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A double layer iterative loss reduction method for distribution lines based on butterfly optimization
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(1.College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;
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Abstract: There are problems of large loss, poor voltage quality and low annual return on investment of loss reduction
equipment in 10 kV long distribution lines. Thus a double-layer iterative loss reduction and efficiency enhancement method
for distribution lines combined with butterfly optimization is proposed. First, considering the three-phase imbalance of line
load, the power system simulation software OpenDSS is used to establish a simulation model of the target distribution line.
Second, the capacity and position of the reactive power compensation device of the 10 kV line and the position of the voltage
regulator tap are added as the control variables, and the outer planning model with the maximum annual return on investment
considering the life cycle cost (LCC) is established. The multi-objective model with the minimum annual active loss and
annual average voltage offset is the inner operation model. Then using the butterfly algorithm to call the OpenDSS power
flow calculation model simulation through Python, the power flow results and theoretical line losses are obtained and the loss
reduction model is solved. Finally, the line of a power supply company is taken as an example for verification. The results
show that this method can provide a practical implementation scheme for line loss reduction.
This work is supported by the National Natural Science Foundation of China (No. 51977210).
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Fig. 1 Flow chart of butterfly algorithm iteration
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Table 1 Load node voltage and transformer value range

BoME, B K R

A s EFxf A
p.u. p-u. p.u. 773
Uload 0.95 1.10 — FOERE BT S A
Ty 0.9 1.1 0.05  $4h7[1,3] F A A R4
M 1 82 —  HILKARE AT
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Table 2 Value range of reactive power capacitor
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S = AEAR B
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o 0 90 15 HEo,6] AR
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K7, 17 4 W13, 7E454 OpenDSS 1)k 5% fr 15
ERMTEF, 57T AEKF, f 26 NMEXIRT
UM B VI BN 0, BPHE 75 EHAT
TeUpMEE, HILTREAME S TC A & 1200 kvar.

AR SCRTHE 7 VR AR e, AR SCR R
FEREP G RS BEAT 4 LU SR AR, SR T35 ) 2%
PRICIAMESE BB 400 kvar, & XML AAE
N 1440 kvar.
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Table 3 The best scheme of transformer gear in station area

TR A s 4 TR A s 4 TR A s 4
B EEA B EEA B EEA
26 2 45 3 64 3
27 1 46 2 65 2
28 1 47 1 66 2
29 2 48 2 67 2
30 2 49 2 68 3
31 2 50 2 69 2
32 2 51 3 70 3
33 3 52 2 71 2
34 3 53 1 72 2
35 2 54 1 73 2
36 2 55 1 74 3
37 3 56 2 75 3
38 2 57 2 76 3
39 2 58 1 77 2
40 1 59 2 78 3
41 3 60 3 79 2
42 3 61 3 80 2
43 2 62 3 81 2
44 1 63 2 82 2

R4 BRI EREFRENNFTR
Table 4 Annual optimal planning scheme for reactive power

compensation devices in station area

T RAATR A% & /kvar T RAATR Y% & /kvar
32 45 54 60
36 60 61 45
37 45 62 60
39 60 63 90
40 30 67 30
41 45 68 45
43 60 69 45
44 45 70 30
45 75 73 45
46 60 74 60
48 45 77 30
49 90 79 30

*5 3 MERAT RIRFELS

Table 5 Loss results under three conditions

e ERE FEA S FEM fHER T
R

*RE WANKE TRE BmE/ %y AR
H/MWh ~
MWh  MWh MWh %  FE/pa
G
. 1361.08 86096 2222.04 35103.32 633  40.82
e
gt
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Fig. 5 Comparison diagram of network loss at each time

before and after loss reduction and efficiency increase
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Table 6 Comparison of annual economic benefits

before and after loss reduction
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