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Configuration Optimization of Dual-Branch Photovoltaic-Battery-Wall
Thermal Storage System for Plateau Rural Residences Based on Genetic Algorithm
Xiong Chuan' Wang Zhiyang! Deng Mengsi!> Ma Rongjiang!? Yi Yuhao'?

( 1.Southwest Jiaotong University, Chengdu, 610031; 2.Tianfu Yongxing Laboratory, Chengdu, 610213 )

[ Abstract]  To address the issues of high pollution and low energy efficiency associated with traditional energy consumption
patterns in rural areas of the Qinghai-Tibet Plateau, this paper proposes an integrated "dual-branch photovoltaic-battery-wall
thermal storage" energy system. The system is divided into two subsystems according to energy supply pathways: the PV-A
subsystem employs electric direct heating with wall thermal storage to meet the continuous heating demand of designated spaces,
while the PV-B subsystem is coupled with battery storage to satisfy other loads. With the objective of maximizing energy
self-sufficiency rate, and subject to constraints on initial investment and payback period, a genetic algorithm is employed for system
configuration optimization. Case study results demonstrate that the optimal balanced configuration comprises a total PV capacity of
13 kW and battery capacity of 7 kWh, achieving a self-sufficiency rate of 96.86% with an initial investment of 88900 CNY and a
payback period of 6.93 years. To achieve 100% self-sufficiency, the battery capacity must be increased to 13 kWh with an
investment of 126500 CNY. This study reveals the law of increasing marginal cost of battery capacity under high self-sufficiency

rate targets, providing technical reference for clean heating in plateau rural areas.
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Fig.1 Architecture of the "dual-branch photovoltaic—battery—wall thermal storage" integrated energy system for a typical

rural residence
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