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Artificial Intelligence-Based Operational Optimization of Distributed Photovoltaic Systems
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Abstract: Distributed photovoltaic (PV) systems have grown rapidly under the dual-carbon strategy and the broader transition toward low-car-
bon power systems. However, due to the variability of weather, solar irradiance, and localized loads, distributed PV operation faces considerable
uncertainty in dispatch coordination and power forecasting. Artificial intelligence (Al) offers data-driven modeling, feature representation, and
decision optimization capabilities that enable new pathways for operational enhancement. Current applications of Al in distributed PV primarily
include power forecasting, energy storage scheduling, fault diagnosis, and inverter control, which collectively enhance system adaptability, co-
ordination, and autonomy. This paper summarizes key Al-enabled technologies and application scenarios in distributed PV operational optimiza-
tion, analyzes the advantages and limitations of Al integration, and discusses future directions in light of emerging virtual power plants, PV-stor-
age coordination, and energy Internet architectures. The findings indicate that Al is poised to play an increasingly important role in improving
grid integration, enhancing system flexibility, and raising energy utilization efficiency, thereby providing technical support for low-carbon power
systems and high renewable penetration.
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