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CHAPTER 5 

SAMPLE STUDY – LOW VOLTAGE NETWORK LOSSES 

 

5.1 Introduction 

Low voltage network supplies electricity to ordinary consumers. The ordinary 

consumers include those supplied under the domestic, religious, small scale 

industrial and general purpose tariff categories. The street lighting is also in the low 

voltage network. The share of ordinary consumer electricity sales is about 56 % total 

electricity sales in the country. It indicates that 56 % of the total electrical energy 

utilized in the country is channeled through the low voltage distribution system. The 

table 6.1 shows the comparison of electrical energy consumption of the ordinary 

consumers and the low voltage distribution line lengths in the entire country and the 

provincial LV network of Western Province North, CEB for the year 2011 and 2012. 

 

Table 5.1 Details of electricity sales and LV line lengths [1], [11], [12], [21] 

 Sri Lanka WPN 

Year 2011 2012 2011 2012 

Electricity sales to LV ordinary consumers in GWh 5,470 5,706 683 606 

Total electricity sales  in GWh 9,972 10,389 1,735 1,710 

Electricity sales of ordinary consumers and street 

lighting as a percentage of total energy sales 
56.2 56.2 39.4 35.4 

Total low voltage line length in km 108,886 112,995 8,121 8,329 

 

 

The share of ordinary consumer energy sales in WPN is much less than the same in 

the entire country. It is mainly due to the existence of a large number of industries 

including a number of major industrial processing zones in WPN. In the chapter 4, it 

was derived that the energy loss in the LV network of WPN is 15.7 % (118 GWh in 

2012) of the energy input to the LV network. It is a relatively higher level. However, 

the true gravity of the losses in LV network is generally not reflected since the 

overall distribution loss in WPN is about 7.1%.   
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The objective of this chapter is to further segregate the losses in the LV network 

based on a selected area of LV network in the province. The sample study is aimed 

at determining technical and non-technical losses present.   

 

5.2 Selection of substations and low voltage network for sample study 

Two substations and the low voltage networks fed by those two substations were 

selected for the sample study. The details of the substations are in the table 5.2. The 

substations had multiple feeders with three phase and single phase feeder segments. 

The substation is identified in the utility context by its unique Substation 

Identification Number (SIN). 

  

Table 5.2 Substations selected for the sample study 

Feeder 

Identification 

SIN & 

Area 

No. of 

consumers 

Length of 

feeder sections 

(3- Ph.) 

Length of 

feeder sections 

(1- Ph.) 

F1  

G 011, 

Gampaha,  

190 1,500 100 

F2 155  1,400 1,000 

F3  187  1,600 500 

F4  238  2,000  300 

F1  

H 048, 

Veyangoda  

230  2,800 400 

F2  124  1,400  300 

F3  11  100 - 

 

 

There were seven LV feeders from the two substations selected. All the feeders were 

bare All Aluminum Conductors (AAC, 7/3.40mm). The total three phase and single 

phase line lengths were 10.8 km and 2.6 km respectively. There were a total of 

1,135 consumers in the two substations. 
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5.3 Methodology 

In order to find the electrical energy loss in the LV network selected, the 

methodology adopted is explained below. 

 

 Installation of outdoor type current transformers and energy meters near the 

substation at the beginning of each feeder. The initial active energy reading 

of each meter was noted. 

 Meter readings of all consumers on each LV feeder were obtained. Meter 

readings were taken during period the supply is interrupted for installation of 

current transformers and meters with support of meter readers. 

 A survey was carried out to obtain details of street lamps connected to each 

feeder. The type and the power consumption (Wattage) of each lamp and 

number of lamps available were noted. 

 The distance of each feeder and spur lines connected were measured. 

 The individual service connections and consumer meters on each feeder were 

inspected and tested to detect the presence of unauthorized usage, defects 

and faults of meters and their accuracies. 

 After a certain period of time (one month), consumer meter readings on each 

feeder were obtained. The readings were taken within a short span of time 

such as one hour. The feeder meter readings were noted just before starting 

to obtain individual consumer meter readings and just after finishing 

individual consumer meter readings. The mid value of the two readings was 

taken for calculations. 

