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Abstract 

There are two main types of losses in an electricity distribution network, technical losses 

and commercial losses. The technical losses can easily be determined based on the 

parameters of the network and the demand. However, commercial losses – largely made 

up of power theft – are hard to locate and quantify. The aim of this study was to 

investigate the use of Automatic Metering Infrastructure (AMI) to locate, quantify and 

reduce commercial losses in the distribution network of Kenya Power and Lighting 

Company (KPLC). The study has determined the billing and collection efficiencies, 

Aggregated Technical and Commercial (AT&C) losses and subsequently the distribution 

system efficiency. 

Data for the study was obtained by extraction of consumption records for 878 

consumers from Kenya Power’s Integrated Customer System (ICS) in Kapsoya Estate, 

Uasin Gishu County, North Rift Region of Kenya Power, for a period of 6 months (3 

months before introduction of Automatic Metering Infrastructure and 3 months after 

introduction of the same).  Extra data was extracted from the 22 meters used to ring 

fence the secondary distribution transformers. 

Results obtained show that there is substantial improvement in distribution system 

efficiency, from 75.16% before integration of Automatic Metering Infrastructure to 

90.22% after introduction of automatic metering infrastructure. Based on this finding, 

Kenya Power can utilize its Automatic Meter Reading (AMR) system to ring fence both 

the distribution feeder lines and transformers to reduce commercial losses. 
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CHAPTER 1 

1.0.  Introduction 

1.1. Background 

At every stage of electrical energy generation and delivery, metering plays a critical role in 

providing information on energy transportation and consumption by the end users. It is 

this information that is very critical to both the consumer and the utility company on 

how it will be planned, transported, managed and utilized in the most efficient manner. 

With the advancement of metering technology available today in the market, it is possible 

to get more out of them than just measuring the consumed units. Current Automatic 

Meter Reading and in particular the ones deployed by Kenya Power and Lighting 

Company (KPLC) has the ability for prepayment facility. 

KPLC, the state owned corporation that distributes and retails electric power in Kenya 

has continually been changing and adopting better utility management practices. One of 

these transformations is the introduction of the AMR system which has the ability for 

prepayment services. 

Management of domestic electricity consumption has over the years been based on the 

manual meter readings. This has been giving rise to irregular reading intervals and 

therefore estimated monthly bills. Moreover, the electricity consumption of all appliances 

is summed up into one bill which does not allow for differentiation of electricity use 

within any specific or regular interval. The inaccuracy of the electricity metering system 

may be limiting the potential opportunity to achieve objectives based around energy 

efficiency and energy awareness due to this lack of coherent dissemination of energy 

utilization (Wood and Newborough, 2003) (Gilchrist, 2007). 

Although majority of the meters that KPLC has deployed are not smart, they 

nevertheless, provide the utility company and its customers with the opportunity to use 

the feature of prepayment to better manage how the electricity is consumed. This will 

form the core objective of this project, in that it will try to find out if the customers who 
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have been retrofitted with prepaid meters utilize their electrical energy more efficiently 

than when they were metered with post-paid meters.  

The background study acts as a foundation for the next part of the project. One of the 

findings is that, many utility companies all over the world use some other mechanisms 

and systems to reduce the commercial losses in their distribution networks. Currently 

KPLC uses a system called Global Sweeps to identify where energy pilferage might be 

occurring. This system is erratic, inefficient and is not scientific at all. It relies on luck. 

Customers are always ahead in devising new ways of stealing electricity.   

The problem with the systems and mechanisms used in other countries is that they are 

expensive to deploy and maintain. KPLC doesn’t have that luxury. 

 Recently, the utility company has installed Automatic Meter Reading (AMR) to replace 

the old static meters purely to control its debt, by prompting the customers to pay prior 

to consumption. These AMRs have other functionalities other than management of the 

utility company’s debt, in that they can be used for consumption management 

(Jarventausta, 2007), outage and quality management as well as network analysis 

(Kärenlampi, 2011).  

This study has the intention of analyzing how AMR system, other than its main function, 

can be used by both the utility company and the customers to deliver and consume 

power more efficiently and thereby saving some energy which is of benefit to the utility 

company and the customers. The functionality of outage and quality management are 

beyond the scope of this study. This research will be limited to consumption 

management in general and commercial losses management in particular. 

1.2. An overview of the project.  

Within this chapter, an overview is given of what is being studied within the master 

project. Besides this information, the expected results of the study are described, 

alongside with the description of what should be done with these results. This topic 

consists of two subtopics; the first one describes what is being studied, and why. The 

second one describes the method used, expected conclusions and how they can be 

interpreted. 
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1.3.  Problem statement. 

KPLC faces a serious challenge in delivery of reliable and quality supply to its customers. 

One of the major challenges is the lack of sufficient power to distribute. The total 

demand of the country nearly outstrips the installed capacity. Currently the total demand 

is approximately 1570MW against the installed capacity of 2295MW [KPLC, 2015]. 

It must be realized against this backdrop that the commercial energy losses is included in 

the total demand. Therefore if the losses were to be minimized or eliminated altogether, 

more capacity will be availed for uptake by more customers without the need for putting 

up more generation for them.  

This study investigates the use of Automatic Metering Infrastructure (AMI) to locate, 

quantify and reduce commercial losses in a distribution network. 

1.4.  What is precisely being researched on and why? 

The description is given on what is being studied in the project. It will be in three parts; 

part one describes the objective of the project, followed by the benefit of the research 

and lastly the prior research that has been done on this field and how this research will 

differ. 

1.5. Objective of the project 

The overall objective of this study is to investigate the use of automatic metering 

infrastructure to locate, quantify and reduce commercial losses in a distribution network. 

Specific objectives of the study involved: 

i). Obtain consumption data for a selected group of customers before and after 

introduction of AMR 

ii). Determine billing and collection efficiencies 

iii). Compute aggregated technical and commercial losses 

iv). Establish distribution system efficiency 

v). Simulate a load flow for the Kapsoya 11kV feeder.  
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1.6. Benefits of the research 

The results and conclusion that will be obtained and made from this research, will give 

KPLC a clear road map in the development of a system with the highest usability and 

scalability that can be deployed to effectively manage and reduce the commercial losses in 

its distribution network. 

 More importantly, using the existing Automatic Metering Infrastructure to do more than 

just billing will be of benefit to the utility company. As mentioned earlier this could lead 

to a boost in the quality of supply to the customers and improved distribution efficiency 

for the company. 

Another benefit is related to the models documentation. Because of this research, the 

power utility company should be able to remain in further research and development of 

the reduction of commercial losses of its distribution network. If these systems are 

nonexistent, then the utility company will not be able to avail power most of the time, or 

if it does, it will be at a higher cost hence low customer satisfaction and reduced 

profitability. 

1.7. What are the conclusions? 

The conclusions of this research should lead to the most suitable ways and processes for 

reducing commercial losses in the distribution network at KPLC. More importantly the 

results that will be obtained will form the basis and foundation for argument in 

convincing the utility company to realize the need to invest more in distribution 

automation, so as to increase the system efficiency. 
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CHAPTER 2 

2.0. Commercial Losses and the Concept of Ring fencing in an 

electrical network  

2.1. Electricity in Kenya: A sector in peril. 

According to (Davidson, 2005), the worldwide gross installed power generation increased 

from 3000GW to 3750GW in the year 2000. This generation capacity stood at 5549GW 

in the year 2014 (EIA, 2014) as illustrated by Figure 2.1.  

 

Figure 2.1: Global Electricity consumption- Source IEA, 2013 

Most of the future increase will be in developing world. At a coverage of 15% of the 

earth’s land area, Africa has 13% of the world’s population but consumes just 3% of this 

installed capacity. Africa as a whole accounts for 2% of the global industrial capacity. 

Africa has an installed generation capacity of approximately 103GW. 

The Kenyan economy relies heavily on its energy intensive manufacturing industry. 

