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Abstract - The reversibility of solid oxide fuel cell (SOFC), i.e. that it can also work in solid oxide 

electrolyser cell (SOEC) mode, was proven 30 years ago by A.O. Isenberg (Solid State Ionics, vol. 3-

4, p. 431 (1981). Electrolysis of steam into H2 and CO2 into CO was demonstrated. Huge international 

R&D efforts on SOFC have improved the performance of this cell type tremendously since the work of 

Isenberg, and the state of the art is now approaching commercialization. This fact and the increasing 

concerns about fossil fuels have spurred renewed international interest in SOEC for production of 

syngas (H2 + CO) from co-electrolysis of a mixture of CO2 and H2O. Subsequently, the syngas can be 

converted into synthetic gas. CH4, synthetic natural gas, SNG, is the simplest hydrocarbon that may 

be produced. It may to some extent be formed inside the electrolyser in case of pressurization, but 

further conversion of the syngas into CH4 will need integration into a system with a catalytic reactor 

running at much lower temperature than 700 C, which so far is the practical lower limit for the 

operation temperature of an SOEC. Pressurized CH4 may be fed into the natural gas (NG) pipeline 

network directly. Another interesting possibility is production of dimethyl ether (DME), which may 

partially substitute liquefied petroleum gas (LPG) by mixing up to 20 % of DME into LPG. The 

perspectives of the SOEC technology and the international state of the art of SOEC technology are 

described. The possibility of obtaining sufficient high performance and durability is discussed. 

Examples of results obtained in the research at Risø DTU are given as illustrations, e.g. pressurized 

cell test has been carried out, and co-electrolysis has been demonstrated on a 1 kW cell stack level. 

It is shown that the SOC has a clear potential as an energy converter that can turn unstable 

renewable power into manageable synthetic hydrocarbons. The R&D that still remains in order to 

obtain a commercially viable SOEC converter is finally outlined. 

 
Brief Biography – Dr. Mogensen is Research Professor at Fuel Cells and Solid State 

Chemistry Division, Risoe National Laboratory for Sustainable Energy, DTU. He has been 
37 years in electrochemistry. He got his MSc in Chemical Engineering from The Technical 
University of Denmark (DTU) in 1973 and PhD in 1976 from the Department of Metallurgy, 
DTU. After a postdoctoral period at the Department of Chemistry A, DTU, and a short period 
in the battery industry (Hellesens A/S), he was employed at Risø National Laboratory in 
1980. He has been manager for numerous projects and programs within electrochemistry, in 
particular within solid oxide electrolyser fuel cells, and now leader of the Strategic 
Electrochemistry Research Center (SERC). He has published more than 250 scientific 
papers and technical reports, and has 16 patents. 
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