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Abstract 

 

 

Electricity is a sector in crisis in Senegal. The main part of production and all the activities of 

transmission and distribution of electricity are managed by the Senegalese National Society of 

Electricity called SENELEC which is encountering enormous difficulties. One of the most 

important problems is the fact that 21% of the produced energy is lost without being sold. 

This figure is enormous but quite typical with regards to African countries. 

 

Moreover, the distribution of these losses is insufficiently known. Only the production and 

transmission losses can be determined from frequent and accurate measurements. The 

distribution losses represent the rest and constitute more than 80% of the losses. However, the 

distribution between technical and non-technical losses (essentially due to fraud) is unknown 

in the distribution grid. In addition, the distribution of distribution technical losses between 

the 30 kV, 6.6 kV and 400V grids is unknown. The goal of this Master’s Thesis is to estimate 

these unknown losses. Moreover, some recommendations are suggested to reduce 

transmission and distribution losses. 

 

Regarding the transmission grid, Senelec does not take transmission losses into account in its 

dispatching decisions, which increases transmission losses. After a Matlab modeling of the 

transmission grid, a basic optimal dispatching program was developed to include losses and to 

prove that it would be better to consider losses in the dispatching decision. 

 

The study of the distribution grid constitutes the main part of this Master’s Thesis. The 

distribution grid can be divided in a medium-voltage grid (30 kV and 6.6 kV) and a low-

voltage grid (400V). Losses in medium-voltage grid are estimated by the modeling of a part 

of this grid by using the software PSAF. Losses in low-voltage grid cannot be estimated this 

way because of the lack of knowledge regarding the structure of this grid; thus, these losses 

are estimated using a semi-empirical formula. Finally, non-technical distribution losses are 

deduced by calculating the difference between the total losses and the technical losses. 

 

The results show that the main part of the losses in Senegal are non-technical losses, which 

represent 2/3 of the total losses and 40 billion of FCFA (61 million €), which is twice as high 

as what the company believed. High priority must be given to reduce them by an ambitious 

plan against fraud. Technical losses even if they are smaller are not negligible and can also be 

reduced with some well-focused actions.  
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1. Introduction 

 

1.1 Background   

 

The goal of this part is to show the connection between this thesis and the African and 

Senegalese environment, and to present the motivations and the issues behind this work. 

 

1.1.1 Electricity, a key for the African development 

 

Electricity is a key for the development of Africa. The correlation between the progress in the 

access to electricity and the economic growth is clear. Electricity is essential for the 

development of an industry and for progress of the daily conditions of life. 

 

Nevertheless, electricity is a real challenge for Africa: the demand increases annually in the 

different African countries by between 5% and 10% whereas the growth of production 

capacity is just around 3% [1]. Moreover, between 2008 and 2014, the quantity of power 

plants that are more than 40 year-old is increasing by 70% [1]. The cost of production of 

electricity in Africa around 0.18 US$/kWh is relatively high compared to the international 

mean [1]. It is essentially due to the fact that a large part of production in Africa is done 

thanks to expensive fossil fuel in old power plants with bad efficiency. Around 40% of the 

population has access to electricity in sub-Saharan Africa [1]. 

 

1.1.2 The case of Senegal in Africa   

 

Senegal is a quite typical Sub-Saharan country that corresponds to the previous description of 

the electricity sector in Sub-Saharan Africa. The country is situated in Western Africa (see 

Figure 1) and has an estimated population of approximately 14 million people. 

 

 
Figure 1 :  Localization of Senegal in Africa [2] 



13 

 

 

Only 42% of Senegalese people have access to electricity with huge disparity: the figure is 

around 77% in urban areas and only around 16% in rural areas [3]. 

 

The potential demand has doubled during the last 10 years without the possibility to be 

supplied entirely as shown by the progress of ENS (Energy Not Supplied) in Figure 2. 

 

 
Figure 2 : A demand that has increased a lot, ENS too [4] 

 

Last year, the total production of electricity in Senegal was 2 560 GWh with a peak of 

consumption around 450 MW [4]. 

 

 

1.1.3 Senelec: presentation of the company 

 

Senelec is a vertically-integrated business which manages the transmission and distribution 

grid in Senegal. It is also the main producer of electricity in this country, even though the 

sector of production is being liberalized. This means that Senelec continues to manage its old 

power plants but the company cannot build and manage new ones: this must be made by the 

private sector. Currently, 53% of the electrical production is done by Senelec and 47% by 

independent private producers [4]. 89.5% of electricity is produced from fossil fuels (oil and 

gas) and 10.5% as a result of the hydro power from Manantali dam in Mali, a project which is 

owned by Senegal, Mauritania and Mali [4]. Around 2 500 people work for the company and 

the company has 900 000 customers (a customer can be just man, family or business) [5]. The 

company is a property of the Senegalese state.   

 

 

0

500

1000

1500

2000

2500

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

D
e

m
an

d
 (

G
W

h
) 

Years 

Evolution of the Senegalese potential demand 

ENS

Consumption



14 

 

1.1.4 Electricity in Senegal: a sector in crisis    

 

Since the 2000s, there have been many warning signs for Senelec. The company suffers from 

lack of investment and important money problems. Maintenance programs for almost all the 

equipment are behind schedule. The demand has dramatically increased during the last years 

as a result of the continuous arrival of people from surrounding countries seeking stability. 

This increase will probably continue in the future. Nevertheless, the investment has not 

followed the increase of demand [4] . 

 

Moreover, the company has produced almost all of its electricity thanks to fossil fuels, which 

is very expensive (with a fuel price that has increased a lot during last decades). Last year, in 

2011, the company was unable to pay its fuel bill and some deliveries were cancelled [6]. 

Many power plants could not produce electricity as a result of lack of fuel. The company has 

tried to use a cheaper fuel but the quality was inadequate and this has made these power plants 

sooty and forced them to be shut down for a long period of time [6]. The situation was so 

tense to supply the consumption that gas turbines were used all the day and not just for the 

demand peak. Of course, all the demand could not be satisfied and in the months of June and 

July 2011, the majority of consumers had no access to electricity on account of load-shedding 

[4]. The ENS was evaluated at around 10% for 2011 [4], [7]. 

 

The Senegalese people were extremely angry and so on the 27
th

 of June 2011, they forced 

their way into Senelec commercial agencies then wrecked and set fire to them. The Senelec 

workers were attacked in the street and they were unable to carry out their duties, making the 

situation worse [8], [9]. 

 

These events had a strong negative impact on the Senegalese economy. Regarding only 2010 

which was not the worst year, the increase of the ENS has cost the country 1.4% of the GDP. 

[10] This means that the growth of the Senegalese economy which was 4.2% [11] would have 

been 5.6% if the electricity sector was not in crisis. 

 

To avoid the serious situation of 2011 to be repeated, Senelec has rented 150 MW of 

additional small diesel generators [4]. It is enormous compared to the peak of consumption in 

Senegal, which is around 450 MW [4]. As a result, the problem of load shedding is currently 

almost solved. However, additional small generators consumed a lot of diesel oil with a bad 

efficiency so they are very expensive [12], [13]. The consequence is that the situation of the 

treasury of Senelec has gone from bad to worse [14]. 

 

1.1.5 The reasons of that situation 

 

If the company is in this critical situation, it is due to the lack of investment on account of 

problem of treasury. The company has been suffering economic problems for a long time as a 

result of lack of investment. This is due to the reluctance of investors to put in money to solve 

the problems and the situation continues to deteriorate. It is a vicious circle. 
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In fact, Senelec is trapped between two important problems. On the one hand, the power 

plants used essentially fossil fuels which are increasingly expensive. On the other hand, 

Senelec cannot force the consumer to pay the real price of electricity because the Senegalese 

state (the owner of the society) opposes that idea. The state knows that poor people cannot 

pay the real price of electricity and if they increase the price too much, many demonstrations 

and riots will be triggered. The mean price of electricity is indeed high for Senegalese 

standard of living (118.6 FCFA/kWh, 0.18 €/kWh) and has already increased by 50% during 

the last ten years [15]. Moreover, the costs continue to get higher which in turn makes the 

treasury situation worst. These reasons have caused the decline of the company. The 

Senegalese state gives the company money to help it survive (otherwise, it would have 

already filed for bankruptcy) but this temporary situation cannot continue. With the help of 

the Senegalese state, the World Bank and foreign agencies, an exceptional project of building 

a coal power plant with a lower cost of production is being studied. It will be completed in 

2015 if everything goes according to the plan. However, nothing is certain and the situation 

will be very difficult until then. 

 

1.1.6 Management of electrical losses: a hope for the company 

 

Between a very high cost of production and a sale price of electricity which cannot be 

increased, the company seems to be trapped because Senelec is neither responsible for the 

increase of oil price nor the setting of the sale price of electricity. 

 

The management of losses would be a solution to save the company from its financial 

difficulties. Indeed, 21% of the electricity produced by Senelec is lost [4]. It is a high number 

in comparison to the recommendation of the international experts: in developing countries, 

losses cannot be more than 15-16% to stay reasonable [16], [17]. It is also very high if we 

compare with the 7.2% of losses in Sweden [18] or 6.5% in France [19]. It can also be 

compared with the figures of the Sonabel, the Burkinabe company of electricity where the 

losses are around 16% of the produced electricity [20]. The Burkina-Faso is an African 

developing country with almost the same situation as Senegal: a small country in surface area 

in the Sahelic area with an electrical production based on fossil fuel.  

 

As a result, Senelec can earn a lot of money by reducing its losses. Moreover, according to the 

experts of the World Bank, it is in average 3 times less expensive to spare 1 kWh by reducing 

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

this 1 kWh [21]. 

 

This Master’s Thesis was created in that context. It consists in modeling the electrical losses 

in the transmission and the distribution grid and to suggest solutions to reduce losses and 

improve the overall efficiency. The goal is a contribution to improve the situation of the 

company but also to improve the access to electricity in Senegal.  
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1.2 Problem definition 

 

The goal of this part is to define the problem of losses and the overall efficiency and to 

present the part of the Senegalese grid where losses will be studied in this report and part 

where it will not be studied.  

 

1.2.1 Definitions 

 

The total electrical losses are the difference between produced energy and sold energy and 

can be defined as: 

 

                                                        
Equation 1 : Total electrical losses 

 

The overall efficiency is the ratio between sold energy and produced energy and can be 

defined as: 

 

                     
           

               
 

Equation 2 : Overall efficiency 

 

As a result, reducing the losses is equivalent to improving the overall efficiency. 

 

Senelec knows precisely how much electricity is produced and how much electricity is sold. 

Consequently, they know that the overall efficiency in 2011 is 79.0% and that 21.0% of 

produced electricity is lost [4]. 

 
Table 1 : Senelec overall efficiency and total losses (2011) 

Senelec overall efficiency 79% 

Senelec losses 21% 

 

For further details about how the Senelec total losses per year are calculated, please, refer to 

Appendix I. 

 

 

1.2.2 Localization of losses 

 

A vertically-integrated electrical company can be divided into four main activities: production, 

transmission, distribution and commercialization. 
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Losses can be shared according to the same division. They are: 

- Production losses, essentially found in the auxiliaries of production (control system, 

cooling system, etc…).  

- Transmission losses, essentially due to losses by Joule effect in the transmission lines 

and to losses in transformers. 

- Distribution losses, essentially due to losses by Joule effect in the distribution lines 

and to losses in distribution transformers. 

- Commercial losses, essentially due to the fraud, it is electricity that is distributed but 

not paid. They are also called “Non-Technical losses” by opposition to the three first 

ones which were technical. 

 

Senelec measures with accuracy how much is produced, how much is sent in the transmission 

grid, how much is sent in the distribution grid and how much electricity is sold. Thus, Senelec 

knows exactly its production and transmission losses. Nevertheless, the company does not 

have enough information to separate the technical losses and the non-technical distribution 

losses. All of these pieces of information are given in Table 2 for 2011. 

 
Table 2 : Production and transmission losses in 2011 [4] 

Production losses (% of produced energy) 1.31% 

Transmission losses (% of produced energy) 2.33% 

Distribution technical losses and non-technical losses 

(% of produced energy) 

 

17.36% 

 

The distribution technical losses and the non-technical losses are the largest part of total 

losses. Senelec commercial direction estimates that non-technical losses represent around 

20 000 million FCFA (30 million €) [22]. It is just an estimation that can be criticized. 

Senelec knows that its knowledge regarding the importance of non-technical losses is 

insufficient and is depending on this Master’s thesis to improve this knowledge. 

 

1.3 Objectives of this Master’s thesis 
 

The goal of this Master’s thesis is to improve Senelec knowledge regarding its losses, 

especially the contribution (in %) of the different parts in the total losses. Moreover, advice 

will be given to reduce these losses.  

This main objective can be divided in 4 parts: 

 To study the transmission grid losses and to propose a new dispatching approach to 

reduce losses. 

 To model the medium-voltage distribution grid and deduce its losses. 

 To estimate losses in the low-voltage grid. 

 To deduce non-technical losses.  
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Limits of this study 

 

The losses in transmission grid and the distribution grid will be studied: 

 The study of the transmission grid is limited to the Senegalese interconnected grid 

which represents 95.5% of the transmitted energy [4]. There are also isolated sites 

with small local grids in Senegal which will not be studied here. 

 The study of the distribution grid will be limited to Dakar and its outskirts which 

represent nevertheless 58% of the Senegalese consumption of electricity [7]. 

 

 

1.4 Overview of the report 
 

In order to answer to these objectives, the following plan has been adopted in this report: 

 - Chapter 2 will present the different reasons that can cause technical losses. Some will be 

considered and the other ones neglected. It will be justified there. 

- Chapter 3 is a study of the Senelec transmission grid (225 kV and 90 kV). It presents a new 

approach of dispatching choices for Senelec that will consider transmission losses. This new 

approach will improve the transmission grid efficiency and let Senelec earn money by 

reducing its total cost (production cost + transmission loss cost). 

- Chapter 4 presents how the medium-voltage distribution grid (30 kV and 6.6 kV) was 

modeled in PSAF in order to estimate losses for this part. 

-In Chapter 5, losses in low-voltage grid (400V) are estimated using a semi-empirical 

formula. 

-In Chapter 6, non-technical losses are deduced from the previous estimation of all the 

technical losses calculated before or measured. 

- Chapter 7 is the conclusion of this Master’s Thesis. 

Pieces of advice are also given in order to reduce losses for each part. The goal is not to give a 

large amount of measures that can be taken to reduce losses but just to limit pieces of advice 

to a small number of important points because it is known that the company has a problem to 

find money to invest. 
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2. Theory about losses: considered and neglected 

technical losses in this study 

 

The goal of this chapter is to give a quick overview regarding the different types of technical 

losses. The losses that cannot be neglected will be detailed, and it will be justified why some 

types of losses are neglected. The analytical calculations based on Matlab and PSAF that are 

presented in Chapter 2 and 3 for the high and the medium-voltage grid just use the considered 

losses presented here and neglect the other losses. 

 

2.1 Considered losses  
 

In this study, two types of losses are considered: losses in overhead lines or underground 

cables due to Joule effect and losses in transformers. 

 

2.1.1 Joule effect in overhead lines and cables  

 

When a current is flowing in a conductor, a part of the electrical energy is transformed into 

heat. This phenomenon is called Joule effect. This electrical power that is lost is proportional 

to the resistance of the conductor and the square of the current. Joule effect is the main cause 

of losses in transmission and distribution grid [23]. 

 

2.1.2 Transformer losses 

 

The transformer losses Ptransfo (MW) can be estimated by the following formula: [24], [25] 

 

                     
Equation 3 : Losses in a transformer 

With: 

- Po is the no-load losses (MW), which does not depend on the load ratio. The no-load losses 

consist of hysteresis losses and losses by Foucault currents (also called Eddy current). 

-Pload is the nominal load losses (MW).  

-τ is the load ratio. It is the present apparent power divided by the nominal apparent power. 

- Pload*τ² represents losses due to Joule effect in transformer windings.  

 

Po and Pload are given in the specifications of each transformer. 
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2.2 Neglected losses  
 

2.2.1 Losses by corona discharge 

 

Air surrounding high-voltage line is ionized and electrical discharge, or so-called corona 

discharge, can be observed around (sometimes a sound of crackle can be heard under high-

voltage lines, it is due to this phenomenon).Corona discharges cause losses in transmission 

grid [26]. 

 

Nevertheless, the losses created by corona discharges can be neglected when the voltage is 

below 300 kV [26], [27].  Senelec transmission grid has two levels of voltage: 225 kV and 90 

kV. Senelec medium-voltage grid, two levels too: 30 kV and 6.6 kV. In each case, the voltage 

is below the limit of 300 kV. Moreover, when the 225 kV-lines were built, the area sections 

were chosen to minimize the corona losses. As a result, losses by corona discharge can be 

neglected in the Senelec case.  

 

2.2.2 Shunt losses 

 

An electrical grid contains some devices that extract a small part of the current for 

measurement and protection of the system such as current transformers, capacitor voltage 

transformer, surge protector. Each of these devices consumes in average very small power, so 

it creates very small losses. In modern grids, they can be really numerous and create 

substantial losses [23]. That is not the case for the Senegalese grid where only a few of them 

are installed [28] and the shunt losses can consequently be neglected. 

 

2.2.3 Leakage losses  

 

Leakage losses are due to current that can succeed to flow on the surface of insulators. The 

phenomenon is more important if a large quantity of dust is settled on these insulators. These 

losses are in general relatively small [23]. 

 

2.2.4 Induction losses 

 

Currents can be created by induction in the protection cable which is in parallel of the three-

phase lines. This cable is used to protect the other cable against lightning. In general, 

induction losses are relatively small too [23]. 
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2.3 Conclusions 
 

In this study, it has been decided and justified that only transformer losses and Joule losses in 

cables and lines will be calculated to estimate analytically losses in transmission and 

distribution grid. The other factors which create losses are not considered because in the 

Senegalese case, they can be neglected. Nevertheless, it is not always the case and the 

structure of the grid must be studied beforehand. For instance, in Quebec where the 

transmission grid is very long, with very high-voltage used (315 kV, 450 kV, 735 kV), the 

corona effect is not negligible and represents 8% of transmission losses [23]. Moreover, shunt 

devices are numerous and the losses they produce represent 6% of transmission losses [23]. 