Therefore, electricity plays a very critical role in Kenya’s economy. However, its installed 

capacity of 2.3GW is not enough to meet the ever increasing demand for electricity, more 
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Figure 2.3: Daily Load Curves- 20
th

 April 2013: Source, NCC, KPLC. 

 

The demand for residential consumers of electricity varies by time of the day. Since the 

household occupancy varies substantially throughout the day can explain why the 

consumer behavior consequently changes in tandem. End users of electricity vary 

throughout the day. It therefore implies that different demand curves are appropriate as 

value of electricity use varies over different time periods. This is illustrated by Figure 2.3. 

Sometimes, demand for electricity becomes exceptionally high or, for other reasons, there 

is not enough electricity generation to maintain the needed operating reserves.  

Therefore, this presents a challenge that at the peak of the curve, reserve capacity is so 

diminished that the utility company is forced many a times to shed off some of the load. 

If an S- curve phenomenon is assumed in the electricity demand growth in Kenya, by 

2020 it could be anything between 6 to 8GW. Currently, there are slightly over 3 million 

customers as demonstrated by Figure 2.4 and the utility company is connecting new 

consumers to the national grid at the rate of 300,000 per year. This not only diminishes 
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the installed capacity but increases the frequency of electricity losses along the delivery 

highway. 

 

Figure 2.4: Electricity Consumers growth in Kenya: Source, KPLC, 2014 

 

In the recent past years Kenya has been experiencing a shortfall of affordable electricity 

due to several reasons; majorly drought, high cost petroleum fuel and the escalating cost 

of credit. Kenya’s installed capacity is 1.8851GW as demonstrated by Table 2.1. 

KENGEN, GDC and other generators are currently putting up new power generation 

stations which are expected to inject extra 5GW to the National Grid by year 2017. 
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Table 2.1: Table of electricity generation mix in Kenya 

Electricity Generation mix in Kenya (kW) 

   Hydro  Geothermal  Thermal  Co-gen  Wind  Total Proportion  

KenGen  770  150  236  
- 

5.1  1,161.1 65.1% 

IPPs    -  91   386   26   -  503 28.2% 

Emergency   -   - 120  
- 

  - 120 6.7% 

Total  770  241  741  26  5.1  1885.1 100% 

Contribution 43.18% 13.51% 41.55% 1.45% 0.29% 100% 
 

Source: Ministry of Energy and Petroleum 2013 

In as much as putting up new generating plants, the elephant in the room will always 

remain; system efficiency of 82.7% in both the transmission and distribution networks. 

As per the Annual reports of KPLC (2012) AT &C losses amounts to 17.3%.  

Over a period of time, the warning signs for trouble have prominently manifested 

themselves. KPLC has not sufficiently invested in upgrading and uprating its distribution 

infrastructure. Not only has the maintenance of most of the equipment been lacking or 

programs are behind schedule, but there has been an upward trend of consumption of 

unmetered electricity. 

The demand for electricity has tremendously increased in the recent past, and it seems it 

will probably continue to do so due to increased and improved economic environment, 

strategic and deliberate blue prints like Vision 2030 being undertaken and implemented 

by the Kenyan Government and the neighboring countries. However, the investments 

which increase the electricity demand have not matched the rate of expansion of the 

distribution network. As a result, the problem of power rationing is quite prevalent. 

To mitigate the problem, KPLC has contracted Independent Power Producers (IPPs) to 

procure emergency power which is generated using petroleum fuels. This power is 

becoming increasingly expensive because of the volatile cost of the fuel. This has 
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2.3. Aggregated Technical and Commercial Losses in Power Systems. 

Losses that occur in an electrical system can be termed as the Aggregated Technical and 

Commercial; AT&C losses. It is important to take into account this parameter because it 

paints a realistic picture of the energy and revenue loss situation in a utility company. It 

comprises of two elements: technical and commercial (Saadat, 2010). 

According to annual reports (KPLC, 2012) 17.3% of the energy generated is lost along 

the transmission and distribution networks without being sold.  

 

Figure 2.6: Simplified Transmission and Distribution System Diagram 

As illustrated in Figure 2.6, The losses that occur on EHV Transmission lines is 1.5% of 

the total power transmitted. 2.0% of the total power is lost on the HV sub –Transmission 

lines. On the MV distribution lines, 5.5% of total power is lost; whereas 9% losses of the 

total power occurs on the LV network of the system. 
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 Distribution losses constitute more than 80% of the total losses. Therefore, since the 

distribution losses constitute a big portion of the total losses it would be prudent to 

interrogate the efficiency of the power network and eliminate them as much as possible. 

The major handicap is that the differentiation between technical and commercial losses is 

not easily or at all known in the distribution network (Guymard, 2012). 

 This problem is not unique to KPLC alone, but prevalent in most of the Sub-Sahara 

African utility companies apart from South Africa and Botswana. Generation and 

transmission losses can be accurately measured and they are normally low, but 

distribution losses are hard to quantify and they are not accurately known. 

2.3.1. Technical losses 

Essentially, technical losses are largely brought about by transformation losses at various 

transformation levels. The physical nature of the equipment and infrastructure of power 

systems, i.e. copper losses- I2R in conductors, cables, transformers, switches and 

generators also contribute a lot to the losses. The level of technical losses varies with type 

of conductors and cables used, transformation capacity of transformers and reactive 

loads. The technical losses in a power system is normally calculated based on the physical 

properties of its components: resistance, reactance, capacitance, voltage, current and 

power. It is routinely calculated by utility companies as a way to specify what components 

will be added to the system (Suriyamongkol, 2002). 

2.3.2. Commercial Losses 

The power sector, more so in the developing countries is plagued by mounting losses due 

to various inefficiencies; colossal commercial and technical losses. The shortages brought 

about by these losses have very detrimental effects on the overall economic growth of a 

country. According to (Singh, 2009), commercial losses can be defined as any consumed 

energy or service which is not billed because of failure of measurement equipment or ill-

intentioned and fraudulent manipulation of the said equipment. Therefore, detection of 

commercial losses includes detection of fraudulent users with the sole objective of 

eliminating them. 
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The commercial losses is the component of distribution system losses that is not related 

to the physical characteristics and functions of electrical system. They are difficult to 

quantify and they occur independently of technical losses in the power system. According 

to (Suriyamongkol, 2002), commercial losses are caused primarily by human error, 

whether intentional or not. They include the electric energy lost due to: 

• Pilferage and theft of energy 

• Tampering of meters 

• Deficiencies in metering and billing system 

• Unmetered supply 

• Lack of energy accounting 

Of particular interest to KPLC and which contributes tremendously to the commercial 

losses are the load losses due to pilferage. Some of the common modes for illegal 

abstraction or consumption are given below: 

• Making illegal extension 

• Tampering with the meter readings 

• Willful burning of meters 

• Changing the sequence of terminal wiring 

• By passing the meter 

• Changing CT ratio and reducing recording 

• Errors in meter reading and recording 

• Improper testing and calibration of meters. 

2.3.2.1. Electricity theft 

Electricity theft can be defined as a conscious attempt by a person to minimize or 

eliminate the amount of money the consumer ought to pay the utility for electric energy 

consumed. This could range from tampering with the meter to create false information 

used in billings to making unauthorized connections to the power grid according to 

(Singh, 2009).  
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Majority of utility companies and industry sources concur that the main component of 

commercial losses in a electricity, water, fuel and gas distribution systems  are, meter 

tampering, meter malfunction, illegal connections and non-payments (World Bank,1999). 

Figure 2.7, illustrates a meter which has been tampered with. The neutral terminal has 

been disconnected. The meter coils rotation is slowed by 58.2% its normal speed. 

Therefore it only records 41.8% of the actual power consumption. 

 

Figure 2.7: A photograph showing a tempered energy meter. 

KPLC is not an exception, electricity theft and nonpayment of bills has reached 

astronomical levels, which if left unchecked could easily cripple the operations of the 

utility company. As per the annual reports, (KPLC, 2012) as at the end of financial year 

2012, the total bill arrears stood at a staggering figure of KSh. 8 Billion. 

