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ABSTRACT 
 

In Sri Lanka, majority of MV network runs through vegetation, hilly and polluted areas etc. 

Hence, it has been vulnerable to many faults caused by wayleaves, insulator flash over due to 

lightning, switching operations and the effect produced by pollution in the insulators etc.   

The insulator failure due to saline pollution in particular is a problem that increases failure 

significantly. The priority 33 kV feeder, Ratmalana Feeder -9 which feeds power from 

Ratmalana GSS to Angulana PSS and Moratuwa PSS causes flashover of insulators 

frequently. 

While analyzing the outage details in the Ratmalana Feeder - 9, it has been noted that the 

most of the tripping are due to insulator flashover and wayleaves. During the monsoon period, 

the tripping rate is very high. The routing maintenance including washing of insulators in this 

line is being done once a year during the monsoon period. 

In this case study four possible solutions were discussed to overcome this problem. The 

solutions are composed of introducing UG cable, LYNX line, CC line and increased 

frequency of maintenance. 

Analyzing the economic parameters, implementation of UG cable is not a viable solution. The 

other three solutions are viable and increasing of maintenance frequency is the most viable. 

The implementation of LYNX line as an alternative route is practically a difficult task to 

maintain safety clearance to buildings and other lines as per CEB safety standards. Replacing 

existing conductor by CC is a better approach in this specific case. RUBY SAX CC is newly 

introduced CC which is equivalent to LYNX conductor manufactured by locally. 

In this case study, most viable solution is increasing of maintenance frequency. To minimize 

the trippings, it is recommended that maintenance to be done periodically and efficiently with 

skilled field staff and proper maintenance schedule especially during monsoon period. 

Secondly, vegetation management system should be efficiently adopted. 

Finally, the public awareness programme is to be implemented on vegetation management 

along the RF – 9. Therefore, introduction of efficient and effective maintenance programme 

periodically with increased frequency is the most viable solution which could be 

recommended by the findings of this study. 
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    CHAPTER 1 

   INTRODUCTION 

1.1 Background 

At present, electricity has become an essential commodity of the modern human life. 

People use various electrical appliances and equipment to uplift their living standard 

comfortably and in recent years it has been improving rapidly. Due to that demand 

for electricity has increased considerably. To satisfy this demand, electric utilities 

have had to improve the reliability of their power supply and upgrade capacities of 

their power network. Moreover utilities are now more concerned about the quality of 

their distribution network, because now the consumers are expecting uninterrupted 

quality supply throughout the year.  

A quality and reliable power supply is an essential inevitable pre-requisite for the 

technological and economical growth of any country. In many regions of the world, 

customers demand higher level of reliability from their electrical power supply. 

Ceylon Electricity Board (CEB) is the main utility of electricity in Sri Lanka. The 

CEB distribution network consists of medium voltages of 33kV and 11kV, low 

voltage and domestic service lines. Major portion of medium voltage network is 

overhead lines while some portion of cable system in Colombo and Kandy municipal 

limits is underground. The low voltage network consists of overhead bare conductor 

lines, aerial bundled conductors and LV underground cable system especially in 

Colombo and Kandy municipal limits.   

In Sri Lanka, majority of MV networks are going through areas with vegetation, hilly 

and polluted areas etc. Hence, it has been vulnerable to many system faults due to 

touching branches of trees, insulators flash over due to lightning, switching, 

operations and the insulator flashover due to environmental pollution etc. in the 

distribution network. 

The vegetation management system of a network is more important to maintain the 

continuity of reliable electrical supply. CEB has to face so many obstructions from 
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the public in clearing of tree branches which are more important to maintain safety 

clearance of the MV lines to the vegetation. In rainy and windy days the situation is 

worst. Hence the CEB has to conduct awareness programme to the public in order to 

clear regard and clear tree branches in an effective manner. 

The polluted environment is another main cause of flashover of insulators. The 

insulator begins to fail when the pollutants that exist in the air settle on the surface of 

the insulator and combine with the humidity of the fog, rain, or dew. The mixture of 

pollutants and the humidity form a layer that can become a conductor and allow 

passing currents that will facilitate the conditions of short circuit through the 

insulator surface. This is due to a decrease of the resistance of the insulator surface. 

Unless there is a natural cleaning or an adequate maintenance, the electrical activity 

will be affected by a possible flashover in the insulator. 

Pollutants and the sources that produce them are described in Table 1.1. 

 Table 1.1 Type of pollutions effect for flashover of insulators and their source 

Pollutants Source of pollution 

Salt 
Coastal areas, Salt Industries, Highways with deposit of snow 

where salt is used to melt the snow 

Cement Cement Plant, Construction sites, Rock quarries 

Earth Earth moving on construction projects 

Fertilizers Fertilizer plants, Frequent use of fertilizers in cultivated fields 

Metallic Mining  and Mineral handling processes 

Coal 
Coal mining, Coal handling plants/thermal plants, Coal 

burning/brick kilns areas 

Volcanic ash Volcanic activity areas 

Chemical Wide variety of chemical/process industries, oil refineries... 

Smog 
Automobile emissions at highway crossings, Diesel engine 

emissions at railway crossings / yards 

Smoke Wild fire, Industrial burning, Agriculture burning 
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The level and the type of pollution of a region are associated with the sources of 

pollution, as well as with weather factors of the area. (The flashover can be produced 

these phases have not to happen consecutively but that several phases can occur at 

the same time). 

Out of the many factors that contribute to insulator pollution, two types can be 

distinguished, namely the industrial and saline pollution. 

A. Industrial Pollution 

Industrial pollution of the insulators appears with the development of industries and 

by the contaminants generated and expelled to the atmosphere, being possible of 

diverse types; metallurgical, chemical substances, dust, smoke, cement etc. These 

substances will settle by the action of the wind, weight, electric fields etc. on the 

insulators creating a contaminant layer. This layer settled on the insulators is formed 

slowly during a period either months or years.  

The best way to establish the behaviour of the insulator against this type of pollution 

is to control the behaviour of the amplitude of the leakage current with respect to 

time, or to the load of the leakage current accumulated during a certain period of 

time. Then it will be possible to see whether the activity of the pollution increases 

with the time and also the effect of the rain (natural wash) will be seen. In this way, 

we will be able to decide whether we have to do an artificial cleaning (maintenance) 

or whether with the natural wash is sufficient to avoid a dangerous layer to be 

formed. 

Among the contaminants sources that characterize this type of pollution, we have to 

keep in mind the characteristic sources of industrial pollution as well as other sources 

that enlarge the problem. 

B. Saline Pollution 

The insulators exposed to coastal or saline environments, can become conductive due 

to formation of a conductive layer on its surface. This layer will be formed on 

account of the salted morning dew in these zones close to the coastal areas. When 
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dried with the heat produced in the same insulator or with the outside temperature 

deposited in the insulator, and evaporates salt that had been absorbed before. The 

particles settled on the insulators are not dangerous in dry weather but, the problem 

arises when the environmental weather is humid, when it rains or when there is dew, 

fog etc, and then the layer can become a conductor. The conductivity of this layer 

will depend on the kind of salt that forms it. The weather conditions vary 

considerably from the coastal areas to the interior areas and they play a very 

important role in the contaminants deposition rate and in the operation of the 

insulator. The problem of pollution depends mainly on the environment. The saline 

pollution exists not only in the surrounding area of the coast, but also to considerable 

distances by the action of the wind. 

The danger of the pollution will depend on the type of material and on the form of 

the surface. Also the sources of pollution and the way of deposition of the pollution 

must be investigated. The wind is the main bearer of the pollution and the others 

being the gravity and the electric fields. The pollution will depend also on the 

direction of the wind for a greater or smaller pollution of the insulators. 

1.2 Flashover Mechanism – General Theory 

During wet atmospheric conditions like light rain or fog the contamination layer on 

the surface of the insulator gets wet and promotes leakage current flow along the 

surface. The heat dissipated during the flow of leakage current evaporates the 

moisture on the surface of the insulator. This evaporation leads to the formation of 

areas termed as “dry bands.” Dry bands tend to form near the surface of the insulator 

parts where the diameter is the smallest, because of the high current density in those 

parts. A concentration of voltage stress is formed around the dry bands as the surface 

resistance of the dry bands is much higher than the conductive contaminated surface 

film. Subsequently the dry band will break down causing an initial partial arc over 

the surface. After the formation of a partial arc it will propagate if the voltage 

gradient ahead of the arc, which is the voltage gradient of the pollution layer, is 

greater than that of arc gradient. This is due to the fact that ionization of the path 

ahead of the arc by the increasing current at every instant which enables the arc to 
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proceed. When the arc propagates across the contaminated layer bridges the whole 

insulator a flashover will occur. The flashover triggers a power arc that results in the 

interruption of power supply and may damage the insulator temporarily or 

permanently, depending on the severity of flashover. 

Though the study of the process of contamination flashover has been done for many 

decades at different labs and at outdoor locations across the world, the understanding 

of the physical process is not completed even now. This can be attributed to the 

intense complexity involved in the flashover process. Also, the numerous parameters 

involved in the process of flashover make it even more difficult to understand the 

process completely. As an example it has been observed in service that flashover 

voltage depends upon various factors but is not limited to such as, the polarity of 

voltage, particle size, non-uniform wetting, the size and nature of the pollutant 

surface conductivity, wind, washing, diameter and profile etc. of the insulator. 

The insulator flashover due to saline or rather industrial pollution has gained special 

importance in Sri Lanka in recent years and such distribution systems are operated in 

polluted areas. This problem will maintain its importance and even may become 

more severe because of: 

a.   The construction of more bare conductor overhead transmission/distribution     

  lines in coastal areas due to the growing demand. 

b.   The increase in transmission voltage. 

c. The quick spread of industrial areas. 

d. Irregular rainfall pattern throughout the year.  

Therefore, prevention of faults in the network is a primary concern while improving 

reliability of the power supply.       

Therefore, this case study will help to find a feasible solution to overcome the above 

problems in order to minimize the trippings due to insulator flashover and vegetation 

in the RF - 9. 
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1.3 Motivation 

The insulator failure due to saline pollution in particular is a problem that 

continuously plagues distribution systems. The priority 33 kV feeder of Ratmalana 

Grid Substation (GSS) namely Ratmalana Feeder - 9 (RF - 9) which feeds power 

from Ramalana GSS via Ratmalana Economic center,  Angulana PSS to Moratuwa 

PSS causes frequent failures due to flash over of insulators. 

Outcome of this study will be useful to find out a solution to minimize the above 

problem and provide continuous power supply to consumers in these areas. This 

enhances their living style and carries out their business, achieving quality and 

reliability of the power supply. That enhances the customer satisfaction and uplifts 

image of the CEB.  

This is to set guide lines for proper planning of maintenance schedules to treat the 

polluted insulators periodically.  

The understanding of reliability concepts and its proper application would lead to 

improve the consumer satisfaction. Also, the reliability improvement will have a 

definite positive effect on industries which in turn improve and financial gain to the 

economy of the country.  

1.4 Objectives 

 Find the solution to improve the reliability of a selected feeder in order to provide                       

uninterrupted power supply to the consumers in the Moratuwa, Rawathawatta   

and Angulana area specially reduction of flashover problem. 

1.5 Scope of work 

 Collect outage data of the RF - 9 during past 5 years. 

 Collect and study daily load of RF - 9. 

 Collect and study daily load data of 11kVfeeder of Lunawa and Gurupalliya. 

 Collect data of energy meter readings from LECO and CEB substation to   

 calculate unserved energy. 
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 Study the types of pollution which occurs on insulator flashover. 

 Find information on saline pollution and methods to minimize the flash over. 

 Current rating of different type of conductors and UG cables. 

 Advantages of specific features of different type of conductors and UG 

 cables. 

 Study the reliability of different technologies. 

    Analyze the results and co-related with the IEC regulations to make concluding 

  remarks. 

  Study about hot washing of insulators.  
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                   CHAPTER 2 

PROBLEM STATEMENT 

The Ceylon Electricity Board (CEB) is the main utility of electricity supply in Sri 

Lanka. The medium voltage distribution network consists of 33 kV and 11 kV lines 

and majority of them are of overhead bare ACSR conductors. A few MV lines are 

ELM conductors and All Aluminum Alloy conductors (AAAC). The main problem 

that the CEB faces in maintaining reliability of the medium voltage lines is insulator 

flashover due to salt pollution in coastal belt, lightning, switching and vegetation.  

It is obvious that this situation is more obvious and well known to Area Engineers 

and Maintenance Engineers who have involved in attending frequent breakdowns 

due to insulator flashover in coastal regions over the years especially during 

monsoon period. This phenomenon is more aggravated in areas where less rainfall, 

high wind and high lightning conditions prevail. 

Ratmalana Grid Substation (GSS) is one of the important GSSs in Western Province 

South - 1 and it consists of 3 × 31.5 MVA, 132/33 kV substations and nine 33 kV 

outgoing feeders. These 33 kV feeders feed power to important areas like Ratmalana 

industrial zone, Ratmalana Airport, CGR workshop, Maliban factory, Ratmalan 

Primary substation (PSS), Katubedda PSS, Moratuwa PSS (PSS) and Angulana PSS. 

