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Fig.2 Energy storage primary frequency regulation
reserve capacity under different frequency regulation
reserve modes of energy storage
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Optimal scheduling method of power system considering coordinated frequency
support of flywheel and lithium-ion battery energy storages
HU Jing',GAO Ligian',CUI Shichang', Al Xiaomeng',LI Kun',LI Gang’,TANG Wei’,
FANG Jiakun',CAO Yuancheng',WEN Jinyu'
(1. State Key Laboratory of Advanced Electromagnetic Technology,Huazhong University of Science and Technology,
Wuhan 430074, China;2. State Grid Anhui Electric Power Co.,Ltd.,Hefei 230022, China;
3. State Grid Anhui Electric Power Research Institute,Hefei 230601, China)

Abstract: The large-scale integration of renewable energy poses challenges to the frequency security of power
system. To ensure the frequency security and stable operation of power system,considering the high energy
density characteristic of lithium-ion battery energy storage and the high cycle characteristic of flywheel
energy storage, and combining their high power density and rapid response features, an optimal scheduling
method of power system considering coordinated frequency support of flywheel and lithium-ion battery energy
storages is proposed. To address the issue of accelerated life loss due to deep cycling in lithium-ion battery
energy storage, an operation optimization model of lithium-ion battery energy storage is established. Based
on the life degradation mechanism, the piecewise linearization technique is adopted to construct a linear
model of life degradation corresponding to the scheduling operation of lithium-ion battery energy storage.
To address the issue of limited energy maintenance capability of flywheel energy storage under continuous
frequency regulation, the operation optimization model of flywheel energy storage with an energy recovery
mechanism is proposed. Based on the control strategy of virtual synchronous machine,the dynamic frequen-
cy response process of power system with flywheel and lithium-ion battery energy storages is analyzed,
three frequency security indicators, namely the rate of change of frequency,the quasi-steady-state frequency
and the frequency nadir,are introduced,the frequency security reserve demand of power system is proposed,
and a coordinated optimal scheduling model of power system considering the frequency security reserve is
established. Based on the modified IEEE 14-bus system and IEEE 118-bus system,the comparative analysis
is conducted from multiple perspectives to verify the effectiveness of the proposed energy storage model and
the coordinated optimal scheduling method.

Key words: renewable energy power system;optimal scheduling; flywheel energy storage; lithium-ion battery

energy storage;frequency security constraint;frequency regulation reserve



