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CHAPTER 4 

ESTIMATION OF DISTRIBUTION LOSSES IN WPN 

 

4.1 Introduction 

Estimation of provincial electricity distribution losses was done based on the data 

available in the planning division of the province for the year 2012. The focus in this 

chapter is to estimate the losses in the medium voltage network and the distribution 

transformers.    

The losses in the distribution transformers were estimated under two categories, 

namely, the low voltage heavy consumer transformers and distribution transformers. 

The distribution transformers supply electricity to the low voltage consumers 

including street lamps. Figure 4.1 illustrates the major components in the provincial 

distribution system and the way energy flows from grid substations up to low 

voltage consumers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Major components in distribution system in WPN with energy flows 
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4.2 Medium voltage network 

The details of the medium voltage network of the province are shown in the table 

4.1. 

 

Table 4.1 Details of medium voltage network in WPN [11] 

33 kV Network 11 kV Network 

GSS Feeding   : 11 PSS within province : 16 

GSS Capacity  : 930 MVA PSS total capacity    :184  

MVA 

HT metering points:89 HT metering points:8 

  

33 kV lines (Circuit length) 11kV lines (Circuit length) 

Lynx lines      : 416.13 km Racoon lines : 93.11 km 

Racoon lines  : 935.30 km Weasel lines : 29.90 km 

Weasel lines  : 230.65km UG Cables    : 3 km 

Copper          :  26.15 km  

Total             : 1608.23   km Total             : 126.01 km 

 

Based on the Medium Voltage Development Studies Region 2, 2012 – 2021[11], the 

provincial energy and power demand for 2012 are as follows. 

 

The total annual energy demand  =  2,314 GWh 

Peak power demand   = 456 MW 

Peak power loss    = 8.32 MW 

 

Therefore, average load factor (LF) = 2,314,000/ (456 x 24 x365) 

     = 0.579 

Using Jung’s formula, 

Utilization time of losses (UTL) = 
 
 x0.57921

8760579.020.579 22




 

     = 3,171.91 hrs per year 

Therefore,  

Energy loss per year   = 8.32 x 3,171.91/ 1000 

     = 26.39 GWh 
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Percentage energy loss  = 26.39/ 2,314 x 100% 

     = 1.14% 

 

Therefore, the average energy loss in the medium voltage network in Western 

Province North as a percentage of total energy input to the province is 1.14. 

 

4.3 Transformers of low voltage bulk consumers 

The details of bulk consumer transformers in terms of number of transformers and 

their capacities are summarized in the table 4.2. The details are based on the 

information available in the provincial planning unit as at the end of year 2012.  

 

Table 4.2 Details of low voltage bulk consumer transformers 

Transformer 

Capacity in kVA 
1,000 800 630 400 250 160 100 

No. of 

transformers 
118 22 159 174 190 141 260 

 

 

According to the manufacturer’s specifications (Lanka transformers limited) the full 

load and no load losses of each transformer rating is shown in table 4.3. 

 

Table 4.3 No load and full load losses of distribution transformers 

kVA rating No load loss in W Full load loss in W 

100 340 1,900 

160 460 2,450 

250 610 3,150 

400 870 4,000 

630 1,200 5,900 

800 1,300 8,260 

1,000 1,440 9,800 

 

 

The monthly energy consumption and the maximum demand of each bulk consumer 

are available in the billing system of CEB. The table 4.4 illustrates how the LF, LLF 
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and UF are calculated for 2 low voltage heavy consumers. The data in the first four 

columns were obtained from the CEB billing system. There were a total of 1,043 LV 

heavy consumer transformers in WPN for the month of January 2012. Therefore, 

there would be 1,043 records in the table.  

