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Abstract

The Provincial Electricity Authority (PEA) has significantly large electrical networks, especially medium voltage overhead
lines, which have been installed and utilized for a long period of time. As a result, the deterioration of electrical equipment and the
damaged components can occur. In order to reduce the interruption of service, PEA has planned the budget allocation for the
improvement maintenance in order to be efficient for the budget allocation. The research proposes the evaluation of the critical
index by risk analysis using inspection data, which comprises two sub-indices 1) the inherent risk of the power system, and 2) the
condition of the power system. The benefit-cost ratio (B/C ratio) of the maintenance project was obtained for the economic
assessment. The improvement maintenance project solely considered in this research was changing bare conductors in medium
voltage overhead systems to insulated conductors because this project can reduce most outage causes and has the largest
budget. Based on the experimental results obtained from 35 overhead distribution circuits of the PEA, the study revealed the
ability to identify critical levels of the distribution system ranging from level 1-5 (level 5 representing distribution systems with the
highest risk of electrical disruption). It demonstrated the investment's value, which can be utilized to enhance maintenance

efficiency, effectively identify the critical levels within the distribution system, and assess the B/C ratio of the project. These insights
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serve as a valuable tool for optimizing the efficiency of improvement maintenance while supporting decision-making for conductor
replacement budget allocation.

Keywords: critical index, risk analysis, distribution system, improvement maintenance
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Table 1 Asset value of the power system.

acquisition cost accumulated depreciation

asset type

(million baht) (million baht)
substation 101,113.38 52,015.22
transmission line 47,536.51 18,266.04
switches and protective devices in transmission systems 3,139.21 1,252.85
medium voltage distribution line 305,708.47 154,252.89
switches and protective devices in distribution line 6,554.70 1,969.47
low voltage distribution line 146,240.37 81,029.00
distribution transformer 35,951.81 19,056.99
electronic meter and mechatronic meter 24,887.69 13,642.19
EV charging station and street lighting system 863.69 229.69
total value 671,995.84 341,714.33

Table 2 PEA overhead line system.

item total length of PEA power grid (circuit-km)
transmission system 15,282
medium voltage distribution system 336,868

low voltage distribution system 519,347
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Table 3 Statistics on the number of outages of protective devices from 2017-2022. (Grid Analyzation Division, 2022)

year breaker (times per year) recloser (times per year) dropout fuse (times per year)
2017 38,463 23,138 215,352
2018 40,911 27,855 231,653
2019 37,879 24,034 216,587
2020 31,174 20,513 211,090
2021 33,113 27,663 217,939
2022 43,469 49,347 225,663
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|:N overall risk of the electrical
e — maintenance activities
: system
— + (replacing conductor)
ws = 295
- Tw,

condition health score

CHS =[1 - 5]

critical index

Cl= QRS+ B CHS

#

benefit cost ratio (B/C Ratio)
benefit = COC have decreased due to maintenance activities.

cost =Maintenance Costs

Figure 1 The steps for critical index analysis for improvement maintenance ranking.
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Figure 2 Remote sensing for initial risk of overhead distribution system.

Table 4 Weighting coefficients for initial risk condition of the electrical power system.

i weight coefficient (Wl-) initial condition factor score (Fi)
PIC 5

1 5 types of cable bare conductor 3
SAC/TWIST 1
dense 5

2 7 trees density moderate 3
sparse 1
high pollution 3

3 3 pollution levels
normal pollution 1
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Table 5 Weighting coefficients for power system condition.

j (wj) inspectionitems & condition (7))  number of anomalies (1)

1 breakage 3 -
sag
1 7 conductor (CO) loosening

damaged insulation

o A~ W N

damaged cable clamping

—_

shows signs of arcing

deformed joint
2 3 joint (JO)

N N ~ ~ N w w
1

substandard joint

A~ 0N

inappropriate lead wire 1 -

a) b) c) d)

damaged insulation damaged cable clamping shows signs of arcing inappropriate lead wire

Figure 3 Examples of anomalies in overhead line power systems.
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Table 6 Show the range of condition health score.

