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Abstract: Hydrogen energy-storage technology based on high-temperature reversible solid-
oxide cells (RSOCs) has broad application prospects for the utilization of renewable energy
and for long-term energy storage. However, the current round-trip-efficiency (RTE) of
hydrogen energy-storage systems based on RSOCs is still relatively low, and the system
design is not yet mature. Therefore, optimizing the system design and operating parameters
to improve the system RTE is important for promoting its commercial applications. In this
paper, we establish a system model for a general RSOC hydrogen energy-storage system. By
analyzing the relationship between the system RTE and key system parameters, we propose
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to use the unit-mole hydrogen power consumption to analyze the effect of the power
consumption of each component on the system RTE. Using this system model, we analyze
the effect of the voltages in the fuel-cell mode (FC) and in the electrolysis-cell (EC) mode, the
fuel-utilization rate, steam-utilization rate, excess-air coefficient and pressure drop, and the
heat-recovery method on key performance parameters such as the system RTE. Our research
results show that the main reason for the low RTE of an RSOC system is the low power-
generation efficiency in the FC mode. Increasing the FC-mode voltage, fuel-utilization rate,
and steam-utilization rate effectively improves the system RTE, but changing the EC-mode
voltage does not change the system RTE. Reducing the excess-air coefficient and pressure
drop reduces the power consumption in the blower in the FC mode and thereby improves the
system RTE, but reducing the excess-air coefficient also increases the temperature difference
within the RSOC stack. Using heat recovery, where the heat generated in the FC mode is
used for water evaporation and other heat-consuming modules in the EC mode improves the
system RTE effectively. When the fuel-utilization rate is 100%, the system RTE can exceed
62.27%. The research we report in this paper provides a theoretical basis for the optimization
design of RSOC hydrogen energy-storage systems.
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Table 1 RTE and operating voltage of RSOC
hydrogen energy storage system reported in literature
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Fig. 1 Schematic diagram of RSOC hydrogen storage system architecture

MR A (VAP SHEEARRG A, Sl R
s (HTR3) M Hi#Ads (PHT1) @ A RSOC
HIME, RSN T RN R A A AR N A R
SRR R R e IR AR B, SCBLRE
BRI, AREEERREER . B TRE
FCHIAT, fifd s maE TaM#E A\ RSOC H
He, S HERWISS LRGN B S K
A R NIRETBCR DI AN B, SELAH E R

2 RSOC Af#it A SR A 5 Joik

RSOC iR EY

AT, ARG RSOC I HER Y /] 73y
Ok, 14k, 24EH0 3HERRL LA, A TARRT T
RSOC it iE R GL VB VERESR bR, 1T A5 1E H
N R BAR BRI B S5 A IR B A, PRI AR ik %
0 4k (AR S H0% 8 7 RSOC HIHERIAY . F A iy
M EA AR E ) B S AU E Y - A
NUHESHL Bln. BHE TR Ry H b 1<k
R EIME, £FCHT, MMk <t
PR FEEA — B0, Bk PR 2 .

RSOC HiHE 2 H 1 2 RSOC Hi FiL b HE 5 1] B,
AR O MR RSOC e MRl ) <Mk &, AT
RS S HIRIIARIE, B, RSOC HUHERIDIFE N &
A~RSOC 1, HJ:

Py =nP,=nVi )

X, P ONHHER TR, kKW; n oy HLHE
N P, B RSOC T %, kW; VA HBA
RSOC LAFH &, Vi [J954 RSOC T1F HLiii

2.1

Ao Sl TAREECHIR R, Mt A, MR
Gi TN REIN R TIRMEFCRUR T, il /A IE
H, ERGHIE.
e M P O T
e
/

N(H)=nx 52 (3)

S N(H,) 8B BREGH FER SR, molls;
FRiEFI 4, F=96485 C/mol.

ECHAT, HABARLKKETREN
10% it5. FCHEIAT, & HHERBHE T A
AREAT BB B, THE R GUH AR AR
it 5 RS MOBL A A, I FC AT s PR i FE S
BN

I 1

N(H2)=nxﬁxvf 4)

A, u N FCHEUR HIARIRI

K ZE RS S FE R B AR R Tl i (1)
HIN(H,) 5. ECHNT, sEhokZ&Em T Hig
&, FFERAKETRHRRETBILE, B

N(H / 1
N(HZO)=¥=I’1X?XLT (5)

A, u WECHAN KA A,
FCHLIUT, I /2l AN KR 2 E it
ek, XERA BRI RECREIE, B

_ 05xN(H,) |
Ny = a—goa0 = 2.38an x o (6)
R, o NFCHA RS RAM, =k
SRR 21%.

