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A Novel Network Reduction Method based on Similarity Index between Bus Pairs

=R % -2 sp
(Dong-Su Lee - Yeong-Han Chun)

Abstract - Transmission zones can be defined based on LMPs. Each zone consists of nodes with similar LMPs, and
zonal price is determined by average nodal prices in each zone.[l] Network reduction is still important for the analysis
of zonal systems under electricity market environments, even though the computing capability of computer system can
deal with entire power systems. The Similarity Index is a good performance measure for the network reduction.[2] It
can be applied to the network reduction between zones categorized by the nodal prices. This paper deals with a novel
network reduction method between zones based on the similarity Index. Line admittances of reduced network were
determined by using the least square method. The proposed method was verified by IEEE 39 bus test system.
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a3 3 IEEE 39 24 EHAE AE
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Table 1 Shadow price of each bus after AC-OPF

i A7}
- (@91 L/AW)

BUS1 29.20645
BUS2 28.52812
BUS3 31.40224
BUS4 32.77701
BUS5 37.56585
BUS6 38.26418
BUS7 37.80529
BUS8 37.34641
BUSSH 30.56311
BUS10 40
BUSI1 39.42139
BUSI12 40
BUS13 40.57861
BUS14 41.73582
BUS15 43.78892
BUS16 45.84201
BUS17 47.89511
BUS18 46.39576
BUS19 45.84201
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BUS29 55
BUS30 2852812 £ 3 Zone B RAXIT
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2% =
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8 9 0.17587 8 10 0.17585
9 10 6.51E-05 9 11 8.21E-05
0] 11 00001133 | 10| 12|  0.0001473
o 1 12§ 00002587 [ 11| 14 0.27566
\ 12] 14 0.2759 12] 15 0.15817
‘: 4] 15 0.11772 14| 16] 00007235
3 151 16 0.11845 15 17 0.11859
: 161 17| 00001415 ] 16] 18 0.38838
‘; 3 8 0.45607 3 9 0.3758
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! 7 12 7.83E-06 7 14 0.2759
8 14 0.30656 8 15 0.21315
9 15 0.15802 9 16 0.27644
10] 16 0.27648 0] 17 0.27663
3 12 0.37598 3 14 0.38451
a8 4 MY 7122 0|88t Zones TE 4 14 5.607 4 15 5.6211
Fig. 4 Network Reduction Algorithm 5 15 0.36087 5 16 0.37708
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7 17 0.27676 7 18 0.374
241 &FaAg T2six] ¢#2 e & sedn 3 6 0.36231 3 7 0.37598
ENg 4 7 56516 4 8 5.6331
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Fig. 5 Reduced network (EF=0.25)

9 ZGASL 249 Stepl0, Steplld) FAL AFHAM 4
NAEY AZZFE UEF3le 2YAIF A2 dEngx

8 il 0.17594 8 12 0.17573
9 12 0.00020277 9 14 0.27572
10 14 0.27576 10 15 0.15805
11 15 0.15799 11 16 0.27638
12 16 0.27662 12 17 .0.27676
14 17 0.00086496 14 18 0.3834
15 18 0.38474 17 18 0.38838
11 17 0.27652 11 18 0.37375
3 10 0.37584 3 11 0.37574
4 11 56515 4 12 5.6516
5 12 0.27065 5 14 0.37709
6 14 0.29622 6 15 0.1785
7 15 0.15818 7 16 0.27662
8 16 0.30729 8 17 0.30743
9 17 0.27658 9 18 0.37382
10 18 0.37386 12 18 0.37399
3 15 0.38269 3 16 0.38462
4 16 5.6069 4 17 5.6069
5 17 0.37707 5 18 0.14844
6 18 0.36032 8 18 0.46043
3 17 0.38464 3 18 0.021403
4 18 5.7054
(L: Load ¥ %)
G2-G3 0.14839 G2-G4 0.37381
G3-G4 0.2706 G3-G5 0.2706
G4-G5 4.93E-07 G4-G6 7.93E-05
G5-G6 7.98E-05 G5-G7 0.0001369
G6-G7 5.86E-05 G6-G9 0.27655
G7-G9 0.27651 G2-G7 0.3737
G2-G5 0.37382 G2-G6 0.37375
G3-G6 0.27059 G3-G7 0.27058
G4-G7 0.0001364 G4-G9 0.2766
G5-GY 0.2766 G3-G9 0.37707
G2-G9 0.38838

