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Abstract: [Introduction] As a long-term energy storage form, compressed air energy storage (CAES) has broad application space in
peak shaving and valley filling, grid peak regulation, new energy consumption, auxiliary services, and other aspects, which is of great
significance for accelerating the construction of a new power system with new energy as the main body in the context of "carbon peak &
carbon neutrality". [Method] Firstly, current status of CAES were analyzed and summarized from the principles and technical
classifications. Then, based on the current technological development, a creative solution of CAES was proposed by China Energy
Engineering Corporation Limited, which includes the "medium temperature adiabatic compression" technology route for high-pressure
hot water heat storage and the "high temperature adiabatic compression" technology route for low melting point molten salt and hot water
combined heat storage. The key technical points, such as system integration and optimization, equipment selection, heat storage medium,
gas storage equipment, and digital network storage coordination, have been introduced. Finally, engineering cases were introduced
around the two technical routes. [Result] The results indicate that, in order to improve the conversion efficiency of power plants, it is
necessary to comprehensively consider the material flow and energy flow coupling characteristics of various systems, such as compressor
system, turbo-expander system, heat storage system, and gas storage system, and then develop the key equipment such as compressors,
turbo-expanders, heat exchangers suitable for compressed air energy storage, as well as key technologies such as underground gas storage

and grid storage coordination. [Conclusions] The research can provide scientific reference for the subsequent development of CAES.

Wi BEA: 2023-08-15 EEBEA: 2023-09-01
HEMB: P EEREBRMNA RAREHN H (CEEC2021-KIZX-04); WidtE# MG RERN A IR LA &L H (HBCY-CN-FW2022-15); H1
[ RE IR 1R 4E A1 A5 B |] TREBFSE BBl 351 H (CEECEL-KJ-2022-W01)


https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.06.003
https://www.energychina.press/

5% 6 30

TG, &5 KA U AR 27

Key words: large-scale long-term energy storage; compressed air energy storage; low melting point molten salt; compressor; turbo-

expander

2095-8676 © 2023 Energy China GEDI. Publishing services by Energy Observer Magazine Co., Ltd. on behalf of Energy China GEDI.

This is an open access article under the CC BY-NC license (https: //creativecommons.org/licenses/by-nc/4.0/).

0 3l

FE “BiRik g R AT HAR T, DIERAE R 45 4 %
R, T AR IR Ml ) T R R, R LR RE TR
B FERB BT R RGO AT B AR AR
PR L ) R GE I OCHEHOR | REAEHR (LRI | SR
L BIR . BRI R E 2RSS, R W
B H bR BB SR 2021 4R LK, R KTy
BUMN# AR H 5 300 21005 fiff R A OC B9 BUR, b i i
Pk A R TR

it HE 3 M HLAR A RE (FhoK 3 e . 4 25 At fE
RAAERESF). HLBLAKAE (B AHBE . HPUR A SE).
FLAL A A RE (RS- F L IR H b L YT P YL L M
BT AR, ILAMAA I A RS, R
[ fif RERC AR, TE A . WA . 0% FURE L2557
AR LA [, T BARSRAAE, f#6e H e
A 25, AfEe 7 X BB e T & AR AL ke
I R | N AR | BREE S 0 S 22 5 T Y
ZERE,

Wit B R ) R e T KU | OGRS R TR R AL
Fors g A7 LU B4 &, o) RGN AT SEHL ) SRR
I 5 SR N, K I BB A AR R At RE B R & e 1Y)
FE 2N IR, R4S SRR AR
(Compressed Air Energy Storage, CAES) {F ~— F K
BHiffe, A fRE A oK. @AW . sk,
AR OREEIC AL, R ME— TNl /K 35 BB 10 55 10 KR
BAHREF AR, Rt FFJE CAES AH & H A B 58 %t
T X" Hn B EEE L

