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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Energy loss in an electric power system is the difference between energy input to the 

system and the energy billed on the consumption of consumers connected to that 

particular power system. Energy losses or losses in short, are present in any power 

system in spite of how carefully it is designed. In other words, losses in electric 

power systems are unavoidable. In the present global picture where there is ever 

increasing demand for energy, energy losses in any power system raises concerns to 

the utility, society as well as the country as a whole where it belongs to. It has 

significant economical, financial and societal impacts amidst the continuing global 

energy crisis.  

 

Energy losses occur at different levels of the power system, namely in electricity 

generation, transmission and distribution. Utilities worldwide are implementing 

various strategies and measures to minimize losses in the power systems. It is in fact 

a scenario where continual, diverse and time variant efforts and strategies are 

essential in order to maintain losses at certain minimum levels and to further reduce.  

 

In the Sri Lanka power system, Ceylon Electricity Board (CEB) owns electricity 

generation, entire transmission network and major part of electricity distribution 

system. There are independent power producers that generate electricity and supply 

to the CEB transmission system, in addition to the CEB’s own generation. Lanka 

Electricity Company Pvt. Ltd. (LECO) owns a small part of country’s distribution 

network in the coastal areas. There were a total of 5.47 million grid connected 

electricity consumers in the country by the end of the year 2012. The total electricity 

sales in the same year was 11,691 GWh [1]. The figure 1.1 shows the present 

structure of electricity industry in Sri Lanka. Since 2009 with the enactment of new 

electricity act, CEB was granted licenses by Public Utilities Commission Sri Lanka 
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(PUCSL) for generation, transmission and distribution of electricity. Four licenses 

for electricity distribution were issued to the four distribution divisions of CEB. 

 

 

Figure 1.1 Structure of Electricity Industry in Sri Lanka [2] 

 

CEB being the country’s largest electricity utility had around 4.97 million 

consumers by the end of 2012. The four distribution divisions of CEB serve about 

90% of the total electricity consumers in Sri Lanka. The remaining consumers are 

served by LECO [1]. 

  

Electricity transmission and distribution losses in Sri Lanka were much higher 

before the year 2000. However, a significant reduction in the losses is noticed 

thereafter [3]. At present the level of transmission and distribution losses in the 

country remains around 14% of the gross electricity generation. Transmission and 

distribution losses in developed countries are ranging from 4–12% [4]. Table 1.1 
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shows the variation of the gross electricity generation, total power system losses and 

transmission and distribution losses in the country from 1990 to 2010. The total 

losses include the electricity consumption for the own use of power plants in 

addition to the transmission and distribution losses. 

 

Table 1.1 System Losses in Sri Lanka [3] 

Year 
Gross Generation 

in GWh 

Total Losses as 

% of Gross 

Generation 

T&D Losses as  

% of Gross 

Generation 

1990 3,149.80 23.96 23.45 

1991 3,377.10 23.99 23.33 

1992 3,539.70 21.88 21.03 

1993 3,978.70 19.40 18.75 

1994 4,386.72 20.22 19.51 

1995 4,800.42 20.17 19.56 

1996 4,527.96 18.84 17.34 

1997 5,143.94 19.12 17.49 

1998 5,675.39 19.80 18.29 

1999 6,356.96 21.94 19.96 

2000 7,049.97 22.75 20.34 

2001 6,945.17 20.85 18.45 

2002 7,223.48 20.20 18.03 

2003 8,140.44 19.05 17.89 

2004 8,780.00 17.14 15.53 

2005 8,884.36 18.70 17.48 

2006 9,534.60 17.78 16.37 

2007 9,937.88 17.04 15.40 

2008 9,997.57 16.40 14.70 

2009 9,963.87 16.03 14.37 

2010 10,718.27 14.78 13.87 

 

The total energy loss in the Sri Lanka transmission network in 2011 was 4.52% of 

the energy purchased by the transmission licensee from the generation plants [5]. 

