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Abstract: Against the background of low-carbon energy transition, the inherent intermittency and volatility of wind and
photovoltaic power pose significant challenges to grid integration and utilization efficiency, which has become a key bottleneck

constraining the optimization and upgrading of the energy structure. Energy storage technology, as a core means of achieving
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inter-temporal energy regulation, provides crucial technical support to address this challenge. As an emerging long-duration,
large-scale energy storage technology, deep geothermal energy storage has gradually become a research focus and a frontier
direction in the field of renewable energy, owing to its prominent advantages such as substantial scalability, high economical
efficiency, wide application scenarios, and strong system resilience. In this paper it systematically elaborates on the
technological background and core strengths of deep geothermal energy storage, and conducts an in-depth analysis of the
classification characteristics of deep geothermal systems, the geological structures for energy storage, as well as the key
factors influencing storage capacity and efficiency. It presents a detailed review of mainstream technical pathways, including
hydrothermal reservoir heat storage, geotechnical energy storage, compressed air energy storage, and CO, plume geothermal
systems, covering their working principles, current status of engineering applications, and key technological advances. The
paper comprehensively examines the critical issues currently faced by deep geothermal energy storage in areas such as site
exploration, efficiency regulation, and environmental safety risk prevention. Finally, future development recommendations are
proposed from two dimensions: the construction of a multi-energy complementary energy system, and the enhancement of

technological innovation and industrial development systems. The aim is to provide theoretical reference and technical support

for the large-scale application and sustainable development of deep geothermal energy storage technology, thereby

contributing to the achievement of China’s “dual-carbon” goals and energy security strategy.

Key words: carbon dioxide; deep geothermal energy storage; geothermal energy; storage characteristics; current state of

technology; technical bottleneck; development outlook.
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Table 1 Comparison of working principles, current status, and advantages and disadvantages of various energy storage technolo-
gies with practical applications
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Fig.1 Schematic diagrams of deep geothermal heat storage (Huang ez al., 2020)
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Fig.2 Conceptual model of the “dual-heat-source” high-temperature geothermal system in Tianzhen, Datong City, Shanxi

Province
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Fig.3 Simplified geological structure diagram for geothermal heat storage and factors affecting its storage capacity and efficiency
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5E W& K 2 Gk /I RE R 5L B K (hetps: //www.
cas.cn/syky/202303/t20230315_4880163.shtml) , i%
TR A R 2 A S KR KRR BT
100% AT A= fe U8 a2 50 U 02, S e ALk M N
WO ER AR T EEERER .
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K4 EoKIEMERE R GER B (BUKESE L 20235 Geerts ez al., 2025)
Fig.4 Schematic diagrams of an aquifer thermal energy storage (ATES) system (from Huang ez al., 2023;Geerts e al., 2025)

x2 XEMEESKEHEREIERSG
Table 2 Engineering cases of aquifer thermal energy storage (ATES) systems in the United States and Germany

AR M/ TR R MRS IR TEAREZ(C) HIZ (m)
1976 Auburn University, Mobile/AL, USA SEE /B R GEP T o 55 40~61
1982 University of Minnesota, St. Paul, USA S /B K] AH 115 180~240
1999 Reichstag Berlin, Germany N LR/ IEAEIB AT A 70 300
2004 Neubrandenburg. Germany EAEIBTT Hor i it 75~80 1250
2016 BMW. TUMunich. Germany ENl 7 Y Ak B A FA 130 500~700
2017 Hamburg. Germany IELEIB AT 7 3 Ak B A A 80~90 400~500

312 XEBEA#FERE SAKEMEEEILET ESAEE
H bR X 38 A0 7K SCHb TR AT, AL 46 )2 #0152 4y
AT K BT S8 S 90 s R B L 5 25 6 PEAR it 2 TR
BE (™20 m) R BE 3 40 A P 2 A DG B 4R
br . H g K RE BB R XAGZ R B ) Uk O, 31
RELAg 2 0 3l L 78 35 % 250~500 mD FL B R =20%
B AR LR, LA PR B RT3 58 A (R K ORE 45, 2020).
K JZE B RE 1 32 AT UL A0 T Bl 58 AR G Tl L Bk
A 4 B A AR T M FR e e g R IR B = K0 B bR R
TF il ok 2 4 B2 2 R ) R 45 S0 30 A0 Re L AR
FEAG Jay 2 0, 5 5 T 208 i 1k 5 R B FRAE AL AL O
B i K 73 6] 43 #ii (Jeon et al., 2015) , 3 4t 1% 5% H- ]
P, JC L X =B S S K E AR A A T
A5 D P UG 5 X R R B R Y )
713 A K (Drijver e al., 2012; Winterleitner et
al., 2018) , AT 38 £ $2 Fh i A K 38 BE DLk B 2%,
BTEBER] 4R I B 3 0 TR 2 At )2 (LR => 500 m) 45 /)N
IR 2286 (van Lopik ez al., 2016) , 8% AR IRAE .

