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Low voltage comprehensive management method of a distribution network considering
the uncertainty and safety efficiency cost

XIE Zheng, YANG Nan, LIU Zhao, LONG Jianting, JIA Junjie
(College of Electrical Engineering & New Energy, Three Gorges University, Yichang 443002, China)

Abstract: With the rapid growth of power load, the problem of low voltage in China has become increasingly prominent
in recent years. It is of great theoretical and practical significance to study a low voltage comprehensive control strategy
that can ensure its benefits. This paper proposes a low voltage comprehensive control method based on Safety Efficiency
Cost (SEC) and improved Information Gap Decision Theory (IGDT). First, taking line transformation, reactive power
compensation, transformer voltage regulation and a new substation as the treatment measures, a mathematical expression
for a safety efficiency cost index is constructed. Then, considering the uncertainty of load forecasting error, an improved
Information Gap Decision Theory (IGDT) is proposed. With the goal of minimizing the life cycle cost and satisfying the
expected goal of safety index, voltage deviation index and investment budget limit, a two-layer robust model of low
voltage comprehensive management based on improved IGDT is constructed. Finally, an algorithm for solving the
programming model is proposed. The simulation results verify the correctness and effectiveness of the proposed method.
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L1 1.5 14-34
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L4 2.5 16-35
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Table 2 Statistics table of line parameters to be selected
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Table 3 Target grid economic parameters

ZHSH Bt x /G 7 T /h b ¢
I 0.45 0.6 0.07 5000  0.04 0.05
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Fig. 5 OPC curve obtained by order optimization algorithm
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Fig. 6 Optimal network topology considering uncertainty
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Table 4 Optimal planning scheme of the three methods
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Table 5 Comparison table of calculation results of
method 1 and method 3

ik S/ E; E> E; E C,/JiTt
47286 0298 0.720 0.957 1975  31.000
= 46.184 0444 0.741 0958  2.143  134.450

gk ColJize CyJigt C./Jize Cp,/Jigc C/Jijt  SECA{H
— 733840 2.118 22816 —0.022

789.752 18 908.5
= 562.194  9.185 22.285 -0.097

T k=2 E R % 8 SEC LRG3 IRl 1
HEAT IR o, BT ASLAE 3-25 2R 4t LGJ-150/35
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Table 6 Comparison table of calculation results of

728.017 15 689.6

method 2 and method 3
ik St E E; E3 E C,/JiJG
= 47154 0166  0.647 0.954 1.767  238.770
= 46184 0444 0741 0.958 2143 134450
SEC i

Jiik ColJigh Cy )iz Ge/Jigt Cy/Jigt C/JiJt

872.551 16312 22.753 -0.173  1150.213 30694.5

= 562.194  9.185 22.285 -0.097  728.017 15689.6
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Table 7 Optimal planning scheme of the two methods
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Table 8 Comparison table of the results of the proposed

method and the robust optimization method

Jid o S/ E, E, E3 E C,/JiJi
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' 47237 0.356 0.701 0956 2013  81.750
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Attached Table 1 Line data
s g HBH R L PR L HK VPR H/MVA

1 2 0.058 0.029 1.2 10

2 3 0.308 0.157 1.1 10

3 4 0.228 0.116 1.0 10

4 5 0.238 0.121 1.3 10

5 6 0.511 0.441 1.1 10
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LR 2 U BEAR £ RTINS K RVFIRAA F/MVA
6 7 0.117 0.386 1.2 10
7 0.444 0.147 1.1 10
8 9 0.643 0.462 1.1 10
9 10 0.651 0.462 1.0 10
10 11 0.123 0.041 0.9 10
11 12 0.234 0.077 0.7 10
12 13 0.916 0.721 0.8 10
13 14 0.338 0.445 1.2 10
14 15 0.369 0.328 1.3 10
15 16 0.466 0.340 1.1 10
16 17 0.804 1.074 2.8 10
17 18 0.457 0.358 1.0 15
2 19 1.080 1.060 1.0 10
19 20 1.268 1.245 1.0 10
20 21 1.234 1.166 1.0 10
21 22 1.078 1.054 1.0 10
3 23 1.060 0.781 1.2 10
23 24 1.202 1.132 1.3 10
24 25 1.031 0.679 1.0 10
6 26 0.127 0.065 1.2 10
26 27 0.177 0.090 0.8 15
27 28 0.661 0.583 1.3 10
28 29 0.502 0.437 0.5 10
29 30 0.317 0.161 1.4 10
30 31 0.608 0.601 1.3 10
31 32 0.194 0.226 0.4 10
32 33 0.213 0.331 1.3 10
Mz 2 To G
Attached Table 2 Node load data
1 HI T RS HI 1
1 0.000 0.000 18 0.10 0.09
2 0.10 0.06 19 0.20 0.16
3 0.05 0.04 20 0.21 0.18
4 0.06 0.02 21 0.18 0.14
5 0.06 0.03 22 0.73 0.69
6 0.06 0.02 23 0.60 0.58
7 0.04 0.02 24 0.60 0.58
8 0.05 0.02 25 0.60 0.58
9 0.03 0.01 26 0.06 0.025
10 0.02 0.01 27 0.06 0.025
11 0.02 0.01 28 0.06 0.02
12 0.02 0.01 29 0.16 0.15
13 0.01 0.009 30 0.03 0.02
14 0.02 0.01 31 0.10 0.07
15 0.01 0.008 32 0.25 0.15
16 0.06 0.05 33 0.30 0.19
17 0.10 0.08
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