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A loss allocation method for radial distribution networks with distributed generations

LIU Bo', ZHOU Jie?, CHEN Jian', XU Chao', HE Yuging'
(1. Institute of Economic Technology, State Grid Hunan Electric Power Corporation, Changsha 410004, China;
2. Zhuzhou Power Supply Company, State Grid Hunan Electric Power Corporation, Zhuzhou 412000, China)

Abstract: With the orderly liberalization of the electricity selling side and introduction of distributed generation (DG),
how to allocate the loss in distribution system fairly and properly is becoming a critical problem, which has influenced the
healthy development of electricity market. Thus, this paper proposes a loss allocation method for radial distribution
networks with DGs. The method, which is based on power flow solutions and allocates power loss according to the active
and reactive power flow of lines, consists of three steps. Firstly, starting from the source nodes (the nodes whose
generation is more than their load), the power loss allocated to all nodes is calculated, then, the loss allocated to the loads
connected to the nodes can be obtained. Secondly, the power loss allocated to DGs connected to the nodes is also
calculated according to the loss allocated to the nodes. But in this step, the loss allocated to the nodes is calculated starting
from the slack nodes (the nodes whose load is more than their generation), which is different with the first step. Finally,
the normalization of the result is executed. The application of the proposed method in a 17-node distribution system and
IEEE 33-node test system are analyzed, and the results compared with other methods demonstrate the fairness and
reasonability of the proposed method.
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Fig. 1 Structure of a 2-node distribution network
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Fig. 2 Diagram of a sample node in distribution network
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Fig. 3 Diagram of a n,-node distribution network
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Fig. 4 a 17-node test distribution network
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Table 1 Data of the 17-node test distribution network

G [GREP=W] AT LHER Phiendy/ kW Oh,i(engy/kvar APy kW AQ . i/kvar
r/p.u. x/p.u. b/p.u.
1 0 1 0.0025 0.0026 0.03 1160.018 532.083 4.084 4.248
2 1 2 0.0007 0.0007 0.02 949.178 456.244 0.779 0.779
3 2 3 0.0020 0.0021 0.02 707.857 382.858 1.302 1.367
4 3 4 0.0001 0.0001 0 166.185 132.185 0.004 0.004
5 4 5 0.0018 0.0018 0 16.161 60.161 0.007 0.007
6 5 6 0.0011 0.0011 0 -258.923 -93.923 0.084 0.084
7 6 7 0.0011 0.0011 0 -237.997 -99.997 0.074 0.074
8 7 8 0.0001 0.0001 0 -168.000 -60.000 0.003 0.003
9 1 9 0.0008 0.0008 0.02 210.015 110.015 0.045 0.045
10 9 10 0.0007 0.0007 0 120.000 80.000 0.015 0.015
11 2 11 0.0021 0.0021 0.02 90.000 30.000 0.019 0.020
12 3 12 0.0009 0.0009 0.01 541.339 265.339 0.329 0.329
13 12 13 0.0017 0.0017 0.01 400.000 195.000 0.339 0.339
14 4 14 0.0006 0.0006 0 150.000 72.000 0.017 0.017
15 5 15 0.0003 0.0003 0 10.000 5.000 0.000 0.000
16 6 16 0.0007 0.0007 0 -21.000 6.000 0.000 0.000
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Table 2 Results of loss allocated to load

PR S i &5 SR kW

- A
W Po/ O/ i N
. Lb A543 Z-Bus i B

Y5 kW kvar ) ) LR i
fic ik % i H

% .
Ik
2 150 72 0.272 0.462 0.660  0.635
5 265 149 0.481 1.363 1732 0330
7 210 100 0.381 -0257  1.187  0.000
8 72 36 0.131 -0.090  0.410  0.000
9 90 40 0.163 0.222 0336 0.322
10 120 80 0.218 0315 0.501 0.476
11 90 40 0.163 0.304 0.410  0.381
12 141 80 0.256 0.782 0.997  0.949
13 420 200 0.762 2.514 3.103  2.957
14 150 72 0.272 0.772 0.953 0916
15 10 5 0.018 0.050 0.064  0.012
16 239 136 0.434 -0.511 1.479  0.001
Gt 3.550 5.925 11.832  6.979
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Table 3 Results of loss allocated to DG

PR/ i 45 SR kW
Rip=t Pg/ Oc/ A3
- Lb 451 Z-Bus Fa )
i 5 kW kvar ) . . $R i
AN G % EEN TR .
Ik
7 300 150 1.331 0337  -1.599  0.082
8 240 196 1.065 0289 -1309  0.034
16 260 130 1.154 0.551 -1.565  0.005
Gt 3.550 1.176 -4.473 0.121
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Fig. 5 IEEE 33-node system
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Table 4 Results of loss allocated to load

ke ke
Rip=t Pp/ Op/ e Rip=t Pp/ Ov/ 3
Gij 5 kW kvar 4R/ | 5 kW kvar ghi/
kW kW
1 100 60 0.236 17 90 40 0
2 90 40 1.082 18 90 40 0.238
3 120 80 2.218 19 90 40 0.526
4 60 30 1.269 20 90 40 0.578
5 60 20 1.611 21 90 40 0.624
6 200 100 6.136 22 90 50 1.437
7 200 100 1.214 23 420 200 9.241
8 60 20 0.379 24 420 200 10.568
9 60 20 0.488 25 60 25 1.776
10 45 30 0.593 26 60 25 1.870
11 60 35 0.743 27 60 20 2.059
12 60 35 0.886 28 120 70 5.432
13 120 80 1.214 29 200 600 25.209
14 60 10 0.318 30 150 70 2.521
15 60 20 0.248 31 210 100 0.478
16 60 20 0.102 32 60 40 0
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Table 5 Results of loss allocated to DG

TWRHS  Po/kW Oc/kvar BB BLAS AW
7 240 96 0.092
17 240 96 0.818
32 400 100 0.424
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Fig. 1 A simple distribution network
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