
Chapter 6 

Result and Analysis 

6. 1 Analysis of the Results from the SynerGEE reliability tool. 

6 .1.1 SAIDI & SAIFI values from SynerGEE reliability tool. 

The model was run for the reliability analysis and the results are tabulated 

in table 6.1 below. 

Table 6 . 1 : Results from SynerGEE software package 
j 

Grid Feeder 
substation SAIFI SAIDI 

Name 
Total Total 

Total System 
12.75 3 8 .545 

Bolawaththa Feeder BOLAFl -Nathandiya 

11.978 37.278 
Feeder BOLAF7-Pannala 

16.638 33.771 
Feeder BOLAF3-VOA 

12.776 28.934 
Feeder NattandiyaPrimaryF2-
Marawila 

5.593 24.111 
Feeder BolaPrimaryF 1-Yikkala 

4.252 22.427 
Feeder NattandiyaPrimaryF I 
ThalawilaMar 

5.336 19.857 
Feeder BOLAF2-Pannala 

6.247 ·~ 12.722 
Feeder LunuwilaPrimaryF2 
Hundirapola 

1.958 10.641 
Feeder 1:3olaPrimaryF2 
Wennappuwa 1.491 5.866 ..... 
Feeder Lunuwila Prinmary F l 
Marawila 

3.464 8.101 
Feeder BOLAF5 BOLA.PRIMARY ~ 

0.03 0.18 ~-.. 
Puttalam Feeder PuttalamaF4-Anamaduwa .; 

40.132 57.549 
Feeder PuttF3-Kalpitrya 

11.365 34.44 
Feeder PuttF7-Eluwankulama 

14.196 32.586 
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Feeder PalakudaPrimaryF 1-

Kalpitiya 4.992 15.542 

Feeder Pudukudirippu Primary-

Udappuwa 3.047 14.854 

Feeder PuttF1 Keeriyankalliya 
5.53 13.183 

Feed er MangalaelliyaPrimaryF 1-

Sinnapadu 2.95 12.811 

Feeder MadurankuliyaPrimaryFl-
Kadayamot 

1.503 7.293 

Feeder Chi1awPrimaryF2-Town 
1.231 6.612 

Feeder ChilawPrimaryF1-

t:godawattaPallty 0.753 1.883 . 

Feeder PuttF5-cement 7 

0.551 1.377 

Feeder PuttF8-Cement 
0.529 1.323 

Madampe Feeder MADAF4-Nattandiya 
13.442 42.906 

Feeder MADAF1-Kuhyapitlya 
20.813 37.259 

Feeder MadaF2-Bingiriya 
19.087 32.127 

Feeder Madar/-Keenyankalhya 
13.452 20.407 

Feeder MadaF7 Chilaw 
6.737 18.191 

Feeder RajakadaluwaPrimary 

Kusala 3.246 15.454 

Feeder MahawewaPrimaryF 1-
ThoduwawaThala 

3.236 . 13.616 

Feeder Kotlapit iyaPrimaryFl-
karukkupane 1.485 8.258 

Feeder MarawalaPrimaryF 1-
--~ Iranaw1la 1.916 " 4.789 

Feeder MadaF5 VOA 
1.646 3.945 

Feeder MadaF8-Bhuwalka 
0.278 0.695 

Thulhiriya Feeder THULF2-Nari'lmmala 
5.654 13.173 

~· 

Feeder THULF3-Pannala 
11.848 40.503 

Feeder THULF5-Kpitiya 18.799 30.088 ... 
Feeder Thulhll'iyaF I Industnl Pol 

13.33 36.147 
~ ·-

Kurunegala Feeder Udawalpola Primary F3 
1.943 5.153 

.~ 

F'eeder Udawalpola Pr1mary F4 
0.634 1.835 

Feeder Udawalpola Primary F5 1.751 5.44 

Feeder Udawalpola Pnmary F6 
0.847 2.159 
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Feeder KuruF6-Ibbagamuwa 
7.093 19.228 

