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Research progress and application prospects of carbon dioxide energy storage
technology

Zhang Haoyan!, Da Yaodong?, Wang Weipeng?, Wang Haopeng?, Sha Haotian!, Zhang Wei!, Chang
Yonggiang?

(1. School of Environmental and Energy Engineering, Beijing University of Civil Engineering and Architecture, Beijing 100044, China;
2. China Special Equipment Inspection and Research Institute, Beijing 100029, China)

Abstract: [Objective] Compressed carbon dioxide energy storage (CCES) combines a high-density working fluid,
closed-cycle operation, flexible siting, and the potential for long-duration energy storage, making it a promising
physical storage option for power systems with high renewable-energy penetration. However, the reported
performance of CCES varies substantially because liquid, transcritical, and supercritical routes differ in storage
state, pressure level, heat-transfer process, low-pressure-side storage method, and evaluation boundary. This
review aims to clarify the operating characteristics, performance ranges, equipment requirements, and engineering
applicability of the main CCES routes, and to identify the technical barriers to large-scale deployment. [Methods]
The literature was reviewed from the perspectives of thermophysical properties, system configuration, storage
mode, key equipment, cycle optimization, multi-energy coupling, dynamic behavior, and demonstration projects.
Liquid, transcritical, and supercritical CCES systems were compared in terms of operating boundaries, round-trip
efficiency, energy storage density, storage-vessel requirements, heat and cold recovery, and component matching.
Representative studies on underground storage, flexible gas holders, adsorption storage, hydraulic compensation,
waste-heat recovery, heat-pump integration, cold-electricity cogeneration, and external heat or cold sources were
summarized. Engineering projects in Europe and China were also examined to assess the transition from
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conceptual studies to demonstration-scale applications. [Results] CCES performance is primarily governed by the
CO: storage state, low-pressure-side storage mode, pressure ratio, heat-exchanger matching, turbomachinery
efficiency, and system boundary. Liquid or gas-liquid phase-change systems generally provide relatively high
energy storage density, but require liquefaction, vaporization, cold storage, and phase-change heat transfer.
Transcritical systems offer flexible ground-based deployment and can balance efficiency with siting adaptability,
but are sensitive to thermophysical-property variations near the critical region and may require large low-pressure
storage volumes. Supercritical systems are comparatively compact and avoid phase-change control, but impose
stricter requirements on high-pressure vessels, sealing, materials, and turbomachinery manufacture. Typical
transcritical and supercritical systems generally report round-trip efficiencies of 50%~70%. Nevertheless, direct
comparison is difficult when external heat, cold-energy products, design values, or different storage boundaries
are included. Waste-heat recovery, heat-pump coupling, cascaded thermal storage, and cold-electricity
cogeneration can improve overall energy utilization, but often increase equipment count, control complexity, and
capital cost. Existing megawatt-scale demonstrations and larger projects under construction indicate that CCES is
progressing from thermodynamic verification toward engineering demonstration. [Conclusions] CCES has
potential for long-duration energy storage and reduced dependence on large underground gas caverns, but
different routes should not be evaluated using a single efficiency indicator. Future research should establish
consistent performance boundaries and focus on transient control near the critical region, off-design
turbomachinery performance, heat-exchanger network optimization, reliable sealing and material selection,
low-cost storage devices, cascaded heat and cold utilization, and experimentally validated dynamic models.
Long-term operating data, safety standards, economic assessment methods, and market mechanisms are also
required to support commercial deployment.

Key words: carbon dioxide energy storage; system configuration; energy density; round-trip efficiency;
engineering application
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Tab.1 Different energy storage technologies and technical parameters
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Tab.3 Comparison of physical properties between air and
carbon dioxide as working fluids
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Tab.6 Technical parameters of typical CCES engineering designs and idealized models
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Tab.7 Optimization directions, related technologies, and development necessity of carbon dioxide energy storage systems

