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Abstract 
Reliable energy is fundamental for a region’s capacity for sustainable development. The island 
Pemba, which together with Unguja forms Zanzibar, is a semi-autonomous part of Tanzania. The 
electric power supply on the island is unreliable and blackouts are frequently occurring. Also, 
there are significant losses in the grid that in 2014 were measured to be as high as 28.9 %. 
Because of this the local electricity company, Zanzibar Electricity Corporation, ZECO, has 
started a project, the Change Project, to identify where and why the losses occur and how this 
situation could be improved.  

All the electricity in the public grid on Pemba is supplied through a submarine cable from 
mainland Tanzania. On the island the public grid only reaches 30 % of the population. The vast 
majority of the remaining population copes without electricity. This holds back the island’s 
development and that is why it is important to support ZECO to a sustainable business so they 
can maintain and extend the grid on Pemba.  

This thesis is a part of the Change Project and has its main focus on non-technical losses. The 
main goal of the study presented in this report was to investigate the reliability of the two types 
of domestic electricity meters, post-paid and pre-paid, used on Pemba. To do this, 16 interviews 
were carried out in a selected village named Tumbe. Based on the interviews a load model was 
created in the software STELLA. The output from the STELLA model was compared to 
readings of the electricity meters in the 16 interviewed households. This together gave clear 
indications of the reliability of the meters. The study has also aimed to draw conclusions about 
where and why the largest losses occur. To investigate this, readings of all found meters in 
Tumbe were reviewed. Also, data regarding the grid and the electric energy use on Pemba were 
collected and discussions with ZECO employees were held.  

The results from this study are that 

- It is reasonable to believe that the some of the domestic post-paid meters are measuring 
an inaccurate, too low, consumption. For the interviewed households it is believed that 
the measuring is in average between 30-45 % lower than the actual consumption.  

- If the losses remain at this level, the capacity in the submarine cable will be reached in 
approximately 2024. However, if the losses can be reduced the sufficiency of the cable 
can be extended by several years.  

- A strong correlation between the electricity price level and the presence of non-technical 
losses was found.  

It has been found, based on the results above, that the most important measures to reduce the 
losses are to 

- Replace all the domestic post-paid meters with accurate ones as soon as possible.  
- Perform regular control of pre-paid meters in order to detect tampering and broken 

meters. 
- Monitor the electric energy flow in the grid for easier detection of losses, especially 

electricity theft. 

Keywords: Electrical losses, Electricity meters, Non-technical losses, Tanzania, Zanzibar, 
Pemba, Minor field study.  



 
 

Sammanfattning 
Tillförlitlig elförsörjning är fundamentalt för en regions möjlighet att uppnå en hållbar utveckling. 
Ön Pemba, som tillsammans med grannön Unguja utgör Zanzibar, är en semi-autonom del av 
Tanzania. Elförsörjningen på Pemba är otillförlitlig och strömavbrott inträffar ofta. Dessutom är 
det stora förluster i elnätet som år 2014 uppmättes till hela 28.9 %. På grund av det här har det 
lokala elbolaget Zanzibar Electricity Corporation, ZECO, startat ett projekt, ”The Change 
Project”, för att identifiera var och varför förlusterna uppstår och hur situationen kan förbättras. 

All el i det allmänna elnätet på Pemba kommer från Tanzanias fastland genom en 
undervattenskabel. På ön når det allmänna nätet endast ut till cirka 30 % av befolkningen. Den 
stora majoriteten av den resterande befolkningen är utan elektricitet. Detta håller tillbaka öns 
utveckling och det är därför viktigt att stötta ZECO till en hållbar affärsverksamhet så att de kan 
underhålla och bygga ut elnätet på Pemba.  

Denna uppsats är en del av ”The Change Project” och arbetets huvudfokus har varit på de icke-
tekniska förlusterna. Studien som presenteras i denna rapport har som huvudsakligt mål att 
undersöka tillförlitligheten av de två olika sorters elmätare för privatkunder, förskottsbetalade och 
efterskottsbetalade, som används på Pemba. För att göra detta har 16 intervjuer utförts i byn 
Tumbe. Baserat på intervjuerna skapades en effekt-modell i mjukvaruprogrammet STELLA. 
Resultaten från STELLA-modellen jämfördes med avläsningar av de 16 intervjuade hushållens 
elmätare. Denna jämförelse gav tydliga indikationer på tillförlitligheten hos elmätarna. Studien har 
också siktat på att dra slutsatser om var de största förlusterna uppstår. För att undersöka detta 
kontrollerades mätaravläsningar av alla upptäckta elmätare i Tumbe. Även data om elnätet och 
elanvändningen på Pemba samlades in och diskussioner med anställda på ZECO hölls. 

Resultaten från denna studie visar att 

- Med stor sannolikhet mäter en del av de efterskottsbetalda elmätarna för privatkunder en 
felaktig, för låg, elanvändning. För de intervjuade hushållen är det troligt att den uppmätta 
användningen är 30-45 % lägre än den faktiska. 

- Om förlusterna fortsätter att vara på dagens nivå kommer kapaciteten för 
undervattenskabeln att överskridas år 2024. Om förlusterna däremot kan sänkas skulle 
kabelns kapacitet vara tillräcklig en längre tid.  

- Ett starkt samband mellan nivån på elpriset och förekomsten av icke-tekniska förluster 
upptäcktes. 

Baserat på dessa resultat har det fastslagits att de viktigaste åtgärderna för att minska förlusterna 
är att  

- Byta ut alla efterskottsbetalda elmätare för privatkunder så snart som möjligt. 
- Utföra regelbundna kontroller av de förskottsbetalade mätarna för att upptäcka 

manipuleringar och trasiga mätare. 
- Att övervaka energiflödet i elnätet för att lättare upptäcka förluster, särskilt stöld av 

elektricitet. 

Nyckelord: Elektriska förluster, elmätare, icke-tekniska förluster, Tanzania, Zanzibar, Pemba, 
Minor field study.  
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1 Background 
 “Sustainable energy development will require electricity services that are reliable, available and affordable for all, 
on a sustainable basis, world-wide.” (Johansson & Goldemberg, 2002)  

Reliable energy supply is fundamental for a region’s capacity for sustainable development. In 
2012 UN-secretary-general Ban Ki-moon made sustainable energy one of his top five priorities 
that will guide his second five-year term. Specifically, he will direct the UN to extend energy’s 
reach in order to combat endemic poverty (UN, 2012). 

Today both governments and donor agencies in many developing countries have understood the 
importance of access to modern energy but even though a major effort has been made to meet 
the challenges of energy access the International Energy Agency, IEA, has predicted that the 
problem of energy access will remain unsolved by 2030 (Mainali, 2014).  

In Africa many people are using self-generated electricity instead of using the public grid. 
Steinbuks & Foster (2009) points out one of the causes of this to be that ”the performance of 
Africa’s power supply sector on the continent is woefully unsatisfactory” and that most of the 
continent’s power companies “have failed to provide adequate electricity services to the majority 
of the region’s population, especially to rural communities, the urban poor, and small and 
medium enterprises”. Generally the self-generated electricity is both more expensive and has a 
worse environmental impact than the electricity from the public grid. Therefore the self-
generated electricity is a bad substitute for the public supply when it is unreliable (Steinbuks & 
Foster, 2009). 

The island Pemba, which together with Unguja forms Zanzibar that is a semi-autonomous part 
of Tanzania has an isolated location in the Indian Ocean. The electric power supply on the island 
is unreliable and blackouts are frequently occurring. Also, there are significant electrical losses in 
the grid. Because of this the local electricity company, Zanzibar Electricity Corporation, ZECO, 
has started a project, the Change Project, to identify where and why the technical and non-
technical losses occur and how this situation could be improved (Khalid, 2015). The total 
electrical losses are defined as the difference between produced energy and sold energy and the 
total losses can be divided into technical and non-technical losses. The non-technical losses are 
defined as the difference between real consumption and measured consumption and the technical 
losses are defined as the difference between produced energy and real consumption (Guymard, 
2012). 

This thesis is a part of the Change Project and the aim of the study has been to create a computer 
model of a households average electric energy use in a village on Pemba. This model has been 
compared to readings of the electricity meters in order to compare measured and calculated 
electric energy use. The aim of the comparison has been to draw conclusions about the reliability 
of the electric energy meters used on Pemba.   
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2 Objectives 
In this chapter the objectives of this project are described. This includes the problem formulation 
and the aims and goals. Also an overview of the method and the limitations of the project are 
described. 

2.1 Problem Formulation 
The electric grid on Pemba has large electrical losses, which entails an unreliable electricity supply 
where blackouts and power surges often occur. The low efficiency of the grid makes it hard for 
ZECO to maintain a sustainable business. This leads to neglected maintenance of the grid, which 
impairs the situation. In order to obtain a more reliable electricity supply on Pemba it is 
fundamental to find the main reasons of the electrical losses to give ZECO the possibility to 
improve and extend the grid and thereby improve the electricity situation on Pemba. 

2.2 Aims and Goals 
The aim of this study is to create a power demand model of households in a defined area in 
Pemba, Zanzibar. This will be done with the software STELLA. The modeled electric energy use 
will then be compared with the measured electric energy use from meter readings in order to see 
how these correspond to each other and from this investigation conclusions about the reliability 
of the meters will de drawn. Also, other reasons for losses in the grid will be investigated and 
discussed and thereby the study will support ZECO in their search for reasons of electric energy 
losses. 

The main goal for this project and the necessary actions to reach this goal is 

1. To investigate the reliability of the domestic electric energy meters on Pemba. 
- To complete at least ten detailed household interviews. 
- To estimate the households electricity usage with a STELLA model. 
- To collect data about measured electricity use for these households to compare with 

the STELLA model. 

The secondary goals for this project are 

2. To investigate how the total losses divides between technical and non-technical losses. 
3. Compare electrical demand and supply on Pemba and investigate how the losses are 

affecting this relationship. 
4. Investigate if there is a correlation between the electricity price and percentage of non-

technical losses. 
5. Draw conclusions of what can be done in order to reduce the total losses. 

These goals will be reached with the result from the main goal together with data collection from 
ZECO and a thoroughly literature review. 
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2.3 Overview of Method 
In order to reach the aims and goals of the project the problem formulation has been approached 
with the following three main activities: 

- To study existing literature to understand how the electric grid in Tanzania and Zanzibar 
works, reasons for why and where electrical losses occur and what can be done in order 
to reduce them.  

- Collecting data from ZECO regarding how the company works, difficulties they meet, 
losses in the grid, electricity price and demand and customer information. 

- Fieldwork on Pemba with interviews regarding electric energy usage in households. The 
interviews have been used to create a STELLA software model of the electric energy 
usage in a defined area. The STELLA model together with readings of electricity meters 
in households have been used to draw conclusions about non-technical losses. 

All together, the activities presented above have been used to draw conclusions about the total 
losses on Pemba and also how to reduce them. Figure 1  shows an overview of how the three 
main activities have been implemented in order to reach the aims and goals of the project. 

 
Figure 1. Overview of the methodology of the project. 

In chapter 4 Method the approach of the project implementation is further described. The 
information gathered in the literature study and the data collected from ZECO are presented in 
chapter 3 Literature Study and chapter 4 Method. 

2.4 Limitations 
The main approach to reach the aims and goals of this project has been to concentrate on the 
non-technical losses on Pemba. For the technical losses the reasons for why and where they 
occur and how they can be reduced have been discussed but no calculations of the actual size of 
them have been done, which is a limitation of this study. If the problem formulation would have 
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been carefully investigated both from a technical and non-technical perspective more conclusions 
about the total losses on Pemba could have been drawn.  

3 Literature Study 
The literature study of this report will explain the current energy situation in Zanzibar and 
especially on the island Pemba, where the fieldwork presented in this report have taken place. 
The literature study will explain how the electric grid in both Tanzania and Zanzibar work and 
what energy challenges there are to meet. The reasons for technical and non-technical losses will 
be explained and the purpose of the change project, managed by ZECO, is also described below. 

3.1 Characteristics of Tanzania 
Tanzania is an African country located on the east coast, just south of the equator, as shown in 
Figure 2 . The neighboring countries are Kenya, Uganda, Rwanda, Burundi, Zambia, Malawi, 
Mozambique and the Democratic Republic of the Congo. 

 
Figure 2.  Location of Tanzania (Globalis, 2015). 

Tanzania was formed in 1964 as an union of the mainland Tanganyika and the islands outside the 
Tanzanian east coast together called Zanzibar. Tanzania has a total population of about 49 
million people and a geographical area of 945 090 km2. Since 1977 the political party named the 
Party of the Revolution, CCM, has ruled Tanzania and the leader of the party and the current 
president is named Jakaya Mrisho Kikwete. The opposition party is called the Civic United Front, 
CUF, and has most of its support from the islands of Zanzibar (Landguiden, 2015). 

3.1.1 Zanzibar 

Zanzibar is a semi-autonomous part of Tanzania with its own constitution, government and 
parliament that make decisions in matters only regarding Zanzibar. The government in Zanzibar 
is called the Revolutionary Government of Zanzibar and the current president is Ali Mohamed 
Shein. There are two main islands called Unguja and Pemba that together with a few smaller 
islands form Zanzibar. The islands are located in the Indian Ocean east of the Tanzanian 
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mainland (RGoZ, 2013). The location is shown in Figure 3 .  
 

 
Figure 3. Location of Zanzibar (Wikipedia, 2015). 

Zanzibar has a total area of 2500 km2 and a population of about 1.3 million people. The majority 
of the population live on the southern island Unguja, where the capital named Zanzibar town is 
located. The total population on Pemba is around 406 000 people and the total area is 988 km2. 
The population of the islands is growing with an annual rate of 2.8% (NBS, 2013) and more than 
half of the people live on less than two USD a day (ÅF Green Advisor Report, 2010), which is 
below the national guidelines of poverty (World Bank, 2012). 

