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Abstract : With the large—scale integration of renewable energy (wind and photovoltaic), power systems experience
reduced inertia and short—circuit strength, increased power variability, and stronger control-grid
interactions, posing new challenges to frequency, voltage, and oscillatory stability. This paper investigates
the changing system characteristics under high renewable penetration, develops dynamic models
including synchronous generators, grid—connected inverters, and representative loads, and conducts
comparative assessments across different penetration levels and grid—strength conditions using time—
domain simulations, static voltage-stability analysis, and small-signal modal analysis. The results indicate
that frequency stability is mainly constrained by system inertia and fast active-power support, voltage
stability depends on reactive—power margin and dynamic voltage support, and weak grids are prone to
control-network coupled oscillations. Coordinated source—grid—load—-storage measures are proposed,
including renewable frequency support and grid—forming control, dynamic reactive compensation and grid
reinforcement, and ancillary services from energy storage and demand response.

Keywords : high renewable penetration; power system stability; frequency stability; voltage stability;
small-signal stability; grid-forming control
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