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Cycle Analysis of a Methanation System with an SOEC Using
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Abstract: At high temperatures = 500°C, Solid Oxide Electrolysis Cells (SOECs) can convert carbon dioxide and
steam into CO and H, simultaneously and electrochemically. Using this electrolysis of CO, and H,0, namely co-
electrolysis, we proposed the methanation system with the SOEC-type co—electrolyzer and calculated the energy
efficiency by a cycle analysis. The thermoneutral voltage of electrolysis cell was supposed. In this system, the heat
due to overpotential was recycled as the heat source of endothermic reaction, co—electrolysis, in order to increase
energy efficiency. Cycle analysis was based on heat-mass balance and chemical equilibrium. As a result, the energy
efficiency was 87.0% (HHV) and the conversion ratio of carbon dioxide to methane was 89.9%.
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Fig. 1 A methanation system with an SOEC using co-electrolysis and a result of cycle analysis.
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Table 1 Calculation conditions of temperatures in the metha-
nation system.

Locations Temperature [C ]
Supplied gases 25
Co-electrolyzer 800
Methanation reactor 400
Stored gas temperature 25
Outlet of drain 1 35
Inlet of drain 2 110
Outlet of drain 2 35
Outlet of chiller 5
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Table 2 Calculation conditions of other parameters in the
methanation system.

Parameters Values Units
Temperature efficiency 90 [%]
Gas recirculation ratio 5 [%]
Supplied gas utilization 80 [%]
Supplied CO, flow rate 1.0 [mol/sec]
Supplied H, 0 flow rate 4.0 [mol/sec]
Coefficient of power 1.0 [—]
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Fig. 2 The energy balance of the methanation system.
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