Joule effects represent nevertheless the majority of losses (81%) as it can be seen in Figure 3. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 3 : Repartition of losses for the Quebec transmission grid [23] 
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3. Study of losses in high-voltage transmission grid 

3.1 Introduction 
 

The Senegalese interconnected high-voltage transmission grid has two levels of voltage: 90 

kV and 225 kV. It can be seen below in Figure 4 and for further details in appendix II. The 

225kV-line that makes the link between Manantali Dam in Mali and the bus “Tobène” is in 

fact the property of SOGEM, a society which manages the interconnection between Mali, 

Mauritania and Senegal. This line will not be studied here because it does not belong to 

Senelec. The 225 kV-line that makes the link Kaolack, Touba and Tobène will nevertheless 

be studied with the entire 90 kV-grid because Senelec is the owner of these lines. 

 

 
Figure 4 : Senelec interconnected transmission grid (in green: the 225 kV-grid, in red: the 90 kV-grid) 

 

As mentioned in the introduction, the quantity of energy that enters into the transmission grid 

is measured in real time and the quantity that goes to the three high voltage consumers and to 

the distribution grid is measured too. As a result, it is possible to know the transmission losses. 

In 2011, the transmission losses represented 2.33% of the produced energy. 
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Moreover, the dispatching center uses software developed by the French company Areva 

called e-terra. This software, knowing the loads and the productions, calculates by power 

flow computations the energy flow in each line in real time. As a result, Senelec does not need 

a study to know where the electrical energy flows in the transmission grid and what the losses 

are on this grid because it is already calculated and known. The goal of this chapter will be to 

present a new manner for Senelec to take its dispatching decisions by including losses. This 

idea is to show that Senelec should have in the future an optimal dispatching approach in 

order to reduce its losses.  

 

First of all, a Matlab program to simulate the flows in the transmission grid and to calculate 

its losses will be presented. This program will be used after to show how a new approach of 

dispatching can save money for the company (it will be the main idea of this chapter). Finally, 

losses due to the reactive power flow will be presented based on a former study [29] because 

it is an important problem regarding the transmission grid. 

 

3.2 Estimating losses based on Matlab programming 
 

Lines with a length between 80 km and 250 km can be modeled with the nominal П –voltage 

for medium length nominal [26]. This means that each line is modeled with a total series 

impedance Z=R+j.X and a total shunt admittance Y as in Figure 5. If the lines are below 80 

km, the shunt admittance Y can in general be neglected but it can be considered for more 

accurate results [26]. All the lines in the transmission grid have a length below 250 km (the 

longest one Touba-Tobène has a length of 105 km) and can as a result be modeled using the 

nominal П -model.  

 

 
Figure 5 : Nominal П -model [26] 

 

The parameters R, X and Y for Senelec high-voltage lines are given in Appendix III.  

 

A Matlab program that can be found in Appendix IV has been written to estimate the high-

voltage transmission losses in Senelec grid. It uses several functions developed in Hadi 

Saadat’s book Power System Analysis [26]. 



24 

 

 

First of all, parameters of the Senelec transmission grid have been entered: 

- A matrix called linedata contains the R, X and Y/2 parameters of the nominal П –

model for all the lines. 

- A matrix called busdata contains the loads in the different buses, the active production 

in each site of production and their reactive capacity of production.  
 

Then, five functions developed in [26] are used: 

- lfybus, in order to form the bus admittance matrix 

- lfnewton, to calculate the load flow solution by Newton-Raphson method 

- busout, to print the power flow solution on the screen 

- lineflow, to compute and display the line flows and to find losses 

- bloss, another function to calculate losses that will be explained more in details in 

sections 3.3 and 3.4 
 

As a result, two different methods are used to calculate losses. The first one is a more 

“classical” method to calculate losses: the function lineflow uses the power flow computations 

and the parameters of lines to calculate losses in each line and then sum all these losses. The 

second one with the function bloss is based on Equation 10 that will be presented in section 

3.3. This equation is theoretically more approximate but permits to express the transmission 

losses depending on the production of each power plant, which is particularly useful for a 

method of dispatching including losses [26]. 
 

Six real cases have been entered to check that these methods give results in agreement with 

losses determined using the measurements. The simulation is only done for Senelec lines and 

not for the 225 kV-lines between the bus “Tobène” and the Manantali dam, which is the 

property of another organization called SOGEM. Measurements are done between the 

SOGEM and the Senelec area so it is possible to just deduce Senelec transmission losses. The 

losses in the following cases are smaller than the annual Senegalese transmission losses in 

around 2.33% of produced energy because the SOGEM lines which are very long compared 

to the rest of the Senegalese grid are excluded.  
 

The following results are obtained: 

 
Table 3 : Comparison between Matlab programming results and measurements regarding losses 

Date Hour Total production 

(MW) 

Losses with 

measurements 

(MW) 

Losses with 

Matlab lineflow 

function (MW) 

Losses with 

Matlab bloss 

function (MW) 

 

17/01/12 

03.00 202.6 2.8 2.787 2.763 

13.00 234.7 3.2 3.219 3.216 

21.00 256.3 3.0 2.930 2.928 

 

24/07/12 

03.00 283.8 2.8 2.606 2.608 

13.00 331.1 4.0 4.030 4.027 

21.00 350.6 4.2 4.103 4.098 
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The Matlab program gives 3 decimals whereas the data stored by Senelec can just give one 

decimal number. Nevertheless, it can be noticed that the Matlab results are globally in 

agreement with losses obtained by measurements. Moreover, the two Matlab-methods give 

results that are almost the same. These Matlab methods can as a result be considered as an 

accurate description of reality and will be used in the next two parts for an optimal 

dispatching approach that includes losses and its case study. 

 

The Matlab code and its results of the first simulation (17/01/12 at 03.00) are given in 

Appendix IV (IV-i). 

 

 

3.3 An approach of dispatching that includes losses 
 

3.3.1 Introduction 

 

To dispatch power plants means to choose which power plants will be used to supply the 

demand of electricity. Senelec dispatching center chooses which power plant will be used 

with an algorithm that tries to minimize the cost of production, using first the power plants 

with the cheapest mean cost of production. Nevertheless, this dispatching code does not take 

into account transmission losses. The choice of which power plants must produce has an 

influence on losses. For instance, if a power plant is far away from the consumption area, 

energy must be transported on long distances and losses are significant. As a result, a part of 

the production is used to compensate the losses and this part increases the total production, so 

the cost of production. An optimal approach of dispatching should be to minimize the cost of 

including transmission losses. This way, the company will earn money and the transmission 

efficiency will increase. 

 

The following work will neither present a complete method nor a complete algorithm for 

optimal dispatching for Senelec. The goal is to prove in a case study that money can be saved 

using a specific approach to include losses in dispatching choices. 

 

3.3.2 Understanding of this dispatching problem with a very simple illustrative example 

 

If the following simple situation is considered where there is only one load and two power 

plants 1 and 2. The power plant number 2 has a cost of production (70 FCFA/kWh) that is 

cheaper than the power plant 1 (72 FCFA/kWh). The situation is represented in Figure 6: 
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Figure 6 :  Illustration of optimal dispatching with a very simple example 

 

 

If the dispatching center wants only to minimize the cost of production using first the power 

plant with the cheapest mean cost of production per kWh, power plant 2 will be used first. But 

in fact, power plant 1 is near from the load whereas power plant 2 is more distant. As a result, 

power plant 2 must produce more to compensate the transmission losses. It is here assumed 

that the additional cost due to transmission losses is 5 FCFA per kWh received by the load. 

 

If the dispatching center wants to minimize the cost of production including transmission 

losses, power plant 1 is in fact cheaper (72 FCFA<70 FCFA + 5 FCFA) and will be used first. 

 

3.3.3 Mathematical formulation of the problem 

 

The following symbols are defined in Table 4. 

 
Table 4 : Symbols used in the mathematical formulation of the optimal dispatching problem 

Symbols Meanings 

CP total cost of production 

ci mean cost of production of the power plant i (FCFA/kWh) 

LAj active power load in the bus j 

LRj reactive power load in the bus j 

m number of buses 

n number of power plants 

Pi active power production of the Power Plant i 

Pi,min minimum active power production that the Power Plant i can produced 

Pi,max maximum active power production that the Power Plant i can produced 

PL transmission power losses 

Qi reactive power production of the Power Plant i 

Qi,min minimum reactive power production that the Power Plant i can produced 

Qi,max maximum reactive power production that the Power Plant i can produced 

QL reactive power consumed by the transmission grid 
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Objective function 

 

The objective function that must be minimized is the cost of production. 

 

         
Equation 4 : Objective function minimizing production cost 

 

The cost of production can be expressed as: 

   ∑     

 

   

 

Equation 5 : Cost of production 

 

Equality constraints 

 

Equality constraints refer to the equality between production on the one hand and demand and 

the losses on the other hand. The equality must be respected both for active and reactive 

power: 
 

∑       ∑   

 

   

 

   

 

Equation 6 : Equality constraint about active power 

 

∑       ∑   

 

   

 

   

 

Equation 7 : Equality constraint about reactive power 

 

 

Inequality constraints 

 

Here, only the fact that the power plant has limits of active and reactive production is 

considered: 

 

           : 

 

                 

Equation 8 : Inequality constraints about active power production 

 

                 

Equation 9 : Inequality constraints about reactive power production 
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Comments about the objective function and the two different strategies to reduce it: 

 

The goal of a dispatching algorithm is to give the best distribution of the different power plant 

production Pi in order to minimize the objective function. 

 

Two strategies can be used to try to find this optimal situation. The first strategy, used by 

Senelec, classifies the available power plants from the cheapest one to the most expansive one 

and uses the cheapest first. Nevertheless, it is not always the optimal situation (see sections 

3.3.1 and 3.3.2). The second strategy includes losses which increase the total production and, 

as a result, the total cost of production. Behind this second strategy, the goal is to minimize 

the transmission losses that are functions of the different productions Pi of each site.  But, the 

calculation of the derivative of the transmission losses 
   

   
 is not easy because it supposes to 

express the transmission losses PL depending on the different power plant production Pi. The 

next paragraph deals with this problem and how to manage this problem. 

 

3.3.4 Elements of theory: Kron and Kirmayer’s approach 

 
In order to optimize the quantity of production for each power plant including losses, it was 

proposed to express transmission losses depending on the production of each power plant. 

This idea was developed by electrical engineering scientists Kron and Kirchmayer. The next 

theoretical explanations are taken from [26], [30] and [31].  

 

Kron and Kirchmayer have proved that the total transmission losses PL can be approximated 

as: 

 

   ∑ 

 

   

∑         

 

   

    ∑       

 

   

       

Equation 10 : Kron and Kirchmayer’s formula of transmission losses 

 

This expression is called the Kron’s loss formula with: 

Pi, Pj                          :      the active power produced in the site of production i and j  

Bij, B0i and B00   :      the so-called Kron B-coefficient (NB: Bij=Bji) 

n                        :      the number of sites of production 

 

The Kron B-coefficients are calculated by an algorithm that first needs a bus matrix to find the 

power flow solution (with a Gauss-Seidel or a Newton-Raphson method). Then, the algorithm 

will use these solutions and the impedance matrix of the transmission grid to deduce the Kron 

B-coefficients. The Matlab function bloss presented in part 3.2 evaluate in fact these Kron B-

coefficients and then calculates the transmission losses using Equation 10. The Kron B-

coefficients are not rigorously constant but they can be assumed to be rather constant for 

small changes of levels of production. 
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Then, the contribution of each power plant to increase or decrease transmission losses can be 

deduced using the derivative: 

 

[
   

   
]    ∑      

 

   

     

Equation 11 : Derivation of Kron and Kirchmayer’s formula 

 

And a penalty factor for each power plant can be calculated: 

 

   
 

  
   
   

    

Equation 12 : Penalty factor 

This penalty coefficient is approximately 1. It is greater than 1 when an increase of production 

from the power plant i will increase the losses in the system.  

 

If the mean cost of the production of each power plant is multiplied by this penalty factor, an 

idea of the total cost of production including losses is obtained. 

 

These ideas, which are developed by Kron and Kirchmayer, are used in the following case 

study. 

 

 

 

3.4 A case study to illustrate a new approach for Senelec 

dispatching including losses 

 

3.4.1 Presentation of the situation 

 

The following study is done only on the Senelec interconnected grid, that is, on all the buses 

presented in Appendix II except Sakal, Dagana, Matam, Kayes and Manantali. 

 

On 17/01/12, at 03.00 during the night, the load on each bus of the Senelec interconnected 

grid was as indicated in Table 5 [32]. The situation with around 200 MW is typical of the load 

during the night between 00.00 and 06.00, during the low-consumption period between 

November and June [33].. Buses for which the load is not indicated have power consumption 

equal to zero. 
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Table 5 : Loads in different buses. 17/01/12 at 03.00 

Name of the bus Active load (MW) Reactive load (MVAr) 

Bel-Air 27 10.4 

Hann 72.9 27 

Cap-Des-Biches 20.8 7.8 

Mbao 14 6.8 

Taïba 11.7 2.1 

Mekhe 3.5 0.4 

Touba 10 3.1 

Kaolack 9.8 2.4 

Thiona 17.4 7.3 

Mbour 12.8 6.4 

TOTAL 199.9 73.7 

 

To supply this demand, the power plants in Table 6 were available [32]. 

 
  Table 6 : Senegalese power plants, from the cheapest to the most expansive one 

Name of the 

Power plants 

Location 

 (name of the bus) 

Maximal 

capacity of 

production 

(MW) 

Mean cost 

FCFA/MWh 

Manantali Dam Supplies Tobène 225 kV 35 21 500 

Sococim Sococim 14 38 400 

601-602-603-604 Bel-Air 62 74 870 

404-405 Cap-Des-Biches 30.5 75 000 

701-702-703-704 Kaolack 62 77 345 

401-402-403 Cap-Des-Biches 49 78 940 

KP*9 Kounoune 67.5 84 000 

APR-K1 Kounoune 50 108 782 

APR-CDB Cap-Des-Biches 50 116 443 

APR-K2 Kounoune 50 124 155 

303 Cap-Des-Biches 20 139 154 

TAG4 Bel-Air 30 149 297 

GTI Cap-Des-Biches 33 157 300 

TAG2 Cap-Des-Biches 17 224 715 
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3.4.2 First case: dispatching solution without considering transmission losses 
 

This first case corresponds to the real situation that was observed on 17/01/12 at 03.00. In this 

case, Senelec has just tried to minimize its cost of production without considering 

transmission losses. 
 

In this case, Senelec only uses the power plants with the cheapest cost of production to supply 

the demand (=199.9 MW). 
 

 This means in that case that the power plants: 

 Manantali Dam 

 Sococim 

 601-602-603-604 in Bel-Air 

 404-405 in Cap-Des-Biches 

will work at their maximum capacity. They will produce 141.5 MW. The remaining 58.4 MW 

(199.9-141.5=58.4 MW) and the transmission losses will be covered by the power plant 701-

702-703-704 in Kaolack. 
 

In order to know transmission losses and the accurate production in the power plant 701-702-

703-704, the same Matlab program as in part 3.2 is used. Kaolack is chosen as being the slack 

bus. 
 

An execution of this program gives the following results (see Appendix IV, IV-i): 

- The power plan 701-702-703-704 produces  61.2 MW 

- The transmission losses are equal to 2.8 MW (same results with the two different 

methods presented in section 3.2) 
 

The calculated production at Kaolack represents the real production that was registered and 

the figure of losses is in agreement with the estimation of losses based on measurements (See 

section 3.2). 
 

To conclude, the production for each power plant was as in Table 7. 
 

Table 7 : Active power production-17/01/12 

Name of the 

power plants 

Location 

 (name of the bus) 

Active power 

production (MW) 

Manantali Dam Supplies Tobène 225 kV 35 

Sococim Sococim 14 

601-602-603-604 Bel-Air 62 

404-405 Cap-Des-Biches 30.5 

701-702-703-704 Kaolack 61.2 

401-402-403 Cap-Des-Biches 0 

TOTAL 202.7 

 

In order to compare with the following situation with a dispatching strategy including 

transmission losses, the total cost of production must be calculated using Equation 5.The 
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transmission losses in percent of produced energy is calculated too. These two results for this 

first case are given in Table 8. 
 

Table 8 : Results for the first case 

Total cost of production 

(FCFA/h) 

  12 949 454  FCFA/h 

Transmission losses 

(in % of produced energy) 

1.38% 

 

3.4.3 Second case: dispatching solution including transmission losses 

 

In the previous situation, the transmission losses were not considered for the dispatching 

choice. The last power plant (ie. the most expensive one) that is used is the power plant 701-

702-703-704 situated in Kaolack and has a cost of production CProd_Kaolack equal to 77 345 

FCFA/MWh. The power plant 401-402-403 situated in Cap-Des-Biches has a slightly more 

expensive cost of production CProd_CDB123 equal to 78 940 FCFA/MWh and is not used at all in 

the previous situation.  

 

            
                  

 

           
                 

 

For the previous situation, the B-coefficients of Kron have been calculated with the bloss 

Matlab function and can be found in Appendix IV (IV-i). Thanks to them, the penalty factors 

of the site of production of Kaolack (LKaolack) and Cap-Des-Biches (LCap-Des-Biches) have been 

calculated thanks to the Equation 12 given in 3.3.4 (see Appendix IV, IV-i): 

 

                

 

                       

 

If these penalty factors are multiplied by the costs of production, it is possible to get an idea of 

the real cost of production including transmission losses for Kaolack (CR_Kaolack) and for the 

power plant 401-402-403 situated in Cap-Des-Biches (CR_CDB123): 

 

         
                   

 

        
                 

 

 

As a result, if the transmission losses are considered, power plant 401-402-403 at Cap-Des-

Biches appears cheaper than power plant 701-702-703-704 at Koalack. So, the production at 
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Cap-Des-Biches must increase and the production at Kaolack decrease. Nevertheless, these 

costs including losses are estimated with the penalty factors which are not constant if the 

flows in the line evolve. As a result, these costs can evolve with the variation of production. 

