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Fig.1 Schematic diagram of wind power

distribution strategy
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Fig.2 Structure of bi-level capacity optimization

configuration model
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Table 1 Capacity optimization configuration results of hybrid energy storage system under each scenario

B VRB

AA-CAES

BWUEDR /MW HRIERE / (MW-h)  #UE B4 0% / MW

WERENR /MW ERERR/ m® R ERE R / (MW-h)

1 — — 366.5148 357.3432 3.9844310x10° 5077.6692

2 62.9502 424.3012 — — — —

3 62.9452 424.2896 330.4074 328.1378 3.5259498x10° 6290.8733

*2 BHETRAMERFNEA
Table 2 Costs of hybrid energy storage system under each scenario

Yt BIINA / $ EHA S § AEYE A / § BRAG ISR / § AEBITIAS /8 GRINA /S
1 3.9963%x10% 0 2.8957x10° 0 6.9012x10% 7.2653%x10%
2 1.126 8x10° 4.6719x107 8.3927x10° -1.7289x10° 3.5251x10% 3.6657x108
3 4.3493x10* 2.803 1x10’ 3.1380x10° -1.0373x10° 1.9074x108 2.3262x10%
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Capacity optimization configuration of hybrid energy storage in power system
considering large-scale wind power integration
QI Xiaoguang',YAO Fuxing’,ZHU Tiantong',ZHANG Qianmao',ZHANG Jing',
WANG Ying',MIAO Shihong’
(1. Economic Research Institute of State Grid Hebei Electric Power Company,Shijiazhuang 050000, China;
2. Hubei Electric Power Security and High Efficiency Key Laboratory, State Key Laboratory of
Advanced Electromagnetic Engineering and Technology,School of Electrical and Electronic Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Different energy storage technologies have their own characteristics in terms of response properties,
economic costs, capacity scale, and so on, and are suitable for different application scenarios. The hybrid
energy storage system,which is formed by two or more energy storage devices,can often integrate the technical
and economic characteristics of all parties and show more excellent performance. Aiming at the problems
of the existing power grid being increasingly affected by the output fluctuations of renewable energy, the
technical bottleneck in promoting the consumption,and the high pressure of peak shaving,a hybrid energy
storage system composed of VRB(Vanadium Redox flow Battery) and AA-CAES(Advanced Adiabatic Com-
pressed Air Energy Storage) is proposed,and a capacity optimization configuration model considering large-
scale wind power integration is established. Firstly, the spectrum characteristics of wind power output are
analyzed,and a wind power distribution strategy based on empirical mode decomposition is proposed. Then,
based on this strategy,a bi-level capacity optimization configuration model of hybrid energy storage system
is constructed. The upper layer decides the configuration capacity of hybrid energy storage system with the
goal of minimizing the total economic input in the planning period, while the lower layer decides its day-
ahead generation plan with the goal of minimizing the system operation cost. Finally, the proposed model
is simulated and verified based on the typical daily wind power and load data of an actual power grid.
The results show that the proposed capacity optimization configuration model of hybrid energy storage system
can not only meet the multiple performance requirements of power grid, but also effectively improve the
economy of the system.

Key words:large-scale wind power integration;hybrid energy storage system;capacity configuration;vanadium

redox flow battery;advanced adiabatic compressed air energy storage
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Table C1 Parameters of upper layer model
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Table C2 Parameters of lower layer model
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Fig.C1 Original wind power output curve of each typical day
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Fig.C5 Scheduling results of winter typical day under Scenario 2
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Fig.C6 Wind power scheduling results of winter typical day under Scenario 2