R AR RO

BRI ZRIRGHRAHEA . LSRR HE LR AR

ROIACK BT A SR BHLI L BT RS RGEH LI, BRRRE
RO TALARAEIC, AR R AR R RS (%% ST RGN SR B

RGBT ARG MRE R R AR i IR e, R

5.2 HARBkEK [LTN 10 P e S AN S B L VN e o /N

TR RE R G R T IE IR H EERE CO,
R DA AN R X RAZSERFAE,  (HIX 4
Rt R GBI A & A is AEAT 7 Ml AL B R T
MR R BRISAENL. KPR Bt Es S5 0w )2

http://rifd.cbpt.cnki.net

PR AR b A 2 R R L B A UL L o

1) 3l X At

CCES ARG IE4aHLiE ¥ it 7 COz Il 7 i
MY AT AR AR 4 2h, (HZ X3 5 e A Jell 24




10 kAL R

2026 4

Wk T E R ARE, Kim 5 ABUE T
CFD 73 #rk i, TEImSE sSSP, COz % B Lh v
ARLRIMERAS, 1 Z) (E W 7 THI 5 K 7™ a2 57t
JE0ES, AN B S EUR ge L3 i R A e
JIH, FIRRIZIN AR E AR, T E RS 80 T W
24, BFnt ki R, Ahmed 25 AB235 Y, 1545 PID %
i RS LE NG S XA R, 5INFE TR0 ) 3=
PG REEE, A AVBERIREhE AR —
WA B 5@ AR & F, LANT BhAs iz
TR R TR R 5 R I TSR . I,
FE R HE T 55 T TR 11 7 i 41 428 1) 005 2 IR I T
AENL 2 AT AT ) B i o

EFXT I X AR B, B FLE S R —
BTt AR A ) 58 T LA BB 800 i B il
AR KBTI o ] R FEEFF I FROUE N FRAS
el ZHIRGEHIN A ARFE A S -] DA
T TR TR 42 1 ) B A TR 1 SR, DA AR 41
TR 2 R 3 PR

2) b3t KK

R IR ATLRIT s 445 1 ity 25 P SR o 1 T ot At
BT I AR AR 84T R IE GEE R
T 15 MPa) , A% 4 flivm % 35 7E = 22 T 1) st
A LAPEH . Bidkar 25 ANBHE H, A 5t mT
A FEUR LN LH PRI 8% R % 0.5%~0.6%, i
— LI FBIR G S CO. Mm% S mE TR
FEEF AV PN 51 R KB, 3¢ o 2 AR B A A
PRI, ISR SRS FL AR Rk,
MITCEAF BT J7 TN TR R R, 42 H AR
() 3 Bt 5 e T 2 20, e A, RIS CO,
B T IE TR RV ARSI . TR Al B R
TAT A0 e F B £ KA P SV I 52 m 86-870, I Jg
Pt ] R A R A PN 4 g M 0

3) R4ER. LRERLH LT

CCES MU AIIEIA I #R, & 75 225 H i
B RTFARRRIR LS AR S5 T A0 ol bl X ¥4
AT AIUCHS 24 HT 2 BO0F 70473 T it s s AR
Bgg, R XPAIE A5 L a0 T gar s S il R R
T8 Y AR 2 LA 1) RGPl

AR K CCES 9N HR 77 1 37 1 B A el [X 255
REVR ARG, JFREAE . AT, & FAA A
LZWERERAR M. BR BN g ST MR 2 H
PN BEE ) 22 B T ROBEARRAY, FER 7R 000 H 18474
WAL L5 M RN A] SEPE VRN 5%

64 it

http://rifd.cbpt.cnki.net

JE 4 — S A B A BB M B B E I S P AT
BRE Dl Ko R AN, AT RN A
fift R T A BR8N R Ge i REAR AR . AR
BT A T EEACTRAEREROR I B . R, 1
RELAG S R IR, T 4h th — S AR RE R R K
JeaB HERPR . EEERIT:

D #7302 BERE & 2 7
Tt CCES hBEM LW FTT . 73 fifi#h. TRl
Yoo RIBIH L ¥ EIRAEAN Tl R Bl & 2 T
RGLETERE, EFHF RV BR EARE .
JEAN 4= 75 6 A o

2) ik COz A PRI KT fEtt
73 i TR AT AN A2 o 5 0 N B A R 2 AR
TEAE AR RIA S BOERB P BOR 4575 S8 i 45
PRl ACHL], 45 A 184 IR Eidfs SR 5 75 V20T i
A3 i At o

3) e — S ALBR A BE 2 M B T T R Y
RS E T, BRI EE RGAERN P A BRI
AN VE B AR SRR B AN . M R
HAHCEFEA, FT A TS RSE, oA
RGAEAR G T I 24T B A i g, L
PRAE# B8 RGAE PR AR T I R rp AR ek, XS
L o 0 ) R AR 75 K