Agriculture has for many years been the backbone for the economy of Zanzibar. The main 
commodities are cassava, rice, corn, sweet potatoes, citrus fruit, plantains and cloves. For people 
living on Zanzibar the main economic activities are fishing and farming (RGoZ, 2013). In recent 
years the tourism to Tanzania and especially to Zanzibar has grown and today tourism is 
dominating the service sector in Zanzibar. This makes tourism together with agriculture the most 
important financial income for the islands (Landguiden, 2015). However, with only a few resorts 
and hotels on Pemba most of the tourism is concentrated to Unguja. 

3.2 Energy Situation in Zanzibar  
Currently there is no large-scale electricity production on Zanzibar. All the electricity distributed 
in the public grid is generated in mainland Tanzania. The electricity is delivered to Zanzibar via 
submarine cables (ÅF Green advisor report, 2010). In mainland Tanzania, the government 
owned company Tanzania Electric Supply Company Limited, TANESCO, generates and 
distributes all the electricity in the country. In Zanzibar the electricity in the public grid is bought 
from TANESCO and distributed and sold by the local government owned company ZECO. 

3.2.1 Energy Balance 

According to studies made by the Department of Environment in Zanzibar, biomass energy 
accounts for about 75 % of the overall energy consumed in Zanzibar. Figure 4  shows the balance 
between different energy sources in 2009/2010 (Aboud S. Jumbe, 2011). 
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Figure 4. Energy balance in Zanzibar in 2009/2010 (Aboud S. Jumbe, 2011). 

As shown in Figure 4 , wood fuel is the major source of energy on Zanzibar. Wood together with 
other biofuels is mainly used for fueling simple stoves and open fires when cooking food and 
heating water. As an indicator, 95 % of the households used firewood for cooking in 2007/08 
(NBS, 2013). This, together with a growing population is creating a problem with deforestation 
on the islands. Another problem when using wood fuel for cooking food and heating water is the 
negative health impact caused by the indoor air pollution. Using other energy forms such as gas 
instead of biomass would greatly improve living standards and people’s health as well as the 
impact on the environment. Of the total energy use only 4.7 % is from electricity. Access to 
electricity for e.g. TV, radio and charging cellphones is important for people’s access to news and 
ability of communication (Ilskog, 2008).  

The energy balance shown in Figure 4  is divided in different sectors of energy use. These sectors 
are shown in Figure 5 . 
 

 
Figure 5. Different sectors for energy use (Aboud S. Jumbe, 2011) 

As shown in Figure 5  the sector Residential Rural and Residential Urban accounts for 68 % of the 
total energy used and of this people living in rural areas use about two thirds. The reason for this 
could be that most of the people living on Zanzibar belong to the rural population and that they 
are using the majority of the largest sector in Figure 4 , wood fuel. 
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3.2.2 Electricity Use on Pemba 
The monthly use of public grid electricity on Pemba is about 1.8 GWh. Of this, 40 % is used by 
123 industries and larger businesses. Domestic customers use the remaining 60 % (ZECO, 2015). 
It is hard to say exactly how many people that are connected to the public grid on Pemba. There 
are data available for all of Zanzibar that states that 39.7 % of the Zanzibar households have 
access to the electricity and of these 95 % are connected to the public grid (NBS, 2013). 
However, it does not explain the distribution between Pemba and Unguja. Estimation can be 
done from multiplying the amount of ZECO domestic meters, which is 22772 pieces (ZECO, 
2015), with the average number of residents in a Pemba household, which are 5.35 (NBS, 2013). 
This gives approximately 122 000 people on the public grid which is 30 % of Pemba’s population 
of 406 000 people (NBS, 2013). In all of Tanzania 18 % of the population is connected to the 
public grid (USEA, 2013). 

The average Pemba household connected to the public grid uses around 50 kWh per month. The 
electricity is mostly used for lamps, TV, video, fans and charging cellphones (ZECO, 2015). 
Among the larger customers there are hotels and resorts that use the electricity for air condition, 
freezers and refrigerators. There are also industries with heavy electrical driven machinery, e.g. 
lumbering industries are common. Governmental organizations use a large portion of the 
electricity. The Water and Sanitation office is the largest consumer of electricity on Pemba 
because the use of electric pumps to transport water for long distances from wells to villages 
(ZECO, 2015). 

With the submarine cable installed in 2010 the electric energy situation has become more reliable, 
which has made Pemba more attractive to investors and helped business using electric equipment 
to increase their output (OECD, 2011). It has also improved the ability for children to study in 
the evenings. After the cable installation, increased survival rates for emergency operations could 
also be noticed. However, even though the number of power outages has decreased since the 
submarine cable was installed, people on Pemba still have several outages a week, each lasting for 
2-10 minutes. These outages often occur in evenings and on weekends during peak demand when 
distribution lines and transformers risk becoming overloaded, which causes fuses to blow (Pöyry, 
2011). According to ZECO another common reason is failure in the radial distribution circuits 
(ZECO, 2015). 

With the submarine cable installed an increase of the electricity demand came as a result. The 
demand was measured to be 1.37 GWh in December 2009 and seven months after the cable 
installation, in December 2010, the demand was measured to be 2.43 GWh, an increase of 77 % 
(Pöyry, 2011). In Table 1  the number of new applications for connection to the grid before and 
after the installation of the submarine cable is shown. 
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Table 1. Number of new applications for connection to the grid before and after the submarine cable was installed (Pöyry, 
2011). 

Month Households Stores Institutions, Schools, 
NGO:s 

2009 2010 2009 2010 2009 2010 
September 71 126 1 11 1 2 
October 80 112 1 1 1 4 
November 98 100 0 4 5 0 
December 80 104 3 6 4 0 
 
As shown in Table 1  the number of new applications have increased after the installation of the 
cable. However, a larger increase was expected, the reason for this could be that the connection 
fee is high. The connection fee varies with distance between the house and the distribution grid 
but is typically 285 USD, a high barrier for most Pemba households. If this fee could be lowered 
the number of new applications may increase further (Pöyry, 2011).  

In 2010 ZECO estimated the electricity demand on Pemba to increase with an average rate of 7 
% per year, based on the rate of increase on Unguja. The peak demand was in November 2010 
measured to be 5.9 MW at the connection point of the submarine cable on Pemba. With the 
annual rate of increase this would result in demand exceeding capacity of 20 MW in the 
submarine cable by the end of year 2020. The capacity in the cable could be configured to run 25 
MW but there is still a need of additional capacity before year 2025 in order to meet the 
increasing electricity demand (Pöyry, 2011).  

In Figure 6  the electricity consumption on Pemba over the last ten years is shown together with 
the estimation made by ZECO in 2010. 

 
Figure 6. Electricity consumption on Pemba 2006-2010 (ZECO, 2015). 

In Figure 6  it can be seen that a high increase of demand was following the installation of the 
submarine cable. It can also be seen that the increase of demand has flattened out and in 2014 
the 7 % prediction was just slightly less than the actual demand.  

An electricity challenge on Pemba is that there are currently no streetlights used at all. Extending 
the public grid for use of streetlights would improve the security for people and benefit the 
population (Ilskog, 2008). Another challenge is associated with renewable energy resources. 
Currently there is no renewable energy system connected to the main grid, which leaves Pemba 
completely dependent on the cable and supply from mainland. However, there are plans for a 4 
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MW wind turbine farm on the northeast shore of Pemba. The project would make the island less 
dependent on the cable and also lower the cost of electricity for ZECO. There has also been a 
study to investigate the possibility to use wave power on the southeast shore of Pemba.  (Maulid, 
2013). 

3.2.3 Off-grid Initiatives on Pemba 

Based on the previous estimation in 3.2.2 Electricity Use on Pemba, around 70 % of the 
population on Pemba is not connected to the public grid. They either cope without electricity or 
benefit from different off-grid projects started at initiatives taken by non-government 
organizations, NGOs. One example is Community Forests Pemba, CFP, which has a project that 
aims to electrify off-grid villages. CFP gives each household in the village a motorcycle battery 
and a 12 V LED light bulb and they also install a central solar powered charging station. If the 
household uses the battery for light and charging cellphones it usually lasts about a week. They 
can then recharge the battery at the charging station for a small fee that covers maintenance and 
repairs (CFP, 2015).  

Another NGO working on Pemba is the Zanzibar Solar Energy Association, ZASEA, which 
works with education and awareness projects, mainly in schools and off-grid villages. They also 
lease solar panels to households in a project called Economical Solar Plant Project. The solar 
panel is then used not only by the household, but also as a cellphone charging station. The 
villagers can charge their phones for a fee of 10 US cent, which helps paying for the lease of the 
solar panel. Since 2011 ZASEA runs a shop in Zanzibar town where they sell solar panels for 
home use as well as spare parts (ZASEA, 2013). 

3.2.4 Blackouts 

Zanzibar’s power supply is unreliable and blackouts are frequently occurring and sometimes long 
lasting. Blackouts occur mainly from two reasons; one is the so-called rolling blackout. This is 
when the electricity company purposely disconnects a certain area from the grid. This is done 
when demand is higher than supply in order to stop the frequency in the grid to drop under a 
predetermined value. The electric grid is sensitive to changes in the frequency and small 
differences can harm valuable and expensive components in power plants and in the grid. The 
other main reason for blackouts is technical failure in the grid. On Zanzibar these kind of failures 
are especially common during the rainy seasons, when equipment get wet or flooded and poles 
are being washed away (ZECO, 2015). 

In 2009 Unguja suffered from a three months long electricity blackout (ÅF Green advisor report, 
2010). The reason was a failure in the 45 MW submarine cable that connects Unguja to the 
mainland. The extended duration was because there were not any spare parts available. Blackouts 
of this magnitude are uncommon but they have grave impact on society. Businesses and 
industries come to a halt, the risk of theft and other crimes increases and since there is no 
running water the sanitary situation involves high risk of cholera epidemics. Most blackouts are 
much shorter than the one in 2009 but frequently occurring blackouts also have a big negative 
impact and hold back development in many areas of society (Zhong & Sun, 2010). 

When the electricity situation is unreliable many industries, businesses and even households rely 
on self-generated electricity during shortages (Karakesi & Kimani, 2002). The small diesel 
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generators used generally have low efficiency and run on expensive fuel and are therefor a costly 
solution for the owners. It is estimated that self-generated electricity is about three times more 
expensive than electricity from the public grid, based on an empirical study carried out in 25 
African countries (Steinbuks & Foster, 2009). The conclusion drawn was that self-generated 
electricity adds cost for business and therefor lowers its competitiveness. A study carried out in 
hotels on Unguja in 2011 finds that larger and more luxurious hotels that want to ensure their 
customers access to electricity spend about 30 % of their total energy costs on buying, 
maintaining and fueling diesel generators that are used as backup for power outages (Hankinson 
D, 2011). In a big perspective this holds back economic growth in a region. Also, the generators 
used have a large negative impact on the environment and especially on the air quality and 
people’s health. During long lasting blackouts Zanzibar’s stock of diesel risks to run dry which 
would create a large negative impact on the transport sector (Ilskog, 2011). 

3.3 The Electric Grid 
In Figure 7  a basic overview of the generation, transmission and distribution chain in the electric 
grid is shown. 

 

 
Figure 7. Overview of an electric grid (Origin Energy Australia, 2015). 

In this chapter the chain will be further explained starting from the power generation on the 
Tanzanian mainland to the electricity received by the end user on Pemba.  

3.3.1 Power Generation 

The mainland electricity company TANESCO is producing most of the electricity in their own 
operating stations but they also import generated electricity from Uganda and Zambia. In 2012 
the total amount of electric energy to the grid was 5760 GWh, of this amount TANESCO 
produced 3110 GWh in their own stations and the import from the neighboring countries was in 
total 2650 GWh. The electric energy in Tanzania is mainly from hydro, gas and thermal power 
based generation, where hydropower accounts for the largest generation. In 2012 hydropower 
accounted for 57 % of the total electric energy generated in Tanzania and the remaining amount 
was divided between gas and thermal based generation (TANESCO, 2012). The imported 
electricity is mainly generated from gas and oil (IEA, 2012). 
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The hydropower stations are sensitive to drought and the electric energy supply cannot be 
ascertained in times when drought is severe. Because the electric grid is heavily dependent on the 
generation from hydropower this entails an unreliable electricity supply. To improve the reliability 
in the grid, TANESCO has a future ambition that the main part of the power should be 
generated from gas and coal plants (TANESCO, 2014). This because Tanzania is gifted with 
these energy sources and they are not as sensitive to external factors, such as drought, as the 
hydropower plants are (USEA, 2013). However, this would entail a bad impact on the 
environment. 

3.3.2 The Tanzanian Mainland Grid 

In Figure 8  the infrastructure of the Tanzanian electric grid is shown.  

 
Figure 8. Map over the Tanzanian electric grid (Business Year, 2013) 

The mainland transmission network consists of 43 substations interconnected with transmission 
lines. In Figure 8  the locations of the substations are marked with a black dot. A substation is a 
connection point between different voltage levels in the grid. The main components in the 
station are the transformers that increase or decrease the voltage. On each side of the transformer 
there are switchgears that distribute the power between different cables. It also works as a switch 
during maintenance work and as a fuse protecting the substation against overloads from e.g. 
lightning (Svenska Kraftnät, 2012). Between the distribution grid and the end user there are 
usually unitized substations, USS, that are a combined switchgear and transformer in a single 
house. These USS should be as close to the power outtake as possible because of the significant 
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losses when transporting electric energy with low voltage. Large industries in many cases have 
their own USS in house (ABB, 2015). 