ECHA T2 MU AR, RN



2238 fit B A 5 R 2026 55 15 %
e, ERE KA TIER . _AG(T) , RT, p(H;) x p(H,) @)

55T RSOC Mk 22 [ B h I Re 40 FE,  H TAR
F He 38 AT B (7)) T
V= Eeq t Neon t Nact * Mot (7)
K N NIRZEWAL, Vs N HEREAZ AL,
Vi N AEWRAL, V: EABEWHE, BRI

e 2F 2F p(H,0)
A, AG A A B AT BT E B RE,
kd/mol; R il S A %, R=8.3145 J/(mol-K);

p k), Pa.

RSOC {1 % 55kt 4 1] 4 5 g R 250

jj*lﬂjfi_"ﬁt r]ohm = IR (9)
_RT [ J
Nacti = ?Slnh (%) (10)
nCOI'I ail’=ﬂ|n p(o’ 02) (11)
TAF p(0,0,)~[p(0) - p(0,0,)]exp IRTd,
P T2 4F x D(eff,0,) x p(0)
- iRTd, A A MA BN NIO-8YSZ(8%Y,0,-Zr0,, A AfLicta
o= Rl i 2 DIEMHOIXPIO.H0) (1) sz e fob), WhRAR U YSZ, HLIR 5% /T

~ 2F x D(eff, H,) x p(0, H,)

A+, RANRSOCKIHIH, Q; JNRSOC
& R, Alem?s p(0,i) NIRRT 7k 71, Pas;
AN RHEWEE, ms d NESHEREE, ms D
(eff, NN AEIA AT B RE, mYs. Bk FRA
A HE TR AT 225 3CER[27].

THE T RSOC 1 W A FE I I 5256 52 i FHLL
S5 RAG R FE I R L, HRE

r=28561x 10’9exp(819_,?'81 )

L R S SR AR ) -V R S e R, B
oyl =0(14). R(15)iHE .

(13)

0.25
j(0,air) = 2.344 x 105["(02)} exp( - M) (14)
ref RT
j(O, Hz) =291 x 1oswmexp( - M) (15)
pref ref RT

X, p NSHET), HL101325 Pa.
2.2 BOPi&EHRIER!

A TAE TR RSOC & fifi B & 4t - %2 BOP £
BUA XL $e b as F N AARR o X B8 2% 3 i
W%, HAsH T R n] W SCHR[20].  AKE AL UL
SEIEARI0.85, HIMALEE 0.98, H:Aih ToL T XML
[T 9 10 kPa; 4 #8428 1 HL I #h s 1) #4334
N 100%.

2.3 RSOC H AR R A IEIE

A TAE R BB B A Ak it 28 5 S 30 50 5 b
() 5 R B0 AR AR 25 SR IE AP o B6IE S8 K 5
SRR [ AR E AL B (TR AR A AFAEF,

W 8 A %) 2 um GDC (Gadolinium doped ceria,
AMELBRNENED EEARPE, =5
LSCF(La,Sr,,Co,,Fe,,0,,)/GDC B & Mkt, 2/
e~ VR AR 5 R E A% )5 FE 43 1) 2 550 um 10 pm Al
50 um, HhA R AN 9 cmx9 em. SZEG R
H it T AR FE N 750°C, KA L7 6 3 A0 L L U5
43 590 R 7 FC AR 2R EC 8530 1) H 14 g
sk, FCHIAT, A A400 scem& =, =
AME AN 2000 scem AR, TSR H B E R E TS
fil; ECHI:T, S MiEA 0.75 g/min [ 7K F
100 scem A, =SB AN 416 scem [,
Hook i EREREHRE, SKERSERES
ARIREG—FHBEBANE AN

SIS 43 ) I B F Y 7E FC M EC B 2 (0 1 g
ik, H5EEAA T4 R ki 2 fros.
AT B B 5 5 S 0 245 R T DAL U v 4
1 FC M3 B (A M0 2 R A AR 5 st o S — 5,
S Bt HE AR R DUAR i M T S B 45 R, R R R IX
B S0 25 LW R TS 25 S HL 3R AL H B g 22 4%
Ry IR TS AR FH T S A0 I R rp et R AT Sl
T AR, Tl e R iR 750°C a5 1
ECHA TN, HAL R GBI PR % E Fidr
MG, TTE /DN LA R RO B A R I —
iZe, 1XFEZHTHPCRA O4EBA, ANRER:
S P PR SR FEE A o L R PRS2 5 [ B S 5
BIFE R (Z40.71 V) @ FHBIHHHELER (L
0.83 V), X — [l 5t [ty 3= 22 Jif [K 7T g A2 H b B2 < HE
KA, BN K KTt m . B 2051, FCAR
R T HBITEREEZ N 1.16 V, SRS HHEZE 5 —