 The load profile data including apparent and active power flows, variation of 

current and power factor averaged over 15 minute time spans were 

downloaded from the digital meters installed at the feeders. The profiles 

covered the whole period of measurement. 

 

The photographs in the figures 5.1-1 and 5.1-2 show how the outdoor type current 

transformers and the meters were installed for measurement at the substation H 048, 

Veyangoda. 
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 Figure 5.1-1          Figure 5.1-2 

Figure 5.1 Metering installations at H 048 substation 

 

The photographs in the figures 5.2-1 and 5.2-2 show the similar setup at the 

substation G 011, Gampaha. 

 

   

Figure 5.2-1          Figure 5.2-2 

Figure 5.2 Metering installations at G 011 substation 
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5.4 Calculation of distribution system losses 

Initially, the total distribution loss of each feeder was calculated. It included both the 

technical and non-technical components. Then the technical loss (I
2
R loss) of each 

LV feeder was estimated. The non-technical loss of each feeder was derived by 

subtracting the technical loss from the total loss of each feeder. 

  

5.4.1 Calculation of distribution losses (Technical + Non-technical) 

The active energy consumption recorded at each LV feeder meter was calculated by 

subtracting the final cumulative energy reading from the initial reading. The same 

procedure was followed to calculate the energy consumption recorded on the 

individual electricity meters of the consumers on each feeder.  

Electricity consumption of the street lamps was estimated assuming 12 hrs of 

burning per day. The results of the calculations are shown in the table 5.3. 

 

Table 5.3 Calculation of total energy loss of the LV feeders 

Substation G 011, Gampaha H 048, Veyangoda 

Description/ Feeder number F 1 F 2 F 3 F 4 F 1 F 2 F 3 

Energy consumption – feeder 

meter 
23,688 17,578 18,923 22,166 14,925 7,092 673 

Energy consumption – 

Individual meters 
20,383 13,431 15,560 17,637 13,311 6,349 636 

Energy consumption of street 

lamps in kWh 
1,071 896 978 946 275 118 15 

Total energy loss in kWh 

(Including street lamps) 
3,305 4,147 3,363 4,529 1,614 743 37 

Percentage energy loss (Incl. 

street lamps ) 
14.0 23.6 17.8 20.4 10.8 10.5 5.5 

Total energy loss(Excluding 

street lamps) 
2,234 3,251 2,385 3,583 1,339 625 22 

Percentage energy loss 

(Excluding street lamps) 
9.4 18.5 12.6 16.2 9.0 8.8 3.3 

 

 

The meters of the individual consumers were electro-mechanical and of accuracy 

class 2. The electronic or programmable poly-phase meters installed at the feeders 

were of accuracy class 1. The outdoor type current transformers used to provide 

secondary current output to the feeder meters were of accuracy class 1.  
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5.4.2 Calculation of technical losses 

The technical losses were estimated based on four models. The models used are, 

 

 Uniform load distribution 

 Full load lumped at mid-point of the feeder 

 One half load lumped at the end of the feeder 

 Exact lumped load model 

 

The details of the above models with the relevant formulae for the power loss were 

explained in the chapter 3. The average peak load on each feeder during the period 

of measurement was obtained from the relevant load profiles downloaded from the 

feeder meters. The average peak current per phase of each feeder was also 

calculated. The lengths of the main section of each feeder (Without spur lines) were 

used for the power loss calculation for the last three models mentioned above. The 

table 5.4 shows the results. 

 

Table 5.4 Peak loading of the feeders 

Feeder 

Identification 

SIN & 

Area 

Length of main 

3 Ph. Feeder 

section in 

meters 

Average 

daily peak 

load (kW) 

Average 

daily peak 

load (kVA) 

Average 

peak current 

(Amp.) 

F1  

G 011, 

Gampaha, 

700 67.3 71.6 103 

F2 1100 65.5 74.4 107 

F3  1000 59 65.6 95 

F4  1100 69.3 79.7 115 

F1  

H 048, 

Veyangoda 

1200 62.5 65.8 95 

F2  800 30 31.8 46 

F3  100 3.3 3.5 5 

 

 

Under the uniform load distribution model, a load flow analysis was done for each 

feeder to determine the peak power loss. The software programme “SynerGEE 

Electric 3.5” was used for the analysis.  
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Uniform load distribution models were constructed for the load flow study. The 

peak power loss of each feeder was calculated by the load flow studies.  

