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Abstract

This thesis presents the Tabu Search (TS) algorithm for finding the optimal
numbers and locations of biomass power plants to minimize the total power loss, subject
to power balance constraints, reactive and active power generation limits including
voltage limits. The simulation results on the IEEE 30 bus system show that TS can find
the optimal solution with less computing time than local search about 46.77%. In
addition, the various number of installed biomass power plants are simulated on the
IEEE 30 bus system. The results indicate that optimal allocation of biomass power plant
can significantly reduce the system losses from 4.77 MW to 4.04 (or 15.30%), 3.48 (or
27.04%), 3.12 (or 34.59%) and 2.83 MW (or 40.67%), when optimally placed biomass
power plants are installed 1, 2, 3 and 4 plants, respectively. Finally, the simulation
results on the IEEE 118 bus system with various number of biomass power plants show
that the system losses decrease from 12.18 MW to 9.59 (or 21.26%), 8.27 (or 32.10%),
7.16 (or 41.22%) and 6.63 MW (or 45.57%), when optimally placed biomass power
plants are installed 1, 2 , 3 and 4 plants, respectively. However, the system loss may

increase when the biomass power plant is allocated at the worst location.
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2.1 wuudnaasszullWininias 30 1a aag IEEE

p
13NN 2.1

LAANTEZENNG ﬁﬂﬁﬂi/\lﬁﬂzgagﬁﬂﬁﬁmlummq (Line Data) 18972UU 30 17& U84 IEEE

From Bus To Bus R X C MW Loss Mvar Loss
1 2 0.0192 | 0.0575 | 0.0264 0.14 -2.21
1 3 0.0452 | 0.1852 | 0.0204 0.35 -0.6
2 4 0.057 | 0.1737 | 0.0184 0.38 -0.65
2 5 0.0472 | 0.1983 | 0.0209 0.17 -1.37
2 6 0.0581 | 0.1763 | 0.0187 0.55 -0.17
3 4 0.0132 | 0.0379 | 0.0042 0.08 -0.17
4 6 0.0119 | 0.0414 | 0.0045 0.06 -0.22
4 12 0 0.256 0 0 1.05
5 7 0.046 0.116 | 0.0102 0.17 -0.56
7 6 0.0267 | 0.082 | 0.0085 0.02 -0.75
8 6 0.012 0.042 | 0.0045 0.07 -0.19
6 9 0 0.208 0 0 0.77
6 10 0 0.556 0 0 0.67
28 6 0.017 0.06 | 0.0065 0.01 -0.6
28 8 0.064 0.2 |0.0214 0.03 -1.98
9 10 0 0.11 0 0 0.41
9 11 0 0.208 0 0 0
10 17 0.032 0.085 0 0.07 0.19




From Bus To Bus R X MW Loss Mvar Loss
10 20 0.094 0.209 0.46 1.03
10 21 0.035 0.075 0.03 0.07
10 22 0.0727 | 0.1499 0.07 0.14
12 13 0 0.14 0 1.09
14 12 0.123 0.256 0.07 0.15
15 12 0.066 0.13 0.23 0.46
12 16 0.095 0.199 0.07 0.16
15 14 0.221 0.2 0.01 0.01
15 18 0.107 0.219 0.18 0.37
23 15 0.1 0.202 0.13 0.26
17 16 0.082 0.193 0.02 0.06
18 19 0.0639 | 0.1292 0.06 0.12
19 20 0.034 0.068 0.02 0.03
22 21 0.012 0.024 0.11 0.22
22 24 0.115 0.179 0.08 0.13
24 23 0.132 0.27 0.05 0.1
25 24 0.189 0.329 0.41 0.71
26 25 0.254 0.38 0.05 0.07
27 25 0.109 0.209 0.33 0.62
28 27 0 0.396 0 0.62
27 29 0.22 0.415 0.09 0.17
27 30 0.32 0.603 0.17 0.32
29 30 0.24 0.453 0.04 0.07

7
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wansdagyanisdeans wanuesyLLnf1uesnge) (Bus Data) 78931l 30 114 184 IEEE

Bus PU Volt Volt (kV) | Angle (Deg) Load Load Gen Gen
MW MVR MW MVR
1 1 138 0 - - 53.5 -9.82
2 1 138 -0.94 21.7 12.7 71 22.36
3 0.9871 136.22 -2.95 2.4 1.2 - -
4 0.98401 135.793 -3.51 7.6 1.6 - -
0.98684 136.184 -3.01 - - - -
6 0.98151 135.448 -4.07 0 0 - -
7 0.9743 134.454 -4.19 23 11 - -
8 0.97936 135.152 -4.67 30 0 - -
9 0.98294 135.646 -6.39 - - - -
10 0.98436 135.841 -7.62 5.8 2 - -
11 0.98294 135.646 -6.39 - - - -
12 0.98644 136.129 -6.52 11.2 7.5 - -
13 1 137.999 -4.41 - - 25.99 10.16
14 0.97618 134.713 -7.66 6.2 1.6 - -
15 0.97603 134.693 -8 15 2.5 - -
16 0.9763 134.729 -7.5 3.5 1.8 - -
17 0.97407 134.421 -8.15 18 5.8 - -
18 0.95813 132.222 -9.56 3.2 0.9 - -
19 0.95111 131.253 -10.28 15 3.4 - -
20 0.95521 131.819 -10.08 15 0.7 - -
21 0.9925 136.965 -7.59 17.5 11.2 - -
22 0.99999 137.998 -7.42 - - 26.58 35.77
23 0.99999 137.999 -7.49 12 1.6 18 15.23
24 0.98728 136.244 -6.7 8.7 6.7 - -
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Bus PU Volt Volt (kV) Angle (Deg) Load Load Gen Gen
MW MVR MW MVR
25 0.98942 136.54 -3.47 - - - -
26 0.97122 134.028 -3.92 3.5 2.3 - -
27 1.00003 138.004 -1.21 - - 42 4.07
28 0.98493 135.921 -3.92 - - - -
29 0.97965 135.191 -2.5 24 0.9 - -
30 | 0.96786 133.565 -3.42 10.6 1.9 - -
2.2 wuusraasszuuliiiiiae 118 14
ANIT 9.3
WAANTZEENG ﬁ’]ﬁﬂ?\lﬁ’]@;ﬂ;@ﬂﬁﬁmiumﬂm (Line Data) 289521y 118 /@ 2849 IEEE
From Bus | To Bus X C MW Loss Mvar Loss