 

Table 4.4 Calculation of LF, LLF and UF of transformers 

Account 

Number 

Monthly 

consumption 

kWh 

Maximum 

demand in 

kVA 

Transformer 

capacity in 

kVA 

Load 

factor 

Load loss 

factor 

Utilization 

factor 

2779901918 4,348 43 100 0.160 0.052 0.43 

2779903449 3,052 34 100 0.142 0.045 0.34 

       

       

 

The table 4.5 illustrates how the rest of the calculations were done to find the 

average power loss of each heavy consumer transformer. The values of no load and 

full load losses of the transformers were obtained from the table 4.3.  The average 

power loss of each transformer is calculated using formulae explained under the 

section 3.3.1 and 3.3.2. The relevant energy loss based on the calculated power loss 

for the January 2012 is shown in the last column of the table. 

 

Table 4.5 Calculation of monthly energy loss of transformers 

Account 

Number 

LI LCR Power 

loss in W 

Energy 

loss in 

kWh 

2779901918 340 1,900 359 267 

2779903449 340 1,900 350 260 

     

     

     

 

 

The calculations were repeated for all available bulk consumer transformers in the 

province for each month in 2012. Table 4.6 shows the results of calculations of 
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monthly total energy loss of the LV heavy consumer transformers and the total 

energy loss of the same for 2012. Accordingly, the total annual energy loss in the 

low voltage bulk consumer transformers is around 9.5 GWh.  

 

Table 4.6 Energy loss of the LV bulk consumer transformers 

Month Energy loss in MWh 

January 775 

February 779 

March 735 

April 786 

May 746 

June 818 

July 797 

August 815 

September 812 

October 796 

November 814 

December 796 

Total loss 9,469 

 

From the provincial energy sales data, the total energy sales to LV bulk consumers 

for the year 2012 was 485 GWh. Therefore, the energy loss as percentage of total 

annual energy input to the transformers was estimated to be 1.92. 

 

4.4 Distribution transformers (Supplying low voltage consumers and street 

lamps) 

The details of electricity distribution transformers in terms of number of 

transformers and their capacities are summarized in the table 4.7. Based on the 

annual peak time load readings taken by the provincial planning branch, distribution 

transformers were grouped into five ranges of loading. Accordingly, the number of 

transformers, falling into each range of loading against their rated capacities is also 

shown in the table 4.7. 
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Table 4.7 Average loading of distribution transformers 

Percentage 

Loading/ Rating 

in kVA 
630 400 250 160 100 

100-80 1 10 50 186 77 

80-60 7 11 88 235 77 

60-40 1 20 93 273 74 

40-20 2 15 59 136 65 

0-20 7 24 26 43 48 

Total 18 80 316 873 341 

 

 

To calculate the losses, transformers belonging to a particular capacity are first 

selected. Then the average loading of the selected transformers are calculated. The 

results of the calculation for 100 kVA distribution transformers are shown in the 

table 4.8. 

 

Table 4.8 Calculation of average loading of transformers 

Percentage 

Loading (X) 

Number of 

transformers (f) 
X/2 (X/2) x f 

0 – 20 48 10 480 

20 – 40 65 30 1,950 

40 – 60 74 50 3,700 

60 – 80 77 70 5,390 

80 – 100 77 90 6,930 

Total (∑f) 341 ∑(X/2) f 18,450 

 

 

Average loading of a 100 kVA transformer = ∑(X/2).f / ∑f 

      = 18,450 / 341 

      = 54.1 kVA (54.1% of rated capacity) 

 

According to table 4.3, the no load and full load losses of a 100 kVA transformer is 

340 W and 1,900 W respectively. The average system load factor of national grid in 

2012 is used for the calculations [18]. 
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Therefore, taking LF = 0.57,  

 

    LLF      = 0.2 x 0.57 + 0.8 x 0.57
2
 = 0.37 

 

Average power loss of a transformer = No load loss + UF
2 

x LLF x (Full load loss) 

     = 340 + 0.541
2
x0.37x1,900 

     = 546 W 

Therefore,  

Power loss of 100 kVA transformers= 546 x 341 

     = 186 kW 

 

Similar calculations are done for the other available ratings of distribution 

transformers. The results of the calculation are shown in the table 4.9. 

