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ABSTRACT: [Objectives]
inertia and low damping in “double-high” (high renewable

The characteristics of low

energy penetration and high power electronics application)
power system pose significant challenges to grid stability,
particularly in terms of frequency and voltage. Grid-forming
energy storage (GFM-ES), which has the capability of
frequency regulation and voltage control, is reviewed in terms
of its characteristics, application scenarios, and research
outlook. [Methods] Firstly, the main characteristics of GFM-
ES are described from the aspects of the differences between
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GFM-ES and grid-following energy storage, as well as the
control methods. Then, the main application scenarios of
GFM-ES, including frequency support, voltage support, and
black start, are elaborated. Finally, the research outlook is
presented, focusing on the stability, optimal configuration,
of GFM-ES.
[Conclusions] The stability of GFM converters has an

and practical engineering applications
important impact on the operational characteristics of energy
storage units, and further attention needs to be paid to the
induced causes of the stability problem, parameter tuning, and
switching of control and current limiting strategies. The GFM-
ES configuration requires trade-offs in terms of functionality,
complexity, and cost, and the hybrid configuration of grid-
forming and grid-following energy storage needs to be further
investigated. Coordination and interoperability between GFM-
ES units should be strengthened, and technical test
specifications and standards should be improved to promote
their application in hybrid AC-DC grids and high-voltage

transmission grids.
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Tab.1 Comparison of the characteristics of grid-

following and grid-forming energy storage
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