The Tanzanian grid has alternating current, AC, and the frequency is 50 Hz, if supply meets 
demand. If the demand is higher than supply it will lower the frequency, which can be harmful to 
components in the grid, e.g. turbines and transformers. To avoid the frequency to change, there 
needs to be a quick and easy way to regulate the amount of power being produced. This is usually 
done in hydro power plants because it is relatively easy and quick to change the water flow over 
the turbines (Persic, 2007). 

The transmission lines in the Tanzanian grid have different voltages and consist of a transmission 
grid of 2730 km of 220 kV and region grids of 1560 km of 132 kV and 580 km of 66 kV. 
Between the region grid and the end user there is a distribution grid, normally of 11 kV 
(TANESCO, 2014). The spreading of the different voltage grids is marked in Figure 8  and as 
shown the grid is not extended in many areas. This is because it is often not financially feasible to 
extend the grid to rural areas (USEA, 2013). 

3.3.3 The Zanzibar Submarine Cables 

Both Unguja and Pemba are connected to the Tanzanian mainland grid through submarine 
cables. Unguja has been connected to the mainland grid with a 45 MW cable since 1980 and in 
2012 another, US government financed, 100 MW cable was installed in addition to the 45 MW 
cable (Esi-Africa, 2012). The cables stretch 39 km from Tanzania’s largest city Dar Es Salaam to 
Ras Fumba on Unguja. (Aboud S. Jumbe, 2011). 

Pemba was not connected to the mainland grid until 2010. Before that Pemba relied on three old 
and insufficient diesels generators of totally 4.5 MW located outside the village Wesha (Khalid, 
2014). In 2010 a submarine cable was installed. It has a maximum capacity of 20 MW and it 
stretches 78 km from Tanga, in mainland Tanzania, to Wesha on Pemba. The power is 
transferred in 33 kV AC (Nexans, 2010). The cost of the cable was 52 million USD and it was by 
75 % financed by the Norwegian government. The Union parliament of Tanzania and the 
Revolutionary Government of Zanzibar financed the remaining 25 % together (OECD, 2011). 
The cable was manufactured and installed by the Norwegian company Nexans.  

3.3.4 The Electric Grid on Pemba 

The British built the foundation of the electric grid on Pemba in the 1960s during the colonial 
time. Since then the grid have been extended and now reaches about 30 % of the population. 
From Wesha, where the 33 kV submarine cable reaches Pemba, there is one 33 kV and one 11 
kV overhead line to Tibirinzi substation, located 5 km east of Wesha. There is no transmission 
between 33 kV to 11 kV elsewhere in the grid. All the distribution lines origin in Tibirinzi, there 
are two 33 kV and two 11 kV lines that reach out over the island (ZECO 2015). A map over the 
distribution grid is shown in Figure 9 . 
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Figure 9. Distribution grid on Pemba (ZECO, 2015). 

Blue line is 33 kV, Red line is 11 kV. 

There are four main branches of the grid, two overhead lines, 11 kV and 33 kV, going north and 
two overhead lines, 11 kV and 33 kV, going south. In Figure 9  the 33 kV lines are marked in blue 
and 11 kV lines in red. The total length of the distribution lines is shown in Table 2. 

Table 2. Length of the distribution lines (ZECO, 2015). 

Branch   Length (km) 

33 kV Wesha – Tibirinzi  4.76 

33 kV Tibirinzi - North   152.23 

33 kV Tibirinzi - South 204.19 

11 kV Wesha – Tibirinzi 4.76 

11 kV Tibirinzi – North  66.09 

11 kV Tibirinzi - South 89.95 
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Along the distribution grid there are 289 transformers, usually mounted on the poles, which 
reduce the voltage and deliver electric energy in 220 V single-phase to customers. The 
transformers used on Pemba are rated between 15 kVA and 500 kVA (ZECO, 2015).  

Larger users are often connected directly to the 11/33 kV grid and either have their own 
transformer or are the only user on a ZECO transformer. To measure the electric energy flow in 
the grid some of the transformers have meters, so called block-meters, but far from all. The 
block-meters are not read regularly and there is no record of how many customers that are 
connected to each block-meter. In addition to these there are meters in Tanga and Wesha, and 
also every customer has a meter in his/her household or business, which the bill from ZECO is 
based upon (ZECO, 2015).   

The AC frequency in the grid is not regulated by ZECO. Since Pemba is connected to the 
mainland grid via the submarine cable and there is no production on the island, all the frequency 
regulation for the Tanzanian grid, including Zanzibar, is done by TANESCO in the mainland. In 
the grid on Pemba the power factor is usually around 0.9. The power factor is the factor between 
active power and reactive power in AC and is a result of the phase angle between the voltage and 
the current. To improve the power factor capacitors are often used. When the submarine cable 
was installed a bank of capacitors were brought to Pemba but are not yet connected to the grid. 
ZECO are planning to put them in use when the demand on the island reaches 70 % of the 
submarine cable capacity (ZECO, 2015). 

3.4 Zanzibar Electricity Corporation 
The government owned Zanzibar Electricity Corporation, ZECO, is the only electricity company 
operating in Zanzibar. The head office of ZECO is located in Zanzibar town on Unguja and the 
Pemba branch of the company has their main office located in Chake-Chake on Pemba. ZECO 
employs 771 people of which 179 are stationed on Pemba. In 2014 the revenue for ZECO-
Pemba was 3.25 million USD. Over the last years ZECO-Pemba’s turnover has grown steadily 
with an increased growth in 2010. The turnover in the last nine years is displayed in Figure 10 . 

 
Figure 10. ZECO-Pemba revenue 2006-2014 (ZECO, 2015). 

The increasing revenue from 2010 can be explained by the installation of the submarine cable, 
which significantly lowered the cost of obtaining electric energy and made the electricity situation 
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more reliable, which improved the conditions for ZECO. Since 2010 ZECO-Pemba buys all 
electricity from TANESCO at a price of 8.58 US cent per kWh and 8 USD per kVArh (ZECO, 
2015). Before 2010, the average cost of the generator-produced energy was about 15.8 US cent 
(Pöyry, 2011). With this price ZECO-Pemba was unable to manage without support from the 
government and the ZECO head office. The governmental support ended with the cable 
installation.  

3.4.1 Tariff System 

ZECO divides their customers into different groups depending on how much electric energy 
they use. In Table 3  the different tariff groups used by ZECO are shown together with the 
maximum electricity usage allowed and the electricity price paid in these different groups. 

Table 3. ZECO tariff system (Khalid, 2014) 

Type of 
customer 

Tariff 
group 

Max 
kWh 
per 
month 

Price per 
kWh (USD) 

Price per kWh 
if max use is 
exceeded 
(USD) 

Service 
charge per 
month 
(USD) 

Price 
per 
kVArh 
(USD) 

Life-line 
domestic 

Z0 50 0.041 0.249 1.31 - 

Domestic & 

Commercial 

Z1 1 500 0.138 0.150 1.31 - 

Small 
industries 

Z2 5 000 0.107 0.133 10.3 9.35 

Medium & 
Large 
industries 

Z3 10 000 0.105 0.087 170 9.35 

Street lights Z4 - 0.138 - 150 9.35 

 
The two groups Z0 and Z1 are for domestic customers and small business. The two groups, Z2 
and Z3, are for commercial customers. The first group, Z0, is called the life-line group and is 
heavily subsidized. This group is meant for those who otherwise would not be able to afford 
electricity. This is part of a strategy to get more people connected to the public grid and is also 
used by TANESCO on mainland Tanzania. Customers in this group are allowed to use no more 
than 50 kWh per month, if exceeded the price increases significantly as shown in Table 3 . Group 
Z1 is for households that use more than 50 kWh and for small business. In the groups Z0 and Z1 
there are a monthly service charge of 1.109 USD. Group Z2 is for small industries and Z3 is for 
medium and large industries. In these groups ZECO also charges for the reactive energy, which 
is measured in kVArh. The two different parts of the energy, measured in kWh and kVArh, is 
due to the phase angle between the voltage and the current in AC. Group Z4 is for streetlights 
but since there are no streetlights in use on Pemba this category is not used (ZECO, 2015). 
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3.4.2 Billing System 

ZECO uses two different systems for billing, post-paid meters and pre-paid meters. In February 
2015 there were a total of 5 991 post-paid meters and 17 008 pre-paid meters in use on Pemba. 
Of the post-paid, 120 meters are kVA-meters. All new installations for domestic customers are 
done with pre-paid meters. Also, ZECO is replacing post-paid meters with pre-paid meters when 
doing maintenance in an area. There are between 280 and 350 pre-paid meters installed every 
month, of which 80-100 are replaced meters and 200-250 are new customers installation (ZECO, 
2015). 

The post-paid meters are used for all tariff groups and the meters are located on the customer’s 
house or business and are read once a month by ZECO employees. The employee notes the 
value from the counter on the meter, both on their list and on a list kept with the meter. When 
the meter is read the bill for the previous month is also handed over. The counter and the list can 
be seen in Figure 11 . 

 
Figure 11.  Post-paid meter in the village Tumbe. 

Pemba is divided into 16 so called circles and there is one employee responsible for the reading in 
each circle. Large consumers with kVA-meters and other special meters e.g. on mobile masts and 
pump stations are read by engineers (ZECO, 2015).  



 
 

17 

A large portion of the meters in tariff group Z0 and Z1 are pre-paid meters. The pre-paid meters, 
known as Tukuza on Zanzibar, is displayed in Figure 12 . 

 
Figure 12. Pre-paid meter in the village Tumbe. 

With the pre-paid system customers buy units that they can refill their meter with, similar to a 
pre-paid cellphone. A unit is equivalent to a kWh and is sold in the form of a code that the 
customer enters on the pre-paid meter’s keypad. Customers buy units either with a cellphone or 
at one of three ZECO vending stations on Pemba. The meters have a LCD-display so the 
customer can review their consumption and how many units they have used and how many there 
are left. When a meter runs out of units it automatically cuts the current through it and will not 
start again until new units are added into the meter (ZECO, 2015).   

3.4.3 Customers and Usage 

In Figure 13  the total sold electric energy on Pemba and the number of customers between 2007-
2014 is presented.  

 
Figure 13. Total yearly sold electric energy and number of ZECO customers 2007-2014 (ZECO, 2015). 
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The number of customers has increased with a similar rate over the last eight years and was in 
2014 counted to be 23 451 (ZECO, 2015). However, the total sold electric energy on Pemba 
does not follow the customer increase strictly, which could be explained with changes in the 
electricity price. Between 2007 and 2008 and between 2013 and 2014 the average electricity price 
was increasing but between 2009 and 2012 the price was decreasing instead. If the electricity price 
is compared to the sold electric energy graph in Figure 13  the increase or decrease in the electricity 
price corresponds well to how the consumption have varied over the same years. 

In Figure 14  a power demand graph over a 24-hour period is shown. The graph is based on 
readings in the connection point of submarine cable in Wesha and is an average from measures 
for the first week of August and October in 2015 (ZECO, 2015). 

 
Figure 14. Daily total electric power demand on Pemba measured in Wesha (ZECO, 2015). 

As seen above the peak demand normally occurs around 8.00 pm and the demand during 
daytime is in general low. The demand graph looks this way because the electricity is mostly used 
for lights when it is dark outside and for TV/video, radio and cooling purposes in evenings. The 
demand in daytime is mainly from industries and other large consumers. 

In Table 4  the number of post-paid customers in different tariff groups and the usage in March 
2015 is shown. 
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Table 4. Number of customers and consumption in February 2015 (ZECO, 2015). 

Type of 
meter 

Type of 
customer 

Tariff 
group 

Number of 
customers 

Consumption 
[kWh] 

Post-paid Life line domestic Z0 2 256 76 637 

Post-paid Domestic & 

Commercial 

Z1 3 508 286 304 

Post-paid Small industries Z2 24 43 323 

Post-paid Medium & 

Large industries 

Z3 99 676 379 

Post-paid Street lights Z4 0 0 

Post-paid Charged w. KVA  104 2 451 

 Total post-paid  5 991 1 085 094 

Pre-paid Life line domestic 
& Domestic 

Z0 & Z1 17 008  715 221 

 Total  22 999 1 800 315 

 
Practically all the pre-paid meters on Pemba are in the group Z1. This is because of an error that 
occurred when installing new software in the computer system in 2013 that made it impossible to 
sell units to pre-paid meters in group Z0, which resulted in that ZECO moved all customers in 
group Z0 to group Z1 (ZECO, 2015). In Figure 15  it is shown how the total electricity 
consumption divides between the different tariff groups in Table 4 . 

 
Figure 15. The total consumption divided between the different tariff groups (ZECO, 2015). 

It can be seen that the domestic users stand for about 60 % of the total electricity consumption 
on Pemba and the remaining 40 % is used by businesses and industries.  
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3.5 Electrical Losses 
The main reasons for electrical losses in the grid will be explained in this chapter. The total 
electrical losses are defined as the difference between produced energy and sold energy and the 
total losses can be divided into technical and non-technical losses. The non-technical losses are 
defined as the difference between real consumption and measured consumption and the technical 
losses are defined as the difference between produced energy and real consumption (Guymard, 
2012).  

Electrical losses represent an economic loss for a country and therefor it is important to keep 
them at an acceptable level. However, in many developing countries it is not unusual that the 
electrical losses are significant. In Figure 16  the total losses in 2011 in Tanzania and neighboring 
countries are shown. 

 
Figure 16. Comparison of total electrical losses in Tanzania and the neighboring countries (World Bank 
2015 ERA 2011, Rukuta 2011, EAC 2015) *the value for electrical losses in Uganda is only 
estimated by ERA 

The electric power transmission and distribution losses include losses in transmission between 
generation and consumers and all non-technical losses, including pilferage. As seen in Figure 16  
losses as high as 20-25 % is not unusual and this percentage of losses applies not only to these 
countries but are shared among the majority of the African countries and also other developing 
countries. As comparison losses in developed countries like Sweden and France were measured 
to be 7 % and 5 % respectively in 2011 (World Bank, 2015).  

