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Abstract

Currently, rural power grids play a fundamental role in regional energy allocation, and their operational efficiency directly affects the
quality of power supply and economic levels. This paper studies two key parameters: economic power supply radius and economic
power factor, analyzes their combined impact on grid losses, voltage levels, and investment costs, and establishes a multi-factor
coupling analysis framework. Based on theoretical analysis, and according to the inherent relationship between power supply radius
and power factor, a collaborative optimization approach is proposed, and a corresponding mathematical model is established. By
combining typical regional cases, the technical effectiveness and economic efficiency of the optimization scheme are verified,
providing a basis for refined planning of rural power grids.
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