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Abstract

With the rapid expansion of renewable energy installations, particularly the increasing proportion of intermittent power sources like
photovoltaics in power systems, operational challenges such as heightened volatility, reduced inertia, and insufficient regulation
capacity have emerged. The integration of energy storage technologies has become crucial for renewable energy integration and system
stability, with the photovoltaic-storage synergy model gradually evolving into a key operational paradigm for next-generation power
systems. This study examines the fundamental mechanisms of photovoltaic-storage coordination, analyzes major stability challenges
in renewable energy systems, and focuses on active power regulation, voltage support, frequency control, and multi-time-scale
coordinated control strategies. Practical optimization pathways are proposed based on real-world engineering requirements. Research
findings demonstrate that refining control strategy frameworks and adopting intelligent dispatching methods can significantly enhance
system stability and flexibility, providing technical foundations for developing high-renewable-energy power systems.
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