This specific problem is related to one of the 33 kV lines namely RF - 9 of WPS - 1, 

which feeds power from Ratmalana GSS to Moratuwa 2 × 5MVA PSS and Angulana 

3 × 5MVA PSS. It is very important to provide a reliable power supply to those areas 

as they are highly industrialized, commercialized and densely populated. 

Furthermore those commercial, industrial and residential consumers contribute to a 

substantial portion of revenue at higher tariff rate to the CEB and they are more 

concerned about the reliability of electricity supply.                      

The total length of the line RF – 9 is about 6.4 km. Out of the total length about 3.4 

km is going along the coastal area. The single line diagram of the RF - 9 is shown in 

Figure 2.1 for further reference. 
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    Figure 2.1 The single line diagram for feeding arrangement of the RF – 9 

When analyzing the outage details of RF - 9, it has been noted that in most instances 

of tripping in the feeder were caused by the insulator flashover due to lightning and 

saline pollution. During the monsoon period, the tripping rate is very high. Most of 

the flashovers on the insulators have been reported on the 33 kV line running closer 

to the sea. The outage details except load shedding of RF - 9 are given in Table 2.1. 

Table 2.1 Outage Details of RF - 9 

The other major reason for tripping is vegetation surrounding RF - 9. During two 

rainy seasons, the branches of fast growing trees and coconut plantations are 

responsible for many faults especially on windy days. 

Year 

Fault Time  T < 5min Fault Time T > 5min Total                 

Failure Time 

Duration     (min) 

No of 

Faults 

Duration 

(min) 

No of 

Faults 

Duration 

(min) 

2008 26 74 28 2,089 2,163 

2009 27 78 21 1,752 1,830 

2010 48 123 23 2,397 2,520 

2011 35 81 20 1,896 1,977 

2012 29 90 25 2,128 2,239 
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Normally when a permanent fault occurs in a MV line, the time for fault 

identification and clearing of wayleaves or replacing of insulators etc. is higher. In 

RF - 9, when permanent fault occurred, the time is not much higher because the line 

length is shorter and the breakdown service of Ratmalana CSC is situated closer to 

RF - 9. Therefore in RF - 9, the restoration time takes more than one hour is 

considered as a permanent fault. If the fault identification takes more time, it has to 

make alternative feeding arrangements. Some photographs of RF - 9 are shown in 

Figure 2.2 and 2.3. 

 
 Figure 2.2 Photograph of Ratmalana Feeder - 9 

 
 Figure 2.3 Photograph of Ratmalana Feeder - 9 
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Some photographs of insulators which are flashed over and replaced from the RF - 9 

are shown in Figure 2.4 and 2.5. 
 

              
 Figure 2.4 The Flashover 33kV Pin        Figure 2.5 The Flashover 33kV Shackle                        

                    Insulator                   Insulators                           

If a permanent fault occurs in RF - 9, the load of Angulana PSS is temporally 

transfered to Ratmalana feeder - 3 and Moratuwa PSS  is transferred to Panadura 

Feeder - 1 (PF - 1). This is to be done after de-loading some 11 kV feeders from 

relevant PSSs to adjacent PSSs. Ratmalana Feeder - 3 (RF - 3) is not a healthy line 

because length of the line is very long and it experiences frequent faults occur due to 

vegetation. The transferring of the load to PF - 1 is more difficult task and it could be 

done only after de-loading because this feeder is overloaded at present. Once the 

fault is rectified in RF - 9, power supply has to be normalized by energizing RF – 9. 

This takes a considerable time. 

Presently under the routine maintenance, this feeder is washed once a year. During 

the preventive maintenance programmes all the insulators are visually inspected and 

those with poor glazed surface are replaced 
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       CHAPTER 3 

                                 RELIABILITY ANALYSIS OF 33 kV NETWORK 

3.1 Reliability status of 33kV network of C.E.B 

According to CEB statistics of the year 2012 [1], there is a total length of 26,053 km 

of 33 kV overhead lines and 4,979,862 Nos of consumer accounts. The outage 

statistics of Western Province South - 1 (WPS - 1) shown in Table 3.1 indicates the 

breakdown status from 2010 to October 2013. It is difficult to obtain relevant data for 

the past 10 years as 33 kV breakdown data of CSC have not properly been 

maintained and the available data obtained from the Control Center of WPS - 1 

which commenced in the year 2010. The data comprise only the reported 

breakdowns and actual figures are slightly higher than the reported figures. 

 

Table 3.1 The statistics of 33kV distribution network in WPS - 1 

Item Unit 2010 2011 2012 Up to Oct 
2013 

Reported 33kV 
breakdowns Nos 26,345  26,978  27,678  29,123  

Reported outage time due 
to breakdowns  Hrs 54,352  56,789  58,743  59,765  

Total 33 kV Line Length kms 785 824 857 873 

Total Consumers Nos 223,200 230,717 240,341 247,530 

 

However, internationally, there are some standard indices commonly used to analysis 

of power supply reliability are given below. 

 SAIDI :  System Average Interruption Duration Index 

 SAIFI  :  System Average Interruption Frequency Index 

 CAIDI ;  Customer Average interruption Duration Index 

 CAIFI  : Customer Average interruption Frequency Index 

 ASAI   :  Average service Availability Index, etc. 
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The SAIDI, SAIFI and CAIDI are the most widely used indices, because they focus 

on the system and the customer, as the affected parties, and then focus on the main 

aspects of reliability, the duration and frequency of outage. 

•    
customersofnoTotal

i    custormer,for duration  outage Annual
     i
∑
∀=SAIDI            [2.1] 

 

•    
customersofnoTotal     

i    customer,for  count    ons interrupti Annual
      
∑
∀= iSAIFI      [2.2]  

 

•    
onsinterrupticustomer   of no Total        

duration  onsinterruptiCustomer   
     
∑

=CAIDI                    [2.3]    

Table 3.2 shows the reliability indices and other data of 33kV network of North 

Western Province (NWP) from 2003 to 2012 obtained from the Distribution Planning 

Branch of NWP. The indices have been calculated without incorporating planned 

interruptions, the breakdowns which were not reported and source side outages. This 

will give idea of reliability indices of other provinces of CEB. The total consumer 

accounts of NWP reported in 2012 was 672,150.  

 Table 3.2 The statistics of 33kV network in NWP 
 
 

Item 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

No of 
Breakdowns 3,200 2,653 2,534 2,863 2,136 2,723 3,612 

  
2,756 

 
2,356 2,390 

Outage 
Time(min) 1,863 1,876 1,719 1,830 1,569 1,725 1,890 1,732 1,652 1,690 

Average 
SAIDI(min/yr) 863 756 721 796 556 786 896 787 653 690 

SAIFI 
(int/yr) 7.52 6.53 5.41 5.66 4.27 8.45 5.36 5.66 4.33 3.25 

Total 33kV 
Line Length 

(km) 
2,653 2,732 2,890 3,086 3,290 3,432 3,590 3,700 3,860 3,962 
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The comparison of reliability indices of some countries, some CEB regions [2] and 

LECO areas [3] are shown in Table 3.3   

Table 3.3 Comparison of statistics on reliability indices of CEB/LECO regions       
         and other countries     

When analyzing above data, it was found that reliability indices of some regions of 

the CEB are very far from the indices of other developed countries. The reliability 

indices of MV and LV networks of Hambantota district [2] are 1832.0 of SAIDI and 

2.99 of SAIFI. This may not be the actual figures but would be higher as the 

information was collected for 60 days and does not cover the whole year. Anyhow 

this improvement may be due to the upgrading and development of MV and LV 

system under Lighting Sri Lanka Hambantota Project (LSHP). 

The Colombo city area accounts for 14% of power consumption of the entire country 

and it is the highest revenue earning region in the CEB when compared to other 

provinces. The supply reliability of Colombo city area is maintained at a reasonably 

higher level which is represented by the SAIDI of 7 hours per consumer per annum 

[4]. 

Country/Utility 
SAIDI  SAIFI 

Minute per 
year 

Event 
per year 

CEB Region 1 (R 1) - NWP , MV only (2012)       690.0 3.25 

CEB Region 4 (R 4), MV & LV (Hambantota District) , 2010     1,832.0 2.99 

CEB Region 2 (R 2)      2,520.0 n.a 

LECO, 2012       5,588.4 100.00 

LECO (Moratuwa Branch), 2012      4,369.2 120.00 

Singapore            3.0 0.02 

Netherlands            2.0 0.23 

France          62.0 1.00 

Australia          72.0 0.90 

UK          90.0 0.80 

USA          95.9 1.18 

Spain        104.0 2.20 

Malaysia        150.0 0.12 
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In Western Province South-1, the SAIDI of Dehiwala area due to distribution system 

failures alone was estimated about 36 hours per consumer per annum [4] and need to 

be improved to a level below 15. 

Hence, it is necessary to improve SAIDI and SAIFI of Ratmalana and Moratuwa 

areas because most of the commercial, Industrial and residential consumers pay for 

substantial amount of consumption at higher tariff rate. They are more concern about 

continuity of electricity supply.  

3.2 Calculation of SAIFI / SAIDI in Ratmalana Feeder – 9 

RF - 9 feeds power to Angulana PSS, Moratuwa PSS and Ratmalana economic 

center. The reliability indices for RF - 9 are computed with following assumptions. 

• The planned interruptions are not considered as an outage. 

• The 11 kV and LV outages of connected consumers are not included for 

computation. 

•   The customers connected to RF 9 are the customers who are connected to 

all 11 kV feeders in Angulana PSS, Moratuwa PSSs and consumers in 

four 33 kV distribution substations in Kademulla area. 

• After clearing the fault in RF - 9, the supply system will be normalized 

 immeadiately. 

The outage data and the consumer statistics of the Ratmalana Feeder 9 are shown in 

Appendix - A. 

According to the definition [2.2], [2.2] and [2.3] and assumptions stated above, the 

reliability indices of RF - 9 are calculated as follows. 

. SAIDI    =    1,152,506/ 24642 

     =    46.77   hrs / connected consumer 
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 SAIFI     =    1,453,878 / 24642 

                             =    59.0 interruption / connected consumer 

            CAIDI      =     1,152,506 / 1,453,878 

                             =    0.7927 

Therefore calculated reliability indices of the RF - 9 are, 

 SAIDI    =   46.77    hrs / connected consumer 

 SAIFI   =   59.0 interruption / connected consumer 

           CAIDI              =    0.7927   hrs / interruption 

The calculated SAIDI and SAIFI values with the assumptions (Consider 33 kV 

outages only) cannot be compared with other countries. The actual value of Sri 

Lanka will be higher than the other developed countries as shown in Table 3.1.  

Therefore, it is an essential requirement to improve reliability of RF - 9 at least to the 

level of Colombo city metropolitan area. The SAIDI of Colombo city metropolitan 

area is maintained at 7 hours per consumer per annum [4]. 

Hence it is important to find appropriate solutions to improve the reliability in RF - 

9, in order to reduce the SAIFI and SAIDI. 
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CHAPTER 4 

     POSSIBLE SOLUTIONS FOR IMPROVEMENTS 

The improvement of reliability of Ratmalana Feeder - 9 is very essential because it 

feeds electrical power to Angulana, Rawatawatta and Moratuwa Areas. These areas 

are highly industrialized, commercialized, densely populated and the people have a 

high living standard. In addition to that there are government institutions such as, 

police stations, municipal council, divisional secretariat, maganaguma workshop, 

schools etc. are situated in these areas. If there is any failure of power supply, it can 

cripple function of these institutions and also day to day affairs of the public.   

Hence, reliability improvement of this RF - 9 will contribute to uplift the economy of 

the people and facilitate a more comfortable life without any hindrance. 

Possible solutions in General 

4.1 Bare Conductors for MV Lines 

4.1.1 All Aluminium Conductors  (AAC) 

AAC conductor is also known as aluminum stranded conductor. AAC conductor 

is manufactured from electrolytically refined aluminum, having purity of minimum 

99.5% of aluminium. AAC conductor is used mainly in urban areas because the 

spacing is narrow and the supports are close. 

All aluminum conductors are made up of one or more strands of aluminum wire 

depending on the end usage. AAC conductors are also used extensively in coastal 

areas because they have a very high degree of corrosion resistance. 
 

4.1.2 All Aluminium Alloy Conductors (AAAC) 

AAAC made out of Aluminium, magnesium and silicon alloy of high electrical 

conductivity containing magnesium and silicon to give mechanical properties after 

treatment. It has been widely used in power transmission lines with various voltage 

levels.  
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These conductors are designed to get better strength to weight ratio and offer 

improved electrical properties, excellent sag-tension characteristics, and superior 

corrosion resistance, the lighter weight, comparable current carrying capacity, lower 

electrical losses and superior corrosion resistance when compared with ACSR.   