Thus, it is not sure that the optimal position consists in producing at the maximum levels (49 

MW) with the power plants 401-402-403 at Cap-Des-Biches and to complete the missing 

power with Kaolack power plant. Indeed, in this case (see Matlab simulation in Appendix IV, 

IV-ii), the following real costs including production and transmission losses are equal to: 

 

         
                   

 

        
                 

 

 

The cost of production and transmission losses is now higher in power plant 401-402-403 in 

Cap-Des-Biches than in Kaolack.  

 

The optimal situation is obtained when the estimated cost of production and transmission 

losses are equal [26]. In this situation (see Appendix IV, IV-iii for this Matlab case 

simulation), power plant 401-402-403 in Cap-Des-Biches produced 35.3 MW and power plant 

701-702-703-704 in Kaolack produced 23.8 MW. 

 

The estimated costs of production are equal to: 

  

         
          

                  

 

And, the different productions for each power plant are summarized in Table 9. 

 
Table 9 : Active power production-Optimal case 

Name of the 

power plants 

Location 

 (name of the bus) 

Active power 

production (MW) 

Manantali Dam Supplies Tobène 225 kV 35 

Sococim Sococim 14 

601-602-603-604 Bel-Air 62 

404-405 Cap-Des-Biches 30.5 

701-702-703-704 Kaolack 35.3 

401-402-403 Cap-Des-Biches 23.8 

TOTAL 200.6 

 

These transmission losses are less than in the first case and as a result the total production has 

decreased from 202.7 MW to 200.6 MW. 
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Transmission losses are equal to 0.71 MW and can be converted in % of produced energy. 

Moreover, the total cost of production can be calculated using Equation 5. These two results 

are given in Table 10 and can be compared to the results in Table 8 for the first case. 

 
Table 10 : Results for the second case 

Total cost of production and 

transmission losses (FCFA/MWh) 

12 847 970 FCFA/h 

Transmission losses 

(% of produced energy) 

0.35% 

 

 

3.4.4 Conclusion 

 

In the optimal situation considering transmission losses (the second case), 101 484 FCFA/h 

(155 €/h) have been saved compared to the first case situation when only production costs 

were considered. Moreover, transmission losses have been reduced from 1.38% to 0.35% of 

the produced energy. 

 

The change in dispatching decision that has been shown in the case study can be understood 

without the need of calculations. The majority of the load in Senegal is indeed in Dakar or its 

outskirts. Power plant 701-702-703-704 is located in Kaolack, which is more than 200 km 

from Dakar. The energy produced in Kaolack for the Dakar load must be transported there, 

creating losses. As a result, if a power plant in the Dakar area (such as 401-402-403 in Cap-

Des-Biches) has a cost of production a slightly higher than 701-702-703-704 in Kaolack, this 

power plant can in fact be cheaper than Kaolack if losses are considered. 

 

In this case study, only the influence of two power plants has been studied. However, it must 

be noticed that the penalty factors have also been calculated for the other sites of production 

but the difference between the costs of production of the other power plants were more 

important and no change of decisions can be taken for them if transmission losses are 

considered. 

 

Moreover, in this case study, the optimization is only done about active power productions. 

The reactive power productions are not optimized to reduce the losses. Only the reactive 

equality constraint is respected. 

 

This case study does not show a complete algorithm for optimal dispatching. The goal of this 

example was to advise Senelec to invest in a dispatching strategy that will include 

transmission losses: money can be easily saved by changing decisions and it will decrease the 

percentage of losses, increasing the overall efficiency. 
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3.5 Reactive power flow and losses 
 

A large amount of reactive power flows on the Senelec transmission grid because the reactive 

compensations (shunts) are almost inexistent [29]. Moreover, the independent producers have 

no constraint regarding the reactive production and only Senelec power plant manages the 

reactive power equilibrium in fact. As a consequence, Senelec power plant must sometimes 

produce the reactive in important distances from the place of consumption. This reactive 

power flow increases the transmission losses. It can be demonstrated like that: 

 

A 3-phase line is considered and the following symbols are defined: 

 

PL=transmission losses in the 3-phase line 

R=line resistance  

I=current in the line 

S=apparent power flowing the line 

P=active power flowing the line 

Q=reactive power flowing the line 

V=phase-neutral voltage  

 

The transmission losses in the line can be expressed as: 
 

          
Equation 13 : Transmission losses in a line 

 

But, if the two following equations regarding the apparent power are considered: 

 

        
Equation 14 : Definition of apparent power 

         
Equation 15 : Apparent power expressed as a function of active and reactive power 

 

It is possible to express the square of the current depending on the reactive power: 

 

   
     

      
 

Equation 16 : Expression of the square of current 

As a result, the transmission losses can be expressed as: 

 

   
         

    
 

Equation 17 : Transmission losses depending on the flowing reactive power 
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And it clearly appears that if the reactive power flowing in the line is important, it tends to 

increase the transmission losses. 

 

A complete study has already been made by Senelec to set up the reactive compensation in 

the transmission grid [29] but, on account on the lack of investment, this project is not already 

realized. Moreover, the contracts with independent producers should be reviewed in order to 

also include a participation in the reactive production. 

 

 

3.6 Conclusion 
 

Senelec does not use an optimal dispatching strategy that includes transmission losses. An 

optimal dispatching approach including losses would allow, as it was shown in the case study 

3.4, the company to save money and reduce its transmission losses. 

 

Moreover, a reactive compensative should be set up to reduce the reactive power flow that 

creates losses. 
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4. Study of technical losses in medium-voltage 

distribution grid 

4.1 Introduction 
 

Electrical power, after being produced, is transported through the transmission grid. This 

transmission grid delivers power to the distribution grid. But, electricity is not sent 

immediately to low-voltage consumers. It is first distributed on large electrical arteries with -

for Senelec- two possible levels of voltage: 30 kV and 6.6 kV [7]. These large arteries, also 

called “feeders”, constitute the medium-voltage grid. Some energy-intensive consumers 

(Industries, important shops…) are directly connected to this grid. It will also supply the low-

voltage grid for smaller-consumers. 

 

The goal of this part is to evaluate losses in the Senelec medium-voltage grid. This study will 

be done only for Dakar and its region which represent 58% of the electrical consumption in 

the country [7]. Modeling of feeders has been made in PSAF (software developed by CYME-

international). Due to time issues, representative feeders were chosen: 10 for the 30 kV-grid 

and 10 for the 6.6 kV-grid. They represent nevertheless around 19 % of the country-load and 

1/3 of Dakar-area-load [7]. 

 

4.2 Transformer losses between transmission grid and medium-

voltage grid 
 

Transformers that make the link between the transmission grid and the medium-voltage grid 

create losses. These losses are in the middle between transmission grid and medium-voltage 

grid. In fact, the measures done in order to know how much energy is delivered from 

transmission grid to the medium-voltage grid are done just before these transformers. It is 

arbitrarily decided to take them into account in medium-voltage grid losses. 

 

Another Master’s Thesis study [34] done at Senelec has proved that the annual efficiency of 

these transformers is 99.60%. It means that losses in these transformers are in average 0.40% 

of the energy flowing through them.  

 

To get this result, the formula already presented in Chapter 2 was used: 

                     
Equation 18 : Losses in a transformer 

 

Po and Pload are given in transformer specification. τ depends on the load. The daily and 

annual fluctuations of the load were studied to get this average result of 0.40% of losses. 
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This result will be used only at the end of the chapter and these transformers are not 

considered in the following modeling. 

 

4.3 Modeling the medium voltage grid 
 

4.3.1 Presentation of Senelec’s feeders 

 

A feeder is a sort of artery where electricity flows from a source station (where the energy 

from the transmission grid is delivered) to low voltage grid and medium voltage consumers. It 

consists of a cable which links different transformers. These transformers supply medium 

voltage consumers or the low voltage grid. An example of feeder is given in Figure 7. 

 

 
Figure 7 : Example of a feeder (so-called “Sacré-Coeur”) with 27 transformers 30kV/400V 

 

 

The structure of feeders varies according to several criteria: the length can vary between less 

than 5 km to more than 50 km, it can supply from less than 10 transformers to more than 60, 

the section of the cable can be different, the load can be in general small or very high, etc… 

[35] 
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The feeder can also be an overhead line or an underground cable but, for the Dakar area, it is 

almost always cables.  

 

4.3.2 Elements of modeling with PSAF 

 

To represent a feeder in PSAF, a basic cell, represented in Figure 8, was created and used. It 

consists of a transformer which converts from medium voltage (30 kV or 6.6 kV) to 400 V. 

On the 400 V-side, a load is inserted. An upstream cable supplies the transformer. The power 

that is not fed to the load goes to a downstream cable.  

 

 
Figure 8 : A basic cell to build a feeder on PSAF 

 

A feeder is modeled on PSAF as a succession such cells as shown in Figure 9. 
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Figure 9 : Representation of the “Sacré-Coeur” feeder on PSAF and a zoom 

 

Each feeder is supplied by a swing bus which represents the link to the high-voltage grid 

where power is taken. 
 

 

 

 

4.3.3 List of data that must be entered  

 

A large amount of data was required as input in PSAF in order to calculate losses in each 

feeder: 

- For transformers: 

* Disposal of windings (Y, D or Zigzag) in the primary and the secondary side. 

Senelec transformer specifications require for transformers with nominal power 

below or equal to 100 kVA a Y-configuration for the windings at the primary side 

and a ZigZag configuration for the secondary side. For distribution transformer 

above 100 kVA a D-configuration for the windings at the primary side and a Y-

configuration for the secondary side is used. [36] 

* Resistance and reactance of windings must also be registered. They are given in 

technical catalogues of transformer manufacturers. [35]  
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* Nominal power of each transformer in each feeder must be entered. An excel 

sheet with the list of Senelec distribution transformers was available for this. [35] 

- For cables or overhead lines: 

* Reactance and resistance per meter. This information depends on the area section 

and the type of material. They are given in manufacturer catalogue [35]. 

* Length of each cable or line between two transformers must be registered. It is 

also given in a Senelec excel sheet [35] but the distances are geographical. This 

means that they must be increased by 5% in order to represent the real length of the 

cable. A margin of 5% is added (an extra of 15 meters of cable each 300 meters) if 

repairs must be done on the cable. 5% must also be added for the overhead lines 

due to the sag of the lines.  

-   For loads that are supplied by each transformer to medium-voltage consumer or to the 

low-voltage grid, a campaign of measurement is done each year in October, the month    

with the electrical consumption at its peak. Measurements are performed at the peak 

period of the day: around 12.00 for working area and around 21.00 for residential area. 

These measurements were entered in PSAF [37]. 

 

 

4.3.4 Management of missing data 

 

Some data were missing in the campaign of measurement. No measurement was done for 

about 10% of the transformers without any clear reason (probably due to omission or error in 

reporting). In more marginal cases (2-3% of transformers), the nominal power of transformer 

was unknown. The following rules were applied to overcome this problem: 

- When the measurement of power supplied by the transformer is not performed, the 

ratio (measured power / nominal power) is calculated for transformers with available 

measurement. A mean of this ratio is made and is multiplied with the nominal value of 

the transformer with the missing measurement. This value is supposed to be a 

reasonable approximation of the load that should have been measured. 

- When the nominal power of the transformer is unavailable, the mean of the nominal 

power of the transformers in the same area is taken as an estimation of the missing 

value. This is due to the fact that the nominal value depends on the type of district that 

is supplied and in general, it was observed that neighboring districts are quite similar. 

- When less than 80% of transformers are measured, the feeder is considered having 

insufficient information and is rejected for this study. 

- When less than 95% of nominal power of transformer is available, the feeder is also 

rejected for the same reason.  

 

The ten 30kV-feeders and the ten 6.6-kV feeders considered in this study obey to these 

rules.  
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4.4 Results with maximum loads 
 

When all the data are entered for each feeder, PSAF calculates the power flow solution and 

deduces the losses in each feeder. It can separate the losses in transformers from losses in 

cable. The following results in Table 11 and Table 12 are the losses when the load is 

maximum. Losses are proportional to the square of the load (proportional to R.I²), so these 

results correspond to maximum losses on each feeder.  

 

 
Table 11 : Table of results for 30 kV-feeders at maximum load 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total losses 

 (%) 

Fass Mbao 10030.042 169.188 111.224 280.411 2.80% 

HLM PO 11172.057 211.617 154.240 365.857 3.27% 

Maristes 11745.859 203.578 133.959 337.537 2.87% 

Ouakam 12673.685 448.641 160.729 609.370 4.81% 

Puits 13 7758.740 159.852 94.635 254.487 3.28% 

Rufsac 11832.146 246.094 142.900 388.994 3.29% 

Sacré-Coeur 10518.214 426.469 152.147 578.616 5.50% 

Ngor-Almadies 10014.642 211.688 127.054 338.741 3.38% 

CFAO 8990.797 79.273 120.349 199.622 2.22% 

Manguiers 2862.818 11.366 32.654 44.020 1.54% 

TOTAL 97599.000 2167.766 1229.891 3397.655 3.48% 

 

 

 
Table 12 : Tables of results for 6.6 kV-feeders at maximum load 

Name of feeder Supplied 

power to the 

feeder (MW) 

Losses in 

cables 

(MW) 

Losses in 

transformers 

(MW) 

Total 

losses 

(MW) 

Total losses 

(%) 

Sodida 2905.872 92.938 30.136 123.073 4.24% 

LFTR 3634.701 198.068 27.995 226.063 6.22% 

Batterie Yoff 3301.530 261.587 37.056 298.643 9.05% 

Mermoz 3212.140 114.030 26.420 140.450 4.37% 

Dag. Pikine 2771.074 69.667 26.940 96.607 3.49% 

Hotel Nina 2536.945 24.026 25.618 49.644 1.96% 

Crédit Foncier 2163.703 24.975 17.456 42.431 1.96% 

Médina 3245.777 124.266 27.887 152.153 4.69% 

Tolbiac 3843.543 245.803 37.347 283.150 7.37% 

Sileye Guissé 2403.593 97.941 24.518 122.459 5.09% 

TOTAL 30018.878 1253.301 281.373 1534.673 5.11% 



43 

 

 

 

 

First of all, it can be noticed that losses in 30 kV-feeders are in average lower than losses in 

the 6.6 kV-feeders (see Figure 10). This is due to the fact that at the same level of apparent 

power (S =3 V*I), if the voltage level is higher, the current is lower and consequently the 

losses are lower (Joule losses are equal to 3*R*I²). Nevertheless, the load is in general lower 

on 6.6 kV-feeders than in 30 kV-feeders and it compensates to a small extent the previous 

phenomenon. 

 

 
Figure 10 : Comparison about losses for the two-levels of voltage 

 

If the results are more thoroughly analyzed, it can be observed that the rate of losses is quite 

homogeneous around the mean of 3.48% for the 30 kV-feeders. The scale is indeed between 

1.54 % and 5.50 % (see Figure 11) and the standard deviation is 1.15%. But it is not the case 

for the 6.6kV-feeders for which the loss rates vary between 1.96% and 9.05% (see Figure 12). 

The standard deviation is 2.23%, which is twice as high as the 30kV-grid. 6.6 kV-feeders can 

in fact be divided in two groups: 

- The first group has losses above 5%. It consists of the feeders called LFTR, Batterie 

Yoff, Tolbiac and Sileye Guissé. These feeders have high losses and it is a priority to 

reduce them. They could be reduced by changing the voltage level. Indeed, if it 

changes from 6.6 kV to 30 kV, the current and consequently the losses will be reduced 

in the feeders. 

- -The second group has losses around or below 4%. It consists of feeders called 

Mermoz, Sodida, Dag. Pikine, Hotel Nina, Crédit Foncier and Medina. These losses 

are acceptable if they are compared with the 30 kV-grid losses. This is due to the fact 

that the load is in general relatively small on these feeders. Of course, these losses 

could be reduced by increasing the voltage level but it is not a priority because these 

losses are reasonable.  
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Figure 11 : Details of loss rate for each 30 kV-feeders 

 

 

 
Figure 12 : Details of loss rate for each 6.6 kV-feeders 
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Regarding the distribution of losses, there is a difference between the 30 kV-grid and the 

6.6kV-grid as it can be observed in Figure 13. For the 30 kV-feeders, 63.8 % of losses are due 

to losses in cables and 36.2 % due to losses in transformers. But, for the 6.6 kV-feeders, 

81.7% of losses are due to losses in cables and only 18.3 % due to losses in transformers. This 

is due to the fact that losses from currents flowing in cables are in average higher for the 6.6 

kV-grid. As a result losses in cables are relatively more important for the 6.6 kV-grid. (This 

repartition of losses is almost the same regardless of the load level of the feeders as it can be 

seen in Appendix V) 

 

  
Figure 13 : Distribution of losses for each voltage level 

 

 

4.5 Estimation of average losses on the year 2011 
 

The losses in the medium-voltage grid have been calculated for maximum load in section 4.4. 

Nevertheless, it is not the percentage of losses for a year because (Joule) losses vary 

proportionally to the square of the current magnitude. The evaluated situation corresponds to 

the case of maximum load, so for maximum losses. 

  

In this part, average losses will be estimated for year 2011. Unfortunately, measurements in 

each transformer 30kV/0.4kV or 6.6kV/0.4kV are made only in October during the peak of 

consumption. The injected power is however measured each 10 mn on each beginning of 

feeders throughout the year and graphics depicting the evolution of power are available for 

each feeder. [38] 

 

The challenge is to use this information to estimate average losses. The goal is to get an order 

of magnitude of these average losses.   
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For that, the daily load curve for each feeder will be approximated as being a sequence of 2 or 

3 different levels of load. For instance, in Figure 14, the evolution of the current in the feeder 

HLM PO on 13/10/2011 can be observed in blue. This curve can be -roughly speaking- 

approximated by the red stepwise curve with two current levels. These levels of load will be 

compared to the maximum load measured during the campaign of measurements in October 

2011. The two different levels of load correspond to a percentage of the maximum load 

measured in October. Using the loads expressed as a percentage of maximum load, 

simulations can be done in PSAF integrated the evolution of the load. In this way, it is 

assumed that the relative distribution of the load in the feeder is the same as what was 

measured in October. 

