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Multi-objective optimization of fixed series compensation in distribution network

ZHOU Xin', WANG Shao®, ZHANG Wenlong?, WANG Junyu?, QIN Risheng', LI Shengnan'
(1. Yunnan Power Grid Co., Ltd. Electric Power Research Institute, Kunming 650217, China; 2. State Key Laboratory of
Power Transmission Equipment & System Security and New Technology, (Chongqing University), Chongqing 400044, China)

Abstract: In order to utilize fixed series capacitor more reasonably to improve the voltage deviations of the distribution
network with weak structure, big radius of power supply and heavy load in the end of long feeder, the multi-objective
optimization method is researched on determining the location and size of the fixed series capacitor. A multi-objective
model used for optimizing fixed series compensation condensance in the distribution network is built. The objective
functions of the model are consisting of the minimum of integral voltage deviation, condensance of series capacitor and
active network loss. Based on sensitivity method and the principle reducing the line voltage loss by fixed series capacitor,
the candidate line for fixed series capacitor installation and calculate ranges of series compensation condensance are
determined. Fast and elitist non-dominated sorting generic algorithm is used to solve the optimization model. The
simulation examples validate the feasibility and effectiveness of the method. The results show that the series capacitor of
the distribution network can effectively improve voltage quality and reduce active network losses.
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Fig. 1 A line with fixed series capacitor in distribution network
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Fig. 3 Wiring diagram of 10-node distribution network
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Table 1 Candidate line and maximum condensance of series

capacitor in 10-node distribution network
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Table 2 Installation line and condensance of series capacitor
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Table 3 Power flow results of optimization schemes
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Table 4 Voltage of the head node and end node in the real

distribution network
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Fig. 4 Wiring diagram of a real distribution network
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Table 5 Candidate line and maximum condensance of series

capacitor in the real distribution network
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Table 6 Some node voltage after installing series capacitor in

the real distribution network
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Fig. 5 Some node voltage distribution on main feed line before

and after installing series compensation
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Attached Table Circuit parameters and load data of the example distribution network

