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Abstract

The modern power system is undergoing a profound transformation, shifting from traditional unidirectional energy supply models to
intelligent forms. The economic efficiency, reliability, safety, and flexibility of grid operations face higher demands and challenges
under this transformation. The dynamic characteristics of power supply and demand have changed due to the continuous increase
in renewable energy penetration. The rapidly changing energy supply and demand environment has made traditional regulation
methods inadequate. Intelligent sensing technologies, information communication technologies, data analysis, and decision-making
technologies, which serve as the central nervous system of smart grids, maintain system stability through real-time perception
and dynamic response. Energy storage devices, represented by lithium-ion batteries, act as energy buffers, endowing the grid with
time-varying regulation capabilities. The collaborative innovation of these two types of technologies can effectively overcome the
limitations of individual technologies, forming a composite solution of “dynamic control + flexible regulation.”
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