1847 S RO P 7 T, FE A TR S 4 o i S
HMBRREZENE R, R EmEARER
A R it AR B (L [ 2 398 i 28 R K sl 0 3 A 4R
e e, T 52 ) & 48 4 W 203 (Huang ez al.,
2023;Tas et al., 2025). oAb, 7 A B 30 4% fir b
P AT DUE AR - — Jr T, B R T AU A AT SR AL R
TG A KA e Y TR 5 ) — T o e O s
AR A A E 5 SO 58 B T & AR (L et al.,
2024a) . &1 it 5 Gofe 2 18 17 0 R B | e 0T 5 4
B A TR R W SE o B B R R R
HOR DR T R G MERE ) a0, 7E 78 E Burgwedel & i
ATES T2, J5 45 55 1 AU o M) 300 4 5 % 1y
AT A 4R T BT iR K 0 B RE BE 7 (Zhou er
al., 2026). A6}, Z HAREALBESE R W, 064 Dh b id:
A BE 5 3 ST T 2 4R AR O R IR
K (Wang and Zhang, 2025). fE4i )2 & J7 1M , &K
JREFE 35 15 2 R AR 35 0 M R 5 W R G P RE Y G
HWE IR RZ &3 3E MR EA AT iR
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FE AR X, TR B BT 45 40 25 Bt B 7%, BRI ]
g %% % (Tzoufka et al., 2024; Tas et al., 2025). 1t
A, 2% B Ok B B AR IR R R
JE T 4 5 i) o) BRORE 5 (] B Bl A DG VA R
5 i 2 W0 46 b R 37 , 45 6 0 A v AN 25 1 E B s X T
S Mg —— AR A I B LA i i 2t (30~50 m?/h) T A
TR AR (IR 22 1 AE 20~30 °C) , i W i B DL e
0 B ICARRE [ B A [ 2 [ R R 2 R
F1VA U 2 AR Y T BB R K iE T
o, W AR R R R TR s A I R 5, 5
B8 OF R 280, o o i T | R A R IR S i
Xof I 45 K IR R Gt e A M T Ak
TOKIZMGRE RGEAE BT, S Rp S oL R &
JEE ARG, 5] R A 2 TR o 0 A8 Ak 3 R i
JE % 2h T e AR A TR I AT 2R R b R K Ak
Sf P A TR IR TR A K S HE TR IR B L A% 2 A IR
JE R RE NS 7 R A G SR T AN Y, T R R B
B R RRE TR AR WB AT R, & iR T RE S|
R VR g 1 R 2 SR R A A, U E
A 45 HAOE T B & U R L sty H N EW
R, Hb A 25 R 0 Bk R T B S B0 IR U AT U L R A
FEAIC R GERI% 38 T RE 5| & M 4875 Y 45 IR 55 ) 7
32 =tfifee
3201 BARFEE A6 o 2 200 EE a ik
IK A A AE M R B L R Ge A6 AL 2 004 K 45 i