4.1.3 Aluminium Conductor with Steel Reinforcement (ACSR) 

An aluminum conductor having a center core of galvanized steel wires is used for 

high voltage transmission purposes. This is done to increase the tensile strength of 

aluminum conductor. The galvanized steel core is covered by one or more strands 

of aluminum wires are shown in figure 4.1. The steel conductors used are 

galvanized in order to prevent rusting and electrolytic corrosion (since zinc is near 

to aluminum and there is no electro-chemical action between the two metals).  Bare 

aluminum conductors, especially in the form of Aluminum Conductors Steel 

Reinforced (ACSR), have been widely used for overhead transmission lines as the 

most cost-effective and dependable product. 

ACSR conductor may be manufactured for having a wide range of tensile strength as 

per requirement. The principal advantage of these conductors is high tensile strength 

and light weight with longer spans as well as with lesser supports. 

                         

  Figure 4.1 Typical ACSR conductors 
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  Table 4.1 Physical data of the ACSR 

The ACSR conductor has a larger diameter than any other type of conductor of same 

resistance. 

For calculation purposes, it is assumed that all the current passes through only in the 

outer Aluminum layers. The physical data of the ACSR is in table 4.1.  

4.1.4 Aluminum Alloy Conductors Steel Reinforced (AACSR)  

AACSR is a composite concentric-lay-stranded conductor. The galvanized steel 

strands form the center core of the conductor, around which is stranded one or more 

layers of Aluminum Alloy wires. The steel core may consist of single strand or a 

concentric stranded cable of 7, 19, 37, or more wires. These conductors are been 

used in HV and MV Transmission overhead lines. 

The rated tensile strength of ACSR depends on the tensile strength of Aluminum 

conductors as well tensile strength of inner steel wires. Hence AACSR is much 

stronger than ACSR. It combines the light weight and good conductivity of 

aluminum with high tensile strength and ruggedness of steel. In line design, this can 

be tensioned to higher value, lesser sag, and longer span lengths. 

Cord 

Ward 

Conductor 

Size  mm 

Current 

Rating in 

Air (A) 

Remarks 

Weasel 7/2.59 95 
Presently not used for MV Distribution lines 

in CEB 

Racoon 7/4.09 200 Used for MV  Distribution Lines  in CEB 

Tiger 37/2.36 265 Not used for MV  Distribution Lines in CEB 

Lynx 37/2.79 335 Used for MV Distribution  Lines in CEB 

Goat 37/3.71 495 Use for Transmission Lines 

Zebra 61/3.18 575 Use for Transmission Lines 
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4.2 Insulated Cables 

4.2.1 Underground Cables (UG Cable) 

In general, UG cables are also being used for transmission of electrical power. The 

main advantages of the UG cables compared to the overhead lines are, 

 The underground cables are not affected by lightning, thunderstorms and   

other severe weather conditions. Hence there is no any supply breakdown due 

to these causes. 

 Greatly reduced emission of electromagnetic fields to the environment. 

Eventhough the electrical current of the cable conductor produces a magnetic 

field, but this could be minimized by closer grouping of UG cable. 

  The breaking of conductors as result of motor vehicle accidents etc. will be   

   minimized. 

 Less power interruptions and lower maintenance cost. 

 The inductance of the conductors of UG cables is very low and the voltage drop  

 is less.  

   The underground cables have following disadvantages.  

   Capital cost of power transmitting or distributing by underground system is 

more expensive than by the overhead line system. 

 With the increase transmission voltage, the cost of the underground cable 

increases.  

 As the transmission voltage increases the UG cable is bulky in size, cannot be 

handled easily. Nowadays there is tendency to manufacture UG single core 

cables. 

 Although the UG systems are rarely subjected to supply failure due to the fault, 

the repair time is much higher than overhead system. But faulty overhead 

system can be easily repaired and put into service again without much delay.  

Nevertheless, underground systems have more reliability than the overhead lines. 
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4.2.2 Aerial Bundled Conductors (HV) 

Aerial Bundle Conductor (ABC)  is a very innovative concept for overhead power 

distribution as compared to the conventional bare conductor overhead distribution 

system. It provides higher level of safety and reliability, comparatively low power 

loss and ultimate gain for economy with the reduction of construction cost, reducing 

installation, maintenance and operative cost [5]. This system is ideal for rural 

distribution system and it is especially suit for installation in difficult terrains such as 

hilly areas, forest areas, coastal areas etc. ABC is also considered to be ideal for 

power distribution in congested urban areas with narrow roads and by-roads. Some 

photographs of a typical ABC line in urban area is shown in Figure 4.2.  

 

 Figure 4.2 A Typical Areal Bundled Conductor line 

In comparison to bare overhead distribution lines, ABC Conductors has high 

reliability in maintaining the service because power and neutral conductors are 

insulated with the good insulating medium result and the following advantages 

     Relative immunity to short circuits caused by external forces (wind, fallen        

  branches), unless they abrade the insulation. 

    Can stand in close proximity to trees and will not generate sparks even if 

touched 
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    High capacitance and low inductance leading to low impedance of lines. 

  Maintenance of ABC is very easy. 

   High insulation resistance to earth and polluted atmospheres less fault rate on  

 account of good protection against line and ground fault by high winds or 

 falling   trees or birds especially in hilly areas and forests as encountered in 

 rural distribution networks. 

   Better adaptability to run concurrently with existing overhead bare conductor 

 system without any interference. 

    Long spans and long distance lines are possible with better system stability. 

    ABC cables are much safer than bare Conductors 

    Lower voltage drop, higher current capacities and gives better voltage 

regulation  

    Negligible leakage currents and low power losses 

    Multiple circuits of Power and Telephone cables could be strung in the     

 same set of poles or any other supports like surface of walls etc. 

The disadvantages of the Aerial Bundled Conductors are,  

 Higher cost of the cable. 

 Insulation degrades due to sun exposure, though the critical insulation between 

the wires is somewhat shielded from the sun 

 Shorter spans and more poles due to increased weight 

Even though ABC is one of better option to use for MV distribution system, there are 

some problems to implement this proposal in the CEB. So far technology of ABC is 

not popular and no proper standard implemented yet in Sri Lanka. Moreover there 

are no highly skilled field staff, proper equipment and tools in the CEB. Moreover 

the accessories of ABC are not available locally. 
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Hence to implementing of ABC system is not considered further as on appropriate 

solution to improve the reliability of RF - 9 

4.2.3 Aerial or Universal Cable 

Aerial cable, also known as ‘overhead’ or Universal cable, is basically a cable that 

can be strung overhead and run underground and underwater. It obviates the need for 

OHL/cable junctions and has a very low vulnerability to lightning. 

Since, aerial cable has lower impedance than bare or CC, the voltage drop is lower 

for an aerial cable than for other types of CC lines. Due to this it is possible to 

increase the network length by using aerial cable instead of bare or CC line.  

The figure 4.4 shows aerial cable and the features of aerial cable are, 

•    Fully shielded three core power cables 

 •    Excellent contact resistance 

 •    Go overhead, underground, underwater 

 •    No cross arms 

 •    No OHL/underground cable junction 

 

       Figure 4.3 ‘Universal’ overhead cable  
 

The Universal overhead cable is not considered for further studies to improve the 

reliability of RF - 9 because this technology is not available in Sri Lanka. These 

Universal overhead cables are and widely used in developed countries like UK, 

Germany, Australia and Scandinavian Countries. These cables are very expensive 
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and hardly suit to Sri Lankan economy. In addition to that, skilled staff, accessories, 

proper equipment or tools etc. are also not available. 
4.3 Partially Covered Conductors  

Covered conductors consist of a conductor surrounded by a covering made of 

insulating material as protection against accidental contacts with other covered 

conductors and with grounded parts such as tree branches, etc. In comparison with 

insulated conductors, this covering has reduced insulating strength, but is sufficient 

to withstand the phase-to-earth voltage temporarily. 

There are two basic types of CC use in MV distribution overhead lines. They are 

XLPE Covered Conductors (single or multiple sheathed) and HDPE Covered 

Conductors. (Single or multiple sheathed)      

The XLPE (Cross-Linked Polyethylene) and HDPE (High Density Polyethylene) are 

the most common sheath materials. The conductor material can be a high 

conductivity copper or aluminium or a conductor designed to give a balance between 

strength and conductivity (steel cored aluminium types such as ACSR). 

The covered conductors have a higher reliability because clashing and accidental 

contact is not a problem. Spacer cable is essentially the three CC phases held in a 

cradle and supported by a steel or alumoweld cable. The fact that the conductors are 

not self-supporting means that vibration risks are reduced and reliability increased. 

Lightning is a problem for covered conductor because it can produce over voltages in 

the overhead lines either striking directly or in the neighbourhood of the line. In the 

covered conductor line the light arc burning point cannot move due to the covering 

and this can lead to damage of the covering of the conductor itself. Lightning arc 

damages can be avoided if appropriate protection method is used. 

4.3.1 Single Sheath Covered Conductor  

Single sheath CC commonly uses Aluminium alloy conductors with an XLPE or 

HDPE sheath of 2.3 mm thickness is shown in Figure 4.4. The conductor is also 

manufactured with 1.6mm and 1.8mm thick sheaths for steel reinforced Aluminium 
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(ACSR) or Aluminium alloy conductor (AACSR) and copper conductor. The thinner 

sheaths reduce the overall diameter and so the wind resistance leading to lower 

vibration levels and lower snow loads. Copper cc is used in highly salt-polluted 

environments. To improve long-term phase-to-phase contact performance at 33 kV, 

sheath thicknesses of up to 3.3 mm can be used [5]. 

The characteristics of single sheath CCs are: 

o Single layer 

o Typically Low Density Polyethylene (XLPE) 

o Covering thickness ranges from 2.3 mm to 3.3 mm 

o Lower impulse strength than two and three layer designs 

o Provides some resistance to outages caused by tree and wildlife                       

contact. 

                              
           
 Figure 4.4 Single sheath CC 

The impulse strength of a single layer of XLPE sheathed CC is around 115 kV [5]. 

However, the electrical stresses caused by trees on the line or conductors on the cross 

arms can erode the sheath in periods from months to minutes depending on the 

system voltage. Surface voltage stresses are greater with porcelain insulators rather 

than polymeric insulators due to the greater difference in the dielectric constants of 

the porcelain (three times that of polymeric insulators) and the XLPE sheath. The use 

of ‘floating’ helical fittings can also cause surface tracking of XLPE sheathed 

conductor in coastal environments, especially if the carbon black content is around 

3% (which is in many CCs). This effect can be reduced by the use of polymeric 

insulators or switching to an HDPE sheathed conductor that contains substantially 
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less carbon black. There are several types of single sheath covered conductors 

namely SAX, PAS and BLX used for MV distribution state below.                       

                                                                                                                            

4.3.2 SAX Conductor 

The SAX cable is a single sheath covered conductor and widely used at 20 kV in 

most European countries. It is available in 35 mm² to 240 mm² sizes, although 50 

mm² and 120 mm² are the most commonly used. The SAX is an aluminium alloy 

conductor in fully compacted, covered with a 2.3 mm or 3.3 mm thickness of XLPE 

cover with 2.5% to 3% carbon content and available in ungreased or with powder, 

tape and grease water blocking. 

Sax conductor had been laid about a length of 5 kilometers in Ramalana industrial 

area in 1996 as a pilot project to avoid tripping due to wayleaves and it was found 

satisfactory. Later on, after 14 years some breakdowns were reported due to use of 

improper accessories due to non-availability of proper accessories etc. There were no 

records of such breakdown in order to analyze the performance of the conductor but 

presently some section have been replaced by Raccoon conductor. Photograph of a 

SAX line constructed in the Ratmalana area is shown in Figure 4.5. 

                           

            Figure 4.5 - SAX Conductor Line in Ratmalana Area 
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4.3.3 PAS/BLX Conductor        

                   

These conductors are similar to the SAX conductors. The aluminium alloy conductor 

is normally supplied in compacted form from 35 mm2 to 241 mm2. BLX is also a 

trade name, available with copper conductor for use in highly saline areas. It is used 

on the Southern Baltic Norwegian coast. The XLPE is available in nominal 

thicknesses of 2 mm to 3 mm.       

                     

4.3.4 Covered Conductors with Increased Thickness (CCT)    

               

Covered Conductor (CC) and Covered Conductor with increased insulation thickness 

(CCT) were implemented in Australia and European countries since late 1980’s [5]. 

The lighter CC (2 mm insulation) has tended to be used in rural areas, long span 

situations, whilst the CCT (2.3 mm thick insulation) is used for forested terrain. For 

UV stabilization carbon black in the BLX conductors, titanium oxide in the CC and 

CCT are been used. The other major difference between PAS/BLX/SAX system and 

the CC/CCT system is that CCT is uncompacted and is not greased. It has a water-

blocking compound which is called Ethylene Vinyl Acetate (EVA) between it and 

the XLPE layer. 