(G: &A7] HdZ)

e fAATE vgos QA HBY FARAA
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4 FARMAC (EF=0.25)
Table 4 Similar Buses Group (EF=0.25)

AY A FARAHY
Group 1 G 18
Group 2 Load 1,2,13
A2 B gAmAAR
Group 1 G 45
Group 2 G 6,7
Group 3 Load 3,5
Group 4 Load 6,7,8,10,11,12
Group 5 Load 14,15,16,17
Aol FARMIGS vigeg FHATE TASA ok
b Z+ A9EE ot Iy L FIAFTE 4& F 4
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Table 5 Line-admittance in reduced network (EF=0.25)
(where the line number is that of Fig.5)
Z9A% | EHAT
e ANAT | 2FAT | (FAFH | (FAF] HF
we| 9% = 3 3 o=
= HEA | elE ()| 20%%F 7)) | 2097 A) [l 2(4)
2 (3)
1 -j40 -j71.189 | -j76.863 | -j74.672 § -j74.34
2 -340 -j6.6944 | -36.0205 | -j4.9777 | -i5.9868
3 -j24.331 -j24.28 | -j23.637 | -j18.134 § -i22.48
4 -j78.125 | -j11.727 | -i55.74 | -356.381 | -j48.823
5 -j77519 | -j205.93 | -j137.8 | -j136.85 | -j149.58
6 -j75.188 | -i80.956 | -j49.748 | -i38.234 ] -j49.328
7 -j30.96 | -j67.131 | -j24.076 | -j24.933 |} -i25.782
8 -j89.286 | -j865.7 | -i812.56 | -i786.54 | -j822.35
9 -j384.62 | -j422.38 | -j434.3 -j431.6 | -3429.77
10 | -j217.39 | -j130.21 | -j129.59 | -j131.21 | -j130.13
11 | -j27.548 | -j16.747 | -j11.737 | -j18529 § -j14.95
12 -71000 -j913.46 | -3926.56 | -j963.57 | -j933.91
13 | -j23256 | -j233.26 | -j233.4 | -j233.71 } -j233.42
14 -31000 -31000 -31000 -j999.98 | -j1000
15 -199.01 -j165.1 | -j135.52 | -3130.92 ] -jl141.34
16 | -j23256 | -j231.75 | -j231.59 | -j231.37 § -j231.59
17 | -j46.083 | -j34.93 | -j19.884 | -j44.572 | -j29.801
18 | -357.803 | -j32.478 | -j60.581 | -j60.388 § -j59.567
19 | -j51.282 | -i51.282 | -i51.282 -j51._282 -151.282
242 71 «na(E3e v
B =R gugFel o3 33 £4AEF H2oj=n
it 7]1E 4S5y YAATY HAEXFY AT
1€ vlas) 29 oS X9 2ol (&, 97 ndige
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29 fFEAH)

= 6 AAAHER Bt S ME=F H{W(EF=0.25)
Table 6 Comparison table for original network and reduced

network (EF=0.25)(where the line number is that of
Fig.5) {base:100MW)
A
Rﬂ‘:i A AZ (pu) | 71ETEEY (AgE TEw
1 1.447 0.673 0.937
2 0.043 0.817 0.553
3 1.447 0.673 0.937
4 1.584 1.891 1.166
5 2.619 1.242 2527
6 0.398 0.297 0.409
7 0.59%4 0.198 0.606
8 3.264 1.255 3713
9 4.848 3.146 4879
10 1.998 4782 2.059
11 0.043 0.817 0.553
12 0.310 1.306 0.407
13 3.311 3.397 3.306
14 5.640 5.640 5.640
15 2.878 1.797 2786
16 3.188 3.103 3.193
17 0.259 0.555 0.258
18 0.201 0.597 0.188
19 4.600 4.600 4.600
3.2 B
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