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Abstract: The proportion of renewable energy in the power system continues to rise, and its intermittent and

uncertain output has had a certain impact on the frequency stability of the grid.

As renewable energy penetration increases, maintaining grid frequency stability becomes more challenging

due to reduced system inertia. This paper proposes an analytical control 

Among various grid services, frequency regulation particularly benefits from ESSs due to their rapid response

and control capability. This review provides a structured analysis of four 

Summary: Frequency regulation is critical for maintaining grid stability, and energy storage systems (ESS)

have become indispensable tools for balancing supply-demand mismatches.

This paper studies the frequency regulation strategy of large-scale battery energy storage in the power grid

system from the perspectives of battery energy storage, battery energy 

This paper firstly analyzes and summarizes the impacts of large-scale renewable energy integration on

frequency response performance and regulation requirement of power systems.

Besides the capacity service, the energy storage system can also provide frequency support to the power

system with high penetration of renewable power. This paper firstly 

This paper reports a review of the energy storage system participating in frequency regulation, including

frequency regulation market and energy storage technology.

In summary, this integrated strategy presents a robust solution for modern power systems adapting to
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increasing renewable energy utilization.

This paper studies the frequency regulation strategy of large-scale battery energy storage in the power grid

system from the perspectives of 

a practical overview of frequency control and regulation in power systems, and reviews the ESS technologies

used for such services. Section III presents the proposed system and ESS FR models, 
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