—_ L

ok TR mz | SR E An & 5 FroR L B Emmaboda
I FH e Tl L 0 A RS 1 TR XA S Y AR R 41 K
JNEE] 60 °C, £k 77 7F 140 IR BE 150 m B &4 L R 40
(Nilsson and Rohdin, 2019). % # Anneberg #]
2 400 m'" 1 B P B K B B 30~45 °C, i A7 7E 99
MR E 65 m 8L FL & 48 (Lundh and Dalenbick,
2008).2007 4F , fin 4 K B /R 1A 85 44 DLSC 1y 144 4~
T35 m 7 EAERE R G0, 8517 54 5 i RERICR
K 97Y6 B A BRE B RE AR M T 90 %0 1Y A 4K
it W H (Sibbitt ez al., 2012; Rad and Fung,
2016).2016 4 , W e K% E R YN S RS T i
fie Wi H £ iz , i #AK L 500 000 m?, 3 47 B 468 4
80 m TR ML A, M A [ HE b 4 m, £ A2 LR
1002 m?, 44 A Sy 3 17 4 rh ik B R0 4 1 50 J7 GT 1)
Pt (Guo et al., 2017,2020; Xu ez al., 2018).2021
AR AE TP BB AR e P e 5 BB L ORI R BE STS 1
R SCHET i B RR 2 e ) N B8 IR A 5 T b A RE F
¢ % 28 T U BAAK G 75 5 B 28 4 28 35 v IR 2 Hh 3R
BERE Y, JF R T 3 T K FHAE i PR 2 R 2
A BE R A I B 5T 3R B R R 2 ) il A 4
R G5 10 AT BRI 2l 1 g B 52 e R R 4 Y it
AL B L W 0BG 0 A A R D AU

SR, F 3R I S0 1 g i iR s AR RE R 5T
A LAERE Rt T RS A R IR AR A
T BORE R ] 50 A1, T TR S AR 3 W e A

EAREEE ER

7 7 7 7 7 7 EdiEgs5tmiekh

Bl 5 A A6 R R i (hitps://wenku.baidu.com)
Fig.5 Schematic diagram of a borehole thermal energy storage (BTES) system (https://wenku.baidu.com)
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F7 il 0 5 2, R MR B v AR VR TR R L H R RN AR
AR RS R AERE T E (B A D2 R IR
F WY . Zhao et al.(2021) & T — B = %% 55 7%, &k
FL AL 5 B R FH A PR 25 43 3 SR A, Jl 161 4 38 A
A I A 3R R SR il A R R SR i, 2GRk W S B
H1F 2 000~3 000 m 497 4 Hi 385 B B 45 B, JF Ak #4 Bif
I [1] 0 R B A2 Ak B I B 43 A . Qin ez al.(2022) 42 1
T — A9 A IR 4 U5 A B R A 5 TR 4 AR 2 A
TR HL B B BPE BB I 4 il SRR BE AT T OPEAY
BB AE A O AR T, M AR e K R T A BT
ik 11.27 £% , kT OF ¥ 3 B T8 09 £l B8R Sl
2.86.Deng et al.(2023) 38 i f5 40 7 1 TR 4l AL i
SE32 4T RN R EKGE A7 B RS 17 8 20 B9 A% SRR 1 | 3%
SLis AT N EOF SR S 30,1 °C, ] #E 17 8K
T B2 R EE Ry 33.5 °C, 2 W ) 8k M s A7 Ry
- B BB BOR  T A 42 AT I ST B BB B
322 XEEHA#HER ALMERSELT W
AT T A M 0 5T B A AU | R X S
JEE5H A L RYIPES B (I SRR RS
JE) bR KB AR G 3 K 18R ) Brown
et al.(2023) 38 18 OGS A% o 7K it 3h %) 4 4 fis
B 1) 52 AT A5, 45 SR R AEAE LT K R S B,
6 BE 1Y BCE S R AR 13% . Woloszyn and Gola$
(2014) R H—4t 2 A fh B2 AT PR TR X 4l L4 $4 2
HEAT T REAIL IR T AR IR B LI %
J3E I HE IR S A R B0 A S 06 B IRUR 1
M), A7) 25 UE S5+ MR 1 5 40 R O] b R 3 AR 5
RRK,CHSRARBSHMAEZERIEMELE . AR
(2010) % 7™ € Hly X 5+ 6iff BB 19 R PR HEAT T 20 B7 , 45
W - FES Hb X A 6 B Y FL IE] BE R K T 6 m.

it BB IO Y 3 5 ) PN 5 A R
WA s AT B AR O S R
(2009) Xof 55 25 15 4 38 (1) 5 BAR 1 A0 AR 2 42
PEAT T W5, 40 00 %o BALAE A5 TR 100 85 2 b 1L 4
77 BE R AR, R BoR A — A B AT
ERERH E MR TR UL M A A R T AR
B K67 Woloszyn(2018) | I ANSYS #4 14
Xof  HL G At K 8 AT R AT 4 JR SO A BT L 5
FEU, Ml 2P A5 AE MR A B A4 1 R A il AR
A B A E A B ORI
=) AR RSB (2015) 3 F A0 HI 2 42 B8, X b 31
LA I A IAVREME R AT T BRI oY, 4 R 3R I I R
i AT I S A AR T T AR R BGE AT, HOP 6K

