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Review on the applications of battery energy storage systems in active grid support
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Abstract: Renewable energy generation exhibits inherent volatility and randomness, which can easily lead to
frequency/voltage fluctuations in power systems. Moreover, the lack of inherent inertia and active grid-support
capabilities in renewable units poses significant challenges to grid stability under high renewable penetration. Owing to
their rapid response and flexible control characteristics, energy storage systems can effectively enhance renewable energy
accommodation and strengthen the active support capability of power grids. Focusing on grid-support applications of
battery energy storage systems (BESSs), this paper systematically analyzes their technical features and functional roles.
By emulating key parameters of synchronous generators (active/reactive power, inertia, and damping), a comprehensive
overview of active grid support strategies enabled by BESSs is presented from the perspectives of frequency regulation
and peaking shaving, voltage regulation, inertia support, and damping compensation. Aiming at the deficiencies in
existing research regarding multi-type energy storage coordinated control, dynamic synergistic control, and economic and
safety considerations, potential solutions encompassing theoretical innovation, technological advancement, and market
mechanism innovation are proposed. It provides a theoretical foundation and technological pathways for BESSs in
supporting power systems.
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synchronous generator parameters
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Table 1 Examples of energy storage supporting power grid
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Fig. 1 Structure schematic of battery energy storage system
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Table 2 Technical parameters of different energy storage batteries
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NBREEIE 1 kKW~10 MW 1~15 min(—EHR), 1~6 h(—IKIFH), 4~12 h(iHlE) 75~90 4500 0.01
W L 1~10 MW 1~5 min(— ), 5 min~2 h( IR IEH), 4~24 h(RIE) 65~85 12 000 0.69
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Table 3 Examples of battery energy storage system

participating in grid frequency regulation
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Table 4 Quantitative data on the effect of participation of

energy storage projects in frequency regulation
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Fig. 2 Dynamic coupling between energy storage output

and frequency deviation

f#RES 5 I R GER B> N — RN — Ui
BRI ERES S IR YRS
AN RIUG, RG22 R KR 2R E
X, W BESS i /i3a7H HMA T, fEHiR %=
WA Z R IRE X A s 35 0% Al 22 6 T Y SRBE (X
W, WEEEAZS SRM. hReS 5 — OO B
K 3 . e G RN ABNUAA DR -5k
Frtkah ks L« L, 70 3RS S AL AL AT R AR
PEMZE;  Af, AIRBUEIX ; a RONRGHIIRIBAT K
b SR IH-T R A I AP Nf#TE
M5 ¢ ROVGERES 5 RMUR (0°14 5

a4

~v

B 3 f#aes 5— )R EE
Fig. 3 Schematic diagram of primary frequency regulation with

energy storage participation
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Fig. 4 Schematic diagram of secondary frequency regulation

with energy storage participation
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Fig. 5 System frequency variation and battery energy storage system response in different scenarios
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Table 5 Energy storage programming algorithms

for different FM scenarios
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Fig. 6 Battery energy storage combined with other power

generation units for peak shifting
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