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Fig.1 Output characteristics of wind turbine governor
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Fig.2 System frequency response model
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Table 2 Cost of two models at 35%
wind power permeability

APL/MW  KBLZHE KoL G
30 5022 620 5 059 550
35 5112 860 5 038 660
40 5034 580 5 080 220
45 5113 700 5 096 540
50 5 070 870 5097 880
60 5 083 600
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Table 3 The maximum load interference
that the system can withstand under
different wind power permeability
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Fig.5 Frequency of combined frequency modulation
between wind turbine and thermal turbine
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Fig.6 Output of only conventional units and units
considering wind turbine frequency modulation
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Unit commitment considering the primary frequency regulation of

wind turbine in grids with a high proportion of wind power
GUO Shufeng', LI Wei’*, HU Shanshan’, XIE Dongliang®, ZHANG Jietan'
(1. State Grid Qinghai Electric Power Company, Xining 810008 , China ;2. NART Technology Co.,Ltd.,Nanjing
211106, China; 3. School of Automation,Nanjing University of Science and Technology , Nanjing 210094, China)

Abstract: With large-scale and high penetration level wind integration, it is difficult to meet power grid need when only

conventional units participate in primary frequency modulation,so the participation of wind power is urgently needed. Based on

the research of wind power frequency modulation control,a unit commitment model considering the wind turbines participating in

primary frequency modulation is proposed. By systematically adding the constraints of steady-state frequency, minimum

frequency and rate of change-of-frequency, the model ensures that enough spare capacity is reserved to support primary

frequency modulation. The big M method is used to transform the nonlinear model into a mixed integer linear programming

model ,and then the CPLEX package of Matlab is used to solve the problem. Finally, the validity of the proposed model is

verified on IEEE 39-bus system. The simulation results show that the proposed model can improve the capacity of the system to

withstand load disturbance, so as to meet the standby requirement of primary frequency modulation under larger load

disturbance.

Keywords : unit commitment ; primary frequency modulation ;wind power ;frequency constraints ;load disturbance
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