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Design and performance analysis of a gas-liquid interconversion carbon dioxide
energy storage system coupled with a coal-fired power plant

HOU Kun, LIU Xiangyang, HE Maogang

(Key Laboratory of Thermal-Fluid Science and Engineering of MOE, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The coordinated operation of coal-fired power plant (CFPP) with large-scale energy storage systems can
effectively regulate the flexibility of power system and smooth the renewable power output. A gas-liquid
interconversion carbon dioxide energy storage system coupled with a CFPP was proposed, which recovers
compression heat using condensate and feedwater of CFPP and preheats turbine inlet CO; through drain water,
realizing thermal decoupling of charge and discharge processes without heat storage devices. Based on the
mathematical models of the coupling system, the system coupling schemes were designed and optimized, and a
comparative performance analysis with stand-alone system was conducted. The results show that, the compression
heat cascade recovery boosts the exergy efficiency of last-stage intercooler from 73.3% to 89.6%, and the exergy
efficiency of the first-stage preheater improves from 53.1% to 89.7% by replacing extraction preheating with drain
water cascade preheating. In the optimal coupling scheme, the system energy storage efficiency improves from
63.6% to 76.8% compared to the stand-alone system, and the levelized cost of electricity reduces from 0.130
dollar/(kw ) to 0.093 dollar/(kW ), with a slight reduction in round-trip efficiency to 63.2%. The turbomachinery
and heat exchangers, representing the main contributors to the total system exergy destruction and investment cost,
are key components in improving thermodynamic and economic performance. Increasing the discharge power to

Y %% B H3: 2024-12-02

£ € I BH: ExAKR¥ESTH (51936009

Supported by: National Natural Science Foundation of China (51936009)

F—IEER N e (1997), B, WL, EEHFR AR EREEOR, hhoukun@stu.xjtu.edu.cn.
BIEEZERE N ximEp (1987, %, W4, H2, LEHTFRREADE, Ixyyang@mail xjtu.edu.cn.



2 kA%

2025 4

90 MW reduces the levelized cost of electricity to 0.089 dollar/(kW ) and expands the peak regulating range to

86.4%~107.6%.
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Fig.1 Schematic diagram of the gas-liquid interconversion CO:2 energy storage system coupled with coal-fired power unit
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Tab.4 Comparison of key performance parameters between the

coupled system and the stand-alone CCES system

TiH MALRG  WERS
CO, R i Meo, /(kg 571 218.58 181.23
BHPIHZEW, MW 50.00 51.15
HE T W, IMW 0 1.15
JEHHLTIZE W, IMW 7853 65.11
T BB BEAENLAA D13 Weppp g /MW 660.00 675.21
TR BURBEN L D12 Weppp g5 /MW 660.00 638.96
SRR IR AE K AQCFPP/(MW h) 0 111.89
i -2 ESE/% 63.6 76.8
IR %% RTE/% 63.6 63.2
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Fig.7 T-s diagram of the coupled system and the stand-
alone CCES system
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