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Abstract: Large-scale renewable energy bases are recognized as crucial components in the advancement of future power
systems, yet their inherent output volatility is regarded as a significant challenge to grid stability. To address this issue, in-
tegrated electricity-hydrogen storage configurations have been proposed as a transformative solution for renewable energy
accommodation and power-energy balance. In this study, optimization approaches are systematically examined from an
electricity-hydrogen synergy perspective. First, the system architecture is analyzed through three critical dimensions,
namely, power-energy equilibrium, hydrogen material-flow balance, and electricity-hydrogen bidirectional transformation.
It is demonstrated that deep integration enhances multi-scale flexibility while diversifying hydrogen utilization pathways.
Subsequently, high-resolution temporal production simulation models are evaluated for hourly energy-material flow anal-
ysis, and solution methods including decomposition coordination, stochastic optimization, and reinforcement learning are
compared. Furthermore, optimal configuration strategies for electrochemical, hydrogen, and hybrid storage systems are
synthesized. Finally, persistent challenges in system design, multi-timescale modeling, and coordinated storage optimiza-
tion are identified, and key technological pathways for next-generation integrated renewable-hydrogen energy bases are
outlined.
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Fig.2 Connotation of electric hydrogen fusion
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Table 2 Optimized configuration results of schemes 1—3
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