4) CCES MUMALR FH 52 B I FIX B KA
i R . A AL LT RS E N
PEAT R R R AGIZ AT AU B L) 0 R I A 2%
LKy RERNSPTFE eI H B AR R AR
VURIERE 4588

(& # X #k]
(1] BAEE, BREW], £, & W BiR T

KAl 23 8RR iR B L ) ) SR A T[] SRR,

2021, 43(10): 11

Zhao G T, Qian G M, Wang S, et al. Analysis on
solution for green and low-carbon transformation of
thermal power enterprises to achieve carbon peak and

carbon neutrality[J]. Huadian Technology, 2021, 43(10):

11.

(2] MEXBEERARIELI 2030 Fiimis

VeI HAR[I]. BrRedRAEH, 2022(8): 11.

National Energy Administration: capable of
achieving the “carbon peak” target by 2030[J]. New
Energy Science and Technology, 2022(8): 11.

[3] MEZEKESCEER, EXRGEER. KTHK

QDU T B B R R R ST 58D BUIEAN: Kk iE




¥ 12

XX

ey
=¥

XX

11

Ji (2022 ) 209 ‘5 [EB/OL]. (2022-01-29).
https://www.gov.cn/zhengce/zhengceku/2022-03/22/cont
ent_5680417.htm.

National Development and Reform Commission,
National Energy Administration. Notice of the National
Development and Reform Commission and the National
Energy Administration on the issuance of the
‘implementation plan for the development of new energy
storage during the 14th five-year plan period’: FGNY

(2022 ) No.209[EB/OL]. (2022-01-29).
https://www.gov.cn/zhengce/zhengceku/2022-03/22/cont
ent_5680417.htm.

(4] AFIR. H AT (2024—2025 4% 4
R AE TR R B i R ) [3]. 0S5 AR,
2025, 46(1): 113.

News from This Journal. The China electricity
council has published the analysis and forecast report on
the National electricity supply and demand situation for
2024-2025[J]. Power & Energy, 2025, 46(1): 113.

[5] IEA. Renewables 2024: analysis and forecast
to 2030[R]. Paris: IEA, 2024.

[6] Liang Y R, Li P, Xing L L, et al. Current
status of thermodynamic electricity storage: principle,
structure, storage device and demonstration[J]. Journal
of Energy Storage, 2024, 80: 110347.

(71 B, Riss A ACnT B RE IR & Gt
SR [3]. 31 TRE2E4R, 2025, 45(10): 1738.

Tian G, Liu P. Review on modeling and
optimization of distributed renewable energy systems[J].
Journal of Chinese Society of Power Engineering, 2025,
45(10): 1738.

(8]
Summary version[Z]. [S.1.]: [s.n.]. 2022.

[ 9] T N. Chapter
storage[M]//Sharifzadeh M. Design and operation of

Woodhead

Energy Storage Industry White Paper 2022.

Borhani 11-energy

solid oxide fuel cells. Amsterdam:
Publishing, 2020: 311.

[10] BRifGA, 250, IREA, 55 2024 b [H fif
Re i ARW Tk (3], fif RERL 2 SR, 2025, 14(6):
2149.

Chen H S, Li H, Xu Y J, et al. Research progress on
China's energy storage technology in 2024[J]. Energy
Storage Science and Technology, 2025, 14(6): 2149.

[11] Li H C, Ding R C, Su W, et al. A

http://rifd.cbpt.cnki.net

comprehensive  performance comparison  between
compressed air energy storage and compressed carbon
dioxide energy storage[J].
Management, 2024, 319: 118972.

[12] Ma H L, Tong Y, Wang X, et al.

Energy Conversion and

Advancements and assessment of compressed carbon
dioxide energy storage technologies: a comprehensive
review[J]. RSC Sustainability, 2024, 2(10): 2731.

[13] Astolfi M, Rizzi D, Macchi E, et al. A novel
energy storage system based on carbon dioxide unique
thermodynamic properties[J]. Journal of Engineering for
Gas Turbines and Power, 2022, 144(8): 81012.