Mizk HOIEC R MRS aE iR

WA BB/ | by | A | B | R B | Wby | A | B WA R | RF/ | by | AL T
m| Q Q kW | /kvar | A& | A Q Q kW kvar M P Q Q kW kvar
2 | 3 106107 |0.4858| 0.0000 | 0.0000 | 25 | 41 | 0.4328 | 0.2528 | 9.6000 | 7.2000 77 79 | 0.7541 | 0.4405 | 0.0000 | 0.0000
3 | 4 |0.0806 |0.0471|17.4000 |11.9053| 41 | 42 | 0.8165 | 0.4769 | 9.6000 | 7.2000 79 80 | 0.7137 | 0.2192 | 3.2000 | 2.4000
3 | 5 ]0.1526 |0.1214| 0.0000 | 0.0000 | 41 | 43 | 1.0099 | 0.5899 | 0.0000 | 0.0000 80 81 | 09119 | 0.2800 | 50.4800 | 32.3618
5 | 6 | 04693 |0.2742| 9.6000 | 7.2000 | 43 | 44 | 0.1756 | 0.0733 | 9.6000 | 7.2000 79 82 | 0.9400 | 0.5491 | 0.0000 | 0.0000
5 | 7 ]0.3096 |0.2463| 0.0000 | 0.0000 | 43 | 45 | 0.6980 | 0.4077 | 0.0000 | 0.0000 82 83 | 0.0233 | 0.0136 | 0.0000 | 0.0000
7 | 8 | 0.4498 |0.2628| 9.6000 | 7.2000 || 45 | 46 | 0.7529 | 0.5989 [120.3600 62.4496 83 84 | 0.0382 | 0.0160 | 3.2000 | 2.4000
7 1 9 ]0.039 |0.0315| 0.0000 | 0.0000 | 45 | 47 | 1.8780 | 1.0970 32.0000| 24.0000 83 85 | 0.7295 | 0.4261 | 0.0000 | 0.0000
9 | 10 | 0.2501 |0.1461 | 6.4000 | 4.8000 | 47 | 48 | 0.8240 | 0.4813 | 0.0000 | 0.0000 85 86 | 0.0605 | 0.0353 | 16.0000 | 12.0000
9 | 11 | 0.6363 |0.5062| 0.0000 | 0.0000 | 48 | 49 | 1.1649 | 0.6804 | 0.0000 | 0.0000 85 87 | 1.4207 | 0.8298 | 0.0000 | 0.0000
11 | 12 | 0.0144 | 0.0115| 0.0000 | 0.0000 | 49 | 50 | 0.0619 | 0.0258 |25.6000| 19.2000 87 88 | 0.1166 | 0.0681 | 0.0000 | 0.0000
12 | 13 | 0.9551 |0.5579|51.2000 |38.4000( 49 | 51 | 0.0422 | 0.0247 | 0.0000 | 0.0000 88 89 | 0.0491 | 0.0287 | 25.6000 | 19.2000
13 | 14 | 0.4599 |0.2686 | 64.0000 [48.0000] 51 | 52 | 1.9201 | 0.8018 | 0.0000 | 0.0000 88 90 | 1.6840 | 0.9837 | 0.0000 | 0.0000
14 | 15 | 03194 |0.1334| 0.0000 | 0.0000 | 52 | 53 | 0.0200 | 0.0084 |[120.3600 62.4496 90 91 1.5888 | 0.4879 | 3.2000 | 2.4000
15 | 16 | 0.7817 | 0.3264| 6.4000 | 4.8000 | 52 | 54 | 1.3386 | 0.5590 | 0.0000 | 0.0000 90 92 | 1.7659 | 1.0315 | 16.0000 | 12.0000
15 | 17 | 1.2376 | 0.5168 | 51.2000 |38.4000 54 | 55 | 0.0091 | 0.0038 [120.3600 62.4496 87 93 | 1.1063 | 0.6462 | 16.0000 | 12.0000
12 | 18 | 0.1422 |0.0437| 3.2000 | 2.4000 | 54 | 56 | 1.2877 | 0.5377 |73.8000| 38.2369 93 94 | 1.6065 | 0.9384 | 16.0000 | 12.0000
12 | 19 | 0.6458 | 0.5137| 0.0000 | 0.0000 | 22 | 57 | 1.2077 | 0.7055 | 3.2000 | 2.4000 94 95 | 0.5752 | 0.3360 | 0.0000 | 0.0000
19 | 20 | 0.0473 |0.0276 | 16.0000 |12.0000| 57 | 58 | 1.2443 | 0.7268 | 0.0000 | 0.0000 95 96 | 0.2646 | 0.1546 | 0.0000 | 0.0000
19 | 21 | 0.2438 |0.1424 | 16.0000 |12.0000| 58 | 59 | 0.0384 | 0.0224 | 0.0000 | 0.0000 9% 97 | 0.0788 | 0.0460 | 6.4000 | 4.8000
