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Abstract: Compressed Carbon Dioxide Energy Storage (CCES) is a new type of energy storage technology that
adapts to large-scale integration of new energy, ensuring the safe and stable operation of new power systems. With
advantages such as being environmentally friendly, highly efficient, strong adaptability to operating conditions,
and good energy storage stability, it has broad engineering application prospects in power peak regulation,
frequency regulation, and long-duration energy storage, and is a current hotspot in energy storage technology
research. [Objective] To further optimize the actual operating performance of low-pressure compressed carbon
dioxide energy storage systems and improve the system operation and control framework, this paper conducts a
dedicated study on the operating characteristics of the low-pressure energy release phase in low-pressure CCES
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systems, investigating the influence of key operating parameters on the overall energy release performance of the
system, providing reliable experimental support and theoretical basis for the engineering implementation,
parameter optimization, and stable operation of low-pressure CCES systems. [Methods] This study focuses on a
0-1 MPa low-pressure compressed carbon dioxide energy storage system, concentrating on the core control
elements during the energy release process. Through controlled variable experiments, the influence of two major
parameters—valve opening and heating temperature—on key performance indicators, such as energy release
duration, output power, and operational stability, is systematically investigated. [Results] The results indicate that
within the experimental conditions of this study, valve opening is the core parameter affecting the energy release
performance of low-pressure CCES systems, significantly regulating the continuity of energy release. Compared
with the fully open (100%) condition, a 40% valve opening condition effectively extends the energy release
duration by 28%, greatly enhancing the system's long-term continuous energy release capability. Meanwhile,
heating temperature can effectively increase the power output of the expander, with the 70<C heating condition
showing a more pronounced power improvement than the 60<C condition, particularly under valve openings less
than 50%. [Conclusion] Valve opening and heating temperature are key parameters for regulating the energy
release characteristics of low-pressure CCES systems. Considering the comparison of operational stability, power
generation, and energy release duration, within the experimental range of this study, the 50% valve opening
combined with 70<C heating condition performs better in meeting long-duration energy release demands while
balancing energy release continuity and operational stability. Under this condition, the power fluctuation
amplitude is only one-third of that under the fully open condition, making it suitable for long-term stable energy
release in power systems and providing an important reference for the practical operation and control of
low-pressure CCES systems.

Key words: compressed carbon dioxide energy storage (CCES); Valve opening; Heating temperature; Energy
release performance; Experimental investigation
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i5E T IKW 9
HENV 380
A XK /mm 420
FEEEAA/Mm 115

ZH HE
R % F3/MPa 1.38
B DEREIK 448
B RFEEI(r mint) 3600
ZIUE i /KW 1
1§ H/kg 9
HAAAEA (em® 1) 145

RGN AT VR < TR ) Rt A R
SHINET,

=7 EERFNETCEUREE
Tab.7 Measuring range and accuracy of the sensor
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Tab.8 Measurement sensor configuration parameter table
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Tab.9 Experimental measurement of sensor repeatability deviation table
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AR IRAR I JEVAES 1R FE 1A% A TR AL RS KA ETT WA
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Fe Ly T 0.02 MPa 0.01 MPa 0.015 MPa 08 C 11 C 2 kgh 0.02 m¥h
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DL RS 77 1 MPa. 0.7 MPa 1E A& 1B,

#F 10 EREIWTR
Tab.10 Complete experimental conditions table

. MPGRE  fERERIEEME HokRE BdERE
0,

WITIIFIE% Ic JEREESIMPa (mhY)  ARIHz
100 23 0.7/0.4 0.8 1
100 60 0.7/0.4 0.8 1
100 70 0.7/0.4 0.8 1
80 23 0.7/0.4 0.8 1
80 60 0.7/0.4 0.8 1
80 70 0.7/0.4 08 1
70 23 0.7/0.4 0.8 1
70 60 0.7/0.4 08 1
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Fig.8 Variation diagram of system key parameters during
energy release stage at 50% valve opening
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Fig.9 Variation plots of system key parameters during the
discharging phase at 40% valve opening
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Evom = [ P (0t (10)

Erea = [ P ()l (11)
E

UZEJ%EQ (12)

Reb: P WUEERIEIIE, W PE) 2R

Gk, W POSREREM BT i Th %, W,
En NRIPKHE, Wh: t, ARRERIE, s: E,,
NRERE BRI E, Wh; P ()N t Bl
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Tab.12 Comprehensive evaluation form

I ¥ O T T T A,
WIS MANERIC  BRRW e mR B wE e

(W h) Is (W h) (W h) ’
100 23 320 50 7.64 550 550 0 1.39
100 60 350 65 9.93 550 550 93 1.54
100 70 360 75 11.46 550 550 130 1.69
80 23 230 53 8.39 570 550 0 1.53
80 60 251 62 9.82 570 550 100 1.51
80 70 267 69 10.93 570 550 138 1.59
70 23 196 36 6.00 600 550 0 1.09
70 60 210 50 8.33 600 550 104 1.27
70 70 240 57 9.50 600 550 141 1.37
50 23 60 20 3.72 670 550 0 0.68
50 60 67 25 4.65 670 550 108 0.71
50 70 91 40 7.32 670 550 142 1.06
40 23 47 14 2.72 700 550 0 0.49
40 60 55 18 3.50 700 550 115 0.53
40 70 75 25 4.86 700 550 153 0.69

& 12 v 51, JHEASETZKPLH AR H E N R E i

&, HINAFERE S HI TR . 100%FT B . iR
70 CLULZEA MR, VEEIIZR . PRI,
R E B H 8 360 W, 75 W, 11.46 W h Al
1.69%, &M TR KPR RERE; 50%JF . IRFE
70 C LW EEA S, HRERER K, HEh
BT 40%ITFE, EA KN -FRRERE.
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Tab.13 High-pressure tank control body quantitative result
analysis table

RE2)i ik

W RERERT ] e o B CO, “FHIRER
1% s IR Filkkg  B/(kgh?)
/(MPa %) )
100 550 5.45x10 76 497
80 570 5.26x10% 7.4 46.7
70 600 5x104 73 438
50 670 4.48x10 71 38.0
40 700 4.29x10 71 36.4

X FAR AR B, HoRMTE CO, Ml i #i

o Q,, Wi AL AE R SFIHC R s

th = rﬁCOz (hexp,in - hv,out) (15)
A hy NG COz Lk, KIkgs Nygin N
IACHLA T CO, Hef, Kilkg.

JINFRELFEE T e R LA T B 150 Ny, » S5
BrJsi e CO2 M EhRE /1. R THEHAT R CO, Ml F
WK 14, R 14 AT THE AR TR
AN T RN B B TR B =, (R
BFFEE R, PEUESHATREC. FHk, THEA
AT B TS, TR G ) S U
4.

* 14 MARAFEH IR EELSR

Tab.14 Plate heat exchanger control body quantitative
result analysis table

WITTFRE OIRRE CFERER Llogs 1 HrIAThHR
1% IC (kg hh) /(k kg™) kw
100 60 54.3 235 052
100 70 54.3 313 0.63
80 60 486 243 0.48
80 70 486 32.1 0.57
70 60 438 25.4 0.42
70 70 438 332 0.52
50 60 38.0 26.2 0.38
50 70 38.0 34.8 0.48
40 60 36.4 28.0 0.36
40 70 36.4 36.4 0.48

XFF IR SR, DR A R RN
Pexp = 77ng r‘hCOZ (hexp,in - hexp,out ) (16)
A P, NMIEARHLUR D03, Wi n AZIRHLAL
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