[14] Liu X, Wang K, He Q. Compressed carbon
dioxide energy storage: a comprehensive review of
principles, research progress and prospects[J]. Energy,
2025, 324: 136028.

(151 EMER, KER, BLE. R LA RE R
AR T K R[], 7K1k H, 2025, 51(8):
108.

Wang S Q, Zhang G L, Wei K. Key technologies
and engineering applications of carbon dioxide energy
storage power stations[J]. Water Power, 2025, 51(8):
108.

[16] =4, IVER, i, & A=A he
FOR 2 TR s MR TT R R [9]. 0SB B U,
2023, 35(6): 90.

Wu Q, Sun C L, Guo H T, et al. Analyzing the
technological and financial features and prospects for
compressed  gas
Petroleum and New Energy, 2023, 35(6): 90.

[17] Budt M, Wolf D, Span R, et al. A review on

energy storage technologies[J].

compressed air energy storage: basic principles, past
milestones and recent developments[J]. Applied Energy,
2016, 170: 250.

[18] TA#:, #E. TICC-500 fif HER B I AR AN
WITFFIE]. AR 2S5 HOR, 2017, 6(1): 135.

Jia X, Cui N. TICC-500 energy storage phase of
modeling and thermal properties[J]. Energy Storage
Science and Technology, 2017, 6(1): 135.

(191 EF4F, HPF, A NYEHARE
A S RE R R R 530 W3], mUT el
#, 2025, 12(2): 145.

Wang Y X, Zhang Y F, Li L S. Simulation and

dynamic advanced insulated

analysis of small




12

#Ar% e

2026 4

compressed air energy storage system[J]. Southern
Energy Construction, 2025, 12(2): 145.

[20] XL, HMR, BRff, 55 et A s ai s
SUERE R G RERT BOR BT EANBIAS T 9], AR E
2%, 2024, 37(5): 42.

Li S J, Xiao F, Chen W, et al. Modeling, simulation
and dynamic analysis of the energy stage of advanced
adiabatic compressed air energy storage system[J].
Shandong Science, 2024, 37(5): 42.

[21] Wang S X, Zhang X L, Yang L W, et al.
Experimental study of compressed air energy storage
system with thermal energy storage[J]. Energy, 2016,
103: 182.

[22] Guo H, Xu Y J, Zhang Y, et al. Off-design
performance and an optimal operation strategy for the
multistage compression process in adiabatic compressed
air energy storage systems[J]. Applied Thermal
Engineering, 2019, 149: 262.

[23] Wieberdink J, Li P Y, Simon T W, et al.
Effects of porous media insert on the efficiency and
power density of a high pressure (210 bar) liquid piston
air compressor/expander—an experimental  study[J].
Applied Energy, 2018, 212: 1025.

[24] Patil V C, Acharya P, Ro P I. Experimental
investigation of water spray injection in liquid piston for
near-isothermal compression[J]. Applied Energy, 2020,
259: 114182.

[25] Van De Ven J D, Li P Y. Liquid piston gas
compression[J]. Applied Energy, 2009, 86(10): 2183.

[26] Buhagiar D, Sant T, Farrugia R N, et al.
Small-scale experimental testing of a novel marine
floating platform with integrated hydro-pneumatic
energy storage[J]. Journal of Energy Storage, 2019, 24:
100774.

[27] F&4, Z=IRKE, M8, 5. R S0k
fifi e R A S BRI R LB [3]. Hh AhREIE, 2025,
30(10): 14.

Li C S, Qin Y L, Yang W, et al. Modeling and
technical route comparison of CCES systems[J].
Sino-Global Energy, 2025, 30(10): 14.

[28] Krawczyk P, Szabtowski £, Karellas S, et al.
Comparative thermodynamic analysis of compressed air
and liquid air energy storage systems[J]. Energy, 2018,
142: 46.

http://rifd.cbpt.cnki.net

[29] Antonelli M, Desideri U, Giglioli R, et al.
Liquid air energy storage: a potential low emissions and
efficient storage system[J]. Energy Procedia, 2016, 88:
693.

[30] zhang T H, Zhang S Q, Gao J M, et al.
Feasibility assessment of a novel compressed carbon
dioxide energy storage system based on 13X zeolite
temperature swing adsorption: thermodynamic and
economic analysis[J]. Applied Energy, 2023, 348:
121562.