The figure 5.3 shows the layout of LV feeders of the Gampaha, G011 substation on 

the SynerGEE platform. The feeders were constructed and shown separately for the 

purpose of clarity. 

 

 

 

Figure 5.3 Layout of feeders in Gampaha G 011 substation 

 

The figure 5.4 shows a screen shot of the load flow analysis results for the feeders. 

The peak power loss as a percentage of the input peak power demand is indicated in 

the last column. 

 

 

 

Figure 5.4 Percentage peak power losses of the Gampaha G 011 substation 
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A similar analysis was done for the 3 feeders in the other substation. The figure 5.5 

shows the layout diagram of feeders in the Veyangoda, H 048 substation on the 

SynerGEE platform. 

 

 

Figure 5.5 Layout of feeders in Veyangoda H 048 substation 

 

The figure 5.6 shows a screen shot of the load flow analysis results. The peak power 

loss as a percentage of input peak power demand is indicated in the last column. 

 

 

 

Figure 5.6 Percentage peak power losses the Veyangoda H 048 substation 

 

In order to determine the energy loss over the period of measurement, it was 

required to calculate the average power loss of each feeder. For this, the average 
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load factors and thereby the loss load factors of the feeders were calculated. The 

table 5.5 elaborates the calculation of LF and LLF of the feeders.  

 

Table 5.5 Calculation of load factors of the feeders 

Feeder 

Identification 

SIN/ Area Average 

Daily 

Peak 

Demand 

(kW) 

Energy 

consump

-tion 

(kWh) 

Period 

of 

measure

-ment in 

days 

LF LLF 

F1 G 011, 

Gampaha, 

67.3 23,688 27 0.543 0.344 

F2 65.5 17,578 27 0.414 0.220 

F3 59.0 18,923 27 0.495 0.295 

F4 69.3 22,166 27 0.494 0.294 

F1 H 048, 

Veyangoda 

62.5 14,925 21 0.474 0.274 

F2 30.0 7,092 21 0.469 0.270 

F3 3.3 673 21 0.405 0.212 

 

 

The equation 7 explained under the section 3.1.1 was used for the subsequent 

calculation of the load loss factor. The calculation of the LLF for the feeder 1 of the 

G011 substation is shown. 

 

LLF  = 0.2 x 0.543
 
+ 0.8 x (0.543)

2
 = 0.344 

 

Finally, the energy loss of each feeder under the four models was calculated. The 

equation below was used for the calculation of energy loss once the peak power loss 

of each feeder had been calculated.  

 

Energy loss = Peak power loss x LLF x period of measurement in hours 

 

The results of the calculations are shown in the table 5.6. Out of the four models, the 

models where the loads were lumped at mid point and half load lumped at the end 

point show the highest and the lowest values of the energy losses respectively. A, B, 

C and D indicate the four models, Uniform load distribution, Full load lumped at 

mid-point, Half load lumped at end point and exact lumped load model respectively. 
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Table 5.6 Calculated Energy loss (Technical) of the feeders 

Feeder 
Substation 

Energy loss 

- A 

Energy loss - 

B 

Energy loss - 

C 

Energy loss - 

D 

kWh % kWh % kWh % kWh % 

F1 

G 011, 

Gampaha 

827 3.5 1,132 4.8 566 2.4 755 3.2 

F2 1,074 6.1 1,226 7.0 613 3.5 818 4.7 

F3 1,139 6.0 1,162 6.1 581 3.1 775 4.1 

F4 
1,121 5.1 1,878 8.5 939 4.2 1,252 5.6 

Total 
4,161 5.1 5,399 6.6 2,699 3.3 3,599 4.4 

F1 

H 048, 

Veyangoda 

968 6.5 1,015 6.8 507 3.4 677 4.5 

F2 126 1.8 155 2.2 78 1.1 104 1.5 

F3 
0 0.1 0 0.0 0 0.0 0 0.0 

Total 1,095 4.8 1,170 5.2 585 2.6 780 3.4 

 

 

Considering the two substations separately, the technical loss of the LV network of 

the substation G 011, Gampaha varies from 3.3% to 6.6%.  The same for the H048, 

Veyangoda substation varies from 2.6% to 5.2%.  

