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Abstract: To efficiently utilize the underground spaces of abandoned coal mines, a comprehensive
scheme is proposed for the storage of thermal and electrical energy in abandoned underground

tunnels. The scheme is based on the gas-water displacement principle and makes use of an
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artificial lake located in the subsidence area. A novel constant-pressure compressed air energy
storage approach is introduced to maximize the utilization of underground space and enhance
energy storage performance. Mathematical models are developed and numerically solved for
thermal energy storage, pumped storage, constant-volume compressed air energy storage, and
constant-pressure compressed air energy storage. The performance of thermal and electrical energy
storage is thoroughly analyzed., comparing energy storage density and energy recovery efficiency.
Furthermore, the high-value utilization of constant-pressure compressed air energy storage is
explored. The results demonstrate that; D Underground tunnel thermal energy storage proves to
be a viable solution for addressing the challenges of instability and seasonal storage associated with
solar thermal energy. The thermal recovery efficiency exceeds 98% ., and the energy storage density
reaches 653. 42 kJ/(m® « d7'), which is equivalent to 0. 18 kW « h/(m’ + d™') of electrical energy.
@ The energy recovery efficiency and energy storage density of underground tunnel pumped storage.,
constant-volume compressed air energy storage, and constant-pressure compressed air energy storage are

determined to be 70.56 %, 57.76% , 67.64%, and 1. 14, 2. 25, 5. 56 kW « h/(m® « d~

Notably, the constant-pressure compressed air energy storage exhibits outstanding performance due to

1), respectively.

the limited residual gas, which ensures the constancy of the total pressure ratio and expansion ratio
throughout the energy storage and release process. @By synergizing above-ground power generation
with underground energy storage, the abandoned mine site can be transformed into a highly efficient
energy supply center that integrates power generation, energy storage, and the production of cold, heat,
and fresh water. The research findings provide valuable insights for decision-making in
underground energy storage projects within abandoned mines and support for renewable energy
distribution and storage solutions.

Keywords: energy storage in abandoned mines; abandoned mine underground space; thermal energy

storage in abandoned mines; compressed air energy storage; isobar compressed air energy

storage
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Fig. 1 System diagram of thermal energy storage and release
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KA JE 1/ MPa 0.1 IKFEHLRR 0. 84

KRR 0. 84
T HEEAEM/m® 50 000
BEHE/m 500

KR/ (kg * m ) 1000
FE 4R DL R0 0. 88
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LB LA 0. 94

1.6 HFEBKFEE
A5 A T 38 A A B A K E AR A 4
UK BE 19 B BE A RE AE IS B R R RIS, R




510 1

INZERR A5 SR ML 2 [ i RE U5 58 Stk hiE 149

Matlab # 1 2 17 g0 &, 25 S K 89 % v 3
Refprop #F . H4i 25 S At i J7 B2 1 5K i i 2 7% SC
BRCA4 ], AHEFATTE SR FH 4 i 25 AR B O B2 (D)
(2) M H] SIMPLE 5k 47 3K fif . K & RE T 55
bl A5 7 B, 76 58 i T B R IR (3) L (D i AT
PR H i a8 S A% RE O R 0 SR A, DA G R) ¥ E0 4% 1)
KSR 2 R 2 ey A AR &,
DLRE B PLSCRCRAE S B A ok BGHE AT SR A o oK i i 2
WS MR 44], ¥ 462 [t R TR 25 R 5 3
HRLA6 JHEAT T X AW T A5 R — 2 8 iE T
BRI SR A 45 SR 0 IE B

2 HREHUHE

TARVHE T R UL S B IR ER 1 BT .
2.1 MTEEERIERE

i b R BE 15 °C HLR AR A 30 °C/km 115,
500 m VR R AR, AR E R 30 °C, JERBEZE
AR B POK IR A 45 °C LR B 2 T AR T 1Y K IR
S 15°C . SRBEZRIBGARTE] S 120 d, 3E R B8 2 6if #4
IFIE 2 240 do SRBEFKWE N 416. 67 m*/d, IER
% Z /K it 5 A 208. 33 m’ /d.

