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Abstract

The efficient, stable, and economically viable operation of wind-solar-storage microgrids heavily relies on scientifically sound energy
management strategies for energy storage systems. Conventional control methods often struggle to achieve precise power tracking
and stable load supply due to the inherent intermittency, randomness, and volatility of wind and solar resources. These limitations
not only lead to frequent energy storage charging/discharging cycles and accelerated lifespan degradation but also compromise
system operational economics. To address these challenges, this study conducts optimization research on energy storage management
strategies by integrating SOC-based zonal control concepts with multi-time-scale power allocation methods. The research refines
coordinated operational logic for wind/solar fluctuation mitigation, load tracking, and peak-valley electricity price arbitrage. Through
hierarchical regulation, dynamic power matching among generation, storage, and loads is achieved, effectively suppressing power
fluctuations, extending energy storage lifespan, and enhancing overall energy utilization efficiency. These findings provide practical
theoretical foundations and technical support for the safe, reliable, and cost-effective large-scale deployment of wind-solar-storage
microgrids.
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