3.5.1 Technical Losses 

Technical losses occur naturally when transporting electric energy. However, they can be 
minimized and kept at an acceptable level by designing and maintaining the grid correctly. The 
main reasons for technical losses in the electric grid are described below (Guymard, 2012). 

Joule Effect Losses 

The main cause of losses in the transmission and distribution grid is due to joule effect losses. 
These losses occur in the conductors when a part of the electric energy transforms to heat as a 
result of the current flowing in the conductor. The amount of electric power lost due to joule 
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effect is proportional to the conductor’s resistance and the square of the current, according to 
(Guymard, 2012) 

 𝑃!"#$% = 𝑈𝐼 = 𝑅𝐼! (1) 

Where PJoule is the power lost, R is the total resistance in the cable, I is the current and according 
to Ohms law the voltage, U, is (Guymard, 2012) 

 𝑈 = 𝑅𝐼 (2) 

According to equation 1 and equation 2 the possibility to reduce the losses is to either have a 
conductor with lower resistance or to higher the voltage, which will, with the same power 
delivered, lower the current. The resistance is proportional to the length of the conductor.  

Another contribution to the joule effect losses is an unbalanced three-phase system. Due to the 
phase-shift of 120 degrees in the three-phase system the sum of the currents is zero when the 
system is balanced. In the case of an unbalanced system the sum of the currents is not equal to 
zero and the excess flows into the neutral cable. The excess current is contributing to the joule 
effect losses according to equation 1 (Guymard, 2012). 

Transformer Losses 

Load losses in transformers occur because of joule effect in the windings and are proportional to 
the windings resistance and to the square of the current. No-load losses occur as soon as there is 
voltage over the transformer. The total losses can be calculated as  

 𝑃!"#$%& = 𝑃! + 𝑃!"#$ ∗ 𝜏! (3) 

where P0 is the no-load losses, Pload is the nominal load losses and 𝜏 is the load ratio (Guymard, 
2012). The total loss is therefor dependent on the load profile over the transformer. Normally 
losses are around 1-1.5 % but can be significantly higher if the transformer is overloaded and of 
low efficiency (Keulenaer, H, 2001).   

Losses by Corona Discharge 

In high-voltage transmission lines losses called Corona discharge occur. The Corona discharge 
losses are caused by air surrounding the high-voltage line that are ionized and electrically 
discharged. This phenomenon can sometimes be heard as a sound of crackle under high-voltage 
lines. When the voltage is below 300 kV these losses become negligibly small (Guymard, 2012). 

Shunt Losses 

Shunt losses are due to devices for measuring and protection connected to the electric grid, such 
as current transformers, capacity voltage transformers and surge protectors. Each device 
consumes only a small amount of power and generally the total shunt losses are small, but in 
modern grids, that have a large number of devices, this can cause substantial losses (Guymard, 
2012). 

Leakage Losses 

Leakage losses occur if the current succeeds to flow on the surface of insulators.  This is more 
likely if the isolator is dirty, e.g. covered with dust. These losses are in general small (Guymard, 
2012).  
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Induction Losses 

Some cables are equipped with a lightning protection cable. Induction losses occur if current is 
magnetically inducted in the protection cable. These losses are in general very small (Guymard, 
2012). 

3.5.2 Non-technical Losses 

Non-technical losses are caused by external actions such as electricity theft, errors in or 
tampering of electricity meters and customers not paying their bills. When using manually read 
electricity meters, like on Pemba, problems like misreading and utility company meter-readers in 
collusion with customers are also possible. Non-technical losses are a problem that affects the 
customers paying their bills regularly according to their real consumption. If the non-technical 
losses can be decreased the savings from it could be used to improve the situation for the paying 
customers or extend the grid to new areas. E.g. the savings could be used for reducing customer 
tariffs or subsidize the consumption for sensitive existing users (World Bank, 2009). 

Non-technical losses are negligibly small in developed countries but for developing countries this 
is a common problem that needs to be improved in order to reach a financially sustainable power 
sector. Even though this is a difficult problem to tackle there are also examples of developing 
countries that have succeeded to improve this situation. E.g. the company North Delhi Power 
Limited, NDPL, that distributes electricity in the north and northwest parts of Delhi in India, 
managed to reduce the total losses of 53 % in July 2002 down to 15 % in April 2009. The 
measures and actions for achieving this reduction included the following (World Bank, 2009): 

- Implementation of advanced metering infrastructure, AMI, for monitoring the 
consumption of large customers consuming more than 15 kW. 

- Installation of medium voltage distribution networks with direct connection for each 
customer to the low voltage terminal of the supply transformer in areas with a high 
electricity theft rate. 

- Replacing old electric energy meters to more accurate ones. 
- Energy audits on distribution transformers. 
- Enforcement activities with scientific inputs and analysis. 
- Using the concept of “social audit” for public participation in controlling theft. 
- Creating awareness in slums regarding dangers associated with self-connection from live 

wires. 

The installation of AMI was in retrospect considered to be the most important part in reducing 
the losses. The AMI-system enables a two-way communication by using information technology 
to provide information about electricity demand and billing to both consumers and the utility 
company. With implementation of the AMI-system the efficiency and reliability in the grid can be 
maximized (Mohassel, 2014). One of the main reasons why AMI is effective when it comes to 
reducing non-technical losses is the “watchdog effect” which means that the consumers become 
aware of that the AMI can monitor their consumption and that the utility company can be 
quickly informed if a meter is, as an example, by-passed (World Bank, 2009). 

Another example of success is the restructuring process of the electricity company Codensa 
operating in Bogotá in Colombia. They managed to reduce the total distribution losses from 22 
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% in 1997 to only 9 % in 2007. They also managed to reduce the non-technical losses and for this 
achievement some of the main actions were (World Bank, 2009): 

- Coordinated management of billing, measuring, metering, collection, inspection of meters 
and disconnection-reconnection because of unpaid bills. 

- Implementation of programs regarding paying old debts and policies for customer 
service. 

- Systematic fieldwork in order to look for irregular connections, damaged or by-passed 
electricity meters and unmetered customers. 

- Use of boxes to seal customers connection to the grid in order to prevent theft. 

Other examples of success in reducing the total electrical losses is the Indian state Andhra 
Pradesh that have managed to decrease the total losses from being about 38 % in 1998 to less 
than 20 % in 2008. Also Vietnam have showed great success with both drastically decreased 
losses and improved service quality in the last 10 years (World Bank, 2009). 

3.6 Change Project 
When the change project was launched by ZECO in 2014, the distribution losses on Pemba was 
estimated to be 24 %, and rising. However, no study has yet been carried out to analyze where 
the losses occur and the reasons for them. To improve the situation and decrease the losses 
ZECO-Pemba has launched the Change Project. The main objective of the project is “to identify 
the major areas of loss of electric energy as well as finding solution so as to improve energy 
efficiency”. The specific goals of the project as specified by ZECO are (Khalid, 2014): 

- To inspect all sources of electricity and distribution of power to actualize the loss in our 
system. 

- To determine the actual number of customers as well as discover customers posted 
against the order, theft of electricity and other technical problems considered alternative 
measures. 

- To provide education among executives of the organization to strengthening their 
knowledge of importance of energy efficiency and its benefits to ZECO. 

- Awareness campaign especially on potential customers on rational use of electricity more 
efficiently. 

This bachelor thesis project is done as a part of the Change Project and the results have been 
used to compare how well the billed consumption corresponds to the actual consumption, this is 
an indicator of the reliability of the household electricity meters. The fieldwork that has been 
carried out in order to reach the goals of the project is described below in chapter 4 Method. 

4 Method 
To investigate the losses of electric energy on Pemba and achieve the goals set in chapter 2.2 
Aims and Goals two main approaches were used. These were: 

- A STELLA load model 
- Collection of reading of electricity meters from ZECO  
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These two approaches are presented in chapter 4.1 STELLA Load Model and 4.2 Tumbe 
Electricity Meter Readings. Also data and information have been collected from interviews and 
discussions with ZECO staff in different departments. These collected data is not only presented 
in this chapter but also frequently throughout this report.  

4.1 STELLA Load Model 
The purpose of the STELLA load model is to estimate the electric energy use in an average 
household in the village Tumbe on Pemba. The model is based on interviews with households in 
the village. The results from the model have been compared with readings from the electricity 
meters in the interviewed households and with readings from all meters in Tumbe. 

4.1.1 Household Energy Survey 
Six interviews were carried out in the village Tumbe in 2015-04-11 and ten was done in 2015-04-
29. The interviewees were asked to answer what kind of, at what time and for how many hours in 
a day they use different electric equipment in their household. The questionnaire used during the 
interviews can be reviewed in attachment 1. ZECO staff was present during the interviews and 
translated when necessary since knowledge in English is not common in rural parts of Pemba. 

Information About Tumbe and the Households Interviewed 

The village Tumbe is located in the district Tumbe in the north of Pemba. The location and the 
geographical delimitation for the district Tumbe is shown in Figure 17 . 

 
Figure 17. Location and geographical delimitation for the district Tumbe (Polis Parliament, 
2005). 

The total population in Tumbe district is 8 488 people. The average household size is 5.3 people 
and the total number of households can from this be calculated to 1 632 households (NBS, 
2012). The main economic activities in the village are fishing and agriculture. For the households 
interviewed the average income was between 105-151 USD and average number of adults and 
children were 3 respectively 5 people. Out of 16 respondents 10 were females and the average age 
of the respondents was 39 years old. In attachment 2, information about monthly income and 
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number of adults and children in the households interviewed as well as information about age 
and sex of the respondent are reviewed separately. 

Interview Selection 

The selection of households to interview was made through a predetermined systematic sampling 
system. A street in Tumbe was randomly selected, the only criterion was that the street should be 
near the distribution line, otherwise no connected houses could be found. On this street every 
forth house were asked to participate. If a house did not have electricity, did not want to 
participate or was irregular in a major way the next neighboring house was asked instead. E.g. 
irregularities could be that the house was a business or a school. After four interviews a new 
street was selected. In practice this system was hard to follow since the vast majority of the 
households were not connected to the grid. Another complication was that it is not easy to define 
what is a street in Tumbe, nor is it easy to follow. This made the selection more random even 
though it was tried to maintain the predetermined system. 

4.1.2 Model Structure 
The results from the household energy survey were used to create a STELLA load model to 
estimate the hourly power demand in an average day and also the average monthly electricity 
consumption. Each household was first modeled separately, according to the answers given in 
the survey. The input to the household model is illustrated in Figure 18 .  

 
Figure 18. STELLA household load model. 

In total, 16 households have been modeled with the approach in Figure 18 , of which eight are 
modeled from pre-paid households and eight from post-paid households. Out of these 16 
household models, two more models of the average consumption were created, the first one 
including all the post-paid households and the other one all the pre-paid households. These two 
models were then combined into one main model representing the average electric energy 
consumption in all of Tumbe. A schematic model of the STELLA model is shown in Figure 19 . 
In the figure, household A-H have post-paid meters and household 1-8 have pre-paid meters.  
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Figure 19. STELLA model overview. 

The household models have all been compared to the measured consumption over a month in 
that particular household and from this the middle models were created. The two middle models 
have mainly been used to investigate the reliability of the electricity meters but also to compare 
the electrical energy consumption between pre-paid and post-paid households. The main 
STELLA model was created from the two middle models and has been used to retrieve 
information about the total electric energy consumption in Tumbe. The complete STELLA 
model can be reviewed in attachment 3.  

4.1.3 Input Data  
The input data to the STELLA household models are listed in Figure 18 . These parameters were 
asked for during the interviews. The interviewee could not in all cases answer the questions 
regarding the input data and for these cases the approaches below have been used instead. 

Type of Electric Equipment and Power Rating 

In many cases the interviewee did not know the actual electric power rating of their electric 
equipment. In some of the households the electric power rating could be checked when invited 
in to the house but in other cases this was not possible. In those cases the values in Table 5  were 
used as input to the STELLA household model instead. 
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Table 5. Electric power rating input data.  

Electrical Equipment Electric Power Rating 
[W] 

LampAv,Power 37 

Fan 30 

Fridge (older model) 150 * 

Freezer (older model) 200* 

Laptop 25 

Cellphone charger 3 [Wh/charge]** 

Iron 1000* 

Radio (standby) 5* 

Radio (in use) 15* 

TV (standby) 10* 

TV (in use) 140* 

DVD/VCR/Receiver 15 

*Values from Energirådgivningen, 2014, ** Values from Mälarenergi, 2015. 

The values marked with a star in Table 5  have been crosschecked with other sources to make sure 
they are applicable for Pemba. The values not marked with a star have been decided with the 
following approaches. 

For the item lamp the survey collected electric power rating input data for 39 of the totally 94 
lamps found in the households. This was used to create an average power rating for the lamps, 
𝐿𝑎𝑚𝑝!",!"#$%, and this value was used in the cases data about the power rating was missing. The 
average power rating was calculated as 

 
𝐿𝑎𝑚𝑝!",!"#$% =

𝐿𝑎𝑚𝑝!"#$%,!!"
!!!

39
 (4) 

where 𝐿𝑎𝑚𝑝!"#$%,!  is the electric power rating of the lamps of which data was obtained. 

To get electric power rating input data for the items fan and DVD/VCR/Receiver home 
appliance stores were visited in the town Chake-Chake on Pemba. Four products of different 
brands were examined for fan and six products for DVD/VCR/Receiver. From this an average 
electric power rating, 𝑃𝑜𝑤𝑒𝑟!", was calculated as 

 
𝑃𝑜𝑤𝑒𝑟!" =   

𝑃𝑜𝑤𝑒𝑟!!
!!!

