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Abstract

To address critical challenges in hydropower station operations where abnormal power quality compromises equipment safety
and grid stability, this study focuses on the practical application of power quality optimization and reactive power compensation
technologies. The research identifies key power quality issues including voltage deviation, frequency fluctuation, and harmonic
pollution, while analyzing their specific impacts on power generation equipment aging, relay protection malfunctions, and increased
operational costs. Through comprehensive comparison of SVC, SVG, and hybrid compensation technologies, the study proposes
a compensation capacity calculation method based on load characteristics and harmonic correction. By developing an integrated
optimization scheme combining reactive power compensation and harmonic suppression, the proposed solution demonstrates
through parameter tuning and field validation that it can elevate voltage compliance rates to over 99.5% while reducing equipment
maintenance costs by 15%. This provides a viable technical pathway for improving power quality in hydropower stations.
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