588 48 25 SR RRBOR, EIN S AR 2225 T
JeT —FIIF5E . Mg AEFAEN A T ek IR
i 25 U RE B B SCBRE BOR Rl 70 3l A 1 i
fitlh b, B3 T R AR BRI T . s AT LR T
125 T BRI ORI AR T X TR 4 s A
REAY IR, TAERERR | SCHERIAR | K R IR B 1o FH 4
ST T VRN AT PR A S BT T R 4 s KA
REfif/ R RE IS B h i IR 1 284k, TFIE T RGEAFB AT

il

B RAERTIE o

SCEE A T CAES HOAR L H R AR BUIR, 2 i
CAES RGP TT 58, 0 B ol SCHEHOR, 91 AH
KM TARZA], LIS CAES AR K o i ] 2 it 8
R4

1 BARREBRIK

1.1 BARRE

CAES £ AR 2 —FFER LAl | R kK
B ERAHRE R, B R BT, FEOtH 2 S
FE45, F FLRE e Ak R R 45 I RE RN ) 4R, R4 A6
FEREFEREIA IR T, TR ) SRR AR A SR SR TT
10 H I, R SOA PR T v B AR I T I A <
N RE =97 S Rt WA o Rl I L) B ) I 6
Bl kLR HL, R IR T P i A RE A R T
B T A RE R AL RN i AR ST T R RS
FIE] 85 25 Rl py S R F AL, HE LS U RS
(K1)

D)2 SRS T R G HR & FE R R, — K
W EZ EA=TEZ N I e R I B

DT R G0 Hik g REON IR & AR
VoA o W AR B RS, 1T LIOBE IR AR 43 A A
386 205 V3 L AR B0 V8 T AR B BB BRORAA, FH T A i [l
R

AT ARG LR = I, G T
RO LN TR L AR AR AT,
il it S B ) A e M v, RO N TR, M
T ER AR BUA AR

4) Ik i R G HAR S BN KL, — &
N 2R 2 B 2T 35y B TR

5) ¥R B T R G BRI A A T R G
BB Z AR B
12 BARHS%E

CAES iR LA, % I TAEN FAF RS
O3 R A IR AS s e WEUR: 75 75 BEIUE 20 S A MR U
AR H R R R 4R #0004t 4o i


https: //creativecommons.org/licenses/by-nc/4.0/
https: //creativecommons.org/licenses/by-nc/4.0/

28 Ry R 10 %
| bl FoblE TR |
| i 1 | it '
— FURTRE | o MR RS | —— WIKRLTRR
AT 75 e A
El=6
(HaTE% )
SRSy g Tl it g%

1 CAES HAREREHE
Fig. 1 Technical schematic diagram of CAES

LXAEERR . ANFE PR A AR 52, F AL
##R CAES, 4t #4 30 CAES. %5 i CAES, W&
CAES. #Ifi - CAES 219

1) #M#AL CAES Ak

AR TR AL T AR JE I, 7635 A 0%
BB, B AE S TP R R A SR B,
A BN A R be 2B B s T = TR 28 R, i TR 2
KAV, WK Eh & B ALA H . #MERC CAES
FACR F BRI s <, B F oL Be 11, (H2
BRI 5 e Je — SR ARBR R, AAFA IR
H b A KRR — 5 R T4k
i o P A R 2 AR AT 20 ORI, SR Ik, 2R A
FIRHNZH AR LR

#MEE X CAES e 7Y (Y 95 4> 22 451 2 7% =] Huntorf
FEL U F13E [E] Mclntosh FEL 3y, — 35 230 i R 4a L% (]
YTV H LI SR H), BEACER LN FE45 2, 7]
I E 35 7245 B 2 AT N BE % . MclIntosh HL 334 i
T AR B, BB B THFE R, 7RI K
T, HAC® i Huntorf HL ¥ (1) 42% #2 7+ % Mclntosh
HL UG 1Y 549"

2) 43X CAES HiR

B AR RN R 48 3 AR 7 AR K ) R 4 G A T A
fits, I FHAF it 0 HE 20 UM 45 25 R, AR5 9K o0 i
AL o A AR S G TR R B A, AT 1) 4 34
IERR . AR X R G A AT IRTSOR
BT R G RAR R R, [ I T 4i B  a A R A
AL, FHE . A Tl Bk 30 B 4 44 4,
XA T 2R R T 0, B I A AR
Ry TR

#s 1 X CAES H AR LAY ZE 54 7 [F] RWE Power

s Al B ADELE i B, T R0RIA #] 70%, fiti i
T 600 °Co T izl H X & 2R, il
JE 125 a5 0y i it il 5 o IRME, 3 H 4 Ts ik
BB