4.3.5 Multiple sheaths CC (Medium Voltage)     

                        

CC can have one, two or three sheath layers at medium voltage (6.6 - 33kV) whilst at 

66 - 132 kV the conductor may have up to 5 layers [5]. It is available in low (0.5%) 

or zero carbon content sheath material to reduce tracking problems. The un-

compacted CC system has a larger overall diameter than the equivalent compacted 

CC. A mastic EVA compound provides moisture penetration resistance. It is also 

available in partially compacted form. The three layers are basically a semi-

conducting sheath (A) close to the metal conductor to equalize out the electric field, 

an insulating polyethylene sheath (B) and finally a hard abrasion-resistant outside 

layer of HDPE(C) are shown in the Figure 4.6 and 4.7.    
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  Figure 4.6 Basic triple extruded design                Figure 4.7 Cross-section of 

                         triple extruded BLX 

The semi-conducting sheath is particularly useful on an uncompacted conductor as it 

equalizes out the electric field and reduces the local voltage stress across the sheath 

when in contact with another object (such as tree, cross arm etc). This allows the 

conductor to last for considerable lengths of time when, for instance, it is brought 

into contact with an earthed object. 

The design today is an ACSR non-compacted line sealed with extruded thermal 

adhesive, inner conductive layer, polyethylene (PE) insulation and HDPE outer layer. 

The reason for applying the outer HDPE layer is that there is requirement for 

hardness in the standard. 

  4.3.6. Spacer Cables 

Using bare conductors at MV line it can cause significant issues with electrical 

clearance and reliability.  Spacer cables allow for multiple circuits to be on each 

pole, reducing right-of-way requirements. In addition to that saving space, the cable 

covering and the high mechanical strength of spacer cable systems provides 

increased reliability of the feeder. 

Photograph of a spacer cable system consists of a messenger cable that supports in a 

close triangular configuration on the structure are shown in figure 4.8. The 

polyethylene spacers used to hold the cable across spans and covered conductor 

cable. The messenger cable is the support part for the structure, serving as both 
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system neutral and lightning shield. After being installed and attached to the 

messenger, the spacers support, separate and clamp the phase conductors. 

The spacers have excellent weather washing characteristics. Their long leakage 

distance resists flashovers, their close phase spacing minimizes voltage drop, and 

their unique design provides high short circuit strength. They are highly resistant to 

shock, impact, and can be installed with hot line tools. The individual cables used in 

the spacer cable system contain a 3-layer covering, which can withstand temporary 

contact with tree branches and other vegetation, thus reducing outages and improving 

power quality.                                                 

                 

            

         Figure 4.8 - Spacer Cables 

The spacer cables are widely used in USA, South American Countries, Canada and 

European Countries. The technology is not used in Sri Lanka and no standards are 

available. Furthermore there were no proper tools, equipment, accessories and skilled 

staff.   

Therefore this option of use of spacer cables is also not considered for further studies 

improve reliability of the RF - 9. 

The relationship between the cost and the reliability while selecting bare conductor, 

coved conductor or insulated cable is shown schematically in Figure 4.9 [5].  
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       Figure 4.9 Schematic Cost Vs Reliability of various distribution systems 
 

4.4 Comparison of Possible Solutions 

The comparison between possible solutions for in this study is shown in Table 4.2 

Table 4.2 Comparison of Cable and Conductors 

Bare  Partially  Under Ground 
Aerial 
Bundled  Spacer  Arial or 

Conductor 
Covered           
conductor  Cable Conductor  Cable 

Universal 
Cable 

Low capital 
cost 

Moderate capital 
cost  

Very high capital 
cost 

Higher capital 
cost 

High capital cost 
Very high 
capital cost 

High   Low  Not  Very low  low  Very low 

vulnerability  susceptibility  Affected by  susceptibility  susceptibility  vulnerability 

to lightning  to lightning  lightning  to lightning  to lightning  to lightning 

Longer span  Moderate span  No span  shorter span  Moderate span 
Shorter/No 

span 

Not insulated 
Partially 
insulated   Fully insulated   Fully insulated 

Partially 
insulated 

Fully 
insulated 

Easy 
maintenance  Easy maintenance

Very easy 
maintenance 

Very easy 
maintenance 

Very easy 
maintenance 

Very easy 
maintenance 

Lower 
reliability 

High reliability 
Very high 
reliability 

Very high 
reliability 

High reliability 
Very high 
reliability 

Can be easily 
repaired 

Can be easily 
repaired 

Very high repair 
time  

Can be easily 
repaired 

Can be easily 
repaired 

Very high 
repair time 

Affected in  Not affected  Not affected  Not affected  Not affected  Not affected 
weather 
condition 

weather 
condition 

weather 
condition 

weather 
condition 

weather 
condition 

weather 
condition 

Light weight, 
Very high 
strength 

Moderate weight 
& high strength 

Bulky & High 
strength 

Bulky & High 
strength 

Moderate 
weight & high 

strength  

Bulky & High 
strength 

Conductor 
crashing is a 
problem 

Accessories 
are freely 
available 

Mature 
technology, 

Available in five 
covering layers 
and can be used 
up to 132kV 

Fully shield, not 
effected weather 

condition, 
reduces resultant  
magnetic field 

No need pole 
hardware 

except joints 
& clamps 

Messenger 
supported and 
need spacers, 
clamps etc. 

Can be used 
overhead 
and under 
water 
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4.5 Increasing Routine Maintenance Frequency of the Line 
 
Insulators can be washed while the line is de-energized or when energized. Under the 

line is de-energized condition, a lot of manpower has to utilized and considerable 

high maintenance cost is incurred for this task. 

As per the CEB operating manual maintenance should be done once in five years. 

But due to higher rate of breakdowns in RF - 9, it has to be done once a year. As per 

the study of insulator flash over analysis by N.H.C. Chamil [6], it is recommended 

that the line situated within 300 m from the sea and the washing of insulators should 

be done every 8 months. 

Therefore it is recommended maintenance of RF - 9 twice a year to minimize the line 

trippings.  

4.5.1 Live or Hot Washing of Insulators 

Live or Hot washing of insulators can be done under the line is at energized 

condition and it is a new technique adopted. Photograph of a hot washing of 

insulators refer to cleaning the insulators in transmission lines when the lines are live 

shown in Figure 4.10. Transmission lines can afford very little downtime. Cleaning 

the hundreds of insulators has to be carried out when the lines are in live condition. 

 

      Figure 4.10 Live washing of insulators  
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Insulators get polluted due to dust, moisture, bird droppings and chemicals from 

smoke. These deposits will form a layer over the surface. It can contribute to a 

flashover between the conductor and the grounded frame of the transmission tower. 

Thus, periodic cleaning of the insulators is essential to avoid the flashover trippings. 

Hot washing involves cleaning the insulator surfaces with de-mineralized water. De-

mineralized water has high resistivity at a minimum of 1300 ohms cm [7]. The water 

is pressurized and sprayed in jets from special cleaning machines. These cleaning 

machines are stationed on the ground or in some cases fixed on helicopters which 

hover near the lines and clean the insulators [8].                                                      
 

The minimum distance for energized washing of insulators from live conductor to 

nozzle in different voltages and resistivity of water used are shown in Table 4.3 [7].        

 

The Hot washing is usually carried out from the bottom of the insulator. The whole 

insulator is not made wet at any given point of time. The bottom of the insulator is 

washed and then the washing proceeds to the middle sections and finally to the top of 

the insulator.  

The water spray from cleaning one insulator should not fall on another insulator. 

This may cause a flashover. The wind direction should also be taken into account. 

                               
Table 4.3 Minimum distance for energized washing & resistivity of water used 
 

Line Voltage 
kV 

Min. nozzle to 
conductor 
distance 

(m) 

Min. water 
resistivity 
(ohm cm) 

Min. nozzle pressure
(kPa) 

13 kV >  1.82  1,300  2,758 

16  2.13  1,300  2,758 

34.5  2.44  1,300  2,758 

69  3.66  1,300  2,758 

115  3.96  1,300  2,758 

230  4.57  1,300  2,758 

345  5.22 1,300 2,758 

500  4.27             50,000  5,516 
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4.6 Proposed possible solutions 
  

• Implementation of UG cable 

• Construct LYNX line on alternative route 

• Replace existing LYNX line by Covered Conductor 

• Increase frequency of the maintenance  
 

4.7 Existing Ratmalana Feeder - 9 Data 

• Conductor and its size                                                   = LYNX, 37/2.79 

• Maximum Current Rating (65 C0)           = 562 A 

• Max. current Reported in RF – 9 (Jan – June ; 2013)    = 360 A at 11.30 h 

• Total Line Length               = 6.4 kms 

 

4.8 Cost Estimation 

Solution - 1: Implement a new underground cable about 5.2 kms along Galle Road 

           from Ratmalana GSS to Moratuwa and Angulana PSSs 

Total Length of the cable                                                   = 5.2 km 

As per the Price List [9] of CEB, 2013, 

Cost of the cable (XLPE Insulated 240 mm2 Cu cable)   = LKR 36,385.00 / meter 

Therefore Total cost for cable                                           = LKR 189,202,000.00 

05 Nos End termination kits, @37,000.00         = LKR        185,000.00 

20 Nos Straight through joint @ 57,300.00         = LKR     1,146,000.00 

Cost for excavation/laying/back filling (LKR3000/m2)    = LKR   15,600,000.00 

Total cost                                                                          = LKR   346,533,000.00 
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Ratmalana and Moratuwa areas are more densely populated and therefore the utilities 

have to consider about safety of the public by using underground system. 

If this proposal is to be implemented the main difficulty is to lay the cable as there 

are Drainage lines, water lines and telecommunication fiber optic cable lines in this 

area. This is due to huge housing schemes, industrial zone, universities; government 

institutions etc. are situated in this area. Moreover, objections may arise by RDA and 

public, and therefore, the CEB should be made aware the relevant authorities and 

make aware public about improvement on reliability of the distribution system and 

the benefit gained from implementation of the project.  

Solution-2: Construct the new LYNX line about 4 kms along Galle Road from    

 Golumadama junction to Moratuwa and Angulana PSSs 

As per the standard constructioncCost [10] of CEB, 2013 

The cost for construct new LYNX line per km  = LKR 4,268,000.00                             

Length of the LYNX line               = approx 4.0 km 

Total cost for construction LYNX line       = LKR 17,072,000.00 

 02 Nos Load break switch      = LKR 3,639,010.00 

Transport and other extra cost                                                = LKR      500,000.00 

Contingencies   10%           = LKR 2,121,101.00 

Total cost                                                                                = LKR 23,332,111.00 

 

Many difficulties may arise when this proposal is going to be implemented. The right 

of way has been proposed along the Galle Road since there is no other alternative 

line route. In addition to that in order to maintenance of  the minimum safety 

clearances to the buildings along Galle Road has much difficult and would be costly, 

so several appropriate measures should be taken to implement this proposal. Also to 

maintain safety clearance to existing 11 kV lines of the LECO distribution system 
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and 33 kV line crossings are more difficult and special arrangements has to be made 

for this cases. There is also a probability of vehicle accidents and thus create outages.  

           

Solution-3:Replace existing LYNX conductor by covered conductor (RUBY SAX) 
 

Total length of the LYNX line (from Kaldemulla gantry to Angulana                       

and Moratuwa PSSS and Ratmalana economic center)        =   4.6 km 

Material cost (with RUBY SAX CC and accessories) = LKR     13,293,950.00 

Labour and overhead chargers for reconstruction of CC 

                                                 On the existing poles   = LKR     1,659,114.00 

Transport charges    = LKR         200,000.00 

Contingencies 10%    = LKR      1,515,306.00 

Dismantling of LYNX conductor (LKR 140,000.00/km)     = LKR        644,000.00 

Total Cost       = LKR    16,668,370.00 

Less 

 Scrap value for existing line (LKR 180,000.00/km)              = LKR         828,000.00 

Total cost (after deducting the scrap value)                          = LKR    15,840,370.00 

Solution - 4: The increased frequency of the maintenance 

The increasing of frequency of preventive maintenance with proper clearing of tree 

branches is another solution for minimizing the outages of the RF - 9.  

As per a thesis of insulator flashover due to saline pollution [6], it is recommended 

that the line situated within 300 m from the sea in dry region and the washing of 

insulators should be done every 8 months considering the weather pattern of the area. 

The RF - 9 is situated in wet region and cleaning of insulators done every 12 months 

is not sufficient because of uncertain weather pattern. Due to this flashover on 

insulators had been occurred on several occasions in 2012. Eventually Lunawa 
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lagoon also spreads to Lunawa and Angulana area and RF - 9 goes close to the 

lagoon which is another problem.  

For this evaluation the preventive maintenance of the line is to be proposed twice a 

year to avoid flash over and the proper clearing of wayleaves programme has to be 

implemented to improve the reliability. Also during the windy days the falling of 

dried coconut leaves on the line cannot be prevented which is another reliability issue 

of this line.  

During the year 2013, CEB maintenance gangs were deployed for routine 

maintenance of RF - 9 and the total cost incurred on this exercise is calculated as 

follows. 

The maintenance cost has been calculated according to ‘CEB standard rate’ of Year 

2013 [10]. 

