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Abstract : Solid oxide electrolysis cells (SOECs) can convert carbon dioxide and steam into hydrogen and carbon
monoxide under high temperatures. In this study, we have designed co-electrolytic SOEC systems producing
methane, hydrogen and carbon monoxide from steam and carbon dioxide. Energy efficiencies of these systems
were calculated under the thermo-neutral voltage condition by the steady cycle analysis. The issues concerning
residual heat, residual oxygen and residual nitrogen in the exhaust gas from the power plants are clarified. The
residual heat could be utilized as the heat source of the steam generator, then the efficiency could be improved
with residual heat. The residual oxygen contents need to be reduced using hydrogen or carbon monoxide to
prevent SOEC degradation, and consumption of these gases cause reductions in system efficiency. However, the
efficiency of the system with residual oxygen did not decrease significantly with O, concentration of 40 mol% or
less. For the residual nitrogen, it would become a factor to increase the size of the system and decrease the purity
of the stored gas when the residual nitrogen is used without being separated. By separating nitrogen from the
exhaust gas at the inlet of the system, separation power can be suppressed, and system efficiency was higher than
separation at the outlet of the system due to difference in Pressure Swing Adsorption (PSA) compression ratio.
Key Words : Solid Oxide Electrolysis Cells (SOECs), Co-electrolysis, Methanation system, Power to gas, Cycle
calculation
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1 HEMPSOECEZFALKFR - —BILRFBREY A7 L EBEZGICH T 2EEER
Fig. 1 H, and CO production system using co-electrolytic SOEC and results of cycle analysis under the standard condition.

2 HEMFSOECEFAL/AX 4 WEY AT LEREEZXGICHT2EEER
Fig. 2 CH, production system using co—electrolytic SOEC and results of cycle analysis under the standard condition.
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Table 1 Calculation conditions of temperatures in the co-
electrolytic SOEC system.

Locations Temperature [°C]
Supplied gas 25
Co-electrolyzer 850
Outlet of steam generator 120
Outlet of chiller 5
Methanation reactor 300
Stored gas temperature 25

®2 HEMPSOECY AFLDEERICH T HEHEEHGES
Table 2 Calculation conditions of components in the co-
electrolytic SOEC system.

Parameters Values Units
Temperature efficiency 90 [%]
Supplied gas utilization 80 [% ]
0, generation rate 300 [Nm®/h]
Coefficient of power 1.0 [—]
Current efficiency 100 [%]
CH, PSA recovery rate 95 [%]
CO, PSA recovery rate 90 [% ]
Adiabatic efficiency 80 [% ]
Machine efficiency 90 [% ]
Motor efficiency 90 [% ]
CH, PSA adsorption pressure 0.30 [MPa]
CH, PSA recovery pressure 0.09 [MPa]
CO, PSA adsorption pressure 0.11 [MPa]
CO, PSA recovery pressure 0.01 [MPa]
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Fig. 3 CO, separation PSA system.
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Fig. 4 CH, separation PSA system.
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Fig. 5 Energy balances of H,-CO production system and CH,
production system.
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Fig. 6 Relationship between supplied gas temperature and
the system efficiency.
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Fig. 7 Relationship between oxygen content in the supplied
gas and the system efficiency.

BI712, KFE - —RILRFRES AT 2BLIOR Y V|
EY AT DB LM AT ORERIRE &SRO E
KT o KFE - —LRERE Y AT 2BV T, T A
HOMEFEREE 0mol% B X O 40mol% DHfr. #KIZZh
FN94.2% & 91.9%TH D .2.3%pt DWAITHIZ STz,
L2 LaH 5. BREEE 41mol% 2 5 50mol % O [ TlExh
X 91.2%0°5 82.7% F T8.5%pt L K& {AKF L7z

K# - —BALRZERES AT LICBNT, BEBRE
0mol% %> 5 40mol % DO FEFH F TN KX KT LAV
B, RBESR O BTN B L UKL BRIV E SR
BEMZB72DTH5D, LMHLad 0, BRFEIEE 41 mol%
VD Eopa. BB OB DR ET I AR TU R &
DORELARD, YATAAMNIRIE E 2 2479, A=
KT L7z COMBENS, RIS X OBRFERIEE H v
T2 KT BIOPET AR5 Tld, ENIFEA LT LA
WZ b o7z,

—J. AF VHESEY AT AIB VTR, A Ao
FEEE Omol % B L R 3mol% T, 1L 87.0%
£ 86.9%TH1. ZOHMPHTIX0.1%pt & T T IZ/NE
WA, FNLLETIEEE R 50mol % T 65.4% & 21.6%
PtOKRELBVE R oTze TNEAY VEGEY AT AT
V. BEHRIEEE 3mol% F TIXIRBERF O BTN & KA
BB LR BRI ) S TEDLN, TN LEORE
TIIRBELR OB Y AT AN SN A Z L2 57290
Thbo

80 BEEH Vol.19 Nod 2019



3.4 REBZEZRHLPIXNFT—HEICEZIHE

KIVGEBIT O AP ORRERIA & Y HEL AT 4
DRYFNZE- 2 BHEIOWTHEm T 5720, a7 A
BREGUFRMEIIOVWT, OEFRE2HTHL 2Wwr— 2%
Fo VAT ANMEET BT A —AB LU XY
VIFEERNICE R 0BT 2 r — ADF R 2T 7. B,
BRSO R THEICOW T, EE A 2 OF A H I
B TR L0, ARTEHATREZALVF -2 80V
F—F XV T7ORTHETLILZAME LAy vk
VATABRELCHEmT AL Lz M8ITAY Vil
B AT LIBTLMIET AP ORERIEE L FEOMRE
NERS

BEEFHEL 2V — AT, T AT 02 RKEE
Omol % B L & FHiEE 80mol % T, A= IL87.0% &
82.7% TH V. EFIEE 0mol % 2> & 80mol % O #i il T
4.3%pt FEAMET Lze SHIER 21I2BWT, ERiEE
BN 7 A 0w ATk & {2 ). BIHK (Heat
loss1) 2SEEMM L7272 CTdHh %,

VAT AR TER LT 5 — AT, HRIREO
mol% D5 TH PSA OJEMEMHIEEINT I & & L/,
A6 1% L BHFEIHERZERL WA XD H 0.9%pt
RFEALT Lz, 72720, 3 IT/RT X912, CO, B
PSATXa vy 7Ly oM 1.1 E/hSnizd, &
FRED LA T 28O v, £07z0, &
FIRE 80mol % THAIF85.9% & FEHRIEE 0mol % 12
X LT 0.2%pt ORFALTICILE D RO BEIIIE

8 MWIEHAPDEREE LI RIVX —HFEDRF
Fig. 8 Relationship between nitrogen content in the supplied
gas and the system efficiency.
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