1 2 0.0303 | 0.0999 | 0.025 0 -2.48

1 3 0.0129 | 0.0424 | 0.0108 0 -1.07

2 12 0.0187 | 0.0616 | 0.0158 0 -1.55

3 5 0.0241 0.108 | 0.0284 0.01 -2.81

3 12 0.0484 0.16 0.0406 0.01 -4.02

4 5 0.0018 0.008 | 0.0021 0.04 -0.01

4 11 0.0209 | 0.0688 | 0.0174 0 -1.73

5 6 0.0119 0.054 | 0.0142 0.02 -1.32

8 5 0 0.0267 0 0 3.14

5 11 0.0203 | 0.0682 | 0.0174 0.01 -1.71

6 7 0.0046 | 0.0208 | 0.0054 0 -0.53

7 12 0.0086 0.034 | 0.0088 0 -0.87

8 9 0.0024 | 0.0305 | 1.162 0.35 -119.67
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From Bus | To Bus R X C MW Loss Mvar Loss
8 30 0.0043 | 0.0504 | 0.514 0.01 -52.31
9 10 0.0026 | 0.0322 | 1.23 0.02 -135.63
11 12 0.0059 | 0.0196 | 0.005 0.01 -0.47
11 13 0.0225 | 0.0731 | 0.0188 0.01 -1.86
12 14 0.0215 | 0.0707 | 0.0182 0.01 -1.78
12 16 0.0212 | 0.0834 | 0.0214 0.01 -2.1
12 17 0.0329 | 0.014 | 0.0358 0 -3.55
13 15 0.0744 | 0.2444 | 0.0626 0.01 -6.29
14 15 0.0595 | 0.195 | 0.0502 0.01 -5.04
15 17 0.0132 | 0.0437 | 0.0444 0.01 -4.49
15 19 0.012 | 0.0394 | 0.01 0 -1.01
15 33 0.038 | 0.1244 | 0.032 0.03 -3.2
16 17 0.0454 | 0.1801 | 0.0466 0.01 -4.66
17 18 0.0123 | 0.0505 | 0.013 0.02 -1.26
30 17 0 0.0388 0 0 3.66
17 31 0.0474 | 0.1563 | 0.0398 0.35 -2.75
17 113 0.0091 | 0.0301 | 0.0077 0.34 0.34
18 19 0.0112 | 0.0493 | 0.0114 0.01 -1.12
19 20 0.0252 | 0.117 | 0.0298 0 -3.03
19 34 0.0752 | 0.247 | 0.0632 0.05 -6.39
20 21 0.0183 | 0.0849 | 0.0216 0 -2.21
21 22 0.0209 0.097 | 0.0246 0 -2.52
22 23 0.0342 | 0.159 | 0.0404 0.01 -4.09
23 24 0.0135 | 0.0492 | 0.0498 0.19 -4.31
23 25 0.0156 0.08 | 0.0864 0.37 -7.29
23 32 0.0317 | 0.1153 | 0.1174 0.24 -10.73
24 70 0.1022 | 0.4115 | 0.102 0.03 -10.15
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From Bus | To Bus R X C MW Loss Mvar Loss
24 72 0.0488 | 0.196 | 0.0488 0.02 -4.67
26 25 0 0.0382 0 0 0.16
25 27 0.0318 | 0.163 | 0.1764 0.78 -14.01
26 30 0.008 0.086 | 0.908 0.02 -92.44
27 28 0.0191 | 0.0855 | 0.0216 0 -2.02
27 32 0.0229 | 0.0755 | 0.0192 0.04 -1.7
27 115 0.0164 | 0.0741 | 0.0197 0.01 -1.82
28 29 0.0237 | 0.0943 | 0.0238 0 -2.23
29 31 0.0108 | 0.0331 | 0.0084 0 -0.78
30 38 0.0046 | 0.054 | 0.422 0.02 -42.03
31 32 0.0298 | 0.0985 | 0.0252 0.03 -2.28
113 31 0 0.1 0 0 0.68
32 113 0.0615 | 0.203 | 0.0518 0.03 -4.92
32 114 0.0135 | 0.0612 | 0.0163 0.01 -1.53
33 37 0.0415 | 0.142 | 0.0366 0.02 -3.77
34 36 0.0087 | 0.0268 | 0.0056 0 -0.58
34 37 0.0026 | 0.0094 | 0.0098 0 -1.03
34 43 0.0413 | 0.1681 | 0.0422 0.01 -4.45
35 36 0.0022 | 0.0102 | 0.0026 0 -0.27
35 37 0.011 0.0497 | 0.0132 0 -1.39
38 37 0 0.0375 0 0 3.46
37 39 0.0321 0.106 | 0.027 0.38 -1.49
37 40 0.0593 | 0.168 | 0.042 0.69 -2.25
38 65 0.009 | 0.0986 | 1.046 0.02 -104.37
39 40 0.0184 | 0.0605 | 0.0156 0.23 -0.74
40 41 0.0145 | 0.0487 | 0.0122 0.01 -1.12
40 42 0.0555 | 0.183 | 0.0466 0.03 -4.34