2.4. Management of electrical losses 

According to (MOE, 2013) and as illustrated by Table 2.1, 41.55% of installed capacity is 

generated using thermal means. KPLC is not in control of the prices of the fossil fuels; 

therefore it is disadvantaged in setting the unit cost of electricity in that it cannot increase 

the selling price of electricity although the buying price keeps on increasing. 
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The management of electrical losses would present an enormous opportunity to save the 

utility company some financial difficulties. Indeed 17.3% of electricity generated is lost 

through transmission and distribution networks which according to any standards is quite 

high. 

There is a concurrence by the industry experts that the accepted range for losses in 

developing countries is between 15-16% (EDF, 2010) (PRISME, 2011). This is still 

regarded high when compared with 6.5% for France and 7.2% for Sweden (Nation 

Master, 2013) (G. Launey, 2013). 

Although in reality, there is no utility company in the world which has a distribution 

efficiency of 100%, it is imperative that KPLC can avail more capacity of a theoretical 

308.5MW by reducing or eliminating its losses. This is a colossal amount of power that 

could cost millions of dollars to build the infrastructure that will generate it. Currently, 

there is no single plant that generates that amount of power in the country. According to 

the industry experts (EDF, 2011) averagely it is 3 times less expensive to spare 1kWh by 

reducing losses and by improving the overall efficiency than investing in a new means to 

produce the 1kWh. 

2.4.1. Current Situation: Global sweeps 

Like any other utility business, electricity network operations involves a lot of decision 

making at various points and levels. The subject of decision making normally vary a lot. 

For example, deciding where, when and how to carry out a typical global sweep. For any 

decision to achieve its intended goal there must be data to be relied on to arrive at it. The 

quality of initial data is crucial for decision making. In general, data with poor quality or 

lack of it lead to a poor decision choice. 

According to (McNurling et al. 2009) human beings are actively subjective in making 

decisions. The decision made may be informed, for example by power, incentives and 

ambiguity. The human’s capacity to process information is significantly limited and 

affected by stress and the need to meet timelines. The ability to define their objectives 

and their preferences greatly affects their decision making. 
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KPLC is not an exception. Normally the decisions, especially in network operation are 

often made based on employees’ intuition and educated guesses. The main reason is the 

lack of better knowledge since there is a lot of data available which can be processed into 

information and can further be used to support decision making process.  

As discussed earlier in this report, consumption of unmetered electricity in KPLC is quite 

prevalent and the company knows about it. But there is no scientific or systematic way of 

pinpointing where, when and how it is happening. It currently relies on a chancing 

mechanism internally known as Global Sweeps.  

The meters are grouped and arranged in an order known as itineraries, essentially for ease 

of reading and billing. Therefore, once in a while when it is felt or suspected that there 

might be theft in such an itinerary, a blind sweep is carried on it with the hope that such 

theft will be netted. 

 The success of such exercise depends largely on the element of surprise on the potential 

thief rather than an informed decision. However, in many a times these pre-planned 

sweeps are leaked by the personnel who are in the know how. Most of the times, these 

sweeps normally return blanks. 

2.5. The Concept of Ring Fencing 

Put simply, ring fencing can be said to be accounting for and audit of the energy in a 

power system. One of the critical inputs for improved planning of the distribution 

systems is acquisition and recording of load flow data. The load flow data at all interface 

points provides critical information which normally assists in proper diagnosis of 

problems in the system and provides better ways on usage of electricity. Therefore, an 

energy accounting and audit system is essential for prioritization of specific projects 

under various schemes like ESRP, DA and other system improvement programs. 

With the adoption of AMR, it is possible to actively monitor the status of the grid. 

Installation of meters with the ability of AMR, not only in the customer’s premises but 

also higher up in the distribution network allows the utility companies to collect real time 

information on the status and the integrity of the grid (Korhonen, 2012).  
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had and bill him/her based on the number of bulbs (Lamphier, 1925). The customers at 

that point in time were not getting value for their money since there was a likelihood of 

overbilling. Therefore there arose the need to find a way of accurately measuring the 

energy consumed; and the Watt- hour meter was born. 

As the power networks expanded in size and the advancement of information 

technology, there grew the need to incorporate it into the energy metering system. 

Therefore, the metering technology has evolved over time from the rudimentary Watt- 

hour meter to the quite advanced smart meters available in the market today.    

Metering plays a very critical role in generation, evacuation and delivery of power to the 

consumers. It provides an avenue where information on how much energy a customer 

consumes and the pattern of consumption. This information is critical to both the 

consumer and the utility company generating and delivering the power. 

2.6.1. Automatic Metering Reading System in KPLC 

Automatic Meter Reading is a remote collection of consumption data from consumers’ 

utility meters by use of either radio frequency, packet, satellite and power lines 

communication technologies. AMR provides water, gas and electric utility- service 

companies the opportunity to increase operational efficiency, improve customer service, 

reduce data collection costs and quickly gather critical information that provides insight 

to decision making (Garcia, 2012). 

It combines the mechanical rotary type counter with its related technologies, such as 

advanced control, wireless digital communication, sensor embedded system and database 

management system. It displays the amount of energy that has been consumed (Derbel, 

2008), (Goh, 2003). 

Until recently KPLC was using the static meters to measure the electric energy consumed 

by its customers. When it decided to adopt the Automatic Meter Reading, it procured 

both that has the feature of pre and post payment.  

The meters with the prepaid feature were installed for the small domestic and commercial 

customers. They were installed primarily to enable the utility company to collect its debt 
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since this category of customers has to pay prior to consuming the energy. Unfortunately, 

the meters don’t have any communication ability with any central server. The only 

communication is between the User Interface Unit (UIU) and the meter which is installed 

either on the terminal pole for the stand alone premises or on a central metering panel 

for units of flats or apartments. 

Large power customers have been provided with the smart meters that have got a 

communication channel and are connected to a central server. Normally, these meters are 

postpaid because of the amount of units that the customers consume in a billing cycle. 

Not only are they used to meter large power customers, they are also used to meter all the 

distribution feeders and currently being rolled out to meter the distribution transformers.  

2.6.2. Usage of AMR in managing commercial losses: A hope for KPLC 

KPLC like any other business concern is struggling with a bulging uncollected debt and 

poor distribution system efficiency. These factors are enormously affecting the cash flow 

in the company since KPLC pays in advance for the power procured from the power 

generators. In 2010, KPLC introduced the Automatic Meter Reading system with the 

main emphasis being the prepayment feature of the system for small domestic and 

commercial customers. This cluster of customers forms the majority of the customer 

base. It also retrofitted all the large power meters with the smart ones. 

The prepayment feature of the meters presented an opportunity to the utility company to 

collect payments of electricity bills by its customers before they utilize it. Apart from 

managing the debt of customers, this feature gave the customer an opportunity to control 

his/her consumption. Definitely when customers pay for the services in advance before 

utilizing it, they tend to use less power than when they were paying after the services have 

been rendered. This will result in the customer managing his/her power more prudently 

and efficiently. The customer will actually use less for more and thereby saving some 

power (Kozlova, 2012) (Venables, 2007). 

This project seeks to find out if this power savings by the use of AMI is significant 

enough and cumulatively can lower the total demand and with the ultimate goal of 

improving the efficiency of the distribution network. 