3) &L CAES Hik

A AR R TEL A CAES Al 3 T 2% ] #4
It LSRR FH 26 B, ORR R Je ke # CAES H R .
SBRERT, FE 4R ATLHE B i 25 <5 ok AL IR TR & I8
TR AR S B B, JER S e S I AR AR A 2
e il B TS P BERE R, Ok B AR Y R R AR A R
5ok A A AR W PR R S e A, B E
T, PEA B . M T4 CAES HiAR, &k
3 CAES $ A Bl B B AIK, X545 A4 RHEE SR B AR,
[ S 5 I D RE R ARG o (FJE 0% R Ge B N T Gl 4 20
PR E, BN T REWIIRIETE

F S CAES H AR #7225 32 2245 v [ g
300 MW Fe&i =3 St sl H ; AL 100 MW 4625
SAERET H; B AR 60 MW JE 45 25 S A% AE 1
H4,

4)%50 CAES #AK

B AR R AR TR 28 . AR WSS . KRS
R IR T 8 ) T B, B ORI S T R ks [
PETAMAR IR, 1 25 SAE F 40 I ik 2 72 v g
SR BRI ERAR, B2k SR AR, dE P = RS
TRRCR, S RURAE 70% UL b % AR ICR B2 Al
i E Rt B rh, W= SR TRk S
FEH A RE R

H RT3 AR E 78 €[5 New Hampshire M Fl Texas
I 43 B T2 1.5 MW/1.5 MWh Fl 2 MW/500 MWh
H7RIEIH .



5% 6 30

T, 2 RAEIRGRZ R 29

5) A5 CAES #i AR

A AR TR R s SR A A AR R, X R
g 23 AT IAAL B, A7 AL 1 25 R SE L RE = A7
fiic BT WAZ S5 BT KT 482 <, Wik
25 I B A A 2 FPURE R B i/ ), B AR o il T
BRI RGNA . B R GR2 AR EA S AR 34
R, T IR BE A, R T R R,

HE [ 2 AL 350 kW/2.5 MWh ¥ 25 CAES 75 31 37
HIt# A iatT, IHIT R 5 MW/15 MWh 75 78 HL 3 [
WYL AR AR 500 kW A 25 A RE /R T8I0 H .

6) #llE St CAES HiR

ZHART 2009 4 EREBE TR EE T H,
FEEA RS SR P TRBIG RS (T>132 K,
P>3.79 MPa) [R¢PE, 5850456 % AR S CAES +%
AL, B4 8 R 1 i A 80 R s i e 2% B A A
Mo BEREIT, AR ML 2 SR N IR . MRS A,
I B AR, B R PR 2 E I T, AR
BHIE A B B s, B 2 SRR . WAk, fE6E ZEAK
A THE T s RERR I, AP i R R i ) WS 23 =
JEJG, ik B E RIS, U5 2 SO0HR 2 E EIE
Ak, Hi ik 2 F R, XA Sk T,
PEA AL

2011 4F, Hp [ B2 e T AR S BRI 5% i A2 L 5t

FERL 15 kW AL, TR R 2 A 1.5 MW /RyE Tl H ,
RERCRIR 52.1%.

2 RAEMRITE

21 FAREZ

X CAES B 434, B 55 B & T
AN I BAR B LR . T EREEEZE A B B IR, A
TP A o B R A s S BB L R G
JrZE”, B RO ARG il e R 4R R B
L D AR B i TR ORI A A R iR 2 4

1) “HiR 2 ARG HR 2k

“H R A R AR BR B SoR BEIWNE 2 R .
fRet B rh, S RE LA UE AR ARG L, AL
1 i 28 R /K B AR 44, Y /KBl A4 =
T HOK A 2 iR POKEE T, el )5 s AW
SERNEIEHEAT —BESL. S ZBES.
Z BRGNS S 2R E S . B R R
PIRWTHEAT, i S B R 138 20 T i, IR AR LR B
HES R T e T o

RBERe LR, A P R RS R A K
B UEAT ek, 1 BOK BB RE P A BOK 5 R R As
AT A, W BV K A AE VR K BE T, A

M
= B <%

2 HBRARERRARBETEE

Fig. 2 Schematic diagram of medium temperature adiabatic compression
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Fig. 3 Schematic diagram of high temperature adiabatic compression



5% 6 30

TG, &5 KA U AR 31

BRI, 0T A KRR W SR RS A5 Rk,
JF IR T TR 1 S R BRI R G 15 4R
IR GMIT, TF & KA RERIY i At A L B 7803
R A AR, A R THig B PR, BRAK T8 i
#ro

