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Summary

In order to facilitate the widespread use of solid oxide fuel cells (SOFCs), hydrogen production using an
electrolyzer with SOFC was investigated by analyzing electrolysis performance and hydrogen production
cost. A numerical simulation model for a tubular cell-stack of a segmented-in-series tubular solid oxide fuel
cell (SST-SOFC) was constructed. Based on the model, a detailed analysis of steam electrolysis with SST-
SOFC (SOEC) was carried out and energy consumption for hydrogen production was examined. A process
flow diagram of steam electrolysis using SST-SOEC was made and a heat and mass balance study was
performed to determine steam electrolysis efficiency and the SST-SOEC system manufacturing cost. From
the results, the technology scenario for the hydrogen production process with SST-SOEC involving
compression and storage of hydrogen was proposed, i.e., an innovative way to achieve hydrogen production
cost of about 4 JPY/MJ (40JPY/Nm?>-H,) was proposed. Finally, future technological challenges to realize
low cost hydrogen production using SOEC are discussed.
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IR DERN O EIHERL T, FETRET 2L — O KRR AL, ZOREN R X < 2kt
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& 1 AEERER SOFC DETILERVED 12— ILOEREH (REF)

EENBE (K) 1,173

PRFLHERL H2/N2/H20 = 70/29/1 (vol%)
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EH AC HH (kW) 220
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HY— Rk H20/H2 = 90/10 (vol%)
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AC AH1 (MW) 1.52

DC AA (MW) 1.45
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ABEILRE v I (K) 2,400
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850°C 17.3 kw D‘_H;:_ """""""" @ .
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N,: 5.51 mol/s N;55imolfs |~ 270°C ~\ 157°C _:
850:0 g i >
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1500 1 HX-B-H20-1 28 o
K3 KEKREMATLOTOERT7O—K (B - YEUZHEHT)
#* 3 SOEC VAT LDE L )LIEBEH L KFRERRE
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SOEC E ¥ = —/ba A b, BELCS $#283E[2],[3]? 220kW SOFC & ¥ = —/L®D 2 A MEJDH;
iV A% SBIZH N E{T 72, AFRTIL, SOEC v A7 A3 A MME, FEEH7IC :z%ﬁﬁ
MDABETH D Z ENTRHRINDD, JEME L mIES 712 o0 Tida 2 MEEZ R & & 3712
X?AZXF@ﬂﬁ%ﬁOﬁo%@ﬁ%\ﬁﬁB4WWﬁ%ﬂ%FMNiTZXFﬁﬁ#TB
HDHZEINRENT (2R FEHIZ 1LIMW O AT L& FEHEL LT2), 723, EMEEIC W T,
L7 el H A Y77 LR BZONDN, BEDHRICE S 3 X MU/ END, SEX
I OWTUE, BUROSIT CIIAF— VAR & L THIT 21T > CWAR, I—hr 774
Nw%@%#%%ménéﬁfa/y%%%éﬂéi9L@D\ﬁ&i\gﬁm%nmzf\ﬁ
BEBAFEIZAE D =2 2 MEH RIAEN D,

%5 1.5 MW SOEC YR TLMOR MEE LM T UA

Wi J%$3E (2030)
HERT—)L (ED 31— IUIE) <10 1,000
Fan (§) <10 20
SOEC €Y a—JL (F/W) 100.5 16.1
[EfEt (F/W) 55.7 55.7
BEZ22Y  (FHW) 73.2 73.2
Ry 7 - 77— (AW) 0.44 0.44
Baciaz (/W) 0.78 0.78
E—%— (FA/W) 0.09 0.09
RAFLARX L (HW) 231 146

3-2SOEC [Z& KFHED IR EF

FiRD 1.5 MW SOEC v A7 A DOMEREFHMIR L OV 2 M2 3L, SOEC 12 X A /KERIED
a R Nl AT o 7o, AKFERGE 2 A M E, BE LCS $R R EB] CHEEICHE R L T\ 523, 4Rl SOEC
AT WDEEMR AT A T Bl T U FICoOWTRE AT o 72, 326 ICHTHRSE 2”1, A
TENL. KEEMORRIE ) ZAEE L2720, SOEC ¥ AT LADOHBIR % KL EMOBE)R &
—HEE, 22T 1% THE LT,

&6 KIFHEIX FAEORTRSH

5%

IKEREMER OKREEDER LHV) 78 % 3, k4
KRFEBNREM (SOECEDa1—)L) 3.2 kKWh/Nm?®-H2 X3, &4
KRBEEEFENRES (SOEC YR T L) 4.2 kWh/Nm?®-H2 X3 &4
LR T L 15 F

