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Abstract
Predictive maintenance has emerged as a vital technology for ensuring the operational efficiency and longevity of renewable
energy equipment, including solar panels, wind turbines, and energy storage systems. This study proposed an advanced
predictive maintenance framework powered by machine learning and IoT-based sensor networks. By leveraging real-time
ta from equipment sensors and historical performance metrics, the system identifies patterns and predicts potential
failures before they occur, thereby minimizing downtime and reducing maintenance costs. The system employs machine
learning techniques, including Gradient Boosting and Long Short-Term Memory, to analyze sensor data and identify
anomalies effectively. A significant innovation of this approach is the combination of supervised and unsupervised learning
methods to address both labeled and unlabeled datasets, enabling more accurate fault detection and root cause analysis.
Furthermore, the framework integrates edge computing to perform local data processing, ensuring timely insights even in
remote installations, Preliminary results indicate the system’s ability to reduce maffitenance costs by 20% and improve
equipment availability by 15%. Artificial intelligence (AI) is inaasingly recognized as a transformative force in optimizing
the reliability and maintenance of renewable energy systems. Al-driven predictive maintenance utilizes machine learning
algorithms Inna]yzrz sensor data and historical performance, enabling early fault detection and the prevention of equipment
failures [1]. This proactive strategy not only reduces downtime, additionally extends the lifetime of equipment and produces
major savings on expenses. Techniques such as deep reinforcement learning have demonstrated promise in optimizing
operation and maintenance decisions, surpassing traditional methods [2]. Additiona, artificial neural networks (ANN)
have been applied to health condition prediction in wind turbine systems, facilitating a shift from time-based to cmation-
based maintenance strategies [3]. Despite these advancements, challenges persist. Issues such as data quality, feature
engineering, interpretability, and security concerns remain key hurdles [4]. However, the integration of artificial intelligence
in energy efficiency maintenance is evolving with the potential to impact the development of worldwide power sy stems
while contributing to a more environmentally friendly and effective energy environment.
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