𝑛
 (5) 

where 𝑃𝑜𝑤𝑒𝑟! is the electric power rating obtained at the home appliance store and n is the 
number of products reviewed. For fans the specified electric power rating is for when it is used 
on maximum capacity. The respondents could not specify on what speed the fans were usually 
used on and it was decided to use the value 30 W as an average for all fans.   
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For the item laptop the needed charging time was estimated to one third of the usage time. The 
electric power rating for laptop chargers was estimated from visiting manufacturers and retailers 
websites (Batteriexperten, 2015).   

Starting Time for Use and Duration 

If the starting time could not be specified by the interviewee or varied between different days the 
electric energy used was spread out evenly over the whole 24-hour period. If an item was not 
used every day the electric energy used was divided evenly over every day.  

Few of the interviewees could specify when their cellphone was charged; the most common 
answer was that they charged whenever the battery was about to run empty, most often every 
day. In the load model the cellphone charging is evenly distributed over the 24-hour period.  

How Many Items in Use 

A challenge was to get the interviewee to answer how many items that were in use rather than 
how many they owned. To minimize this problem it was tried to clarify what was requested when 
the interview was carried out. 

4.1.4 Analysis of Output 
The averages for the middle models of the eight pre-paid households, in Figure 19 , were 
calculated as 

 
𝑆𝑇𝐸𝐿𝐿𝐴  !"#$!%#  !"#!!"#$ =

𝑝𝑟𝑒 − 𝑝𝑎𝑖𝑑!!
!!!

8
 (6) 

where 𝑃𝑟𝑒 − 𝑝𝑎𝑖𝑑! is the consumption for each pre-paid household in the household models. The 
average for the post-paid households were calculated as 

 
𝑆𝑇𝐸𝐿𝐿𝐴!"#$!%#  !"#$!!"#$   =

𝑃𝑜𝑠𝑡 − 𝑝𝑎𝑖𝑑!!
!!!

7
 (7) 

where 𝑃𝑜𝑠𝑡 − 𝑝𝑎𝑖𝑑! is the consumption for each post-paid household in the household models. 
For household E there were no meter readings available, even though this household had a meter 
and access to electricity. Therefor this household was not included in the average calculations. 
The total average consumption of the interviewed households were calculated as 

 
𝑆𝑇𝐸𝐿𝐿𝐴!"#$!%#   =

𝑃𝑟𝑒 − 𝑝𝑎𝑖𝑑! + 𝑃𝑜𝑠𝑡 − 𝑝𝑎𝑖𝑑!!
!!!

!
!!!

15
. (8) 

The total average consumption for all the households in Tumbe, according to the STELLA load 
model, was calculated as  

 
𝑆𝑇𝐸𝐿𝐿𝐴  !"#$!%#,!"#$% =

107𝑆𝑇𝐸𝐿𝐿𝐴!"#$!%#  !"#$!!"#$   + 121𝑆𝑇𝐸𝐿𝐿𝐴!"#$!%#  !"#!!"#$  
(107 + 121)

 (9) 

where 107 and 121 is the total numbers of post-paid and pre-paid meters, from chapter 4.2 
Tumbe Electricity Meter Readings.  
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4.2 Tumbe Electricity Meter Readings 
Two different types of readings were done, one of all domestic meters in Tumbe, in the result 
referred to as TUMBE and one more thoroughly for the 16 interviewed households, referred to 
as MEASURED. The approach for these two are described below. 

4.2.1 All Tumbe Meters 
To get as accurate data as possible about the billed electric energy use and to investigate how 
many electricity meters there are in Tumbe, it was decided to collect data from all domestic 
meters. ZECO uses two different computer systems for their customers, one for post-paid and 
one for pre-paid.  

To find the post-paid meters in Tumbe a list of all meters in the Tumbe district was manually 
reviewed. The total number of meters with address in Tumbe found in the system was 107 
pieces. Since the meter reading is done manually by ZECO the reading interval varied. To 
improve the accuracy of the monthly consumption an average, based upon the bills for the last 
six months, was calculated for each household with  

 
𝐸!",!"#$,!"#$% =

𝐸!"#$,!!
!!!

6
 (10) 

where 𝐸!"#$,! is the billed amount of electric energy in a month and 𝐸!",!"#$,!"#$% is the average 
electric energy used. It was decided that if the interval was between 25 and 35 days it was 
considered to represent a month. If a reading did not fall into this interval it was excluded and a 
seventh month was included instead. From equation 10 an average consumption of all the post-
paid meters, 𝑇𝑈𝑀𝐵𝐸  !"#$!%#  !"#$!!"#$, was calculated with  

 
𝑇𝑈𝑀𝐵𝐸!"#$!%#  !"#$!!"#$ =

𝐸!",!"#$,!"#$%!"
!!!

107
. (11) 

In total 121 pre-paid meters with an address in Tumbe were found. For the pre-paid meters there 
are no bills to review, the only data available at ZECO is the purchases made by the meter owner. 
Because of this it is only possible to know when the electricity were bought and not when it was 
actually used. To get an accurate monthly average it was decided to look at the purchases made 
during the last six months, between 2014-10-25 and 2015-04-25. It was not possible to use a 
longer period since most of the meters were installed during the last 12 months. However, six 
months were considered to be sufficient to obtain an accurate result because most of the 
customers are buying electricity several times a month. 51 of the 121 meters had been installed 
and had records of consumption before 2014-04-25 and only these were used for the following 
calculations of the average monthly electrical energy use for a household, 𝐸!",!"#,!"#$% , 

 
𝐸!",!"#,!"#$% =

𝐸!"#,!!
!!!

6
 (12) 

where 𝐸!"#,!  is the amount of electricity bought at a single occasion and n is the number of times 
electricity was bought during the six month period. From equation 12 an average of all the pre-
paid meters, 𝑇𝑈𝑀𝐵𝐸!"#$!%#  !"#!!"#$, were calculated with 

 
𝑇𝑈𝑀𝐵𝐸!"#$!%#  !"#!!"#$ =

𝐸!",!"#,!"#$%!"
!!!

51
. (13) 
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From equation 11 and 13, together with the total amount of meters in Tumbe, the monthly 
average electric energy use for a Tumbe household was calculated as 

 
𝑇𝑈𝑀𝐵𝐸!"#$!%#   =

107𝑇𝑈𝑀𝐵𝐸!"#$!%#  !"#$!!"#$ + 121𝑇𝑈𝑀𝐵𝐸!"#$!%#  !"#!!"#$
107 + 121

. (14) 

4.2.2 Interviewed Households 
To ensure accurate meter readings for the 16 interviewed households a different and more careful 
method of calculations were performed. For the post-paid meters the average monthly 
consumption for each household, 𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#$!!"#$, were calculated as  

 
𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#$!!"#$ =

𝐸,!!
!!!
𝑇

∗ 30 (15) 

where Ei is the monthly electric energy consumption and 𝑇 is the total number of days that the 
six bills stretch over. One of the post-paid households did not have any registered consumption, 
which is the reason for why only seven households were considered in the calculation of the 
average.  The average monthly consumption, 𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#$!%#  !"#$!!"#$ , for the seven households 
was calculated as 

 
𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#$!%#  !"#$!!"#$ =

𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#$!!"#$,!!
!!!

7
. (16) 

For the pre-paid meters a 12-month period was reviewed to assure that the error from the 
varying interval of purchase would be minimized. Two of the pre-paid meters were installed 
within the last 12 months and for these the average consumption were calculated over the whole 
period from the first purchase. The average monthly consumption for each household, 
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑!"#!!"#$ , was calculated as 

 
𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#!!"#$ =

𝐸!"#,!!
!!!

𝑡
 (17) 

where n is the number of purchases, 𝐸!"#,!  is the amount of electricity for a single purchase and t is 
time span. The average of the eight pre-paid households, 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑!"#$!%#  !"#!!"#$ , was calculated 
as 

 
𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#$!%#  !"#!!"#$ =

𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"!!!"#$,!!
!!!

8
. (18) 

The total average of the 15 households, 𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#$!%#, was calculated as 

 
𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#$!%#   =

𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#!!"#$,! + 𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷!"#$!!"#$,!!
!!!

!
!!!

15
. (19) 

4.3 Comparison Between STELLA Load Model and Electricity 
Meter Readings 

When comparing the results from STELLA, MEASURED and TUMBE, the values from 
STELLA were used as reference value. The difference in kWh was calculated as 
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 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒  1 = 𝑀𝐸𝐴𝑆𝑈𝑅𝐸𝐷 − 𝑆𝑇𝐸𝐿𝐿𝐴  (20) 

and the difference in percent was calculated as 

 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒  2 = !"#$%&"'!!"#$$%
!"#$$%

100. (21) 

The difference in percent between the STELLA and TUMBE was calculated as  

 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒  3 = !"#$%!!"#$$%
!"#$$%

100. (22) 

The results from the calculations in this chapter and in the chapters 4.1.4 Analysis of Output, 
4.2.1 All Tumbe Meters and 4.2.2 Interviewed Households are presented in total in chapter 5.1 
Results from Tumbe Electricity Meter Readings and STELLA Load Model. 

4.4 Sensitivity Analysis 
To be able to investigate the reliability of the results obtained from the STELLA household 
models a series of tests were performed in the model. The first part of the analysis was to 
compare the average daily power demand graph for the 16 interviewed households with the 
power demand graph made from readings in Wesha. This comparison was made in order get an 
indication of the accuracy of the input data, regarding starting time and duration, to the STELLA 
household models. Good correspondence is an indication of that the STELLA model is 
somewhat accurate and that the interviews went well.   

The output from the STELLA household models are affected by both the time in use and the 
electric power rating for each electrical item. To investigate the sensitiveness of the input 
parameters to the STELLA household models that are shown in Table 5 , the electric power rating 
parameter was in the second part of the sensitivity analysis varied for all the electrical items found 
in each household. Based on the result of the first part of the sensitivity analysis it is reasonable 
to believe that the power rating is the most sensitive parameter and it was therefor considered to 
be sufficient to only vary the power rating parameter in the second part of the analysis. Also, 
varying the time parameter would give the same output as varying the power rating. If the power 
rating is e.g. doubled it gives the same result as if the time in use is doubled. The sensitivity 
analysis for power ratings can therefor also be seen as an investigation of the sensitiveness of the 
time parameter. It was decided to vary the power rating for each item with a lower value and a 
higher value, as described below. All the values have been chosen after verification with several 
sources. 

Lamp 

All the lamps in the model that uses the calculated average power rating, 𝐿𝑎𝑚𝑝!",!"#$% , were 
tested at 5 W and 100 W. These values are the lowest and highest electric power rating found for 
the lamps in the interviewed households.  

Refrigerator and Freezer 

For the refrigerator the lower value used was 50 W that represents a modern refrigerator and the 
higher value used was 200 W that represents a very old and insufficient one. The same approach 
was used for the freezer and values used were 100 W and 250 W (Efficiency Vermont, 2015). 
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Fan  

The higher value used for fan was 55 W, which was the maximum power rating discovered in the 
visited home appliance stores in Chake-Chake. The lower value used was 10 W, which represents 
the fan being used at low speed (ABS Alaskan, 2008).  

Charging Cellphone 

The power rating values tested for cellphone was 0 Wh and 15 Wh. The lower value represents 
that the cellphone has not been charged at all and the higher value represents the electric energy 
to charge a smartphone (HTC, 2014). This wide span was chosen because of the uncertainty of 
how much electric energy different phones use.  

Iron 

For the iron the lower value used was 500 W that represents an iron of low power. The higher 
value used was 2000 W, which represents an iron of high power (Clas Ohlson, 2015). 

TV 

TV and VCR/DVD/Receiver were tested together. The lower value used was 115 W and the 
higher value used was 215 W. These values are plus/minus 50 W from the originally used value. 
All the interviewees claimed that they switched off their equipment completely when not in use, 
but in case there was a misunderstanding of what completely switched off means an additional 
standby power of 10 W, for the TV and the VCR/DVD/Receiver together, were added to the 
higher value for the time the items were not in use (Efficiency Vermont, 2015).  

Laptop 

The laptop was tested for the power rating values 15 W and 40 W (Batteriexperten, 2015). For 
the same reason as for the TV an additional standby power of 5 W were added when testing the 
higher value for the time the laptop was not in use. 

Radio 

The lower value used for radio was 5 W and the higher value 25 W (ABS Alaskan, 2008). These 
values are plus/minus 10 W from the originally used value. Also, an additional standby power 
rating of 5 W was added for the time the radio was not in use when testing the higher value. 

Differences between the actual and modeled power rating values in the input parameters might 
affect the output from the household models a lot but when considering the average models 
these differences will have a smaller impact on the result because some differences cancel each 
other out. To investigate the two worst-case scenarios the STELLA average model was tested 
with all the parameters on first the highest and then the lowest value. In addition to what have 
been described above, it was also investigated how the measured consumption for each 
household varies between different months. This was done to investigate if the household’s 
consumption had varied significantly between different months and if this could be the reason 
for the bad correspondence between modeled and measured consumption. This investigation was 
only possible for the post-paid households because the pre-paid households do not have a 
monthly bill.  

To see how the result from the STELLA average model is affected by what was investigated in 
the second part of the sensitivity analysis, a third part was performed. This part consisted of 
adding and removing consumption to the modeled monthly consumption values in the post-paid 
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and pre-paid STELLA average models. With the STELLA average models changed, new 
comparisons with the measured consumption could be done and from these conclusions about 
the results from the STELLA average models could be drawn. It was decided to try different 
scenarios of anomalies for the average models, from the lowest to the highest worst-case 
scenarios that were found in the second part of the sensitivity analysis.  

The results from the sensitivity analysis is presented in chapter 5.2 Results from the Sensitivity 
Analysis and is further discussed in chapter 5.3 Discussion About the Results. 