 

 
Figure 14 : Measurements and approximation of the current in the feeder HLM PO (13/10/2011) 

 

Besides, days can be gathered in periods where the behavior of each feeder is almost the same. 

For instance, we can classify days as days in hot season (July-October) when the consumption 

is very high or as days during the low season between November and June when the 

consumption is lower (because temperatures are lower). For some feeders, the difference 

between week days and weekend days is relevant. The feeders can also be classified 

depending on which type of areas they supply (residential area, working area, etc…) because 

the injection of power has the same variation during the day. But some feeders must be treated 

independently as exception because they cannot be described in these groups. 
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4.5.1 Estimation of average losses in feeders for residential area 
 

9 feeders out of the 20 studied feeders can be identified as having a behavior of a feeder 

supplying a residential area. For the 6.6 kV, there are feeders called LFTR and Dag. Pikine. 

For the 30 kV, there are Fass Mbao, HLM PO, Maristes, Puits 13, Rufsac, Sacré-Coeur and 

Ngor-Almadies.  
 

In a day, they have almost the same behavior: a low level of consumption between 00.00 and 

19.00 and a high level of consumption in the evening between 19.00 and 00.00. It can be 

understood that: the sun sets around 19.00 all year and people must switch on their lights. 

They switch off when they go to bed around 00.00. Figure 14 shows the typical evolution in a 

day of the load in HLM PO, a typical residential feeder.  
 

For residential feeders, the difference between week days and weekend days is not relevant: 

the behavior is almost the same. Nevertheless, there is a large difference of consumption 

between the hot season (July-October) and the rest of the year. 
 

Table 13 shows the modeling of the consumption of the feeders as a percentage of maximum 

load measured in October. The PSAF loss calculation results obtained for these ratios are also 

included. For more details of each feeder in PSAF result simulation, Appendix V (V-i) can be 

consulted. 
 

Table 13 : Residential-area-feeders / main elements of modeling / main PSAF-results 

Period of 

Year 

Period of 

day 

Average load  

(in % of 

maximum 

load) 

Total energy 

supplied to 

the 9 feeders 

(kWh/h) 

Cable losses 

on the 9-

feeders 

(kWh/h) 

Transformer 

losses on 9-

feeders 

(kWh/h) 

Total losses-on 

the 9 feeders- 

(kWh/h) 

November-

June 

00.00-19.00 47% 36602.93 391.882 202.883 594.765 

19.00-00.00 72% 56598.273 947.958 488.482 1436.442 

July-

October 

00.00-19.00 65% 51321.959 765.800 395.222 1161.024 

19.00-00.00 92% 72887.365 1588.353 814.828 2403.182 
 

Note that the average load in percentage of maximum load for the hot season between 19.00 

and 00.00 is not 100% but 92%. This is due to the fact that an average is taken during the 

period and the consumption in July, August and September are lower than that in October (the 

hottest month). Moreover, the measurements done for the maximum load are in general made 

between 20.00 and 21.00, when the consumption is maximum. The consumption is in general 

lower between 19.00 and 20.00 and after 22.30.  
 

Based on these results, yearly losses can be estimated. There are 123 days between July and 

October and 242 days for the low consumption season (November-June). Moreover, there are 

5 hours between 19.00 and 00.00 and 19 hours for the rest of the day. Therefore, to convert 

the results for each simulation in kWh/h in results for all the year 2011 in kWh, the following 

formula is used: 

                                                           
Equation 19 : Estimation of yearly energy in residential feeders 
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With:    -Eyear :  Yearly energy in kWh for 2011 

             -Ex%   :  Energy in kWh/h for a load equal to x % of the maximum load 
 

Using Equation 19, the yearly total energy supply, the yearly losses in transformers and cables, 

and the yearly total losses can be calculated. The results are given in Table 14. 

Table 14 : Yearly results for the 9 residential feeders 

 Results in MWh in 2011 for 

the 9 residential feeders 

Supplied energy 401 549.330 

Cable losses 5 715.414 

Transformer losses 2 948.672 

Total losses 8 664.094 

 

4.5.2 Estimation of average losses in feeders for working area 

 

6 feeders out of the 20 studied feeders can be identified as having a behavior of a feeder 

supplying a working area (factories, administration, etc…). For the 6.6 kV, there are feeders 

called Hotel Nina, Crédit Foncier, Tolbiac and Sileye Guissé. For the 30 kV, there are CFAO 

and Manguiers. 
 

During a day, they have a low level of demand between 00.00 and 08.30 and between 16.30 

and 00.00. However, the level of demand in the day between 08.30 and 16.30 is relatively 

high. These hours correspond of course to hours when people work. 
 

 
Figure 15 : Measurements and approximation of the intensity in a working-area feeder 

Week day- 13/10-2011-Feeder “Crédit Foncier” 
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For working-area-feeders, the difference between week days and weekend days is very 

relevant because the consumption is lower in the weekend at the same level of consumption 

almost all the day. As for residential-area-feeders, there is a large difference of consumption 

between the hot season (July-October) and the rest of the year. 

 

Table 15 shows the modeling of the consumption of the 6 working area feeders as a 

percentage of maximum load measured in October. The PSAF loss calculation results 

acquired for these ratios are included. For more details of each feeder in PSAF-result 

simulation, Appendix V (V-ii) can be consulted. 

 
Table 15 : Working-area-feeders / main elements of modeling / main PSAF-results 

Period of 

Year 

Period 

of the 

week 

Period of 

day 

Average 

load (in % 

of 

maximum 

load) 

Total energy 

supplied to 

the 6 feeders 

(kWh/h)  

Cable 

losses on 

the 6-

feeders 

(kWh/h) 

Transformer 

losses on 

the 6-

feeders 

(kWh/h) 

Total 

losses-on 

the 6 

feeders- 

(kWh/h) 

 

November

-June 

week 16.30-08.30 34% 7578.167 50.809 27.996 78.805 

08.30-16.30 56% 12571.115 141.962 77.4555 219.418 

weekend All the day 34% 7578.167 50.809 27.996 78.805 

 

July-

October 

week 16.30-08.30 50% 11198.794 112.334 61.325 173.6 

08.30-16.30 93% 21150.445 413.46 222.093 634.953 

weekend All the day 50% 11198.794 112.334 61.325 173.6 

 

 

Using these results, yearly losses can be estimated knowing that there is between July and 

October 88 week days and 35 weekend days. The rest of the year 2011 consisted of 173 week 

days and 69 weekend days. There are 8 hours between 08.30 and 16.30 and 16 hours for the 

rest of the day. Thus, to convert the results for each simulation in kWh/h in results for all the 

year 2011 in kWh, the following formula is used: 

 

                                                             

                                        

Equation 20 : Estimation of yearly energy in working area feeders 

 

With:    -Eyear :  Yearly energy in kWh for 2011 

             -Ex%   :  Energy in kWh/h for a load equal to x % of the maximum load 

 

Using Equation 20, the yearly total energy supply, the yearly losses in transformers and cables, 

and the yearly total losses can be calculated. The results are given in Table 16. 
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Table 16 : Yearly results for the 6 working area feeders 

 Results in MWh in 2011 for 

the 6 working area feeders 

Supplied energy 90 989.036 

Cable losses 964.857 

Transformer losses 525.264 

Total losses 1 489.567 
 

4.5.3 Other feeders 
 

5 feeders cannot enter in these two categories and must be treated separately. They are a mix 

of residential and working areas or special areas such as university areas. Ouakam (30 kV), 

Mermoz (6.6 kV) and Batterie Yoff (6.6 kV) are feeders with almost the same behavior and 

can be treated together. This is not the case for Medina (6.6 kV) and Sodida (6.6 kV) that 

must be treated independently. The method used is the same as before so only the main 

element of modeling and PSAF-results will be presented. 
 

Ouakam (30kV),Mermoz (6.6 kV), Batterie Yoff (6.6 kV) 
 

For these feeders, the opposition weekend days/week days is not relevant. The consumption is 

high between 08.00 and 00.00 and low for the rest of the day. The model of the load and the 

result are shown in Table 17. 
 

Table 17 : Oukam-Mermoz-Batterie Yoff feeders / main elements of modeling / main PSAF-results 

Period of 

Year 

Period of 

day 

Average load 

(in % of 

maximum 

load) 

Total energy 

supplied to 

the 3 feeders 

(kWh/h) 

Cable 

losses-on 

the 3 

feeders- 

(kWh/h) 

Transformer 

losses-on 

the 3 

feeders- 

(kWh/h) 

Total losses-on 

the 3 feeders- 

(kWh/h) 

November-

June 

00.00-08.00 44% 8165.135 143.100 39.990 183.09 

08.00-00.00 57% 10657.192 246.826 68.386 315.21 

July-

October 

00.00-08.00 75% 14169.775 442.209 121.541 563.66 

08.00-00.00 90% 17163.732 655.745 178.999 834.745 

 

For further details regarding each feeder, please refer to Appendix V (V-iii). After 

calculations, the yearly results are obtained and given in Table 18. 
Table 18 : Yearly results for Ouakam, Mermoz and Batterie Yoff feeders 

 Results in MWh in 2011 for Oukam, 

Mermoz, Batterie Yoff feeders 

Supplied energy 104 793.632 

Cable losses 2 958.392 

Transformer losses 813.389 

Total losses 3 772.375 
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Medina (6.6 kV) 

 

Medina is a special feeder that can be modeled with 3 levels of consumption a day: 

- A low level of consumption between 00.00 and 08.00 

- A medium level of consumption between 08.00 and 19.00 

- A high level of consumption between 19.00 and 00.00 

There is no difference between week days and weekend days but there is a clear difference 

between the hot season and the rest of the year. 

 

The model of the load and the result are shown in Table 19. 

 
Table 19 : Medina feeders / main elements of modeling / main PSAF-results 

Period of 

Year 

Period of 

day 

Average load 

(in % of 

maximum 

load) 

Energy 

supplied 

to the 

feeder 

(kWh/h) 

Cable losses 

on the  feeder 

(kWh/h) 

Transformer 

losses on the  

feeder 

(kWh/h) 

Total losses 

on the  

feeder 

(kWh/h) 

November-

June 

00.00-08.00 46% 1453.245 24.504 5.500 30.003 

08.00-19.00 63% 2006.852 46.969 10.543 57.511 

19.00-00.00 79% 2536.761 75.418 16.930 92.348 

July-

October 

00.00-08.00 70% 2237.585 58.516 13.135 71.651 

08.00-19.00 86% 2771.478 90.215 20.252 110.467 

19.00-00.00 99% 3212.281 121.699 27.323 149.022 

 

 

For further details about the previous result, please refer to Appendix V (V-iv). After 

calculations, the yearly results are obtained for these feeders and are given in Table 20. 

 
Table 20: Yearly results for Medina feeder 

 Results in MWh in 2011 for 

Medina feeder 

Supplied energy 19 152.349 

Cable losses 518.213 

Transformer losses 116.332 

Total losses 634.536 
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Sodida (6.6 kV) 

 

Sodida is also a feeder that must be treated separately. It can be modeled with 2 levels of 

consumption: a high level between 09.00 and 23.00 and a low level for the rest of the day. 

There is no difference between week and weekend. 

 

The model of the load and the result are put in the Table 21. 

 
Table 21 : Sodida feeders / main elements of modeling / main PSAF-results 

Period of 

Year 

Period of 

day 

Average load 

(in % of 

maximum 

load) 

Energy 

supplied to 

the feeder 

(kWh/h) 

Cable losses 

on the  

feeder 

(kWh/h) 

Transformer 

losses on 

the  feeder 

(kWh/h) 

Total losses 

on the  

feeder 

(kWh/h) 

November-

June 

23.00-09.00 51% 1449.271 22.704 7.388 30.092 

09.00-23.00 79% 2273.156 56.423 18.324 74.747 

July-

October 

23.00-09.00 68% 1946.923 41.222 13.398 54.620 

09.00-23.00 99% 2875.391 90.963 29.496 120.459 

 

For further details about the previous result, please refer to Appendix V (V-v). After 

calculations, the yearly results are obtained and given in Table 22. 

 
Table 22 : Yearly results for Sodida feeders 

 Results in MWh in 2011 for 

Sodida feeder 

Supplied energy 18 558.517 

Cable losses 453.446 

Transformer losses 147.232 

Total losses 600.678 

 

4.5.5 Summary of the results 

 

The sample of 20 feeders with ten 30 kV-feeders and ten 6.6 kV-feeders is representative of 

Dakar medium-voltage grid (and even the country voltage grid) where there is almost the 

same number of 30 kV feeders and 6.6 kV feeders [7]. 

 

These feeders have been gathered in different categories, depending on their load behavior in 

the day, the week and the year. All these results have been summed up in  

Table 23 and the losses and supplied energy for the 20 feeders have been calculated. 
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Table 23 : Total yearly results for the 20-feeder sample depending on their category (2011) 

 Supplied 

energy 

(MWh) 

Losses in cables 

(MWh) 

Losses in 

transformers 

(MWh) 

Total losses 

(MWh) 

9 residential area 

feeders 

401 549.330 5 715.414 2 948.672 8 664.094 

6 working area 

feeders 

90 989.036 

 

964.857 

 

525.264 

 

1 489.567 

 

Ouakam-Mermoz-

Batterie Yoff 

104 793.632 

 

2 958.392 

 

813.389 

 

3 772.375 

 

Medina 19 152.349 518.213 116.332 634.536 

Sodida 18 558.517 453.446 147.232 600.678 

TOTAL 

(20 feeders) 

 

635 042.864 

 

10 610.322 

 

4550.889 

 

15 161.250 

 
 

The results of losses can be converted in % of the total supplied energy (the injected energy in 

these feeders after the high voltage-medium voltage transformers). The 20 feeders are 

representative of the medium-voltage grid; thus, the results given in Table 24 constitute an 

estimation of yearly average losses in the medium-voltage grid. 

  
Table 24 : Yearly estimation of the medium-voltage grid losses (2011) 

 In % of injected energy in the medium-voltage grid 

Losses in cables 1.67% 

Losses in transformers 0.72% 

Total losses 2.39% 

 

As a result, the average yearly losses in the medium-voltage grid have been estimated as 

2.39% of injected energy in this grid. This result includes cable losses which represent 70% of 

these losses and losses in transformers that supplied medium-voltage consumers or low-

voltage grid which represent 30% of these losses. 

 

4.6 Recommendations  
 

The main recommendations that can be given according to this study are: 

- Change the 6.6 kV feeders to 30 kV for feeders that have the most important 

percentage of losses. It will decrease the current I flowing in these feeders and 

decrease the losses (proportional to I²). Change the voltage in 6.6 kV feeders that have 

reasonable percentage of losses do not seem to be necessary, especially in a context of 

lack of investment. 

- Regardless the problem of voltage, feeders that have the most important percentage of 

losses are the longest feeders (this increases the total resistance of cables) and the 
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feeders with an important load. It does not seem reasonable to have feeders too long or 

with around 60 transformers to supply medium-voltage consumers or Low-Voltage 

grids as it is the case in the feeder Ouakam for instance. These too long and over-

loaded feeders should be divided in several feeders with more reasonable size. 

- New feeders that will be built in a near future should be designed for future loads and 

not for today’s loads. 
 

4.7 Conclusions 
 

Just before being injected in the distribution grid, electrical energy flows through high 

voltage-medium voltage transformers where 0.40% of this energy is lost in average on a year. 
 

After that, electrical energy goes in feeders that constitute the medium-voltage grid. Losses in 

this grid can be due to cable losses or losses in transformers to supply medium-voltage 

consumers or the low-voltage grid.  
 

In order to estimate these losses, 20 feeders (10 for the 30 kV-grid, 10 for the 6.6 kV-grid) 

were chosen as a representative sample and modeled with PSAF-electricity software. The 

loads that were considered were the loads taken during the campaign of measurements in 

October 2011. The simulation with these loads gives an idea of maximum losses that can 

occur. 
 

In a second step, using a modeling of the daily and annually variations of load in each feeder, 

simulations were done to estimate the percentage of losses in the medium-voltage grid. The 

losses in the medium-voltage grid are in average 2.39% of the injected energy in the 

distribution grid. This figure includes losses in cables (70%) and losses in medium voltage-

low voltage transformers (30%). 
 

All the main results are summarized in Table 25. 

 
Table 25 : Main results about Medium-voltage grid estimation of losses 

  Results 

 

Units 

Losses in transformers high-

medium voltage 

0.40% in % of energy flowing these 

transformers 

Medium voltage grid losses 2.39% in % of energy injected in the 

medium-voltage grid 

 

Among 

which : 

Losses in cables 70% In % of medium voltage 

losses 

Losses in transformers 

(medium-low voltage) 

30% In % of medium-voltage 

losses 

 

Some recommendations about what seems important to reduce the medium-voltage grid 

losses are given in paragraph 4.6. 
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5. Study of technical losses in low-voltage 

distribution grid 

5.1 Introduction 
 

The low-voltage grid is probably the part of the Senelec grid where the structure of the grid is 

the most unknown, especially in Dakar where the growth of the city is exponential. When a 

new housing estate is built, Senelec sets up a low-voltage grid to provide electricity there. 

Senelec has maps of that. However, the housing area quickly grows with new houses built 

around the area or between older houses. New cables are put each week to supply these new 

houses, but are not reported in the blueprint. This means that no blueprint is updated. Almost 

all are obsolete, except maybe for the newest housing estate, which is not representative. In 

that case, it is not possible to map a part of the low-voltage grid to calculate the losses using 

software. 

 

As a result, a method that will not need to know the complete structure of the low-voltage grid 

must be used. The campaign of measurement of October 2011 [37], already presented in the 

previous chapter, contains information regarding the beginning of each low voltage departure, 

just after transformer 30kV/400V or 6.6kV/400V. Voltage, current and sent power are 

measured. These pieces of information are enough to use a semi-empirical formula developed 

in [39] and [40] based on voltage drop. This formula will be used to estimate losses in the 

Senegalese low voltage grid.  