 

The total consumption of ele

by Figure 2.9. This can be att

development and the general

 

 

 

Figure 2.9: Total Elec

 

2.6.3. Usage of AMI by ot

Wide afield, other power dist

used to investigate and contro

most successful distribution c

developing countries of South

2.6.3.1. Uttar Pradesh Powe

Uttar Pradesh Power Corpor

electricity in the state of Utta

Board (SEB) of Uttar Pradesh

losses. In the Financial Year 2

Pradesh, had the highest AT&

34 

 electricity in Kenya has steadily been increasin

 attributed largely to increased electricity infras

ral economic growth. 

l Electricity consumption in Kenya: Source, KP

 

 other Utility Companies to manage Losse

istribution companies have demonstrated tha

ntrol the commercial losses on their distributio

n companies that have used the methodology

uth America and Asia.  

wer Corporation Limited (UPPCL) 

oration is the utility company mandated to di

ttar Pradesh, India. The company is owned by

esh. Like other SEBs in India, it has high leve

ar 2010 - 2011, the overall AT&C for India wa

T&C of 40.8% (Mohanty et al, 2013). 

asing as represented 

frastructural 

 

e, KPLC, 2014 

sses  

that, AMI can be 

ution networks. The 

gy are in the 

 distribute and retail 

 by State Energy 

evel of distribution 

 was 26.15%. Uttar 



35 

 

In the year 2010, the Indian Government with the various SEBs introduced a program 

called Restructured Accelerated Power Development and Reforms Program (RAPDRP). 

The overall objective of the program was to reduce the AT&C losses by 15% in a period 

of 5 years; 2010-2015. 

The program was divided into two parts; A and B. The objective of part A were: 

• Develop baseline data for the program 

• Consumer indexing 

• GIS mapping 

• Metering of Feeders and Distribution Transformers 

• Replacement of electromagnetic meters with AMR meters 

• Adoption of IT applications for meter reading, billing and collection 

• Energy accounting and auditing 

Part B of the program was mainly to reduce the technical losses, and the main objectives 

were: 

• Renovation of MV distribution lines 

• Load bifurcation 

• Feeder splitting and optimization 

• Replacement of bare conductors with aerial bunched conductor in densely 

populated areas. 

In the Financial Year 2014-2015, the AT&C losses for UPPCL was 27.66% (UPPCL, 

2015). It is estimated that for the Financial Year 2015-2016, the AT&C would be 26.66% 

which compares well with the target for the overall objective of the program. 

Therefore, by using AMI, to ring - fence its feeders and distribution transformers, 

UPPCL demonstrated that it reduced the AT&C losses by 14.14% in its distribution 

network, in the period of 5 years. 
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2.6.3.2. CODENSA, Bogota 

The company is partly owned by Enersis Group which operates other electricity 

distribution companies in Argentina, Peru, Chile and Brazil in South America. 

It is mandated to distribute and retail electricity in Bogota, the capital city of Colombia. It 

was created in 1998 when the integrated electricity company Empresa de Energía de 

Bogotá (EEB) was unbundled to generation, transmission, distribution and retails 

subsectors. 

At the time of the unbundling, the AT&C losses of CODENSA was 22%. The major 

contributor of these losses were; illegal connections, unmetered supplies and uncollected 

revenue occasioned by the political instability and cartels involved in drug trafficking. 

Because of the know-how and experience it had gained from successful reduction of 

AT&C losses in similar markets of Argentina, Chile, Peru and Brazil (Antmann, 2009), 

the company deployed the AMI. The system was able to segment the customers and 

sector the geographical area served. The system was able to provide the integral metering 

management, accurate reading, billing, collection, disconnection – reconnection and 

inspection of meters. Consequently, by the year 2007, the AT&C losses had significantly 

reduced from 22% in 1998 to 9%. 

 
 

2.7. Load Flow Study 

A load flow study is a steady state analysis whose target is to establish the voltages, 

currents and real and reactive power flows in a system under a given load conditions 

(Ghosh et al, 1999). The purpose of load flow studies is to plan ahead and account for 

various hypothetical situations. For example, if an equipment, like a transmission line in 

the network is to be taken off line for maintenance, can the remaining equipment in the 

system handle the required load without exceeding their rated values (Mekhamer et al, 

2002). 

The basic load flow study equation is derived from nodal analysis equations for the 

power system. Taking an example of a 4 – bus system, the load flow analysis equation is 

given as follows: 
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Where Yij are the elements of the bus admittance matrix, Vi are the bus voltages, and Ii are 

the currents injected at each node. The node equation at the bus can then be written as 

follows: 

�� � � ������
���      (2.3) 

The relationship between per unit real and reactive power supplied to the system at bus i 

and the per unit current injected into the system at that bus: �� � ��  ��∗  � ���� �     (2.4) 

 

 Where Vi is the per unit voltage at the bus; Ii* is the complex conjugate of the per unit 

current injected at the bus; Pi and Qi are the real and reactive powers of the network. 

Therefore, 

 ��∗ � ���� �/��  → �� � (��−� �)/��∗    (2.5) 
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And 

 

 � � − � (���((��(&
'�1 |��|/�0(*�� � ,� − ,�)     (2.7) 

There are four variables that are associated with each bus: 

P- Real power 

Q- Reactive power 

V- Voltage magnitude 1- Voltage angle 

Meanwhile, there are two power flow equations associated with each bus. According to 

(Srinivas, 1999) in a load flow study, two of the four variables are defined and the other 

two are unknown. That way, there are the same numbers of equations as the number of 

the unknown. The known and unknown variables depend on the type of the bus. Each 

bus in a power system can be classified as one of the three types. 

i. Load bus (P-Q bus) - a bus at which the real and reactive powers are specified, 

and for which the bus voltage will be calculated. All buses having no 

generators are load buses. In here, V and 1 is the unknown. 

ii. Generator bus (P-V bus) - a bus at which the magnitude of the voltage is 

defined and is kept constant by adjusting the field current of a synchronous 

generator. Real power generation is assigned for each generator according to 

economic dispAT&Ch. Q and 1 are the unknown on this bus. 

iii. Slack (swing bus) - a specified generator bus serving as the reference bus. Its 

voltage is assumed to be fixed in both magnitude and phase. P and Q are the 

unknown parameters. 

 

It was necessary to carry out a simple load flow study of the Kapsoya 11kV distribution 

feeder line in order to ascertain that the electrical power is economically transferred over 

the system network with the maximum efficiency and reliability at constant voltage and 

frequency to consumers. A model of the distribution feeder network was done, where the 

value of real and reactive powers and voltage magnitudes were obtained. 
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To overcome the computational problems of power flow solution using load flow 

iterative techniques; Newton – Raphson and Gauss Seidel, a model of the Kapsoya 11kV 

Feeder was established. The model is based on real data that represent the real conditions 

of the network. The network is then simulated using the network study, analyzing and 

management software Power Systems Analyzing Framework (PSAF). 

By simulating the model, the expected results can be observed at every point of interest. 

The modelling and simulation of the distribution network on PSAF are conducted with 

the main objective of establishing the voltage profiles and technical losses on the 11kV 

and LV feeders. 
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CHAPTER 3 

3.0. Research Methodology 

This chapter details out the methodology that was used to establish AT&C losses level as 

a whole for Kapsoya 11kV Distribution Feeder. The feeder primarily serves Kapsoya 

Estate in Uasin Gishu County. 

3.1. General Approach. 

In order to investigate the AT&C losses on Kapsoya 11kV feeder, a model of the 

distribution network was developed. The model was then studied and analyzed so as 

meet the objective of the project. Primary and secondary data was used for analyzing and 

developing the model of the study. Primary data was obtained from field readings and 

measurements of the load data.  

Meanwhile secondary data was obtained from official consumption records, Kenya 

Power and Lighting Limited Annual reports and KPLC customer database. There are 22 

secondary distribution transformers on the feeder and 878 consumers represented by 

respective account numbers. The process that was followed was: 

• Establish the AT & C losses before ring fencing of the 22 secondary distribution 

transformers. 

• Determine the AT & C losses after ring fencing of the 22 secondary distribution 

transformers. 

• Simulate a load flow for the Kapsoya 11kV distribution feeder. 

• Obtain technical losses for the Kapsoya 11kV distribution feeder. 