Feeder YanthampalawaF2-
Lakeside 1.314 1.663 

Feeder kURU F7-lbbagamuwaBB 
8.787 21.701 

Feeder KuruF1-Galagedera 
7.173 14.601 

Feeder KuruF2-Narammala(Town) 

4.075 9.111 

Feeder KuruF3-Potuht-ra 
11.234 21.833 

Feeder KuruF4-Maho(Maspotha) 
11.153 31.95 

Feeder KuruF5-PadcmvaBB 
13.806 32.7 

Feeder Yanthamplawa Primary F I 
1.364 1.917/ 

The above SAID! & SAIFI values are used to identify the unreliable feeders 

which contribute high SAIDI & SAIFI values in the system. 

The Results show that SAID! & SAIFI values have strong inter-relationship 

for the sustained type of failures. For the feeders where the SAIFI values 

arc higher than the system SAIFI value, it is observed that SAID! values are 

also higher than the system SAlOl value. 

SAIFI, SAID! contribution from the Feeder PuttalamaF4-Anamaduwa, 

Feeder THULF5-Kuliyapitiya, Feeder Madampe F2-Bi.ngiriya & Feeder 

Puttalam F7 Eluwankulama are much more significant to the total system 

while reliability indices contribution from the Feeder .BOLAF2-Pannala & 
... , 
':" 

Feeder BolaPrimaryF2-Wennappuwa to the total system are low. 

Total feeder length, number of customers & relevant exposure zone for the 
,..-

4 feeders where the reliability indices are the most significant & the 2 

feeders where the reliability indices are ver:y low have been tabulated in 

table 6.2 for easy comparison. 
... 

... .. 
.; 
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Table 6.2: Table of Comparison between the feeders of NWP 

Fet>der name SAIFI SAID I Total Total number The most 
Feeder of customers in relevant 
length the Exposure 
Km feeder I system zone for the 

feeder 
Feeder PuttalamaF4- 636.9 66670 Coconut 
Anamaduwa 40.132 57.549 Elantation _ ~ 
Feeder THULFS-Kpitiya 237.0 38827 General rural 

18.799 30.088 area 
Feeder MadaF2-8ingiriya 219.1 43285 General rural 

19.087 32.127 
lo7.0 

area _ 
7777 General rural 

Feeder BOLAF7-Pannala 16.638 33.771 , area 
-+- J General rural ' Fet>der KuruF2-

Narammala (Town) 4.075 9.111 24.8 676 area 

-

Feeder MadaF7 -Chilaw 6.737 18. 191 37.2 745 General rural 
a rea - -

Total System 15.55 29.864 2986.9 625,000 

The following reasons can be given to explain this situation 

a) Total length of these feeders are large 

b) The number of customers in the feeder is high. 

c) The feeder traveling through exposure zones are having high annual 

failure rates due to coconut plantations & heavy way leaves. 

Ex ample: Feeder PuttalamaF4-Anamaduwa is going through the exposure 

zones, (coastal area with sea breeze & coconut plantations) where the 

exposure zone failure rates are having higher ~aiues than the other 

exposure zones . Therefore the reliability of this feeder is less than the total 

system average reliability. 

; ' 

6 . 1.2 Comparison of the results obtained from SynerGEE with 

manually calculated reliability indices in the control centre of 
~ 

NWP. 
:...a .. 

"' ,. 
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Table 6.3- SAIDI & SAIFI Comparison Table. 

!Me~ of calculation I SAID~rs / Year) 1 SAIFI( Frequency /year) 

Manually calculated 

\ Rehability indices for the NWP 

distribution system 
- --- ---

Results obtained from the 

s\nerGEE tool for the model 

Difference of the value 

42.0 

38.5 

3.5(8.33 ~%) I 

11.80 

12.75 

0.95(8.05%) 

Reasons for the differences, 

It is revealed that the feeders with high frequency of failure ~so exhibit 

high failure duration before restoration of supply. High frequency is also 

due to inherent nature of plantations terrain and bad maintenance. High 

duration is due to geographic location and low priority given for restoration. 