Cost of labour hour with overhead charges    = LKR            506.00   

Cost of labour force per day (3gans ×15 × 10 Hrs)  = LKR 450Hrs×506.00 

        = LKR      227,700.00 

Other charges (required material and transport charges) = LKR        25,000.00 

Contingencies 10%      = LKR         25,270.00 

Total cost of maintenance for once per year              = LKR       277,970.00 

 

Calculation for cost of unserved energy during the preventive maintenance 
  

The preventive maintenance of Ratmalana Feeder - 9 is scheduled only on Sundays 

for 10 hours. During the preventive maintenance, 40 nos distribution and bulk 

substations have to be interrupted. That is due to the some length of two LECO 11 

kV feeders namely Uyana feeder feeds power by Moratuwa PSS and Guru Palliya 

feeder feeds power by Angulana PSS which runs underneath the RF - 9 and in some 

places the line are crossed. In addition to that, four substations in Ratmalana area 

also interrupted during the preventive maintenance.  
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The calculations of unserved energy during the preventive maintenance are with 

following assumptions. 

• Every Sunday load curve pattern is considered as equal. 

•  Every time interval the load curve varies linearly. 
 

 There are 14 substations in the Uyana 11kV feeder and the average monthly 

energy delivered is calculated by using collected data 12 months from LECO 

shown in Table 4.4. 

Table 4.4 Average energy delivered in Uyana 11kV feeder per month 
           

  

 

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

  Unserved energy per day    = 432,431.33 / 30 kWh 

         = 14,414.44      kWh 

Serial No Substation Code Average Energy Delivered 

Per Month (kWh) 
01 BZ 2146 50,816.00 

02 BZ 2147 30,264.25 

03 BZ 2148 23,260.50 

04 BZ 2149 32,641.00 

05 BZ 2150 32,580.08 

06 BZ 2151 50,438.16 

07 BZ 2152 30,923.16 

08 BZ 2153 37,687.33 

09 BZ 2154 39,573.00 

10 BZ 3027 17,874.08 

11 BZ 3085 18,531.58 

12 BZ 3088 14,063.58 

13 BZ 3092 26,093.16 

14 BZ 3093 27,685.41 

TOTAL 432,431.33 
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 The amount of energy delivered from 08.00 to 18.00 hrs by total energy of 

Uyana Feeder 11 kV outgoing feeder is calculated by using the average load 

curve shown in Figure 4.11 and the data was collected from Moratuwa PSS. 

 

       
 Figure 4.11 Average load current of the Uyana Feeder 11kV 

Using Trapezoidal Method which is shown in Appendix B, 

Area covered under [dcfe] in the Figure 4.10                     = 279.6875   Ah 

Total Area covered by the curve [ abcfgh ]               = 672.3750   Ah 

Amount of the energy delivered from 08.00 to 18.00 hrs by total energy   

  delivered in load curve shown in Figure 4.11           = 279.6875 / 672.3750   

                  =   0.41567 

Therefore, 

Unserved energy for the Uyana feeder during Maintenance=14414.44kWh × 0.41567                        

                   = 5,991.62 kWh 

 There are 22 substations in the Guru Palliya 11kV out going feeder and the 

average monthly and daily energy is calculated by using collected data from the 

LECO shown in Table 4.5. 
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    Table 4.5 Average energy delivered in Angulana Guru Palliya 11kV feeder 

   According to the Table 4.4, 

  Unserved energy per day      = 692,415.92 / 30 kWh 

         = 23,080.53  kWh  

Serial No Substation Code Average Energy per Month 

(kWh) 

01 BZ 2012 38,625.92
02 BZ 2042 516.50
03 BZ 2052 11,070.58
04 BZ 2053 239,060.00
05 BZ 2054 58,878.67
06 BZ2055 1,991.50
07 BZ 2056 9,117.42
08 BZ 2057 6,761.42
09 BZ 2058 45,436.08
10 BZ 2062 42,413.08
11 BZ 2063 46,566.00
12 BZ 2064 51,272.00
13 BZ 2065 7,046.58
14 BZ 2066 51,285.50
15 BZ 2067 45,198.50
16 BZ 2225 22,520.25
17 BZ 2227 5,487.42
18 BZ 2289 26,255.42
19 BZ 3010 31,979.75
20 BZ 3047 4,465.17
21 BZ 3050 5,254.17
22 BZ 3073 9,056.17

TOTAL 692,415.92
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The amount of energy delivered from 08.00 to 18.00 hrs by total energy of Gal 

Palliya 11 kV outgoing feeder is calculated by using the average load curve shown in 

Figure 4.12 and the data was collected from Angulana PSS. 

 

 

    Figure 4.12 Average load current of Angulana Guru Palliya 11kV feeder  
 

Using Trapezoidal Method; 

Area covered by dcfe from 08.00 to 18.00 hrs  =    684.50 Ah 

Total Area covered by the curve [ abcfgh ]      =  1,516.125Ah 
 

Amount of the energy delivered from 08.00 to 18.00 hrs by total energy delivered in 

load curve shown in Figure 4.12    = 684.50 / 1516.125   

         = 0.45148 

Therefore, 

Unserved energy for the Uyana feeder during Maintenance  = 23,080.53 × 0.45148                           

              = 10,420.40 kWh 
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 There are 4 substations in RF - 9 and the average monthly and daily energy is 

calculated by using collected data from the Ratmalana Area shown in Table 4.6. 

     Table 4.6 Average energy reading of distribution substations CEB Area 

  

According to the Table 4.6;                                                                     

Total unserved energy per day              = 227,928 / 30   = 7,597.60   kWh  

The amount of energy delivered from 08.00 to 18.00 hrs by total l energy of RF - 9 is 

calculated by using the average load curve shown in Figure 4.13 and the data was 

collected from Ratmalana GSS.    

The energy unserved from RF - 9 is calculated by using the average load curve 

shown in Figure 4.13, 

 

         
    Figure 4.13 Average load current of the Ratmalana feeder - 9 

Serial No Substation Code Average kWh per Month 

1  RR 202 54,634 
2  RR 203 94,658 
3  RR 275 33,640 
4  RR 283 44,996 

TOTAL 227,928 
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Using trapezoidal method; 

Area covered under [dcfe] curve in the figure 4.13,  

   From 08.00 to 18.00 hrs               = 1,717      Ah 

 Total area of the load curve [abcfgh]    = 3,820.50 Ah 

Amount of the energy delivered from 08.00 to 18.00 hrs by total energy      

delivered in Figure 4.13      = 1,717 / 3,820.5 

          = 0.4494 

Unserved energy in Ratmalana feeder - 9 due to interruption =7597.60 × 0.4494 kWh 

          = 3414.50 kWh                              

Hence the total unserved energy is equal to the addition of above three unserved 

energy in Uyana feeder, Guru Palliya feeder and RF - 9. 

      

        

Therefore total unserved energy due to interruption =5991.62+10420.4+3414.5 kWh     

                  = 19,826.52 kWh 

As per the CEB report [11] on long term generation expansion plan 2011 - 2025;                               

Cost of unserved energy      = 1.2US $ / kWh   

1 US $                   = LKR 130.00  

 Cost of unserved energy      = LKR156.00 / kWh  

 Therefore, the cost of unserved energy  = LKR19, 826.52 × 1.2 × 130.00                        

Hence total cost of unnerved energy    = LKR 3,092,937.12 

 

The total cost for routine maintenance once a year is equal to sum of cost of 

maintenance and the total unserved energy during the interruption. 
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Total cost for routine maintenance once a year = LKR (277,970.00 + 3,092,937.12) 

If, planned interruption for the routine maintenance twice a year, the total cost is; 

          =LKR2 × (277,970.00+3,092,937.12)  

Therefore,  

The total maintenance cost per year          = LKR 6,741,814.00  

4.9 Calculate unsaved energy cost for total outages in RF - 9 

Calculate average selling price   

As per the statistical data [1] of CEB in 2012; 
 

 Gross energy sold in 2012            = 10,474 GWh 

 Total revenue     = LKR 162,936 Millions 

 Hence average selling price per unit  = 162,936 / 10,474 

                                                                                 =15.56 Rs / kWh 

As per the CEB report on long term generation expansion plan 2011-2025[11];      

           

              Cost of unserved energy    = 1.2 US $ / kWh  

       = LKR 1.2 × 130.00  

                   = LKR 156.00        

                                  

The recorded outage details of RF – 9 in the year 2012 are shown in Appendix C. 

The outages due system requirement were not considered for calculation of unserved 

energy which is also shown shaded in the Appendix C. 

To calculate the unserved energy, the area covered by the load curve was taken into 

account. When analyzing the load patterns in RF - 9, it was observed that the load 

profiles on week days are almost same. Eventually the loads profiles on Saturdays 
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and Sundays are different from weekdays. The load curves and average load curve of 

weekdays, load curve of Saturdays and Sundays are shown in Figures 4.14(a), 

4.14(b), 4.15 and 4.16. 

                               
                                            
     Figure 4.14(a) Weekday load curve of RF – 9 

 

 

      Figure 4.14(b) Average load curve weekdays of RF – 9 
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      Figure 4.15 Load curve of Saturday of RF – 9 

 

 

       Figure 4.16 Load curve of Sunday of RF – 9 

 The unserved energy for each outage is calculated with following assumptions; 

• The power factor was taken as 0.9 

 For the outages less than 30 minutes duration, it was assumed that the 

latest current recorded just prior to the outage did not vary. 
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• For outages more than 30 minutes on weekdays, load current was 

calculated by using average load curve on weekdays as shown in 

Figure 4.14 (b).   

• For outages longer than 30 minutes occurring in the weekends, load 

currents on weekends are calculated by using load curves on Saturday 

and Sundays respectively as shown in Figures 4.15 and 4.16.  

The load current in RF- 9 at each time intervals are taken from Ratmalana GSS is in 

Appendix D.  

The unserved energy current in the RF - 9 during the first outages are calculated with 

using following equation. 

Unserved energy  = √3 × V I Cos ø × Outage time [T]           [4.1] 

      Where,     

         V    = Line Voltage in kV 

          I   = Line Current in A 

          T     = Time in hours 

Substituting area of the load curve in Ahs in the equation [4.1]; 

Userved energy = √3 × V × Cos ø × [Area of the load curve in each outage] 

Using trapezoidal method, area under the load curve is calculated.  

Therefore calculated unserved energy of RF - 9 is tabulated in Appendix E. 

The total unserved energy      = 472,064.96 kWh 

Total cost of unserved energy           = LKR 472,064.96 × 1.2 × 130.00 

Hence, 

 The total cost of unnerved energy    = LKR 73,642,134.00  
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4.10 Calculation of Economic Parameters 

Considering only the tangible benefit, this case study is evaluated with standard 

economic parameters such as Net Present Value (NPV), Cost / Benefit Ratio (CBR), 

Pay Back Period etc in order to study the financial feasibility of the same. 
 

Economic Parameters are calculated with following assumptions; 

• Annual interest rate is 15% 

• No change interest rate for next 5 years 

• Cost will be incurred at the end of the Year 

• Evaluation will be for 5 year period 

• Benefits will come at the end of the Year 

4.10.1 Definition of  PV Cost, PV Benefits, CBR & NPV  

 Present Value of Costs      =         
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 Net Present Value    =    CBNPV −=  

             
  Project accepted, If       NPV > 0 

 

 ( )
Cost of ValuePresent 

Benefits of ValuePresent 
==

C
BCBRRatioCosttoBenefits  

  

  Project accepted, if       CBR > 1 

The computations of economic evaluation are done by using definition shown in 

Appendix F.  
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The capital cost incurred in each solution is tabulated and shown in Table 4.7.                     

                       

Table 4.7 Capital cost incurred in each possible solution 

Solution  Description (Possible Solution) 
Capital Cost in   

M LKR 

Solution - 1 Implement a new underground cable along the 
Galle Road 346.53300 

Solution  - 2 Construct the new LYNX line along the Galle 
Road  23.33211 

Solution - 3 Replace existing LYNX conductor by Covered 
Conductors (CC)  15.84037 

Solution - 4 Increasing of  frequency of the maintenance   6.74181 

The reliability factors [13] for each possible solution have been assumed as shown in 

Table 4.8 and taken for economic evaluation. 

               Table 4.8 Reliability assumptions each possible solution. 

 

Solution Type  Reliability Factor (%) 

Underground Cable 99 

 Bare Conductors 60 

Covered Conductors 90 

 

4.10.2 Economic Evaluation 

Solution - 1: Implement the new underground cable along the Galle Road  

As per the Table 4.7,  

The implementation cost    = LKR 346.5330 M 

Cost benefit      = LKR   73.6421 M 

Considering the reliability assumptions [13] are shown in Table 4.8; 
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The Cost benefit with reliability assumptions = LKR 73.6421 × 0.99 M 

       = LKR 72.9057 M 

As per Section 4.10.1, calculation is been done; 

Therefore,  

Present value of benefit  = (72.9057/1.15+72.9057/1.152+72.9057//1.153 

      +72.9057/1.154+72.9057/1.155)            

           = LKR 244.3912 M 
 

Present value of cost      = LKR 346.5330 / 1.15 M = LKR 301.33304 M 

Hence, 

Net Present Value (NPV)        = Present Value of Benefit - Present Value of Cost 

              = LKR (244.3912 – 301.33304) M 

   = -56.94 < 0 

Since NPV is negative, this project is financially not viable. 