5 Results and Discussion 
In this chapter the results from chapter 4 Method is presented and discussed. Based on these 
results and the information gathered in chapter 3 Literature Study the causes for losses on Pemba 
are discussed. This discussion is the base for the following chapters 7 Conclusions and 8 Future 
Work. Also a comparison of how the relationship between electric demand and supply on Pemba 
is affected by the losses will be presented and discussed. 

5.1 Results from Tumbe Electricity Meter Readings and 
STELLA Load Model 

In this chapter the results from the STELLA load model and from Tumbe electricity meter 
readings will be presented. In Table 6  the values of and differences between the modeled and 
measured monthly electric energy consumption are displayed for each of the 16 interviewed 
households. Also the average values and differences for the post-paid meters, the pre-paid meters 
and the total 16 meters are displayed. The results below are calculated according to the method 
described in chapter 4 Method. The abbreviations used in Table 6 , Table 7  and Table 9  are 
described below: 

- STELLA: Values obtained from the STELLA load model as described in chapter 4.1 
STELLA Load Model.  

- MEASURED: Average monthly value from the last six months from the meters of the 
16 interviewed households as described in chapter 4.2.2 Interviewed Households. 

- TUMBE: Average values obtained from all meters in Tumbe as described in chapter 
4.2.1 All Tumbe Meters. 

- Difference 1: Difference between STELLA and MEASURED in kWh.  
- Difference 2: Difference between STELLA and MEASURED in percent. 
- Difference 3: Difference between STELLA and TUMBE in percent. Difference 1,2 and 

3 are described in chapter 4.3 Comparison Between STELLA Load Model and 
Electricity Meter Readings. 
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Table 6. Results from the STELLA model and calculations of MEASURED. 

Household STELLA   
[kWh] 

MEASURED 
[kWh] 

Difference 1 
[kWh] 

Difference 2  
[%] 

A, Post-paid 76.2 29.3 -46.9 -61.6 

B, Post-paid 52.5 58.0 5.5 10.5 

C, Post-paid 84.5 15.4 -69.1 -81.8 

D, Post-paid 330.2 252.5 -77.7 -23.5 

E, Post-paid 36.4* 0* - - 

F, Post-paid 16.7 28.3 11.6 69.5 

G, Post-paid 102.9 63.6 -39.3 -38.2 

H, Post-paid 26.0 5.6 -20.4 -78.5 

Average Post-paid 98.4 64.7 -33.7 -34.3 

1, Pre-paid 37.8 13.8 -24.0 -63.5 

2, Pre-paid 10.1 52.9 42.8 423.8 

3, Pre-paid 38.5 20.0 -18.5 -48.1 

4, Pre-paid 95.1 109.4 14.3 15.0 

5, Pre-paid 41.7 21.1 -20.6 -49.4 

6, Pre-paid 90.9 32.9 -58.0 -63.8 

7, Pre-paid 127.7 204.5 76.8 60.1 

8, Pre-paid 167.8 222.7 54.9 32.7 

Average Pre-paid 76.1 84.6 8.5 11.2 

Average Total 86.5 75.3 -11.2 -13.0 

 
*The reviewed bills for household E showed no consumption for the last six months even 
though the household had access to electricity. The reason for this is unknown but ZECO 
suggests that it is due to a broken meter that has not been replaced. This value has not been 
considered in the calculations of the STELLA averages. 

As seen in Table 6  there are significant differences between STELLA and MEASURED for some 
households. The reasons for this will be tested in the sensitivity analysis and discussed in chapter 
5.3.2 Reliability of STELLA Household Models. 

In Table 7  the results of the comparison between the averages from STELLA, MEASURED and 
TUMBE are shown. 
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Table 7. Results from the STELLA model, interviewed household meters and all meters in Tumbe. 

AVERAGE STELLA 
[kWh] 

MEASURED 
[kWh] 

TUMBE  
[kWh] 

Difference 2 
[%] 

Difference 3 
[%] 

Post-paid 98.4 64.7 57.0 -34.3 -42.1 

Pre-paid 76.1 84.6 38.7 11.2 -49.2 

Total Tumbe 86.6 71.5 47.3 -17.4 -54.6 

 
When looking at Table 7  the difference between MEASURED and TUMBE is small for post-
paid meters, but deviates significant for the pre-paid meters. For the pre-paid meters this is likely 
because of two reasons. Firstly, two of the interviewed households, household 7 and 8, have a 
relatively high consumption. The second reason could be because of customer behavior. This is 
further discussed in chapter 6 Discussion About Losses on Pemba. 

5.2 Results from the Sensitivity Analysis  
In this chapter the results from the sensitivity analysis is presented. The method for the analysis is 
described in chapter 4.4 Sensitivity Analysis.  

The results from the comparison of the daily power demand graphs are shown in Figure 20 . The 
measured demand graph is made from readings in Wesha and is an average of the first week of 
August and the first week of October in 2014. 

 
Figure 20. Comparison between modeled and measured daily electric power demand 

When reviewing Figure 20  it can be seen that the STELLA demand graph corresponds well to the 
demand graph based on measurements in Wesha. The fact that these two correspond well implies 
that the data from the interviews regarding starting time and duration was good, which is an 
indication of that the interviews went well and that the input data for the STELLA model is of 
good quality. Based on this result it was decided to only vary the power rating parameter in the 
second part of the sensitivity analysis. 

The result from the second part of the sensitivity analysis can be reviewed in attachment 4. In this 
attachment it is shown how each power rating parameter are affecting the consumption for each 
household. It can be seen that the most sensitive parameters are lamps, refrigerator, freezer, fan 
and TV. It can also be seen that the parameters for cellphone, radio and laptop does not impact 
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the result in any extent. Also, the highest and the lowest measured monthly consumption of the 
six months reviewed for each post-paid household is displayed with the abbreviation 
MEASURED MAX and MEASURED MIN. For some households the consumption varies 
between different months, if this is because of changes in the household’s electric energy 
consumption or a result of how and/or when the meter-readings are performed is not certain. 
The interval of when the meter-readings were reported in to the computer system has been 
controlled, but if this is the date when the actual reading was done or the date it was reported is 
not clear.  

The parameters effect on each household’s modeled consumption is discussed in chapter 5.3 
Discussion About the Results. The most sensitive parameters effect on the post-paid and pre-
paid averages is shown, together with the two worst-case scenarios, in Table 8 . 

Table 8. Different parameters effect on the STELLA average models. 
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Average 
post-paid 

65 98 78 138 81 105 87 102 95 102 96 104 45 163 

Average 
pre-paid 

85 76 68 114 69 81 72 79 76 77 74 85 55 134 

 
As seen in Table 8  the parameter that has the biggest impact on the result is lamps, both for the 
pre-paid and post-paid average models. Based on the results above the third part of the sensitivity 
analysis was performed and the results are presented in Table 9 . 
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Table 9. Result from the STELLA sensitivity analysis. 

Disturbance  STELLA          
[kWh] 

MEASURED         
[kWh] 

Difference 2  
[%] 

+70 % worst-
case reached 

Post-paid 167.3 64.7 -61.3 

Pre-paid 129.4 84.6 -34.6 

+ 50 % Post-paid 147.6 64.7 -56.2 

Pre-paid 114.2 84.6 -25.9 

+30 % Post-paid 127.9 64.7 -49.4 

Pre-paid 98.9 84.6 -14.5 

+20 % Post-paid 118.1 64.7 -45.2 

Pre-paid 91.3 84.6 -7.4 

+10 % Post-paid 108.2 64.7 -40.2 

Pre-paid 83.7 84.6 1.1 

+5 % Post-paid 103.3 64.7 -37.4 

Pre-paid 79.9 84.6 5.9 

Actual Post-paid 98.4 64.7 -34.3 

Pre-paid 76.1 84.6 11.2 

-5 % Post-paid 93.5 64.7 -30.8 

Pre-paid 72.3 84.6 17.0 

-10 % Post-paid 88.6 64.7 -26.9 

Pre-paid 68.5 84.6 23.5 

-20 % Post-paid 78.7 64.7 -17.8 

Pre-paid 60.9 84.6 39.0 

-30 % Post-paid 68.9 64.7 -6.1 

Pre-paid 53.3 84.6 58.8 

-40 % worst-
case reached 

Post-paid 59.0 64.7 9.6 

Pre-paid 45.7 84.6 85.3 

 
In Table 9  the Disturbance is how much the modeled monthly consumption in the STELLA 
average models has been increased and decreased. The model was disturbed until a worst-case 
scenario in Table 8  was reached, either for post-paid or for pre-paid. The results in Table 9 are 
discussed in chapter 5.3.4 Conclusions Drawn from the STELLA Output. 

The reliability of the results presented in Table 6  and Table 7  are discussed on the basis of the 
results in this sensitivity analysis in chapter 5.3 Discussion About the Results. 
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5.3 Discussion About the Results 
In this chapter the reliability of the results presented in chapter 5.1 Results from Tumbe 
Electricity Meter Readings and STELLA Load Model and 5.2 Results from the Sensitivity 
Analysis are discussed. Also, conclusions that can be drawn from the results are discussed.  

5.3.1 Interviews 
The STELLA load model is based on 16 interviews. As a consequence of this the results based 
on the STELLA model are directly affected by the quality of the interviews. Some factors that 
may have influenced the result are that  

- The 16 interviews only represent a small percentage of the total households in Tumbe.  
- ZECO staff has been present when the interviews were carried out. This may have had 

an effect on how people have answered the questions.  
- The general knowledge of English is low in rural villages like Tumbe, therefor ZECO 

staff was translating during the interviews.  
- People may have understated their consumption because of fear that the interview could 

have an effect on their future bills. Especially with the ZECO staff present. It was tried 
to make clear that the result of the study would be anonymous and not name any specific 
households, but because of the language barrier there is not certain that the responder in 
all cases understood this. 

- People may have overstated their consumption. Considering the argument above this 
scenario is not believed to be as likely as understating of the consumption. 

- Some of the questions are difficult to answer. In many cases it was hard for the 
responder to estimate the starting time, duration and the power rating on their electrical 
equipment. This could result in both underestimation and overestimation of the 
consumption.  

The factor from the interviews believed to have influenced the results in the average models the 
most is that people have understated their consumption. All the other factors may also have 
affected the results but when considering average they could, at least partly, cancel each other 
out. A greater number of interviews would have decreased the influence from these factors. 
However, the problem that people might understate their consumption will still be present. 
When considering this all together it is possible that the results from the STELLA model might 
be a bit low. This is discussed further in chapter 5.3.4 Conclusions Drawn from the STELLA 
Output. 

5.3.2 Reliability of STELLA Household Models 
When looking at each household separate in Table 6 , big differences between STELLA and 
MEASURED values are observed. The reason for this could partly be that the power rating 
values used varies from the actual power rating values in a specific household. In the sensitivity 
analysis the effect of each power rating input to each household in the STELLA model was 
investigated. The result from this investigation is presented in total in attachment 4. The 
parameters that have the largest impact on the result were found to be lamps, refrigerator, 
freezer, fan and TV. Of these TV and fan is believed to be the most sensitive, because the power 
rating can vary a lot between different TV-models or the fan-speed used. Also, the time in use for 
TV may be hard for the responder to estimate and the fan in some households was not used 
when the weather was colder. The refrigerator and freezer are believed to be more accurate since 
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they are in most cases always in use, which makes the time parameter insensitive. All the 
refrigerators and freezers that were observed during the interviews were old models with a 
probable consumption similar to the one used in the STELLA model. For the lamps with 
unknown power rating, 37 W was used as input, which is based on an average from the 
interviews. During the interviews power ratings for lamps between 5 W and 100 W were 
encountered. This means that if the 37 W input is used for a household that are in actual using 
only low energy 5 W lamps, but did not know the rating, the STELLA value might deviate 
significantly from the actual consumption. But when the households are combined in the average 
these differences more or less cancel each other out. The remaining items were found to affect 
the result negligible, which means that the uncertainness regarding how often each of these items 
are used or charged is not important for the accuracy of the result. The possible reasons for the 
differences between the modeled and measured consumption for each household are discussed 
below, based on the results in attachment 4. It should here be noted that the time in use also has an 
impact on these results. However, this impact is believed to be smaller than the impact from the 
power rating and the households are therefor discussed based on the power rating parameter.   

Household A and C 

The STELLA value is significantly higher than the MEASURED. If all the lamps with unknown 
power rating are set to 5 W and the TV and/or fan is lowered in the STELLA model it 
corresponds to the MEASURED MAX. However, the scenario with these extremes is unlikely 
and it is believed that the meters are measuring inaccurately.  

Household B  

STELLA and MEASURED correspond well. It can be noted that the lamps have a large impact 
on the results for this household and if the average power rating used is wrong either the model 
or meter might be incorrect. 

Household D 

The STELLA value corresponds well to the MEASURED MAX but this value of 354 kWh was 
four months before the interviews and the other five measured months are just a bit above 200 
kWh. That the refrigerator and freezer are of better efficiency than believed could also explain 
the difference, or that the meter is measuring too low.  

Household E 

The household had access to electricity even though the bills for the last six months were blank. 
The reason for this is not certain but it could be a broken meter that has not been replaced 
during this six months period. This household has not been included when calculating averages 
but it is likely that they have free electricity, which then is a loss for ZECO.  

Household F 

The STELLA value corresponds well to the MEASURED MIN but this value of 15 kWh was 
only one of the six months, the other five measured months are around 30 kWh. The lamps have 
big impact on this household and it is likely that STELLA model is a bit incorrect because there 
were only two lamps and the average value was used for both. 
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Household G 

The refrigerator is the only item that could explain this difference between STELLA and 
MEASURED, but during the interview it was observed that the refrigerator was old and worn. It 
is likely that a big part of the difference is due to the meter measuring a too low consumption. 

Household H 

There is a big difference between STELLA and MEASURED. All the lamps were modeled with 
known power ratings and except for the lamps there were only cellphone chargers with low 
impact on the result. It is very likely that the meter a measuring to low.  

