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Table 1 Overview of underground hydrogen storage projects overseas

e Hh T H 2% AR <At
ClemensDome X 95% H,
EH Moss Bluff FHhoX 95% H,
Spindletop oK 95% H,
b [F Teesside X 95% H,
Kiel EhoX 60% H,
1
Ketzin TIKE 62% H,
LE Beynes HIKE 50% H,
o Lobodice HKE 50% H,
B R Sun Storage il v S R 10% H,
B R % Diadema il B ek 10% H,

LT 95%46 BE A S IRk AE, 1A 21760 10, 25 [H 2 i
7 ClemensDome, MossBlufffISpindletop 38 57X fit
PEMT) 34 dh 7 A S R M AT T R R I 95 % i
WEA, TEH TR, BT, EEZAE RS
] 78 St [ R A fe R TR, M SRR A S i 1
EHERE FCATATAT PR B B AE SRR, H AT 20N 4
ST H IE7E R ait &

LR, ] 2 A 7 Hh R i AT 8 TR Sk, H
A RSB TSR TR R T EEN LREE
55, 7E20074, H EA A F e T s R g S ER
AW, brEE I E AR AESIE R TE . 2ad
T ILVEMEEAET, IR Xt 7604 £
THESE, TR EIT204Zm’, 78 X 45 8 I AN =
KRR T REERY. 2022/E5 1, AERE AR
PR ER 7 4 = S A BE FL G TE VL 5 & N g AT,
IFEN60 MW, 1775 28300 MWh, B i 2 2311
FE956UK, I HIE3.85kWh™, b5 IR H & (A e
FEAL I PRE R K, R N % S AR M AR
Juhgan.

KB i AR A RE . BRI, R
TS MEL ERFR S22 AR, HAF R
Wi v 2 HARHRER: (1) H R KA i & 2 0] i &
FPEVEOY Sk hkin) @l (2) & im &SRR 5 1E 0
i@ (3) SR E SRR R, (4) TEMERE
ZAE N AEER RS L A PEVEA 5 R 1) (5) Hb
AR T & A U 5 IR B 7T )

KT R, ERAMEHECEHTRE T — &

1541



MEAE % 2T MG 2 A (K RS A SR} 2 )L F T AE 2R

BUBFSE. TEH TS et T, 20140704548 B
Sk, DL R AT T E K ST R T £oC.
B A SE T % B KR 42K R AR i U
FAPERI BRI AT S TR SER, A TR R T
BN RS S TR, [ e R A
(RN RGBT TITR T 54 B g
WS TRESCE. 7E s RIS R T TH, H AR UM K2
TR T 4 R0 N P B BT 78 9T AU A,
H [ R 2 e B R T BT A AR L A T A
S IBARE I R T k- I A A DR, B 4k
[ KSEIF R T RAMEEER 2R, hEa
MRZETFR T MEREREME. SR S5
BT, AR ZHU O IR T R N
/B CRE RUEE) 32 P e IR I W 7T, i g
BRI TR T N EAS TS, R
GE k)T R R 2 I LEREAT A, hih 4
SN TILEER T I P A 0 7 e A e S
TEWERRA S 6P R A R %= & A
HbFR A2 PN ANIE AT R 5 10, Aif 2% Gasunie 2 5]
2 [F [ K e iR AR S 06 3= S UM A S HR =87 800 T
R A IR W AR B B S A Y,
BRI A TR A R RN HE R 24 R I 23 B N R 4 5
AAERE LT, TN AR SR R B T L A R
9504 IR, fili AR S PRS2 0T, G AR = s
PR T BRI, 75 CHUR R ik S TR S
J7HE™, H i [ 4 3 E Spindletop, Clemens, Moss
Blufffl % [E Teesside £ /Ui &2 (2 2) K Wig 1T, 18
[ 5T AR E A R & KRS S A (50%
~62%) S, IR AR T A TR IR S
AN AGEAE T B, BN S IEAE R A AR
BRI IT.

