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System with a SOEC Using Co-electrolysis
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BEZE BRI B )V (SOEC) &, CO, & KRS & MK ILEMF T & 5720, AfFZE Tid SOEC LA fif
WA Y VIRETABE L AT AERFEL, BETZAOMEB Y AT 2GR EITo720 VAT AIE 1)
SOEC ZHWi-k#ER & CO,0BEMEE, 74 v v — - v TV a2 MH LAY VAR ) X7 VAERE
179 Y A7 & (System A), 2) SOEC Z W TARELAE MR TV ZOHK, N7 1 TRUSZEFH L7z X & ¥ AR
WD A VHEHEIT) VAT L (System B) Zxf5 & L7z, System A Tld Ak 41vol%. System B Tldigk
14 vol% D A & VAN AD, #BH# ABE R R 2 L 030 h o720 T2V AT 2%h% S HHV #L#EC System
A1X85.3%. System BIX81.7%TH V., LBIHZITH) AT LADEIWEMNTH B I LARENTZ, KEREBMHL.
KEZBET DY AT LORHIL8.0%TH 525 #H 7 ABE OB EITIRK 22vol% TH B Z Lo, #Hdiy
ABCENOHEE Z RN S & 236, SOEC BFHE IC LM 2 7z System A OB TH 5 Z EATR STz,

Abstract : In this paper, gas production systems were designed to calculate syngas compositions with methane
and efficiency in the systems. In addition, the quantity of the syngas suppling to the city gas pipelines in Japan, was
calculated. Two systems were proposed; i) System A produces the syngas with methane in methanation reactors
based on the Fischer-Tropsch synthesis after co-electrolysis for SOEC, ii) System B produces the syngas with
methane in methanation reactors using Sabatier reaction after steam electrolysis for SOEC. In the calculation, the
maximum supplies for the gas pipelines were 14 volt% in System B, 41 Vol% for System A and 22 Vol% for only
hydrogen, hence the amount of input of System A was the best. Furthermore, energy efficiencies were 85.3% (HHV)
in System A and 81.7% (HHV) in System B, hence System A was more efficient than System B.

Key Words : Power to Gas, Solid Oxide Electrolysis Cells (SOECs), Co-electrolysis, Methanation system, wobbe
index, City gas pipeline
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Table 1  Assumed temperatures of components in the metha-
nation system.

Locations Temperature [C ]
Supplied gases 25
Co-electrolyzer 850
Methanation reactor 300
Stored gas temperature 25
Outlet of drain 1 35
Inlet of drain 2 110
Outlet of drain 2 35
Outlet of chiller 5

£2 AFUBEHAMEY AT LOFESRME
Table 2 Calculation conditions of components in the metha-
nation system.

Parameters Values Units
Gas recirculation ratio 5 [%]
Supplied gas utilization 80 [%]
Supplied CO, flow rate 1.0 [mol/sec]
Supplied H, O flow rate 4.0 [mol/sec]
Coefficient of power 1.0 [-]
BTOBBETHNIBZHAHT L 2 & THRET 2P

ST ENTE Do BMMHICHE L TREEHORE IV
T EEREWEBM 2 W5 2 & THIHE R AL AL F—
DOSBLUTIZTEALILIRENT VSO, RIFET
BEBLZVW O E LAY, FHELMTEREICHET S b
DEFLI, REDINIET I 0EE21CF L0,

T4y Y= MR Y 2 BE BSOS O )
1 ~ 50 %JE. i 200~ 300°C D&M F TR 2NV b
7 B O E o THAL ALK E R ST 2 T Th 5.
AWFFETIE. AT LADMIEALD 20, A ¥ ¥ UGERHTE
11 &UE. #3007 2 E L7,

PG AR B\ THEM AT ) Bl T
FHTIMOERIEA 2\ H/C=8 O&MTHH L, T - HIR
%O F AHIE % TIPS 7B A & VAR T b R#E
M o a2 v, K 4mol/ss B LK 1 mol/s T
T abor Lz ®,

2.1 HEMBZHBAL 7 System A

KA Y VBGEY AT MBI 2WE KSR, OEM %
179 SOEC &ML, @74 v ¥ x—- buryaik
VTR Y VG ZAT ) MG Tdh 5. SOEC #E
R B BB O KISIE. H,O & CO, DEMFIIET
HHA (1), X Q) A7 PRILOKX (3) kB &
L7z LEEO A Y — FHMOF A1 Hy,w CO,v COL
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Fig. 2 Methanation system with a SOEC using co-electrolysis and results of cycle analysis.
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Fig. 3 Methanation system with a SOEC using steam electrolysis and results of cycle analysis.
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2.3 YATLIE
AT AL E AL S B 25 (HHV @ High Heat
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%3 EABKSZOS, f. a0fE”
Table 3 Values of S;, f, «; of each flammable gas.
H, CO CH, CyHe¢ CsHg CuHy
S; 282 100 36 41 41 38
f; 1.00 0.78 8.72 16.6 24.6 32.7
a; 1.33 1.00 2.00 4.55 4.55 5.56

£4 13AOH ZHERRUFKHE. WI. MCPOfE™ "
Table 4 Heating value, WI, MCP and gas composition of the
13A standard city gas.