HRE I B HE 1 KR B 1S 0 T S R S . Wotoszyn
(2020) F H 42 R BB BT F 9 1 45 Fh S 500 A 46
e KB IT RO, 25 L R AR R AT e B
4 2 T A I R R R I A R IR A s 11 AR
AL AE A G RE SR IR Bl e 7 . Zhang er al.(2023) 3
W 5% & 30, 7 A AL 152 1A 45p 22 L PR LA %0 5% fit -
DAL ] ] B 32 B P AR A R 58 20036 o DA 17 ) 7

o LARRE R G AR TR R, 23 1n) A 4 R
B A B IR R R A AR A R R R AR AR
A RE R MR - 3 TR A LY A3 i A SR R B, O g
) 40 3R A, 2 P S5, S T 5 e ] i AR ) Y 2R KORT R
B CELAEE AR BRI SR R A G B,
ATRE S EGEN LA M A R e R s Tt #E v, AN AL
Jeil B ) - 39 TT BB A U B Bl R IR B AL N A
BB A%, S0 R G IE W Ia AT A B AL A5 A Y
ANEETE I8 7T e 3 BUE PO A i L 5 kA R
33 E@E=SAERE
331 BARRE L5 RS2 UM RE LUE 4 % <
Ry i BE AT BT, 4 ML T AR BE IR R 4 25 SO A7 TE 6K
S KB R R TR A AR Bl L L CH L H A
TETICRE & 1 B2 b, SR )R RS BOR B FEAR, £l
75 BE WA 22 0w A% . B AT E PR R Y R R 4
S A RE W H A [E 19 Huntorf H1 3 (M F 24 600
m AL £R 7)) FlSE [ Alabama HL 3 (M F 25 450 m
TRALER 7)) HT & BRI AR 28 420, J5 & M g
TR 30 540 (FRRIXA A5, 2019) . [ Py 4L 7Y ) T
R4 25 A R T H A b [ g A AR R T
6 W 3k 300 JE B A RE /R U AR ——"REfiE —
57 (R 600 m K 5 #R 7<) Chttps : //paper.peo-
ple. com. cn/zgnyb/pc/content/202501/13/content _
0052549.html) , 1% T 2 F| HI i # B 75 TR 40 =5 <
e P = G = e W 1 L O A E IO L A= -7 S I -
ik F) 702 A i BORE (9 3 A B L T R

A Ml IR M B 2 VR O R s RO iR
W, AR 2 X R4 5 SR I E B AE BRI e it i
o b RGA 23 X R R S AR AT AR R T RO 2
AEVE R 2 JE B a0 E 6 pras . H AT E PR R
A AR AT S5 0 A N D R I R T
5% Liu er al.(2023) $2 ) — Fh T #0548 =5 X
it e R 40, 76 FH R IR A B H g DL R 4 25 <3 g
19 TE At A7 AE T A 24 v, 45 SR 3R W A= 77 i
23 W 25 0T S AL o A 3 g o e FLAE R AR
T A% G5 45 25 SAB B L er al. (2020) $2 H — Ff A
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Fig.6 Schematic diagram of a compressed air energy storage (CAES) system (from Yuan and Yang, 2024)