However when the actual SAIDI and SAIFI values manually calculated 

using the practical data remarkably differ from the values obtained from 

SynerGEE. The following reasons can be given to explain this situation. 

a) Major events which have taken unusual long repair time have not 

been considered during the calculation of equipment failure rates 

and repair time assigned for SynerG EE software package. However 

during the manual calculation these type of incidents have taken in 

to consideration. Therefore manually calculated values should get 
A~ 

higher SAID! and SAIFI values. " 

b ) Breakdown data for MV distribution network in NWP is currently 

available only for 2 years and the data required to model the NWP 

MV distribution system was calculated from this data base. IEEE 

standards [13J recommend to have 5 year data base to calculate the 

required data to model the MY distribution system. Therefor:e tl¥. 
~~-

calculated values from the 2 years data base may not repres¥nt the 

accurate and reasonable values required to model the system. 

c) Manually calculated average SAIDI & SAIFI values for year 2005 and 

2006 have been compared with the result from Syn erGEE. To have 
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more accurate manually calculated SAID! and SAIFI values it is 

required to have physical average of 5 years or more to compare with 

the result obtained from SynerGEE software package. 

6.2 Case Study (Selected Mitigation Technique) 

In order to estimate the effectiveness of a selected mitigation technique a 

case study is done selecting Kalpitiya Feeder. The selected mitigation 

technique is replacement of Pin Porcelain Insulators with Composite 

Insulators in Kalpitiya coastal Area to reduce the insulator flash over 

breakdowns. I 
MV distribution network is in the vicinity of a lagoon with sea breeze effect. 

Salt is the main contaminator in this area. The salt spray is brought by the 

prevailing south- west monsoon winds blowing over the ocean and the 

lagoon. 

These porcelain insulators are exposed to salt contamination. Therefore 

frequent flash over can be observed in the Puttalam Feeder. Past data show 

that the flash over frequency is having a co-relation with rainfall in this 

area and an analyse of this relationship is made in clause 6.2.1. 

6 .2.1. Effect of rainfall on Flash over frequency of MV insulators in 

Kalpitiya 

It is observed that the flash-over frequency is comparatively low during the 

rainy season where there is abundant rain to wasl:l~way salt pollutants. 
" 

On the other hands flash over frequency increases during the dry season, 

especially when a slight bristle occurs. 

Annex 6.1 shows, operation frequencies of HT DDLOs due to insulatw· 

flash overs & way leaves in Kalpitiya consumer service centre area for years 

2005 & year 2006 in relation to the rainfall of the month. Rainfall data has 
~ 

been collected from the Meteorological Department. The Data shows that 

fa ilure frequency has a direct co-relation to monthly rainfall in ~alpitiya ~ 

area . 

Minimum rainfall is recorded during the month of June, July, August & 

September in year 2005 a nd the recorded MV breakdowns are a maximum 

i t'll ...... 
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during those months. The same situation can be observed during the year 

2006. 

During the month of October & November in year 2006 the maximum 

rainfall has been recorded and failure frequency of HT fuses are in their 

peaks. To verify this fact, the officer in charge of the CSC was interacted 

and according to his explanation most of the HT fuses were blown due to 

the way leaves It appears that this high failure frequency during this rainy 

season is mainly due to way leaves and coconut branches causing line 

faults and due to flash over resulting from salt pollution. These ; 

observations confirm that, dry months cause insulation flash over due to 

salt pollution, specially in the event of a slight bristle or dew. 

SIR composite insulators have been tested in Kalpitiya area in 1997 [ 11] 

and the results show that the performance of the SIR composite insulators 

are satisfactory even in the heavy atmospheric pollution condition with salt 

contamination. Therefore it is recommended to use the SIR composite 

insulators to minimize break down due to insulator flash over. 