 

5.2 Estimation of losses with a formula based on voltage drop 
 

 

An estimation of losses (in percent) in low-voltage grid can be calculated using the following 

formula [39]: 

 

                               

Equation 21 : Estimation of low-voltage grid losses 

With: 

 

                
           

           
  (     

  

   
)       

  

   
 

Equation 22 : Coefficient to evaluate the contribution of unbalanced currents 

 

   
 

    
 

Equation 23 : Load coefficient 
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Where: 

 

∆Wi(%)  : losses in percent 

Kunbalance : coefficient to evaluate the contribution of unbalanced currents in the different       

                 phases to create losses 

Kτ                 : coefficient which evaluates how often the part of the studied grid is under  

                  maximum load 

∆Umax(%)    : maximum voltage drop, ie maximum difference between the voltage at the   

beginning of the line and the voltage at the end of the line that can be observed. 

Result in percent (ie 
               

          
) 

Ia, Ib, Ic    : current in phase a, b, c when the load is maximum 

Rn            : resistance of the neutral cable 

Rph           : resistance of a phase cable 

τ              : time of maximum load in a day 

τmax              : maximal time of utilization of the transformer which supply the studied low-  

                  voltage grid in a day 

 

 

The formula is partly empirical, especially concerning the coefficient 0.7 determined by 

experience and statistic. Nevertheless, the other factors can be understood as causes of losses: 

 

- Kunbalance is a coefficient to evaluate the contribution of unbalanced currents in the 

different phases to create losses. When a system is balanced, the power which flows in 

the neutral cable is equal to zero because the sum of currents is zero (due to phase shift 

of 120°). But, when the system is unbalanced, the sum of the 3-phase-currents is not 

equal to zero and this current flows into the neutral creating losses [27]. 

 

- Kτ is a coefficient which evaluates how often the part of the studied grid is under 

maximum load. The larger the load, the larger the losses (proportional to R*I²).  As a 

result, losses depend on the size of the maximum load period. 

 

- ∆Umax evaluates the maximum voltage drop. The relationship between ratio of losses 

∆Wi(%) and the relative drop voltage ∆U(%) can be obtained as, if a line with an 

impedance R+j*X is considered [27]: 

 

       
    

 
 (

     

       
)    (

   

       
)  (         ) 

Equation 24 : Theoretical formula of the losses in a line 

 

      
       

         
 (

   

          
)               

Equation 25 : Theoretical formula of voltage drop in a line 

 



57 

 

With: 

 

R : resistance of the line 

X : reactance of the line 

I : current in the line 

P : flowing active power 

Q : flowing reactive power 

ψ :X/R 

tanφ :Q/P 

UeqP  : equivalent voltage for which power losses in the equivalent impedance are equal to   

              the same losses in the grid with the real voltage in the different nodes of the grid 

UeqU  : equivalent voltage for which voltage drop on the equivalent impedance is equal to  

              voltage drop between the beginning of the grid until its furthest point 

Unom  : nominal voltage in the grid 

 

UeqP, UeqU and Unom are different but in first approximation, they can be assumed to be equal 

[27], [40]. 

 

As a result: 

       
         

          
       

Equation 26 : Losses in a line, depending on voltage drop 

And the losses ∆Wi(%) are proportional to the voltage drop ∆U(%). 
 

5.3 Calculations 

5.3.1 Assumptions 

 

 The ratio 
  

   
   

Justification of the assumption: the resistance is equal to 
   

 
 where ρ is the resistivity, L the 

length and S the section area. The neutral cable and the phase cable have the same length and 

the same resistivity (because the neutral and the phase are manufactured with the same 

material). 

 

As a result, 
  

   
 

   

  
 .    

 

With:  
 

Rn  : the resistance of the neutral cable 

Rph  : the resistance of a phase cable 

Sn    : the section of the neutral cable 

Sph  : the section of a phase cable 
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 A very large majority of Senelec low-voltage grid is covered with 3 types of cables [41]: 

- 3*16+16 ie 16 mm² for each phase and 16 mm² for the neutral 

- 3*25+25 ie 25 mm² for each phase and 25 mm² for the neutral 

- 3*50+50 ie 50 mm² for each phase and 50 mm² for the neutral 

 

Consequently, the sections are the same for neutral and phase for a very large majority of the 

grid: Sph=Sn, 

 

And 
  

   
 

   

  
  . 

 

It is an approximation because a small portion of the low-voltage grid is made with other 

types of cables, with different sections for neutral and phase. 

 

 Kτ=5/24 for residential districts 

Justification of the assumption: Residential districts register a peak of consumption between 

19.00 and 00.00 all the year round [7]. There is no distinction between week days and week-

end days: it is the same level of consumption. The transformers that supply this type of low-

voltage area are working 24 hours a day. 

 

 Kτ=8/24 for working area 

Justification of the assumption: Working area register a peak of consumption between 8.00 

and 16.00 all the year. [7] There is no distinction to do between week and week-end: it is the 

same behavior of consumption because working areas that are on the low-voltage grid are in 

general markets or small shops that are open even on the weekend. It is different from 

administrations, universities, industries that are medium-voltage consumer and that consume 

less on the weekend as it was studied in the previous chapter. The transformers that supply 

this type of low-voltage area are working 24h/24: even during the night there is a residual 

consumption (refrigerators in some food shops, etc…). 

 

 Voltage at the end of line is supposed to be 220 V with a tolerance of 10%, according 

to the specifications of the low-voltage grid [7]. Some selective campaigns of measurements 

show that the voltage is almost always inferior to 220V but superior to 198V with a mean of 

209 V [42]. (These campaigns are unfortunately not coupled with the same time of the 

campaign of measurement in October). In the following calculations, 3 simulations will be 

done: one with a mean voltage of 209 V at the end of line which will give an idea of the mean 

losses in the low voltage grid and two other ones for 220V (expected voltage) and 198V 

(=220V minus 10%). These two simulations will give a scale of values in which the real value 

of the low-voltage losses is.  
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5.3.2 One example of calculation 

 

During the campaign of measurement in October 2011 [37], measurements were made on 

17/10/2011 at 22.50 on a transformer and its beginning of low-voltage feeder. The name of 

this transformer is “HLM Maristes” and it belongs to the feeder called “Maristes”, which has 

already been studied in the previous chapter. It is here taken as an example to illustrate how to 

use the formula. The data in Table 26 were given for this transformer. 

 
Table 26 : Measurements-Transformers “HLM Maristes”-17/10/2011-22.50 

Symbols Meanings Measured values 

Smeasured Apparent power supply to the low-voltage grid 

after the transformer 

458.385 kVA 

V1 Voltage phase-neutral for phase 1 at the 

beginning of the low-voltage line 

240 V 

V2 Voltage phase-neutral for phase 2 at the 

beginning of the low-voltage line 

240 V 

V3 Voltage phase-neutral for phase 3 at the 

beginning of the low-voltage line 

240 V 

I1 Current for phase 1 553 A 

I2 Current for phase 2 554 A 

I3 Current for phase 3 735 A 

 

 Calculation of the coefficient Kunbalance 

 

Using Equation 22 (see section 5.2), the assumption done about the ratio of the neutral cable 

resistance and a phase cable resistance in section 5.3.1 and the measurements of the three 

currents I1,I2,I3 given in Table 26, the coefficient Kunbalance is obtained: 

 

                   

 

It must be noticed that this coefficient is above 1 because the imbalance of the three phase 

currents tends to increase losses. In this example, the current in phase 3 is clearly more 

important than the current in phase 1 and 2 (735 A versus 553 and 554 A).  

 

 Calculation of the coefficient Kτ 

 

The transformer “HLM Mariste” supplies a residential area during 24 hours in a day with a 

pic of consumption during 5 hours (between 19.00 and 00.00). Using Equation 23 (see section 

5.2) with τ equal to 5 hours and τmax equal to 24 hours, Kτ is obtained: 
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 Calculation of voltage drop in percent 

 

The following symbols are defined: 

Vmean beginning   :  Mean voltage at the beginning of the low-voltage grid 

Vend                         :  Voltage at the end of the low voltage grid, where the voltage is minimum 

 

The voltage at the beginning of the low-voltage grid is the mean of the voltage for the three 

phases: 

                
        

 
 

Using values of V1, V2, V3 given on Table 26, Vmean beginning  is obtained: 

 

                           

 

Then, to calculate the maximum voltage drop ∆Umax(%)  (See 5.2), the Equation 27 is used: 

 

          
                      

                
  

Equation 27 : Voltage drop calculation 

 

According to the assumption done in section 5.3.1, Vend is assumed to be in average 209 V. 

But the minimum and the maximum assumed values (respectively 198 V and 220 V) are also 

considered to give a confidence margin. The results for ∆Umax(%)  for these different cases are 

given in Table 27. 

 
Table 27 : Evaluation of maximum voltage drop 

 Vend=220 V Vend=209 V Vend=198 V 

∆Umax(%) 8.20% 12.80% 17.38% 

 

 Calculation of losses in this low-voltage grid 

 

Using  Equation 21 and the previous results, these low-voltage grid losses ∆Wi (%) are 

obtained, depending on the assumption done for the voltage at the end of the low-voltage grid: 

 
Table 28 : Low-voltage losses - Area “HLM Maristes” 

 Vend=220 V Vend=209 V Vend=198 V 

∆Wi(%) 1.24% 1.93% 2.62% 

 

 

To conclude this example, the value of the losses on the low-voltage area “HLM Maristes” is 

between 1.24% and 2.62%. It can be estimated as 1.93%. It must be noticed that this 

estimation of 1.93% is not so relevant for only one low-voltage area because the exact voltage 
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at the end of line is unknown. Nevertheless, it is known that in average the voltage at the end 

of line is 209V. So, when a mean is taken on many low voltage areas, it will be logical to 

speak about global mean for low-voltage losses. 

 

5.4 Results 
 

The same types of calculations as in the previous example 5.3.2 have been done for 435 low-

voltage areas from Dakar and outskirts, using the results of the campaign of measurement 

done in October 2011. All the detailed results for each area have been obtained on an excel 

file that can be found in Appendix VI.  An estimation of losses in kW has been done in each 

case. Then, these loss estimations have been summed and divided by the total injected power 

in the 435 low-voltage areas, giving an estimation of losses in the Senelec-low-voltage grid.  

 

The obtained results are given in Table 29.  

 
Table 29 : Estimation of Senelec low voltage grid losses 

 Vend=220V Vend=209V Vend=198V 

Senelec low voltage grid losses 

(in % of energy injected 

in low-voltage grid) 

 

1.18% 

 

2.06% 

 

2.93% 

  

As a result, low-voltage losses are between 1.18% and 2.93% and can be estimated being 

equal to 2.06% of the injected energy in the low voltage grid. 

 

This figure can surprise if it is compared with the medium-voltage grid for which 2.39% of 

the injected energy is lost. Indeed, the voltage is more important in the medium-voltage grid; 

as a result, it can be expected that the losses in the low-voltage grid should be larger. 

 

Nevertheless, the following points can explain that: 

- The low voltage grid is shorter (7800 km) than the medium-voltage grid (8600 km) 

- 1/3 of the load at the end of the medium-voltage grid is consumed by medium-voltage 

consumers. As a result the total load is smaller in the low voltage grid, reducing losses. 

- The figure (2.39%) of losses in the medium-voltage grid included losses in medium-

low voltage transformers which represent 30% of losses (see Chapter 4) whereas 

losses in low-voltage grid are just losses in electrical lines. If only medium-voltage 

cable losses and low-voltage line losses are compared, low-voltage line losses are 

more important (2.06% of injected energy in low-voltage grid) than medium-voltage 

cable losses (1.67% of injected energy in medium-voltage grid). Moreover, if losses in 

the medium voltage-low voltage transformers were considered in the low-voltage grid 

losses, low-voltage grid losses would be clearly more important than medium-voltage 

losses ( 3.12% versus 1.67% in percent of injected energy in the corresponding grid) 
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5.5 Recommendations 
 

Three main recommendations can be given after this study: 

-The unbalanced current that flows in the neutral cable is not at all almost equal to zero. The 

imbalance between the three-phase currents is important (see Appendix VI). It is due to the 

fact that when the members of the commercial direction connect a new consumer on the grid, 

no measurement is done to put him on the phase with the smallest load. Employees in the 

distribution direction see the results in the campaign of measurements in October, but nothing 

is done in the commercial direction to change that. Measurements should be done to connect 

new consumer to the phase with the smallest charge. Moreover, the distribution and the 

commercial direction should work together to solve this problem. 

-Meters must be set in the transformer between medium-voltage and low-voltage grid to know 

how much energy goes in each low-voltage area. It will improve the knowledge of the 

company about low-voltage losses. With this system, each area would be controlled more 

regularly and with more accuracy than what is done during the campaign of measurement in 

October. 

- The low-voltage grid should be mapped more comprehensively and its blueprint should be 

updated after each modification that is done. 

 

 

5.6 Conclusion 
 

The low-voltage grid is the part of the Senelec grid whose structure is the most badly known. 

Nevertheless, thanks to a semi-empirical formula based on voltage drop and to the campaign 

of measurements in October, low-voltage line losses can be estimated as being 2.06% of the 

injected energy in this grid. However, assumptions were done and it is more relevant to give 

this estimation with a confidence interval between 1.18% and 2.93%. 

 

Some recommendations are given in paragraph 5.7 to reduce these losses. 
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 6. Study of non-technical losses 

6.1 Introduction 
 

Senelec does not have a clear idea of the magnitude of its non-technical losses (essentially due 

to fraud). Many people in the commercial direction announced that it should represent 20 

billion of FCFA (around 30 million of euros) but this estimation is very outdated and nobody 

remembers exactly how it was made [22]. Senelec wanted, through this Master’s Thesis 

project, to improve its knowledge about non-technical losses in order to confirm or invalidate 

these old figures. 

 

The goal of this part will be to deduce the non-technical losses from the modeling of technical 

distribution losses (see Chapter 4 and 5) and measurements. Some comments and advice will 

also be given.  

 

6.2 Estimation of Senelec non-technical losses 
 

6.2.1 Estimation of the real consumption in 2011 

 

The real consumption of electricity is the quantity of energy that was actually used by 

consumers. This must be opposed to the measured consumption: the consumption that can be 

known using measurements. The difference between the real consumption and the measured 

consumption represents non-technical losses. The goal of this paragraph is to estimate the real 

consumption in 2011. To do that, energy delivered by the transmission grid is measured. 

Using other measurements and the estimations of losses that have been done in Chapter 4 and 

5, it is possible to estimate the real consumption in 2011. 

 

                                                               
Equation 28 : Calculation of non-technical losses 

 

It was measured in 2011 that 2 355 GWh were delivered by the transmission grid to high 

voltage consumers or to the distribution grid, of which 149 GWh was consumed by the 3 

high-voltage consumers (It is important to notice that fraud is considered as being impossible 

for these consumers who are carefully controlled.). This means that 2206 GWh were injected 

in transformers between transmission grids and medium voltage grids. These transformers 

have an annual average efficiency of 99.60% so 2197.2 GWh were injected in the medium-

voltage grid. 
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Then, it was calculated in Chapter 3 that 2.39% of that is lost in the medium-voltage line and 

in transformers between the medium-voltage grid and the low voltage grid or in transformers 

for medium-voltage consumers. This means that 2144.7 GWh have reached the low-voltage 

grid or the medium voltage consumers. 

 

It is known that if the total measured consumption of medium and low voltage consumer is 

considered, 31.9% goes to medium-voltage consumers and 68.1% to low-voltage consumers 

[22]. It was assumed that these ratios are the same for the real consumption in the following 

calculations. This means that it will be considered that 684.1 GWh is the real consumption of 

medium voltage consumers and that 1460.5 GWh went to the low-voltage grid in 2011. 

 

In Chapter 4, it was estimated that the losses in the low-voltage grid amounts to 2.06% of the 

energy injected on this grid. As a result, the low-voltage real consumption can be estimated as 

being 1430.4 GWh (or between 1417.7 GWh and 1443.3 GWh if the confidence interval for 

low-voltage losses is considered). 

 

To summarize, the estimations of the different real consumptions are given in Table 30: 

 
Table 30 : Estimation of the real consumption in 2011 

Different consumers Estimation of real 

consumption (GWh) 

High-voltage consumers 149.0 

Medium-voltage consumers 684.1 

Low-voltage consumers 1430.4 

TOTAL 2263.5 

 

The total real consumption in 2011 amounts to 2263.5 GWh with a confidence of interval 

between 2250.8 GWh and 2276.4 GWh. 

 

6.2.2 Determination of non-technical losses 

 

The measured consumption in 2011 was only 1930.8 GWh for all the consumers [22]. The 

difference between the real consumption and the measured consumption gives, according to 

Equation 28, the non-technical losses. Thus, in 2011, the non-technical losses amount to 332.7 

GWh (with a confidence interval between 320.0 GWh and 345.6 GWh). Compared with the 

2444 GWh produced in 2011, they represent 13.6% of the produced energy and 

approximately 2/3 of total losses. 

 

Of course, these figures are the result of approximations and assumptions. They must be 

understood as an order of magnitude and not as being exact figures. If the confidence interval 

is considered for the low-voltage grid result, the non-technical losses can be estimated 

between 13.1% and 14.2%. 
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6.2.3 Equivalence of non-technical losses in money 
 

Knowing that the electricity is in average sold at the price 118.6 FCFA/kWh [22], the cost of 

non-technical losses is estimated as being equal to money that would have been earned if this 

quantity of energy had been sold: 
 

                                    

                                                        
Equation 29 : Calculation of the cost of the non-technical-losses 

                                                                  
 

If the confidence interval for low-voltage losses is considered, the non-technical losses can be 

estimated between 38 000 million of FCFA and 41 000 million of FCFA (58 million and 62.5 

million €). 
 

Of course, this figure of around 40 000 million FCFA must be taken carefully because several 

approximations have been made, but even if there is a margin of uncertainty, what is really 

important is that in order of magnitude the cost of non-technical losses is twice more than the 

figure that was previously estimated by Senelec: non-technical losses approximately amount 

to 40 000 million FCFA instead of 20 000 million FCFA. 
 