FH U JE I 58 45 00 0 3 /K 2 40 25 At e 5 AR g
ARG, W T 25 30 AR B A RO B 4y A
XA A 1Y 52 ), R IR AR A 23 ST EE A R T AR
M HRRE R I b HAGOR B AR) TR e RE R A R
332 XEEAR LUBE IR )Z N i T R
4 25 S BE R Gk ik T 4 T IS B bk 1 b 5
RGERL, B H 5 582G R AE CE K T S8
Chn LB REE B35 A8 R 46 B i ) LU KU A is % F
PECRIRY 8RB 525 B ) 55 B8 b .
Stottlemyre (1978) 1 Allen ez al. (1983) 43 %l 7¢
1978 4F F1 1983 4F 48 ) T & /K J2 i 48 25 /<6 Bk 1
Htk B i 2 FLBR B N K T 10% , 2008 4F Succar and
Williams ( 2008) #& 4 13% Jy 37 Hb fif5 |2 19 4% /s fL
B EE . B, 2% G BF R4S R 3k bk B A K 2 AL
Bt BE B 4P HOK T 1300 (#E K AR M 22 3, 2021) .
H AT LA TR b B 22 A i E ) T 4 s A RE R
LI AT SHI M D RIS T RE I A% O T
FEESHWPFEIICE . R FEAERE R Bt RGBS 1T I
KSR AE R 46 R 1 R 46 TR M as SAFAE R
e 8 3 A Y X e S O A R 4 AR 5 A A 2 (]
1O 5 s BERE BT Be I G 58 S AL 5 I IR AL 1 IR BE
JE 355 38 ok 2R GokE W VR 12 1T S8 A B & R
25 S B SR I IR LIS A TR LI RE R A AL
TE DL FB b 4 2 o A B 19 R 45 a5 SO e
MEBEReL B 2N E S & kA ik
JE #8245, 0] B8 5 Ui R R ) R L 51k 6k
2B S M U L A, R R A A BT R
R JE 310 Hb R S R bR A H AR K E
34 “EUmBTIELE
340 HARFEIE SRR P U6 AR AE BT
K 73 b B BTl HE R AR A i B A R
PE AR A B HL T B33 P AT 1 R 2 A 2

H(HEYR 2 000~3 000 m) , 74 A 3 B v — 4 Ak B X
it 2 T AR SE AT IR Bl I AE AR 2 T AR B Ak,
P 7 U U A n A 1) 3 A A A OB 1 M SR
3 v JE BRI AN 7 B . 240 N A it e Ak
e 1 Ui it RE L 52 ), 1% B AR AT Ak R B B L X
XF AR AR AR O i BE A R AT REMEREAT T 0 AT
Zhou et al. (2024) % b T & AL ik FHAKAE R &K )2
fitt BTN A 1) i PR BB L & BIK ) i A i R AR =
F AR A0 U Bl P G T A AT i SR
AR AR (2022) DA R R 4 B AT A B
BT —AMMEEEE 100 m R E 100 °C A TR
2 000 m AR, 2087 T 1 AR 7 1R 5 i i
JEE o AR BOR B 5 ), & B ARG BBOR 5 [l 7 R
BUIE AR S, 5 Il 7 R R 2 B G A 6 v ) B X
PR IR 0 AN 3 Li et al (2024b) 32 T —
A b A BE A A A B PR AR A R R SR, K I
TR K T 0.05 °C/m B, A 77 I 3 RN 8 A 2 K )
SHIN, ARG 7S A HOR RS B R, A 11 [ i
REEEE R TFIEAMGERE  Tang et al.(2024) F) 1
Huntor!{ fif 3 B9 32 178088 , LA 0.025 °C/m B9 M iR
b B ST R R AR — D IR AE K2 BB
Bl AR AR KRS AR, [m] Bt R o i RERIOR
342 XEHER  EALEOP 6K AET 4 iR
T BT A M b T AR TR S B N AR X
s R GRS (B E R LBRE R E
HREE) MR )2 R (R R
T B IER) SO R B I AE (2015) 48 H
TOUGH2/ECO2H # A4 7 37 - 1 = 4 3 it b $A A
Y5 T B AR AT B B G A A T I
SR I HEORig 2 15 35 60 R A R Y B i LA 4
RFW, AR P R Ge 0 AR 5 R ) BE R
R BBERE LM R8P R AEfe T, K
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Fig.7 Schematic diagram of CO; plume energy storage (from Zhou ez al., 2023)

