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Abstract : Hydrogen production by steam electrolysis is expected to be one of the methods to use renewable
energy effectively. In the present study, two steam electrolysis systems respectively using protonic ceramic
electrolysis cells (PCECs) and solid oxide electrolysis cells (SOECs) are designed. The efficiencies of these
systems are revealed under two different electrolysis voltages : 1) thermal-neutral voltage : 2) voltages larger
than thermal-neutral voltage. The results show that PCEC system has approximately 2.0pp higher efficiency than
SOEC system under thermal-neutral voltage electrolysis. Under the voltages larger than thermal-neutral voltage,
the system efficiency is only less than 2.0pp down when proton transfer number is from 1.0 to 0.9.

Key Words : Protonic Ceramic Electrolysis Cell (PCEC), Solid Oxide Electrolysis Cell (SOEC), Hydrogen
production, System efficiency, Hole conduction, Proton transfer number
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(a) Steam-electrolysis reactions in PCEC
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(b) Steam-electrolysis reactions in SOEC
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Fig. 1 Schematic drawings of steam-electrolysis with PCEC
and SOEC.
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#1 PCEC&SOECOHOCVDETE M4
Table 1 Calculating conditions for OCVs in PCEC and SOEC.

PCEC SOEC

Temperature [C ] 400, 500, 600 | 700, 750, 800

10 — 90

H,O utilization [%]
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Fig.2 Schematic drawing of H, production system using PCEC or SOEC.
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Table 2 Parameters for calculation of system efficiency.
SOEC PCEC
500 ‘C—600 C
1) Thermal-neutral
2) Heat generation ™'

Operating condition 750°C

Electrolytic voltage [V] Thermal-neutral

Production capacity
of H,

Thermal ratio of

300 Nm®/h®®

=90%
heat exchanger °
T f
emperature o 35°C
Drain
Temperature of o
P 5C

Chiller

80% (At thermal-neutral)

Steam utilization
Parameter (At Heat generation voltage)

Transport number of
proton
TRMEEE  PCEC 0 OCV ey ICF U KERFIBAZRD
SOECBEEZMA -EE

- 1, 0.95, 0.9

Ny, No,. Niyo) @ B3E LU 72K, MeFE & REMHKE
A O [moll. AH; @ BRI 03 5 RFEMBEH [T,
AQ : A AMMEE LA B BB [T, AT AL
AW TIZ, KREAT—T 2 VIHRT 2 RBE Y 25
KRB L, BIRRRMIIIS PN S wE LY, &
AR B W TRARKBELXFRZME L. Y AT 20
B WP KA T B & & ORMFEME Lz RIS
TA=F—mK2IZF LD,
2.5.3 YATLMEHE
IK 3R BE B1E 5 A 58 2 (Higher Heating Value -
HHV) ZHw, () I2X ) AT 28258 L7,

B LT A O RRBES(HAVY)
AT BB

n 4)
n o KERE Y AT LA ORE

VAT NIWELRENL EWE)). B ALR ¢ —
Y DB FI—DEINTH b, KFERBEE (HHV) X
25 CHMEZFH LAY, ABFETIR. TRV F—IR%E
ERLYEFT—DAREZRL, RV7 - 778/, &
FRAB R R B B A e COBGRL B EE L TV,

3. BRBIUVUEE

3.1 OCV EEREBES SUKERFAED
E3RES

X 3124 E 2B 1T 5 PCEC £ SOEC @ OCV & /K2

SAHFEOREZ R T, (1) W LA KFE D Gibbs

1.2 T T T T T T T T

—A— PCEC 400°C
—e— PCEC 500°C
1.1 —=—PCEC 600°C _

”\\\

0.9F —2—SOEC 700°C -
—0— SOEC 750°C
—0— SOEC 800°C
0.8 s | L | L | L | L
0 20 40 60 80 100

H,0 utilization [%)]

3 &HREICHTBPCECESOECDHOCV &EKZERFAEDRER
Fig.3 OCVs of PCEC and SOEC as a function of H,O utili-
zation at selected temperatures.

£33 BKETFIARKICETFBPCEC (500 °C) £SOEC (750 C)
[]e]61Y)
Table 3 OCVs of PCEC (500 °C) and SOEC (750 °C) under
steam utilization.

e oCV [V]
H, O utilization
PCEC (a) SOEC (b) a—b
10% 1.0029 0.8627 0.1402
30% 1.0247 0.9160 0.1087
50% 1.0374 0.9440 0.0934
70% 1.0483 0.9652 0.0831
90% 1.0597 0.9836 0.0761

IANVF—KTIZE D OCV OIKLTF., (2) KA K
e AV —F =7 7 — FHOBEFEZEOBINC &
% OCV D LS, BAbNL, 720 PCEC O¥h. 54
FTHREBIWCKRELRDPEITNTORVEREL TV S 720,
SOEC & W LAREGIEE L. LD EWOCV & 7% 5,
CoZkiF, LVERBENSLEIIRLIEEZERT S,
7% 312500 C @ PCEC & 750 T @ SOEC ® OCV J O* &
DEZFLODL, KRELKFMHROHEME & S ITKETHED
FEAUNEL 5720, 0CV DEZNEL 552 ED5Ho
72

