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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.
Keywords: Renewable Energy Integration · Predictive Energy Management · Deep Reinforcement Learning · Smart Microgrids.






1 First Section

1.1 A Subsection Sample

Please note that the first paragraph of a section or subsection is not indented. The first paragraph that follows a table, figure, equation etc. does not need an indent, either.
Subsequent paragraphs, however, are indented.

Sample Heading (Third Level) Only two levels of headings should be num- bered. Lower level headings remain unnumbered; they are formatted as run-in headings.

Sample Heading (Fourth Level) The contribution should contain no more than four levels of headings. Table 1 gives a summary of all heading levels.

Table 1. Table captions should be placed above the tables.

	Heading level
	Example
	Font size and style

	Title (centered) 1st-level heading 2nd-level heading 3rd-level heading
4th-level heading
	Lecture Notes
1 Introduction
2.1 Printing Area
Run-in Heading in Bold. Text follows
Lowest Level Heading. Text follows
	14 point, bold
12 point, bold
10 point, bold
10 point, bold
10 point, italic
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2 F. Author et al.

Displayed equations are centered and set on a separate line.
x + y = z	(1)
Please try to avoid rasterized images for line-art diagrams and schemas. When- ever possible, use vector graphics instead (see Fig. 1).
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Fig. 1. A figure caption is always placed below the illustration. Please note that short captions are centered, while long ones are justified by the macro package automatically.


Theorem 1. This is a sample theorem. The run-in heading is set in bold, while the following text appears in italics. Definitions, lemmas, propositions, and corol- laries are styled the same way.
Proof. Proofs, examples, and remarks have the initial word in italics, while the following text appears in normal font.
For citations of references, we prefer the use of square brackets and consecutive numbers. Citations using labels or the author/year convention are also accept- able. The following bibliography provides a sample reference list with entries for journal articles [1], an LNCS chapter [2], a book [3], proceedings without editors [4], and a homepage [5]. Multiple citations are grouped [1–3], [1, 3–5].
Acknowledgments. A bold run-in heading in small font size at the end of the paper is used for general acknowledgments, for example: This study was funded by X (grant number Y).
Disclosure of Interests. It is now necessary to declare any competing interests or to specifically state that the authors have no competing interests. Please place the statement with a bold run-in heading in small font size beneath the (optional) acknowledgments4, for example: The authors have no competing interests to declare

4 If EquinOCS, our proceedings submission system, is used, then the disclaimer can be provided directly in the system.
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that are relevant to the content of this article. Or: Author A has received research grants from Company W. Author B has received a speaker honorarium from Company X and owns stock in Company Y. Author C is a member of committee Z.
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