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ABSTRACT

An investigation of methane synthesis by co-
electrolysis using renewable energy was conducted.
The aim was to achieve highly efficient energy
conversion in carbon recycling. Specifically, the
investigation focused on the reaction conditions that
apply when carbon dioxide and high-temperature
steam are used to obtain syngas, which is a mixture
of carbon monoxide and hydrogen made by co-
electrolysis. First, the co-electrolysis performance of
the electrolyte supported cell and of the fuel electrode
supported cell were compared in order to determine
the characteristics of a solid oxide electrolysis cell that
are suited to syngas production. It was found from the
results of that comparison that both the electrolysis
current density and the syngas conversion rate are
higher with the fuel electrode supported cell. Next, the
relationship between the electrolysis current density
and the source gas throughput quantity, which is a
design parameter for the solid oxide electrolysis cell
reactor, was obtained using a fuel electrode supported
cell. Confirmation was also obtained of the source gas
composition needed to match the syngas composition
to the theoretical molar ratio for producing methane
gas, which is an operation criterion for such reactors.
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Fig. 5 Layer structure and materials in SOEC
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Fig. 6 SOEC reactor test rig structure
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Fig. 7 Co-electrolysis test apparatus
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Table 1 Evaluation conditions for selection of SOEC
type
Parameters Values Units
Steam/CO, molar ratio 3 N.A.
Operating temperature 800 °C
Source gas flow rate 0.16-1.12 NLM*
Operating pressure No pressurization N.A.
Cell voltage 1.3 \Y

*NLM: Normal liters per minute

Table 2 Evaluation conditions for characteristics of
electrolysis current density

Parameters Values Units
H,O/CO, molar ratio 3 N.A.
Operating temperature 850 °C
Source gas flow rate 0.16-0.56 NLM
Operating pressure No pressurization N.A.
Cell voltage 1.3 \Y
Current density 1.3-2.2 Alcm?

Table 3 Evaluation conditions for characteristics of
source gas H,O0/CO, molar ratio

Parameters Values Units

H,O/CO, molar ratio 0.1-5 N.A.
Operating temperature 700, 800, 850 °C

Source gas flow rate 0.16 NLM

Operating pressure No pressurization N.A.
Cell voltage 1.3 \Y

Table 4 Indices for evaluating co-electrolysis

performance

Definition
Current per unit active area
Molar nhumber of production H,
/ Molar number of input H,O
Molar number of production CO
/ Molar number of input CO,
Molar number of production H,
and CO
/ Molar number of input H,O +
CO,

Reaction electrons of production
gas / Supplied electrons
Combustion heat value of
production gas (HHV)

/ Supplied electricity

Evaluation index
Current density

H, conversion rate

CO conversion rate

Syngas conversion rate

Faraday efficiency

Conversion energy
efficiency

Za—FINEBED 13V / Cell IZFHEL 7-.

HLAMRVERE DRI A 724615 % Table 4" 1Z/R .
AR, AR 72 0 ORMERETH

0, BIREENE T E RS 2 (CO, & H,0 DIREW) O
MEENRKEL KB,

HEMIZ X B H, 223 (H, conversion rate) i3, SOEC
)72 I AN BER A Zd @ H0 A 6 Hy NOZE iR
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Fig. 8 Comparison of co-electrolysis performance
ESC vs FSC at 800°C

Table 5 Comparison of co-electrolysis performance
ESC vs FSC at 0.16 NLM

Parameters ESC FSC Units
Syngas conversion rate 10 63 %
Current density 0.2 1.0 Alcm?

B A AZEWEIZESC D 10% 123 LTFSC T
63% & 6f5L %m0, ZOLRNTLEMEREEIZIESC D
0.2 A/em® 12 L C FSC TIX 1.0 A/em’® & 5 5D MLPE &
Kot ZOEEDIEEIZONTIL, BB RE DR X 2
ESC @ 50 pm I2xF L T FSC TS HAMRE A M 5 720
400 pm & 8fEEL R SN TED, ZON RN L <
BBHZ LD, BRICERIGHEEX N2 EL60 5.

P EofERE D, A7 24K L7z SOEC D& 4
FLUTFSC AEIR L 7= 72, UBROBIRY 2 ER S
DOkEHE FSC THEfi L 7-.
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various input source gas flows at 850°C
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