4R PERA: R T E T, R A TR
AR, $EHEE A5 E 1 T i
SOT%E . AR O, SC T KAEKE R 24 (1
1, R IR R AR R I O 55 78 N TR = 7 1,
DA N IR (=78 1| 2 3 BN o 3 I AL Kyl 1 £
5,

5) BT AL A DR B AR : B e 4 5 A A g
ST B R A5 I R A, T R 1A B SR 5 i o0 AT, I
RAEEGALAL, 25 B TR L ALE T TR, S8 s
PRI B AR M ERGTF & B ReH ) T, 58
BT B — 5 1

3 MR

HAl, FlZes e $Rgs” F w4
57 WS AR LR, b R VR A R A A L AT DGR
WA

D #IAEHE 300 MW R 45 25 i i L i 7 v T

2 TR SR FH b i 4 A 0 4 R B 4R, R Ui R,
i RERT K 8 h, BEREATHC S h, 4Fi517 330 d.

2) HltHE 300 MW Fi 4525 S it B L o 7 v TR

2 TR R e R A AR 4 R I 2R, N T &
it <, BERERT I 8 h, BEREMT K 6 h, 3217 330 d.

4 g

JE 45 25 S A e H A i RE A R R S
BT A . BTS2 A, AR AR K
TR It BB A9 M Dy 58 22—, X T et i A
DIHTRE IR o EIARR B ) R A A EEE L, H
AW, 18RI R E5E AR,

1) R 45 25 S A% RE 4 AR 2k 2 Bk B Ry Lk,
BEHLHA kW Z i MW 2%, B 2 2461 300 MW 2%
UMK e, Bt AR AR FH B B, R0t B 4b 52
BT B X 46 A U RE R R, T 4H B
TORIR R 4525 SAHREF AR 14 JELHE | f Bk B 1o A%
B, LAY R R 45 225 S04t RS A 1 oy FH R 52 B 42 11
ARIEH

2) v [ B IR A A A o R A R 4 s R
fBRE L R G =7, BVE EHOUK SR “HhiR
A A RAR” FA B D BARKS S S+ 3 R ORI G
AR “EHR LIRS FORBELR, 400 T AR EAR
2R ) I B R I A TR S R O

3) 4 25 S R AR R W1 2 15 8GR A AR J7 17
R, RALLEESEAN T REMBCREVIMEX,
T ZE R HL, RERRAIL . i 48 P 8 45 SC B 4% D
KAWL I LA AR, B R 4i 25 S
it RE B AR R & 1AL, RE KRB A5
Y AR T [ 22 5 000 JC/KW LLF 8] 1 200 JG/KWh X
T, K & RE R Go P AR FE AR Y

4) B BT R IR DL R R, RS I 40 23
A RE LA I T Y AN, R R A BRAS [l =
G, T 25675 1 RAME R BOR |« HAR B
MU A, A 2 B SR 58 28 3 B A Re AN A& ML, S8
JE4R 25 AR Re R Kk

S 3k

(1] i, s, FE T, S8 ST HIH R GEMRr i ife % [T,

M H sl L1k 4, 2023, 43(6): 137-143,151. DOIL: 10.16081/j.
epae.202209007.
GAO Z Y, ZHANG J, ZHUANG W J, et al. Thoughts on some
characteristics of new style power system [J]. Electric power
automation equipment, 2023, 43( 6) : 137-143,151. DOI: 10.
16081/j.epae.202209007.

(2] EHE, S5t W, 55 M TIGERE SR ) RS X

BB Gk (1], B RGP S, 2023, 5105): 172-
179. DOI: 10.19783/j.cnki.pspc.221158.
WANG X B, GE J, HAN L S, et al. Theory and practice of grid-
forming BESS supporting the construction of a new type of
power system [J]. Power system protection and control, 2023,
51(5): 172-179. DOIL: 10.19783/j.cnki.pspc.221158.

(3] XBEKAR, Bt BT 00RO 5 B ) R GeAH R T

7% [J]. LT8R, 2023(10): 49-51. DOI: 10.19768/j.cnki.dgjs.
2023.10.013.
DENG Q G, CAO J H. Research on new power system energy
storage scheme based on double carbon strategy [J]. Electric
engineering, 2023(10) : 49-51. DOIL: 10.19768/j.cnki.dgjs.2023.
10.013.

