-5s 1-10min >30min 
CO 
tolerance 

<10ppm <10% <10ppm (LT) 
<1% (HT) 

<1% <10% 

CO2 

tolerance 
<100ppm <10% (O2-) 

<5% (H+) 
<15% <15% <15% 

NH3 

tolerance 
- <0.5% <0.1ppm <4% - 
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 7

Project 
Country and 
Year 

Type of CHP  CHP equipment 
Generating 
capacity 

Thermal 
capacity 

Market Sector 

ENE-Farm 
JPN, since 
2009 

Fuel Cell  

Panasonic PEMFC 
(700W),  
Aisin SOFC (700W), 
Kyocera SOFC (400W) 

700W - Residential 

Clemson 
University Duke 
Energy 

South 
Carolina, US, 
in 2020 

Combined 
Cycle Gas 
Turbine 

Siemens SGT-400 
combustion turbine, 
Howden TWIN steam 
turbine, heat recovery 
steam generator 

17.8 MW 
125, 000 
lb/hr steam 

Institutions 

Kirkwall 
Airport CHP 
Unit 

Orkney, UK, 
in April 2021 

 Engine 2G Energy's agenitor 406 170kW 183kW Municipal 

APEX Energy 
hydrogen power 
plant 

Rostock-
Laage, GER, 
in 2020 

 Engine 2G Energy's agenitor 404c 115kW 129kW Industrials 
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4

5

Equipment Manufacturer
Hydrogen capacity 
(Nm3/h)

Hydrogen pressure 
(bar)

Raw 
material

Methods

HYDROPRIME 
[123]

Linde 
Engineering

330-32000 13.8 Methane Steam reforming

Hydroform C [124] Mahler AGS 200-10000 10-30 Methane Steam reforming

Hydroform M [125] Mahler AGS 200-5000 10-30 Methanol Steam reforming

SynCOR [126] TOPSOE - - Methane
Autothermal 
reforming

[127]
TOPSOE 32000 2 Water SOEC electrolysis

HySTAT [128] Cummins 10-100 10 Water
Alkaline 
Electrolyzers

HyLYZER [128] Cummins 200-4000 30 Water PEM Electrolyzers
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Type Feedstock Energy Efficiency Reaction 

Photolysis Water Solar 0.50%   
 

Photo fermentation Biomass Solar 0.10%   
 

Dark fermentation Biomass Biochemical 60-80%  

Microbial electrolysis cell Biomass Electric 78%  
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