Technical losses for the MV distribution network was obtained just to establish the 

general overview of the performance of the network. Otherwise, at both stages i.e. before 

ring fencing and after of the secondary distribution transformers, the Technical Losses 

will remain the same and cancel out. Therefore, it is possible to detect any change in the 

commercial losses.  
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3.2. The Project Area 

The project area was chosen primarily because the static postpaid meters in there had 

recently been retrofitted with prepaid AMR meters. These prepaid meters were installed 

to primarily manage the consumption debt. Therefore, by using this system for more 

than what it was intended for was very attractive and worth researching on it. Also the 

project area is served exclusively by the feeder, hence there is no need for installing 

export and import meters to the project area which subsequently simplifies the 

methodology and makes it cheaper.  

Additionally, the composition of the population in the area is substantially varied both 

socially and economically. Therefore, the results that were obtained would provide a 

more valid conclusion. More importantly, there have been inconsistences on what the 

meter feeder installed at the takeoff recorded and the summation of consumption units 

of the project area. This pointed to the fact that there were some power losses resulting 

from meter bypasses and meter tempering. 

 



4
2

 

 

 

F
ig

 3
.1

: 
P

ro
je

ct
 A

re
a
 K

a
p

so
ya

. 
S

o
u

rc
e,

 G
o

o
g

le
 E

a
rt

h
, 

20
14

.



43 

 

 

3.3. Recent research on this field. 

Recent research by (Kärenlampi, 2010), (Suriyamongkol, 2002), (Korhonen, 2012) and 

(Guymard, 2012) on this field of optimizing on the use of AMI with the view of 

reduction of commercial losses in an electrical network, greatly helped to distill and 

crystalize the method used for this research. The fact that they have done their research 

on this field still leaves room to fuse the two areas, commercial losses and AMI. This 

project was intended to explore the possibility of making the most of the AMI other than 

what is being used for or has been researched on before. Therefore, ideas were not 

started from the scratch but were built on what had been done before. 

3.4. Data source. 

The primary source of the data for this research was field measurements and recording. 

Whereas, the secondary data was extracted from the consumption records stored in 

Integrated Customer System (ICS) and Itron systems of KPLC. The consumption data of 

878 customers when they were metered on postpaid metering was extracted. Thereafter, 

the consumption for the same customers after ring fencing of the secondary distribution 

transformers is collected and analyzed to contextualize the relationship between the two 

scenarios. 

3.5. Prerequisites 

There are pre-requisites which are needed to be in place so that the results of the study 

can remain valid both before ring fencing of the secondary distribution transformers and 

after. Some of these conditions are: 

3.5.1. Metering of Energy input to project area 

It is necessary that energy input points of the projects areas’ electrical network are 

metered. These meters have to be installed on all such points so that the same can 

accurately be read. It is preferred that the meters with the ability of being read remotely 

be installed. 



 

Figure 3.2: Metering of t

KPLC has metered all its feed

project AMR meters were ins

on the feeder line. And luckil

does not go beyond the proje

meter to measure the energy 

3.5.2. Ring fencing the sec

The next pre-requisite was to

transformers on the feeder. I

variance of energy entering in

consumption of customers co

installing secondary distributi

44 

of the energy input and output points of th

eeder lines with AMR meters. Therefore, for 

 installed on the individual secondary distribut

kily, the project area is served entirely by one 

oject area. Therefore, there was no need to in

gy carried by the feeder beyond the project ar

secondary distribution transformers of the

 to electrically ring fence the secondary distrib

r. It was done primarily to measure the net inp

g into every secondary distribution transforme

s connected to that particular transformer of t

ution transformers AMR meters and custome

 

f the project area 

or success of this 

bution transformers 

ne feeder and it 

 install an export 

area. 

the project area. 

tribution 

input energy i.e. the 

mer and the 

f the project area by 

mer prepaid meters. 



 

 

Figure 3.3: Metering the 

3.6. Billing and Revenue C

The billing system is preferre

revenue billed and collected f

Normally under the prevailin

that sales data can be extracte

whole. This data may include

In such cases it would be nec

happenings outside the proje

and collected within and outs

shall be required to be made 

 

45 

he Secondary Distribution Transformers a

 Collection System. 

rred because it has the capability to provide da

d for the entire project area. 

iling system in utilities, billing system is design

cted for the 11/33kV feeder or for the distrib

de sales which may have happened outside th

necessary to make provisions to account for th

oject area. Similarly by extracting the data for 

utside project area necessary provisions in bill

de by the utility company.  

 

s and the Feeder. 

e data like sales, 

igned in such a way 

tribution center as a 

 the project area.  

r the sales 

or revenue billed 

billing systems and 



46 

 

3.6.1. Computation of input energy 

Electricity in Kenya is distributed in both 33kV and 11kV feeder lines and immediately 

after transformations/step down are low voltage distribution lines of 415 and 240V and 

services lines. The choice of which lines to use primarily depends on the population size 

of the area to be supplied, the distance from primary substation and the load of the 

supply points. 

 Before the ring fencing of secondary distribution transformers, the total energy 

consumption of the project area was measured using the already existing AMR meter on 

the takeoff of the feeder at the primary substation. The chosen feeder for this project 

exclusively servers the project area. Therefore, the meter at the input point of the feeder 

was read at an interval of one month for three billing cycles.  

After the ring fencing of the transformers by use of AMR meters, the input energy to the 

secondary distribution transformers is measured. Also, the individual customer 

consumption units are extracted for the prepaid meters connected to the particular 

secondary transformers for an interval of one month and for the three billing cycles. 

3.6.2. Computation of Sales 

As it has been mentioned earlier, for the total energy supplied some is lost in the form of 

heat dissipation and which is termed as technical losses. Some as well is lost as a result of 

variances in meter reading, non- metering and theft which can be collectively termed as 

commercial losses. 

When the new metering system was recently introduced, the old energy static meters 

were retrofitted with the AMR; prepaid for individual consumption. It is safely assumed 

that all the customers within the area of study have been metered, unless illegal 

connections. Since the metering is pre-paid, it can be assumed therefore, that the meter 

reading coverage was 100%. This is very critical in calculation of consumption sales. 

Therefore, sales in terms of billed energy and corresponding billed revenue in the project 

area is computed by summing the total energy consumed during the defined period by all 
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the consumers indicated in the consumption records. The details of how sales were 

computed within the project area are shown in Appendix A. 

3.6.3. Computation of Billing Efficiency 

Billing Efficiency can be termed as an indicator of proportion of energy that has been 

supplied and billed to an area. It can be computed use of Equation 3.1: 

23443&5 6773839&8� � :;<=4 >&3<? �;4@ (ABℎ):;<=4 �&DE< (ABℎ)                                                         (3.1) 

 

3.6.4. Computation of Collection Efficiency 

All consumers are billed on the basis of energy they consume. This is obtained from 

metering consumption records in Itron system. The billing amount is computed on the 

basis of the tariff for applicable customer category. 

Collection efficiency was established using Equation 3.2: 

G;4498<3;& 6773839&8� � H9I9&E9 G;4498<9@ (A�ℎ)23449@ JK;E&< (A�ℎ)                                                (3.2) 

The revenue collected excluded arrears since customers pay before consumption having 

been retrofitted with prepaid meters. Therefore the Collection Efficiency of the project 

area was expected to be ≤ 100%. 

 

3.7. Determination of AT &C Losses 

The Aggregate Technical and Commercial Losses of the project area is then established 

using Equation 3.3: 

 

J:&G M;??9? � N1 − (23443&5 6773839&8� O G;4498<3;& 6773839&8�P)Q O 100 P (3.3) 
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Where; 

23443&5 6773839&8� � :;<=4 >&3<? �;4@ (ABℎ):;<=4 �&DE< (ABℎ)  

 

And 

G;4498<3;& 6773839&8� � H9I9&E9 G;4498<9@ (A�ℎ)23449@ JK;E&< (A�ℎ)  

The result is then tabulated in the Table 3.1. 

