fr

|‘§ §< SPECIAL REPORTS

CO. BiR{LDEIR ICMIT T B EEE il

Co-electrolysis Technologies for Efficient Recycling of CO, as Resource
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High-temperature steam electrolysis technology is currently attracting attention as a carbon recycling technology to drastically reduce carbon
dioxide (CO,) emissions.

With this as a background, Toshiba Energy Systems & Solutions Corporation is promoting the development of solid oxide electrolysis cells (SOECs)
in order to improve the efficiency of hydrogen production systems. As part of these efforts, we have been engaged in the application of SOEC tech-
nologies to the co-electrolysis (i.e., simultaneous electrolysis) of CO, and water (H,0). Through investigations of the main and sub-reactions of
co-electrolysis electrodes, we have verified that the reduction rates of CO, and H,0 vary according to the composition of the electrodes. In addition,
we have confirmed that the nickel-gadolinia doped ceria (Ni-GDC) electrode developed for large-scale high-temperature steam electrolysis systems

also offers high performance as a co-electrolysis electrode.
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Operating mechanism of CO,/H,0 co-electrolysis
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Results of gas composition analysis of co-electrolysis cell using
nickel-yttria stabilized zirconia (Ni-YSZ) cathode
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Comparison of co-electrolytic properties of cells using Ni-YSZ and
Ni-GDC cathodes
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Comparison of results of gas composition analysis of co-electrolysis
reaction in cells using Ni-YSZ and Ni-GDC cathodes

L5, BRIV —IE, (FENREAMEIRICRI1EE

GBI DL D, Tld, (RIRIEEILICX
D, EVONIBIEFTAHIN L R e 20N L 7z 2 L
Z, EROMBIEESME T L0 ThE, £/, WTh
DIRERICB VLT, Ni-GDCEMZ HV 72V O EEE
FEi%, Ni-YSZEMEDbNSL{hoTED, LbEshFicHk
EIETETNHD

Kz, 700 ‘CTONI-YSZ XU NI-GDCHERZE w7zt
VDI A AR BT s R & % (B4) . Ni-
YSZEMTIEH, AR ERCOERBORN2MEICh->TH
b, FEAZHDOH0LCODRGHHIF2:1 ThHbLE
AbNb, 77, Ni-GDCEMTIE, H,EREIZCOLER
HOLISBERETHD, KA TERLLAHOH0L
CO, DR IEHEI &L, HHT2EMMEHC X > TREDIL
PoRe s ARV

Pl BTz &5iz, Ni-GDCEMiIZ, —MxEmT
HBHNIYSZICHARTEWEREFECHEMAIRETHY,
0, CO,BFEIADE NI DR T,

5. HEHE

A[A], Ni-YSZ &7V M % IV € 4k 78 M TR A S I AT
2EML, S o2 EsLLbic, BT - AAVIR
HRENER O Y 7 R MEE AV Ni-GDC #Ef 23,
AR E L CTEN CO, BREMEREZ R T e Do T,

SRIOMEE, ¢16 mm /N v L% v a2 5%
WaL7red, HAORHE, KIGRES M, O EmRE
W —MIC BT 2BE A TE TR, 551, T (5x
5cm?) »5ESA RETORIVEMG, HEERER, ftHA
HAMRK - ViR, B (BMEmE, wVEE), B

CO: BRE DERIRIC M| fo HBEREM

FOGOENGI A, AR & IR 3 2 B fi 72 &%
WRL 7289 X —& —3EliZ £ L, HEMELKGA D=
R L ORI ORI SO + H 8 R A B AR BB g
R e R

ZOWRDO—EE, Ho X — - EERIRR AT
B (NEDO) 225D ZFEHHE H— R ¥4 700 - Kt
ﬁkt%%#&mﬁﬁ%/ KAAK S FE BN E R

— R UHA 7V EAT O @B AT co T CO, /
woﬁ%%&mwmnﬁﬁjwwo¢§~)T%ﬁuto

X

(1) Graves, C. et al. Sustainable hydrocarbon fuels by recycling
CO; and H.O with renewable or nuclear energy. Renewable and
Sustainable Energy Reviews. 2011, 15,1, p.1-23.

(2) Jensen, S. H. et al. Large-scale electricity storage utilizing
reversible solid oxide cells combined with underground storage
of COz and CH4. Energy & Environmental Science. 2015, 1, 8,
p.2471-2479.

(3) Osada, N. et al. "High Performance Solid Oxide Electrolysis Cells
(SOECs) for Hydrogen Production". International Conference
and Exposition on Advanced Ceramics and Composites, Daytona
Beach, FL, 2018-1, Hilton Daytona Beach Resort and Ocean
Center, The American Ceramic Society, 2018, 3S-007-2018.

@) RHEM. SRR AEMEFEILAKFEERSOEC, HEL
E 2 —. 2020, 75, 1, p.54-55. <https://www.global.toshiba/
content/dam/toshiba/migration/corp/techReviewAssets/tech/
review/2020/01/75_01pdf/r02.pdf>, (£hd 2022-04-05 ).

(6) RHEFEM. ENRAKZEKERVEERLICBI T 20 A, EEES
FOER LY 2020, 63, 2, p.65-69.

RHE &M 0SADA Norikazu, Ph.D.
WEIRLX =2 AT LR (FR)
TRVF =2 2T LEA S v 8 — AL EARBATE S
it (T4) HEAR - eIy 7 AHRRE

A Toshiba Energy Systems & Solutions Corp.

mi)ll &{E ICHIKAWA Nagayoshi, Ph.D.
WEIRLX =2 AT LR (FR)

IIVX — 2 AT LT 2 v & — AT
Bk (T2) HAMY 2 - BRB T ReE
Toshiba Energy Systems & Solutions Corp.

AR HETF  INUZUKARiko
HWEIRLX =2 AT LR (FR)
IRVF =2 AT LTS £ & — (LA RIS
WAL R - SRFRRA

A Toshiba Energy Systems & Solutions Corp.

35



https://www.global.toshiba/content/dam/toshiba/migration/corp/techReviewAssets/tech/review/2020/01/75_01pdf/r02.pdf
https://www.global.toshiba/content/dam/toshiba/migration/corp/techReviewAssets/tech/review/2020/01/75_01pdf/r02.pdf
https://www.global.toshiba/content/dam/toshiba/migration/corp/techReviewAssets/tech/review/2020/01/75_01pdf/r02.pdf

