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Fig.1 Flow chart for solving the internal
and external nested model
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Table 1 Thermal unit parameters
ZH Gl G2 G3 G4 G5 G6
P,/ MW 200 80 50 35 30 40
P/ MW 50 20 15 10 10 12
a/(56-h7™") 525 2450 8750 1169 3500 3500

b/[6-(MW-h)"'] 209.72 246.61 239.4 227.08 208.14 245.07
¢/[I6+-(MW2-h)"'] 0.245 0.294 0.567 1.197 0.112 0.595
FapsTe/(MW-h™) 80 40 30 20 20 25

a./(kgh™") 133.4 904 1102 825 673 833
B./[kg(MW-h)™'] -27 -39 -55 -39 -31 -34
yo/[kg-(MW?+h)~'] 0.038 0.059 0.079 0.061 0.067 0.085

a./(kg-h™")
B./[keg-(MW-h)™'] 21 34 53 36 29 3.1
y/[kg-(MW2-h)"'] 037 1.70 2.10 230 4.02 3.80

169.1 111.4 126.2 102.5 89.3 103.3

1 24 54 74 81
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Fig.2 Schematic diagram of modified
IEEE 30-bus distribution system
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Fig.3 Wind power prediction and load prediction
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Fig.4 Active power curves during wind-storage
combined operation
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Table 2 Optimization results of combined operation of
wind, storage and fire under different confidence levels

Ll T T e A

mhokr T i G/
1.00 750.52 683.32 1 795 647.95
0.95 713.91 655.46 1 804 673.58
0.90 682.10 631.03 1 812 546.96
0.85 653.29 608.71 1 819 706.91
0.80 626.87 588.10 1 826 290.86
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Fig.5 Comparison of upper rotary reserve
and required capacity
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Table 3 Comparison of system revenue with and with-
out pumping unit under different confidence level T

BAFAKF Ao
AE LA aAELA
1.00 1774 262.83 1 795 647.95
0.95 1 783 288.46 1 804 673.58
0.90 1791 161.84 1 812 546.96
0.85 1 798 321.79 1 819 706.91
0.80 1 804 905.74 1 826 290.86
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Combined optimal economic dispatch of wind-storage-fire

considering wind power uncertainty
WANG Bo', ZHAN Hongxia', ZHANG Yong”, WANG Yingjie'
(1. School of Electrical and Electronic Information, Xihua University , Chengdu 610039, China;

2. State Grid Shuozhou Power Supply Company of Shanxi Electric Power Company, Shuozhou 036004, China)
Abstract: The intermittency, volatility, and anti-peak shaving characteristics of wind power cause a large amount of waste of
wind power, which affects its economic and environmental benefits. In view of the different characteristics of wind power,
pumped storage and thermal power output, the internal and external two-layer model is used to solve the problem. A dual-
objective model with the largest internal wind-storage combined operation income and the smallest fluctuation of wind power is
established firslyt to determine the pumping power or generate power of the pumped-storage unit. Then,an outer target model
that takes into account the wind power forecast errors of different confidence levels is bulit to maximize the combined benefits of
wind-storage. Secondly,the cooperative operation of pumped storage and wind power is used to deal with the uncertainty of wind
power. Then the chance-constrained programming is used to deal with the random variables in the model. Finally, the particle
swarm optimization-genetic algorithm (PSO-GA) hybrid optimization algorithm is used to solve the model. The IEEE 30-bus
system verifies that the model increases the economic benefits of the system and reduces the volatility of wind power output.
Keywords : wind power; pumped storage ; wind power forecast error; chance-constrained programming; particle swarm optimiza-

tion-genetic algorithm hybrid algorithm ; economic dispatch
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