WA A A B T e S B 2 R ) T R R
R P, 26 hk 15 7 PG 6 b ST ) 2 PR BE AT A A T
JE 7 1 55 2, DL R AR i He i AR b 2 08 52
TR B RE M B AT AL T A A S
BORS T R 45 Al 2 U AR RS G UL IE & 22 H B 03 [ 5K
W, S 3 Ml P AR B COL22 4 B 77 9 SUSL . 76 7
ASBB b d S R B COLub T im FU R3S (R
J1 =7.38 MPa, it B =31.1°C ) , F| H H K b &
(0.02~0.1 mPa ) . fm F A FR £(0.05~0.1 W/(m -+
KO ) 08 45 P i A PR A2 8 24 3 ) I 6 T i 22 08 0 R
O3 A AL FE A B (Y 20~50 m?/h) 5 1K 1 (W
T R K JE )7 0.5~1.0 MPa) , 8 #2505 5
3P it ok L AR O i AR R ) 5 B0 C O D KU
5 ( Adams ez al., 2015). fif )22 i Fc 4 98 ¥ 07 It , &
X R B i VD A B L SR T 2 R A+
AR v SR R SR I A R =X T e R AL ] 3P
T O e I ) T (O TR A, 2022) .08
A7 AW b, R A AR SR B ] M O R (A& 2
Atz 0 % 2ok A 7 AR R AR P ), R
IE R F B BE 1 COL T B 5k 5 i J2 10 4 58 4, il
AN T i COL M AR B2 U 38 T s K s 17, %
TR E R R - B A R S, )
B IEHE R B8, B % CO. 55 a6 ¥ i (in K
AR T BADE) MBS R E W (Ma e
al.,2019) , IR G e 4% 5 Hh T B A7 AR e
TR AR P AL i B T 4E 4 T IR I 3 22 Pk

X5 R GLas A7 R A 5T A VDA G AR TEA
At R, T EAEEOR B RFLERT [E] 2
JREEEA A, AR AT B A T T . AR AR i
T AN AN 2 5 2 it BB 0% IR, DGk S5 B 400 A g
FEAE AR T B, 38 R BE X i R 358 AR 25 R i
U™ B U . — H AR T 2 RO, 2 i i
A VR HE R, R A R A A 1 5 A it TR B - 4
KA R 2 AR A I KA R TR B L, 5 T - S
Az W PRI K AR A ) B A A PR R A AP A

4 TR st B BE i ) P AR

S 22 B 5L B E [ S8 T M A B RE R 6l
M HE iz A7 0 AR R BR BT 4 4x A D7 T T R TR
S, TR 6 A R 4R T AE T T BCRT By Bt R
B, AN B AR MR AL B B A R A i R T
It 22 24 2 O 30 1) 24, H AR R BAE LR A% 0 43

FE— it 0k RS o R 5 I X B A2
A LB R B ER AR LR EEES
ELAR P E S RE A S KW A7 AOR R A i %
9 R0 MG B . R T, O )R Ol R B R L
FE b 5T 25 40 52 2% A5 R AE L U AT M BR A B4R B
It IR 43 B 45 AR T Beoxl B A 2 2 Koy 4R
T RE A IR, M DL 4 v 2] i )= S E] g A R
2 A5 AR R AR, By T 6 Ak B B e 22, B
F 5 il BE R G2 B AR 5 s AT R E

FE7 A BERCR 2 T 32 BREL R 43 M JBE R TR R
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fi] &) P AR I M = 7 B, A5 6K R 8 3 R B R B IX
S, PR A R 3 A G o O A R s — 8 i e
PACRE R, B R IR RE R AT BE AR D SR
S, K O I K E R R R R AR YR P
EORS N7 a8 NN A [T SR TN R ) o 5 N
Jie 58 T 20X DA S B0 UK G R R o B A R A
G IR 42 ) 234 S 1) S AV 77 i) R RE R T B X
VA FE 73 30T A T2 00 A A5t P 18] R A il G T
St — BN T s AT i A P 2 e AN E
= BRI 4 R B3 4% T ) R HLA AR A
— 7 T, TR JZ KRB 8 R, L AR RE
SR 8 o T K s P AT A )Z i T A S 1 Bl
JE 320 Mo AR R T 5 35 e AN TR R i M AR A
IR BH 6F TR 228475 A Ml 7% A T I0 A5 RORS 2 AN 2L, X 3
e G A I T R R T R Y R fE AT BR L
B = A R B By 1 S R A A B R 5 — T,
fitf BE R L K M aa 47 T il i B &5 J i v A o 14
RBE R IF R BE S 2R TR b R A AR i A
I 5 A] BE B T A2 IR B R R
i, i T RE TS Y T K BT IR H 25 AT X i
PRBETT BB I | Bl il T AR AT A A AN T
K 25 4 ) AL, M DL S B K 0 R 1Y 22 A B