Table 3.1: Table of Computation of AT & C losses of the Feeder   

No. Description Notation Pre Ring 

Fencing 

Post Ring 

Fencing 

1 Input Energy 

(kWh) 

E
i
   

2 Total Energy 

Billed (kWh) 

E
b
   

3 Amount Billed 

(KSh) 

A
b
   

4 Gross Amount 

Collected (KSh) 

A
G
   

5 Billing Efficiency � � 6S/63x100% 

  

6 Collection 

Efficiency 

T � JU/JSx100% 

  

7 AT&C Losses N1− (P�OTP)QO100% 
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3.7.1. AT&C Losses before ring fencing 

The AT&C losses were established before the installation of AMR meters to ring fence 

the secondary distribution transformers in the project area using the methodology which 

has just been described. 

Three billing cycle’s data such as energy inflow and outflow and corresponding revenue 

collected for computation of the initial level AT&C losses for the project area by the 

usage of Equation 3.3. 

The primary source of the data for the establishment of AT&C losses is obtained from: 

1. Outflow of energy to the project area by the feeder meter. 

2. The energy sales figures, energy billed and revenue collected were as per the 

consumption billing and collection records. 

 

3.7.2. AT&C Losses after Ring Fencing 

The primary aim of this project is to ring fence each secondary distribution transformer 

of the project area by the use of AMR with the view of reducing the commercial losses. 

Therefore after the installation of meters energy inflow and outflow into every individual 

secondary distribution transformer and corresponding revenue, billing data and 

consumption data is collected. There after the AT&C losses is established and recorded 

in Table 3.1. 

3.8. Modelling of Industrial Distribution Network. 

In order to carry out the Load Flow study and determine the technical losses of the 

Kapsoya 11kV distribution feeder, it was necessary to establish a one line diagram of the 

distribution network connected to the Industrial Substation. The one line diagram of 

Industrial distribution network was established as shown in Figure 3.4. The utility 

company has multi - voltage systems with a substation and transformers between each of 

these levels. It consists of one - single 33kV Rivatex transmission line feeding Industrial 

11kV injection substation. The utilities which are involved in the distribution of electricity 

are; 
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• 33kV Rivatex transmission line 

• 2x 15MVA, 33/11kV Transformers 

• 11kV Kapsoya Distribution Feeder 

• 11kV KCC Distribution Feeder 

• 11kV ELDOWAS Distribution Feeder 

The sections to be modelled are those which draw power from Rivatex transmission 

substation. Three 11kV feeders emanate from the industrial injection substation. From 

the single line diagram illustrated by Figure 3.4 of the modelled distribution grid, the 

procedure for the load flow study is adopted starting from top to bottom and is as 

follows: 

• The power grid. This represents the network system up to the secondary 

distribution. It is set to swing mode because it makes up the difference between 

the scheduled loads and generated power. 

• The 33kV transmission line, the 33kV incomer bus bar connected to the industrial 

T1 and T2 33/11kV transformers are then modelled. 

Inside the substation are feeders which distribute the stepped- down power to various 

networks. The industrial injection substation has: 

• Kapsoya 11kV FDR. It serves Kapsoya Estate, the project area. It has 4x50kVA, 

3x100kVA, 7x200kVA, 7x315kVA secondary distribution transformers connected 

to it and is 5.1km in length. 

• KCC 11kV FDR. This is the feeder that serves KCC Eldoret factory and 

surrounding consumers. It has 1x1000kVA secondary distribution transformer. It 

is 1.8km in length. 

• Eldowas 11kV FDR. It serves Eldowas water pumping plant and neighboring 

customers. It is 2.8km long. 
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Figure 3.4: Single-Line Model of Industrial Distribution Network 

The mentioned feeders are modelled in PSAF as composite networks which comprise the 

11kV feeder lines, the distribution transformers and the low voltage feeders.  

The model for Kapsoya 11kV feeder is shown in Figure 3.5. The other two feeders are 

modelled in the same format and are represented as composite networks. 
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Figure 3.5: Single- Line Model of Kapsoya 11kV Feeder 

3.9. Determination of Technical Losses on the Kapsoya 11kV Feeder 

To simulate the technical losses on the Kapsoya 11kV Feeder line, transformers and the 

conductors data were required as input in PSAF software. 

• For Transformers: 

� Configuration of windings in the primary and secondary side: For 

transformers rated 100kVA and below: Primary side windings, Y 

configuration and Zig Zag configuration for the secondary windings were 

used. Whereas for transformers rated 100kVA and above: D configuration 

for primary windings and Y configuration for secondary windings were 

used. 

� The resistance and reactance of the windings will be inserted in the PSAF 

� The rating of each transformer on the feeder will be inserted in PSAF. 
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• Overhead conductors: 

� Resistance and reactance per meter. Manufacturer catalogue was used to 

obtain this information. This data depends on cross-sectional area and the 

type of the material used. 

� Length of the line. The distance between two transformers and the total 

distance of the feeder were established and inserted in PSAF. 

• Loads: Load supplied by each transformer were measured. Measurements were 

performed at the peak period of the day, approximately 1200Hrs for industrial 

consumers and 2030Hrs for domestic consumers. 
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CHAPTER 4 

4.0. Results  

For the purpose of recording and presentation of the results obtained, tables of data and 

graphs are used.  

Since the primary objective of this study is to find out if ring fencing of distribution 

transformers using AMI could result in reduction of commercial losses, two scenarios 

arose.  

4.1. Scenario I: AT&C Losses before ring fencing  

The consumption records of these consumers stored in the ICS system before ring 

fencing of the secondary distribution transformers was retrieved from the said system 

and tabulated in Appendix 1. The aggregated data was then presented in table 4.1: 

Table 4.1: Aggregated power consumption before ring fencing 

Name of FDR Input Energy 

(kWh) 

Energy Sales within 

Project Area (kWh) 

Amount Billed within 

Project Area (Ksh.) 

Revenue Collected within 

Project Area (Ksh.) 

Kapsoya Ex Eldoret 

Industrial  

325589 245050 3,631,492 3,631,492 

 

Input Energy was obtained from the AMR meter at the takeoff of the feeder line at the 

primary distribution substation. Energy Sales is considered as the summation of 

consumption reading for 878 individual AMR meters within the project area as shown in 

Appendix A. The amount Billed is the summation of the entire amount Billed of the said 

accounts within the billing cycle. The Revenue collected is money collected for three 

reading cycles. 

4.2. Scenario II: AT&C Losses after ring fencing 

This scenario is achieved by metering all the 22 distribution transformers using 

nonpayment AMR. The consumption records for the period under study of the 878 

accounts was retrieved from the Itron system and tabulated as shown in Table 4.2. 
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The input energy is obtained by extracting the Feeder meter reading for the three billing 

cycles from the consumption records in Itron system. The output energy of the 

secondary distribution transformers was gotten by summation of the energy expended by 

the transformers on the feeder for the period under study as tabulated in Appendix A. 

Lastly, since the meters within the project area are all prepaid meters, the Revenue 

collected was devoid of any arrears. Therefore the revenue collected for the entire 

projected area, was summed up for the individual AMR meters for the energy sales within 

the area. The summation of consumption units of the prepaid meters were tabulated in 

Table 4.2.  

Table 4.2: Summation of power consumption after ring fencing for three consecutive 

billing cycles. 

Name of FDR Input 

Energy 

(kWh) 

Measured 

Energy of 

Transformers 

within 

Project Area  

(kWh) 

Energy Sales 

of the 

Transformer 

within Project 

Area 

(kWh) 

Amount Billed 

within Project 

Area (Ksh.) 

Revenue 

Collected within 

Project Area 

(Ksh.) 

Kapsoya Ex Eldoret 

Industrial  

326601 295,891 294,665 4220644 4220644 

 

As it has been explained earlier on the methodology to follow in carrying out this 

research, the data for the period when there was no ring fencing was obtained since it is 

hard to perform a control experiment. 