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From Bus | To Bus R X C MW Loss Mvar Loss
41 42 0.041 0.135 | 0.0342 0.03 -3.2
42 49 0.0715 0.323 0.086 0.1 -8.22
42 49 0.0715 | 0.323 | 0.086 0.1 -8.22
42 49 0.0715 0.323 0.086 0.1 -8.22
43 44 0.0608 | 0.2454 | 0.0606 0 -6.55
44 45 0.0224 | 0.0901 | 0.0224 0.04 -2.25
45 46 0.04 0.1356 | 0.0332 0.19 -2.81
45 49 0.0684 | 0.186 | 0.0444 0.02 -4.63
46 47 0.038 0.127 | 0.0316 0.07 -3.01
46 48 0.0601 0.189 | 0.0472 0.09 -4.61
47 49 0.0191 | 0.0625 | 0.016 0 -1.67
47 69 0.0844 | 0.2778 | 0.071 0.02 -7.44
48 49 0.0179 | 0.0505 | 0.0126 0.01 -1.31
49 50 0.0267 | 0.0752 | 0.0188 0.09 -1.71
49 51 0.0486 | 0.137 | 0.0342 0.26 -2.76
49 54 0.073 0.289 | 0.0738 0.42 -5.59
49 54 0.0869 | 0.291 0.073 0.48 -5.56
49 54 0.073 0.289 | 0.0738 0.42 -5.59
49 66 0.018 | 0.0919 | 0.0248 0.13 -2.01
49 66 0.018 | 0.0919 | 0.0248 0.13 -2.01
49 66 0.018 | 0.0919 | 0.0248 0.13 -2.01
49 69 0.0985 | 0.324 | 0.0828 0.01 -8.74
50 57 0.0474 | 0.134 | 0.0332 0.18 -2.78
51 52 0.0203 | 0.0588 | 0.014 0.01 -1.33
51 58 0.0255 | 0.0719 | 0.0178 0.07 -1.53
52 53 0.0405 | 0.1635 | 0.0406 0.04 -3.71
53 54 0.0263 | 0.122 | 0.031 0.04 -2.67
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From Bus | To Bus R X C MW Loss Mvar Loss
54 55 0.0169 | 0.0707 | 0.0202 0.01 -1.8
54 56 0.0027 | 0.0096 | 0.0074 0.12 -0.25
54 59 0.0503 | 0.2293 | 0.0598 0.09 -5.21
55 56 0.0049 | 0.0151 | 0.0038 0 -0.35
55 59 0.0474 | 0.2158 | 0.0564 0.06 -5.05
56 57 0.0343 | 0.0966 | 0.0242 0.17 -1.82
56 58 0.0343 | 0.0966 | 0.0242 0.12 -1.95
56 59 0.0825 | 0.251 | 0.0568 0.07 -5.15
56 59 0.0803 | 0.239 | 0.0536 0.08 -4.84
56 59 0.0825 | 0.251 | 0.0568 0.07 -5.15
59 60 0.0317 | 0.145 | 0.0376 0.02 -3.61
59 61 0.0328 0.15 | 0.0388 0.01 -3.74
63 59 0 0.0386 0 0 2.12
60 61 0.0026 | 0.0135 | 0.0146 0 -1.43
60 62 0.0123 | 0.0561 | 0.0146 0.01 -1.39
61 62 0.0082 | 0.0376 | 0.0098 0.03 -0.86
64 61 0 0.0268 0 0 0.15
62 66 0.0482 | 0.218 | 0.0578 0.23 -5.06
62 67 0.0258 | 0.117 | 0.031 0.13 -2.6
63 64 0.0017 0.02 0.216 0.08 -19.84
64 65 0.0027 | 0.0302 | 0.38 0.1 -36.54
65 66 0 0.037 0 0 1.72
65 68 0.0014 | 0.016 | 0.638 0 -64.28
66 67 0.0224 | 0.1015 | 0.0268 0.1 -2.46
68 69 0 0.037 0 0 3.88
68 81 0.0018 | 0.0202 | 0.808 0.02 -80.5
68 116 0.0003 | 0.0041 | 0.164 0.01 -16.43
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From Bus | To Bus R X C MW Loss Mvar Loss
69 70 0.03 0.127 | 0.122 0.09 -12.43
69 75 0.0405 0.122 0.124 0.04 -13.07
69 77 0.0309 | 0.101 | 0.1038 0.01 -11.06
70 71 0.0088 | 0.0355 | 0.0088 0.09 -0.52
70 74 0.0401 | 0.1323 | 0.0337 0.03 -3.39
70 75 0.0428 0.141 0.036 0.04 -3.62
71 72 0.0446 0.18 | 0.0444 0.06 -4.1
71 73 0.0087 | 0.0454 | 0.0118 0.05 -0.92
74 75 0.0123 | 0.0406 | 0.0103 0 -1.07
75 7 0.0601 | 0.1999 | 0.0498 0.01 -5.27
