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and grid interaction; highlighting their role in driving the transition towards a
infrastructure. By harnessing intelligence; smart solar panels empower stake
energy resources while contributing to the realization of a cleaner; smarter; an
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fossil fuels and mitigate greenhouse gas emissions. Furthermore, the
decentralized nature of smart solar installations enhances energy
resilience by reducing dependence on centralized power grids and
increasing local energy self-su ciency [9]. In addition, the exibility
and adaptability of smart panels support the integration of renewable
energy into smart cities and microgrid ecosystems, fostering a more
sustainable and resilient energy infrastructure.

Challenges and future outlook: Despite their numerous bene ts,
smart solar panels face challenges related to cost, interoperability, and
cybersecurity. e integration of advanced sensors, communication
modules, and control systems can add to the upfront costs of smart panel
installations. Moreover, ensuring interoperability and compatibility
between di erent components and systems is essential for seamless
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