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Abstract: Aiming at the wind and solar curtailment issues caused by the volatility and randomness of
wind-solar power generation, as well as the technical and economic limitations of electrochemical energy
storage in long-duration and large-scale energy storage, an integrated wind-solar-hydrogen storage system
based on hydrogen energy storage was proposed to enhance source-load balancing capability and renew-
able energy integration level. By constructing a high-precision simulation model considering performance
degradation during the equipment’s life cycle, the time-series coupling characteristics of wind turbines,
photovoltaic panels, electrolyzers, fuel cells and hydrogen storage tanks were integrated. Taking annual-
ized cost, power shortage rate and curtailment rate as optimization objectives, the non-dominated sorting
genetic algorithm II (NSGA-II ) was used to solve the Pareto front, and the performance differences be-
tween hydrogen energy storage and battery energy storage were compared. The results show that the optimal

configuration of the system can achieve an annualized cost( AC) of 47.74 million yuan, with the loss of
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power supply probability (LPSP) and power abandonment rate (PAR) reduced to 2.86% and 1.16% , re-

spectively. In the long-term scenario, the hydrogen energy storage scheme improves economy by 29.7% ,

power supply reliability by 28. 7% , and renewable energy integration rate by 5% , significantly outperfor-

ming cell energy storage, and cell energy storage scheme is more suitable for short-cycle high-frequency

regulation scenarios. Hydrogen energy storage can effectively smooth the spatio-temporal fluctuations of

wind-solar power output, and enhance power supply reliability and renewable energy utilization rate, pro-

viding a large-scale long-duration energy storage solution for high-proportion renewable energy systems.

Key words: wind-solar-hydrogen storage, hydrogen energy storage, multi-objective optimization, renew-

able energy integration
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Fig. 1 Structures of the two wind-solar storage systems
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Tab. 2 Capacity parameter range of wind-solar

storage systems
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Tab. 3 Comparison of typical solutions for different

energy storage schemes
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