(31124, AR, M. E4 —ELBi#tE R
GBI TR RE[J]. #Jk re, 2024, 53(2): 17.

Li H, Bai Y X, He Q. Research progress of
expander for compressed carbon dioxide energy storage
system[J]. Thermal Power Generation, 2024, 53(2): 17.

[32] HEEm, Bhdhss, SCWEME, &5 etk
HE7E SRS R B R G S 5 B IR 55 AL
AL # 1k, 2022, 51(5): 136.

Feng T'Y, Zhong J L, Wen X K, et al. Optimization
method of AA-CAES power generation system
participating in frequency modulation auxiliary service
control[J]. Thermal Power Generation, 2022, 51(5): 136.

[33] Hsiao K Y, Chung R J, Chen C F, et al.
Review on supercritical carbon dioxide in energy storage
systems: advances and outlook[J]. Energy & Fuels,
2025, 39(26): 12289.

[34] Mz, Bzdl, KFRR, 5. A
REBCAR T T BUIR 5 A R A 5 [I]. il BERL 2 S HOK,
2022, 11(10): 3285.

Hao J H, Yue Y K, Zhang J J, et al. Research status
and development prospect of carbon dioxide
energy-storage technology[J]. Energy Storage Science
and Technology, 2022, 11(10): 3285.

[35] R, PhIE, MR, 55, JE4i CO2
filf EEBOR W LIRS @3 [I]. ik Redt 2 SR,
2025, 14(1): 240.

Guan S M, Zhong S Y, Li H C, et al. Research
status and development trend of compressed CO: energy
storage technology[J]. Energy Storage Science and
Technology, 2025, 14(1): 240.

(361 =%k, WIZRM, EW, & —FH i
i 7t CO2 fifi i RGE[I]. VH % il K% %44k, 2016,
50(3): 45.

Wu Y, Hu D S, Wang M K, et al. A novel




¥ 12

XX

ey
=¥

XX

13

transcritical CO2 energy storage system[J]. Journal of
Xi'an Jiaotong University, 2016, 50(3): 45.

[37] Wang M K, Zhao P, Yang Y, et al.
Performance analysis of energy storage system based on
liquid carbon dioxide with different configurations[J].
Energy, 2015, 93(Part 2): 1931.

[38] #h/b 3, FNEHE, Znra, &5 IR4eUiAfi
e R g AR o T SR [I]. w0 B Bt
2024(2): 1.

Yao S Y, Sun J B, Li K Y, et al. Thermal
performance analysis and optimization of compressed
gas energy storage system[J]. Electric Power Survey &
Design, 2024(2): 1.

(391 2[R, AR, fR/T5e, & RAAFE IR
()R8 AR A% BE R R IIMEREXT LT [3]. B0 LR
23R, 2023, 43(2): 269.

Li Y H, Mei X, Xu W B, et al. Comparative
analysis of thermal performance of compressed gas
energy storage systems using different working fluids[J].
Journal of Chinese Society of Power Engineering, 2023,
43(2): 269.

[40]LiuSC,WuSC, HuY K, et al. Comparative
analysis of air and CO2 as working fluids for compressed
and liquefied gas energy storage technologies[J]. Energy
Conversion and Management, 2019, 181: 608.

L41]sbrbdr, PIME, 228, &5 4<%k
W fit B8 R A HIs AT I AT FE[3]. R BH BE 74, 2022,
43(3): 119.

Han Z H, Sun Y, Li P, et al. Research on operation
mode of compressed air/carbon dioxide energy storage
system[J]. Acta Energiae Solaris Sinica, 2022, 43(3):
119.

[42] Xu M J, Zhao P, Huo Y W, et al.
Thermodynamic analysis of a novel liquid carbon
dioxide energy storage system and comparison to a
liquid air energy storage system[J]. Journal of Cleaner
Production, 2020, 242: 118437.

[43] Li Y, Yu H, Tang D, et al. A comparison of
compressed carbon and

dioxide energy storage

compressed air energy storage in aquifers using
numerical methods[J]. Renewable Energy, 2022, 187:
1130.

[44] Tang H, Wu H G, Wang X L, et al.

Performance study of a twin-screw expander used in a

http://rifd.cbpt.cnki.net

geothermal organic Rankine cycle power generator[J].
Energy, 2015, 90(Part 1): 631.