4.3. Load Flow Simulation for the modelled network 

When the load flow simulation for the Industrial- Kapsoya Distribution model network 

was performed, the conditions of the HV, LV feeder lines and transformers were 

established as shown in Figure 4.1. It was determined that the real power supplied to 

Kapsoya 11kV feeder was 3143kW which compares well with the 3144kW that the 

energy meter at the takeoff of the feeder registered. The total summation of the real 

power recorded by the meters at the low voltage takeoff of the distribution transformers, 
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is 3026kW as illustrated by data in Appendix D.  The reactive power was 1292kVAr. For 

KCC 11kV feeder the real power supplied to it was 408kW and reactive power was 

288kVAr. Finally, the real power injected to Eldowas 11kV feeder was 76kW while 

2kVAr was the reactive power. 

 

Figure 4.1: Load Flow Simulation for Industrial Distribution Network 
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Figure 4.2: Load Flow Simulation for Kapsoya 11kV Distribution Feeder. 

 

 

 



60 

 

4.4.  Technical losses on Kapsoya Feeder (FDR) 

When the data for the feeder is simulated on PSAF, the technical losses on the line were 

established when loading of the feeder was maximum as represented by Appendix D. 

The losses in the transformers were separated from those that are as a result of 

impedance of the line. Results are presented on Table 4.3. Losses were proportional to 

the square of the load (I²R). 

Table 4.3: Technical Losses on the Kapsoya 11kV FDR 

Name of 

FDR 

Supplied 

Power to 

FDR  (kW) 

Losses in 

Line FDR 

(kW) 

Losses in 

Transformers     

(kW) 

Total Losses 

 (kW) 

Total  

(%) 

Kapsoya 

11kV FDR  

3026 192.086 26.599 218.685 7.23 
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4.5. Data Analysis 

The results that were obtained from the two scenarios and model simulations were 

tabulated and subjected to the formulae that were listed on the method of carrying out 

the research. The results are presented on Table 4.4. 

Table 4.4: Table of computation of AT&C Losses 

No. Description Notation Pre Ring 

Fencing 

Post Ring 

Fencing 

1 Input Energy 

(kWh) 

E
i
  325,589  326,601 

2 Total Energy 

Billed (kWh) 

E
b
  245,050  294,665 

3 Amount Billed 

(KSh) 

A
b
  3,631,492  4,220,644 

4 Gross Amount 

Collected (KSh) 

A
G
  3,631,492 4,220,644 

5 Billing Efficiency 

(%) 

� � 6S/63x100% 

 75.26  90.22 

6 Collection 

Efficiency (%) 

T � JU/JSx100% 

 100  100 

7 AT&C Losses (%) N1− (P�OTP)QO100% 

 24.74  9.78 

 

4.5.1. Scenario I: Power consumption before ring fencing 

 The feeder meter at the primary substation recorded a total of 325,589 kWh for the three 

reading cycles. The amount that was billed for the same period was 245,050 kWh. The 

AT&C losses of the feeder were therefore 24.74% as shown in Figure 4.3 which is higher 

than the average AT&C losses for the entire KPLC system which stood at 17.3% 
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Figure 4.3:  A chart of Power consumption before and after ring fencing 

It is worth to note that in the project area, all the households had been connected to 

electricity; therefore the likelihood of illegal connection was very remote since there was 

no new house that was put up during the study period. Therefore, these losses must be as 

a result of meter tempering, bypass and the technical aspect of the network. 

 

4.5.2. Scenario II: Power consumption after ring fencing 

After metering the secondary distribution transformers on the feeder, the units recorded 

at the mother meter at the primary substation recorded 326,601 kWh units for a period 

of 3 billing cycles. The summation of the units dispensed by each secondary distribution 

transformer was 295891kWh and the units billed for all the accounts in the project area 

were 294,665 kWh. Therefore the AT& C losses for the feeder after ring fencing all the 

distribution transformers were calculated to be 9.78% for the 3 billing cycles as shown in 

Figure 4.3.  

This is a significant reduction of 14.96% in AT&C losses. This can be attributed to the 

accounting of the energy in the power delivery highway and the actual consumption.  
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4.6. Consumption behaviors of customers 

Consumption data of different customers presented varied patterns. There were those 

consumers whose consumption patterns remained relatively constant before and after 

ring fencing. Such consumers were dimmed to be good consumers since their load 

consumption nearly assumed a flat table profile. 

However, there were those consumers whose consumption patterns differed a lot for the 

period under study more specifically before ring fencing of the secondary distribution 

transformers. But after ring fencing, their consumption pattern became more consistent. 

Such customers were dimmed to be suspicious consumers. 

This kind of profiling of consumption, presented the opportunity to target them for 

more analysis on the way their connection through the meter is done. 

 

4.6.1. Consumption profile of a Suspicious Consumer: 

When the consumption records of customers are analyzed, some accounts out rightly 

show disparities with previous records. This will raise a red flag and call for more 

investigation on to the account. An example is Figure 4.4, the consumption for the 3 

reading cycle before ring fencing showed that for the first cycle, the consumer recorded 

65kWh of consumption units, second cycle was 386kWh and last cycle was 173kWh. For 

the 3 reading cycles the total consumption was 624kWh.  
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Figure 4.4: Power Consumption before and after ring fencing 

After ring fencing, the consumption was 399kWh for the first cycle, 401kWh for the 

second cycle and 403kWh for the third cycle as represented by Figure 4.4. When the 

consumption for the particular account is done for the 3 reading cycles, 1203kWh was 

obtained. It is very clear that after ring fencing of the secondary distribution transformer 

was done, the amount billed for this particular account increased by nearly twofold and 

subsequently reduced the AT & C for the account by nearly half. 

 

4.6.2. Consumption profile of a good consumer: 

From the consumption records, there are two categories of consumers of power; those 

whose consumption units fluctuated during the three cycles before ring fencing but 

became consistent and increased after ring fencing. Likewise there were those whose 

consumption remained consistent both before and after ring fencing periods. Figure 4.4 

represent a consumer whose consumption remained relatively consistent before and after 

ring fencing of the secondary distribution transformers in the project area. Before ring 
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fencing, the consumption was 51kWh, 52kWh and 56kWh for the 1st, 2nd and 3rd billing 

cycles bringing to the average of 53kWh for each cycle.  

After ring fencing of the secondary distribution, the consumption for the subsequent 1st, 

2nd and 3rd billing cycles was 56kWh, 59kWh and 52kWh respectively. The average 

consumption was 57kWh for each billing cycle. 

 

4.7. Load Flow Analysis for the Kapsoya 11kV Distribution Feeder 

From the simulations done on the Industrial Distribution network that the real power 

supplied to Kapsoya 11kV feeder was 3143kW while the reactive power was 1292kVAR. 

For KCC 11kV feeder the real power supplied to it was 408kW and reactive power was 

288kVAR. Finally, the real power injected to Eldowas 11kV feeder was 76kW while 

2kVAR was the reactive power. 

4.8. Technical Losses on the feeder line 

From Table 4.3, it was established that the total technical losses of the Kapsoya feeder 

was 218.685kW which 7.23% and compares well with the range that was discussed in 

Figure 2.5 of chapter two of this report. 

Furthermore, it was deduced that 192.086kW translating to 87.4% of the total technical 

losses occurred on the distribution line, whereas 26.599kW representing 12.6% occurred 

because of the resistances of the iron core and copper windings of the transformers.  
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CHAPTER 5 

5.0. Conclusion 

The main purpose of an electricity meter is to account for electricity generated, delivered 

and utilized. Currently, in the distribution network of KPLC, the instance where the 

electricity is metered is at the points of generation, transmission takeoffs, distribution 

feeder takeoffs and the points of consumption. The method proposed can be used to 

minimize the commercial losses incurred along the distribution network by accounting 

for kWh of electricity. When used alongside the prepaid AMR meters, the utility 

company will be able to account for electricity in its distribution network. 

 

The method proposed was to develop an AMI system, which could easily be integrated 

into the existing utility infrastructure and using the commercially available AMR meters. 

Therefore, by ring fencing the secondary distribution transformers a method for 

accounting for energy in the distribution network was derived with the view of 

computing for the AT&C losses on the distribution network. Moreover, the method 

developed was able to address all the five objective of the study and these objective were 

achieved as illustrated; 

 

i) .Obtain consumption data for a selected group of customers before and after 

introduction of AMI. 