Moreover, if the non-technical losses were reduced, all this money would not be earned by the 

company in the turnover. If all the consumers paid the real price, they would probably tend to 

reduce their consumption. But this decrease in consumption would also be a decrease of 

production for the company so a decrease of total production cost. Thus, it would also be an 

advantage for Senelec treasury. 
 

6.3 Reasons of non-technical losses according to Senelec 
 

According to Senelec [22], non-technical losses can be due to two main things: 

-Fraud, which is the main reason for these technical losses. It can be small consumers 

who can short-circuit their own electrical meter or steal current directly from low-

voltage lines. It can also be medium-voltage consumers who slow the electrical meter. 

To tackle this problem, some industrial consumers were equipped this year with new 

secure meters without the possibility to slow down the meters. The month after the 

installation of these new meters, the meter was read and for a large part of the 

consumers, the consumption had dramatically increased, some by 121%, 163% and 

even 212% proving that the fraud is also a reality in industry. This program has been 

stopped for the moment due to lack of resources. 

-Commercial problems, which is marginal compared to fraud according to Senelec. It 

can be when an electrical meter is defective and incorrectly measures the consumption, 

or does not measure it at all. It can also be due to a Senelec employee who does not 

correctly copy the complete address of a new consumer after having set up the new 

meter. 
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6.4 Evolution of non-technical losses last 10 years 
 

In Figure 16, the evolutions of total losses and production and transmission losses are 

represented in percentage of the total production. These two rates of losses are known using 

measurements. The decrease in the production and transmission losses is essentially due to the 

decrease in production losses with the closing down of the oldest power plants replaced by 

most recent ones. 
 

It is difficult to evaluate the evolution of distribution technical losses. On the one hand, some 

actions carried out during recent years have tended to decrease these losses. For instance, the 

low-voltage grid used the low-voltage “type B1” (so 220 V line-line). This was changed to 

low-voltage “type B2” (400V line-line). This increase of voltage has tended to decrease the 

losses. But on the other hand, the load has also increased therefore the losses as well. The 

graph represents the technical losses as a dotted line with the assumption that the distribution 

technical losses have stayed constant between 2002 and 2011. 

 
Figure 16 : Evolution of losses 2002-2011 
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During the last ten years, the total losses have stayed approximately constant in percent. The 

technical losses have decreased essentially due to the increase of production efficiency. 

However, the non-technical losses seem to have dramatically increased as a result as it can be 

seen in Figure 16. 

 

6.5 Relation between increase of non-technical losses and 

electricity price 
 

At the same time, the mean price of electricity has increased by passing from 80.01 

FCFA/kWh (0.12 €/ kWh) in 2002 to 100.08 FCFA/kWh in 2007 (0.15 €/ kWh) and to 118.6 

FCFA/kWh (0.18 €/kWh) in 2012 [15]. So, during the last 10 years, the mean price of 

electricity has increased by 50% as it can be observed in Figure 17. The company has favored 

this policy last ten years to try to solve its treasury problems. 
 

In fact, electricity is more expensive in Senegal than in some European countries such as 

Sweden and France [43] whereas the salary level is clearly lower in Senegal [1]. Moreover, 

fraud, which constitutes the main part of technical losses, can be understood as people 

refusing to decrease their standard of living (by removing their refrigerator for instance) to 

pay the increase of electricity price. It can also be a company using a lot of energy that prefers 

to engage in fraud rather than to see its profit margin dramatically reduced or to close down 

on account to the increase of the price of electricity. In addition, the feeling of impunity 

encourages this sort of behavior.  
 

A correlation seems as a result to exist between the increase of the mean price of electricity 

and the increase of non-technical losses: the first one tends to encourage the second one. 

 

 
Figure 17 : Evolution of electricity price (FCFA/kWh) 
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6.6 Additional reasons/remarks 
 

Two important observations have been made during this Master’s Thesis Project. They are in 

relation with non-technical losses but they have been neglected by Senelec until now. These 

problems are the non-measurement of the consumption of Senelec administrative buildings 

and the preferential tariff of electricity for Senelec’s employees and Senelec’s retired 

employees. 

 

6.6.1 The non-measurement of Senelec consumption of its buildings 

 

Senelec does not measure the consumption of its own buildings (administrative buildings and 

commercial agencies are located in each town or each district). In many buildings, there are 

no electrical meters or the electrical meters are totally out of order. This energy is consumed 

but neither measured nor paid, so it must be considered as a non-technical loss.  

 

This quantity of energy is maybe not negligible compared to the national consumption, 

especially because Senelec is one of the largest companies in Senegal. As a result, important 

mistakes in the accounts of losses and especially non-technical losses can be made on account 

of that. Moreover, it is not an incentive to have a reasonable consumption in Senelec buildings 

if no control is made (air-conditioning used abusively, forgetting to put it off when people 

finish the day of work, etc…). 

 

In order to assess the extent of these non-technical losses, a comparison with a similar 

company can be done. Sonatel is the main operator for mobile phone and internet access. 

They also own administrative buildings and commercial agencies in many places. 

Nevertheless, the company is somewhat smaller than Senelec with 1 800 employees compared 

to the 2 500 Senelec employees. The consumption of Senelec will be estimated as being the 

same as Sonatel with a rule of proportionality depending on the number of employees. 

 

Sonatel consumption for 2011 was 26 825 616 kWh [44]. As a result, Senelec’s building 

consumption for 2011 can be estimated as: 

 

                                                           

                       
                              

                              
 

Equation 30 : Estimation of Senelec’s building consumption 

 

With this formula, the Senelec buildings consumption can be estimated as being 37 GWh. 

Using the already mentioned figures of total production in 2011, total losses and non-

technical losses figures, this estimation can be put in more meaningful figures given in  

Table 31. 
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Table 31 : Estimation of Senelec’s building consumption in 2011 

Senelec’s building consumption 

37 GWh 

1.5% of annual produced energy 

7% of total losses 

11% of non-technical losses 

 

This proves that the contribution of Senelec’s own consumption for its buildings is not 

negligible and should be taken into account to have a better understanding of losses. 

Moreover, to frequently measure the consumption of its buildings would be an advantage for 

the control of Senelec own consumption (Sonatel pays its electrical bill so it can be supposed 

that they control their own electrical consumption which is not the case for Senelec, so maybe 

the estimation underestimates the reality).  

 

6.6.2 Preferential tariff 

 

The price of electricity in Senegal for residential consumer is between 106.44 FCFA/kWh 

(≈0.16 euros/kWh) and 117.34 FCFA/kWh (≈0.18 euros/kWh), depending on the level of 

consumption (small consumers are considered as being poor and have social tariff at 106.44 

FCFA/kWh) [15]. However, 3 634 people and their households in Senegal take advantage of a 

preferential tariff. They are related to Senelec. Different preferential tariffs exist [45]: 

-Tariff X is for Senelec employees. Their tariff is 8.88 FCFA/kWh (0.0136 euros/kWh). 

-Tariff Y is for Senelec former employees who are in retirement. Their tariff is 17.76 

FCFA/kWh. 

-Tariff Z is for Senelec board of directors. Their tariff is 4.44 FCFA/kWh. 

 

The number of people in each category and their consumption for 2011 is shown in Table 32 

with the last row for comparison with “normal” residential consumers. 

 
Table 32 : Details of consumption in 2011 for different residential tariff (preferential or normal) [45] 

Type of tariff Number of domestic 

consumers 

Total consumption in 2011 

in kWh 

Consumption per 

capita in 2011 (kWh) 

X 2523 15 076 341 5975.6 

Y 1101 5 386 352 4892.3 

Z 10 75 992 7599.2 

Total 

preferential 

tariff 

 

3654 

 

20 538 685 

 

5620.9 

Normal tariff 724 702 834 665 315 1 151.7 
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It must be noticed that this tariff seems to incite people to consume more: one person who 

takes advantage of preferential tariff consumes in average almost 5 times more than a normal 

consumer. This is due to the fact that if electricity is cheaper for a part of the population, they 

will tend to buy refrigerators or air-conditioners at home, which are intensive-energy 

appliances. Moreover, even if it is not the majority, some people take advantage of this 

preferential tariff to supply their neighbors or small shops around their house (quite often to 

sell them electricity for a better price), and controls are insufficient to fight against this. 

 

The preferential tariff is not considered by Senelec as being a reason of non-technical losses 

because the energy consumed by preferential tariff consumers is measured and paid even if it 

is not at the normal price. It is true according to this definition that they do not enter in 

consideration of the 13.6% of calculated non-technical losses (See section 6.6). 

 

Nevertheless, it can be considered that a small part, around 10%, of the energy consumed by 

preferential tariff consumers is sold at the normal price and that the rest, around 90%, of the 

consumed energy is distributed to them but not sold. This is absolutely equivalent as far as the 

accounting is concerned. Considering this, the 90% of consumed but not sold energy can be 

considered as being non-technical losses.  

 

The idea is just to show that the preferential tariff creates a non-negligible loss of income for 

the company. People who get preferential tariff can be considered as large consumers so with 

a tariff around 116 FCFA/kWh if they paid the normal price. If the difference with this price 

and the preferential price per kWh is multiplied by the consumption for each category of 

preferential tariff, the loss of income for the company can be estimated to 2 130 million FCFA 

(≈3.3 million €). 

 

In a context of important treasury problems for the company, this loss is significant.  

 

 

6.7 Recommendations 

 
According to the calculations done in this chapter, non-technical losses represent 2/3 of total 

losses. Before this study, the company believed that their cost was around 20 billion FCFA 

(30 million €) per year, it is in fact twice as much. As a result, the priority must be given to 

the reduction of these losses. 

 
To do that, some recommendations can be done: 

- Increase financial and human means to address the problem of fraud. A special team 

should be created to manage this task. 

- Secure the business meter. The companies should not have access to the meter. 

- Meters should be set up in the transformer between medium-voltage and low-voltage 

grid to know how much energy goes in each low-voltage area (same advice as in 
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Chapter 5). This way, it is possible to have access to the rate of fraud in each low-

voltage area and to organize a more targeted and relevant campaign against fraud of 

low-voltage consumers. 

- Set up meters in all Senelec agencies or administrative buildings. The Senelec 

consumption should be measured and not entered in the non-technical losses. 

- Create a real control about the preferential tariff to curve excesses. Create a reasonable 

limit of maximum consumption for preferential tariff consumer. Above it, apply the 

normal tariff. 

 

6.8 Conclusions 
 

In previous chapters, technical losses in the distribution grid were estimated. Moreover, 

production and transmission grid losses are known using measurements. Total losses are also 

known by difference between produced and sold energy.  

 

Knowing that, it is possible to get an estimation of the rest: the non-technical losses. They 

have been estimated in this Chapter and they are in fact twice more important than what the 

company believed. To tackle the importance of these non-technical losses, some meaningful 

figures have been obtained and are given in Table 33. 

 

 
Table 33 : Non-technical losses estimation in 2011 

Non-technical losses 

333 GWh 

13.6% of produced energy 

2/3 of total losses 

40 000 million FCFA 

61 million € 

 

 

High priority must be given to reduce these non-technical losses that are in majority due to 

fraud. Some recommendations are given for that in section 6.7. Moreover, the study of 

distribution of losses done in section 6.4 has shown that non-technical losses have tended to 

significantly increase during the last ten years, probably in relation with the increase of the 

mean price of electricity that tends to encourage fraud (see section 6.5). 
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7. Conclusions 

 

7.1 Context 
 

Senelec is a national company which has been experiencing huge financial difficulties. One of 

the most important problems is the fact that 21% of the produced electrical energy is not 

delivered to consumers who pay for it. The losses can be divided in two parts: technical losses 

(essentially due to the Joule effect) and non-technical losses (mainly due to fraud). Before this 

study, the company had insufficient knowledge about the distribution of these losses. 

 

Before this study, Senelec knew that 21% of its energy was lost for 2011. This figure has been 

almost the same for 10 years. In fact, the company knows how much is produced and how 

much is sold per year and calculates the total losses as the difference between these two 

quantities of energy. 

 

Moreover, thanks to measurements, Senelec knows that its production losses represent 1.31% 

of yearly produced energy and the transmission losses 2.33% (figures for 2011). 

 

7.2 Determination of the technical losses in the transmission grid 
 

This study has estimated technical losses in the distribution grid, which consist of: 

- Losses in transformers between the high-voltage grid and the medium voltage grid 

which represent in average on a year 0.40% of the energy flowing through these 

transformers. It is equivalent to 8.82 GWh per year for 2011. (Cf Chapter 4. 4.1) 

- Losses in the medium voltage grid which have been evaluated using simulations in 

PSAF in Chapter 4. They consist of losses in the medium-voltage cable losses but also 

of the losses in the transformers that supply low-voltage grid areas or medium-voltage 

consumers. These losses have been estimated as 2.39% of the injected energy in the 

medium-voltage grid in average. They represent 52.51 GWh for 2011. 

- Losses in the low-voltage grid, which have been estimated in Chapter 5, using a semi-

empirical formula based on voltage drop. The losses represent 2.06% of injected 

energy on the low-voltage grid. Due to done assumptions, a confidence interval 

between 1.18% and 2.93% must be given. These losses represent 30.09 GWh in 2011 

(in a confidence interval between 17.23 GWh and 42.79 GWh) 

 

As a result, total technical distribution losses have represented 91.42 GWh for a total 

production of 2444 GWh. 
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This means that the distribution losses can be estimated as being 3.74% of yearly produced 

energy in 2011 with a confidence interval between 3.21% and 4.26% if the incertitude about 

the low-voltage grid estimation is considered. 

 

 

7.3 Determination of non-technical losses 
 

Knowing total losses and having estimation for all the technical losses, the non-technical 

losses have been deduced. They represent 333 GWh per year and 13.6% of produced energy 

in 2011. 

 

Senelec believed before this study that these non-technical losses represented 20 000 millon 

FCFA (≈30 million €) per year but in fact, it is twice as much, around 40 000 million FCFA 

(≈61 million €). 

 

The distribution of losses shows that non-technical losses represent 2/3 of total losses and 

technical losses 1/3 as it appears in Figure 18. 

 

 
Figure 18 : Distribution of losses in 2011 
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The distribution of losses shows that the largest part of losses is due to non-technical losses 

which are essentially caused by fraud. These non-technical losses have been largely 

underestimated and a high priority should be given to reduce them. This supposes financial 

and human means to reduce them. Controls should be multiplied but also prevention using 

secure meters without a possibility to manipulate them. Moreover, meters should be set up to 

know how much energy is sent to each low-voltage grid area. This will give an idea of the 
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fraud rate per area for a more efficient campaign of control. Finally, Senelec’s own 

consumption in its buildings should also be measured otherwise it is considered as a non-

technical losses. 

 

Regarding technical losses, even if they are proportionally less important than non-technical 

losses, some efforts can be made to reduce them: 

- High voltage transmission grid should avoid transmitting too much reactive power 

over long distances: shunts should be installed. Moreover, the dispatching center 

should use a dispatching algorithm that will try to minimize not only the production 

cost but also the cost of transmission losses. This idea has been explained in Chapter 3. 

- For medium-voltage grid, 6.6 kV feeders that have a high rate of losses should 

change their levels of voltage to 30 kV. The change of all the voltage levels for all the 

6.6 kV feeders, even those ones with reasonable losses, is not relevant in a context of 

lack of financial means. Finally, feeders should not be too long or with too high loads 

and future feeders should be designed for future loads and not for today loads. 

- For low-voltage grid, new consumers should be connected to the phase with the 

smallest load in order to reduce losses in the neutral cable, which implies to do 

measurements before connecting consumers. Moreover, the knowledge of the structure 

of the low-voltage grid must be improved. 

 

 

7.5 Increase of electricity price and non-technical losses 
 

As it was proved in Chapter 6, non-technical losses have tended to increase during last ten 

years. In the same time, the price of electricity has increased by 50%. A correlation seems to 

exist between these two increases. Thus, it appears more relevant to reduce non-technical 

losses which represent a large amount of money (around 40 000 million FCFA- 61 million €) 

rather than to continue to increase the price of electricity: First of all, because each increase of 

the price of electricity tends to increase the fraud, and, hence, non-technical losses; Secondly, 

because reducing fraud is socially more acceptable than the increase of the price of electricity. 
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Appendix I 

Calculation of Senelec total losses per year 

 
Goal of this appendix  

 

As mentioned in the introduction, total electrical losses are the difference between produced 

energy and sold energy: 

 

                                                        
Equation 31 : Total electrical losses 

 

Nevertheless, knowing total electrical losses per year supposes knowing produced energy and 

sold energy per year with accuracy. This appendix explains how these two parameters are 

estimated at Senelec. 

 

 

Produced energy per year 

 

Produced energy is measured in real time just after the different turbines in each power plant. 

These measurements are then registered and used to calculate the produced energy on a year. 

 

It must be noticed that these production measurements are done just after the turbine, so, 

production losses due to the consumption in the auxiliaries of production (such as cooling 

system) must be removed from these measurements to know how much is injected in the 

transmission grid. The consumption of these auxiliaries of production is also evaluated thanks 

to measurements in real time. 

 

 

Sold energy per year 

 

The evaluation of sold energy is different for high and medium voltage consumers and for 

low-voltage consumers: 

 

- High and medium voltage consumers have more sophisticated meters than low-voltage 

consumers. These meters registered the consumption data on 31th of December at 

23.59. These figures were then used to deduce by comparison to measurements the 

previous year the yearly consumption. 

 

- Low-voltage consumers have the measurements of their meters read every two months. 

Before 2007, Senelec organized a special campaign to read each low-voltage meter 
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each year on the 31th of December in order to estimate with accuracy low voltage 

consumers’ yearly sold energy. This was tedious and quite expensive. Then, Senelec 

has estimated their yearly sold energy using the reading of the meter done every two 

months at each consumer. The method is based on a pro rata basis. For instance, if a 

consumer meter was read on the 01/12/11 and on the 01/02/12, half of the 

consumption is considered in 2011 and half in 2012. This method was validated by 

comparison between its estimations and the measurements done each year before 2007. 

The results were quite similar and the company has now decided to estimate the yearly 

consumption with this method. 