Benefit to cost ratio             = LKR   244.391 M/ LKR 346.5330M  

 = 0.71 < 1 

Benefit to cost ratio is lower than one indicates that cost is greater than benefit. 

Therefore, this project is not financially feasible. 

Solution - 2: The cost to construct the new LYNX Line along the Galle Road 

As per the Table 4.7 

The implementation cost            = LKR   23.332111 M 

Cost benefit     = LKR   73.642134 M 

Considering the reliability assumptions [13] are shown in Table 4.8; 

 

The cost benefit with reliability assumption    = LKR 73.6421 × 0.60 M 

       = LKR 44.1853 M 



  
 

50 
 

The calculation is been done as per Section 4.10.1, 

Hence, 

Present Value of Benefit     = (44.1853/1.15+44.1853/1.152+44.1853/1.153 

      +44.1853/1.154+44.1853/1.155)         

    =LKR 148.116 M 

Present value of cost         = LKR 23.332111/1.15 M 

    = LKR 20.2888 M 

Therefore,         NPV               = Present Value of Benefit - Present Value of Cost 

   = LKR (148.116 - 20.2888) M 

    = 127.83 > 0 

 Since NPV is positive, this project is financially viable. 

Benefit to cost ratio  = 148.116/ 20.2888 

   = 7.30 > 1   

Benefits to costs ratio is greater than one indicates that benefit is greater than cost. 

Therefore, this option is financially feasible.  

Solution - 3: The cost to replace existing LYNX conductor by Covered Conductor 

As per the Table 4.7,  

The implementation cost   = LKR   15.84037 M 

Cost benefit                              = LKR   73.642134 M 

Considering the reliability assumptions [13] are shown in Table 4.8; 

The cost benefit with reliability assumption   = LKR   73.6421 × 0.90 M 

       = LKR   66.2779 M 
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Hence, 

Present value of benefit  = (66.2779/1.15+66.2779/1.152+   

     66.2779/1.153+66.2279/1.155)          

    = LKR 222.1738 M 

Therefore, 

Present value of benefit     = LKR 222.1738 M 

Present value of cost         = LKR 15.84037/1.15 M 

    = LKR 13.7742 M 

Therefore, Net Present Value = Present Value of Benefit - Present Value of Cost 

                = LKR (222.1738 - 13.7742) M 

    = LKR 209.09 > 0 M 

Since NPV is positive, this project is financially viable. 
 

Benefit to cost ratio              = 222.1738/ 13.7742 

    = 16.13 > 1   

Benefits to costs ratio is greater than one indicates that benefit is greater than cost. 

Therefore, this option is financially feasible. 

Solution - 4: Increase frequency of the maintenance 

As per the Table 4.7, 

The implementation cost      = LKR   6.741814 M 

Cost benefit             = LKR   73.642134 M 

Assuming reliability of the existing line as 60%,   

Therefore, 

The cost benefit with reliability assumption = MLKR 73.6421 × 0.60 

                = MLKR 44.1853 
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The calculation is been done as per the section 4.10.1, 

Therefore, 

Present value of benefit               = (44.1853/1.15+44.1853/1.152                    

     +44.1853/1.153+44.1853/1.154+44.1853/1.155)        

      = LKR 148.116 M 

 

Present value of cost                   = LKR 6.741814/1.15 M 

        = LKR 5.86244 M 

 

Therefore, 

         NPV                        = Present Value of Benefits - Present Value of Costs 

                    = LKR (148.116 – 5.86244) 

                   = LKR 142.25 > 0 M 

Since NPV is positive, this project is financially viable. 
 

Benefit to cost ratio                    = 148.116/ 5.86244 

       = 25.2652 > 1   

Benefit to cost ratio is greater than one indicates that benefit is greater than cost. 

Therefore, this project is profitable.                                                                                                       
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     CHAPTER 5 

        COMPARISON OF DIFFERENT   OPTIONS 

5.1 NPV for Different Solutions 

The four proposed possible solutions are; 

Solution – 1; Implementation of UG cable from Ratmalana GSS to Angulana  

      and Moratuwa PSSs 
 

Solution – 2; Construction of new LYNX line from Golumadama junc. to   

            Angulana and Moratuwa PSSs 
 

Solution – 3; Replacement of existing LYNX by partially CoveredConductor  

  from Kaldemulla to Angulana and Moratuwa PSSs  
 

Solution – 4; Increasing of the maintenance frequency 

The evaluated economic parameters are shown in Table 5.1. 
 

 Table 5.1 Economic Parameters of possible solutions 

 

   

Further details of the solutions are discussed below. 

      Economic               

Parameters 

  Solutions                   

Net Present Value  

(NPV) 

LKR (M) 

Benefit to 

Cost Ratio    

(CBR) 

Remarks 

Solution - 1 - 56.94 < 0 0.71 <1 

Financially not 

viable 

Solution - 2 127.83 > 0    7.30  > 1 Financially viable 

Solution - 3 209.09 >0 16.13  >1 Financially viable 

Solution - 4 142.25 > 0 25.27 >1 Financially viable 
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5.2 Solution – 1 

It is found that the economic parameter of NPV for this proposal is negative and not 

financially attractive.. As per the definition it should be greater than the zero. Further 

benefit to cost ratio is less than one. It indicates the cost greater than the benefit and 

hence, this proposal is not financially viable. 

However, when reliability is concerned, UG cables are very high compared to other 

options. 

5.3 Solution - 2 

The calculated economic parameters of solution 2 are shown in Table 5.1 which 

indicates NPV of LKR 145.73 M and CBR of 7.3. For a project to be viable the NPV 

should be greater than the zero and the B/C ratio should be greater than one. In this 

study this figure reflects by 7.3. That indicates, this proposal is financially viable.  

 While implementing this proposal, there are many difficulties to be overcome. The 

minimum safety clearance is one of the issues. As per CEB standards [12] the 

minimum safety clearance required for MV line to any structure is given in Table 

5.2. 

Table 5.2 The min. safety clearance of the MV lines to any structure, buildings 

Position Min.Clearance (m)

Vertically above any structure normally accessible to 

persons 

                 

4.5 

Vertically above any structure normally not accessible to    

persons but on which a person can stand 3.7 

In any direction (other than vertically above) any structure 

normally not accessible to persons of from any parts 

accessible to persons but on which a person can stand 

2.1 

In any direction any structure accessible to persons but on 

which a person can stand 

                 

1.5 
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Another difficulty in implementation of this option is that the new 33 kV line has to 

cross the existing 11 kV and 33 kV lines along Galle road. The CEB standard [12] 

for vertical clearance of conductors in different circuits on same support is shown in 

Table 5. 

Table 5.3 The vertical clearance of conductors in different cct. on same support 

 Circuit Voltage 
Vertical Clearance 

(m) 

33 kV & 33 kV 1.2 

33 kV & 11 kV 0.9 

11 kV & 11 kV 0.9 

33 kV & Low Voltage 1.5 

11 kV & Low Voltage 1.2 

 

While implementing this proposal, it may have to overcome the power outages due 

to insulator flashover and way leaves in order maintain reliable power supply to 

Angulana and Moratuwa PSSs. Further, new proposed 33 kV line along Galle road 

may have some probability to outage due to vehicle accidents and electrocution. 

The reliability of bare conductors is low when compared with UG cables, Insulated 

cables or partially covered conductors. 

5.4 Solution – 3 

The calculated economic parameters of solution 3 shown in Table 5.1which indicate 

a NPV of 209.09 and a B/C ratio of 16.13. That indicates, this proposed solution is 

also a profitable project. 
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5.4.1 Advantages of using CC in RF – 9 and MV lines 

The specific advantage of this solution is that the existing hardware and accessories 

can be reused such as poles, cross arms, insulators etc. It will save the cost when 

comparing with the construction of new line.  

Moreover additional ties, arcing protection devices etc have to be used when 

constructing new CC line in RF - 9. Generally using CCs  has  some advantages such 

as it tolerates temporary touching to each other, less outages due to wind require 

lesser right of way, accidental touching is not fatal, reduced EMF effects and lowest 

environmental impact. 

In CC study, it is found that the failure rate of CC is 0.9 faults/100 km per annum 

when compared to bare conductors of 4.5 faults/100 km per annum in Finland [14]. 

5.4.2 Selection of size the of CC 

The existing line and possible SAX CC parameters are shown in Table 5.4[17].                                  

 Table 5.4 The important parameters of LYNX and SAX conductors 

Parameters Unit LYNX 
SAX Conductor 

 
Nominal size mm2 226.2  260.8 (with covering)

Type  ACSR AAAC/XLPE 

No of Strands/strand diameter mm 37/2.79 37/3.00 

Overall Diameter mm 19.53 28(with covering) 

Modulus of Elasticity Kg/mm2 80,000 65262 

Coefficient thermal expansion Cx106 19.1 23 

UTS kgf 79397 73500 

Weight Kg/km 842 970 

Conductor  dc  resistance (20 C0) Ohm/km 0.153 0.128 

Max. current rating (65 C0)  562 600 (80C0) 
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5.4.3 Arc Protection of CC  

Overvoltages are produced in the line when lightning strikes an overhead line or its 

vicinity. The magnitude of the overvoltage is approximately the same in all phases. It 

may rise to several hundred kilovolts between the phase and earth. The overvoltage 

travels along the line to the nearest pole where it discharges through an arc to the 

crossarm and conductors. After the overvoltage has discharged a power frequency 

short-circuit current, the magnitude of which depends on the short-circuit power of 

the network and distance to the substation, starts to flow through ionized air resulting 

a power arc which is normally several kA between the phases.  

The overvoltage that can move freely along an ordinary bare conductor line towards 

the load rather than in the CC line the covering forms a barrier. When an arc sparks, 

it burns a small hole in the covering and keeps burning until the conductor is 

damaged or burned through. The circuit breakers cannot respond quickly. In order to 

prevent damage a CC must be protected by installing arc protection devices at 

appropriate locations. These offer the power arc a safe discharge route without 

damaging the conductor. 

An arc protection device is used to protect the conductors as well as other network 

components. It must be installed in places in which overvoltage is likely to occur, 

e.g. fields, hills and isolated areas. Furthermore, protection is required in frequented 

areas; for example, buildings, yards, their immediate vicinity, traffic routes and play 

grounds. In conclusion when arc protecting devices are used in CC line it may 

provide, 

• Protection to the conductor 

• Protection to other component in the line 

• Higher quality of electrical supply  

• Higher reliability  
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Finally Use of partially CC is a good solution for safety with security of supply even 

in bad weather and polluted environments. Presently CC technology has been used in 

CEB in various areas and no complaints have been received so far. It is essential to 

use proper tools and accessories from the beginning of the CC line construction. 

5.5 Solution – 4 

The calculated economic parameters of solution - 3 as shown in Table 5.1 which 

indicate a NPV of 148.12 and a B/C ratio is 25. This is viable a project because the 

NPV is greater than the zero. The value of B/C ratio reflects the benefit is 42 times of 

the investment. That indicates, this is a viable option.  

The calculated unserved energy cost for the total outages in RF - 9 is LKR 73.64 M. 

Considering the assumption of reliability stated in section 4.10.2, the calculated 

amount as LKR 44.19 M. It is a huge amount and must be minimized. Presently 

maintenance of RF - 9 is done once a year and if the frequency is increased, outages 

due to faults can be minimized. The unserved energy during maintenance period 

cannot be minimized because two 11 kV feeders are underneath RF - 9 and unable to 

feed alternative supply. One possibility is to increase labour strength and reduce 

maintenance duration which increases maintenance cost.  

5.5.1 Preventive Maintenance 

The purpose of maintenance is to extend equipment life time or at least the mean 

time to the next failure whose repair may be costly. Furthermore, it is expected that 

effective maintenance policies can reduce the frequency of service interruptions and 

the many undesirable consequences of such interruptions. Maintenance is clearly 

impacts on component and system reliability. If we neglect maintenance, this may 

result in an excessive number of costly failures, poor system performance and 

therefore, reliability is degraded. If maintenance is done frequently, reliability may 

improve but the cost of maintenance will sharply increase. In a cost-effective 

scheme, the two expenditures must be balanced. 
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Maintenance is just one of the devices for up keeping or, if necessary, improving the 

level of reliability of components and systems. It includes inspection, preventive 

maintenance and overhaul. The inspection can be done on schedule or off schedule. 

Well managed maintenance practices should result in fewer forced outages, with 

consumer goodwill and lower maintenance cost.  

The infrastructure for good maintenance should provide requisite technical training 

to field staff including technical officers, proper maintenance manual and schedule, 

tools and good quality materials. 

 The MV lines which run through the high polluted areas, the maintenance can be 

done according to the following methods.  

Greasing 

Grease compound used for coating insulators are mainly silicone products or 

hydrocarbons. A thin layer of silicone grease, when applied to ceramic insulators 

increases the hydrophobicity of the surface. Pollution particles that are deposited on 

the insulator surface are also encapsulated by grease and protected from moisture. 

 Nevertheless, this is a costly task and requires a periodic maintenance to remove and 

reapply the grease layer. However CEB does not practice this process for routine 

maintenance. 