75 118 0.0145 | 0.0481 | 0.012 0 -1.26
76 77 0.0444 | 0.148 | 0.0368 0.02 -3.83
76 118 0.0164 | 0.0544 | 0.0136 0 -1.42
77 78 0.0038 | 0.0124 | 0.0126 0.01 -1.31
77 80 0.017 | 0.0485 | 0.0472 0.03 -5
77 80 0.0294 0.105 | 0.0228 0.01 -2.41
77 80 0.017 | 0.0485 | 0.0472 0.03 -5
77 82 0.0298 | 0.0853 | 0.0817 0.43 -7.22
78 79 0.0055 | 0.0244 | 0.0065 0.02 -0.62
79 80 0.0156 | 0.0704 | 0.0187 0 -2.01
81 80 0 0.037 0 0 1.77
80 96 0.0356 | 0.182 | 0.0494 0.06 -4.91
80 97 0.0183 | 0.0934 | 0.0254 0.03 -2.57
80 98 0.0238 | 0.108 | 0.0286 0.01 -3.03
80 99 0.0454 | 0.206 | 0.0546 0.09 -5.32
82 83 0.0112 | 0.0366 | 0.038 0.03 -3.74
82 96 0.0162 | 0.053 | 0.0544 0.15 -5.03
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From Bus | To Bus R X C MW Loss Mvar Loss
83 84 0.0625 | 0.132 | 0.0258 0 -2.61
83 85 0.043 0.148 | 0.0348 0 -3.52
84 85 0.0302 | 0.0641 | 0.0123 0 -1.24
85 86 0.035 0.123 | 0.0276 0.01 -2.79
85 88 0.02 0.102 | 0.0276 0 -2.79
85 89 0.0239 | 0.173 | 0.047 0 -4.75
86 87 0.02828 | 0.2074 | 0.045 0.01 -4.56
88 89 0.0139 | 0.0712 | 0.0193 0 -1.94
89 90 0.0518 | 0.188 | 0.0528 0.05 -5.03
89 90 0.0238 | 0.0997 | 0.106 0.09 -10.11
89 90 0.0518 | 0.188 | 0.0528 0.05 -5.03
89 92 0.0099 | 0.0505 | 0.0548 0 -5.53
89 92 0.0393 | 0.1581 | 0.0414 0 -4.19
89 92 0.0099 | 0.0505 | 0.0548 0 -5.53
91 90 0.0254 | 0.0836 | 0.0214 0.01 -2.04
91 92 0.0387 | 0.1272 | 0.0327 0.17 -2.69
92 93 0.0258 | 0.0848 | 0.0218 0.01 -2.19
92 94 0.0481 0.158 | 0.0406 0.01 -4.11
92 100 0.0648 | 0.295 | 0.0772 0.01 -7.88
92 102 0.0123 | 0.0559 | 0.0146 0 -1.47
93 94 0.0223 | 0.0732 | 0.0188 0 -1.92
94 95 0.0132 | 0.0434 | 0.0111 0 -1.14
94 96 0.0269 | 0.0869 | 0.023 0 -2.37
94 100 0.0178 | 0.058 | 0.0604 0 -6.22
95 96 0.0171 | 0.0547 | 0.0147 0 -1.51
96 97 0.0173 | 0.0885 | 0.024 0.03 -2.34
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From Bus | To Bus R X C MW Loss Mvar Loss
98 100 0.0397 | 0.179 | 0.0476 0.03 -4.85
99 100 0.018 | 0.0813 | 0.0216 0.01 -2.16
100 101 0.0277 | 0.1262 | 0.0328 0 -3.38
100 103 0.016 | 0.0525 | 0.0536 0.03 -5.41
100 104 0.0451 0.204 | 0.0541 0.02 -5.41
100 106 0.0605 | 0.229 | 0.062 0.06 -6.06
101 102 0.0246 | 0.112 | 0.0294 0 -3
103 104 0.0466 | 0.1584 | 0.0407 0.01 -4.09
103 105 0.0535 | 0.1625 | 0.0408 0.02 -4.06
103 110 0.0391 | 0.1813 | 0.0461 0.08 -4.2
104 105 0.0099 | 0.0378 | 0.0099 0 -0.98
105 106 0.014 | 0.0547 | 0.0143 0.01 -1.37
105 107 0.053 0.183 | 0.0472 0.35 -3.29
105 108 0.0261 | 0.0703 | 0.0184 0.02 -1.79
106 107 0.053 0.183 | 0.0472 0.28 -3.5
108 109 0.0105 | 0.0288 | 0.0076 0.01 -0.73
109 110 0.0278 | 0.0762 | 0.0202 0.03 -1.89
110 111 0.022 0.0755 0.02 0.02 -1.85
110 112 0.0247 | 0.064 | 0.062 0.08 -5.75
114 115 0.0023 | 0.0104 | 0.0028 0 -0.26
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AN9197 .2