 

5.4.3 Derivation of Non-technical losses 

The non-technical component of energy loss is derived by subtracting the technical 

component from the total energy loss.  The non-technical loss of each feeder in 

terms of energy in kWh and as a percentage of total energy input to the feeder is 

shown in the table 5.7. The results of the technical losses based on the uniform load 

distribution model have been used for the calculations. 
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Table 5.7 Non-technical losses of the feeders 

Feeder Substation & 

SIN 

Energy 

input in 

kWh 

Total 

energy 

loss in 

kWh 

Technical 

loss in 

kWh 

Non-

technical 

loss in 

kWh 

F 1 

G 011, 

Gampaha 

23,688 2,234 827 1,407 

F 2 17,578 3,251 1,074 2,177 

F 3 18,923 2,385 1,139 1,246 

F 4 22,166 3,583 1,121 2,462 

Total 82,355 11,453 4,161 7,293 

Percentage 100.0 13.9 5.1 8.9 

F 1 

H 048, 

Veyangoda 

14,925 1,339 968 371 

F 2 7,092 625 126 498 

F 3 673 22 0 22 

Total 22,690 1,986 1,095 891 

Percentage 100.0 8.8 4.8 3.9 

 

 

As discussed in the chapter 4, the NTL component tabulated above include any 

errors in the estimation of technical losses, energy loss at service drops and joints, 

losses in the electricity measuring instruments etc. However, the losses in the 

electricity meters can be estimated in order to further consolidate on the levels of 

NTL. Assuming that the power loss of a single phase active energy meter is 1W 

[20]. 

 

Power loss of meters in G 011 substation  = (Number of meters) x 1 W 

       = 770 x 1 W 

       = 0.77 kW 

Energy loss for 27 days    = 499 kWh 

Energy loss as percentage of energy input  = (499/ 82,355) x 100 % 

       = 0.6% 

 

Similarly, for the substation in Veyangoda, 

Energy loss in 375 consumer meters   = (365 x 1 x 24 x 21/1000) kWh 

       = 184 kWh 
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Energy loss as percentage of energy input  = 184/22,690 x 100 % 

       = 0.8 % 

     

Therefore, the NTL as a percentage of energy input excluding the power 

consumptions of the meters are 8.3% and 3.1% for Gampaha and Veyangoda 

substations respectively. 

 

5.5 Meter testing results 

All the consumer meters in the selected two LV networks were tested by CEB staff. 

The results of the meter testing are shown in the table 5.8. 

 

Table 5.8 Results of meter testing 

Feeder 

Ident.  

SIN/ 

Area  

No. of 

meters 

tested 

No. of 

meters 

accur-

-ate 

No. of 

Defec-

-tive 

meters 

Tampers Total 

cases 

of 

NTL 

Adjus-

tments 

By-

pass 

Dama-

-ged 

Direct 

tappi-

ng 

F1  
G 011, 

Gamp

aha 

192 176 12 2 1 1 0 16 

F2  155 137 13 1 1 2 1 18 

F3  189 180 8 1 2 0 0 11 

F4  240 214 22 4 0 4 1 31 

Total 776 707 48 8 4 7 2 76 

Percentage 100.0 91.1 7.1 1.0 0.5 0.9 0.3 9.8 

F1  H 048, 

Veyan

goda  

230 213 14 2 0 1 0 17 

F2  124 117 5 1 0 1 0 7 

F3  11 11 0 0 0 0 0 0 

Total 365 341 19 3 0 2 0 24 

Percentage 100.0 93.4 5.2 0.8 0.0 0.5 0.0 6.6 

 

 

The number of defective meters in the entire sample is 74 and it is 6.5% of the total 

number of meters tested. The number of cases contributing to non-technical loss is 

100 and it is 8.8% of the total number of meters tested. 

 

 