Coating 

Room temperature vulcanizing (RTV) Silicone rubber coating is available to be used 

on ceramic insulators. Since RTV coating is highly hydrophobic contaminants cannot 

film out over the surface. The coating will eliminate and reduce regular insulator 

washing, periodic re-application of grease and replacement of components damaged 

by flashovers. But research is still in progress to evaluate their aging process. 
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Washing 

Insulator washing can be done in following ways. 
 

• Manual washing – de-energized line 

•  High pressure cleaning with water – de-energized line. 

•  High pressure washing using water- energized line. 

If the power network has sufficient capacity f clean or alternation feeding 

arrangement, then switching off the line and manually cleaning is a viable option. 

 Hot washing involves cleaning insulator with de-mineralized water. De-mineralized 

water has high resistivity (greater than 1300 ohm cm). The water is pressurized and 

sprayed in jets from special cleaning machines. 

Hot washing of insulators on pole line as RF - 9, is necessary because it may help 

CEB to reduce outages in order to minimize unserved energy. Most countries have 

used this modern technique and time has come to use this technology in Sri Lanka as 

well. 
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CHAPTER 6 

CONCLUSION  

Solution - 2, construct new LYNX Line of about 4 kms along Galle Road from 

Golumadama Junction to Moratuwa and Angulana PSSs is economically viable. 

However, it is not a permanent solution to overcome flashover and vegetation 

problems in RF - 9. It is also to be constructed mostly over existing 11 kV line. 

Therefore maintenance of new alternative line is also a huge amount of unserved 

energy. 

Due to practical difficulties when implementing the new alternative line and 

possibility of electrocution are the shortcomings of this option. Apart from that there 

will be a higher probability to meet vehicle accidents along Galle road which causes 

permanent supply failures. Therefore this proposal does not meet the requirement of 

improving reliability of RF - 9 fully. 

Solution – 3, replacing the existing LYNX bare conductor with a covered conductor 

is a much better option than the previous solutions.   

From the reliability point of view, covered conductors are highly reliable than bare 

conductors. It can be constructed using most of the existing resoures of RF - 9 with 

higher cost benefit ratio. To reduce the surface tracking of CC helical ties should be 

used. Lightening protection scheme is essential to implement to protect overhead 

covered conductor line from lightening. 

CCs are the most suitable solution for this case study to overcome flashover and 

vegetation problems in RF - 9.  

Most European countries and some countries such as Japan, Korea, Russia etc, are 

using CC technology for their distribution systems on a large scale. In Sri Lanka, the 

CEB has used CCs especially along coastal arears.   
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CEB has not yet adopted any streamlined process for treating insulator in polluted 

areas under preventive maintenance. Under this study maintenance of the said feeder 

twice a year is more economical than the two previous options. 

For minimizing the failures in RF - 9, washing insulators should be done periodically 

especially during monsoon period. Secondly, vegetation management system should 

be efficiently adopted. Thirdly, skilled field staff is needed to implemented proper 

maintenance schedule in this regard. Finally, the public awareness programmes are to 

be implemented on vegetation management on to RF - 9.  

However during maintenance twice a year, twenty hours of electricity supply should 

be interrupted approximately. It causes a great disturbance to the consumers. The 

outage time can be minimized by increasing workforce. But, it cannot be done in 

provincial level and it should be a policy decision. In addition to that during windy 

days specially falling of dry coconut leaves on the RF – 9 could not be prevented. 

The reliability of bare conductor is low when compared to CCs and UG cables. 

Therefore the power failures due vegetation and insulator flashover cannot be totally 

reduced.       

Live washing of insulators is another better method for reducing flashover on 

insulators. Utilities use this technique efficiently. Hot washing involves cleaning the 

insulators with de-mineralized water. De-mineralized water has high resistivity and is 

pressurized and sprayed in jets from special cleaning machines. The time has come 

in Sri Lanka to use this hot washing technique in polluted environments especially 

saline pollution.  
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CHAPTER 7 

RECOMMENDATIONS 

As per the economic evaluation, using CC in this specific case is profitable. It is also 

a good and permanent solution for RF - 9 to overcome failures due to insulator 

flashover and vegetation. This technology was used as a pilot project in 1994 in 

Ratmalana industrial zone in WPS – 1 and was proven for better option to overcome 

failures due to industrial pollution and vegetation. After about ten years back some 

failures were reported such as burning of CCs due to using of improper accessories 

after implementation. Presently CC technology is been used in CEB in various 

provinces specially to overcome the wayleaves problems. Therefore using CCs is 

recommended to use proper accessories, tools and follow the manufacturer’s 

guidelines. 

CCs are of very high reliability and increased safety than the bare conductor lines. 

The conductor used in existing line is LYNX. The equivalent CC to LYNX is 

RUBY- SAX conductor which is being now manufactured locally under Australian 

standard which is an advantage to the CEB. Hence, using locally manufactured 

cables will promote a local product which is also another advantage. Furthermore, it 

can be developed to satisfy the local tropical environment. 

It can also use existing poles and poles hardware except aluminium bindings is given 

additional advantage of RF - 9. To reduce tracking problem of CC on the insulator, 

helical ties can be used instead of aluminium bindings. Lightning protection scheme 

is essential for CC system and recommended arc protection device in each pole to 

protect the insulation.  

The life time of CCs is about thirty years. Therefore using of CCs in RF – 9 saves 

large amount of unserved energy and cause lesser hindrance to the public. Also it 

gives long life time of equipments which are implemented in the RF- -9.  

All these aspects tend to give uninterrupted power supply in this area and benefitted 

to public and create a good image to CEB. 
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               Appendix - A 
 
 Outage Data and Consumer Statistics of the Ratmalana Feeder 9 
 

Outage 
No  Date Day 

Time 
Duration 

 
 

Fault  
Clearing 

Time      
(hrs)  

No of  
Connected 
Customers 

Consumers 
Hours Lost 

 
 

    
Fro
m To    

1  2012.01.04 Wed 03.59 04.24 0.42 24,642 10,349.6

2  2012.02.29 Wed 14.51 15.15 0.40 24,642 9,856.8

3  2012.04.03 Tue 11.38 11.41 0.05 24,642 1,232.1

4  2012.04.04 Wed 13.20 13.23 0.05 24,642 1,232.1

5  2012.04.07 Sat 07.12 07.15 0.05 24,642 1,232.1

6  2012.04.14 Sat 06.10 06.13 0.05 24,642 1,232.1

7  2012.04.25 Wed 08.09 08.12 0.05 24,642 1,232.1

8  2012.05.20 Sun 09.20 09.45 0.42 24,642 10,349.6

9  2012.05.20 Sun 11.19 11.45 0.43 24,642 10,596.0

10  2012.05.22 Tue 13.48 13.51 0.05 24,642 1,232.1

11  2012.05.22 Tue 13.59 14.18 0.32 24,642 7,885.4

12  2012.06.07 Thu 09.50 09.53 0.05 24,642 1,232.1

13  2012.06.08 Fri 12.36 12.39 0.05 24,642 1,232.1

14  2012.06.15 Fri 09.11 11.14 2.05 24,642 50,516.1

15  2012.06.25 Mon 10.05 10.08 0.05 24,642 1,232.1

16  2012.06.26 Tue 20.07 20.56 0.82 24,642 20,206.4

17  2012.06.27 Wed 13.43 13.46 0.05 24,642 1,232.1

18  2012.07.08 Sun 06.21 06.24 0.05 24,642 1,232.1

19  2012.07.13 Fri 11.58 13.51 1.88 24,642 46,326.9

20  2012.07.14 Sat 09.35 09.38 0.05 24,642 1,232.1

21  2012.07.15 Sun 17.54 17.58 0.07 24,642 1,724.9

22  2012.07.18 Wed 09.18 09.21 0.05 24,642 1232.1

23  2012.07.18 Wed 16.23 18.24 2.02 24,642 49776.8

24  2012.07.24 Tue 15.35 17.40 2.08 24,642 51255.4

25  2012.07.25 Wed  01.22 01.25 0.05 24,642 1232.1

26  2012.07.25 Wed 09.39 09.42 0.05 24,642 1232.1

27  2012.07.25 Wed 09.58 10.33 0.58 24,642 14292.4

28  2012.07.25 Wed 15.31 15.46 0.25 24,642 6160.5
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29  2012.07.25 Wed 21.15 21.40 0.42 24,642 10,349.6

30  2012.07.26 Thu 15.29 17.39 2.17 24,642 53,473.1

31  2012.08.08 Wed 06.35 06.39 0.07 24,642 1,724.9

32  2012.08.08 Wed 15.20 17.29 2.15 24,642 52,980.3

33  2012.08.12 Sun 15.19 17.40 2.35 24,642 57,908.7

34  2012.08.20 Mon 15.06 18.15 3.15 24,642 77,622.3

35  2012.08.21 Tue 14.56 17.41 2.75 24,642 67,765.5

36  2012.08.22 Wed 07.30 08.33 1.05 24,642 25,874.1

37  2012.08.22 Wed 15.05 17.11 2.10 24,642 51,748.2

38  2012.08.23 Thu 15.09 18.11 3.03 24,642 74,665.3

39  2012.08.27 Mon 12.50 12.53 0.05 24,642 1,232.1

40  2012.08.28 Tue 14.43 15.40 0.95 24,642 23,409.9

41  2012.08.29 Wed 15.09 17.03 1.90 24,642 46,819.8

42  2012.09.04 Tue 16.39 18.05 1.43 24,642 35,238.1

43  2012.09.05 Wed 14.57 16.39 1.70 24,642 41,891.4

44  2012.09.06 Thu 14.54 17.36 2.70 24,642 66,533.4

45  2012.09.07 Fri 11.44 11.47 0.05 24,642 1,232.1

46  2012.09.07 Fri 16.22 18.29 2.12 24,642 52,241.0

47  2012.09.14 Fri 05.13 06.16 1.05 24,642 25,874.1

48  2012.09.14 Fri 16.30 16.33 0.05 24,642 1,232.1

49  2012.09.17 Mon 11.20 11.23 0.05 24,642 1,232.1

50  2012.09.30 Sun 09.55 09.59 0.07 24,642 1,724.9

51  2012.10.13 Sat 06.13 8.31 2.30 24,642 56,676.6

52  2012.10.31 Wed 17.56 17.59 0.05 24,642 1,232.1

53  2012.10.31 Wed 18.08 18.24 0.27 24,642 6,653.3

54  2012.10.31 Wed 18.42 18.45 0.05 24,642 1,232.1

55  2012.10.31 Wed 18.48 18.51 0.05 24,642 1,232.1

56  2012.11.01 Thu 10.00 10.03 0.05 24,642 1,232.1

57  2012.11.09 Fri 06.56 06.59 0.05 24,642 1,232.1

58  2012.11.16 Fri 07.56 07.59 0.05 24,642 1,232.1

59  2012.12.24 Sat 18.12 18.15 0.05 24,642 1232.1

Total  46.77  1,453,878  1,152,506.34
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Appendix - B 

Trapezoidal Method 

 

In numerical analysis, the trapezoidal rule (also known as the trapezoid rule or 

trapezium rule) is a technique for approximating the definite integral 

                                            
 

The trapezoidal rule works by approximating the region under the graph of the 

function as a trapezoid and calculating its area. It follows that 

  

                                                   

   

 

 

  

The Area under the Curve; 
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Outage 
No 

Date Day 

 
Time Duration 

 
 
 
 

Fault 
Clearing 

Time      
(hrs)  

 

Recorded 
Available 
Current 

before the 
Fault 
( A) 

                 
Remarks 

 From To  
01 2012.01.04 Wed 3.59 4.24 0.42 130 EF/OC 
02 2012.02.29 Wed 14.51 15.15 0.40 300 EF/OC 
03 2012.04.03 Tue 11.38 11.41 0.05 338 OC 
04 2012.04.04 Wed 13.20 13.23 0.05 295 EF/OC 
05 2012.04.07 Sat 7.12 7.15 0.05 150 EF/OC 
06 2012.04.14 Sat 6.10 6.13 0.05 112 EF 
07 2012.04.25 Wed 8.09 8.12 0.05 210 EF 