Accordingly, the average energy loss in the electricity distribution system in the 

country is around 10% of electrical energy purchased from the transmission 

licensee. In the circumstances, it is clearly evident that the losses in the country’s 

power system are predominant in the electricity distribution system. Therefore, more 

attention is required to reduce distribution losses in view of reducing overall losses 

in the country’s power system.  The distribution losses consist of electrical energy 

losses at different levels and different forms in the distribution system.  Therefore, 
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segregation of distribution losses is of paramount importance to identify the losses at 

each level. It enables the distribution network utility to formulate strategies and take 

corrective measures to reduce losses at different levels and in different forms, and 

thereby effectively reduce the overall distribution losses. 

 

Advanced Metering Infrastructure (AMI) is a technology which has made its way 

into the utility business as a smart solution for metering, monitoring and control of 

individual electricity consumers. AMI consists of smart electricity meters, 

communication infrastructure, and central data and billing management systems. It 

is mostly linked with the modern smart grid concepts and considered to be the initial 

building block of smart grids. 

  

AMI replaces the existing conventional electro-mechanical meters or electronic 

meters, the manual meter reading process and billing systems. It can be viewed as a 

prospective solution for arresting non-technical losses in the distribution network in 

addition to a host of other benefits such as implementing time base pricing systems, 

remote meter programmability, disconnection and re-connection, outage 

management, power quality measurements, avenue for active consumer participation 

in energy conservation, etc. AMI and Smart Metering have drawn much attention of 

the electricity utilities worldwide, since many of them have already implemented 

AMI at least on pilot basis. Therefore, the technical and financial viability of AMI in 

the context of distribution loss reduction is discussed in this thesis. 

 

1.2 Distribution Losses 

Distribution losses can be segregated into the following components. 

 

 Technical losses 

 Non-technical losses 
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Technical losses are due to actions internal to the power system. Technical losses 

consist of dissipation of power in various electrical components of the system such 

as distribution lines both medium and low voltage, transformers and measurement 

systems. Technical losses can be determined or computed provided that the load 

conditions of the system considered is known. 

 

Non-technical losses (NTL) are due to actions taking place external to the power 

system or the distribution system. NTL are often unaccounted by utilities due to 

unavailability or lack of information. Hence, it is extremely difficult to have an 

accurate estimation of NTL in our distribution system. NTL are generally derived 

after estimating technical losses. It can be attributed mainly to electricity theft or 

pilferage, errors in metering and billing, fraudulent meter reading or billing and 

errors in estimating technical losses. It is the general understanding that NTL occur 

only in the electricity distribution network.  

 

The table 1.2 shows the performance of the distribution licensees (DLs) in Sri Lanka 

for the year 2011. In calculating the energy loss, energy sales values have been 

adjusted by PUCSL to accommodate the allowed energy use for street lighting [6]. 

 

Table 1.2 Performance of distribution licensees [6] 

Distribution 

Licensee 

Energy purchased by 

licensee in GWh 

Average energy loss 

( % of energy 

purchased) 

CEB – DL 1 3,028 7.5 

CEB – DL 2 3,118 8.8 

CEB – DL 3 2,228 17.0 

CEB – DL 4 1,419 10.6 

LECO – DL 5 1,211 6.3 

 

1.3 Electricity Consumer categories in distribution system 

Depending on the energy demand, electricity consumers in the distribution system 

are categorized into two. 
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 Heavy consumers 

 Low voltage ordinary consumers 

 

Heavy consumers are those who have contract demand exceeding 42 kVA. They are 

charged for the maximum demand in kVA and for the active energy consumption. 

There are again two sub-categories of heavy consumers depending on the voltage 

level they are metered. There are heavy consumers metered at 33 kV or 11 kV level. 

The rest of them are metered at low voltage level. When supplying power to heavy 

consumers metered at medium voltage level, energy loss occurs only in the medium 

voltage network. However, utility incurs losses in the medium voltage network as 

well in the transformers when supplying to heavy consumers metered at low voltage 

level. Both CEB and LECO have implemented various measures to arrest technical 

and non –technical losses in their respective distribution systems. Heavy consumer 

meters have already been converted to advanced electronic meters with remote              

meter reading facilities and strict seal management systems have been implemented. 

In the circumstances, NTL in the heavy consumer category are at very   minimum 

level or almost negligible.    

