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Energy storage capacity determination for AGC frequency modulation in the power system

with wind and photovoltaic power based on the stochastic simulation and EMD

YANG Haijing,RAO Yufei, LI Zhaohui,SUN Xin
(Electric Power Research Institute,State Grid Henan Electric Power Company,Zhengzhou 450052, China)

Abstract: With the deep penetration of wind and photovoltaic power, the moment of inertia in the power system is re-
duced. resulting in the problem of frequency modulation for the automatic generation control of the power system.
Energy storage is widely applied in the frequency modulation of power systems due to its fast reaction and accuracy.
As a result, random simulation and empirical mode decomposition are combined to propose an energy storage capacity
determination method in automatic generation control. Firstly, the empirical mode decomposition is utilized to decom-
pose the regional control deviation into the high-frequency and low-frequency components. The energy storage fre-
quency modulation is responsible for its high-frequency components, while traditional unit frequency modulation is in
charge of its low-frequency components. Afterwards. the energy storage capacity is calculated via the high-frequency
components of regional control deviation, and the energy storage is simulated considering the energy storage charge
and discharge conditions. In the end, the frequency modulation effect is compared for the scenarios with different en-
ergy storage capacities and also without energy storage, and the energy storage capacity with the best frequency modula-

tion effect is given consequently. The example simulation and results show that the proposed method is effective and feasible
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for obtaining the optimal energy storage capacity of automatic generation control in wind and solar power systems.

Key words: automatic generation control; wind power and photovoltaic; stochastic production simulation; empirical

mode decomposition;energy storage capacity
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Figure 1  Solution flow chart
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I'wirs 12.19 8.50
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Table 3 Energy storage power capacity demand

under the typical daily area control error

AR ES WHE/MW  Fi/ (MW « h)
Inr 4.43 2.42
I'virz 4.61 3.25
Imrs 4.90 5.23
I'virs 4.93 4.51
I'wrs 4.98 6.92
T'virs 5.05 8.96
I'mrr 5.15 9.17
T'virs 5.05 10.23
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Table 4 SCE results with different energy

R RS E T SCE 4R

storage capacities

fi%fE  mean|SCE|/MW/| f#fiE  mean|SCE|/MW
1 7.15 6 5.33
2 5.85 7 5.31
3 5.37 8 5.32
4 5.32 Tt i 12.27
5 5.31

x5

Table 5 Frequency mean square deviation results

RAMREETREN > £4R

with different energy storage capacities

fifi g a fit B a
1 0.010 263 58 6 0.007 657 83
2 0.008 775 63 7 0.007 663 24
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4 0.007 652 74 Tohitihe 0.027 654 70
5 0.007 663 24
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