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Abstract

To address the operational and maintenance (O&M) challenges posed by the large-scale development of renewable energy power
stations, this paper researches the application architecture of intelligent O&M management based on Digital Twin (DT) technology.
Firstly, it systematically analyzes the limitations of the traditional O&M model, such as data silos and decision-making delays.
Subsequently, it innovatively proposes an overall five-layer “Sense-Connect-Know-Apply-Intelligence”architecture that achieves
cloud-edge-end collaboration and closed-loop operation,elucidating its “Monitor-Diagnose-Predict-Decide-Execute” operational
mechanism centered on data and models. The paper provides an in-depth analysis of key enabling technologies supporting this
architecture, including high-fidelity modeling, multi-source data fusion, intelligent diagnostic and predictive algorithms, and virtual-
real interaction control. Finally, through comparative analysis of typical industry cases, the effectiveness of the architecture in
improving O&M efficiency, reducing costs, and ensuring safety is verified, and its future trends towards full lifecycle management
and integrated energy systems are outlined. This study provides a systematic theoretical framework and practical reference for
building an efficient, economical, and safe intelligent O&M system for renewable energy power stations.
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