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BEZE BRI BV (SOEC) &, CO, & KRS & MK ILEF T & 5720, AfFZE Tid SOEC L HEfif
WA Y VIREATABE L AT LAERFEL, BETZAOMEB Y AT 2GR EITo720 Y AT AIE 1)
SOEC ZHWi-k#ER & CO, 0B BE, 74 v x— - v T a2 MH LAY VAR ) X7 U AERE
179 Y A7 & (System A), 2) SOEC Z W TAKRELAE MR TV ZOHK, N7 1 TRUSZEFIH L7z X & ¥ AR
WICE DAY VHEREIT) VAT L (System B) Zxf5 & L7z, System A Tldk 41vol%. System B Tldigk
14 vol% D A & VAN AD, #bTH# ABE BT R 2 L 030 h o720 T2V AT 2%h% L HHV #L#EC System
A1X85.3%. System B1X81.7%TH V. LBIHEZITH) AT LADEWEMNTH D I LAVRENTz, KEREBMFL.
KEZBET DY AT LORHIL8.0%TH 5725 AN ABENOMIEEIIIRK 22vol% TH B Z Lo, #Hdiy
ABCENOHEE Z RN S & 26, SOEC BFHE ICILEM 2 72 System A OB TH 5 Z LATR 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.
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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 XAFUBEHAMEY 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 EEREMEM 2 W5 2 L THHEZ AL AL F—
DOSBLUTIZTELILIRENT VSO, RIFET
BEBLZVW O E LAY, FHELMEREICHET S b
DEFLIZ, REDINIET I DR 21CF L0,

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

PG A TR B\ THEM 2 AT ) BRIl T
FHTIMOEIRIEA 2\ H/C=8 O&MTHA L, T - HIR
HOF AHIE % NGBS 7B A & VAT b R#
M ofERED 72w, K 4mol/ss B LK 1 mol/s T
T sbor L ®,

2.1 HEMBZHBAUL 7 System A

KA Y VBEY AT MBI 2WE KSR, OEM %
179 SOEC &ML, @74 v ¥ x—- buryaik
EHWTRA Y VG ZAT ) MG Tdh 5. SOEC #E
fRIEIC B BB O KISIE. H,O & CO, DEMFIIET
HHA (1), X Q) A7 PRIBORX (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.

84

BEER Vol.17 No.1

2017



H,ODREHN A, 7/ —=FHHBOF 2 0,E%5,

1
H0—Hyt 50, (1)
1
C0O,—~CO+30; (2)
CO,+H,2CO+H,0 (3)

H,O & CO, DEMEGITOVTIE, ME L < k72
Ay, Copz. X (D) 2R (2 oELL
UG & AR HETT 5 A%, SOEC BARME L LTHWS
NTw 3 Ni OfiEERIC X ) EF RSN H, KD CO
A (3) DAYEY 7 N IS DOFHIRIEIZ 2 505 Th bo
LA LARHEICB W T Y 7 N US AT LB RN T
TV ECET S EMELTBY., oA XLERAEHD
D AFENI AT D A AR A A B (B3R R ) |
IECUE 5720 BMEITHEL v,

BRI I EMHEE S X 25888 BUS I AE ) T
B ) v, LEBREORESHEF SN —F =2 —
FIVEEY L. K@) roHEH L2z, fta 7 2R
RV AT LAANIBT BT AD 80% & LT, K (5)
FEMEREZFEL, ©VICH 2 -BRITETERIC
HAwohsb &L, £/, X 6) THW S L¥MHlgEo -
N2 (6) LD FEH L7, BN O
Bk —fREAE L. B RO IR AP C72dIKFE L
CO % & ATZILTRIFMI A A D 5 % % SLEMAN A TS
PEERT BV AT A E LT

IV=2,4Hmy ; —ZAHm, ; (4)
I .. :

ﬁ :(mHZO supply+mC02 supply) XUf ( 5 )
AHl:AfI'IZD+ prldT (6)

I: BB LAl V:EBEE V], AH: =25 Vv E—
ZAL [J/molls F: 7797 =28, AH® . BEE#AERT
Z V¥ —24k [J/moll. C, : BHEHE [J/mol K], U;: fit
KA ARMAE, T imBE (K] WA in 0 BRI D AL
M, out @ TR ¢ @ ARG, h @ SR

Ay R TIER (7)) TEINDL XY VARBUL KT
K@) OKETAL T MBI HDDE Lz, 72,
BOBZHED FEIE. 2 & VAR A D O T A P8 & 258
TOBJRE L CHFM L7,

CO+3H,2CH4+H,0 (7)

2.2 K#ETXEMRZRUL I System B

System B TIZEMHE TIEX (1) 1R L 72K EfF O
ARAMRI Y, KBS L I LR A & B
ZAT-72 CO R ¥ VHERGBITHAT LD E L7z,
Ay HEFETIER 8) IR LAz N T 4 = e K OV
(3) DARMEA AL 7 FIEHRI 5 H O EMRE L7z,

