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Reliability target setting of power distribution systems

using data envelopment analysis

Tasws Auursn’ uae aadiiaug gnelEanwed’

Piyaporn Sinnart' and Dulpichet Rerkpreedapong1

el 1
UNARED

unAuTiEuedsnisinssinislaudendess (DEA) dwiunisdsafiulssAnsnmaesssuudnmde i
Tuusiazianiud ur waies wngpavnesy uazansuun WenmuaAsngsaiaudeielfeasssuudmie
Infrethamunzan TnenisuBeufeudss@vnsninaesusias DMU (decision making unit) $4luauideil Ae Walnef
wasszuua e i wasiarsandunaanniadefinasennudeielfuesszuulnin 1Hund avuvuiuduaesiuan
4 yey Y o ° - o A A e 4 4 vy
e {14 WA Seuazaesaneiinauiy uazdiuauzesginsalifesiu TnafiesfupRansunainArdatipnonuideials

¥ 1

gaerzuL i THun system average interruption frequency index (SAIFI) Wa¥ system average interruption duration index

v
A ya o

(SAIDI) 7ianEAdelEllsunsn DEAP 2.1 lunnsiasizinisleufendays uastuadninliainnisdiasziunnivue
Authunneaudenelfresusaziamed dAmFunisnuaunistiudpeonuisene lfaesssuudnmie i liha
1lse@nsnnsialy

mdAny: Artlanadeliald SAIFI SAIDI nMsdszinislaufesieya

Abstract

This paper presents a Data Envelopment Analysis (DEA) based method to evaluate the efficiency of power
distribution systems in urban, industrial, and rural areas, with the aim of setting appropriate reliability targets by
comparing the performance of individual distribution feeders (known as Decision Making Units or DMUs), the DEA
analysis considered factors such as load density, insulated cable percentage, and protective device count as inputs,
and the reliability indices System Average Interruption Frequency Index (SAIFI) and System Average Interruption
Duration Index (SAIDI) as outputs. The DEAP 2.1 software was used for the DEA analysis, and the results were analyzed
to establish the reliability targets for individual feeders, in order to improve the reliability of the power distribution systems.
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Figure 2 Single line diagram of power distribution systems.
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Table 1 Data inputs and outputs of power distribution systems in urban areas.

inputs outputs
feeder load density  insulated cable protective SAIFI SAIDI
(kVA/km) percentage devices (set) (time/customer/year) (minute/customer/year)
A1l 3,088 20.11 3 0.15 23.18
A2 3,450 7.61 5 0.18 10.96
A3 7,903 15.10 4 0.77 25.64
Ad 5,769 8.61 5 0.04 10.01
A5 4,942 24.64 3 0.10 0.02

Table 2 Reliability targets and efficiency of power distribution systems in urban areas.

reliability targets

feeder SAIFI SAIDI efficiency
(time/customer/year) (minute/customer/year)

A1l 0.09 1.79 0.53

A2 0.04 10.01 0.91

A3 0.77 25.64 1.00

A4 0.04 10.01 1.00

A5 0.10 0.02 1.00
mean 0.89
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IndiAeaiu dahuileldnnsdmaeinisteuden
faya (DEA) a1u19nn nuaA I uN e Aei
Auidedelivesilanas A2 156ai SAIFI 0.04
a¥arinsneset LaL SAIDI 10.01 uiTidese el
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Figure 3 Actual SAIFI and reliability targets of urban areas.
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Figure 4 Actual SAIDI and reliability targets of urban areas.
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Table 3 Data inputs and outputs of power distribution systems in rural areas.

inputs outputs
feeder load density insulated cable protective devices SAIFI SAIDI
(KVA/Km) percentage (set) (time/customer/year)  (minute/customer/year)
B1 652 10.84 3 0.25 25.08
B2 718 5.23 5 0.28 8.81
B3 1,930 5.19 7 0.17 5.61
B4 1,089 4.34 5 0.70 36.71
B5 522 2.26 3 0.02 4.34
B6 921 7.66 2 0.46 10.89
B7 885 12.70 6 0.73 3.22
B8 1,237 11.13 6 0.33 14.57

Table 4 Reliability targets and efficiency of power distribution systems in rural areas.

reliability targets

feeder SAIFI SAIDI efficiency
(time/customer/year) (minute/customer/year)
B1 0.25 25.08 1.00
B2 0.17 5.48 0.62
B3 0.17 5.61 1.00
B4 0.11 5.98 0.16
B5 0.02 4.34 1.00
B6 0.30 6.98 0.64
B7 0.73 3.22 1.00
B8 0.33 14.57 1.00
mean 0.80
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Figure 5 Actual SAIFI and reliability targets of rural areas.
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Figure 6 Actual SAIDI and reliability targets of rural areas.
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Table 5 Data inputs and outputs of power distribution systems in industrial areas.

input output
feeder  load density insulated cable  protective device SAIFI SAIDI
(kVA/km) percentage (set) (time/customer/year)  (minute/customer/year)
C1 4,544 14.50 2 0.21 16.62
C2 3,264 21.47 1 0.76 6.46
C3 6,720 5.86 2 0.13 4.36

Table 6 Reliability targets and efficiency of power distribution systems in industrial areas.

reliability targets

feeder SAIFI SAIDI efficiency
(time/customer/year) (minute/customer/year)
C1 0.21 16.62 1.00
C2 0.76 6.46 1.00
C3 0.13 4.36 1.00
mean 1.00
a1n (Table 6) Usz&NBAIWTINTDITELIL WaRnnsRe R eu Al Ao SAIF was

MNLAGAAIUNIINRLITANENINGINgR Aa  SAIDI szMINANEFNA (Table 5) uazA NN
1.00 naane luasnugpamnssiiilanBeuiien  sadaouideteldaesszuuainiaeinii
Usz@ninnresuiazianes wudnAtsaiianinn  (Table 6) 289 RTULY A9 (Figure 7-8)
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Figure 7 Actual SAIFI and reliability targets of industrial areas.



RMUTSB Acad. J. 11(2) : 265-279 (2023)

275

SAIDI
20 16.62
16.62 @
6.46
A 4.36
6.46
4.36O
0
c c2 c3
—@— SAIDI (Actual) SAIDI (Target)

Figure 8 Actual SAIDI and reliability targets of industrial areas.
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Table 7 Reliability targets and efficiency of power distribution systems without grouping by area.

reliability targets

feeder efficiency
SAIFI (time/customer/year) SAIDI (min/customer/year)
Al 0.08 2.84 0.53
A2 0.09 5.64 0.51
A3 0.77 25.64 1.00
A4 0.04 10.01 1.00
A5 0.10 0.02 1.00
B1 0.05 5.02 0.20
B2 0.12 3.68 0.42
B3 0.17 5.61 1.00
B4 0.10 5.03 0.14
B5 0.02 4.34 1.00
B6 0.07 1.62 0.15
B7 0.73 3.22 1.00
B8 0.33 14.57 1.00
C1 0.06 4.80 0.29
Cc2 0.08 0.72 0.1
C3 0.13 4.36 1.00

mean

0.65
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Figure 9 Actual SAIFI and reliability targets of all feeders without grouping by area.
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Figure 10 Actual SAIDI and reliability targets of all feeders without grouping by area.
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Figure 11 Comparison of feeder efficiencies between case studies 1 and 2.
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