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Capacity demand analysis of system-level energy storage for peak regulation and
frequency regulation of power system with high penetration of renewable energy
WANG Sen, LI Fengting, ZHANG Gaohang, YIN Chunya,L.I Yuan
(School of Electrical Engineering,Xinjiang University, Urumqi 830047, China)

Abstract: The strong uncertainty of renewable energy with high penetration and the gradual reduction of
the proportion of thermal power units lead to insufficient flexibility resources of the system. System-level
energy storage can effectively relieve the pressure of peak regulation and frequency regulation of the sys-
tem. Therefore,a demand capacity determination method of system-level energy storage for peak regulation
and frequency regulation of power system with high penetration of renewable energy is proposed from the
perspective of system. Based on the quantile regression analysis and Gaussian mixture model clustering, a
scenario set generation method is proposed to depict the uncertainty of net load. Based on the generated
scenario sets,a joint optimal operation model of conventional thermal power units and energy storage with-
out energy storage capacity constraints is established to obtain the peak regulation power and frequency
regulation power of energy storage during optimal operation. In order to take into account both the energy
storage utilization rate and the system operation cost,an energy storage power correction model based on the
energy storage electricity deviation index and operation cost growth rate index is constructed, the demand
power and capacity of energy storage are determined,and then the relationship among the penetration rate
of renewable energy,the power and capacity of energy storage and the confidence level to meet the demand
is analyzed. The simulative results show that the proposed method can effectively determine the demand
capacity of energy storage for peak regulation and frequency regulation of power system with high penetration

of renewable energy.
Key words:high penetration of renewable energy;energy storage system;quantile regression analysis;uncertain

scenario sels;peak regulation;frequency regulation;joint optimization
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Table Bl Conventional unit price parameters

2% WL B g
I 11 11

a; /(TG-MW-2) 0.0029 0.00065 0.033
b; /(JG-MW-) 87.75 52.00 115.05

¢ /(t) 1150.50 879.78 893.49
dii [(JG-MW) 38.42 38.42 38.42
dy; |(G-MW) 128.18 128.18 128.18
ey [(TL-MW) 8.78 26.00 11.51
Caowni /(TL-MW- 8.78 26.00 11.51
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Table B2 Energy storage price parameters
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