CO,+4H,2CH,+2H,0 (8)

FOMD Y AT AR IE System A EFBETH D, FHE
2OV TIEET, L2ITRLADDEH W,

2.3 YATLEE
AT AL E AL S B 25 (HHV @ High Heat
Value) T (9) XD EHRE L7,
—%niAH,
niTpply (9)
niYATADIANE=RE, AH, WA A L BR
& DOWRBER [J/mol], m @ WAL K720 QAT X D
e i [mol/secls Luyyy @ BB (W], WA
L&A,

2.4 A IYNEBEBRRURKRERE

BUE A ARIZ BTG STV 28T A A OBRBEVE X7
AFEFICE D 7+ v NIEE (Wobbe Index : WI) &k
KIRBEHE (Maximum Combustion Potential : MCP) @
MambelickoTEDONSE Y, X (10) 127 + v NIE
BoFHHERE R,

H
VVP:;@ (10)

WIL: o+ v RIEH. H: 7 20858 [M]/Nm’], a:
EEITHT BT ADILE,

7y R (WD 37 AR 2 v CRBEZ 4T ) B
WHEERNNTA=FTHY, WIHFELWIGE, T AME
2D D > TH A AT % BAMIZE L WL 7%
%o KIZAK (11). (12) 12 MCP OFtREAZ R T,

IS A;
MCP=(1—-K) I (11)
2(f4;)
!
 S(ay4))
2
2.5C0, N, —3.770, | N, 3770, (12)
100—4.770, 100—4.770,

MCP : BRBEHFE [em/s]. K @ EAREL. S @ & TR
I A DIRBERIE [cm/s]y f; 0 & WIREAT 220 H B AREL

BEIE® Vol.17 Nod 2017 85



IAREMIL__Paper

%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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NIZHAELRY, T+ vy NBRIZKELS D, 20120,
INEESR & AT 5 72856, BB A AN F A =T $
%o RMZETIZSOEC DA % Y #E Y 257 22OV TH
HLTWL720MERRIZOVTREFE LAV DL L
720

3.3 HEHAXOEBBHHAANDELS
ESIWRLIEFNEND Y AT LAOBIEN AR VKRFER
FAITRL7Z 13A ORI ACHBT A &2

FEL7ze S ICEEA A ROKFE LMW ANMZ -8
W BIRAN ADRBEDOEALE R L. $2X6 128
TEH AT OKFE R BT A AN A 72 EE 03 B IRE 7 A
DO WI KO MCP 278 L7z, R6HDEDDRLIZZHNIE
13A OHKEDHT # A D WI & MCP OFFAH#I % /R,

512B W THGE N A R OKEZH T A 2R 5 E 4
R LTV ERAT ADORBEITHFRD U7z Bk
H A DFEFE L System A TiE 34.3 M]/Nm®, System B
T3 28.4 MJ/Nm?®, &#1312.8 M]/Nm*Z& DT, M5
BV THEIE T A RORFEEZITH AR 5 EEE2 R
LT LREFTADRBEILRD Lze L L, BAED
HAFEFEIZBOTIIRBEI X > TH 7 2 ORI H]
RENWTz0, FEEEIC L - TGS A AR I HI PR X
N,

K628V T, WHIEET A K OKEZINZ28E12
o UCTHBARD LTz, KEZMALEAIZ2%F T
13A OBEOHTE AT ADO WIOFFHBEAICE T TW
720 E7z. System A TIIEEA A ZIMA7ZHED 41%
T, System B T Z 72H&4714% F T 13A OHHED
WI OFARFMPANIZE TN T W72, System A IZKFED A
Mz HeE L L T, BHENPKE % CH, A 81.8%
HEEINTVW20, WEBEOHEEIKEL o720 WI
DMV EHI/NE D 5720 72, System A & System B &
WL TCH, & HyOEIEPREWT EITMA T, AN
HATH5D CO,DEEINE W0, firEOEHEL K
ELL72BE WIOEA®EIZ/NE o7,

MCP & System A TIZ#E A AL H O EE 2350% DL
F.. System B Tld#i& 7 A MHGHOEIG2340% £ T 13A
DBUEDHET A A DHFEHIHNTD 720 KEDYH. it
KR OBEH26% F TIXET P A DHFFHPANTDH - 720
KRZEZWE AN ADERGTH DAY » Ll L CTHRBEH
R T.8HR&EVD, KEZREGLHE, BRETAD
MCP IZKFEZMA7ZHENKREL BB ITERHITKEL
ol

K5 AFUBEHABEV AT LICHE T HEEH A EKFOH ZMEK. LLE, R#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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w212 SOEC Z H W AKFEHEI AT L O R ) F—
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EDTANF—RRELES 5, TVHY)KERED A
T AD I AN F —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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