Household 1, 3, 5, 7 and 8   

In household 1, 3 and 5 all the lamps were modeled with the average power rating. In household 
7 and 8 some of the lamps were modeled with the average power rating and some with known 
power ratings. For all these households the differences between STELLA and MEASURED 
could be explained by this fact. In three cases the STELLA value was too high and in two cases it 
was too low. Incorrect meters could also explain the differences, but considering that some 
meters then would measure a too high and some a too low consumption makes this scenario 
unlikely. 

Household 2  

The STELLA value is much lower than MEASURED even though all the lamps have known 
power ratings. This could be because the respondent claimed that all the lamps were low energy 
lamps, which might be incorrect. It can also be because the household’s consumption has 
changed recently or that the meter, which was installed in 2011, is broken. But that the meter 
would measure so much more than the actual consumption is unlikely. If the value from this 
STELLA household model had been higher the STELLA average and MEASURED average 
would have corresponded even better for the pre-paid meters.  

Household 4  

The STELLA and MEASURED corresponds quite well, the household only have one lamp that 
uses the average value in the model. The difference could be explained either by the power rating 
of the lamp and the refrigerator or by that the meter is measuring incorrectly. 

Household 6 

The STELLA model is too high when compared to the MEASURED. The household had only 
been connected to the public grid for two months when the interview was conducted and it is 
possible that the household’s electric energy use had changed much recently and that the 
interviewee did not have a clear picture of the household’s consumption. The reason could also 
be that the meter is measuring incorrectly, but that a newly installed meter would measure this 
wrong is unlikely.  

5.3.3 Reliability of STELLA Average Models 
It can be seen in attachment 4 and is also discussed above that the power rating used for lamps 
when the actual power rating was unknown is the most sensitive parameter and may have had a 
great impact on the results for each household. However, for the STELLA average models these 
differences for each household cancel each other out. Because the average power rating used is 
calculated from the 39 lamps with known power rating out of the 94 lamps found in total in the 
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interviewed households, it is believed to be an accurate approximation that gives good results in 
the STELLA average models. 

The differences between STELLA and MEASURED for the post-paid households can in many 
cases be explained as discussed above. For the post-paid household most of the STELLA values 
are higher than MEASURED and the discussion for these households are about why the 
STELLA model could be too high. However, it is very unlikely that all of these households 
should have been modeled so inaccurate and in the same direction. The parameter with the 
absolute largest impact on the result is lamps and as seen in Table 8  the STELLA average model 
is still higher than the MEASURED average even when all the lamps with unknown power rating 
in all the households are set to 5 W. In the worst-case scenario the STELLA values are lower 
than the MEASURED but this scenario, with all items in all households set at the minimum 
value, is extremely unlikely. If household E were included in the STELLA average model the 
result would diverge even more from the MEASURED and indicate an even more inaccurate 
measuring for the post-paid meters. 

When looking at the average pre-paid households in Table 8  it can be seen that when changing 
the power rating of lamps, the MEASURED consumption is in-between the maximum and the 
minimum values. When considering the fact that it is unlikely that the power rating for all lamps 
in all households would be either the minimum or maximum values the STELLA and the 
MEASURED consumption can be said to correspond well. If the two households with unreliable 
results, household 2 and 6, is excluded from the STELLA average model the result from the 
model is almost the same, which means that the result and conclusions is not dependent on these 
two unreliable household models. Because of the good correspondence and the fact that most of 
the pre-paid meters are newly installed it is believed that these meters are measuring an accurate 
consumption.  

5.3.4 Conclusions Drawn from the STELLA Output 
In the results shown in Table 6 it can be seen that STELLA and MEASURED correspond well 
when looking at the averages for the pre-paid meters. It is more likely that the new modern pre-
paid meters are more accurate than the old post-paid meters. With the assumption that the pre-
paid meters measure the consumed electrical energy correctly the results from the STELLA 
model is a bit low. That the STELLA model is a bit low matches the expectations considering 
what was discussed about the interviews in chapter 5.3.1 Interviews.  

When the STELLA average models was modified in the sensitivity analysis second part, the 
values for average of pre-paid meters of STELLA and MEASURED at one point corresponded 
almost perfectly. As shown in Table 9 , this occurred when the STELLA modeled monthly 
consumption was increased with 10 %. If this is the actual value of the consumption, and the 
STELLA model is evenly correct for post-paid and pre-paid, the post-paid meters are not 
measuring about 40 % of the electric energy consumed, even more than the 35 % percent from 
the results in Table 6 . 

When the STELLA model was increased further, the consumption for both pre-paid and post-
paid meters diverged from MEASURED. When the model instead was decreased the compliance 
between the MEASURED post-paid values and STELLA improved. However, the model had to 
be decreased by between 35 % and 40 % before the two matched. That the STELLA model 
would be this inaccurate is not likely, nor is it likely that the pre-paid meters should measure 
somewhere around 70 % over the actual consumption, which is the case when the model is 
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decreased this much, as seen in Table 9 . Based on the considerations above it is reasonable to 
assume that some of the post-paid meters in the interviewed households are measuring an 
inaccurate, too low, consumption. 

As discussed earlier it is possible that the STELLA model is a bit low. The actual value is believed 
to be somewhere between STELLA Actual and STELLA +10 % in Table 9 , possibly in the 
higher region. With a span of 25 % the boundaries for when the model is believed to be correct is 
STELLA -5 % and STELLA +20 %. Based on this the post-paid meters in the interviewed 
households are believed to measure the consumption in average between 30 % and 45 % lower 
than the actual consumption.  

However, because the STELLA model is based on only 16 interviews the accuracy of the pre-
paid and post-paid average models might differ and these percent values are therefor insecure. 
Also, all the interviews have been carried out in a specific area in Pemba and the result may not 
be representative for the situation of the whole island. The electricity meters could be more or 
less accurate in different villages, e.g. depending on for how long they have been installed. 
Therefor it is limited to be seen only as an indicator for the situation on Pemba.  

6 Discussion About Losses on Pemba 
ZECO have periodically carried out meter readings in Tanga and Wesha, the two connection 
points of the submarine cable. In these meter readings data for the electric energy supplied 
through the submarine cable from Tanga, the electric energy supplied from Wesha and the total 
electric energy consumed on Pemba has been collected. These readings have been compiled and 
the result is presented in Figure 21 . 

 
Figure 21. Measured electric energy supplied from Tanga and Wesha and the electricity consumption on 
Pemba between 2006-2014 (ZECO, 2015). 

As seen above there are significant differences both between the electric energy supplied from 
Tanga to the electric energy received in Wesha and the electric energy supplied from Wesha to 
the electric energy billed to the customers. These differences are due to electric energy losses that 
occur in the submarine cable and on Pemba. These include both technical and non-technical 
losses. The total losses in 2014 have been calculated to be 28.9 % of the electric energy supplied 
from Tanga and in Figure 22  the percent of losses over the last nine years are shown. The losses 
are calculated from the values shown in Figure 21 . 
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Figure 22. Losses in the submarine cable, technical and non-technical losses on Pemba and the total losses 
between 2006-2014. 

The possible reasons for where and why these losses occur and why it seems like the losses on 
Pemba have decreased since the installation of the submarine cable will be discussed in chapter 
6.1.2 Non-technical Losses on Pemba and 6.1.3 Technical Losses on Pemba. 

6.1.1 Comparison of Electric Demand and Supply on Pemba 
Because the supply of electricity on Pemba is dependent on the capacity of the submarine cable a 
study of how the losses affect the relationship between demand and supply has been done. In the 
study five demand-increase scenarios with different losses have been investigated and calculations 
about when the rated cable capacity of 20 MW and the maximum overload capacity of 25 MW of 
the submarine cable are reached has been done for these different scenarios. The annual increase 
of demand used in these calculations is 7 %, which is the estimation made by ZECO that is 
presented in chapter 3.2.2 Electricity Use on Pemba. It can be noted in Figure 6  that the increase 
of demand has slowed down in the last few years. If this trend of slower increase of demand 
continuous it would mean that the reach of the cable capacity will be later than this investigation 
suggests. However, it is likely that the demand will increase if the non-technical losses are 
decreased because customers then will have to pay for all the electricity they use. Because of this 
it is hard to estimate how large impact a reduction of the non-technical losses would have on the 
submarine cable’s sufficiency. The result of the investigation is shown in Figure 23 . 
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Figure 23. Five demand-increase scenarios with different losses between 2014-2032.  

If the total losses would remain at 28.9 % the rated capacity in the cable would approximately be 
exceeded in 2024 and the maximum overload capacity would be reached in 2027. When the rated 
capacity is reached the technical losses in the submarine cable would increase due to the overload 
and therefor the reach of the maximum overload might even be before the year of 2027. In 
Figure 22  it can be seen that the losses have not remained at the same level during the last four 
years but have instead had a steady increase of about three percentage points per year in average. 
If the losses would continue to increase at this rate the cable capacity would be exceeded in 2020 
already. However, this scenario suggests losses of 47 % in 2020, which is unlikely. Because the 
large scale initiatives to generate own electricity on the island is only in a research phase and the 
off-grid projects are just small scale as described in chapter 3.2.2 Electricity Use on Pemba and 
chapter 3.2.3 Off-grid Initiatives on Pemba it is important to reduce the losses in order to extend 
the sufficiency of the submarine cable. As seen in Figure 23  reducing the losses could extend the 
sufficiency for the cable with several years before a substitute is needed. 

6.1.2 Non-technical Losses on Pemba 
Based on the reasons for non-technical losses that are presented in chapter 3.5.2 Non-technical 
Losses this chapter will discuss what non-technical losses that have been found and also not 
found from the results of the fieldwork.  

Inaccurate Post-paid Domestic Meters 

As discussed in chapter 5.3 Discussion About the Results it is reasonable to assume that some of 
the post-paid meters are measuring a too low consumption. For the interviewed household this 
was in average 30-45 % lower than the actual consumption. In February 2015 there were 2 256 
domestic post-paid meters on Pemba accounting for about 20 % of the total electric energy 
consumed, calculated from the values in Table 4 . If the interviewed households would be 
representative for all Pemba, replacing all the domestic post-paid meters to accurate ones would 
decrease the total losses with 6-9 percentage points which is between 20-30 % of the total losses. 
It can be noted that because of the inaccuracy of the post-paid domestic meters the actual 
consumption for this group may account for a bit more than the previously stated 20 %, which 
would entail that the losses from these meters accounts for even a bit more of the total losses.  
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According to ZECO, one reason for poor quality of the electricity meters is because even though 
the meters are made for indoor installation they are in most cases installed outdoors. The reason 
for the outdoor installation is to prevent customers from tampering or bypassing the meters but 
as a result of this the meters risk being damaged or breaking down, which leads to inaccurate 
measuring of the consumption. In the fieldwork it was observed that many of the post-paid 
meters seemed to be in bad condition. The reason for why the post-paid meters are more worn 
than the pre-paid meters is because they are older and have been installed outside for a longer 
period. 

Broken Electricity Meters  

Except from worn meters another problem that was observed in the fieldwork were households 
with broken pre-paid meters that still had access to electricity. That the meters break down but 
gives access to the electricity is a big problem with the pre-paid system. This is because there are 
no regularly inspections of the meters and ZECO does not notice if a customer stops buying 
electricity. This makes it possible for broken meters to remain undetected for a long time. The 
risk of meters being bypassed when no regularly inspections are done might also be higher. 
During the fieldwork, two households with broken pre-paid meter were encountered. In both 
cases the household still had access to electricity. If this would be representative for all of Pemba 
it would mean that many households are not paying for their electricity, which would mean a 
large contribution to the non-technical losses. There is also a problem with broken post-paid 
meters, in these cases it is noticed quickly by the meter-readers but there are not always spare 
meters available to replace them with. This results in that the customer has access to electricity 
without paying for it for a long period of time. Of the 107 post-paid bills reviewed for Tumbe 
four households had received blank bills for the last six months and two more had started to 
receive blank bills during the same period. 

Benefits of Pre-Paid Electricity Meters  

All the new meters installed for domestic customers are pre-paid and ZECO aims to have all the 
post-paid meters replaced. As showed in the result from the STELLA load model and discussed 
above the replacement of the post-paid meters would decrease the total losses and improve the 
situation for ZECO. According to a study carried out in New Zealand the pre-paid system has 
showed to not only benefit the utility company, but also the customers using it. In the study 
customers said that when they switched to the pre-paid system they checked their meter more 
frequently, which made it possible for them to figure out how they could change their behavior in 
order to save electricity. This effect can explain the differences in the average consumption 
between pre-paid and post-paid customers in Tumbe. As showed in Table 7  the pre-paid 
consumption is 32 % lower than the post-paid and this figure might be even higher considering 
the inaccuracy of the post-paid meters. Another benefit from the pre-paid system discussed in 
the same study is that it makes it possible to buy units when the economy allows it and then save 
units on the meter to have as a backup to use in times when electricity can not be afforded 
(O’Sullivan, 2014). This phenomenon has also been noticed for the pre-paid customers on 
Pemba when reviewing all the purchases from the customers in Tumbe. When reviewing the 
purchases it was clear that some households bought electricity very irregular. The reason for this 
might be that their consumption varies significantly but more likely is it because that they only 
buy and use electricity when they can afford it. The effect of this can also contribute to the 
difference in consumption between pre-paid and post-paid customers in Tumbe, shown in Table 

7 . Also, it partly explains the difference between STELLA and TUMBE for pre-paid meters in 
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the same table. This is because all of the interviewed households used electricity at all times and 
the behavior of only using electricity when it was afforded did not apply to them. 