[45] BAWIR, QB W37, &6 B4 —F M
it Be R e ) E R RE I T [J]. L2 #2224
2025, 46(11): 3495.

ZhaoM Z, Zhu Y L, Hu D Z, et al. Thermodynamic
performance analysis of compressed carbon dioxide
energy storage systems[J]. Journal of Engineering
Thermophysics, 2025, 46(11): 3495.

[46] Zheng P Y, Zhang Z T, Yang J L, et al.
Thermodynamic and economic analysis of compressed
carbon dioxide energy storage systems based on
different  storage Applied
Engineering, 2024, 243: 122669.

[47] Liu Z, Yan X W, Wang S, et al. Performance

modes[J]. Thermal

of compressed CO:z energy storage systems with
different liquefaction and storage scenarios[J]. Fuel,
2024, 359: 130527.

[48] Yin S Z, Zheng K Y, Bai C G, et al. A
constant pressure compressed CO2 energy storage with
water compensating: comprehensive thermo-economic
analysis[J]. Energy, 2025, 332: 137269.

[49] ZLERE, SR, ZXUT, &5 BiG R "
it B R IZETAR FT[I]. L ARFRHE, 2025,
38(5): 79.

Jiang J H, Zhang X L, Li S J, et al. Study of
thermodynamic properties of transcritical carbon dioxide
energy storage system[J]. Shandong Science, 2025,
38(5): 79.

[ 50 ] Liu H, He Q, Borgia A, et al
Thermodynamic analysis of a compressed carbon
dioxide energy storage system using two saline aquifers
at different depths as storage reservoirs[J]. Energy
Conversion and Management, 2016, 127: 149.

[51] Stepanek J, Minkley W, Syblik J, et al.
Thermodynamic analysis of compressed CO:2 energy
storage in salt caverns with gravel stabilization[J].
Journal of Energy Storage, 2024, 82: 110509.

[52] Guo Q B, Guo G L, Li Y M, et al. Stability
evaluation of an expressway construction site above an
abandoned coal mine based on the overlay and index
method[J]. Sustainability, 2019, 11(19): 5163.

[53] Bartela L., Skorek-Osikowska A, Dykas S, et

al. Thermodynamic and economic assessment of




14

#Ar% e

2026 4

compressed carbon dioxide energy storage systems using
a post-mining underground infrastructure[J]. Energy
Conversion and Management, 2021, 241: 114297.

[54] Xu M J, Wang X, Wang Z H, et al.
Preliminary design and performance assessment of
compressed supercritical carbon dioxide energy storage
system[J]. Applied Thermal Engineering, 2021, 183(Part
1): 116153.

[55] Peng Y R, Gao J M, Zhang Y, et al.
Experimental study of adsorption CO: storage device for
compressed COz energy storage system[J]. Journal of
Energy Storage, 2023, 58: 106286.

[56 ]1Wang M K, Zhao P, Wu Y, et al. Performance
analysis of a novel energy storage system based on
liquid carbon dioxide[J]. Applied Thermal Engineering,
2015, 91: 812.

[57] Hao Y P, He Q, Du D M. A trans-critical
carbon dioxide energy storage system with heat pump to
recover stored heat of compression[J]. Renewable
Energy, 2020, 152: 1099.

[58] kM, KM, ThE, 5. ERMEN
I I 4 A AR B R RIS [0). b
L4, 2025, 76(7): 3477.

Dong Z M, Lou J W, Wang N, et al. Research on
thermodynamic properties of supercritical compressed
carbon dioxide energy storage system with waste heat
recovery[J]. CIESC Journal, 2025, 76(7): 3477.

[59] Liu Z, Liu Z H, Xin X, et al. Proposal and
assessment of a novel carbon dioxide energy storage
system with electrical thermal storage and ejector
condensing cycle: energy and exergy analysis[J].
Applied Energy, 2020, 269: 115067.

[60] Liu S Z, Wang D, Zhang D, et al.
Thermodynamic and exergoeconomic analysis of a novel
compressed carbon dioxide phase-change energy storage
system[J]. Applied Sciences, 2024, 14(14): 6307.

[61] Sun L, Tang B, Xie Y H. Performance
assessment of two compressed and liquid carbon dioxide
energy storage systems: thermodynamic,
exergoeconomic analysis and
optimization[J]. Energy, 2022, 256: 124648.

