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areas are critical for the development of offshore renewable energy; however, the limited
water depth therein constrains the gas storage pressure, resulting in a low energy storage
density. This study proposes a gravity-compensated UWCAES system and conducts a
comprehensive analysis of its performance and key operating parameters. Firstly, a
performance comparison was conducted between the proposed gravity-compensated
underwater energy storage system and an underwater energy storage system without gravity
compensation. The results indicate that the energy losses in both systems are primarily
attributed to the compressors, expanders, and motors, accounting for 86.14% and 84.32% of
the total exergy loss, respectively. Under the condition of a maximum pressure of 4 MPa for
the air storage bag, after compensating the air storage pressure with counterweights, the
maximum round-trip efficiency of the system can reach 67.60%, which is 2.67 percentage
points higher than that without counterweights. The energy storage density can reach 3.98
kWh/m?®, surpassing the 3.20 kWh/m® achieved without counterweights. Secondly, the
influence of key parameters such as the maximum pressure of the air storage bag, ambient
temperature, compressor isentropic efficiency, and expander isentropic efficiency on the
system performance was investigated. Analysis indicates that within the designed parameter
range, improving the isentropic efficiency of the expander contributes most significantly to the
enhancement of the system round-trip efficiency, while increasing the maximum pressure
bearing capacity of the air storage bag exerts the most prominent effect on improving the
system energy storage density. This study provides a technical reference for the design and
application of underwater compressed air energy storage systems in shallow sea areas.

Keywords: underwater compressed air energy storage; off-design operation; full-condition

efficiency; thermodynamic performance analysis
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Fig. 2 Schematic diagram of the gas storage device
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