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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 



  
 

35 
 

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 
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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.                                                                                                       

   

 

 

 

 

 

 

 