 

Table 4.9 Total power loss of the distribution transformers 

Rating in kVA 630 400 250 160 100 

Power loss per transformer in W 1,929 1,368 847 614 546 

Total power loss in kW 35 109 268 536 186 

 

Therefore, the total power loss of all the transformers       = 1,134 kW 

Annual energy loss of the transformers          = 1,134 x 24 x 365 

               = 9.9 GWh 

 

 

4.5 Overall energy flow in the distribution network in WPN 

The table 4.10 summarizes the energy flow in the provincial distribution system up 

to the low voltage network level.  
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Table 4.10 Summary of annual energy flow in the distribution system, WPN  

 GWh Percentage 

Total annual energy input to WPN 2,314 100.0 

Energy supplied to LECO 417 18.0 

Energy supplied (sales) to HV bulk consumers 619 26.8 

Medium voltage network loss 26 1.1 

Energy supplied (sales) to LV bulk consumers 485 21.0 

Energy loss in LV bulk consumer transformers 10 0.4 

Energy loss in distribution transformers 10 0.4 

Therefore, energy input to LV network 747 32.3 

 

 

Energy loss in distribution network in WPN   = (Energy purchased) – (Energy sales) 

       = 2,314 – (417+619+485+606) 

       = 187 GWh 

  

Energy loss as a percentage of energy input  = 187/ 2,314 x 100 

 = 8.1 % 

 

According to the decision on electricity tariffs effective from 01
st
 January 2011 by 

PUCSL, allowance of energy for street lighting for DL 2 is 1.37% of its energy sales 

[19]. The same basis is used to estimate the consumption of street lamps in WPN. 

The total energy sales of WPN except the sales to LECO in 2012 are taken for the 

calculation.   

 

Estimated energy consumption of street lamps    = 1,710 x 1.37/100 

            = 23.4 GWh  

 

Energy loss without street lamps        = 187 – 23.4 = 163.6 GWh 

 

Percentage energy loss without street lamps       = 163.6/ 2,314 x100 

            = 7.1 % 
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Aggregate of losses of medium voltage network and all transformers  

            = 26 + 10 + 10 = 46 GWh (2.0 %) 

 

Therefore, energy loss in the low voltage network only of WPN is calculated as 

follows.   

Energy loss in low voltage network without       = 163.6 -46 = 117.6 GWh 

Consumption of street lamps (X) 

 

Therefore, energy loss in the low voltage network as percentage of total energy input 

to WPN,       

X as percentage of total energy input to WPN    = 117.6 / 2,314 x 100 = 5.1 %  

 

Further, it is important to know the energy how much of energy input to the low 

voltage network is lost. 

X as a percentage of energy input to LV      = 117.6 / 747 x 100   

Network 

           = 15.7 % 

 

Energy loss in the LV system includes both technical and non-technical losses. Even 

though LV network loss in the overall provincial energy scenario is less, it is much 

higher in terms of energy input to the LV network. The technical losses consist of 

LV network conductor loss, losses at service drops, losses at various joints of the 

conductors, service wires and terminations and energy consumption of electricity 

meters. In order to further segregate the losses in the LV network, the power 

consumption of electricity meters can be estimated. 

 

The power consumption of a typical single phase electro-mechanical meter used in 

CEB is around 1 W [20]. 

 

Number of ordinary consumers in WPN  = 541,700 [11] 
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Assuming each consumer is installed and measured through a single phase electro-

mechanical meter, 

 

Total power consumption of meters   = 541,700 W 

Therefore, annual energy consumption  = 4.7 GWh 

 

Therefore, the energy loss excluding the power consumption of electricity meters, as 

percentage of total energy input to the low voltage network, 

 

       = (117.6 – 4.7)/ 747 x 100 

       = 15.1%  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