[62] Zhang Y, Liang T Y, Tian Z, et al. A

multi-objective

comprehensive parametric, energy and exergy analysis

of a novel physical energy storage system based on

http://rifd.cbpt.cnki.net

carbon dioxide Brayton cycle, low-temperature thermal
storage, and cold energy storage[J]. Energy Conversion
and Management, 2020, 226: 113563.

[63] Wang D, Wu J H, Liu S Z, et al. Performance
evaluation and optimization of a novel compressed CO2
energy storage system based on gas-liquid phase change
and cold-electricity cogeneration[J]. Frontiers in Energy,
2025, 19(2): 205.

[64] Zhang Y, Lin Y H, Lin F Z, et al.
Thermodynamic analysis of a novel combined cooling,
heating, and power system consisting of wind energy
and transcritical compressed CO: energy storage[J].
Energy Conversion and Management, 2022, 260:
115609.

[65] ¥rochy, &%, By, &5 W RE R E
7 AR A eI R R G STy 2 [3]. P
LRI R AR, 2025, 59(8): 75.

Xu W P, Zhao P, Ma N, et al. Flexible compressed
CO:2 energy storage combined heat and power system
and thermodynamic analysis[J]. Journal of Xi'an
Jiaotong University, 2025, 59(8): 75.

[66] Yin L, Ju Y L, Lin Q G. An integrated
solution of energy storage and CO: reduction:
trans-critical CO2 energy storage system combining
carbon capture with LNG cold energy[J]. Journal of
Cleaner Production, 2024, 482: 144228.

[67] Wang D, Zhou Y, Si L, et al. Performance
study of 660MW coal-fired power plant coupled
transcritical carbon dioxide energy storage cycle:
sensitivity and dynamic characteristic analysis[J].
Energy, 2024, 293: 130663.

[68] Mi/NoR, S, XUE, 5. FHHE RS
g Be N DhRE I 43R 5 R D). Hh E AL AR
i, 2023, 43(1): 158.

Xie X R, Ma N J, Liu W, et al. Functions of energy
storage in renewable energy dominated power systems:
review and prospect[J]. Proceedings of the CSEE, 2023,
43(1): 158.

(691 PRMSHAE. JE Tk BEHA R I KU 1% 5
ST R SRS E[I]. AR S HEOR, 2025, 14(11):
4306.

Lin P C. Research on grid risk early warning and
real time dispatching strategy based on energy storage

technology[J]. Energy Storage Science and Technology,




¥ 12

XX

XX

15

2025, 14(11): 4306.

[70]Hao Y'Y, Xu X X, Wang F M, et al. Dynamic
characteristics of gas-liquid type compressed CO:2
energy storage system with focus on high-pressure liquid
energy release process[J]. Energy, 2025, 316: 134502.

[71] Chen W, Bai J S, Wang G H, et al. First and
second law analysis and operational mode optimization
of the compression process for an advanced adiabatic
compressed air energy storage based on the established
comprehensive model[J]. Energy, 2023,
263(Part C): 125882.

[72] Tong Z M, Cheng Z W, Tong S G. A review

dynamic

on the development of compressed air energy storage in
China:
commercialization[J].
Energy Reviews, 2021, 135: 110178.

[73]ChenH'S, Cong T N, Yang W, et al. Progress

technical and economic challenges to

Renewable and Sustainable

in electrical energy storage system: a critical review[J].
Progress in Natural Science, 2009, 19(3): 291.

[74] Guo C B, Pan L H, Zhang K N, et al.
Comparison of compressed air energy storage process in
aquifers and caverns based on the Huntorf CAES
plant[J]. Applied Energy, 2016, 181: 342.

[75] Mei S W, Wang J J, Tian F, et al. Design and
engineering implementation of non-supplementary fired
compressed air energy storage system: TICC-500[J].
Science China Technological Sciences, 2015, 58(4): 600.

[76] FkiR. IEHVITR 2Bk A A+ €
¥ fik B8 o~ 8 W H [EB/OL].  (2022-08-23).
https://www.peopleapp.com/column/30038922729-5000
03919820.

Wang Y Z. A journalist's first look! The world's first
carbon dioxide and flywheel energy
project[EB/OL]. (2022-08-23).
https://www.peopleapp.com/column/30038922729-5000
03919820.

