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Study of Drawing Optimum Switch Automation Rate to Minimize Reliability Cost
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Abstract — Replacing a manual switch installed in a feeder for a distribution system with an automatic one increases
the reliability of the electric power system. This is because the automatic switch can shorten the duration of a fault the
customer experiences by splitting the faulty section faster than the manual one does. However, improving the reliability
of the distribution system may increase investment costs. Here, the investment costs include automatic switch cost,
replacement work cost and labor cost. For this reason, importance should be attached to the proper balance between the
increase of the investment costs and the improvement of the reliability of the distribution system. This article analyzed
reliability index and economics when manual switches installed in a feeder (RBTS Bus2 model) was replaced by
automatic ones. In addition, it attempted to draw the optimum rate of automation of manual switches by automatic ones
using the GRG optimization method, considering the current economic requirements.
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Table 1 Feeder types and lengths

feeder length Feeder section number
type [km]
1 0.60 261014 17 21 25 28 30 34
_ 14791216 19
2 075 22 24 27 29 32 35
35811131518
3 0.80 20 23 26 31 33 36
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Table 2 Customer data

No. of . Avg.
load Load points (tJUSt' load No. : f
points ybe (MW) cust:
5 1-3, 10, 11 Residential 0.535 210
4 12, 17-19 Residential 0.450 200
1 8 Industrial 1.00 1
1 9 Industrial 1.15 1
4, 5, 13, 14, . _
6 20, 21 Govt/inst. 0.566 1
5 67 2125 » 16, Commercial 0.454 10
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Table 3 Reliability and system data

Component A r Smanual Sauto

Y [yl | o) [hr] [hr]
Busbar 0.001 2.0 _ 7
Line 0.065 4 1 0
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Table 4 Customer Damage Function [$/kW]

Interruption  duration
Cust. type - B
1 min | 20 min 1 hr 4 hr 8 hr
Industrial 1.625 3.868 9.085 25.163 | 55.808
Commercial 0.381 2.969 8552 | 31.317 | 83.008

Residential 0.001 0.093 0.482 4914 | 15690
Govt. & Inst. | 0.044 0.369 1.492 6.558 | 26.040
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Table 5 Elements of investment for suggested model

Interest
rate (%]

Expected
life [yr]

Installation | Maintenance
cost [$] | cost [$/yr]

Auto DS 3,000 300 20

Manual 6.6
DS 100 30

min(RCostmm[ ) (5)
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Table 6 Automated sequence of disconnecting switch

Feeder number Automated sequence of DS
F1 2=3=1=4
F2 5=06
F3 8=7=10=9
F4 1NM=12=13= 14
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Table 7 Results of reliability analysis

=
24 2

Feeder | AR SAIDI SAIFI ENS RCost
No. [%] |[min/cust.yr]|[f/cust.yr]|[kWh/yr] [$]
0 22.69 0.23 137753 | 4462.27
25 19.77 0.19 1199.84 | 4438.10
F1 50 16.84 0.14 1022.15 | 4413.94
75 13.92 0.09 844.45 | 4389.77
100 11.58 0.05 702.30 | 4465.32
0 17.87 0.14 640.16 | 4758.28
F2 50 14.94 0.09 535.35 | 4280.49
100 12.60 0.05 45150 | 3993.15
0 22.56 0.24 1172.00 | 2876.39
25 19.44 0.18 1010.49 | 3023.01
F3 50 16.52 0.14 859.07 3190.12
75 13.59 0.09 70765 | 3357.22
100 11.25 0.05 58652 | 3585.80
0 21.89 0.23 1290.86 | 4419.56
25 18.77 0.18 1114.58 | 4368.54
F4 50 15.85 0.13 949.31 | 4350.37
75 12.92 0.08 784.05 | 4332.19
100 10.58 0.04 651.84 | 4412.54
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Table 8 Optimum solution and reliability index

SAIDIsystem RCost
Fl F2 F3 4 [min/cust.yr] [$]
100% 100% 0% 100% 14.89 15747.4
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1 |F1 ~|F2 ~|F3 -|F4 + | SAIDL,, [x[ICOST [+|RCOST [

26 100% 100% 0% 100% 1489 614436 1574740
51 100% 100% 25% 75% 1462 614436 1581367
76 75% 100% 25% 100% 1466 614436 1581846

96 100% 100% 25% 100% 1386 661879 15894.02
100 75% 100% 50% 75% 1445 614436 1590522
101 100% 100% 50% 75% 1365 661879 15980.78
121 75% 100% 50% 100% 1369 661879 15985.57
125 100% 100% 50% 50% 1461 614436 1599895
126 50% 100% 50% 100% 1469 614436  16009.74
146 100% 50% 0% 100% 1490  5669.92 16034.74
150 100% 100% 50% 100% 1289 709323 16061.12
151 75% 100% 75% 75% 1348 661879 16072.33
166 75% 100% 75% 50% 1444 614436 1609051
170 50% 100% 75% 75% 1448 614436 1609650
171 100% 50% 25% 75% 1462 566992 16101.01
174 75% 50% 25% 100% 1466  5669.92 1610581
175 100% 100% 75% 75% 1268 709323 16147.88
176 75% 100% 75% 100% 1272 709323 16152.68
191 100% 100% 75% 50% 1364 661879 16166.06
195 50% 100% 75% 100% 1372 661879 16176.85
196 100% 50% 25% 100% 1386 614436 1618136
199 100% 100% 75% 25% 1459 614436 1618424
200 75% 50% 50% 75% 1446  5669.92 16192.57

a8 2 Microsoft Excel& ol &%t A2l "ot 23
Fig. 2 Result of reliability evaluation using Microsoft Excel
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