wanadayanisdeans TwanuedsyuLNAuMesne) (Bus Data) 2243vUL 118 14 184 IEEE

Bus PU Volt Volt (kV) | Angle (Deg) Load Load Gen MW Gen
MW MVR MVR

1 0.99709 0.997 -1.56 5.41 2.87 - -

2 0.99635 0.996 -1.4 212 0.96 - -

3 0.99856 0.999 -1.5 4.14 1.06 - -

4 0.998 0.998 -1.2 3.18 1.27 -2.86 -48.62
5 1.00207 1.002 -1.21 - - - -

6 0.9947 0.995 -1.25 5.52 2.34 1.48 -13
7 0.99506 0.995 -1.25 2.02 0.21 - -

8 1.015 1.015 -0.9 - - -3.09 -78.49
9 1.0517 1.052 -0.66 - - - -
10 1.05 1.05 -0.24 - - 24.58 -75.24
11 0.99757 0.998 -1.29 7.43 2.44 - -
12 0.99565 0.996 -1.22 4.99 1.06 18.61 -35
13 1.00076 1.001 -1.43 3.61 1.7 - -
14 1.00051 1.001 -1.31 1.49 0.11 - -
15 1.00834 1.008 -1.27 9.55 3.18 1.71 -10
16 1.00124 1.001 -1.28 2.65 1.06

17 1.01031 1.01 -1.07 1.17 0.32

18 1.00456 1.005 -1.1 6.37 3.61 5.8 -16
19 1.00807 1.008 -1.23 4.78 2.65 1.65 -8
20 1.01216 1.012 -1.28 1.91 0.32 - -
21 1.01353 1.014 -1.2 1.49 0.85 - -
22 1.01396 1.014 -1.01 1.06 0.53 - -
23 1.01065 1.011 -0.55 0.74 0.32 - -
24 0.992 0.992 -0.32 - - -3.18 -45.76
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Bus PU Volt Volt (kV) Angle (Deg) Load Load Gen MW Gen
MW MVR MVR
25 1.05 1.05 -0.32 - - 18.42 64.83
26 1.015 1.015 -0.16 - - 23.06 -17.12
27 0.968 0.968 -0.47 6.58 1.38 -2.72 -75.65
28 0.96817 0.968 -0.6 1.8 0.74 - -
29 0.96738 0.967 -0.63 2.55 0.42 - -
30 1.00586 1.006 -0.85 - - - -
31 0.967 0.967 -0.58 4.56 2.87 0.97 -62.93
32 0.97772 0.978 -0.54 6.26 2.44 5.58 -14
33 1.01918 1.019 -1.4 2.44 0.96 - -
34 1.02889 1.029 -1.32 6.26 2.76 1.38 -8
35 1.0274 1.027 -1.3 3.5 0.96 - -
36 1.02718 1.027 -1.29 3.29 1.8 5.98 -8
37 1.0289 1.029 -1.29 - - - -
38 0.99516 0.995 -0.94 - - - -
39 0.99145 0.991 -0.83 2.7 1.1 - -
40 0.97 0.97 -0.45 2 2.3 -1.81 -86.09
41 0.97401 0.974 -0.54 3.7 1 - -
42 0.985 0.985 -0.48 3.7 2.3 0.76 -34.38
43 1.03866 1.039 -1.49 1.8 0.7 - -
44 1.04253 1.043 -1.33 1.6 0.8 - -
45 1.03172 1.032 -1.02 53 2.2 - -
46 1.005 1.005 -0.18 2.8 1 7.5 -61.55
47 1.02241 1.022 -0.43 3.4 0 - -
48 1.02744 1.027 -0.59 2 1.1 - -
49 1.025 1.025 -0.48 8.7 3 18.95 23.55
50 1.01075 1.011 -0.43 1.7 0.4 - -
51 0.99176 0.992 -0.32 1.7 0.8 - -
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Bus PU Volt Volt (kV) Angle (Deg) Load Load Gen MW Gen
MW MVR MVR
52 0.9866 0.987 -0.29 1.8 0.5 - -
53 0.96976 0.97 -0.07 2.3 1.1 - -
54 0.955 0.955 0.29 1.3 3.2 13.3 -176.39
55 0.96081 0.961 0.19 6.3 2.2 8.08 -8
56 0.96131 0.961 0.17 8.4 1.8 3.72 -8
57 0.98318 0.983 -0.16 1.2 0.3 - -
58 0.9793 0.979 -0.16 1.2 0.3 - -
59 0.985 0.985 -0.33 27.7 1.3 13.4 -38.39
60 0.99567 0.996 -0.26 7.8 0.3 - -
61 0.995 0.995 -0.19 - - 12.5 -45.1
62 1.00171 1.002 -0.27 7.7 1.4 4.42 -20
63 0.97298 0.973 -0.21 - - - -
64 0.98637 0.986 -0.21 - - - -
65 1.005 1.005 -0.23 - - 25.91 51.41
66 1.05 1.05 -0.45 3.9 1.8 18.15 48.38
67 1.02848 1.028 -0.47 2.8 0.7 - -
68 1.003 1.003 -0.18 - - - -
69 1.035 1.035 0 - - 42.64 -108.84
70 1.0137 1.014 -0.38 6.6 2 4.39 -10
71 1.00191 1.002 -0.33 - - - -
72 0.98 0.98 -0.12 - - -0.66 -22.24
73 0.991 0.991 -0.32 - - -4.09 -23.62
74 1.02549 1.025 -0.67 6.8 2.7 0.5 -6
75 1.02741 1.027 -0.57 4.7 1.1 - -
76 1.02395 1.024 -0.51 6.8 3.6 4.94 -8
77 1.03348 1.033 -0.38 6.1 2.8 9.01 -20
78 1.03532 1.035 -0.46 7.1 2.6 - -
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Bus PU Volt Volt (kV) Angle (Deg) Load Load Gen MW Gen
MW MVR MVR
79 1.03982 1.04 -0.53 3.9 3.2 - -
80 1.04 1.04 -0.4 13 2.6 25.21 -6.62
81 0.99615 0.996 -0.24 - - - -
82 1 1 0.04 54 2.7 3.49 -109.37
83 1.00549 1.005 -0.06 2 1 - -
84 1.0066 1.007 -0.04 1.1 0.7 - -
85 1.00669 1.007 0.03 2.4 1.5 2.59 -8
86 1.01198 1.012 0.18 2.1 1 - -
87 1.015 1.015 0.78 - - 5.29 -1.53
88 1.00587 1.006 -0.04 4.8 1 - -
89 1.005 1.005 0.12 - - 24.69 0.8
90 0.985 0.985 0.02 7.8 4.2 -4.93 -38.64
91 0.98 0.98 0.1 - - -4.79 -28.13
92 1.00743 1.007 0 6.5 1 8.43 -3
93 1.01188 1.012 -0.17 1.2 0.7 - -
94 1.01499 1.015 -0.25 3 1.6 - -
95 1.01465 1.015 -0.33 4.2 3.1 - -
96 1.01588 1.016 -0.3 3.8 1.5 - -
97 1.02824 1.028 -0.39 1.5 0.9 - -
98 1.03298 1.033 -0.45 3.4 0.8 - -
99 1.01 1.01 -0.23 - - -5.63 -26.04
100 1.017 1.017 -0.12 3.7 1.8 15.61 17.13
101 1.01419 1.014 -0.19 2.2 1.5 - -
102 1.01036 1.01 -0.09 0.5 0.3 - -
103 1.01 1.01 -0.01 2.3 1.6 -0.48 4.14
104 1.00248 1.002 0.1 3.8 2.5 3.6 -8
105 1 1 0.14 3.1 2.6 8.35 5.67
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Bus PU Volt Volt (kV) Angle (Deg) Load Load Gen MW Gen
MW MVR MVR
106 0.99453 0.995 0.08 4.3 1.6 - -
107 0.952 0.952 0.71 2.8 1.2 0.17 -54.79
108 0.99489 0.995 0.32 0.2 0.1 - -
109 0.99247 0.992 0.4 0.8 0.3 - -
110 0.98549 0.985 0.67 3.9 3 1.82 -8
111 0.98 0.98 1.01 - - 5.1 -9.55
112 0.975 0.975 1.04 2.5 1.3 5.47 -18.74
113 0.993 0.993 -0.6 - - 10.39 -29.92
114 0.97372 0.974 -0.57 0.85 0.32 - -
115 0.973 0.973 -0.57 2.34 0.74 - -
116 1.005 1.005 -0.19 - - 2.12 40.64
117 0.99507 0.995 -1.25 212 0.85 - -
118 1.0255 1.025 -0.59 3.3 1.5 - -
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Optimal Placement of Biomass Power Plant
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Abstract

