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Fig.1 Simplified WTE power system
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Table 1 Influence of ESS capacity on coal
consumption of thermal unit

Ps/MW - Py/MW  Po/MW  Fi/t F/t F/t

0 100 200 38.00 81.50 119.50
10 110 190 41.95 76.75 118.69
20 120 180 45.98 72.08 118.06
30 130 170 50.11 67.51 117.61
40 140 160 54.32 63.02 117.34
50 150 150 58.63 58.63 117.25
60 160 140 63.02 54.32 117.34
70 170 130 67.51 50.11 117.61
80 180 120 72.08 45.98 118.06
90 190 110 76.75 41.95 118.69
100 200 100 81.50 38.00 119.50
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Fig.2 Forecasted power output of wind farm
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Table 2 Parameters of thermal units

L p,/MW P/ MW @/ [t-(MW?-h)™ T b:/ [t- (MW -h)" e,/ (t-h™)

1 600 180 2.6x10™ 0.13 20.5
2 600 180 3.5%x10™ 0.08 30.0
3 600 180 3.0x10™ 0.11 24.9
4 360 120 44%x10™ 0.17 12.3
5 330 100 53%x10™ 0.18 10.2
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Fig.4 Dynamic power coordination law of ESS
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Table 3 Results of energy storage capacity configuration

w p/MWE/(MW-h) F/t F/t F/t Cy Cp
1 0 0 0 12902.0 0 0 0
0.5 5.7 2.1 120 12886.5 64493 0.04 0.03
0 150 5.1 759 12884.4 12884.4 0.05 0.02
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Table 4 Results of thermal plant optimal operation

I B K/ FFE AR/t AL
w=0 w=0.5 w=1 w=0 w=0.5 w=1

1~4 8216.6 8219.7 8216.5 661.4 661.7 662.2 0.8 0.5
5~8 6301.8 6306.3 6301.8 475.1 475.5 475.9 0.8 04
9~12  5979.7 5981.7 5979.7 446.6 446.8 447.6 1.0 0.8
13~16  5529.7 5530.5 5529.7 409.4 409.5 410.7 1.3 1.2
17~20 4322.6 4305.3 42932 318.0 316.9 316.3 -1.7 -0.6
21~24  4195.0 4188.7 4179.7 308.4 308.0 307.5 -1.0 -0.6
25~28 5167.6 5167.6 5167.5 380.6 380.6 381.6 1.0 1.0
29~32 50375 5037.5 5037.4 370.3 370.3 371.2 0.9 0.9
33~36 5269.5 5269.5 5269.5 388.6 388.6 389.7 1.1 1.1
37~40 61394 6140.6 6139.3 460.5 460.6 461.3 0.9 0.8
41~44  6879.8 6879.3 6879.8 527.2 527.2 527.7 0.5 0.6
45~48  7512.4 7513.1 7512.5 587.9 587.9 588.3 0.5 0.4
49~52  7061.2 7062.5 7061.3 544.5 544.6 545.0 0.5 04
53~56  7500.0 7501.2 7500.1 587.4 587.6 588.0 0.5 04
57~60 6844.8 6845.2 6844.8 525.3 525.4 526.0 0.6 0.6
61~64 6491.3 6492.5 6491.3 491.5 491.6 492.2 0.7 0.6
65~68 6720.9 6722.1 6720.9 512.3 512.4 512.8 0.6 0.5
69~72  7579.2 7579.5 7579.3 595.3 595.3 595.8 0.5 0.5
73~76  8340.2 8339.5 8340.3 672.7 672.6 673.5 0.7 0.8
77~80  8130.6 81329 8130.7 650.7 650.9 651.3 0.7 0.4
81~84 8863.3 8869.1 8871.6 730.4 731.0 732.4 2.1 1.4
85~88 9115.1 9119.8 91174 757.8 758.3 759.3 1.6 1.0
89~92 92025 9206.9 9208.3 767.7 768.2 769.7 2.0 1.5
93~96 8721.8 8723.1 8723.1 714.8 714.9 715.9 1.2 1.0
Bt 41280.6  41283.5 412740 128844 128865  12902.0 17.6 15.6
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Multi-index optimization of energy storage capacity configuration based on
multi-dimensional dynamic coordination for large-scale grid-connected wind power
GUO Zhuangzhi, HONG Junjie, MENG Anbo
(School of Automation,Guangdong University of Technology,Guangzhou 510006, China)
Abstract .

model of ESS(Energy Storage System) capacity configuration is developed based on the comprehensive analysis

For the large-scale grid-connected wind power system,a multi-index optimization mathematical

of the spatial-temporal coupled interactive features and dynamic coordinating mechanism among WTE (Wind
power, Thermal power and Energy storage) systems,which considers the features of power transfer and spatial-
temporal energy transportation between wind power system and ESS,the periodic energy circulation and
power-energy transfer conservation law of ESS,the influence of interactive coupling among WTE systems,and
the double effects of power regulation and energy transportation. The simulation of WTE power system shows
that the proposed multi-index optimization strategy not only reasonably configures the ESS capacity of wind
and thermal power system to realize the coordination between the regulating capacity and power output
characteristic of wind power,but also effectively reflects its spatial-temporal dynamic interactive features to
enhance the operational economy of power system by the full use of clean wind power.

Key words: wind power; energy storage; capacity configuration; multi-index optimization; multi-dimensional

dynamic coordination
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