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Solid state electrochemical devices for hydrogen energy 
 

Anatoly Demin ab, Dimitry Bronin a * 

 
The idea of nuclear-hydrogen energy draws growing interest of power engineering specialists. One of the 

ways to implement such a direction of development is integration of nuclear power station and high 

temperature electrochemical devices, namely solid oxide electrolyzers (SOE) and fuel cells (SOFC). This 

paper reviews the principal features of the devices and their high efficiency of energy transformation. The 

electrical efficiency of the SOEs can exceed 100 % at the expense of high-grade potential heat energy 

consumed by the electrolyzer. The efficiency of the SOFCs amounts to 70 %. The state of the art of long-

term tests of single cells of SOEs and SOFC stacks are presented. 
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1. Introduction 

This publication aims to inform readers on the main 

characteristics of solid oxide electrolyzers (SOE) and solid 

oxide fuel cells (SOFC) which open up possibilities to 

increase the operation efficiency of nuclear stations. The 

performance characteristic of the solid state 

electrochemical devices is a prerequisite for the energy-

economic models to combine the high temperature 

electrochemical devices and the nuclear power 

infrastructure. Brief information on electrochemical 

devices based on protonic ceramic electrolytes is also 

presented. 

1.1. The nuclear-hydrogen energy 

The wish of the humanity for the hydrogen energy 

in return of the energy obtained from the fossil fuel (coal,  

 

 

oil, gas at alias) is hampered by the high cost of the 

hydrogen and the absence of the well-developed 

infrastructure corresponding to the new energy strategy. 

One of the benefits of the hydrogen energy is the 

minimum environmental impact preventing global 

warming, ambient air quality deterioration and the like. 

At present, electrolysis of water is one of the most 

developed technologies that can provide large-scale non-

polluting hydrogen production in the near future. The 

source of energy for electrolytic hydrogen production 

can be nuclear stations. On the October 25, 2018, 

academician N. N. Ponomarev-Stepnoy in his lecture on 

�W�K�H���´�3�U�R�V�S�H�F�W���R�I���W�K�H���Q�X�F�O�H�D�U-�K�\�G�U�R�J�H�Q���H�Q�H�U�J�\�µ���R�E�V�H�U�Y�H�G��
�W�K�D�W�� �D�O�O�� �R�I�� �´�5�R�V�H�Q�H�U�J�R�D�W�R�P�� �-�6�&�µ�� �Q�X�F�O�H�D�U�� �V�W�D�W�L�R�Q�V��
(Balakovskaya, Beloyarskaya, Kalininskaya, Kolskaya, 

Kurskaya, Leningradskaya, Novovoronezhskaya, 

Rostovskaya, Smolenskaya) produce hydrogen for their 

own needs. The total hydrogen production capacity of 

those nuclear stations is around 530 m3/h. Therefore, the 

nuclear energetic energy is substantially ready for the 
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