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Research on Key Technologies and Management Strategies for Voltage Regulation in Rural
Distribution Networks with High—Density Distributed Photovoltaics
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State Grid Kuitun Power Supply Company
[Abstract] With the accelerated energy transition in rural China, the installed capacity of distributed
photovoltaic systems has continued to grow. However, high penetration rates have led to critical issues such as
voltage exceeding limits, power flow reversal, and three—phase imbalance, compromising grid stability. This study
systematically analyzes the evolution mechanisms of voltage characteristics in rural distribution networks under
high—distribution PV integration. It proposes a comprehensive voltage regulation framework tailored for such
scenarios, encompassing coordinated control of active voltage regulation devices, flexible adjustment of distributed
resources, and establishment of a full-domain voltage monitoring network. Additionally, an integrated
management strategy covering source—grid—load—storage coordination was developed. A 12—month field trial in
Xiangyang County, Hubei Province demonstrated that this approach increased the voltage compliance rate from
87.2% to 99.7%, reduced voltage exceedance durations at PV connection points by 92.6%, and lowered line loss
rates by 2.1 percentage points. These findings provide actionable solutions for enhancing grid quality and efficiency
under high renewable energy integration, demonstrating significant practical value for widespread implementation.
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