$52% 521 #AHAE Vol52 No.2
2023 4 2 A THERMAL POWER GENERATION Feb. 2023

DOI:10.19666/j.r1fd.202206122

RS R = R AUER AR A B K A 4 4% 4
2ok L

PRl FAKRL B OB HmPAeL
(1.4edbde A K ae k3 ) EAk AL 5%, T4k 42 071003;
2.8/ (Eir) BEAMRNE, 4812 4N 350500)

K] B KL ENRFHERRMEHRA B R, TN “BRE “Bpfe” B AR KA.
AR KBALA R FE M, - T NABAIR S Fo i S MR 2R 25 45 — BALBR A S A 46
HX et TR, FELTHANFAGAHEE, RAREEFEEAN ZIT A%
VAT, TR ARG FHAET AT, AL T AT E. FAREAM: el
BONBE4E K T & dBRs 45K, RE G RJEIRE 7 TR Em#AR 0, BN BT R
ALHEAFNIRARIA, MAIBIRE 49 CO, /iR b S IKRE MRS INEAT, #55 ZA 56
B, BIEWFR ALK T 48.308 kI/(KW h), #E )8 A2 T 052 5ok, &L
CO EIRAN T iR B AT AT LI T 75T, B0 iibA%E, MALBERE AT
17.1%; BeE ROKFEF R KA, AALIAERE AT 37.4%, #BA T KEHAR EH.,

[% # 7] Eom _fJdbsikee; RAER; Ah 250, Ewsad; EERE

[BIAAXHX] med, T 0F, 8, . RAERG_AL# Mt E KEnaBEs 7 £ 2] #H K&, 2023, 52(2):
90-100.  YAN Xiaosheng, WANG Xiaodong, HAN Xu, et al. Study on coupling scheme of liquid compressed carbon dioxide energy
storage system and thermal power unit[J]. Thermal Power Generation, 2023, 52(2): 90-100.

Study on coupling scheme of liquid compressed carbon dioxide energy storage
system and thermal power unit

YAN Xiaosheng™?, WANG Xiaodong*, HAN Xu!, HAN Zhonghe!

(1. School of Energy, Power and Mechanical Engineering, North China Electric Power University, Baoding 071003, China;
2. CHN Energy Lianjiang Port & Power Co., Ltd., Fuzhou 350500, China)

Abstract: Flexible transformation of thermal power units is the key to build a new power system and achieve the
goal of “carbon peak” and “carbon neutrality”. In order to promote the flexibility of thermal power units, the
coupling scheme for small steam turbine drive and motor drive liquid compressed carbon dioxide energy storage
system and thermal power unit is put forward, and the thermodynamic system model is established. Moreover, the
heat consumption rate and energy utilization coefficient are used to evaluate the system, the thermodynamic
performance of the system is compared and analyzed, and the optimal coupling scheme of energy storage is
established. The researches show that, in the energy storage stage, condensate water is extracted from the outlet of
the condensate pump, and the compressed heat is absorbed and returned to the outlet of No.7 low-pressure heater.
In the energy release stage, steam is extracted from the exhaust of the middle pressure cylinder, and the expanded
CO; is heated and returned to the No.5 low-added hydrophobic cooler, the coupling system has the best
performance. The heat consumption rate is 48.308 kJ/(kW ) lower than that of the original system, and the energy
utilization coefficient increases by 0.52 percentage point. Changing the inlet temperature and the mass flow rate of
CO; expander can quickly change the load. After coupling with the energy storage system, the peak regulation
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capacity of thermal power unit increases by 17.1%, when the hot water tank is configured and the maximum heat is
released, the peak regulation capacity of the unit increases by 37.4%, indicating the flexibility of thermal power unit

is improved.

Key words: compressed carbon dioxide energy storage; heat loss rate; thermodynamic system optimization;

flexibility transformation; peak regulation depth
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Tab.1 Auxiliary verification of thermal system simulation
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Fig.1 Schematic diagram of the liquid compressed carbon
dioxide energy storage system
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Tab.2 Parameters of the energy storage process

B gE| 14 2% 3% 4%
JE4RLL 2.478 2.106 2.372 1.990
HA K F1/MPa 1.61 3.39 8.04 16
R E/(kg-sT) 73.8 738 738 738
JEZi B IR % 85 85 85 85
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Tab.3 Parameters of the energy release process

iH 1% 2% 3% 4%
MK L 2.331 1.736 1.972 2.062
HESE J1IMPa 6.000 3.457 1.754 0.85
Fi il (kgs™) 73.7 73.7 73.7 73.7
AR AL R 1% 90 90 90 90
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Tab.4 Initial parameters of the LCES device

5 HiH $fH
1 WHRE AERBET /K 298.150
2 IR CRIESE) IK 273.150
2 FEGEHN TR EIK 308.150
3 JEZEHLA O JE J1/MPa 0.650
4 FE4EHLALH F1E fi/MPa 16.000
5 A 5 90 1 [4/MPa 0.200
6 81 R T VAL I8 P P /MPa 2.000
7 BEKN RS GRESE /K H Al 1K 305.741
8 B HIZKN OJE J1IMPa 0.804
1 2K LA H 3 /MPa 0.850
12 AR 22K 5.000
13 mEAESEES/MPa 16.000
14 IS EAt %k JJ/MPa 0.800
15 o RS S IR K 383.150
16 fREAE S ZEEPIK 224.150
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Tab.5 Performance comparison between different power
source systems
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4 BiR 46.18 61.75 7 827.006
5 Bk 46.37 62.25 7812.042
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Tab.6 Simulation results of the coupling system for energy
release process
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Tab.7 Calculation results of energy storage process
coupling system

TH #H1E miH Hufl
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Fig.5 Schematic diagram of the optimal coupling scheme
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Tab.8 LCES output (consumption) power component
calculation results of the optimal coupling system

fEigEs Wil GEFE) THERIMW
JE4iHL C1 3.97
JE4EHL C2 459
JE4iL C3 3.74
JE4EtL C4 2.95
AL T1 2.34
AL T2 1.88
Ak T3 2.53
AL T4 2.88
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Tab.9 Comparison of simulation results between the
coupled unit and the original unit

e PEFER/(KI (KW )Y BeEFH REU%
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thermodynamic characteristics of the system
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