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Table 1 Frequency response of system with different

wind power penetrations at AP,

£/ % AP,/ % Afy/ Hz (dffde)g / (Hz-s™)
30 10.85 -0.194 -0.488
40 9.30 -0.193 -0.484
50 7.75 -0.193 -0.480
60 6.20 -0.194 -0.476
70 4.65 -0.192 -0.478
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Table 2 Frequency response of system with different

aaaaa

wind power penetrations at AP__

£/% Afy/Hi Afy/Hs (‘:fé jt ity)/ (((*Jgj‘s);)/
305 0186 0178 0,464 20452
355 -0200  -0.192 ~0.500 ~0.484
405  -0217  -0208 0542 0535
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Table 3 Influence of ESS configuration capacity on

its frequency response contribution

Ppss /MW wypy / Hz g / Hz P/ (Hzes™) i/ (Hzes™)

20 0.039 0.040 0.080 0.091
30 0.054 0.054 0.113 0.118
40 0.068 0.067 0.143 0.149
50 0.079 0.078 0.169 0.165
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Table 4 Frequency response of system with different

wind power penetrations after allocating ESS at AP,

&/ % Py / MW Afy/ Hz (df/dt)g / (Hz-s™)
40 10.12 -0.198 -0.483
50 32.60 -0.196 -0.485
60 50.08 -0.196 -0.483
70 67.44 -0.195 -0.480
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Table 5 Frequency modulation effect and support
capability of ESS at different values of AP

AP.\_\.\ My / Hz Mg / Hz Pyru Pisi
6 %P, 0.035 0.037 0.22438 0.2111
8%P,,., 0.046 0.046 0.224 8 0.2101
10%P,,, 0.058 0.059 0.2248 0.2101
12 %P 0.058 0.060 0.1874 0.1751
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Table 6 Modulation effect of ESS at different

values of H,
5%P,, 0.1 10 -0.302 -0.231
5%P,, 05 50 -0.254 -0.226
5%P,., 10 100 -0.207 -0.210
5%P 2.0 200 —-0.152 -0.203

#7 ESSEARBEK, THEATHR
Table 7 Modulation effect of ESS at different

values of K|
AP, K,  Kyo/ (MW-Hz")  Afy/Hz  Afy/Hz
S9oP 2 65.2 -0.115 -0.112
5%P, 5 163.0 -0.100 -0.098
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Configuration method of energy storage system considering grid frequency
support demand under high wind power penetration

LIU Hongbo',ZHANG Chong',SUN Tong’, PENG Xiaoyu',ZHANG Shuyu'

(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education,Northeast Electric Power University,Jilin 132012, China;
2. State Grid Jilin Electric Power Company,Changchun 130000, China)

Abstract: A configuration method of energy storage system considering the grid frequency support demand
under high wind power penetration is proposed. The frequency change rate and the frequency deviation are
taken as the restricted conditions to establish the relationship between the maximum power increment that
the new energy system can withstand and the known parameters such as equivalent inertia constant,adjust-
ment coefficient, wind power permeability, and so on. The capacity and control parameters of the energy
storage system under the control strategy of the third-order virtual synchronous generator are quantitatively
configured to improve the ability of different wind power penetration system for absorbing unbalanced power.
Taking the unit power regulation contributed by the energy storage system as a reference, the frequency
response contribution, frequency modulation output ratio and output power characteristics of the configura-
tion method are described and analyzed when different power increments are generated. The simulative results
show that the energy storage system under this configuration method has strong controllability, which can
provide the active power regulation required by the grid more accurately,so as to effectively improve the
wind power grid environment.

Key words:high wind power penetration;f{requency support demand;maximum power increment;energy storage

configuration ;unit power regulation
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