 

Low voltage ordinary consumers are not charged for maximum demand. They are 

charged only for the monthly active energy consumption. Utilities incur losses in the 

medium voltage network, distribution transformers and low voltage network in 

supplying to these consumers, in addition to NTL. 

 

1.4 Existing metering system of low voltage consumers 

The individual energy consumption of entire electricity consumer population in the 

country is measured through conventional electro-mechanical energy meters. These 

meters record cumulative active energy consumption. There is no facility to record 

consumption during different time intervals. It is an isolated device lying in the 

consumer premises which has no communication facility what so ever. In order to 
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issue the monthly bill, a meter reader of the utility has to visit the premises and take 

the meter reading, and issue the bill accordingly. 

 

Noticeable features of the existing low voltage consumer metering system in CEB 

are listed below. 

 

 All single phase meters are electro-mechanical meters 

 There are both electro-mechanical and electronic three phase meters 

 Single register energy recording and no Time Of Use (TOU) energy 

recording 

 Meter accuracy for active energy measurement is class 2 

 Manually read, no communication between meters and utility 

 Vulnerable to tampering, no tamper detection facilities 

 No self diagnosis facilities of meter faults or errors 

 Poor and irregular practices of meter installations (E.g. Unavailability of 

meter enclosures, cut-out fuses or MCBs etc.) 

 Poor meter sealing practices and lack of proper meter seal management 

system 

 Lack of standardized and regular routine meter testing or replacement 

programmes 

 

Presumably, there are heavy losses both in technical and non-technical form in the 

low voltage network. It is the general understanding that NTL are present totally if 

not predominantly in the low voltage network. AMI appears to be a good solution to 

arrest NTL as it is being tried and tested by various utilities. However, it is first 

required to assess the level of NTL present in the system before bringing in any 

AMI solutions. Adopting AMI systems involves heavy investments on the part of 

utility. Mass scale conversion to AMI is a large investment decision even for the 

country as a whole since these have to be fully imported spending significant 

amounts of foreign exchange. 
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1.5 Scope of study 

Western Province North (WPN) is one of the three provinces in Distribution 

Division 2 (DL 2) of CEB. It is geographically located in Gampaha District of 

Western Province in the country. In 2012, WPN served around 540,000 electricity 

consumers and the total annual electricity sale was 1,755 GWh. It was about 18% of 

the total electricity sales of CEB for the same year. The revenue for the same period 

in WPN was about 25 million rupees which was 16% of the total revenue of CEB 

[1].  Therefore, this province is of high financial significance to CEB.  The area is 

highly industrialized and has a high population density as well. This study is aimed 

at determining energy losses at different levels in the provincial distribution system, 

and the technical and financial viability of AMI in the context of arresting NTL in 

the province. 

 

1.5.1 Objectives 

This research study has the following objectives. 

 

 Determination of energy losses in different levels of the distribution 

system in Western Province North, Distribution Region 2 of CEB, in 

order to develop a complete energy flow diagram of the province. 

 

 Techno-economic evaluation of viability of deploying advanced metering 

technology for low voltage consumers in view of arresting non-technical 

losses 

 

1.5.2 Methodology 

In view of achieving the objectives listed above, the following methodology was 

adopted. 

 Model distribution losses at each level of the distribution network in 

WPN viz. MV network, distribution transformers, bulk supply 

transformers, LV network and NTL, and develop complete energy flow 

diagram for the province 
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 Selection of sample LV feeders in the province, install electronic energy 

meters for each feeder at the distribution substation, characterizing all 

equipment, devices and conductors in order to estimate technical loss of 

each feeder 

 Simultaneous reading of feeder energy meter and all consumer energy 

meters connected to each feeder, repeating the same after a certain period 

of time, to determine the actual energy flow and the amount of billed 

energy 

 Testing of all consumer meters on the selected feeders 

 Estimation of technical losses in each feeder during the period of 

measurement using load flow study and suitable models 

 Derivation of NTL of each feeder  

 Analysis of LV consumer meter testing results of the selected feeders and 

in the province for the past few years with a view to identifying the 

nature of NTL present 

 Comparison of NTL cases in the selected LV feeders with past NTL 

detections 

 Evaluation of technical and financial feasibility of deploying advanced 

metering technology to arrest NTL  

 

 

 

 

 

 


