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Multi-objective optimal scheduling of wind integrated power systems with hybrid intelligent algorithm
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Abstract: In order to enhance the security and stability of power system with wind power, a new environmental and
economic dispatch model of power system with wind power considering operation risk and reserve cost is proposed. In
the objective function, the system operation risk index and positive and negative spinning reserve cost are joined, and the
system reliability constraints are increased, which ensure the system run with the lower risk, and also obtain positive and
negative spinning reserve amount. A new and efficient scene generation technique is used to describe the randomness of
wind power. A multi-objective optimization algorithm containing time-varying fuzzy selection mechanism based on the
flower pollination algorithm and differential evolution algorithm is proposed. The proposed model and solution method
are simulated in a 4-unit system with a grid connected wind farm and compared with the other two heuristic algorithms.
The effects of various parameters on the system operation are analyzed. The feasibility and effectiveness of the proposed
model and algorithm are verified.
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Table 1 Bell curve membership function parameters

in the fuzzy selection mechanism

FSM C=1 c=2 C=3 C=4 C=5
K 6 6 6 6 6
Stepl
ac 0.5 0.6 0.7 0.8 0.9
(1~100)
b. 0.6 0.6 0.6 0.6 0.6
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ac 0.5 0.6 0.7 0.8 0.9
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Table 2 Load forecast data
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1 360 5 318 9 470
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Table 3 Output and probability of 10 wind farm forecast scenarios

Y 1 2 3 4 5 6 7 8 9 10

W% 0.068 0.081 0.108 0.057 0.09 0.081 0.08 0.150 0.091 0.194

B KR TR/ MW
1 4529 49.28 73.46 38.43 48.41 51.44 64.39 58.94 80.78 39.90
2 34.37 50.16 62.87 59.52 44.14 76.95 59.65 46.44 68.80 55.87
3 5231 42.88 59.20 55.91 35.16 42.45 60.94 48.98 51.78 39.65
4 41.90 49.76 50.39 39.95 42.47 29.56 53.88 34.55 45.08 60.58
5 52.37 58.46 70.91 45.01 4836 50.02 39.64 27.02 59.16 63.41
6 60.76 68.92 81.39 69.09 85.09 71.83 57.13 4938 42.99 81.28
7 93.50 92.37 86.56 78.63 94.76 62.78 80.35 60.22 81.07 76.26
8 93.55 88.31 90.19 85.84 70.92 59.28 81.36 66.29 86.53 59.64
9 76.40 79.53 98.03 92.37 51.63 87.82 79.18 73.87 67.79 90.19
10 86.80 93.21 103.6 98.68 80.39 69.36 90.34 52.68 85.35 79.49
11 102.3 99.79 97.54 91.03 82.97 54.93 91.22 63.18 79.60 82.37
12 98.63 101.7 89.61 89.27 79.66 67.24 79.83 4291 80.70 85.97
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Fig. 1 Comparison of fuel cost-emission Pareto front
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Fig. 3 Comparison of emission-risk index Pareto front
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on the optimization of fuel cost
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§ 300 Table 4 Best compromise solution for the first interval of
e%; 200+ each objective function
00 ‘ ‘ ‘ ‘ ‘ o JRRL 5%%}4F & H J%LE@TE RI
3000 3100 3200 3300 3400 3500 A/$M) R ANSM) RS
JRRE A/ ($/h) IMOPSO 3102.89 7.35 1278.53 1206.31 0.5302
‘ X X e NSGA-II 3085.73 5.23 1143.79 1156.97 0.5910
2 JARBUAR - FI U Pareto RTIAXSLL HFPA 302634 4.01 108029 107319 0.6589
Fig. 2 Comparison of fuel cost-reserve cost Pareto front
5 FFH HFPA-TVFSM BRI ILIAE SR
Table 5 Optimal scheduling results obtained by the HFPA-TVFSM algorithm
By Bt P/MW P,/MW P3y/MW Py/MW fi/($/h) f/(t/h) f3/($/h) fi/($/h) USRMW  DSRIMW
1 65.35 95.23 124.52 35.00 3026.34 4.01 1073.19 1080.29 33.71 20.29
2 55.26 71.60 86.27 35.00 2665.36 2.36 893.88 921.73 27.17 18.89
3 51.50 66.67 112.18 35.00 2647.59 3.68 876.13 916.41 28.01 17.81
4 52.66 67.36 96.40 35.00 2708.03 3.04 903.24 928.65 27.03 19.40
5 53.13 66.19 100.27 35.00 2755.44 3.09 927.15 963.87 26.73 21.46
6 50.84 61.68 91.20 35.00 2770.45 3.01 983.69 989.04 29.12 20.35
7 65.85 72.69 110.20 35.00 3027.01 3.57 1026.46 1153.82 3227 25.42
8 91.35 124.09 129.92 35.00 3414.09 9.83 1120.03 1326.59 38.14 28.19
9 92.31 124.67 127.83 35.00 3519.29 12.3 1202.37 1419.23 41.49 29.47
10 93.11 131.11 136.29 35.00 3536.80 12.9 1087.62 1436.09 40.48 31.32
11 88.59 128.42 137.62 35.00 3526.29 12.5 993.87 1501.32 4431 30.75
12 90.48 120.85 135.71 35.00 3503.37 11.9 1035.22 1489.11 44.50 29.96
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