FREXR 12 %

VAT Lig@E 12 % PV ZR%E
BERREIRIILF—BENIXR b 0-25 F/kWh Ref. [11],[12]

D TR0 F 6. 35 LUSCHR3]DFE 2 BIR, STER[2]ICIUV T, 1 - K SOFC & A7 A 2 A MERIZ AT T,

%LI& (Eﬁﬂwfﬂu WRED) - BATYA v CTRHERR) - BAMEEE - EaBS L ONBOS =2 F TN
» BEDD 2030 AT COSE YTV A &L L, 1 KA SOFC OFfi ) ) A DRH%, LLFD

35T%6

L M) BAFa—TH70, BURO SOW 225 120 W ~Dfa) LB,

2. FEEREH: BURD 55%0 %58% (2020 ) Z=#XT 60% (2030 ) DD,

3. VAT LFFm: BUROSFEFEZE TR O FEE CTH 5725, 2020 LU 10~15 4FLL EomFamib 2 5%
B, 2030 4F % TIZ 20 FELL EDFEBRZHHE,
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X%A@:xkﬁﬁwﬁ%(I4):ﬁdg VAT A A T 146 /W OEIZERE LTz, KHE
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FLIE L 2SR SHUTE Y [11,[12], OB 72 K T30 ) OF Il 2., KB E#OFH & 7T6E
bbb, 217U, BERICERSNDEMEEZE 25 L, BATRED RV —ORREENIFHZ2BE
L7z5A. KPR ORIz, AKotiBEg ORI b HEN2TEERY 9 5,
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(VRATLEFR 15F; VATLIAR K 146 FH/W)

Av— K7V v FITREINDIEROBMIZIBNT, KREBIXH LB D7D D% E B
(kFEX—E L %E) & LTOFARR SN D -0, HBICENOKFEIGERICHER 1.5MW
SOEC v AT ADBEEUIZOWTRAZIT o 7o, T3S X | FEROEN D /KSR B DAER 5
TEE%Z 100 TWh ThH 25 EE LT-HG . KFBEOFERIT 6.3x10"° NmP-Ho IZFHYS 35 OKEX —
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LDOBEHIE, £20,000 B THD ERFE Iz, AREIOBRTIEL, 45 1,000 B2 18E L CHifr
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VAT LA 150 /W BLE ; BRI 80%LL L ; AT K Ff 0 15~20 EABEYE B
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BRI REIL TV D,
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a) BFHMAKAEMEBEMOBFRE : SOEC |Z L H/KAKEMIT, £ OEAEIRDOE RS, SOFC
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d) FAEFRE=RLX—OFE 3 X MEJIZ A 7o EIE8T - BRIz K 523, BAERR= /L
F—OREIA M 5 H/AWh FREIEKT 208N’ H 5, KEGEMOEE, 4% OHINED
W2 X DM, Bk S FI/AWh ~0 2 A MEJEOEFH A3~ S AL TV A[11],[12],

5 EIED-HDIRE

ARG TlE, SOEC DFEfM72MERE TS LU= A MMl A1T - 72, BARANICIE, FERGE SOEC
AR L LT, KEREMOBEY I 2 L — 3 VB L SOEC & AT ADE - WIS R
Mre a2 MEMNZIT o7 Bl 2 o2 L—3 3 » OFER L KERLEF BT (SOEC EY 2 —/L)
1 32kWh/Nm*-H, TH U . & 512 SOEC ¥ AT ADEN « WyBI S IEHTIZHES < & /K EHREFE
fL (SOEC ¥ A7 A) 1% 42 kWh/NmP-H, DEMSG BTz, KRIEMEEEL 2 B - KR B A
T LOBNEIT 78% (LHV) TH V) | KB EMGEFEE & D T2 KRR EM S AT LD 72% (LHV)
DIERE ST, Flo, VAT AR MI234 H/W THDHA, FERIE 146 /W £ TIRIBCTE %
AIHEMEDS R &7z (SOEC AJJFEJ1HEHUE (1.5MW)), [EREHSCEIE X > 7 O 2 A MRS HED 1R,
I DH VAT AR NORIENARETH D, FefzlZ 40~50 M/Nm?-H, D/KFERIE = R b &3k
THEDOHEM LTV Ao THET L, OV AT A3 A b 150 /W LLT ; @EMh% : 80%
P @V AT 258 1S FEUENEREEROTZDICERINIFMTHDZ ENbholz, &
5z, BEMED 0 HAWh OBE TIE, 12~15%EEOBRBEN/LIETH DL Z RS, B
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