condition health score criteria

CHS

lower limit of WS upper limit of WS
CHS=1 <0.027
CHS=2 =0.027 <0.051
CHS=3 =0.051 <0.076
CHS=4 =0.076 <0.100
CHS=5 =0.100

number of circuits

[0.002, 0.027] (0.027,0.051] (0.051,0.076] (0.076,0.100] >0.100

average equipmentrisk (score/km)

Figure 4 Show the frequency distribution of the total risk data for 496 circuits in the year 2022.
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v v

A, = Auadadnuaiinaialwinduresusias section (A3stel)
r, = dusdsnalilunisenveudas section (117)

Table 7 Outage cost Indices of PEA’s customer classified by region.

PEA region IER (baht/kWh) ICPE (baht/event)
PEA area 1 (central) 96.29 113,410.00
PEA area 2 (central) 116.39 109,188.00
PEA area 3 (central) 100.96 130,188.00
PEA area 1 (north) 68.04 77,102.00

PEA area 2 (north) 64.81 38,605.00
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Table 7 Outage cost Indices of PEA’s customer classified by region. (continue)

PEA region |IER (baht/kWh) ICPE (baht/event)
PEA area 3 (north) 91.59 78,587.00
PEA area 1 (northeast) 57.93 50,978.00
PEA area 2 (northeast) 55.75 40,352.00
PEA area 3 (northeast) 77.01 82,255.00
PEA area 1 (south) 81.29 70,033.00
PEA area 1 (south) 62.80 80,989.00
PEA area 1 (south) 75.79 71,219.00

Table 8 Cost of replacing conductor.

maintenance activities costs (baht/km)
replace bare conductor with insulated conductor 185 sg.mm (SAC) 802,770.00
replace bare conductor with insulated conductor 50 sg.mm (SAC) 520,280.00
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A3 ANENINL29RANTTN1N795N 11 (maintenance performance indicator) W@ dnlung
UszifiutlseAnanavasianssntingednm Welfanunsafama msadey wardFudganszuaunistingednen
Lﬁ@iﬁﬂﬂﬂ?ﬂiﬁwmﬁ’ﬂﬂwmLfim 1HuA 1a1eaIEINANALLIAY (MTBF) naeasluniten (MTTR)
viaAAuidedeldluszuniniia SAIF SAID lunsmAnenilazlideyanieaifannislniindsuginaa
Foflunuiudgszuriniin Tneiansaeuaawdesiduaefuduiinaiun 201 911 szwindl 2018-2022
aeRulunsfinauasa 360.095 A1uum wudaraannsUFulgeszuuluin FaedEnisuanuanaldes

Wuanaiinawiuazdaualiiadfinisminausesginanilesiuanauads 53 wWafidus A (Figure 5)

40 Mean -53.21
StDev 35.67
N 201

30

Frequency
S

<100 -80 -60 -40  -20 0 20 40 60 80 100
Percentage change in power outage incidents

Figure 5 The percentage change in power outage incidents after the replacement of power lines.
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Figure 8 Inspection data.
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feeder  overhead line outage COC replace cost benefit B/C

substation Cl
ID (cct.-km) A\) (Mbaht) (cct.-km)  (Mbaht)  (Mbaht) ratio
Karon KRNO1 21.22 6 1.69 3.67 4.56 3.66 0.93 0.25
electric KRNO2 9.28 1 0.03 4.13 0.1 0.09 0.02 0.20
station KRNO3 9.35 15 1.94 1.67 1.00 0.80 1.07 1.33
(KRN) KRNO5 5.22 4 0.50 1.67 1.00 0.80 0.27 0.34
Sanpatong ~ SGA05 43.64 12 26.46 2.60 5.00 4.01 14.55 3.63
electric SGA06 37.31 4 1.25 3.80 5.00 4.01 0.69 0.17
station SGA07 25.55 2 1.85 4.60 5.00 4.01 1.02 0.25
(SGA) SGAD08 98.13 9 1.27 4.27 5.00 4.01 0.70 0.17
SGA09 112.51 43 21.09 2.77 5.00 4.01 11.60 2.89

SGA10 41.67 2 0.36 4.27 5.00 4.01 0.20 0.05
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