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Research on a ""Photovoltaic + AI" Adaptive Microgrid Intelligent Charging System
——A Case Study of Charging Systems in Yunnan Border Areas

Guo Zuyi, Pu Xingqiang, Tang Zhi
(School of Green Energy, Yunnan Vocational College of Mechanical and Electrical Technology, Kunming, Yunnan 650203)

Abstract: Yunnan's border areas possess abundant photovoltaic resources, but the distribution network infrastructure in
mountainous counties is weak. Conventional charging equipment on the market lacks integrated intelligent collaborative regulation and
control capabilities, and the photovoltaic curtailment rate at stations generally exceeds 15%. In the second half of 2024, the research team
conducted field investigations at 78 photovoltaic-storage-charging stations in Honghe, Dehong, and Pu'er. After on-site assessments, four
prominent problems were identified: disconnects between photovoltaic and energy storage dispatching, frequent impacts of high-power
charging on distribution networks, high labor costs for offline operation and maintenance, and the inability to dynamically regulate
equipment output power. To address these issues, the team established a three-layer collaborative system comprising terminal sensing,
edge computing, and cloud-based management and control, and independently developed three core technologies. A lightweight LSTM
time-series network can predict equipment failures in advance, with an identification accuracy of 92%; a GRU network integrated with
the Q-learning algorithm dynamically allocates charging power, increasing the average equipment utilization rate at stations from 7% to
71%; and an FPGA-supported solid-state transfer switch enables seamless switching among grid-connected, islanded, and V2G feed-in
modes within 0.8 ms, reducing the photovoltaic curtailment rate at stations to below 3%. Multi-site test data demonstrate that this system
is suitable for border mountainous areas in Yunnan characterized by high altitudes and insufficient power supply capacity, and can
provide a feasible implementation solution for photovoltaic-storage supporting construction in similar weak-grid regions at home and
abroad.

Keywords: distributed photovoltaics; microgrid control; V2G; border charging; weak power grid



