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Analysis on operation characteristics of compressed air energy storage system
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Abstract: To achieve efficient coupling between coal-fired power plants (CFPP) and compressed air energy
storage (CAES), a system that couples the flue-gas side of CFPP with CAES is proposed. During the energy
release phase of this coupled system, the flue gas from CFPP is used to heat the high-pressure air before it enters
the expander. This avoids introducing additional heat sources, which would increase costs, or extracting steam
from the turbine side to heat the high-pressure air, which would affect the output of the thermal power unit.
Subsequently, to reduce the effect of extracted flue gas on the operation of a single thermal power unit, a CAES
coupled system sharing the flue gas of two thermal power units is established. Based on the above thermodynamic
models of the systems, modeling is carried out using EBSILON software and performance analysis is conducted.
Then, an optimal economic operation strategy for the plant-level coupled system is proposed. The results show
that, at full load, compared with the steam-coupling scheme, the flue-gas-coupling scheme reduces the standard
coal consumption rate by 2.15 g/(kW H), increases the heat consumption rate by 37.06 kJ/(kW h), raises the
energy utilization coefficient by 0.33 percentage point, and decreases the auxiliary power rate by 0.20 percentage
point. The overall electrical efficiency, round-trip efficiency, and CAES operating efficiency of the flue-gas-side
coupling are all higher than those of the steam-side coupling. After the economic optimization of the plant-level
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coupled system, the net revenues of four typical days increase by 143 700, 157 600, 188 100 and 208 700 yuan,

respectively.

Key words: flue gas side of thermal power unit; compressed air energy storage; coupled system; EBSILON

simulation; performance analysis
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Fig.1 Schematic diagram of the compressed air energy storage system coupled with flue gas side of thermal power unit
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Fig.2 Schematic diagram of the coal-fired power plant coupled with compressed air energy storage
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Tab.4 Comparison of economic parameters of the independent coal-fired power plant and plant-level coupling system before
and after optimization on typical day

WA 1 A 2
TiH —
PAT A JRIEHLAA Ak 5 HST AR AR SR ALAL Ak 5
I LR 32278 381.52 379.78 349.11 402.01 393.64
CAES 21T A 0 4.87 421 0 4.72 4.32
B 364.96 419.45 430.85 389.37 441.24 447.43
i BRI 2 0 15.21 15.78 0 17.65 18.45
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Tab.5 Equipment investment cost of the CAES system
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