In this paper, the local search method is presented to find optimal location and

size of biomass power plant to minimize total power loss subject to power balance

constrains, active and reactive power generation limits, voltage limits and transmission

line limits. The simulation results on the 7 bus system indicate that a biomass power

plant can reduce the total power loss up to 13.76%, when the load factor is 1.20.

Moreover, the annual energy consumption reduces from 150,665.00 GWh to 146,791.80

GWh that is 2.57% of reduction, when a biomass power plant is placed at bus 3 with

rating of 5% of the active power demand.

Keywords: biomass, optimal placement and distributed generation

1. Introduction

The history of electric power
generation system has been derived from
large central station plants due to the
economies of scale [1]. Fossil fuel plants
have represented the majority of this
power generation. According to tradition,
there was strong yearly demand growth,
which was stable 6.0-7.0% and more.
Environmental issues and the oil crisis

began to introduce new problems for the

power industry in 1970s and recent year.
By the 1980s, these factors and changes
in the economy had led to much smaller
demand growth around 1.6-3.0 % [2].
Simultaneously, investment cost of
transmission and distribution have grown
from a historical level of 25% to around
150% of investment costs of generation
and now represent almost two thirds of

the capital expenditure budget for the

utility industry. Thus, as a result of the



reduced demand growth, increased
investment costs of transmission and
environmental

distribution, intensified

concerns and various regulatory and
technological improvement, large central
station plants are often impractical. The
utility industry’s generation paradigm is
shifting from economies of scale to
that been coined

something has

economies of mass production [3].
Distributed generation (DG) is electricity
generation sited close to the load it
serves and affect the electric power
system at the system and , more directly,
at the distribution level. Power system
deregulations have led to increased
interest in distributed generation sources.

