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Introduction/main features of high 
temperature electrolysis with SOEC 

(Solid Oxide Electrolysis Cells) 

Dr. Dimitrios Giannopoulos 
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SOEC Key features 

• SOEC operates at high temperatures (850°C) and therefore can 
utilise steam instead of water 

• Utilising steam is a high benefit from efficiency point of view 
 no need to overcome evaporation enthalpy of water 

• Wherever excess 
heat for steam 
generation is 
available 
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SOEC Key features 

• SOC can be operated in both ways  rSOC 
• Electrolyser: SOEC – converting electrical energy to gas 

• Fuel Cell: SOFC – converting gas to electrical energy 

 

• Additional to steam, CO2 can be used  co-electrolysis 
• In the future this can be a key issue for production of syngas and methane 

• Reaction that takes place at HTE cell: 

𝑥 ∙ 𝐻2𝑂 + 𝑦 ∙ 𝐶𝑂2 
𝐶𝑜−𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑙𝑦𝑠𝑖𝑠

 𝑥 ∙ 𝐻2 +  𝑦 ∙ 𝐶𝑂 +
x + y

 2
∙ 𝑂2 

• Water gas shift (WGS) reaction takes place even at OCV condition 

𝐻2 + 𝐶𝑂2 ↔ 𝐻2𝑂 + 𝐶𝑂 

 main reaction at cell is likely to be steam electrolysis 
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SOEC Key features 

• Pressurized operation for higher overall efficieny 
• Product gas is often needed under pressure  save energy for 

compression while operating at elevated pressures 
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Fuel cell operation – detailed view 
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sunfire SOC stack technology 

• Electrolyte supported cell 
• Active cell area: 128 cm² 

• Electrolyte: 3YSZ or 5YbSZ 

• Hydrogen electrode: Ni-GDC 

• Oxygenelectrode: LSCF 

• Sheet metal interconnects 
• CroFer 22 APU ® 

• Sealing 
• Special developed glas seals 

• Stack: 30 cells/stack 

ESC (Electrolyte Supported Cell) 

Metal sheet cassette of Mk200 stack 
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A Solid Oxide Electrolyser Cell converts… 
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Electrolysis Mode (Charging) 
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Fuel Cell Mode (Discharging) 
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Power-to-Fuel with SOEC 
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rSOC System overview (example) 
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Pressurized HT-Electrolysis in HELMETH 
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HotBOP components for SOEC 

 
• Stack module 

(right side) 
 

• Hot BoP components 
developed by sunfire 
• plate-type 

heat exchanger (HEX) 

• electrical gas heaters 

• electrical evaporator 
(for independent 
operation) 

• Additional HEX produced 
with new technology 
DMLS by Polito/IIT 
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Conclusions 

Within HELMETH it is demonstrated that 

• SOEC technology from sunfire is capable to produce hydrogen in an efficient 
way by using steam 

• Pressurised operation to decrease energy demand for gas compression has 
been demonstrated in small scale (7.5 kW; 10 bar) 

• Co-electrolyis (CO2 as additional feed gas) can be performed with this 
technique (aim: produce syngas without additional components) 

 

Next steps 

• Optimise components for pressurised operation 

• Increase power density 

• Start operation with new setup in Summer 2016 

• Couple SOEC and Methanation in early 2017 
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Questions ? 
 

www.helmeth.eu 
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