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Abstract: [Objective] In the modern energy system, energy reserve plays an important role.
Strengthening the energy reserve system, ensuring stable energy supply, and handling the impact
of various emergencies in the international and domestic energy markets are an important topic in

combined with the construction of global underground space storage facilities and related research
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experiments, this paper deeply compares and analyzes the development status of oil and gas
storage in the world and China, so as to put forward reasonable suggestions to ensure energy
security. [Results] W The utilization of underground space for energy storage is an important
direction of future energy storage maintenance. This is an effective way to peak regulation of
natural gas, sustainable supply of renewable energy and efficient use of hydrogen on a large scale.
The development of underground space energy storage is a key issue to achieve carbon neutrality
and upgrade China's energy structure; @Global underground space energy storage facilities can
be divided into five categories: salt cavern, water-sealed cavern, aquifer, depleted oil and gas
reservoir and abandoned mine; 3 The construction of underground space energy storage facilities
was carried out earlier in foreign countries, which should take the lead in the construction of
underground energy storage power stations, underground hydrogen storage facilities, oil reserves
and natural gas reserves. [Conclusions] In the complex international background, China's energy
security faces severe challenges. It is imperative to investigate the energy storage capacity of
underground space, establish more underground space storage facilities and carry out national
underground storage planning together with related enterprises.

Keywords: energy reserve; underground space energy storage; geological survey engineering;
energy security; energy system

Highlights: 1) Systematically summarized the types of global underground space energy storages,
and compared and analyzed the differences between China and other countries in oil and gas
storages, which will be helpful for future research on underground space energy storages; 2)
According to China's national conditions, suggestions are put forward to investigate the
underground space energy storage capacity.
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Fig. 3 Basic structure diagram of aquifer underground gas storage (modified from Jia et al., 2016)
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Fig. 4 Types and key parameters of underground gas storage in the world
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Table 1 Chinese gas storage main design parameters table (Data from Zhu et al., 2021)

T A1 0
o - BRI THESE/ o -

BSs fRE () i3 B Tk st ok ﬁbj%/;[éz.ﬁ EEM

1 KPR P BT KR 4.3 2.7 0.5

2 L 6 LT 55.2 30.0 20.5

3 L E 61 LR 5.3 3.4 0.5

4 G F MRS R 11.2 5.1 0.3

5 AL T T Ak 7k & 67.0 23.0 10.0

6 KR o RV 7.8 4.3 2.0

7 K Bz 224 [k P4 ¥ 171 10.4 5.0 3.3 [

KK T5 R o T

8 39-61 iz 77 3 19.2 8.0 0.1

9 K P 37 Bk 75 3 141 6.0 2.7 0.1

10 BT 5B I ] BE 3BT BRI P B 117.0 45.0 29.0

11 4 7 AH = ?ﬂﬂmt 43.0 23.0 23.0

12 R SC 96 7 e B¢ BH 5.9 3.0 3.0

13 L& ix L& ix 11.8 7.2 1.5 b A 1k

14 LN 3 WAL 2.3 1.4 0.5

15 KU 22 KK 69.0 30.4 19.0

16 b EE T A 7k i 18.7 7.5 7.5

17 LI &% LI &% 26.0 17.1 7.8 ES=45

18 YL 95 X1 VL5 X1 A 4.6 25 2.5

19 i S 23 VAT A 9 FH 84.3 32.7 22.0

s T 4o g wtE s A

20 1% L& 12.0 7.0 1.7 iy

— it — 581 261 154.8 —

4.3 HUTAERE RS

JE4E 7 SAERE AR N B A BT KB B iR R AR 2 —, e R 25 (A 78 4 B A
EAEHE, EHZRITERE (—BOR MR KFHRESEATE AR MRS AN~ 28],
1 e B R TS 4 2 < d R Bt BRI A R, TR BlFR e R EH Y (BT 5). RAER
THE R G 7 S R PE A SR AR AN B E G SR 1A ReRESE
s (HAERSE, 2017) .

fE . SEE. HAMEE T 2GR TR PR R, C8H W2 5 M W e EfE
IR T fif B L BSORE DO e e . [ AR R R AR S RE R L O 40 2405, K
Hh s R S 1) 2 AN R 46 25 S T i i F ity 28 0N 7 T 2R3 4%:, 2021 . 42 [ 1) Hunttorf
fifi e FLl T~ 1978 ARt TEh 0, Hith DhF N 321 K TL, 181T80% N 29%. FE[H Mcintosh
i e RS 199 #F7E [T 37 EL T 1 it , 4 1 T 04 110 JK B, 3E4T ALK 4 54%( Fan et al., 2020)°.
HATE 20 tH4d 90 R4, i T 2 WiR4E 2= S Re 1 AH GRS, Hh— Mg rE H Ak
T — AN N, N R 7 06 B LA X — AN () R o 5 ] R A R A A
TH T 2011 TP e %, SEIR =M THUTF 100 KIRMAK A (FR-FIkEE, 2022) .