Renewable electricity generation
has emerged as one of the favored
options for dealing with fossil fuel
depletion, green house gas emissions
and subsequent adverse effects like
global warming. As an outcome of the
Kyoto protocol, one of the Thailand
objectives is to increase the contribution
of renewable energy sources to 12% of
the total energy supplied by 2010. There
are many types of renewable power
renewable

plant. The contribution of
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energy to electricity generation is shown
in Table 1. Biomass is highest potential of

renewable power plant, which the

accumulative installed capacity is 2,223.8
MW, 6,475.8 MW and 13,288.8 MW in
2005, 2011 and 2016, respectively.

Table 1: Contribution of renewable

energy generation in Thailand

Installed capacity (MW, ) GWh Produclion

Energy source

| 2005 201 2018 I 2005 201 2016 I

[ National totat [ asam waas asen0 | 13432 197482 259650
| Blomass.

+ Ethanol
| + Biadiesal
| - Residues for Heat
| * Residues for Power 2 229 4,938 2,506 14,143 21.628
|- Short rotation plants 0 e 1,208 ° 382 7955
| + Biogas for H&P 8.8 181 193 ur 1475 1,580
| - solid wastes for HEP 4 ] 384 3 2.688 3,196
| Small hydro I 53 33z 138 | 204 1.308 1,308 I
[ Wind I 019 194 1,783 I [ ] 255 2.343 I
e ! ot ekl | :
| -pw 0 0 120 ® “ 168
| + SWH (Fuel Ol Equivalent|
|~ Dryer
Sub-total T 2303 4844 9,054 I 10,096 23135 38,178 I
RNRE I 87% 129% 18.9% [ 7.5% 11.7% 14.7% I

Source: Energy Policy and Planning Office, Ministry of
Energy, Thailand

Proper location and capacity of
biomass power plant is important for
obtaining  their maximum  potential
benefits. This paper proposes the local
search method to minimize the total
power losses.

The options for conversion of
biomass into electricity are combustion,
gasification, integrated gasification
combined cycle (IGCC) and paralysis [4].

The biomass can be converted into



producer gas by gasification (partial

combustion). Thermo chemical
gasification involves burning the biomass
with insufficient air so that complete
combustion does not occur, and
producer gas is formed. Producer gas is
a mixture of carbon monoxide and
hydrogen. Gasifies are classified as
updraft depending on the direction of
flow of the biomass and the producer
gas. In as downdraft gasifies, the
biomass and the gases are flowing in the
same direction. In a typical downdraft
gasifies, the biomass is fed from the top.
It passes through gasifies and undergoes
the following sequence of processes —
drying, hydrolysis,  oxidation  and
reduction. The gas formed is passed
through a cooling and cleaning sub-
system that usually consists of a cyclone
for particulates removal and a scrubber
for cooling and cleaning the gas
(removing the tar). Some ash is formed
from the oxidation reactions. The ash
moves through the reduction zone and
gets removed from the ash disposal
system (grate and ash collection system).

This paper proposes the local

search method to indicate the optimal
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placement and size of biomass power
plant to minimize the total power loss on
the 7 bus system subject to power
balance constrains, active and reactive
power generation limits, voltage limits,

and transmission line limits.

2. Problem Formulation

The problem is formulated as:

NL
Minimize P = > .(P, +P;) (1)
k=1
Subject to
N N
= 22 MM (2)
i=1j=1
N N
ZZ iy, 3)
PGi,min < PGi < PGi,max ,V|€NG (4)
QGi,min < QGi < QGi,max ' VieNG (5)
SI| < S e, VieNL (6)
Vimin S M| <V VieN 7)
Where:

P, is the real power flow from

bus ito bus/,

P; is the real power flow from

busjto bus i,

P is the real power at bus /,



Q. is the reactive power at bus i

Ps; is the real power generation
at generator number 1/,

Qs is the reactive  power
generation at generator number 7,

V| is the voltage magnitude at

bus

’Vj‘ is the voltage magnitude at
bus j

6; s the angle of the ij element
inY,

bus

Y, isthejjelementin Y,

ij us

J; is the voltage angle
difference between bus i and bus j,
Sl is the power flow in line

number /.

3. Local search method

In order to determine the optimal
placement of biomass power plant on the
7 bus system, the local search method is
proposed to minimize the power loss for
a given loading level. The procedure of

the local search method is as follow:

1. Evaluate the total power loss of the
system without biomass power plant by

using Power World Simulator.
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2. Generate the set of feasible solutions
for a given loading level.

3. Evaluate the total power loss of the
system with biomass power plant for the
set of feasible solutions by using Power
World Simulator.

4. Find the optimal solution for a given

loading level.

4. Simulation Results

The topology of the 7 bus system
is shown in the Appendix. One biomass
power plant is considered with varying
rating of 1, 5, 10 and 15% of the active
power for a given loading level. The total
system power loss is obtained from the
results of the power flow studies when a
biomass power plant is placed at the
different bus.