 

 

Conclusion 

 

With the estimation based on measurements of the yearly produced energy and the yearly sold 

energy, total electrical losses can be estimated using equation 1. It must be noticed that, 

despite of the change of the estimation method of low-voltage consumers’ yearly sold energy, 

the total electrical losses (in % of produced energy) is globally constant during the last ten 

years, between 21% and 22%. [33] 
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Appendix II 

Senegalese transmission grid 
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Appendix III 

Parameters of Senelec lines 

 

 

Code From bus To bus 
U nom 
(kV) R(ohm/km) X(ohm/km) B(µS/km) 

Length 
(km) 

BH 91 BEL AIR HANN 90 0,115 0,367 4,915 5 

BH 92 BEL AIR HANN 90 0,0905 0,324 5,307 5,5 

BH 93 BEL AIR HANN 90 0,0905 0,324 5,307 5,5 

CH 91 CAP DES BICHES HANN 90 0,11565 0,38 4,75 16,15 

CH 93 CAP DES BICHES HANN 90 0,091 0,4 5,307 18,19 

CMB91 CAP DES BICHES MBAO 90 0,11565 0,38 5,307 7,18 

CK92 CAP DES BICHES KOUNOUNE 90 0,124 0,38 4,75 6,47 

CS91 CAP DES BICHES SOCOCIM 90 0,1225 0,38 4,75 6,6 

HMB91 HANN MBAO 90 0,11565 0,38 4,75 10,95 

HK91 HANN KOUNOUNE 90 0,091 0,4 5,307 22,99 

KTo91 KOUNOUNE TOBENE 90 0,093 0,355 5,307 55,37 

KS91 KOUNOUNE SOCOCIM 90 0,124 0,38 4,75 4,68 

MBS91 SOCOCIM MBOUR 90 0,124 0,38 4,75 46,6 

ST91 SOCOCIM THIONA 90 0,1225 0,38 4,75 35,4 

TTo91 THIONA TOBENE 90 0,157 0,424 4,62 31,35 

TA90  TOBENE MEKHE 90 0,091 0,4 5,307 13 

ToMe91 TOBENE MEKHE 90 0,1225 0,38 4,75 35,79 

TK221 TOBENE TOUBA 225 0,074 0,197 2.988 105 

TK221 TOUBA  KAOLACK 225 0,074 0,197 2.988 70 

ToS TOBENE SAKAL 225 0.074 0.197 5.976 124 

SaDa SAKAL DAGANA 225 0.119 0.29 5.3 114 

DaMat DAGANA MATAM 225 0.119 0.29 5.3 267 

MatKa MATAM KAYES 225 0.119 0.29 5.3 256 

KaMan KAYES MANANTALI 225 0.119 0.29 5.3 184 
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Appendix IV    

Matlab simulations- Calculation of transmission 

losses and dispatching algorithm (Chapter 3) 

 

IV-i First case: optimization of production costs. 17/01/12 at 03.00 
 

Matlab Code 

 
clear 

basemva=100; accuracy=0.0001; maxiter=100; 

%  

% 

%LOAD 17/01/12 A 03.00 slack bus Kaolack 

  

%        Bus Bus Voltage Angle Load----- Generator-------------- Injected 

%       No  Code Mag.   Deg   MW    Mvar    MW    Mvar  Qmin Qmax    Mvar 

busdata=[ 1   2    1      0     27    10.4    62      0   -12    40    16 %BA            

          2   0    1      0     72.9  27       0      0     0     0     0 %Hann 

          3   2    1      0     20.8  7.8     30.5      0   -27    52     0 %CDB 

          4   0    1      0      0     0       0      0     0     0     0 %Kounoune 

          5   0    1      0     14    6.8      0      0     0     0     0 %Mbao 

          6   0    1      0      0     0       0      0     0     0     0 %Sosetra     

          7   0    1      0      0     0       0      0     0     0     0 %Tobene90kV 

          8   0    1      0     11.7  2.1      0      0     0     0     0 %Taiba 

          9   0    1      0      0     0       0      0     0     0     0 %ICS 

          10  0    1      0     3.5   0.4      0      0     0     0     0 %Mekhe 

          11  2    1      0      0     0      35      0   -19.4  28.2   0 %Tobene225kV 

          12  0    1      0     10    3.1      0      0     0     0     0 %Touba 

          13  1    1      0     9.8   2.4      0      0   -12    40     0 %Kaolack 

          14  2    1      0      0     0      14      0     0     0     0 %Sococim 

          15  0    1      0      0     0       0      0     0     0     0 %Someta 

          16  0    1      0     17.4  7.3      0      0     0     0     0 %Thiona 

          17  0    1      0     12.8  6.4      0      0     0     0     0];%Mbour 

  

       

    

%        

%         Bus    bus    R              X             0.5B  1 or tap setting 

%                       pu             pu            pu 

linedata=[1      2      0.002144385    0.007404622   0.001080694     1      

          2      3      0.010834028    0.041099626   0.003462324     1 

          2      4      0.025828272    0.113530864   0.002489333     1 

          2      5      0.015634167    0.05137037    0.004213013     1 

          3      4      0.009904691    0.030353086   0.00248933      1 

          3      6      0.003266191    0.010731972   0               1 

          3     14      0.009981481    0.030962963   0.00253935      1 

          4      7      0.063572963    0.242670988   0.023801736     1 

          4     14      0.007164444    0.021955556   0.00180063      1 

          5      6      0.012367976    0.040638399   0               1 

          7      8      0.014604938    0.064197531   0.005588271     1 

          7     10      0.054126852    0.167903704   0.013770203     1 

          11     7      0.008641975    0.413580247   0               1 

          7     16      0.060764815    0.164103704   0.011731797     1 

          8      9      0              0.0001        0               1 

          11    12      0.015348148    0.040859259   0.079415437     1 

          12    13      0.010232099    0.027239506   0.052943625     1 

          14    15      0.017644067    0.054732616   0.00448889      1 

          15    16      0.03589297     0.111341458   0.009131255     1 

          14    17      0.071338272    0.218617284   0.01792935      1];  
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lfybus           % form the bus admittance matrix 

lfnewton         % Load flow solution by Newton-Raphson method 

busout           % Prints the power flow solution on the screen 

lineflow         % Computes and displays the line flow and losses 

bloss 

  

%Derivative of transmission losses with the production in the power plant 

%701-702-703-704 in Kaolack 

derivativePLPKaolack=B0(1,4)+2*(10^-

2)*(B(1,4)*Pg(1,1)+B(2,4)*Pg(1,3)+B(3,4)*Pg(1,11)+B(4,4)*Pg(1,13)+B(5,4)*Pg(1,14)) 

  

%Derivative of transmission losses with the production in the power plant 

%401-402-403 in Cap-Des-Biches 

derivativePLPCapDesBiches=B0(1,2)+2*(10^-

2)*(B(1,2)*Pg(1,1)+B(2,2)*Pg(1,3)+B(3,2)*Pg(1,11)+B(4,2)*Pg(1,13)+B(5,2)*Pg(1,14)) 

  

%penalty factor Kaolack 701-702-703-704 

penaltyFactorKaolack=(1/(1-derivativePLPKaolack)) 

  

%penalty factor Cap-Des-Biches 401-402-403 

penaltyFactorCapDesBiches=(1/(1-derivativePLPCapDesBiches)) 

  

%estimated cost of production and transmission losses for Kaolack 

%701-702-703-704 

kaolackRealPrice=77345*penaltyFactorKaolack 

  

%estimated cost of production and transmission losses for Cap-Des-Biches 

%401-402-403 

capDesBichesRealPrice=78940*penaltyFactorCapDesBiches 

  

%Total cost of production and losses 

totalCostProductionTransmission=21500*Pg(1,11)+38400*Pg(1,14)+74870*Pg(1,1)+75000*30.5+77345*P

g(1,13)+78940*(Pg(1,3)-30.5)+90000*PL(1,1) 

  

 

Results of the simulation 

 
Power Flow Solution by Newton-Raphson Method 

Maximum Power Mismatch = 1.14555e-006 

No. of Iterations = 4 

 

    Bus  Voltage  Angle    ------Load------    ---Generation---   Injected 

    No.  Mag.     Degree     MW       Mvar       MW       Mvar       Mvar  

                                                                           

     1   1.000  -25.302    27.000    10.400    62.000    23.140    16.000 

     2   0.997  -25.415    72.900    27.000     0.000     0.000     0.000 

     3   1.000  -24.875    20.800     7.800    30.500    20.807     0.000 

     4   1.000  -24.580     0.000     0.000     0.000     0.000     0.000 

     5   0.996  -25.323    14.000     6.800     0.000     0.000     0.000 

     6   0.999  -24.968     0.000     0.000     0.000     0.000     0.000 

     7   1.002  -20.185     0.000     0.000     0.000     0.000     0.000 

     8   0.999  -20.602    11.700     2.100     0.000     0.000     0.000 

     9   0.999  -20.602     0.000     0.000     0.000     0.000     0.000 

    10   1.001  -20.551     3.500     0.400     0.000     0.000     0.000 

    11   1.000   -2.004     0.000     0.000    35.000    15.713     0.000 

    12   1.001   -0.931    10.000     3.100     0.000     0.000     0.000 

    13   1.000    0.000     9.800     2.400    61.187   -25.003     0.000 

    14   1.000  -24.596     0.000     0.000    14.000     7.083     0.000 

    15   0.997  -24.130     0.000     0.000     0.000     0.000     0.000 

    16   0.990  -23.144    17.400     7.300     0.000     0.000     0.000 

    17   0.980  -26.037    12.800     6.400     0.000     0.000     0.000 

       

    Total                 199.900    73.700   202.687    41.741    16.000 
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Line Flow and Losses 

 

     --Line--  Power at bus & line flow    --Line loss--  Transformer 

     from  to    MW      Mvar     MVA       MW      Mvar      tap 

    

     1         35.000   28.740   45.288 

           2   35.000   28.740   45.288    0.044   -0.063 

    

     2        -72.900  -27.000   77.739 

           1  -34.956  -28.803   45.294    0.044   -0.063 

           3  -23.092   -1.148   23.121    0.058   -0.470 

           4  -12.722    0.159   12.722    0.042   -0.311 

           5   -2.130    2.792    3.512    0.002   -0.829 

    

     3          9.700   13.007   16.226 

           2   23.150    0.678   23.160    0.058   -0.470 

           4  -15.400    4.640   16.084    0.026   -0.419 

           6   16.175    3.319   16.512    0.009    0.029 

          14  -14.226    4.370   14.882    0.022   -0.439 

    

     4          0.000    0.000    0.000 

           2   12.764   -0.470   12.772    0.042   -0.311 

           3   15.426   -5.059   16.234    0.026   -0.419 

           7  -29.466    5.876   30.046    0.595   -2.497 

          14    1.276   -0.347    1.323    0.000   -0.360 

    

     5        -14.000   -6.800   15.564 

           2    2.133   -3.621    4.202    0.002   -0.829 

           6  -16.133   -3.179   16.443    0.034    0.111 

    

     6          0.000    0.000    0.000 

           3  -16.166   -3.290   16.498    0.009    0.029 

           5   16.166    3.290   16.498    0.034    0.111 

    

     7          0.000    0.000    0.000 

           4   30.061   -8.373   31.205    0.595   -2.497 

           8   11.720    1.071   11.769    0.020   -1.029 

          10    3.507   -2.341    4.216    0.007   -2.741 

          11  -75.279   14.076   76.583    0.505   24.174 

          16   29.990   -4.433   30.316    0.551   -0.839 

    

     8        -11.700   -2.100   11.887 

           7  -11.700   -2.100   11.887    0.020   -1.029 

           9    0.000   -0.000    0.000    0.000    0.000 

    

     9          0.000    0.000    0.000 

           8   -0.000    0.000    0.000    0.000    0.000 

    

    10         -3.500   -0.400    3.523 

           7   -3.500   -0.400    3.523    0.007   -2.741 

    

    11         35.000   15.713   38.365 

           7   75.784   10.099   76.454    0.505   24.174 

          12  -40.784    5.614   41.168    0.283  -15.143 

    

    12        -10.000   -3.100   10.469 

          11   41.067  -20.757   46.015    0.283  -15.143 

          13  -51.067   17.657   54.034    0.320   -9.746 

    

    13         51.387  -27.403   58.237 

          12   51.387  -27.403   58.237    0.320   -9.746 

    

    14         14.000    7.083   15.690 

           3   14.248   -4.809   15.038    0.022   -0.439 

           4   -1.276   -0.012    1.276    0.000   -0.360 

          15  -11.910    8.596   14.688    0.039   -0.773 

          17   12.938    3.308   13.354    0.138   -3.092 
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    15          0.000    0.000    0.000 

          14   11.949   -9.369   15.185    0.039   -0.773 

          16  -11.949    9.369   15.185    0.090   -1.525 

    

    16        -17.400   -7.300   18.869 

           7  -29.439    3.594   29.658    0.551   -0.839 

          15   12.039  -10.894   16.236    0.090   -1.525 

    

    17        -12.800   -6.400   14.311 

          14  -12.800   -6.400   14.311    0.138   -3.092 

    

    Total loss                             2.787  -15.959 

 

B = 

 

    0.0081    0.0019   -0.0111   -0.0070    0.0001 

    0.0019    0.0080   -0.0081   -0.0062    0.0047 

   -0.0111   -0.0081    0.0443    0.0264   -0.0052 

   -0.0070   -0.0062    0.0264    0.0681   -0.0060 

    0.0001    0.0047   -0.0052   -0.0060    0.0095 

 

 

B0 = 

 

   -0.0054   -0.0027    0.0115   -0.0151    0.0001 

 

 

B00 = 

 

    0.0053 

 

Total system loss = 2.76299 MW  

 

derivativePLPKaolack = 

 

    0.0726 

 

 

derivativePLPCapDesBiches = 

 

   -0.0075 

 

 

penaltyFactorKaolack = 

 

    1.0782 

 

 

penaltyFactorCapDesBiches = 

 

    0.9926 

 

 

kaolackRealPrice = 

 

  8.3395e+004 

 

 

capDesBichesRealPrice = 

 

  7.8354e+004 

 

 

totalCostProductionTransmission = 

 

  1.3201e+007 
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IV-ii 17/01/12 at 03.00 with inversion of the production between 

Kaolack 701-702-703-704 and Cap-Des-Biches 401-402-403 
 

Matlab code 
 

clear 

basemva=100; accuracy=0.0001; maxiter=100; 

%  

% 

%LOAD 17/01/12 A 03.00 slack bus Kaolack 

  

%        Bus Bus Voltage Angle Load----- Generator-------------- Injected 

%       No  Code Mag.   Deg   MW    Mvar    MW    Mvar  Qmin Qmax    Mvar 

busdata=[ 1   2    1      0     27    10.4    62      0   -12    40    16 %BA            

          2   0    1      0     72.9  27       0      0     0     0     0 %Hann 

          3   2    1      0     20.8  7.8     79.5      0   -27    52     0 %CDB 

          4   0    1      0      0     0       0      0     0     0     0 %Kounoune 

          5   0    1      0     14    6.8      0      0     0     0     0 %Mbao 

          6   0    1      0      0     0       0      0     0     0     0 %Sosetra     

          7   0    1      0      0     0       0      0     0     0     0 %Tobene90kV 

          8   0    1      0     11.7  2.1      0      0     0     0     0 %Taiba 

          9   0    1      0      0     0       0      0     0     0     0 %ICS 

          10  0    1      0     3.5   0.4      0      0     0     0     0 %Mekhe 

          11  2    1      0      0     0      35      0   -19.4  28.2   0 %Tobene225kV 

          12  0    1      0     10    3.1      0      0     0     0     0 %Touba 

          13  1    1      0     9.8   2.4      0      0   -12    40     0 %Kaolack 

          14  2    1      0      0     0      14      0     0     0     0 %Sococim 

          15  0    1      0      0     0       0      0     0     0     0 %Someta 

          16  0    1      0     17.4  7.3      0      0     0     0     0 %Thiona 

          17  0    1      0     12.8  6.4      0      0     0     0     0];%Mbour 

  

       

    

%        

%         Bus    bus    R              X             0.5B            1 or tap setting 

%                       pu             pu            pu 

linedata=[1      2      0.002144385    0.007404622   0.001080694     1      

          2      3      0.010834028    0.041099626   0.003462324     1 

          2      4      0.025828272    0.113530864   0.002489333     1 

          2      5      0.015634167    0.05137037    0.004213013     1 

          3      4      0.009904691    0.030353086   0.00248933      1 

          3      6      0.003266191    0.010731972   0               1 

          3     14      0.009981481    0.030962963   0.00253935      1 

          4      7      0.063572963    0.242670988   0.023801736     1 

          4     14      0.007164444    0.021955556   0.00180063      1 

          5      6      0.012367976    0.040638399   0               1 

          7      8      0.014604938    0.064197531   0.005588271     1 

          7     10      0.054126852    0.167903704   0.013770203     1 

          11     7      0.008641975    0.413580247   0               1 

          7     16      0.060764815    0.164103704   0.011731797     1 

          8      9      0              0.0001        0               1 

          11    12      0.015348148    0.040859259   0.079415437     1 

          12    13      0.010232099    0.027239506   0.052943625     1 

          14    15      0.017644067    0.054732616   0.00448889      1 

          15    16      0.03589297     0.111341458   0.009131255     1 

          14    17      0.071338272    0.218617284   0.01792935      1];  

  

  

  

           

           

lfybus           % form the bus admittance matrix 

lfnewton         % Load flow solution by newton-raphson method 

busout           % Prints the power flow solution on the screen 

lineflow         % Computes and displays the line flow and losses 

bloss 

  

%Derivative of transmission losses with the production in the power plant 

%701-702-703-704 in Kaolack 

derivativePLPKaolack=B0(1,4)+2*(10^-

2)*(B(1,4)*Pg(1,1)+B(2,4)*Pg(1,3)+B(3,4)*Pg(1,11)+B(4,4)*Pg(1,13)+B(5,4)*Pg(1,14)) 
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%Derivative of transmission losses with the production in the power plant 

%401-402-403 in Cap-Des-Biches 

derivativePLPCapDesBiches=B0(1,2)+2*(10^-

2)*(B(1,2)*Pg(1,1)+B(2,2)*Pg(1,3)+B(3,2)*Pg(1,11)+B(4,2)*Pg(1,13)+B(5,2)*Pg(1,14)) 