The objective of obtaining data for 878 customers for the two scenarios, the 

consumption data for three consecutive billing cycles of the data group was extracted 

from the consumption records in the ICS and Itron systems. For the first three reading 

cycles before ring fencing, the consumption data for the group of customers for each 

cycle was summed up. After the AMI had been fully deployed so as to ring fence the 

distribution transformers, each cycle of the billing was then summed up and recorded.   

ii). Determine billing and collection efficiencies 

To obtain the billing and collection efficiencies, the summation of the energy that was 

supplied to and billed in the area under study was computed for the three billing cycles. 
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The ratio of the billed to supplied energy provided the billing efficiency. Whereas the 

collection efficiency was determined by summing up the revenue collected for the three 

billing cycles and then compute the ratio between the collected revenue to the total billed 

units. These efficiencies were obtained before and after the deployment of the AMI. 

iii). Compute aggregated technical and commercial losses 

After determining the billing and collection efficiencies, AT&C losses were then 

computed by obtaining the product of the collection efficiency by billing efficiencies. The 

summation of this product and AT&C losses would add to 1. 

iv). Establish distribution system efficiency 

The distribution efficiency was established by computing the product of the collection 

efficiency and billing efficiencies. The system efficiency was established before and after 

ring fencing of distribution transformers was carried out. 

 v). Simulate a load flow for the Kapsoya 11kV feeder 

The objective to simulate the load flow for the Kapsoya 11 kV feeder, was achieved by 

modelling Industrial Substation network using PSAF software. A load flow analysis was 

then carried on the model. The simulation of the load flow on the Kapsoya 11kV feeder 

line gave an overview of the energy flow in the feeder and its performance. 

The characterization of losses and voltage profiles on the Kapsoya 11kV Distribution 

feeder by simulating the load flow gave an overview of state and condition of the voltage 

profiles of both the High Voltage and Low Voltage feeders of the network. 

 Testing the method with real data showed that the proposed method could be used with 

current technology in the appropriate installations. Applicability of the method depends 

largely on the accuracy of Billing and Collection efficiencies. The method worked well 

when the setup was properly configured. Therefore, the objectives of the study that had 

been stated in Section 1.5 have been met. 
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Recommendation 

The results were primarily obtained from meter readings of energy consumption at 

various points of the distribution network. The data were recordings of events that had 

already happened.   

Therefore, the conclusions that were deduced were historical in nature. It would be 

prudent to incorporate some features of the network so that the usability and 

functionality of the whole set up could be used to forecast the status and operations 

management of the network.  

Of particular interest, is to use the system to manage the operations of the network. For 

example, the real time monitoring of the status of the network by relaying the status 

parameters like voltage, current, power factor and eventually the load flow at various 

points of the network. 

For all these to be feasible, the following steps are recommended to be done. 

 

5.1.1. Procurement of smart meters 

Currently, the meters that have been installed both at the point of consumptions and the 

secondary distribution transformers are automatic meters but they are not smart meters. 

The functionalities of these meters would have been modified to include real time 

monitoring of the performance of the distribution network. This can only be achieved if 

there was a two way communication channel between the metering device and the 

Network Operation Centre (NOC). 

It would therefore be prudent to procure meters which are smart so that the AMI 

functionalities can be incorporated. 

 

5.1.2. Interfacing of the various electrical network elements 

Distribution Automation (DA) necessitates that there is real time monitoring and control 

of distribution level circuits. In order to achieve this, a distribution circuit state estimator 

tool which can provide real time load flow estimates of the system is required. Since there 

is limitations on the availability of real time measurements on distribution networks, load 

modelling technique is used to provide real time estimates of the customer load demands. 

The efficiency of the distribution network will be greatly improved if the automatic 
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switches along the distribution network are introduced. Therefore, interfacing of these 

elements is very critical in achievement of DA. Currently at the distribution level, the 

various elements are not communicating with one another at all apart from the physical 

electrical connection. Therefore, the DA is highly inhibited. 

 

5.1.3. Integration and adaption of GIS 

 

In the recent years, KPLC has been collecting data of its equipment and installations. 

This facility database, FDB is the Geographical Information System (GIS) for the utility 

company. The system provides very detailed location and conditions of the facilities in 

the distribution network. The company should roll out the GIS and AMI systems with 

the view of laying the foundation of a smart grid. The two systems are the corner stones 

of the smart grid.  
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Appendix B: Power Consumption before ring fencing 

Name of FDR Input 

Energy 

(kWh) 

Secondary 

Distribution TX 

No. 

Energy Sales of the 

Transformer within 

Project Area 

(kWh) 

Revenue Collected 

from the Transformer 

within the Project Area 

(Ksh.) 

Kapsoya Ex 

Eldoret 

Industrial 

325589 

 

2230 7414 
109194 

21116 12544 
213219 

21198 9660 
166809 

21332 13687 
229273 

9215 6834 
95676 

9292 12551 
189238 

21058 13237 
191478 

9217 9630 
103637 

21333 12069 
168966 

22237 10381 
149995 

22334 9935 
147615 

22335 18549 
274036 

21149 4519 
63490 

22538 12310 
193502 

21831 9737 
148701 

23618 15355 
233760 

21207 18439 
263805 

28110 5551 
77714 

28109 8564 
119896 

8203 5395 
79969 

28271 9380 
133887 

22336 19309 
277632 

TOTAL 245,050 3,631,492 
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Appendix C: Power Consumption after ring fencing 

Name of FDR Input 

Energy 

(kWh) 

Secondary 

Distribution 

TX No. 

Measured Energy of 

Transformers within Project 

Area  

(kWh) 

Energy Sales of the 

Transformer within 

Project Area 

(kWh) 

Revenue Collected 

from the 

Transformer 

within the Project 

Area 

(Ksh.) 

Kapsoya Ex 

Eldoret 

Industrial 

325155 2230 9221 9194 131225 

21116 16118 16053 224742 

21198 12131 12067 168938 

21332 15697 15666 221526 

9215 6083 6064 85336 

9292 21001 20097 284044 

21058 19431 19426 271964 

9217 12797 12756 180130 

21333 10943 10937 166900 

22237 11138 11114 161341 

22334 14893 14870 208180 

22335 21467 21438 305776 

21149 3751 3728 56845 

22538 17547 17522 245308 

21831 13345 13303 186242 

23618 20471 20431 286034 

21207 17823 17808 275215 

28110 4798 4792 68651 

28109 6543 6531 104915 

8203 6501 6496 93613 

28271 10856 10845 158961 

22336 23336 23327 334758 

TOTAL 295891 294665 4220644 
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Appendix D: Transformer Loading 

No. Secondary 

Distribution 

TX No. 

Rating of Sec Dist. 

Transformer 

(kVA) 

Loading of the 

Sec Dist. 

Transformer 

(kVA) 

Loading Area 

 22130 315 
212 

RM PATEL 

 21116 200 
150 

SPECIAL SCH 

 21198 200 
157 

SOS 

 21332 315 
211 

KENYA RE 

 9215 315 
91 

KAPSOYA SCH 

 9292 200 
108 

RAYMONDS 

 21058 50 
69 

METROLOGICAL 

 9217 315 
322 

ET LIMO 

 21333 315 
281 

BAPTIST 

 22237 100 
92 

ELDOVILLE 

 22334 200 
130 

MARIAKANI 

 21149 315 
270 

SITE & SERVICE 

 22538 100 
9 

NGURUNGA 

 21831 200 
201 

GREENWAYS 

 23618 50 
98 

KONA KUBWA 

 21207 315 
300 

KAPSOYA VALLEY 

 28110 200 
181 

JUNIORATE 

 28109 200 
83 

IMMACULATE 

 8203 50 
133 

SISTERS SCH 

 28271 50 
6 

ANAN 

 22336 100 
94 

CYRUS 

 TOTAL 4080 3026  

 