(4] AREH, 2200, "Wk SRR R REEOR AT (1], i THR,
2023(4): 55-57,130. DOIL: 10.19768/j.cnki.dgjs.2023.04.017.

LIN X S, LI Y. Analysis of energy storage technology under the
background of "dual carbon" [J]. Electric engineering, 2023(4):
55-57,130. DOI: 10.19768/j.cnki.dgjs.2023.04.017.

(5] WA, 2200, IR EZR, 45, 2022 4F P E e AR BT R (10

ffRERE SHR, 2023, 12(5): 1516-1552. DOL: 10.19799/j.cnki.


https://doi.org/10.16081/j.epae.202209007
https://doi.org/10.16081/j.epae.202209007
https://doi.org/10.16081/j.epae.202209007
https://doi.org/10.16081/j.epae.202209007
https://doi.org/10.16081/j.epae.202209007
https://doi.org/10.16081/j.epae.202209007
https://doi.org/10.16081/j.epae.202209007
https://doi.org/10.19783/j.cnki.pspc.221158
https://doi.org/10.19783/j.cnki.pspc.221158
https://doi.org/10.19783/j.cnki.pspc.221158
https://doi.org/10.19783/j.cnki.pspc.221158
https://doi.org/10.19768/j.cnki.dgjs.2023.10.013
https://doi.org/10.19768/j.cnki.dgjs.2023.10.013
https://doi.org/10.19768/j.cnki.dgjs.2023.10.013
https://doi.org/10.19768/j.cnki.dgjs.2023.10.013
https://doi.org/10.19768/j.cnki.dgjs.2023.10.013
https://doi.org/10.19768/j.cnki.dgjs.2023.10.013
https://doi.org/10.19768/j.cnki.dgjs.2023.10.013
https://doi.org/10.19768/j.cnki.dgjs.2023.04.017
https://doi.org/10.19768/j.cnki.dgjs.2023.04.017
https://doi.org/10.19768/j.cnki.dgjs.2023.04.017
https://doi.org/10.19768/j.cnki.dgjs.2023.04.017
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330

32

7 RETR A B

10 4%

(7]

(8]

[10]

2095-4239.2023.0330.

CHEN H S, LI H, XU Y J, et al. Research progress on energy
storage technologies of China in 2022 [J]. Energy storage
science and technology, 2023, 12(5): 1516-1552. DOI: 10.19799
/j.enki.2095-4239.2023.0330.

T, KRR, B 2D A F G REEOR A 25T B R R
b L), A fe sk Gk, 2023, 8(3): 1-8. DOI: 10.3969/.
issn.2095-0942.2023.03.001.

LI Y N, ZHANG G Y, CHENG Y B. Economic analysis and
applications prospect of energy storage technologies [J]. Energy
conservation and emission reduction in petroleum and
petrochemical industry, 2023, 8(3): 1-8. DOL 10.3969/j.issn.
2095-0942.2023.03.001.

FE s, EOOR, U, & g ERe AR SRR (1] K
J1 % H, 2022, 48(11): 10-15. DOI: 10.3969/j.issn.0559-9342.
2022.11.003.

WANG F Q, WANG H B, WU M X, et al. Compressed air
energy storage technology and development [J]. Water power,
2022, 48( 11) : 10-15. DOIL: 10.3969/j.issn.0559-9342.2022.11.
003.

Ze2, F R, JUATAR, 45 R SURRERORDF R BUIR 5 e 2
(7). KA ML A, 2021, 63(2): 86-89,126. DOIL: 10.3969/j.issn.
1001-5884.2021.02.002.

LI J, HUANG E H, FAN R D, et al. Research status and
development prospects of compressed air energy storage
technology [J]. Turbine technology, 2021, 63(2) : 86-89,126.
DOI: 10.3969/j.issn.1001-5884.2021.02.002.

MEI S W, WANG J J, TIAN F, et al. Design and engineering
implementation of non-supplementary fired compressed air
energy system: TICC-500 [J]. China
technological sciences, 2015, 58(4) : 600-611. DOI: 10.1007/
s11431-015-5789-0.

M4, 25, BROREE, 45, et et ki = S BEBORDF STt
B KB []. b [ s LT R 241z, 2018, 38(10): 2893-2907.
DOI: 10.13334/5.0258-8013.pcsee.172138.