6 .2.2 Comparison of Porcelain insulator with Silicon Rubber insulator 

Porcelain has been used as the oldest material for outdoor insulation, and 

it is widely used around the world. In the polluted environment the 

development of leakage current causes flashover ~short circuiting the 
' 

insulator. This is an acute problem in the transmission and distribution 

lines exposed to pollution. Some of the methods presently used to overcome 

these problems are insulator replacement at regular intervals, increasin~ 
; 

the creepage distances, insulator washing and greasing or coating. Another 

method is to replace the traditional insulators by silicon rubber insulator in 

which high creepage distance can be achieved. Further silicon,:ru bfrer 

insulators are hydrophobic in nature and they are not affected l'Sy water .., 

with salt pollution. 
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Silicon rubber insulator and referred to as composite insulator as they 

consist of three parts , namely a metal fitting for the connection to the 

power conductors and the supporting structure , a fibre glass rod for 

mechanical strength of the insulator and a housing material for protection 

of the fibre glass rod and for use as the insulation. 

Silicon rubber insulators have many advantages over porcelain insulators 

and their comparative general capabilities are given in table 6.6. 

However, the main drawback of the composite insulator is the surface 

a ging. Under difficult service stress such as corona discharge, UV 

exposure, chemical attacks etc, chemical reactions can occur qn or inside 

the composite material. This may result in loss of hydrophobic~ and other 

surface degradation for example tracking and erosion. 

Table 6.4: Comparison of General capabilities of Insulators [ 11] 

~Characteristics 
----- Silicon Rubber Insulatm Porcelain Insulators 

l Hydroprobic recovery No Yes 

Light weight No Yes 

Contamination No Yes 

Resistance 

~akage current control No Yes 

eather Resistance Yes Yes 

stallation Difficult Easy 

I f.-- -- --- -
Resist UV Yes Yes 

:_ 

Price of insulator 20USD 28\:JSD 
' -T . asy transportation No Yes 

--- ---- ------
Reliability in the polluted Low High 

environment ..,.. 
'-

Going back to history, the first composite insulators were used on outdoor 

lines during the mid 1960 period. Since then, there have been ... ;Jll~ 
cha nges in the material composition and design of insulato~. Now ~ 

composite insulators are being used in significant quantities all over the 

world and their prices are decreasing due to the development of technology. 
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The most common material used today for composite insulators are silicone 

Rubber (SIR) and ethylene propylene diene monomer (EPDM). The SIR is 

used in two forms: room temperature vulcanized (RfV) and high 

temperature vulcanized. Usually, RfV is used for coating of porcelain 

insulators whereas HTV is used for composite housings. 

6 .2.3 Features of MV distribution network Feeder 3 of Puttalam GSS 

This feeder is starting from Puttalam GSS and going Kalpitiya as shown in 

Annexure 6.1. Up to Palakuda the feeder is energized with 33kV and after 

Palakuda primary the feeder is energized with 11 kV to mini,91ized the flash 

over breakdowns, and thereby improve the reliability of MV network 

distribution system. This solution is not the best solution from a technical 

point of view. It provides higher losses and excessive voltage d rops in the 

distribution system. 

6.2.4 SAIDI & SAIFI improvement of Kalpitiya Feeder with SIR 

insulators. 

Considering the fact that the porcelain insulators are replaceable with the 

SIR insulators in Kalpitiya feeder, only that feeder was run for the 

reliability analysis in SynerGEE. And the results are tabulated in table 6. 7. 

In the new model exposure zone reliability has improved from o.35 fjyear 

to 0.01 fjyear considering that the exposure zone reliability is equal to the 

zones with paddy field where the exposure zone reli$lity is normally high . 

