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Fig.1 Structure diagram of wind farm group

system with energy storage system
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Fig.2 Optimal control block diagram of energy storage system
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Fig.3 Abandoned wind energy of wind farm group
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Control strategy of energy storage system in wind farm group to
improve wind energy utilization level
LI Junhui', YUE Pengcheng',LI Cuiping',GE Changxing’,ZHANG Jiahui’
(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education(Northeast Electric Power University ), Jilin 132012, China;
2. Changchun Power Supply Company of State Grid Jilin Electric Power Co.,Ltd.,Changchun 130021, China;
3. State Grid Zhejiang Pinghu City Electric Power Supply Company,Pinghu 314200, China)

Abstract: Due to the intermittent and volatility characteristics of wind power and the significant increase in
the proportion of wind power installed capacity,the power grid’s ability to accept wind power is restricted
by various factors. In order to improve the wind energy utilization level,a charging and discharging strategy
of energy storage system is proposed from the perspective of wind farm group to absorb wind power. Firstly,
based on the real-time wind speed data, 4-hour wind speed prediction curve and load prediction curve,
advanced control is adopted to determine the charging and discharging state of energy storage system at
each time in a day. Then, considering the real-time state of charge of energy storage system and the time-
of-use electricity price of grid-connected wind power, the charging and discharging power of energy storage
system is determined based on fuzzy control to maximize the benefit of energy storage system,so as to
avoid over-charging and over-discharging of the energy storage system. Finally, comprehensively considering
the electricity benefit, environmental benefit and peak-shaving benefit generated by the energy storage system
from absorbing wind power,as well as the equipment investment cost and maintenance cost of energy storage
system itself,the proposed strategy is evaluated by taking the annual net return rate of energy storage system
and abandon wind absorption rate as the evaluation indexes. The actual data of a wind farm group in a
northeastern province is simulated and analyzed to verify the effectiveness of the proposed strategy.

Key words:wind farm group;energy storage systemjadvanced control;fuzzy control;real-time state of charge;

wind energy utilization level
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Fig.A3 Typical curve of wind farm group’s available power and maximum allowable grid-connected power



Table A3 Environmental benefit calculation parameters of energy storage system
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Table A2 Technical and economic characteristic parameters of
all vanadium redox flow batteries

BATHERR/a TEARRE C/OE-MW)  CJ/[T6-(MW-h)!] 1%
15 15000 108.5 /1 372 7 0.50
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ecor/[kg: (MW -h)] 865 | ew/[kg(MW-h)'] 2 enox/[kg: (MW -h)] 15
Peor/(T6 kg™ 0.023 Peal(T6kg™) 6 Prox/(7Gkg™) 8
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Table A4 Time-of-use electricity price of wind power
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Fig.A4 Wind power consumption in a certain month
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Fig.A5 Typical daily absorption effect curve of wind farms in four seasons
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Table A5 Maximum comprehensive benefits and costs of each strategy and electricity consumption
under different wind curtailment coefficients

BEBRA/(TT76) LRI /(J770) THAN L/ (MW h)
FERARE%
W1 SKmg 2 g3 SEE% 1 SRR 2 SEES 3 Mgl SRE% 2 NS 3
[0,4) 1169 24278 24278 1002 -1352 9581 34563 257620 387542
[4.8) 3649 24278 24278 2248 6649 20406 144314 334171 499425
[8,12) 12849 24278 24278 5715 9447 24980 144314 357188 539933
[12,16) 23530 24278 24278 7843 11114 27726 517536 368562 561209

[16,20] 35354 24278 24278 15195 12458 29754 727218 376520 474402