T, TR 7 Hb o i S A0 T I ] B ARt B, o
DA S [ AP0 IR, A (R AR R 45 5 S Ak
Bk HIRER AR AN G 58 4018 B THUFR AL BRIk, 45
SIREHTEE, TR AR AR RS T
FEsepk BARICMAY). AY T, EREST R
I < FE T Hb T 1 B R B S B B R R R B
WE?T20244F 2. T0. 200 H il 58 K HUASH 5 fifs S RT 1 11
R o 1 E 12 A 1 O A o s iy 7 e
I =3 3 B F C ML ]| o 2% 5 N S/ N
SCAEAZITH AR T P 2 1 SRl B K R R i

1542

S PR SR 7 R L, A S A b i
BRI TERERE,  JF VR0 AR Hb 57 £ 0T 7T 11
KRR, AW TT 5 AE 3 E AR ST A7 1
FHEARZAM TN T IR 5%, B E AR
b i i AR

2 RMUBEH B S A Pk SRR S il

b5 Al S E T ZE I e PR Bl — AR it
PERRBCATE A, I B ARHE ™ 5, Iy s <
R U2 ol Tl R A AN E R Bl 5
AN S AR R FRRFAE, AT I 0 AN [R] 4t 5 2 8] 14 3 4]
PEESRE. FNETEA DT/ kR BERE
R, AP RN R S, A5 SRHE
JEAPREEUE B T SRR A T iR ().
MRER AR NS R A0 TEBEESRE MK
RPN T BT 51 B e s U 5 70 kT
2, N BKECE K E R IR £ SR R AR A
H, ST & J J 1, S W% PR vy [k S A 5T
KAEBKRAZER LTI FECE RSS2
PR R 25 A T dn o O P i S 8 2 A iRAse?. R
A n S8 T BEAF AE PRI A L T2 S A A L 2R
R ZURR TR, G EE X 2 e IR M (2), T
BHASEAT A R A A RN R ORI R [ 1 55 ) o 25
WS, IR KR 5 R AR R ) P A
ZLRETT 3 SRR 0 XU, [T, il U i R A
Jis e 55 2 ORI 2 AR 8 P R RE WAL A v
ANBA, 0% T ARSI AT

AR KR 3 o it S0 A7 A 1) 3 A 32 ZE
FRATIFEMR L R (R SRR 2 )

(1) ZHZMBEFMETATEHEEEM R
P-Ae-2E S BIALER. KRR i ST = A TE A R
KPR R A%, AN 52 RIS AR HTR KR
By IR A A UL R 132 1155 2 3
(B A3 B . WY Z M. W
M B ARG BRS-N i E .
Y-l E . BRI E . B
e R Ksm, A SR L E MRS ST A
SRBIALEL . JE RN L AN B, L, SRE-
A=A e SEATLER S R IR fih S A 22 A P 3 S E
IR AN AR DR (1 S B AR 22 1] A



hEBRE: AR 2025 4E 553 A9 b

SRR -4 EY iy

B (R4 OR I e SR T i e
Figure 1 (Color online) Challenges faced by hydrogen-exposed
materials.
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Figure 2 (Color online) Challenges to the service safety of hydrogen
storage caverns (salt caverns).
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Figure 3 (Color online) Overall technical roadmap.
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Scientific issues and research framework for large-scale underground
hydrogen storage
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Hydrogen energy is one of the best energy carriers to ensure China’s energy security and build a clean energy system. Hydrogen
storage technology, as an important bridge between hydrogen production and utilization, is one of the key technologies to promote the
development of the hydrogen energy industry. China’s annual hydrogen production has exceeded 50 million tonnes, with the green
hydrogen industry undergoing rapid development. Underground spaces such as salt caverns and mines are valuable spatial resources,
and the research on safe and efficient large-scale underground hydrogen storage technology is a significant demand for China. This
study focuses on the main challenges, scientific issues, and technical routes in the safe service of high-frequency storage and release
in large-scale geological hydrogen storage underground cavities. Based on this, it discusses the specific key technologies from five
areas: geological space selection, development of anti-hydrogen new materials, cavity structural design, cyclic storage and release
regulation, and geological hydrogen storage verification platform. It details the specific implementation plan for the dual salt cavern
verification platform. Finally, this essay provides a summary and outlook on the safety and future development of large-scale
geological hydrogen storage.

hydrogen energy technology, large-scale underground hydrogen storage, challenges in hydrogen storage
technology, scientific issues, key technologies
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