"' 

DDLO Fuse blown frequency has been changed from 1 fjyear to 0.5 fjyear 

after installation of SIR insulators. 
; ' 

Table 6.5: SAIDI & SAIFI comparison with both type of insulators 

Kalpitiya Feeder SAID I SAIFI:.•- -' 
I ... With Porcelain Insulators 24.47 8.00.; 

/ ' 

With Silicon Rubber insulators 
I--

10.69 2.37 
'--

SAID! improvement to Kalpitiya Feeder is nearly 14 hours. 
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6 .2 .5 Cost Benefit analysis for replacement of porcelain insulators 

with SIR composite insulators 

a) The following assumptions have been made during the calculation, 

i) Reactive Energy losses due to 11 kV lines have not been considered 

ii) Hardware for the insulators for the both types, Porcelain & Silicon 

Rubber composite have considered to be the same. 

iii) Installation and transportation cost comparison for the both types of 

insulators have not been taken in to consideration. 

IV) Load factor for the Kalpitiya feeder & Palakuda primary is considered 
j 

as 0.3 as the most of the loads in this area are distribu-ted loads. 

v) Effect of the SAIFI improvement of distribution network due to 

installation of SIR composite insulators have not been taken in to 

accoun t during the financial analysis as it is difficult to quantify the 

SAIFI improvement to the economy of the country. 

b) Line construction features Kalpitiya Feeder. 

• Total line length of the Feeder: 61.7 km. 

• Conductor : Racoon conductors ( 7 /4.09). 

• Type of insulators : 33 kV Pin porcelain insulators with creepage 

distance 850 mm and power frequency withstand dry voltage 135 kV 
~ 

and weight 12 kg have been installed presentl;{7j. 

As per the Medium voltage line construction standard of CEB the required 

quantity per 1 km of the following items are as follows 
; ' 

• Number of 13M RC poles (500 kg): 14 nos. ~ 
';..-... 

yl 
.,~ 

• Number of Pin insulators (33kV): 43. 

• Number of Tension insulators (33kV): 24. 
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Total number of Pin insulators in the Kalpitiya Feeder: 43 X 61.7=2654 Nos 

Total number of Tension insulators for 

Kalpitiya Feeder } : 24 X 61.7=1481 Nos 

c ) Calculation of total cost of insulators for the Kalpitiya Feeder. 

I Description I Porcelain Insulators I Composite 

i 
Insulators 

f Current market price for 

1. Pin Insulator 21 USD 28 USj> 

2. Tension Insulator 45USD 46 USD 

Total cost for 
-

3. Pin Insulators 2654x21=55,734 USD 2654x28=74,312USD 

4. Tension Insulators 148lx42=16,695 USD 148lx46= 17,066 USD 

Total cost 122,379 USD 142,438 USD 

d) Calculation of the benefit from the SAIDI improvement 

Generation cost per 1 kwh = 6.22 SLR (5] 

Assuming 10% operation & maintenance cost= 0.62 SLR [5] 

Selling cost of 1kwh to earn 10% profit margin= 7.52 SLR 

Therefore profit from 1kWh to CEB = SLR 0:68 

Total KV A of the Kalpitiya Feeder = 17,535 kVA. ..~ 
" 

SAIDI improvement to the MV distribution network = 14 hours [Tab 6.7] 

Total increase of kWh units sales due lo } 

SAIDI improvements 

(Load factor & power factor are is taken as 0.3 & 1) 

=17535X14X 0.3 

=73,647 kWh 

:..-... 

v' 

Total benefit to CEB from lhe SAID! improvement= SLR 73,647 X 0.68 

= SLR 50,080.00 

-

;' 

~ 

_,~ 
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e ) Calculation Operational & Maintenance cost of Porcelain Insulators 

in Kalpitiya Feeder 

• Annual Maintenance cost for insulators washing and Repairing cost 

of MV distribution network due to flash over of insulators in Kalpitiya 

feeder SLR 5350 per km. 