19 | 22 | 03114 |0.2477| 0.0000 | 0.0000 | 59 | 60 | 0.0455 | 0.0190 | 0.0000 | 0.0000 96 98 | 0.3654 | 0.2134 | 0.0000 | 0.0000
22 | 23 | 1.5649 |0.9141| 0.0000 | 0.0000 | 60 | 61 | 0.3849 | 0.1607 | 3.2000 | 2.4000 98 99 | 0.0063 | 0.0037 | 0.0000 | 0.0000
23 | 24 ] 0.9526 |0.5564 | 16.0000|12.0000( 60 | 62 | 0.3986 | 0.1664 | 9.6000 | 7.2000 99 100 | 0.0069 | 0.0040 | 0.0000 | 0.0000
23 | 25 | 0.2104 |0.1229| 0.0000 | 0.0000 | 62 | 63 | 0.2503 | 0.1045 | 9.6000 | 7.2000 100 101 | 03730 | 0.2179 | 17.4000 | 11.9053
25 | 26 | 0.0844 |0.0493 | 9.6000 | 7.2000 || 59 | 64 | 0.3219 | 0.1880 |16.0000| 12.0000 100 102 | 1.0168 | 0.5940 | 50.4800 | 32.3618
26 | 27 | 0.0995 |0.0581| 0.0000 | 0.0000 | 64 | 65 | 0.3364 | 0.1965 | 0.0000 | 0.0000 98 103 | 0.4473 | 0.2613 | 64.0000 | 48.0000
27 | 28 | 1.2776 |0.7463 | 0.0000 | 0.0000 | 65 | 66 | 0.1367 | 0.0799 | 0.0000 | 0.0000 103 104 | 0.6766 | 0.3952 | 32.0000 | 24.0000
28 | 29 | 0.0265 |0.0155|16.0000 |12.0000| 66 | 67 | 0.0749 | 0.0230 | 3.2000 | 2.4000 95 105 | 0.0756 | 0.0442 | 0.0000 | 0.0000
28 | 30 | 1.2499 |0.7301| 0.0000 | 0.0000 | 66 | 68 | 0.5462 | 0.3191 | 0.0000 | 0.0000 105 106 | 0.0592 | 0.0346 | 32.0000 | 24.0000
30 | 31 | 0.0519 |0.0217| 1.6000 | 1.2000 | 68 | 69 | 0.0548 | 0.0320 |17.4000| 11.9053 105 107 | 03465 | 0.2024 | 0.0000 | 0.0000
30 | 32 | 0.1143 |0.0351|25.2400 [16.9762| 68 | 70 | 0.4441 | 0.2594 | 9.6000 | 7.2000 107 108 | 0.0309 | 0.0180 | 0.0000 | 0.0000
30 | 33 | 0.8379 |0.4894| 0.0000 | 0.0000 | 70 | 71 | 1.1094 | 0.6480 | 0.0000 | 0.0000 108 109 | 0.2526 | 0.1476 | 17.4000 | 11.9053
33 | 34 | 0.3427 |0.2002 | 25.6000 [19.2000| 71 | 72 | 1.5977 | 0.4906 | 6.4000 | 4.8000 107 110 | 0.2646 | 0.1546 | 0.0000 | 0.0000
33 | 35 | 0.0630 |0.0368 | 32.0000 [24.0000] 71 | 73 | 0.0561 | 0.0328 [25.6000| 19.2000 110 111 | 0.0693 | 0.0405 | 0.0000 | 0.0000
33 | 36 | 0.1222 |0.0714| 0.0000 | 0.0000 | 65 | 74 | 0.8480 | 0.4953 | 0.0000 | 0.0000 111 112 | 0.2236 | 0.1306 | 87.0000 | 53.6859
36 | 37 | 0.1115 |0.0651 | 16.0000 [12.0000| 74 | 75 | 2.5400 | 0.7800 |50.4800| 32.3618 110 113 | 1.1831 | 0.6911 | 16.0000 | 12.0000
36 | 38 | 0.1380 |0.0806| 0.0000 | 0.0000 | 74 | 76 | 0.2079 | 0.1214 | 1.6000 | 1.2000 113 114 | 0.0019 | 0.0011 | 0.0000 | 0.0000
38 | 39 | 0.0687 |0.0401 | 16.0000 [12.0000| 74 | 77 | 0.5594 | 0.3268 | 0.0000 | 0.0000 114 115 | 03988 | 0.2329 | 17.4000 | 11.9053
38 | 40 | 0.1770 |0.1034| 9.6000 |7.2000 | 77 | 78 | 0.1770 | 0.1034 | 9.6000 | 7.2000 115 116 | 0.5059 | 0.2955 |338.2400| 163.8171
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