There are four case studies, that
nominal load factor corresponds to an
active power demand of 200 MW and a
reactive power demand of 130 MVar,
which are simulated and studied for
assessing the benefits of biomass power
plant as proposed in this paper. For each
case, the influence of varying ratings and
locations of biomass power plant are
investigated. The details of case studies

are as follows:



Case 1: Total power loss without biomass
power plant when load factor is 1.00;
Case 2: Total power loss with a biomass
power plant when load factor is 1.00;
Case 3: Total power loss with a biomass
power plant when load factor is 0.80;
Case 4: Total power loss with a biomass

power plant when load factor is 1.20;

The simulation result of system
without biomass power plant (Case 1) is
shown in Table 2. The total power loss is
1.440 MW, 1.610 MW and 1.890 MW
when loading level is 0.80, 1.00 and 1.20,

respectively.

Table 2: Total power loss of the 7 bus

system without biomass power plant

Load factor Total power Loss (MW)

80% 1.440
100% 1.610
120% 1.890

Figure 1 shows the power loss of
the 7 bus system with biomass power
plant when load factor is 1.00. The
minimum total power loss is achieved
when biomass power plant is placed at

bus 3 with rating of 5% of the active
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power demand. The power loss is
reduced from 1.610 MW to 1.520 or
5.59% when a biomass is installed that
shows in Table 3.

Figure 2 shows the power loss of
the 7 bus system with biomass power
plant when load factor is 0.80. The
minimum total power loss is achieved
when biomass power plant is placed at
bus 3 with rating of 1% of the active
power demand. The power loss is
increased from 1.440 MW to 1.460 or
1.37% when a biomass is installed that
shows in Table 3.

Figure 3 shows the power losses
of the 7 bus system with biomass power
plant when load factor is 1.20. The
minimum total power loss is achieved
when biomass power plant is placed at
bus 3 with rating of 15% of the active
power demand. The power loss is
reduced from 1.890 MW to 1.630 or
13.75% when a biomass is installed that
shows in Table 3.

The summary results of power
loss with biomass power plant for various
loading level is concluded in Figure 4.
The results show that the first two ranks of

the optimal placement of biomass power



plant are bus 3 and bus 4, so the other
one biomass power plant should be
placed at bus 4.

The simulation results of each
case are shown in Table 3. If a biomass
power plant is placed in the wrong
location, the total power loss increases to
4.400 MW, 4.130 MW and 4.150 MW
when load factor is 0.80, 1.00 and 1.20,

respectively.

Table 3: Summary results of the total
power loss of the 7 bus system with

biomass power plant for various loading

level
Parameter Best case Worst case

Case 2

DG Location Bus 3 Bus 2
DG Size 5% 15%
System Loss 1.520 4.130
Case 3

DG Location Bus 3 Bus 2
DG Size 1% 15%
System Loss 1.460 4.400
Case 4

DG Location Bus 3 Bus 2
DG Size 15% 15%
System Loss 1.630 4.150
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The optimal location of installed
biomass power plant is very important to
reduce the total power loss. Improper
location of biomass power plant to be
installed into the system will generate a
increasing of the total power loss. It is
observed that the optimal biomass power
plant rating, while system under loading,
when

is smaller than that system

overloading.
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Total power losses (MW)
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Figure 1: Power loss of the 7 bus system with biomass power plant when load factor is 1.00
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Figure 2: Power loss of the 7 bus system with biomass power plant when load factor is 0.80
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Figure 3: Power loss of the 7 bus system with biomass power plant when load factor is 1.20
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Figure 4: Summary results of power loss of the 7 bus system with biomass power plant for

various loading level



The yearly load duration curve is
modeled to evaluate the annual power
loss on the 7 bus system with optimally
placed of a biomass power plant. Figure
5 shows the yearly load duration curve,
which indicates that the load factor is
1.20, 1.00 and 0.80 in 1,314, 5,256 and
2,190 hours per year, respectively. The
annual energy consumption  with
optimally placed of biomass power
plant is evaluated by equation (8) to
compare with the annual energy
consumption without biomass power
plant, the annual energy consumption
reduces from 150,665.00 GWh to
146,791.80 GWh that is 2.57% of

reduction.

Where:

P is the total active power for the i

loading level [MW],
T, is the total operating time for the

i loading level [hours],

n is the number of loading level.
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Loading level
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Figure 5: Annual yearly load duration

curve

5. Conclusion

In this paper, a local search
optimization for optimal placement of
biomass

power plant is efficiently

minimizing the total power loss
satisfying transmission line limits and
constraints. Furthermore, a biomass
power plant can reduce the annual
energy consumption from 150,665.00
GWh to 146,791.80 GWh that is 2.57%
of reduction when it is placed at bus 3
on the 7 bus system with rating of 5% of
the active power demand. Biomass
power plant regulating reliability and

transient stability will be considered in

future work.

\

(%)



Appendix

Figure A: Topology of the 7 bus system
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Optimal Placement of Biomass Power Plant by Tabu Search
Approach
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Abstract

This paper presents the Tabu Search (TS) algorithm for finding the optimal
number and location of biomass power plants to minimize the total power loss subject
to power balance constraints , active and reactive power generation and voltage limits.
The simulation results on the IEEE 118 bus system indicate that optimal allocation of
Biomass power plant can significantly reduce the system losses from 12.18 MW to 9.59
and 8.27 MW or about 21.26 % and 32.10 % , when optimally placed biomass power

plant are installed 1 and 2 plant(s) , respectively.

Keywords : Tabu Search , Biomass Power Plant , Power Loss
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