$60 % AW B % X @ K F OF MK Vol. 60 No. 4
2026 4 4 H JOURNAL OF XI’ AN JTAOTONG UNIVERSITY Apr. 2026

T [7) B S48 & BE IR 7 4t 1y Al 3 B {4
SUMBEHRERE

JEWR, PNERER' . ZEfRWRT . BOREET, AHERTT. R, ke’
(1. E%’cscﬁjt%EﬁTMﬂEa o2k 4 [ E N LR, 710049, P
2. PHEACE RFMAR TG, 710049, PEE)

FE. T#EKAASEERSOC) A —F % R E ., &2 F I Gk 5 IRA AL F it Ak 45 3k
BRBERR, ETHARBRESFRBEABABREAERE N HAAMEELEBSRRRAHX
B, BRXBRFPEIMMEALL L LA TEAEZTHREMAARNKHAR LT RSOC & A4 46H K,
FRET —ZANREFMA QL ZEAEGWAARHR, EMAET, éﬂfé%étzr%#&ﬁ#rﬁi&i’
RAZABAE BRI A@mERBIEFAHETF . £46 5B 5 AR T R EFEHS FRBEIK
ﬁz;z':a;é“‘*“c{a%%'}i RIS ALA, EREREAN,THEBAKAMD Lt bR ERE 90%;
BEWIEER KR THEI BT R TR HLE GBEERSEH F 3 RSOC ) & M 48 69 % wh
B HE B A BN A ) 35 S AL HE AR A b R A IR A ) 99VVXJ’_ AR B S
AABRODERDARFRPEAR TR ERAED, Eovi Kk LFRFLSETRR.HE
T VA RSOC A Ay A48 MR R 4% 48 A o B &AL 7 ik AL RSOC 69 #ir N i sk A A 2 % %
KT HEELEEFINRSOC A& R 512K S RGBT RARIK24%, KRRk, ZHAAFZ
ETHRARBHAS MBS aFMABMAE ) 2R, EHHEFFIRK.ZL2EHAHRR
KPR . T EKREAD B BARMA 5K A X ;B A 456

RESES. TMIIL. 4 XEKERERL: A

DOI: 10.7652/xjtuxb202604006 XEHHS . 0253-987X(2026)04-0072-12

Progress of Reversible Solid Oxide Cells for the Electric-Hydrogen
Energy Systems

ZHOU Jun"?, SUN Yueyue'?, LI Ruhuan'?, JI Chengze'*, FU Lei'*
WU Kai'?, CHENG Yonghong'*

(1. State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China;

2. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Reversible solid oxide cells (RSOC) represent a key technology capable of flexibly and
efficiently achieving the bidirectional conversion between electrical energy and the chemical energy
of fuel gases. They show great potential in renewable energy integration and energy storage, and
are regarded as critical components for building electric-hydrogen coupled energy systems. The
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Jiaotong University has long been focused on RSOC electric-hydrogen coupling technology,
conducting a series of systematic investigations spanning materials, stacks, and systems. At the
material level, innovative design methods for perovskite electrode materials have been developed,
including in-situ exsolution, entropy engineering, and surface defect engineering. Combined with
experimental and computational studies, mechanisms for enhancing electrochemical performance-
such as rapid charge transfer and lowered exsolution barriers via defect engineering-have been
elucidated. Experimental results show that the electricity-to-hydrogen conversion efficiency of
reversible solid oxide single cells exceeds 90%. At the stack level, the influence mechanisms of
factors including reactant ratio, temperature, and pressure on the dynamic performance of RSOC
during mode switching have been explored. Optimization measures such as improved reactant
distribution and the introduction of fuzzy controllers have been implemented, suppressing current
overshoot by over 99% and effectively mitigating power fluctuations during the dynamic mode-
switching process, thereby enhancing long-term operational stability. At the system level,
multiple energy forms including electrical, thermal, and chemical energy have been integrated to
construct RSOC-centered electric-hydrogen coupled energy systems. The input-output model of
RSOC has been optimized using a piece-wise linearization method, significantly reducing
computational complexity. The introduction of hot-standby and shutdown states for RSOC has
lowered system operating costs by 24%. In the future, RSOC technology is expected to be widely
applied in areas such as renewable energy accommodation, grid peaking, and energy storage,
promoting the construction of a clean, low-carbon, safe, and efficient energy system.

Keywords: reversible solid oxide cells; electrode materials; perovskite material; mode switching;

electric-hydrogen coupling
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Fig. 1 Ionic conductivity of selected electrolyte materialst?*
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Fig. 2 Reversible phase transition of perovskite fiber electrodes
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