MEI S W, LI R, CHEN L J, et al. An overview and outlook on

storage Science

advanced adiabatic compressed air energy storage technique [J].
Proceedings of the CSEE, 2018, 38(10): 2893-2907. DOI: 10.
13334/j.0258-8013.pcsee.172138.

MEA A, Ao, B R, & BT HUR I e e T R 45 2
SAEREREAR BN TR (7] B EEAR, 2017, 41(10): 3392-
3399. DOL: 10.13335/j.1000-3673.pst.2017.1992.

MEI S W, GONG M Q, QIN G L, et al. Advanced adiabatic
compressed air energy storage system with salt cavern air storage
and its application prospects [J]. Power system technology, 2017,
41(10): 3392-3399. DOI: 10.13335/1.1000-3673.pst.2017.1992.
MR, X408, SRR, 55, TR 2 UMREROR B (1], faeRt
R, 2013, 2(2): 146-151. DOL: 10.3969/j.issn.2095-4239.
2013.02.008.

CHEN H S, LIU J C, GUO H, et al. Technical principle of

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

compressed air energy storage system [J]. Energy storage scien-
ce and technology, 2013, 2(2) : 146-151. DOI: 10.3969/j.issn.
2095-4239.2013.02.008.

PIGERS, P, mFEE, 55 TR A UM R A S BB AT
[J]. figRERl: 54K, 2023, 12(6): 1840-1853. DOI: 10.19799/.
¢cnki.2095-4239.2023.0181.

SUN X X, GUI Z H, GAO Z Y, et al. Dynamic characteristics of
compressed air energy storage system [J]. Energy storage
science and technology, 2023, 12(6): 1840-1853. DOL: 10.19799
/j.enki.2095-4239.2023.0181.

2R, 0T 5, S0, S5 RgEES SUREROR S (1), 1L
111, 2022, 46(4): 1-7. DOIL: 10.19308/j.hep.2022.04.001.

LI Y H, XU W B, ZHANG B, et al. Compressed air energy
storage technology and its application [J]. Hubei electric power,
2022, 46(4): 1-7. DOIL: 10.19308/j.hep.2022.04.001.

KB R ERR R G TR M BEE (D] bt
RlEEBE T A e (T RRAPIERRF LI, 2011.

ZHANG X J. Investigation on compressed air energy storage
system [ D]. Beijing: University of Chinese Academy of Sciences
(Institute of Engineering Thermophysics, Chinese Academy of
Sciences), 2011.

FRAER, THIRIE, TR, A RS AR RE AR YU R A Rl
H&serdk (7). el ai, 2019, 6(3): 17-26. DOL: 10.
16516/j.gedi.issn2095-8676.2019.03.003.

GUO Z G, MA X Y, LEI ] Y, et al. Review on demonstration
progress and commercial application scenarios of compressed air
energy storage system [J]. Southern energy construction, 2019,
6(3): 17-26. DOL: 10.16516/j.gedi.issn2095-8676.2019.03.003.
i35, 3. SRR A2 SUAHREBOR e e [1]. 01k
i, 2022, 51(8): 11-19. DOL: 10.19666/j.r1fd.202203042.

HE Q, WANG K. Research progress of isothermal compressed
air energy storage technology [J]. Thermal power generation,
2022, 51(8): 11-19. DOL: 10.19666/j.r1fd.202203042.

H R, mRK, sk I, % BE LNG K ORC IR A4S < fifRE
ARG eor i [T fRER 530K, 2023, 12(1): 155-164.
DOLI: 10.19799/j.cnki.2095-4239.2022.0474.

XIAO L M, GAO X, ZHANG S H, et al. Thermodynamic
analysis on the liquid air energy storage system with liquid
natural gas and organic Rankine cycle [J]. Energy storage
science and technology, 2023, 12(1): 155-164. DOIL: 10.19799/j.
cnki.2095-4239.2022.0474.

VS, SR, REERL, 4. 350 MW GGk R4 2 B RE R G i
BESHEM [I]. REIRIISE SR, 2023,(5): 28-32. DOL: 10.
16404/j.cnki.issn1001-5523.2023.05.008.