Electricity Theft 

Because there is no measuring of the total electricity supplied to Tumbe in the grid it is not 
possible to draw conclusions about electricity theft from the STELLA load model results and it is 
also impossible for ZECO to discover theft without doing controls in the village. This situation 
applies not only for Tumbe but also for the majority of villages on Pemba. There are a few block-
meters connected to the grid that can be used to measure the supplied electricity to different 
areas, but records of how many households that are connected to these block-meters are missing. 
Also, there are no ZECO employees trained to read these meters and therefor the meters are not 
used. If it would have been possible to compare the total consumption modeled in STELLA with 
the reading on a block-meter for Tumbe the comparison could be used as an indicator of 
electricity theft or technical losses in the low voltage cables. However, in the absence of a block-
meter connection irregularities were looked for in the fieldwork but no reveling irregularities were 
noticed.  

According to an analysis of electricity theft made in Dubai it is stated that in order to reduce 
electricity theft it is essential to do regular inspections and monitor customers, especially if there 
are some areas that show greater potential for electricity theft than other. In order to find out if 
there are any areas with greater potential of electricity theft the block-meters could give useful 
information, but since there are no in use on Pemba it is not possible to detect these certain 
areas. In the same analysis Brazil is pointed out as a good example of how regularly inspections 
and monitoring have paid off in order to reduce the non-technical losses. They had losses 
accounting for 12 million USD and by investing 2.1 million USD in tests and inspections they 
recovered 6.2 million USD (Smith, 2004). This example implies that the investment of more 
block-meters connected to the grid could be profitable for ZECO. Another problem, discovered 
when reviewing the register of pre-paid meters, is that the records for how many meters installed 
per village is far from correct. In Tumbe only one of the eight pre-paid households interviewed 
was found in the register. To get anything out of installing block-meters this problem also needs 
to be addressed. 

Another possible cause for non-technical losses due to electricity theft is that meter-readers are in 
collusion with customers. Even though this phenomenon is often found by larger customers the 
existence of it cannot be excluded for smaller customers. The post-paid meters are divided into 
different circles depending on their geographical location and for each circle there is only one 
meter-reader operating. This means that there are no controls if the consumption noted is 
accurate or not. In order to reduce the risk of collusion it would be good for ZECO to use a 
rotation system so the circles are read by different meter-readers.  

The Impact on Non-technical Losses from Changing Electricity Price 

In the investigation about how the non-technical losses and the electricity price corresponds to 
each other it was found that the connection between these two was strong. In Figure 24  it is 
shown how these two correspond to each other. 
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Figure 24. Comparison between the total losses on Pemba and the average electricity price between 2006-
2014. 

As seen in Figure 24  variations in the electricity price and the percentage of losses in the grid 
coincides well. Because the technical losses are due to components in the grid it can be assumed 
that if the grid remains the same the technical losses will also be about the same percentage. 
When Figure 24  is compared with Figure 13  it can be seen that the total demand on Pemba is 
increasing with decreasing price and vice versa. With increasing demand the technical losses 
could increase a bit due to the higher load in the grid, but not as significant as in Figure 24 . With 
this assumption made, the correlation shown in the graph can be explained with that the non-
technical losses increase with the electricity price. That the non-technical losses would increase 
with an increasing price is not unexpected because fewer people can afford to pay for their 
electricity. When people are unable to pay for their electricity the risk for theft, tampering or 
bypassing of meters increases. Also, it is likely that the collusion phenomenon would increase 
with the electricity price as well. That the electricity price is high compared to the income level in 
Tanzania further strengthen this conclusion. In the domestic tariff group one kWh is bought for 
13.8 US cent on Pemba, which can be understood to be high when compared to the Swedish 
price that is currently 8.3 US cent, as an example (Fortum, 2015). 

Unpaid Bills 

ZECO normally disconnects customers that do not pay their bill. However, some government 
owned social functions such as schools, hospitals and water supply cannot be disconnected. Since 
the government also owns ZECO the electricity bill is the first to cut when these customers 
cannot meet their budget. E.g. the water and sanitation office, which is the largest consumer of 
electricity on Pemba, do not pay their bills to ZECO regularly. The government has a total 
accumulated debt to ZECO of 3.7 million USD, which is about the yearly revenue for ZECO-
Pemba (ZECO, 2015). These unpaid bills contribute to the total losses, but are not included in 
the calculated losses of 28.9 %.  

Implementation of AMI-system 

In a long-term perspective the implementation of an AMI-system together with the pre-paid 
system would contribute much to reduce the non-technical losses. The effectiveness of the 
installation of the AMI-system in order to reduce losses have proved to be true in other 
developing countries like those described in chapter 3.5.2 Non-technical Losses. The 
implementation of AMI-system together with the pre-paid system would be a great improvement 
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on Pemba. This is because the AMI-system makes it possible to permanently monitor the actual 
consumption, which reduces the possibility of tampering and bypassing (World Bank, 2009). 
Together with the pre-paid system, it would not be any problems with unpaid bills either. An 
automatic meter reading system would also eliminate the possibility of collusion and misreading 
of meters, which occurs when the meters are read manually.  

6.1.3 Technical Losses on Pemba 
Based on the reasons for technical losses that are presented in chapter 3.5.1 Technical Losses this 
chapter will discuss what technical losses that can be found in the grid on Pemba, the reasons for 
why they occur and what can be done in order to reduce them. 

The Submarine Cable 

As seen in Figure 22  the losses in the submarine cable have changed between 3.8 % and 17.7 % in 
the years between 2010-2014. However, the accuracy of this value can be discussed. In 2011, 
2013 and 2014 the percentage of losses in the submarine cable is larger than the technical and 
non-technical losses together, measured on Pemba. That the losses in a newly installed submarine 
cable with the length of only 75 km would be greater than the total technical and non-technical 
losses on Pemba seems unlikely. Another thing that suggests that the measurements are 
somehow incorrect is that when the submarine cable was installed the losses on Pemba, marked 
with red in Figure 22 , decreased drastically without any special improvements made in the grid. 
This could be explained with that the measurements from the meter in Wesha are incorrect or 
somehow misread. If this is the case it would mean that a portion of the losses occurring due to 
technical and non-technical losses on Pemba instead are seen as technical losses in the submarine 
cable. When this has been discussed with ZECO, indications of that incorrect readings in Wesha 
is a possibility and that the division between losses in the submarine cable and the losses 
occurring on Pemba because of this could be inaccurate. 

Joule Effect Losses and Transformer Losses 

Joule effect losses are one of the main causes for technical losses. According to equation 1 in 
chapter 3.5.1 Technical Losses the most effective way to reduce these losses is to higher the 
voltage in the distribution grid. In Table 2  the length of the 33kV and the 11kV overhead lines on 
Pemba are displayed. The total length of the 11kV line is around 160 km. In order to reduce the 
technical losses, a long-term measure on Pemba could be to reduce the length of the 11kV 
overhead line by replacing it with 33kV lines in some parts of the grid. In many villages on 
Pemba the distribution grid only passes through without branching out. The result of this is that 
many households are far away from the transformers, which is leading to very long low voltage 
lines. Transporting electric energy at this low voltage gives high joule effect losses.  

From discussions with ZECO it has become clear that when new customers are connected to the 
grid there is no control of what phase the customer gets connected to. This contributes to 
unbalanced transformers in the grid, which gives excessive current in the distribution lines and 
the transformers, which lead to higher technical losses.  

Corona Discharge Losses, Shunt Losses and Leakage Losses 

Because the corona discharge losses only occur when the voltage in the grid is above 300 kV and 
the voltage in the Pemba grid is at maximum 33kV they are non-existing. The shunt losses are 
probably limited as well because there are few components in the grid. No conclusion about 
leakage losses has been drawn.  
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7 Conclusions 
Based on what is presented in chapter 5 Results and Discussion and chapter 6 Discussion About 
Losses on Pemba the following conclusions can be drawn. The conclusions will be presented and 
compared with the goals of the project that were set in chapter 2.2 Aims and Goals. 

1. To investigate the reliability of the domestic electric energy meters on Pemba  
It is reasonable to believe that some of the domestic post-paid meters are measuring 
an inaccurate, too low, consumption. For the interviewed households it is believed 
that the measuring is in average between 30-45 % lower than the actual consumption. 
If this would be representative for all domestic post-paid meters on Pemba, the 
inaccuracy would account for 6 to 9 percentage points of the 28.9 % of total losses. 
The pre-paid meters are believed to measure the consumption accurate. 
 

2. To investigate how the total losses divides between technical and non-
technical losses 
Because there are no block-meters measuring the electric energy supplied to different 
areas, the STELLA load model could not be used to investigate how the total losses 
divide between technical and non-technical losses. However, considering the 
percentage of losses discovered in the domestic post-paid meters together with the 
probability of bypassing and electricity theft it is likely that most of the total losses are 
due to non-technical reasons. 
 

3. Compare electrical demand and supply on Pemba and investigate how the 
losses are affecting this relationship 
If the losses remain on 28.9 % the capacity in the submarine cable will be reached in 
2024. In the investigation it was found that if the losses would be decreased to 20 %, 
10 % or even 5 % the reach of the capacity would be postponed, possibly to year 
2026, 2028 respectively 2029. This conclusion is uncertain because it is hard to 
estimate how the demand would be affected by reducing the non-technical losses. 
 

4. Investigate if there is a correlation between the electricity price and percentage 
of non-technical losses 
The percentage of total losses has clearly showed to follow changes in the electricity 
price. It is believed that the correlation is due to an increase of non-technical losses 
with an increasing electricity price. The increase of non-technical losses when the 
electricity price is high is because fewer people can afford to pay for their electricity, 
which leads to more bypassing and electricity theft. 
 

5. Draw conclusions of what can be done in order to reduce the total losses 
From the conclusions above several measures to reduce the losses have been 
discovered. These measures are presented as recommendations to ZECO in the 
following chapter. 
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7.1 Recommendations to ZECO 
From the conclusions drawn above the following measures in order to reduce the total losses on 
Pemba can be recommended to ZECO. 

Short-term Measures 

- Replacement of all the domestic post-paid meters as soon as possible. 
- Performance of regular controls of the pre-paid meters in order to detect tampered or 

broken meters. 
- Use of a rotation system so the geographical circles are read by different meter-readers. 

Long-term Measures 

- Update the pre-paid computer system so all meters are sorted by the right village to get 
control of the actual number of meters installed in every village. 

- Connection of more block-meters in the grid. This together with the recommendation 
above would enable easier detection of electricity theft in different areas. 

- Develop the pre-paid computer system so it gives a signal when a customer has not 
purchased electricity for a long time. This would enable easier detection of broken 
meters. 

- Installation of AMI-system together with pre-paid meters. 

8 Future Work 
To get accurate values of the actual consumption in the households and from this validate the 
results in this report a more thoroughly energy audit in the households could be performed. This 
could be done by installing portable energy meters in the households and monitor the 
consumption for a longer period of time.   

Another relevant future addition to this study is to estimate the technical losses in the grid by 
calculations. This would make it possible to know how the total losses divide between non-
technical and technical losses and give a better base for decision making for what measures to 
take in order to reduce the losses. 

The domestic post-paid meters accounts for about 20 % of the total electricity consumed, but the 
total number of post-paid meters accounts for about 60 %. Because of this, another addition to 
the study could be to look at the reliability of electricity meters for larger post-paid customers like 
industries and hotels. With this addition it would be possible to investigate how much losses all 
post-paid meters accounts for.  

In this study, all interviews were carried out in the village Tumbe. If more interviews were done 
in different areas the result would be more reliable for calculations that concerns all of Pemba.  
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Attachment 1 – Questionnaire Used in Household Survey 
Survey on energy usage 

- We are two students, Lovisa and Olle, from Sweden that are doing a project about energy 
use 

- We want to do a study with the purpose to calculate the energy use in an average Pemba 
household 

- The results of the study will be used to improve the electricity supply 
- The study is optional and you do not have to answer the questions 
- The results from the study you will be anonymous and your answers cannot be connected 

to you 
 

Customer number:_________________________________________ 

Measured usage last month:___________________________________ 

Number of adults in household:________________________________ 

Number of children in household:_______________________________ 

Tariff Group:_______________________________________________ 

Age of the responder:________________________________________ 

Sex of the responder:  Female  Male 

Monthly income in household (Tsh/month):      

0-60,000 60000-120,000 120,000-180,000 180,000-240,000
  

240,000-300,000 300,000-400,000 400,000-600,000        600,000-more 

Item How many 
items? 

Starting time How many in 
use 

Duration 

Radio  

 

 

 

 

 

 

  

TV  

 

 

 

 

 

 

  

Video  

 

 

 

  

Computer  
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Charging 
cellphone 

 

 

 

   

Refrigerator  

 

 

 

  

Freezer  

 

 

 

 

  

Electrical heated 
shower 

  

 

  

Air condition  

 

 

 

 

  

Fan  

 

 

 

 

  

  

 

   

  

 

   

  

 

   

 

Lamps 

 

W Location Starting time Duration 
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Asante Sana!



 
 

1 

Attachment 2 – Information About the Interviewed 
Households 
 

Household Monthly 
Income  

[USD] 

Number of 
Adults in 
Household 

Number of 
Children in 
Household 

Sex of 
Respondent 

[F/M] 

Age of 
Respondent 

[Years] 

A 32-63 2 4 F 27 

B 95-126 4 9 M 25 

C 211-316 2 5 M 32 

D 158-211 3 0 M 55 

E 158-211 4 0 F 19 

F 63-95 5 7 M 48 

G - 3 3 F - 

H - 3 4 F - 

1 158-211 5 8 F 50 

2 32-63 2 4 F 30 

3 63-95 2 5 M 60 

4 158-211 2 4 F 50 

5 32-63 4 2 M 28 

6 - 2 7 F - 

7 - 3 6 F - 

8 - 2 6 F - 
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Attachment 3 – The STELLA Load Model 
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Attachment 4 – Sensitivity Analysis of Input Parameters 

 