5 TR LA RE A J R B

TE 4= BRAE IR 45 #7489 5 e ih BETR AL 1 77 5
T, TR M PR A BB A O s AT I L R AR Y RE TR
FO7 2 20k R AL R A XU A
W, A0 B i A i 1 5 22 BE B )9 0, 0k 2
“RURR” H AR I OB BOR SO B R T (Y
A BE TR A TR AL ) A5 22 T ST A K M AR BE LA AL
TF 550 O a4 Bl R A A e B R R S e TR
JKJZ A BE TG 5 B AR = T, R Ml PG RE Y REAE S
ST, TR KO AR BRI M 2 e
S 0 45, 4 T 2R 48 T 1k 5 808, O T B AR R K
Z P I OR B (3 K O#E 45, 20235 IR B 55, 2024) .
5.1 9 E B R fE BE A %0 B9 & BE E Ab BE IR
& %
511 “BEARATHRBHEAMES S 8
B4 HESh IR A GE BE S KUBE K BH BB B At
REHAR B G , TE 2 RE EAMA R SR L
A2, )P o e XOIE H im A dse BA A o O A TR

Pk 2, S RE A A XU B R (B IE MG 45, 2024).
15 Hth ( Carnot Battery ) J2& — Ff iU 8Y (1)« B 4% 317
AR M fERER AR, HiZ LA EEdiae S
BRI AH BB i SC L RE R AE AR S ORI . RS E
4G FE R (BERE ) RIS CRERR ) P S B B - SRR,
Ik 7 v, g BIR S B AL B BRI D
(T BR 58 A 50 ) (4 F4RE $2 T 2 0 T A R A o (e
A A B IR ) TS A L B AR A Y IR
BRI A P Can ZE VR Fe AL A LI O PR A )
B AL HLRE o8 BT L BE > A BE > L BE T Y R A
v O SAE T AT A T 2 A O ORE (AR
i B2 Y5 [ 38 R O 150~1 000 C LA 1), H il i
e il 22 B (5 TR IR RS ) FIAIR AR it # A i
(o [ A SBORE A R ) 52 B i) (/N i 22 2245 k) i
fE & T AT 7 A= 6 R O IRl B [l i 45 4
B HROR 2 LA PR BR ) (HE B BR ik
BOR,LPR A 40%~T70% ) BB Y R EH
G, TR FEN T AR RS .
BTz R B, 2019 A A 18 B AR v T 7R
KR HAREAR EFEY T E0EA &
T 100 MWh (%) Hg, — L #4 fi#f 58 (Electric Thermal En-
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A 5 ARSI R Bl B A AR D KU B AR
S5 B Pk AT AR B UR Y 0 N 5 e As DR G () A,
Wt as AT B Kk BE 5 iR S K I A R B R AR
AN FH At O B S A0 R TN R Bt
AT P RE AR S RO Tk K R R DY T A A
T H R BB T AR A BT A PR A, DLR SR il
AR A i AR L A T 8 A A L IR e
PR B R G G R A Al 00 IR R A S U
PTALE S T R E N S RE . LR
WER W, 2 BR BAT 0 5 094 B i e A 1 PR ORI
ML AT R LT /NI B O A 4 5] B & £ R 3
Jo A R PERE R, o B T TR RO Rl S
BARZ IR T /NBL IR R G, B AR AR 1 5% 0%
A 48 T 25 ), (B 05 43 B ik 5258 o 4R B0 I
COME I 45 e ) RG] W 2 LAk PEBE . R
W A8 L, T H AR 2 L A TR AR L T
TR LA 2 AV e A A A R IS & AT A g TR -
T F AT 37 5, 1K 3 R A R 2 A ) 4K i
FE S0, A H T Y H ) R G R HE B RE TR e T 4R
MTHABELFEMATY RENEARERE .
fER sk E MK R ETES /m e T2 , 748 [
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filf BE B AR 25 L S T 1R 58 9 K T Ss AT B dE
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e BF A CHnPE ] RE IR L 5C Al R Ak ) 4R B T TR
ZRYE L BEE T 2T RE R S KR AL
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Fig.8 Conceptual diagram of the “CUG Solution”: An underground ultra-long-duration high-temperature energy storage system
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