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Research status and development trend of compressed air energy storage in

abandoned coal mines
ZHAO Tongbin', LIU Shumin', MA Hongling™’, MEI Dongsheng®, WEI Zhenxin', MEI Chengwei'
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mechanics and Geomechanical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Science, Wuhan 430071, China; 3. University of
Chinese Academy of Sciences, Beijing 100049, China; 4. Beijing Jingneng Energy Technology Research Co., Ltd., Chaoyang District, Beijing 100022, China)
Abstract: Compressed air energy storage (CAES) has the advantages of low construction cost, small equipment footprint, long storage
cycle and environmental protection. Exploring the development of CAES technology in underground space is one of the innovative ap-
proaches to achieve China’s “dual-carbon” goal. Underground energy storage reservoirs can be classified into salt caverns, aquifers, de-
pleted oil and gas fields, abandoned coal mines, and caverns. With the increasing number of abandoned coal mines in China, the direct
closure of resource-depleted coal mines not only cause a significant waste of underground space resources, but also induce a series of
safety, environmental and other issues. Therefore, utilizing the underground space of abandoned coal mines as CAES reservoirs holds great
application prospects. The analysis shows that, () There is a large amount of usable space in abandoned coal mines, and eight reuse modes

of underground space in abandoned coal mines have been summarized: agricultural and forestry land, construction land, site greening, wa-
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tershed utilization, water-heat combination, wetland park, mine park, and space reuse. @ The research on CAES in abandoned coal mines

in China started late, the basic theoretical research is weak, the key technologies is immature, and geological conditions in coal mines are

complex, the relevant applications of basic research is insufficient, and the commercialization, large-scale promotion and application have

not yet been achieved. @ Three key technologies are summarized and proposed to cope with the CAES in abandoned coal mines, i.e., the

evaluation method of site selection for the construction of abandoned coal mine energy storage reservoirs, the key technology for the seal-

ing of abandoned coal mine energy storage reservoirs, and the stability and safety evaluation of abandoned coal mine energy storage reser-

voirs. A flowchart for siting the construction of CAES reservoirs in abandoned coal mines has been established.

Key words: compressed air energy storage (CAES); abandoned coal mine; underground gas storage; tightness; stability
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Fig.1 Proportion of installed capacity of each energy storage technology in China in 2021
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Table 1 Characteristics of various energy storage technologies
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Fig.2 Principle of compressed air geological energy

storage technology
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Fig.3 Stored compressed air formation diagram
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Fig.4 Statistics on the number of closed coal mines in China

since the Tenth Five-year Plan
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Fig.5 Statistics of main modes of resource reuse in abandoned coal mines
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Table 2 Estimation of mine roadway space in key coal-producing provinces

o FEER9JT ~30/7t/a FEE45TT ~ 90 i t/a FEER 12007 ~ 24077 t/a F=1300J7 ~ 9007 t/a FEEE=10007t/a
v BB S0 B A0 m RS A0 m B R 0T m B S 22 iR/10Y m?
iy 18 17.6 518 1936.3 291 2030.0 81 864.4 10 164.0
MSE 13 12.7 183 684.1 150 1046.4 63 672.3 16 262.4
i 41 40.0 105 392.5 47 327.8 26 277.5 11 180.4
lEE4 29 28.3 16 59.8 16 111.6 8 85.4 0 0
LR 0 0 6 22.4 23 160.4 16 170.8 1 16.4
W7 17 16.6 58 216.8 22 1535 13 138.7 0 0
L5 0 0 2 7.5 5 34.9 1 10.7 0 0
O] 123 120.0 70 261.7 40 279.0 8 85.4 0 0
il 253 246.7 30 112.1 6 419 0 0 0 0
el 319 311.3 129 482.2 19 132.5 0 0 0 0
TH 6 5.9 15 56.1 6 41.9 18 192.1 1 16.4
W 22 215 12 449 14 97.7 5 534 0 0
=M 243 2372 21 78.5 1 7.0 2 213 0 0
o7 4 3.9 8 29.9 14 97.7 3 32.0 0 0
B 23 224 8 29.9 4 27.9 1 10.7 0 0
BT 189 184.4 14 52.3 22 153.5 6 64.0 0 0
B 8 7.8 67 250.4 11 76.7 11 117.4 2 328
Bitno'm® 1308 1277.6 1262 47174 691 4820.4 262 2796.1 41 672.3
=3 ERFREMTHHAGTEGRE
Table 3 Estimation of shaft space in key coal-producing provinces
23 [i/10* m?
X dsk A
FEE9JT ~ 3001 t/a FEIASTT ~90)ita  PEREI2007 ~ 240052 FREE30007 ~900/7t/a  FEhRE=1000Jit/a
HSE 7.8 153.7 144.0 90.7 25.9
By 24.6 88.2 45.1 37.4 17.8
TH 3.6 12.6 5.8 25.9 1.6
B Hs 13.2 10.1 13.4 7.2 0
VUL A X -
B 4.8 50.4 10.6 15.8 32
117 28.8 1160.3 745.0 311.0 43.2
Tt 46.4 35.8 40.9 30.7 0
ES 0 13.4 58.9 61.4 0
IZR 27.2 129.9 56.3 49.9 0
LI 0 45 12.8 3.8 0
N 196.8 1568.0 102.4 30.7 0
PR IX
L7 6.4 17.9 35.8 115 0
GRS 36.8 17.9 10.2 3.8 0
B 302.4 31.4 56.3 23.0 0
spl)| 253.0 420 9.6 0 0
VU R b X Bt 319.0 180.6 30.4 0 0
=M 243.0 29.4 1.6 48 0
PINCEIIBES s 1513.8 2135.0 1379.2 708.0 96.1
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Table 4 Comparison of technical parameters of operating

CAES plants
SR Huntorfii %  McIntosh i
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