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Analysis on performance of a novel compressed air energy storage system coupled

with electrolytic water hydrogen production and solid oxide fuel cell
ZHANG Li, DUAN Fu-kai, LI Biao, JIA Kai-hua, FAN Kuan-peng, JIANG Yan, YU Yun-xia "
(Linyi Power Supply Company, State Grid Shandong Electric Power Company, Linyi 276000, China)

Abstract: To improve the efficiency of the compressed air energy storage ( CAES) system,a new coupling system is
proposed ,in which CAES system is integrated with the electrolytic water hydrogen production system and the hydrogen-
driven solid fuel cell system.During the charging process, the electrolytic water hydrogen production system and CAES
system separately store electrical energy. During the discharging process, the hydrogen-driven solid fuel cell system and
CAES system are used to generate electricity.In addition, both the spare heat in the air discharged from CAES system and
the remaining compression heat are used to heat the feedwater for the hydrogen-driven solid fuel cell system, thus
increasing the electrical energy output from the system.Through such system integration, the ladder utilization of energy is
realized and the efficiency of CAES system is effectively improved. Meanwhile, the integration of the hydrogen energy
system achieves zero carbon emission in the whole process.lt is indicated through analyzing the thermodynamic property
and economy of the coupled system that the round-trip efficiency, energy storage density and exergy efficiency of the
CAES system can reach 70.05%,12.01 MJ+m™ and 66.39%, respectively. Meanwhile, the overall efficiency of the
coupled system can rise by 1. 19 percentage points.In addition,the dynamic payback period of the CAES system is 3. 36
years,and the net present value can reach RMB 14. 581 million,showing a good economic return.

Key words: compressed air energy storage; hydrogen production through electrolytic water; hydrogen-driven solid

fuel cell; system integration; system performance analysis
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