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Abstract.(150-300 words) The global transition towards sustainable energy systems necessitates a shift from centralized fossil-fuel generation to decentralized renewable energy sources (RES). However, the inherent intermittency of solar and wind power introduces significant challenges in maintaining grid stability and operational reliability. This paper explores the integration of advanced machine learning algorithms within microgrid frameworks to optimize the real-time dispatch and storage of renewable energy. We propose a novel Predictive Energy Management System (PEMS) that leverages deep reinforcement learning (DRL) to forecast both energy demand and supply fluctuations. By analyzing localized meteorological data, historical consumption patterns, and dynamic grid pricing signals, the PEMS autonomously adjusts the charge and discharge cycles of Battery Energy Storage Systems (BESS).
To validate our approach, we developed a digital twin of a mixed-use residential and commercial microgrid. The simulation incorporates variable parameters, including seasonal weather extremes and diverse consumer load profiles. We compared the performance of our AI-driven PEMS against traditional, rule-based energy management strategies over a simulated twelve-month period.
The results demonstrate a substantial improvement in microgrid efficiency and resilience. Specifically, the PEMS achieved a 28% reduction in reliance on the macro-grid during peak demand hours and decreased overall operational costs by 18.5%. Furthermore, the system successfully mitigated localized voltage fluctuations caused by rapid changes in solar irradiance. The DRL agent demonstrated high adaptability, effectively learning to preemptively store surplus energy prior to anticipated supply deficits. Beyond technical achievements, this study evaluates the economic implications of PEMS deployment, showing that the return on investment for smart microgrids can be significantly accelerated. Ultimately, this research provides a scalable pathway for integrating AI-driven grid technologies, directly supporting the global imperative to achieve resilient, net-zero energy infrastructures.
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