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Black-start Scheme for Wind-power Generation Based on Multiple Energy Storage System
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Abstract: The black-start capability of regional power grids
ensures safe power-system operation. The proportion of wind
and photovoltaic-cell-based power generation has significantly
increased, especially in regions with high installed wind-
power capacity but little or no hydropower generation. Thus,
the prospect of wind-power combined with energy storage
for subsequent use as a black-start power source has attracted
increasing research attention. This paper presents a black-start
scheme for wind farms and corresponding specifications based
on a multi-energy storage system. Accordingly, the four main
stages of the black-start process are proposed. The proportion
of the black-start period that meets the black-start wind-
power collection-area requirement can be calculated using the
continuous effective output probability. Then, the probability
of successful wind-power black-start in the given region can be
evaluated. Finally, based on PSCAD (Power Systems Computer
Aided Design), the black-start feasibility of the combined wind-
power and energy-storage system can be verified considering the
transient level obtained by simulating the processes of energy-
storage self-start, commencement of wind-farm operation, and

starting of the auxiliary thermal power unit.
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Fig. 1 Typical annual wind speed distribution in Baotou
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Table 1  Startup Sequence and parameters of main auxiliary
equipment of 300 MW thermal power unit
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Fig.2 Schematic diagram of the black-start scheme of the

wind-storage combined system in Baotou
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Fig.3 Schematic diagram of the black-start process of the wind-storage combined system
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Table 2 Comparison of various battery energy storage technology
characteristics
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Fig. 4

Schematic diagram of energy storage site selection scheme for black-start of wind-storage combined system
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Table 3 Comparison of energy storage configuration schemes for
wind-storage combined system
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Fig. 5 Configuration diagram of multi-energy storage stations
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Fig. 6 Typical output curve of a wind farm on a certain day
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Table 6 Continuous effective probability of wind farms
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Fig. 8 Schematic diagram of main circuit structure of wind-storage combined system
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Fig. 9 Startup simulation results of wind turbine generator
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Fig. 10 Startup simulation results of auxiliary equipment of
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