[77] PLE 4. LOMW/BOMWh! A P 7 pl 2y
E =S L B % B R Y8 R 4E[EB/OL]. (2024-01-05).
https://www.escn.com.cn/news/show-1642022.html.

Shen G S. 10MW/80MWh! Conch group completes
construction of its first carbon dioxide energy storage
system[EB/OL]. (2024-01-05).
https://www.escn.com.cn/news/show-1642022.html.

(78] EHET. AR TE T i e R e Rt

storage

demonstration

demonstration

http://rifd.cbpt.cnki.net

B, REWS = A KR K e B R [EB/IOL].
(2023-10-26).
https://www.escn.com.cn/news/show-2062607.html.
LOY N. Borui Dingneng secures tens of millions of
yuan in angel round funding, focusing on liquid carbon
dioxide energy technology[EB/OL].
(2023-10-26).
https://www.escn.com.cn/news/show-2062607.html.
[79] Ma/RIETME RS, BIRTLA TR
BIRIUH “UR M R 48 — AL RE R B BRI S
NYE )3 B & fE & B JF [EB/OL]. (2025-05-31).
https://www:.hit.edu.cn/2023/0317/c11326a232942/page.

htm.

storage

Harbin Institute of Technology. The kick-off

meeting for the Heilongjiang province
“challenge-based” scientific research project, “research
and demonstration of key technologies for carbon
dioxide energy storage via adsorption and compression”,
was held at the university[EB/OL]. (2025-05-31).
https://www.hit.edu.cn/2023/0317/c11326a232942/page.
htm.

[80] FMkEf#fE. 4Bk Al fEiik2 100MW
TR A RE T 1A B HOKEE IE UJT L [EB/OL].
(2025-07-16).
https://cn.solarbe.com/news/20250716/50004038.html.

Storage Discovery. World’s largest! Construction
begins on cold and hot water storage tanks for Huadian
Mulei’s  100MW energy
project[EB/OL]. (2025-07-16).
https://cn.solarbe.com/news/20250716/50004038.html.

[81] Kim G, Lee S, Lee J I. CFD study on S-CO>

carbon dioxide storage

compressor boundary layer separation during surge and
stall[C]J//ASME Turbo Expo 2025: Turbomachinery
Technical Conference and Exposition. New York:
ASME, 2025: GT2025-153622.

[82] Ahmed R H, Al-zaili J, Sayma A I
Supercritical CO2 power cycle control strategies: a
review[J]. Applied Thermal Engineering, 2025, 280:
128135.

[83] Bidkar R A, Sevincer E, Wang J F, et al.
shaft-end
CO2
Engineering for Gas Turbines and Power, 2017, 139(2):

22503.

Low-leakage seals for utility-scale

supercritical turboexpanders[J]. Journal of




16

#Ar% e

2026 4

[84] Bidkar R A, Kumar U, Zhang X H, et al.
Thermal performance characterization of dry gas seals in
a supercritical carbon dioxide compressor[J]. Journal of
Turbomachinery, 2025, 147(12): 121012.

[85] mtif, Bk, EIUK, & Eins CO,
BS0 AN T AR BE s i A [0, AR
P 2E4R, 2025, 46(12): 3970.

Gao X Y, Gong W Q, Wang K X, et al. Impeller
type influence on performance of transcritical CO:2
centrifugal compressors[J]. Journal of Engineering
Thermophysics, 2025, 46(12): 3970.

(861 FJTve, R, KRk, 55 wmi#ilm st
COz MM RIS BRI S e [3]. b [ i 5 B4
3R], 2025, 45(1): 61.

http://rifd.cbpt.cnki.net

Li K'Y, Wu Y, Zhang G L, et al. Research progress
of environmental cracking of structural metallic
materials for high temperature supercritical CO:2
system[J]. Journal of Chinese Society for Corrosion and
Protection, 2025, 45(1): 61.

(871 M, EW, Bhk, & miblin 5t COz
TR AIRAE S B AT N ). R
547, 2024, 45(1): 7.

Xing X J, Wang B, Gu L, et al. Effect of gas purity
on corrosion behavior of tubing and casing under
high-temperature  supercritical CO2  condition[J].
Corrosion and Protection, 2024, 45(1): 7.

(DUfEgmiE X ED