08 2012.05.20 Sun 9.20 9.45 0.42 165 Request ES to cut 
the way leaves 

09 2012.05.20 Sun 11.19 11.45 0.43 156 Request ES to cut 
the way leaves 

10 2012.05.22 Tue 13.48 13.51 0.05 270 OC 
11 2012.05.22 Tue 13.59 14.18 0.32 270 OC 
12 2012.06.07 Thu 9.50 9.53 0.05 257 EF/OC 
13 2012.06.08 Fri 12.36 12.39 0.05 288 EF 
14 2012.06.15 Fri 9.11 11.14 2.05 240 EF/OC 
15 2012.06.25 Mon 10.05 10.08 0.05 260 EF 
16 2012.06.26 Tue 20.07 20.56 0.82 238 EF/OC 
17 2012.06.27 Wed 13.43 13.46 0.05 258 OC 
18 2012.07.08 Sun 6.21 6.24 0.05 120 EF 
19 2012.07.13 Fri 11.58 13.51 1.88 262 EF/OC 
20 2012.07.14 Sat 9.35 9.38 0.05 230 OC 
21 2012.07.15 Sun 17.54 17.58 0.07 132 EF/OC 
22 2012.07.18 Wed 9.18 9.21 0.05 240 OC 
23 2012.07.18 Wed 16.23 18.24 2.02 290 EF/OC 
24 2012.07.24 Tue 15.35 17.40 2.08 269 EF/OC 
25 2012.07.25 Wed  1.22 1.25 0.05 110 EF/OC 
26 2012.07.25 Wed 9.39 9.42 0.05 236 OC 
27 2012.07.25 Wed 9.58 10.33 0.58 260 EF 
28 2012.07.25 Wed 15.31 15.46 0.25 260 EF/OC 
29 2012.07.25 Wed 21.15 21.40 0.42 228 EF 
30 2012.07.26 Thu 15.29 17.39 2.17 240 EF 
31 2012.08.08 Wed 6.35 6.39 0.07 120 EF 

 Appendix – C 

The recorded outage data of RF – 9 in 2012
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32 2012.08.08 Wed 15.20 17.29 2.15 244 EF/OC 
33 2012.08.12 Sun 15.19 17.40 2.35 180 EF/OC 

34 2012.08.20 Mon 15.06 18.15 3.15 250 Requested by 
System Control 

35 2012.08.21 Tue 14.56 17.41 2.75 260 Requested by 
System Control 

36 2012.08.22 Wed 7.30 8.33 1.05 139 EF/OC 

37 2012.08.22 Wed 15.05 17.11 2.10 256 EF/OC 

38 2012.08.23 Thu 15.09 18.11 3.03 240 Requested by 
System Control 

39 2012.08.27 Mon 12.50 12.53 0.05 240 EF 

40 2012.08.28 Tue 14.43 15.40 0.95 256 Requested by 
System Control 

41 2012.08.29 Wed 15.09 17.03 1.90 230 EF 

42 2012.09.04 Tue 16.39 18.05 1.43 260 Load Shedding  

43 2012.09.05 Wed 14.57 16.39 1.7 232 EF/OC 
44 2012.09.06 Thu 14.54 17.36 2.70 248 EF/OC 
45 2012.09.07 Fri 11.44 11.47 0.05 270 EF 
46 2012.09.07 Fri 16.22 18.29 2.12 270 EF/OC 
47 2012.09.14 Fri 5.13 6.16 1.05 102 EF 
48 2012.09.14 Fri 16.30 16.33 0.05 250 EF 
49 2012.09.17 Mon 11.20 11.23 0.05 262 EF 
50 2012.09.30 Sun 9.55 9.59 0.07 139 OC 
51 2012.10.13 Sat 6.12 8.30 2.30 153 EF 
52 2012.10.31 Wed 17.56 17.59 0.05 254 OC 
53 2012.10.31 Wed 18.08 18.24 0.27 210 EF/OC 
54 2012.10.31 Wed 18.42 18.45 0.05 197 OC 
55 2012.10.31 Wed 18.48 18.51 0.05 200 OC 
56 2012.11.01 Thu 10.00 10.03 0.05 220 OC 
57 2012.11.09 Fri 6.56 6.59 0.05 155 EF 
58 2012.11.16 Fri 7.56 7.59 0.05 195 EF 
59 2012.12.24 Sat 18.12 18.15 0.05 150 EF/OC 

Appendix – C (Contd.)
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              Appendix - D  
 
 

Load current in the RF – 9 at each time intervals 
 

   
Time 

5-Nov 6-Nov 7-Nov 1-Nov 2-Nov 3-Nov 4-Nov 

      
Weekly 
Average  
Current  

(A) 
 
 

     
Ave   
Cur.   
Week  
Days 
(A) 

Mon Tues Wed Thu Fri Sat Sun 
Current   

(A) 
Current  

(A) 
Current  

(A) 
Current  

(A) 
Current 

(A) 
Current   

(A) 
Current  

(A) 
0:00 154 157 147 128 150 148 142 146.57 147.2 
0:30 140 150 158 126 128 150 146 142.57 140.4 
1:00 138 148 155 122 128 150 146 141.00 138.2 
1:30 133 144 155 124 125 150 146 139.57 136.2 
2:00 132 144 155 124 122 148 146 138.71 135.4 
2:30 130 140 150 122 122 145 140 135.57 132.8 
3:00 130 140 145 122 122 140 136 133.57 131.8 
3:30 130 137 140 120 120 138 140 132.14 129.4 
4:00 135 137 138 120 122 137 140 132.71 130.4 
4:30 138 142 142 118 124 140 140 134.86 132.8 
5:00 144 154 159 136 138 140 140 144.43 146.2 
5:30 158 166 160 140 148 140 137 149.88 154.4 
6:00 158 170 164 147 160 140 135 153.43 159.8 
6:30 154 154 164 150 158 145 130 150.71 156.0 
7:00 140 160 160 152 150 150 127 148.43 152.4 
7:30 139 174 185 174 150 170 130 160.29 164.4 
8:00 218 220 225 200 240 200 130 204.71 220.6 
8:30 220 278 280 240 240 250 142 235.71 251.6 
9:00 279 282 280 248 268 250 149 250.86 271.4 
9:30 279 278 294 257 268 250 155 254.43 275.2 
10:00 287 280 294 248 278 255 159 257.29 277.4 
10:30 300 300 310 258 280 266 162 268.00 289.6 
11:00 310 305 320 260 300 275 170 277.14 299.0 
11:30 320 305 318 262 300 276 174 279.29 301 
12:00 309 300 312 266 300 269 174 275.71 297.4 
12:30 305 290 306 230 295 264 178 266.86 285.2 
13:00 300 278 280 227 278 260 174 256.71 272.6 
13:30 300 272 284 230 278 257 172 256.14 272.8 
14:00 300 285 306 256 280 254 170 264.43 285.4 
14:30 305 300 310 256 280 254 168 267.57 290.2 
15:00 320 302 310 250 300 252 166 271.43 296.4 
15:30 320 300 314 250 298 248 164 270.57 296.4 
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16:00 310 294 312 250 295 250 162 267.57 292.2 
16:30 300 284 312 246 270 246 160 259.71 282.4 
17:00 280 272 290 235 268 234 156 247.86 269.0 
17:30 267 268 288 230 260 220 150 240.43 262.6 
18:00 280 278 280 230 250 220 164 243.14 263.6 
18:30 267 278 260 230 240 230 200 243.57 255.0 
19:00 250 260 254 230 239 227 202 237.43 246.6 
19:30 254 250 250 222 235 216 202 232.71 242.2 
20:00 248 240 238 222 230 218 199 227.86 235.6 
20:30 240 232 230 224 220 216 190 221.71 229.2 
21:00 230 225 220 220 220 208 184 215.29 223.0 
21:30 202 219 210 200 201 200 182 202.00 206.4 
22:00 190 215 186 168 175 184 180 185.43 186.8 
22:30 180 186 180 168 164 178 170 175.14 175.6 
23:00 170 170 164 160 158 167 160 164.14 164.4 
23:30 164 160 155 133 155 156 152 153.57 153.4 
24.00 154 157 147 128 150 148 142 146.57 147.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
 
 

        Appendix – D (Contd.) 



  
 

72 
 

               Appendix - E 
 
 

Calculated unserved energy due to outage in 2012 of RF – 9 
 

Date Day 

               
Time Duration 

 
 
 
 
 

Fault 
Clearing 

Time  
(hrs)  

Recorded 
current 
before 
fault     
(A) 

Area of 
the 

average 
Load 
Curve    
(Ah) 

Unserved Energy     
(kWh) 

From To 
2012.01.04 Wed 03.59 04.24 0.42 130 54.77 2817.37 
2012.02.29 Wed 14.51 15.15 0.40 300 116.08 5971.38 
2012.04.03 Tue 11.38 11.41 0.05 338 15.05 774.20 
2012.04.04 Wed 13.20 13.23 0.05 295 13.63 701.15 
2012.04.07 Sat 07.12 07.15 0.05 150 7.50 385.81 
2012.04.14 Sat 06.10 06.13 0.05 112 5.60 288.07 
2012.04.25 Wed 08.09 08.12 0.05 210 11.02 566.63 
2012.05.20 Sun 09.20 09.45 0.42 215 62.58 3219.23 
2012.05.20 Sun 11.19 11.45 0.43 260 73.10 3760.40 
2012.05.22 Tue 13.48 13.51 0.05 270 13.64 701.67 
2012.05.22 Tue 13.59 14.18 0.32 270 91.33 4,698.09 
2012.06.07 Thu 09.50 09.53 0.05 257 14.26 733.56 
2012.06.08 Fri 12.36 12.33 0.05 288 14.26 733.56
2012.06.15 Fri 09.11 11.14 2.05 240 581.85 29,931.47 
2012.06.25 Mon 10.05 10.08 0.05 260 13.87 713.50 
2012.06.26 Tue 20.07 20.56 0.82 238 186.23 9,580.03 
2012.06.27 Wed 13.43 13.46 0.05 258 13.64 701.67 
2012.07.08 Sun 06.21 06.24 0.05 120 6.75 347.23 
2012.07.13 Fri 11.58 13.51 1.88 262 435.63 22,409.64 
2012.07.14 Sat 09.35 09.38 0.05 230 11.50 591.58 
2012.07.15 Sun 17.54 17.58 0.07 132 10.50 540.14 
2012.07.18 Wed 09.18 09.21 0.05 240 13.57 698.07 
2012.07.18 Wed 16.23 18.24 2.02 290 537.54 27,652.08 
2012.07.24 Tue 15.35 17.40 2.08 269 576.96 29,679.92 
2012.07.25 Wed 01.22 01.25 0.05 110 6.81 350.32 
2012.07.25 Wed 09.39 09.42 0.05 236 13.77 708.36
2012.07.25 Wed 09.58 10.33 0.58 260 164.72 8,473.51 
2012.07.25 Wed 15.31 15.46 0.25 260 74.10 3,811.85 
2012.07.25 Wed 21.15 21.40 0.42 228 93.66 4,818.05 
2012.07.26 Thu 15.29 17.39 2.17 240 643.19 33,086.82 
2012.08.08 Wed 06.35 06.39 0.07 120 10.92 561.75 
2012.08.08 Wed 15.20 17.29 2.15 244 637.26 32,781.87 
2012.08.12 Sun 15.19 17.40 2.35 200 656.94 33,794.25 
2012.08.22 Wed 07.30 08.33 1.05 139 226.93 11,673.71 
2012.08.22 Wed 15.05 17.11 2.10 256 612.43 31,504.57 
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2012.08.27 Mon 12.50 12.53 0.05 240 14.26 733.56 
2012.08.29 Wed 15.09 17.03 1.90 230 545.82 28,078.02 
2012.09.05 Wed 14.57 16.39 1.70 232 495.86 25,507.98 
2012.09.06 Thu 14.54 17.36 2.70 248 765.60 39,383.93 
2012.09.07 Fri 11.44 11.47 0.05 270 15.05 774.20 
2012.09.07 Fri 16.22 18.29 2.12 270 563.71 28,998.32 
2012.09.14 Fri 05.13 06.16 1.05 102 162.86 8,377.83 
2012.09.14 Fri 16.30 16.33 0.05 250 14.12 726.36 
2012.09.17 Mon 11.20 11.23 0.05 262 14.95 769.06
2012.09.30 Sun 09.55 09.59 0.07 139 10.85 558.14 
2012.10.13 Sat 06.12 08.30 2.30 153 399.00 20,525.32 
2012.10.31 Wed 17.56 17.59 0.05 254 13.13 675.43 
2012.10.31 Wed 18.08 18.24 0.27 210 71.17 3661.22 
2012.10.31 Wed 18.42 18.45 0.05 197 12.75 655.88
2012.10.31 Wed 18.48 18.51 0.05 200 12.75 655.88 
2012.11.01 Thu 10.00 10.03 0.05 220 13.87 713.50
2012.11.09 Fri 06.56 06.59 0.05 155 7.80 401.25 
2012.11.16 Fri 07.56 07.59 0.05 195 11.03 567.40 
2012.12.24 Sat 18.12 18.15 0.05 210 10.50 540.14 

472,064.96
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Appendix - F 

 

Definitions for Economic Evaluation 

 
Interest Rate and Discount Rate 

Interest Rate 

The percentage increase in the value of money over a period of one year. In addition 

to the time value of money, interest rate includes the effect of inflation and 

escalation. 

 

Discount Rate 

The time value of money, as perceived by an investor. Usually expressed in 

percentage per year.  

 

Present Value  

Discount Rate = r % 

 

Year Value PV Factor Present Value 

0    

1    

2    

3    
…. ……… …………. …………. 

9    

10    
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Appendix - F (Contd) 

Cost - Benefit Analysis. 

 

           

           

Project Accepted If NPV >0 

 

Year Cost Benefit 
Present Value 

Cost Benefit 

0     
1     
2     
3     

……. ……… ……… ……… ……… 

n-1     
n     


