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Abstract: By leveraging the complementary functions of heat storage, electrical energy
storage, and carbon storage devices, this study investigates the parameter optimization of a
coupled carbon-capture coal-fired cogeneration system. A 350 MW coal-fired cogeneration
unit is selected as the case study, and an improved sparrow optimization algorithm is
proposed within the framework of a "heat-electricity-carbon" integrated energy storage
system. Using high-resolution operational data comprising 1440 data points per day, the
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coordinated optimization of carbon-capture power, energy storage capacities, and charging-
discharging strategies is systematically analyzed. The results demonstrate that the improved
sparrow optimization algorithm effectively satisfies collaborative parameter optimization
requirements across the full operating range. The integration of energy storage devices
reduces total system cost by 9.44%, decreases coal consumption by 3.37%, and enhances
thermal power peak-regulation capacity by approximately 10%. Through optimized charging
and discharging of the heat-electricity-carbon storage system, the optimal capacity
configuration is determined as 143 m? for carbon storage, 146.14 MW-h for heat storage, and
62.61 MW-h for electrical energy storage. This configuration effectively mitigates load
fluctuations and maintains system operation within the most economical load range.
Furthermore, sensitivity analyses of thermal coal prices, battery costs, heat storage tank
prices, and carbon storage tank prices indicate that thermal coal price exerts the greatest
influence on total system cost, followed by carbon storage tank price, heat storage tank price,
and battery price. Overall, this study supports the practical application of coordinated
parameter optimization for multi-energy storage systems and provides valuable guidance for
the design and operational optimization of integrated energy systems.

Keywords: coal-fired power plant; energy storage system; carbon capture system; sparrow

search algorithm; parameter design
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Table 1 Thermal power plant model and its
parameters
P il LA HG-1130/25.4-HM
PUB TSRS t/h 1130
IS O ZRYRE MPa(g) 254
T AR O 2RV C 571
B i / HG-1130/25.4-HM
R t/h 963.01
PRGSO 2RRE MPa(g) 4.092
FRAGEE O 28R C 569
FRAERHE O 28V C 310
FERIAE kJ/kg 3400
SIKIEE kJ/kg 1225
TG DS kJ/kg 3075
PR DA E kJ/kg 3610

PR KA LB SR AR SR AR
LA P AR A, b E 100%. 75%-
50% H130% 55 4 A SR G far B R AL ARAERGRE
L 12 W R B IR 2 s .

2 100%~30% G2 MHAIRALERE XS H

Table 2 Relevant parameters of the coal-fired power

plant under 100%~30% load condition
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