LING C, WU B, ZHU X C, et al. System modeling and
performance analysis of 350 MW advanced adiabatic compressed
air energy storage system [ J]. Energy research & utilization, 2023,
(5):28-32. DOI: 10.16404/j.cnki.issn1001-5523.2023.05.008.
INERIE, Wh/D B8, R, 4. Jeilk e i s SRR R SR
ABIFFE (3], 1 333t 2023,(7): 89-94. DOL: 10.13500/).


https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.19799/j.cnki.2095-4239.2023.0330
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.2095-0942.2023.03.001
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.0559-9342.2022.11.003
https://doi.org/10.3969/j.issn.1001-5884.2021.02.002
https://doi.org/10.3969/j.issn.1001-5884.2021.02.002
https://doi.org/10.3969/j.issn.1001-5884.2021.02.002
https://doi.org/10.3969/j.issn.1001-5884.2021.02.002
https://doi.org/10.3969/j.issn.1001-5884.2021.02.002
https://doi.org/10.3969/j.issn.1001-5884.2021.02.002
https://doi.org/10.3969/j.issn.1001-5884.2021.02.002
https://doi.org/10.3969/j.issn.1001-5884.2021.02.002
https://doi.org/10.3969/j.issn.1001-5884.2021.02.002
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.1007/s11431-015-5789-0
https://doi.org/10.13334/j.0258-8013.pcsee.172138
https://doi.org/10.13334/j.0258-8013.pcsee.172138
https://doi.org/10.13334/j.0258-8013.pcsee.172138
https://doi.org/10.13334/j.0258-8013.pcsee.172138
https://doi.org/10.13334/j.0258-8013.pcsee.172138
https://doi.org/10.13334/j.0258-8013.pcsee.172138
https://doi.org/10.13334/j.0258-8013.pcsee.172138
https://doi.org/10.13334/j.0258-8013.pcsee.172138
https://doi.org/10.13334/j.0258-8013.pcsee.172138
https://doi.org/10.13335/j.1000-3673.pst.2017.1992
https://doi.org/10.13335/j.1000-3673.pst.2017.1992
https://doi.org/10.13335/j.1000-3673.pst.2017.1992
https://doi.org/10.13335/j.1000-3673.pst.2017.1992
https://doi.org/10.13335/j.1000-3673.pst.2017.1992
https://doi.org/10.13335/j.1000-3673.pst.2017.1992
https://doi.org/10.13335/j.1000-3673.pst.2017.1992
https://doi.org/10.13335/j.1000-3673.pst.2017.1992
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.3969/j.issn.2095-4239.2013.02.008
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19799/j.cnki.2095-4239.2023.0181
https://doi.org/10.19308/j.hep.2022.04.001
https://doi.org/10.19308/j.hep.2022.04.001
https://doi.org/10.19308/j.hep.2022.04.001
https://doi.org/10.19308/j.hep.2022.04.001
https://doi.org/10.19308/j.hep.2022.04.001
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.003
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.003
https://doi.org/10.19666/j.rlfd.202203042
https://doi.org/10.19666/j.rlfd.202203042
https://doi.org/10.19666/j.rlfd.202203042
https://doi.org/10.19666/j.rlfd.202203042
https://doi.org/10.19666/j.rlfd.202203042
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.19799/j.cnki.2095-4239.2022.0474
https://doi.org/10.16404/j.cnki.issn1001-5523.2023.05.008
https://doi.org/10.16404/j.cnki.issn1001-5523.2023.05.008
https://doi.org/10.16404/j.cnki.issn1001-5523.2023.05.008
https://doi.org/10.16404/j.cnki.issn1001-5523.2023.05.008
https://doi.org/10.16404/j.cnki.issn1001-5523.2023.05.008
https://doi.org/10.16404/j.cnki.issn1001-5523.2023.05.008
https://doi.org/10.16404/j.cnki.issn1001-5523.2023.05.008
https://doi.org/10.16404/j.cnki.issn1001-5523.2023.05.008
https://doi.org/10.16404/j.cnki.issn1001-5523.2023.05.008
https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017
https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017

5% 6 30

TG, &5 KA U AR 33

[22]

[23]

dlkes;j.issn1671-9913.2023.07.017.

SUNJ B, YAO SY, ZHOU X J, et al. Optimization research of
advanced adiabatic compressed air energy storage system [J].
Electric power survey & design, 2023,(7): 89-94. DOI: 10.13500
/j.dlkesj.issn1671-9913.2023.07.017.