3.2 ZHPIAEEZMLEPCEC & SOEC
DKFHEY AT LOHEROHEK
RS, 2.5.1 MiTE« L 2ZMIETIE &, PCEC,
SOEC & b IZ#HPLBIE & L& s B 5 ¥ A7 £4h%
DKAELRFAFARAFE % M 4 1277, PCEC, SOEC & b
WKAELAHR OB ONTY AT 2T EFAT 5o
S AUSFIHI R ORI A - TEMAE 2 S PEH S 2 KK
DENPV L BT LI LD, PR DOIMER R Z —%E
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Fig.4 System efficiencies of PCEC (500 °C) and SOEC (750 °C)
at thermal-neutral voltage.
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CENGDoTze KV ATFALTIE, 1) BIFHA S DOHER
OB L o THAR A 2 2 MBL, ARG % T L
L= TESIIMBLTWAS, 2) FLYT3HCETH
HTLH ST ADOBERB LTS, ThHTLe—%
DEIEFL U TRBENZHET ZADOBRD, AT L%)
IR LT 5,

SOEC ¥ A7 & L Ii#E L, PCEC OEMEEIZEH VD D
DY AT DRNFETIER 2.0% pt W LG D o720 FHK
AP I Tl AR ARSI LM 2 ) BB AYEHY
T 5720, EBEOERRIL 70% ~ 85% DK LAFHE TIT
bBRBBENL VT D iy 27 AORROEZ Y5 H
295720, KAIKRELAFHZB0%IZH1F 5 PCEC &
SOEC Y AT ADIANF -2 F LD/, 4ITRL
XD MY AT 2AOKFERERIEIF L TH 5720,
IKFERRBEZIZ[E LIS 7% A%, SOEC & Mg L, PCEC Tl
VAT MILERENNID L BB DR, BN
P wBEENIE, 1) SOEC KF#E S 2 7 2Bk T
HH Y HHEHB DAL EIC RSB Z L, 2) B EBED,
SOEC :1.286 V (750 C) & PCEC:1.276 V (500 C) &
RwaerEEzohs,

3.3 RHE
T
PCEC (2B BIE % V2, B EMEOME

BEEZRW/EPCEC Y AT A

& HEIE  Vol.20

x4 KERFIAE0%EHEDPCECRUSOECKRREY X7 A
DEEZDIRILX—
Table 4 Energies of each element in the H, production sys-
tem with PCEC (500 °C) or SOEC (750 °C) at 80 %
steam utilization.

PCEC SOEC
Combustion heat of H, [kW] 1062.8 | 1062.8
Latent heat of H,O at cathode [kW] 0.0 1.4
Heat Loss at anode [kW] 10.1 1.5
Heat Loss at Drain [kW] 0.9 17.3
Heat Loss at Chiller [kW] 2.2 23.5
Heat Loss of water from Drain [kW] 0.0 0.5
Electrolysis electricity [kW] 915.7 922.4
Electricity of Preheater [kW] 159.1 170.3
Electricity of chiller [kW] 0.0 11.8
Heat energy taken from environment *"
(kW] 0.0 2.5
System efficiency [%] 98.8 96.5

*"Heat energy taken from environment (BIBEEZEH#) | 75—
HOLPS5 CHOHRXE25 CETICMBEDI RXILF — 1T
25 CHIRIEDI S BRICZIZHDTH 5,

'EQOO T T T T T T T T 1 000 G
= [ Generated heat: i Ll
— L —O— Transport number 1 )
5 L —&A— Transport number 0.95 4900 2
EJ 50+  —O— Transport number 0.9 s
| lsoo £
B

E {800 §
5100} I3
=) r =
5 : 4700 3
EN:
8 50 B Temperature 1600 =)
= [ —e— Transport number 1 S
3 L —A— Transport number 0.95 5
g L —&— Transport number 0.9 o
) 00 I . I . 1 . 1 . 00 =

20 40 60 80 10
H,0 utilization [%]

5 PCECEMERME L HBEDKARHARKEN (BB
#EAORES00 °C)
Fig.5 Generated heat in electrolyzer and electrolyzer outlet
temperature of PCEC as a function of steam utilization
(inlet temperature : 500 °C).
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SRR LR o7z0 KFEREIF L THZHHEOKE W (E
RS DV HNZ R RASD ) KERBEIWD LT2720TH 5,
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FEHGEIIBIM L. MITRE R ko7,

WIS, BRSO A %2500 C & L. WIOHEE %
600 CLATF D% 5 & 5 I KKERFHEL KD 72,
ZOWED Y AT AR EKELRAHRO 7T+ AR
KA EZ K 6 1R T F2. R TF—F 2T Ll
R—IVREN 270 b YD1 THRELGFH R
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System efficiency [%]
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Fig.6 Maximum steam utilization and efficiencies of hydrogen
production systems with PCEC as a function of trans-
port number of protonic conductor.

8

x5 JObCEE FRKESFAFERS LXUPCECOKREE
AT LhE
Table 5 Transport numbers of proton, maximum steam utiliza-
tions and efficiencies of hydrogen production sys-
tems with PCEC.

Transport number Maximum steam | System efficiency
[—] utilization [%] [%]
1.00 14.9 95.8
0.95 12.5 95.2
0.90 10.6 94.5

14.9%. ¥ A7 L31%1395.8% & % ). SOEC O #rf137.
BRSO Y AT L81%96.5% (80% KAKFIHHE) &
DL 7o 70
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PCEC O A3\ A%, PCEC KFZFMOKRER LA R\ 72
D, FLYyBIOFI—TH#BEII» DA, (2)PCECE
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B CTORMREIILINE 2D, SHITELHERT S
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VAT LD R T A 720, SOEC % Hlv 72K 8
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