] B REROR B BN R 10 s, HEAAD T 10 AN HIET. OF 2 Bk
FORGE A SAERE G 70 5T 2021 4F 9 A A1 2022 4E 5 A Ih MK HL, BT8R IEH] 60%
PALE (R 2) o 43502 R TR FE T AR 1L ZR BB 10 JEFLoRya . i Eh
HE I S 1K R HE VT 754207 60 JEBL/300 Ik FLIT HIR I/~ vE I H o %50 H B T H4F
REEL VAL, Ah, TR FT5 L T - 200 JK BLER 7 AE HLl A2 VL 22 465 JEFLERIX
fi g G TR A 464577, SO ERTT . WIALSR R DB AE T R AR .



N A e
= A — { 7
: > — Q /'jﬁ: Q/ﬁ HEH
A‘H’, —‘ o -I_T’_’i/’/ S = Tt . n - - % HH [[J‘

1. i 480 £ o
AT EA =R 7
Excess or off-peak electrical Vi
energy is used for compressed air

4. 7 th i v e 4 2% [ o 9

The generated electricity is sent back to the grid

e HES, R
Exhaust Waste heat Sy

2. S M ENHUR 5

77 fiff 2 R BA 4 Jei
Air is injected into the ground
and stored for later use

3.0 B, A
FH R 4% B #8503 7 e L
When electricity is needed. air is used
to drive a gas turbine to generate
electricity

PN i
Cave Salt dome

5 E4E T AR A R B (JERRIGASE, 2013 B0
Fig. 5 Schematic diagram of the basic principle of compressed air energy storage (modified from Chen et al., 2013)

22 o R A S R A S A RE T AR T
Table 2 Energy storage Projects built and under construction of compressed air in China

B FERLE — ERESMHEE REEN FX %
P P H AYE TR E BA 2 % BB
1.5 JRPLGARFMEA A I 7 - 2
2013 _ WUES RS U RS g T Lsww s21%
I?}:'E e He
g IR RS 2s 5 YR 4 25 =
2014 — ZRTEM E&;gig%Eﬁlw é%ﬁﬁl“ 500KW 40% 3000 /3
B e 100 FEOGHSIARGT ARG B
2016 FINT e e 100kwW - 51%
o7 aoma0 s SRS paenpe w0z -
BNy =
[ WYL 75 ) L 25 A g R
2018 — LI RSP 500 TRIEA A SS kR 500kW — —
EESERERTE I H
e Bk 45 7S S Ak RE e e
2021 202100 INZRAEMR iREERSE—I 10 JKELR iﬁ&%:w d& 60.70% 112
Lk e
[ bR B £ 100 JK FL/400 Jk
2021 2021.12 ALK D TR R S AR TS AR 100MW 70.40% 8412
E Z~yaI B
ok & IR R UK 4 AR
b A fERE S E Foniu TR SREHTESR .
2021 2022.05 L3 0 60 JKFL/300 JKIHE  fkAE 60MW 60%LL L 4312
i H
WRFIL 200MW U IESE T e iR 45 =R
2022 4F 6 AT ke PRP AP por) 200MW — 1512
. - JrEh4EH] 465MW/2600M
202247 A e e B B
A, FEIFT VLI Wh #h 7 R4 2 S At eI i 465MW

H

BRI SCRESE, 2018; RMECEE, 2021 4EA R,

RN B AR -



4.4 W RES

Hiy T it S R R B A, SEILERR I R A, AR A B IR (R I
SR KRR D H R A IS v BRI FELAR K &L, SRR BRI A T SRR K 2 S T
g, IEFEAEREM B I QAR NAEKRE, 2022) o MU REEIIBEFGET 70 4R,
1979 4, EERBSEARVFEE A T — % TH NS FRRER, Bk T EELT -
AR & 7TAT [F)(Stephen et al., 1979). BtJ5E, V2 EX#MITE T A KT g 77 T 5T
T.AF. 1986 4E7E Taylor A1 Al A B0 Faiti L, MR fif &5 8 N4 bF (Taylor et al., 1986).

£ 3 {5 B o IETEEAT I T A i

Table 3 The underground hydrogen storage facilities currently in operation in the world
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