R ] e

AR T A RS A R T U R R G SR AR AL

2239

B, RUIHWME S RIF: VHIECHKEA)E, Tk
RET, bR HA =4 KERL K, 152
SHERA RIS S K R, BEE
R OR, RBATKESERIC, dmibrkgeRm-r
fa, WE A <-0.2 Alem? [X 18, IS5 B v
ELER . T Bk 5 g Wb, R AE
—EFEE EAT L B RSOC 7E FC fTEC 2 T 11
TAERFE, AT LU KT 7 RSOC R4t ek .
b7k, RSOC Zlfififie & 4i 1 RSOC HiMEIH & H K&
RSOC i fr BRERFF OSSR — i TAF, g E&A
BRI AR SRR, AT E T ERAA H 1 R

Q)T EA B EA B R, XEARSHE—
EITEGZE, (ALK KPR EERE, 2RE
A HT i 4L

3 RSOC Afi it & S K% G 5 &K
i}

A T2 Fi S 50 RSOC Alfitifie
REMMEE S, B RS NIE K% E 80K
(RTE). RSOC HIMEfEH A F . A% E . ML
R [ Ao e ok 24011 RTE A& 1 &
RSOC &fitifit R A kz Ok RESR R, How XN

Weeoys x 100% = Wsore = Waor.rc x 100% (16)

EC, sys Wooee + Weor ec
X, RTENARGHIEMERERCR, B RG0H
B ANME- ORI SRR L RE S TH AR R REZ
b, RARGMEEBEKNREMNAEI; W NRSE
EFCHA TSR, J; W  JNRGAAEEC

RTE =

1.2
| FCHist
A A TAEIRE : 750°C I
1.19,J A% :400 sccm, ° E?ﬁ?ﬁﬁ
) 5 #% : 2000 scemZE S, -
>1.0r
(5]
(o]
8
o
>0.9r
0.81
07 1L 1 1 1 1 1 1
"0 01 02 03 04 05 06 07 08
Current density/(A/cm?)
(a) FC
&2

BN RVEFEDD, s Weore M Weoee 7050 8 R G2
RSOC Hi M7 FC AR 3 1 2 et 2 5 B H A6 20 5
Woor N 5% BOP B AFHEFED o

b S M 23 1 o3 BERD IR BR DLAE SR SR
CIECH

RTE =

w,

FC, sys

N(H,, tot) x AH(H,)
100% = EFC x EEC (17)
X, N(H,, tot) oy & Gt & 1 BE /R fiff A &

mol; AH(H,)NESHVE, kd/mol; EFC N FC
N RGIEIT % ; EECHNECHIZU T RS IE1T 4
s, NI RGHRTEWSE T RAFCHEAMEK S
EC 0 1y afe .
VAL 2R € 132 AT 23 0l 11 5 RSOC L HELE FC AR
=N B DA EC BT VE#E D) 20 A
Wiore = 2Fu; x N(H,, tot) x Vi (18)
Wioee = 2F x N(H,, tot) x Ve (19)
FCHLA T, RS I 2 BOP Dk aHE =
AL DI FE W, o A1 2R G2 F 458 55 3 Al 358 A D 4
W, ;s ECHLINTN, RAGBOPREYIBHE: KEK
WIFE W, eor T TRMLINFE W, oo« TFA S THAE
Wheat, Ec*uﬁ\:’ﬁﬂyjﬁ Wom, EC’ HorpyK 28 & 25 Th#ER] B
KZERRE SR EWT
N(H,, tot)

s

R, AH,,, 7K HN EERE IR ¥ 58 2% K
IR A, AR 5 52 /K B 25°C I 130°C
HABAR L1947 .54 kd/mol. 5 ik & A4 DhFEAR

NWMMxNﬂmh
WEC, sys

anp, EC = AH (20)

steam

ECHE
it TAEIRE: 750°C
H/SHMH:0.75 g/minZk + 100 scem&/<.
25 W%: 416 scem TS,

1.4+

1.3%‘?%%0
1.2F

00000
% 1.1+
()]
8
S 1.0r
0.9+ R >
0.8F Q%%
0.7F 4

Oe 1 1 1 1 1 1 1 1 1 1 1
-1.0-0.9-0.8-0.7-0.6-0.5-04-0.3-02-0.1 0
Current density/(A/cm?)
(b) EC

BEFEMITEERS SRR

Fig. 2 Comparison between numerical simulation results and experimental results
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