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[Abstract] With the deepening advancement of the "dual carbon" strategic goals, the penetration rate of
renewable energy, represented by wind and solar power, in the power system continues to rise. However, the
inherent randomness, volatility, and intermittency of renewable energy generation, along with its integration
into the grid via power electronic converters, pose significant challenges to the frequency stability of traditional
power systems. This paper first elaborates on the fundamental principles of power system frequency stability and
the critical role played by traditional synchronous generators. Next, it provides an in—depth analysis of the
negative impacts of high—penetration renewable energy integration on system inertia, primary frequency
regulation capability, and frequency dynamic response characteristics. On this basis, the paper systematically
reviews and evaluates current technical countermeasures to address these challenges, including enhancing the
active support capability of renewable energy units, applying new energy storage systems, coordinating
demand—side response resources, and optimizing advanced control strategies. Finally, the paper offers insights
into building a frequency stability framework for power systems adapted to high—penetration renewable energy
integration and proposes relevant recommendations.
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