4~6 Jp B i B RE S fb i F . IR 4
AT, R SR B2 2 DA AR 3B R KR B 200 26. 0 °C L 4
KPFHBE N FAH] 45 °C J5 Pt i 45308 , Iy R 24 R
190 kW, R WE 2= M A5 38 SR KR E 2928 33.7 °C,
ZAGER I 5, K IR ) 15 C R AR I, IR
W)L 378 kW, Fie ik B S fif F5 5 30 W/m”
T3, 378 kW By I 0] LI 12 600 m®,

48 ¢
a2p —a— RIS R R
F— ARIEZEENIR L
36
230 F
ZE \M
ut -
—o— RIEBIENIRE
18 F —h— RMEZER R
I2 1 | 1 1 1
0 2 4 6 8 10

N 17] /2
P4 R IR B N ] Y A2 Al
Fig. 4 Variation of injection and extraction temperature

with time

ML S 0] LU H B4 [l A8 24 i s (7] 528 7 sk /)
HEREE 1 a Sb . HoAth 45 Oy 25 [ i R A 425 10004
5510 a BFA TS R B/, IR B 98, 9800, XU

http: // zkxb. xjtu. edu. cn

A Ak 7 A T N AR /N 3 R R Dy i AR T
A 45 °C ORI B T 30 C LA A4 DLk
T 1 Iy A% 3o 3B T2 DY 3 BRI 2 5 BRCRA R [
VEF AR B9 K R 15 °C L Sm AR T B A R, B A
A o UG 0 UG BK AR Y . B TR
THEITEAFOK 5 A R 22 5% T A 5 A% K
2 REUEA RGN A CSOR .
AR B I R R R T 100 %, 3% 32 2 Rl o fif B
POERVE T, R N A0 30 C kAR, 45— IR A BT
FHBEY S 30 C K #RE] 45 °C (WA 4), 53—k
i AT F B HA AR £y /N A 151, 11 kW (LI 5)
BTy 6 L e R Bl ) A8 AB AN K BT DL S B0ER
—AE R R R R T 100% . M 4 FE 5
TROR B 45 T8 g B L 2 L 30 AR R H 3 AR
Fedehase . 6t U T Rl A R T L B i

400 1130
350 |
120
—=— HUAERE D& X
300 A SIE I
= = O {110
= oz 110 =2
Raso - E
E=g
100
200 | .
150 /,W s s 90
0 ) 4 6 8 10
I 71 /a

5 it HCHATI FOR A [ 5 sk 3 i s ) ) 22 Ak
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Table 2 Performance of pumped hydro storage

B IKEeHL A LR/ IKRFEFEHL R/ fE A sk R/ i fiE ;{
(MW + h) (MW + h) % (kW +h+m™*)
500 0.84 57.23 81.10 70. 56 1.14
500 0. 90 61. 31 75. 69 81.00 1.23
750 0.84 85. 84 121. 65 70.56 1.72
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Table 3 Performance of CVCAES
R )/ MPa BB %%ﬁ%ﬁ%/ MR A B/ RgPUFER S/ R IR/ %%%EC
(kg s ") (MW - h) (MW - h) % (kWeh+sm®)
5.0 0. 90 42.35 112. 40 194. 38 57.76 2.25
7.5 0. 90 63.21 193. 30 329. 34 58. 64 3.87
10.0 0. 90 83.51 280. 23 473. 87 59. 09 5.60
5.0 0.95 12.35 114.19 190. 95 59.74 2.28
7.5 0.95 63.21 196.57 322.75 60. 85 3.93
10.0 0.95 83.51 285. 14 163. 59 61. 46 5.70
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Table 4 Performance of CPCAES

A TH 25 ST A/ g% R AL 2 v e/ 45 LR L/ R ALK / fifi e 2 i/
W /m (kg *s™") (MW - h) (MW - h) % (kW+h+m®

500 89. 45 278. 10 410. 74 67.64 5.56

750 129. 54 453. 89 673.76 67.31 9.08

1000 166. 74 633. 26 943. 70 67.05 12. 67
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Fig. 7 System diagram of abandoned mine new energy station
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