R AR BRIR B B L ETRLIX. MLCC A JBA Bl 45 5 4 bk
fie B 5t [D]. 7§ % : 74 % # T. K %, 2023. DOL
10.27398/d.cnki.gxalu.2023.000417.

CAO F L. Preparation and dielectric properties of bismuth
sodium titanate based MLCC dielectric materials [D]. Xi’an,
Xi'an 2023. DOIL:
10.27398/d.cnki.gxalu.2023.000417.

GRS, BREL, TP, 45 KL % R 4a % U RE L T AR U
AT (T0. PUJK 3 e He, 2023, 42(34 ) 1): 22-28, 35.
JIANG Z R, HOU Y S, DING P, et al. Feasibility analysis of

University of Technology,

underground gas storage for compressed air energy storage in

hydropower caverns [J]. Sichuan water 2023,
42(Suppl.1): 22-28, 35.

P, AR, 2RI, A5 R SR RE L T At R s B ke bk AF
7% [J]. MR AL, 2019, 6(3): 6-16. DOI: 10.16516/j.gedi.
i8sn2095-8676.2019.03.002.

JIANG Z M, TANG D, LI P, et al. Research on selection method

power,

for the types and sites of underground repository for compressed
air storage [J]. Southern energy construction, 2019, 6(3): 6-16.
DOI: 10.16516/j.gedi.issn2095-8676.2019.03.002.

Zo/ME, RN, B e, 45, R 2s SRR RORBLIR A4 (1],
HARPLI, 2013, 41(8): 40-44. DOI: 10.3969/j.issn.1005-0329.
2013.08.009.

LI X S, QIAN Z G, YANG Q C. Technique summarize and
efficiency analysis of compressed air energy storage [J]. Fluid

machinery, 2013, 41(8): 40-44. DOI: 10.3969/j.issn.1005-0329.

[25]

[26]

2013.08.009.

ZEIEEE, B, TEPING, A5 Bk PRI T R LA RE L S £
FARE S &SR EEARHIZE [J/OL] ARl#:1-17. [2023-11-06].
https:/link.cnki.net/urlid/22.1264.G2.20231102.1727.002.

LI F F, CUIJ D, WANG Y Q, et al. The coupled development
path of new energy storage industry and digitalization from the
perspective of carbon neutral [J/OL]. Information science:1-17.
[2023-11-06] . https://link.cnki.net/urlid/22.1264.G2.20231102.17
27.002.

JTB AR, 22 5CHR, T SE, A5, A SRR N R R Oc
IR AR B AR [J]. B AR AL, 2023, 10(2): 26-31. DOL:
10.16516/j.gedi.issn2095-8676.2023.02.004.

WAN M Z, 1 W D, SHANG H L, et al. Key problems and
techniques of geophysical exploration in underground salt cavern
for compressed air energy storage [J]. Southern energy
construction, 2023, 10(2): 26-31. DOI: 10.16516/j.gedi.issn2095-
8676.2023.02.004.

EEEA:

THE GE—1EH)
1964-, B, 4, IEE 9 TR, KPINFHE
i KA RE R AR .

HHHIL)
RRE GEFEEE)
1988-, 7, 11, W TR, I AR REH A SE (e-mail)

zwyuan6276@ceec.net.cn.

(fhag AH)


https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017
https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017
https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017
https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017
https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017
https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017
https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017
https://doi.org/10.13500/j.dlkcsj.issn1671-9913.2023.07.017
https://doi.org/10.27398/d.cnki.gxalu.2023.000417
https://doi.org/10.27398/d.cnki.gxalu.2023.000417
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2019.03.002
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://doi.org/10.3969/j.issn.1005-0329.2013.08.009
https://link.cnki.net/urlid/22.1264.G2.20231102.1727.002
https://link.cnki.net/urlid/22.1264.G2.20231102.1727.002
https://link.cnki.net/urlid/22.1264.G2.20231102.1727.002
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.004
https://doi.org/10.16516/j.gedi.issn2095-8676.2023.02.004
mailto:zwyuan6276@ceec.net.cn

	0 引言
	1 技术原理及现状
	1.1 技术原理
	1.2 技术分类

	2 系统解决方案
	2.1 技术路线
	2.2 关键技术

	3 应用案例
	4 结论
	参考文献