• Total cost for Maintenance for the Kalpitiya Feeder= 5350 X 61.7 

= 330,095.00 SLR 

f) Calculation of the losses in llkV Distribution in Kalpitiya Feeder 

Palakuda primary is energized with 11 kV. if the pre/ently existing 

porcelain insulators are replaced with SIR insulators the MV voltage can 

be increased up to 33 kV. Total length of MV distribution net work is 15 km 

and the losses due to llkV MV is calculated below, 

Feeder Current of the Palakuda Primary = 222 A 

For the Racoon conductor = R +j X= 0.4095 +j0.9339 

Therefore the total loss of Power, llP = 12 * R XL 

=( 222)2 * 0.4095 X 15X 3 

= 908.16 kW 

Losses in 33 kV Distribution 

Total loss of energy, llP = J2 * R X L x3 

= (74)2 * 0.4095 X 15 

- 100.89 kW 
.. ~ 
' 

If 11kV primary is converted to 33kV the annual energy savin g due to the 

line losses= (908.16 -100.89) X 8760 x0.3 kWh=2,121,505.56 kWh 
; ' 

Annual saving from the line losses ~ , ... 
=SLR 2,121,505.56 X 0.68= 1,442 ,623.4 SLR v' 
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g) Ca lculation of total annual saving from the replacement of Porcelain 

insulators with SIR insulators 

Total annual saving from the}= t.S losses + t.S SAlOl Improvement+ t.S maintenance 

Replacement 
= 1,442,623.4 +50,080.00+ 330,095.00 

= 1,822,798.00 SLR 

Total cost of the additional investment for }=( 142,438-122,379) X115 

SIR insulators = 2,306,785.00 SL~ 
·"' 

Calculation of additional investments for replacement of llkV 

transformers with 33kV transformers 

No of 100 kVA transformers in Palkuda primary= 20 nos 

No of 160 kVA transformers in Palkuda primary= 17 nos 

Additional investment for the replacement} 

Of transformers with 33kV 114] = 20X120,000+ 17X95,000 

= 4 million 

Overheads = 1 million 

Total investment = 5 million 

Therefore total additional investment for converting the "-!" 
1lkv feeder to 33 kV =5,000,000+2,306,885= 7,306,785.00 SLR 

h) Financial Analysis 

C 1 1 
. f 

8
. 

1 
b k . d 7,306,785 

• a cu atlon o tmp e pay ac peno = ---years 
1,822,798 

= 4.00 years 

• Calculation of the viability of the project: 

The following Assumption have been made during the calculation 

economical life time of the SIR insulator is 15 years 

-:,..~ ... 

v 

,., 

~ 
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Discount rate is 12%. 

II I 
Present Value of the Benefit= PVs=1,822,798 I n ---- (4.1) 

, 1 (l+r) 

In the equation (4.1) 

n = economical life time of the SIR insulator is 15 years 

r = Discount rate is 12%. 

Present value of the benefits of the project, [151 

PVs= 1,822,798 X 6.810= 12,413,254 SLR 

Present value of the cost of the project, 

PVc=7,306,785.00 SLR 

Net present value of the project , 

NPV= 12,413,254-7,306,785.00 = 5,106,469.00 SLR. 

NPV> 0 therefore the project is viable. 

• Internal Rate of Return of the project 

PVc= PVs 

n I 
7,3o6,785.oo = 1,822,798 I - , 

· (1 +r)' 
n I 

4.008 = ~ (l+r) · 
.. ~ 
' 

j 

From the table for Present value Factor(PVF), When n=15 years, 

PVF=4.001 for r =24% 1151 

Therefore the internal rate of return for the project is (IRR) = 24%. 
;' 

The above financial analysis shows that the installation of SIR insulators in 

area exposed to the salt pollution is financially and economical~- victe'te. 

Therefore it is recommended to install SIR insulators in place of ..Porcelain~ 

insulators in the coastal MV distribution network to minimise the 

breakdowns cause by insulator nash over and to improve the reliability of 

power supply. 

6J 