CH, 89.6
Gas composition C,He 5.62
[vol%] CsHg 3.43
C.Hyo 1.35
Heating value [MJ/Nm?®] 44.7 (43-46)
MCP [cm/s] 38.4 (35-47)
Wi [-] 56.1 (52.7-57.8)
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Fig. 4 Energy balance of the syngas by methanation systems

with a SOEC using steam-electrolysis and co-
electrolysis.
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INEESR & AT 5 72856, BB A AN F A =T §
5o RMZETIZSOEC DA % Y #E Y 257 22OV TH
AL TV 720MERRICOVTREF LAV DL L
720

3.3 HEHAXOEBBHHAANDELE
ESIWRLIEFNEND Y AT LAOBIEN AR UVKRFER
FAITRL72 13A ORI ACHBT A2 2

FEL7ze S ICEEN A ROKFE RN A ANMZ -8
W BIRAEN ADRBEDOEALE R L, $X6 128
TEH AT OKFE R ERT A AR 72 EE 03 B IRE 7 A
DO WI KO MCP 2R L7z, R6HDE)DRLIZZHNIE
13A OHKEDHT # A D WI & MCP ORFAH#I % /R,

512B W THGE N 2 K OKEZH T A 2R 5 E 4
RWR LTV ERAT ADORBEITHIRD Uz Bk
H A DFEFEL System A TiE 34.3 M]/Nm®, System B
T3 28.4 MJ/Nm?®, &#1312.8 M]/Nm*%& DT, M5
BV THEIE T A RORFEEZITH AR 5 EEE2 R
LT LREFTADRBEILRD Lze L L, BAED
HAFEFEIZBOTIIRBEI X > TH 7 2 ORI H]
RENWTzo, FEEEIC L - TRGE A AR I HI R X
N,

K628V T, WHTEET A K OKEZINZ28E12
o UCHBARD LTz, KEZMALEAIZ2%FT
13A OBBEOHTE AT ADO WIOFFHBEAICE T TW
720 E7z. System A TRIEEA A ZIMA7ZHED 41%
T, System B TIMZ 72H4414% F T 13A OHAE D
WI OFARFMPANIZE TN T2, System A lZKFED A
Mz HYE L L T, BHENPKE % CH, A 81.8%
HEEINTV220, WRBEOHEEIKEL o720 WI
DD EHI/NE D 5720 72, System A 1& System B &
WL TCH, & HyOEIEWREWT EITMA T, AR
HATH5D CO,DEEI/NE W0, fiEkROEHEL K
EL L72BE WIOEA®EIZNE o7,

MCP & System A T #E A AL H O EE 2350% DL
F. System B Tld#i#& 7 A MHGHOEIG0340% £ T 13A
DBUEDHERT A A DFEHIHNTD 720 KREDOYA, it
ROBEH26% F TIIXET P A DHFHFHPANTDH - 720
KRZEZWHE AN ADERTH DAY » Ll L CTHRBEH
R T.8HREWID, KEZREGLHE, BRETAD
MCP IZKFEZMA7ZHENKREL BB ITERHITKEL
Lol

K5 AFUBETABEV AT LICHE T HEEH A EKFEOH ZMEK. LLE, F#E. WIRUPMCP
Table 5 Gas compositions, specific weight, heating values, Wl and MCP of syngas by the methantion systems.

Parameters System A System B Hydrogen
CH, 81.8 68.1 0.0
H, 13.9 10.6 100
Gas composition [vol%] CO, 3.45 20.3 0.0
H,O 0.86 0.86 0.0
CcO 0.00 0.04 0.0

Specific weight for the air [-] 0.480 0.713 0.0695
Heating value [MJ/Nm?®] 34.3 28.4 12.8
MCP [-] 38.8 29.6 282
WI [-] 47.5 33.7 48.4
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Fig. 5 Heating values of the mixture gases as a function of
added hydrogen gas or syngas into city gas.
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System A D A319%% L DA A& Hi H AT 5 2
ERTEDL, T, KV AT LIIHE L T 2
Hbo FHNE1RE. 300CHOHEIESFMTORXY v EERZE
BE LA, KD EwIES, RGERRRE T2 & YRk %
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EDTANF—RRELES 5, TNHY)KERED A
T ADIANF —RhFRIIINC B 2 RETH S5 BUIK
50.9~79.4% % E R LT3 Y, F -FEAE S TR ER
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Fig. 6 WI and MCP values of the mixture gases by
methanation systems with a SOEC using steam-
electrolysis and co—electrolysis.
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