  

%penalty factor Kaolack 701-702-703-704 

penaltyFactorKaolack=(1/(1-derivativePLPKaolack)) 

  

%penalty factor Cap-Des-Biches 401-402-403 

penaltyFactorCapDesBiches=(1/(1-derivativePLPCapDesBiches)) 

  

%estimated cost of production and transmission losses for Kaolack 

%701-702-703-704 

kaolackRealPrice=77345*penaltyFactorKaolack 

  

%estimated cost of production and transmission losses for Cap-Des-Biches 

%401-402-403 

capDesBichesRealPrice=78940*penaltyFactorCapDesBiches 

  

 

Results 

 
Power Flow Solution by Newton-Raphson Method 

Maximum Power Mismatch = 3.14146e-005 

No. of Iterations = 3 

 

    Bus  Voltage  Angle    ------Load------    ---Generation---   Injected 

    No.  Mag.     Degree     MW       Mvar       MW       Mvar       Mvar  

                                                                           

     1   1.000   -6.147    27.000    10.400    62.000    23.339    16.000 

     2   0.997   -6.260    72.900    27.000     0.000     0.000     0.000 

     3   1.000   -5.629    20.800     7.800    79.500     5.334     0.000 

     4   1.000   -5.768     0.000     0.000     0.000     0.000     0.000 

     5   0.996   -6.122    14.000     6.800     0.000     0.000     0.000 

     6   0.999   -5.731     0.000     0.000     0.000     0.000     0.000 

     7   1.001   -5.693     0.000     0.000     0.000     0.000     0.000 

     8   0.998   -6.111    11.700     2.100     0.000     0.000     0.000 

     9   0.998   -6.111     0.000     0.000     0.000     0.000     0.000 

    10   1.001   -6.060     3.500     0.400     0.000     0.000     0.000 

    11   1.000    0.261     0.000     0.000    35.000   -13.633     0.000 

    12   1.001   -0.025    10.000     3.100     0.000     0.000     0.000 

    13   1.000    0.000     9.800     2.400     9.940    -6.769     0.000 

    14   1.000   -5.768     0.000     0.000    14.000     6.344     0.000 

    15   0.998   -6.011     0.000     0.000     0.000     0.000     0.000 

    16   0.991   -6.481    17.400     7.300     0.000     0.000     0.000 

    17   0.980   -7.209    12.800     6.400     0.000     0.000     0.000 

       

    Total                 199.900    73.700   200.440    14.615    16.000 

 

 

                           Line Flow and Losses  

 

     --Line--  Power at bus & line flow    --Line loss--  Transformer 

     from  to    MW      Mvar     MVA       MW      Mvar      tap 

    

     1         35.000   28.939   45.414 

           2   35.000   28.939   45.414    0.044   -0.062 

    

     2        -72.900  -27.000   77.739 

           1  -34.956  -29.001   45.420    0.044   -0.062 

           3  -26.688   -0.196   26.689    0.078   -0.396 

           4   -7.721   -1.019    7.788    0.016   -0.428 

           5   -3.536    3.216    4.780    0.004   -0.823 

    

     3         58.700   -2.466   58.752 

           2   26.766   -0.200   26.766    0.078   -0.396 
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           4    7.211   -2.646    7.681    0.006   -0.480 

           6   17.590    2.924   17.831    0.010    0.034 

          14    7.134   -2.544    7.574    0.006   -0.490 

    

     4          0.000    0.000    0.000 

           2    7.736    0.592    7.759    0.016   -0.428 

           3   -7.205    2.165    7.524    0.006   -0.480 

           7   -0.599   -2.628    2.695    0.000   -4.764 

          14    0.068   -0.129    0.146    0.000   -0.360 

    

     5        -14.000   -6.800   15.564 

           2    3.540   -4.040    5.371    0.004   -0.823 

           6  -17.540   -2.760   17.756    0.039    0.129 

    

     6          0.000    0.000    0.000 

           3  -17.579   -2.890   17.815    0.010    0.034 

           5   17.579    2.890   17.815    0.039    0.129 

    

     7          0.000    0.000    0.000 

           4    0.599   -2.136    2.219    0.000   -4.764 

           8   11.720    1.073   11.769    0.020   -1.027 

          10    3.507   -2.337    4.214    0.007   -2.737 

          11  -25.064    2.071   25.150    0.055    2.611 

          16    9.238    1.329    9.333    0.056   -2.179 

    

     8        -11.700   -2.100   11.887 

           7  -11.700   -2.100   11.887    0.020   -1.027 

           9    0.000   -0.000    0.000    0.000    0.000 

    

     9          0.000    0.000    0.000 

           8   -0.000    0.000    0.000    0.000    0.000 

    

    10         -3.500   -0.400    3.523 

           7   -3.500   -0.400    3.523    0.007   -2.737 

    

    11         35.000  -13.633   37.561 

           7   25.119    0.539   25.125    0.055    2.611 

          12    9.881  -14.171   17.276    0.021  -15.844 

    

    12        -10.000   -3.100   10.469 

          11   -9.860   -1.673   10.001    0.021  -15.844 

          13   -0.140   -1.427    1.434    0.002  -10.596 

    

    13          0.140   -9.169    9.170 

          12    0.141   -9.169    9.170    0.002  -10.596 

    

    14         14.000    6.344   15.370 

           3   -7.128    2.054    7.418    0.006   -0.490 

           4   -0.068   -0.231    0.241    0.000   -0.360 

          15    8.258    1.216    8.347    0.013   -0.857 

          17   12.938    3.308   13.354    0.138   -3.092 

    

    15          0.000    0.000    0.000 

          14   -8.246   -2.073    8.502    0.013   -0.857 

          16    8.246    2.073    8.502    0.028   -1.720 

    

    16        -17.400   -7.300   18.869 

           7   -9.182   -3.507    9.829    0.056   -2.179 

          15   -8.218   -3.793    9.051    0.028   -1.720 

    

    17        -12.800   -6.400   14.311 

          14  -12.800   -6.400   14.311    0.138   -3.092 

    

    Total loss                             0.541  -43.081 
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B = 

 

    0.0082    0.0013   -0.0070   -0.0067    0.0001 

    0.0013    0.0054   -0.0061   -0.0082    0.0036 

   -0.0070   -0.0061    0.0416    0.0428   -0.0040 

   -0.0067   -0.0082    0.0428    0.0839   -0.0053 

    0.0001    0.0036   -0.0040   -0.0053    0.0091 

 

 

B0 = 

 

   -0.0044    0.0005   -0.0106   -0.0222   -0.0002 

 

 

B00 = 

 

    0.0051 

 

Total system loss = 0.554349 MW  

 

derivativePLPKaolack = 

 

    0.0017 

 

 

derivativePLPCapDesBiches = 

 

    0.0058 

 

 

penaltyFactorKaolack = 

 

    1.0017 

 

 

penaltyFactorCapDesBiches = 

 

    1.0059 

 

 

kaolackRealPrice = 

 

  7.7475e+004 

 

 

capDesBichesRealPrice = 

 

  7.9404e+004 
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IV-iii Second case: optimization of production and transmission 

losses costs. 17/01/12 at 03.00 
 

Matlab code 

 
clear 

basemva=100; accuracy=0.0001; maxiter=100; 

%  

% 

%LOAD 17/01/12 A 03.00 slack bus Kaolack 

  

%        Bus Bus Voltage Angle Load----- Generator-------------- Injected 

%       No  Code Mag.   Deg   MW    Mvar    MW    Mvar  Qmin Qmax    Mvar 

busdata=[ 1   2    1      0     27    10.4    62      0   -12    40    16 %BA            

          2   0    1      0     72.9  27       0      0     0     0     0 %Hann 

          3   2    1      0     20.8  7.8     65.82      0   -27    52     0 %CDB 

          4   0    1      0      0     0       0      0     0     0     0 %Kounoune 

          5   0    1      0     14    6.8      0      0     0     0     0 %Mbao 

          6   0    1      0      0     0       0      0     0     0     0 %Sosetra     

          7   0    1      0      0     0       0      0     0     0     0 %Tobene90kV 

          8   0    1      0     11.7  2.1      0      0     0     0     0 %Taiba 

          9   0    1      0      0     0       0      0     0     0     0 %ICS 

          10  0    1      0     3.5   0.4      0      0     0     0     0 %Mekhe 

          11  2    1      0      0     0      35      0   -19.4  28.2   0 %Tobene225kV 

          12  0    1      0     10    3.1      0      0     0     0     0 %Touba 

          13  1    1      0     9.8   2.4      0      0   -12    40     0 %Kaolack 

          14  2    1      0      0     0      14      0     0     0     0 %Sococim 

          15  0    1      0      0     0       0      0     0     0     0 %Someta 

          16  0    1      0     17.4  7.3      0      0     0     0     0 %Thiona 

          17  0    1      0     12.8  6.4      0      0     0     0     0];%Mbour 

  

       

%        

%         Bus    bus    R              X             0.5B            1 or tap setting 

%                       pu             pu            pu 

linedata=[1      2      0.002144385    0.007404622   0.001080694     1      

          2      3      0.010834028    0.041099626   0.003462324     1 

          2      4      0.025828272    0.113530864   0.002489333     1 

          2      5      0.015634167    0.05137037    0.004213013     1 

          3      4      0.009904691    0.030353086   0.00248933      1 

          3      6      0.003266191    0.010731972   0               1 

          3     14      0.009981481    0.030962963   0.00253935      1 

          4      7      0.063572963    0.242670988   0.023801736     1 

          4     14      0.007164444    0.021955556   0.00180063      1 

          5      6      0.012367976    0.040638399   0               1 

          7      8      0.014604938    0.064197531   0.005588271     1 

          7     10      0.054126852    0.167903704   0.013770203     1 

          11     7      0.008641975    0.413580247   0               1 

          7     16      0.060764815    0.164103704   0.011731797     1 

          8      9      0              0.0001        0               1 

          11    12      0.015348148    0.040859259   0.079415437     1 

          12    13      0.010232099    0.027239506   0.052943625     1 

          14    15      0.017644067    0.054732616   0.00448889      1 

          15    16      0.03589297     0.111341458   0.009131255     1 

          14    17      0.071338272    0.218617284   0.01792935      1];  

  

  

  

           

           

lfybus           % form the bus admittance matrix 

lfnewton         % Load flow solution by newton-raphson method 

busout           % Prints the power flow solution on the screen 

lineflow         % Computes and displays the line flow and losses 

bloss 

  

%Derivative of transmission losses with the production in the power plant 

%701-702-703-704 in Kaolack 

derivativePLPKaolack=B0(1,4)+2*(10^-

2)*(B(1,4)*Pg(1,1)+B(2,4)*Pg(1,3)+B(3,4)*Pg(1,11)+B(4,4)*Pg(1,13)+B(5,4)*Pg(1,14)) 

  



91 

 

%Derivative of transmission losses with the production in the power plant 

%401-402-403 in Cap-Des-Biches 

derivativePLPCapDesBiches=B0(1,2)+2*(10^-

2)*(B(1,2)*Pg(1,1)+B(2,2)*Pg(1,3)+B(3,2)*Pg(1,11)+B(4,2)*Pg(1,13)+B(5,2)*Pg(1,14)) 

  

%penalty factor Kaolack 701-702-703-704 

penaltyFactorKaolack=(1/(1-derivativePLPKaolack)) 

  

%penalty factor Cap-Des-Biches 401-402-403 

penaltyFactorCapDesBiches=(1/(1-derivativePLPCapDesBiches)) 

  

%estimated cost of production and transmission losses for Kaolack 

%701-702-703-704 

kaolackRealPrice=77345*penaltyFactorKaolack 

  

%estimated cost of production and transmission losses for Cap-Des-Biches 

%401-402-403 

capDesBichesRealPrice=78940*penaltyFactorCapDesBiches 

  

%Total cost of production and losses 

totalCostProductionTransmission=21500*Pg(1,11)+38400*Pg(1,14)+74870*Pg(1,1)+75000*30.5+77345*P

g(1,13)+78940*(Pg(1,3)-30.5)+90000*PL(1,1) 

  

 

Result 

 
Power Flow Solution by Newton-Raphson Method 

Maximum Power Mismatch = 4.06753e-009 

No. of Iterations = 4 

 

    Bus  Voltage  Angle    ------Load------    ---Generation---   Injected 

    No.  Mag.     Degree     MW       Mvar       MW       Mvar       Mvar  

                                                                           

     1   1.000  -11.304    27.000    10.400    62.000    23.210    16.000 

     2   0.997  -11.417    72.900    27.000     0.000     0.000     0.000 

     3   1.000  -10.811    20.800     7.800    65.820     9.256     0.000 

     4   1.000  -10.831     0.000     0.000     0.000     0.000     0.000 

     5   0.996  -11.292    14.000     6.800     0.000     0.000     0.000 

     6   0.999  -10.912     0.000     0.000     0.000     0.000     0.000 

     7   1.003   -9.593     0.000     0.000     0.000     0.000     0.000 

     8   1.000  -10.009    11.700     2.100     0.000     0.000     0.000 

     9   1.000  -10.009     0.000     0.000     0.000     0.000     0.000 

    10   1.003   -9.958     3.500     0.400     0.000     0.000     0.000 

    11   1.000   -0.354     0.000     0.000    35.000    -7.353     0.000 

    12   1.001   -0.271    10.000     3.100     0.000     0.000     0.000 

    13   1.000    0.000     9.800     2.400    23.793   -11.924     0.000 

    14   1.000  -10.834     0.000     0.000    14.000     5.373     0.000 

    15   0.998  -10.885     0.000     0.000     0.000     0.000     0.000 

    16   0.992  -10.961    17.400     7.300     0.000     0.000     0.000 

    17   0.980  -12.275    12.800     6.400     0.000     0.000     0.000 

       

    Total                 199.900    73.700   200.613    18.562    16.000 

 

 

                           Line Flow and Losses  

 

     --Line--  Power at bus & line flow    --Line loss--  Transformer 

     from  to    MW      Mvar     MVA       MW      Mvar      tap 

    

     1         35.000   28.810   45.333 

           2   35.000   28.810   45.333    0.044   -0.063 

    

     2        -72.900  -27.000   77.739 

           1  -34.956  -28.873   45.338    0.044   -0.063 

           3  -25.690   -0.448   25.694    0.072   -0.418 

           4   -9.109   -0.782    9.143    0.022   -0.401 

           5   -3.145    3.103    4.419    0.004   -0.825 

    

     3         45.020    1.456   45.044 

           2   25.762    0.030   25.762    0.072   -0.418 

           4    0.903   -0.975    1.329    0.000   -0.498 

           6   17.197    3.028   17.461    0.010    0.033 

          14    1.159   -0.627    1.318    0.000   -0.507 
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     4          0.000    0.000    0.000 

           2    9.131    0.381    9.139    0.022   -0.401 

           3   -0.903    0.478    1.021    0.000   -0.498 

           7   -8.611   -1.151    8.688    0.048   -4.591 

          14    0.383    0.292    0.482    0.000   -0.360 

    

     5        -14.000   -6.800   15.564 

           2    3.149   -3.929    5.035    0.004   -0.825 

           6  -17.149   -2.871   17.388    0.038    0.124 

    

     6          0.000    0.000    0.000 

           3  -17.187   -2.995   17.446    0.010    0.033 

           5   17.187    2.995   17.446    0.038    0.124 

    

     7          0.000    0.000    0.000 

           4    8.659   -3.440    9.318    0.048   -4.591 

           8   11.720    1.068   11.769    0.020   -1.032 

          10    3.507   -2.347    4.220    0.007   -2.747 

          11  -38.831    4.649   39.108    0.131    6.290 

          16   14.944    0.070   14.944    0.136   -1.968 

    

     8        -11.700   -2.100   11.887 

           7  -11.700   -2.100   11.887    0.020   -1.032 

           9    0.000   -0.000    0.000    0.000    0.000 

    

     9          0.000    0.000    0.000 

           8   -0.000    0.000    0.000    0.000    0.000 

    

    10         -3.500   -0.400    3.523 

           7   -3.500   -0.400    3.523    0.007   -2.747 

    

    11         35.000   -7.353   35.764 

           7   38.962    1.641   38.997    0.131    6.290 

          12   -3.962   -8.993    9.827    0.003  -15.893 

    

    12        -10.000   -3.100   10.469 

          11    3.965   -6.899    7.958    0.003  -15.893 

          13  -13.965    3.799   14.472    0.028  -10.524 

    

    13         13.993  -14.324   20.024 

          12   13.993  -14.324   20.024    0.028  -10.524 

    

    14         14.000    5.373   14.995 

           3   -1.159    0.120    1.165    0.000   -0.507 

           4   -0.383   -0.652    0.756    0.000   -0.360 

          15    2.604    2.597    3.677    0.003   -0.887 

          17   12.938    3.308   13.354    0.138   -3.092 

    

    15          0.000    0.000    0.000 

          14   -2.601   -3.484    4.348    0.003   -0.887 

          16    2.601    3.484    4.348    0.009   -1.779 

    

    16        -17.400   -7.300   18.869 

           7  -14.808   -2.038   14.948    0.136   -1.968 

          15   -2.592   -5.262    5.866    0.009   -1.779 

    

    17        -12.800   -6.400   14.311 

          14  -12.800   -6.400   14.311    0.138   -3.092 

    

    Total loss                             0.713  -39.138 

 

 

 

 

B = 

 

    0.0081    0.0014   -0.0077   -0.0074    0.0001 

    0.0014    0.0055   -0.0060   -0.0078    0.0037 

   -0.0077   -0.0060    0.0379    0.0374   -0.0043 

   -0.0074   -0.0078    0.0374    0.0720   -0.0058 

    0.0001    0.0037   -0.0043   -0.0058    0.0087 

 

 

B0 = 

 

   -0.0046    0.0001   -0.0060   -0.0170    0.0001 



93 

 

 

 

B00 = 

 

    0.0052 

 

Total system loss = 0.711289 MW  

 

derivativePLPKaolack = 

 

    0.0223 

 

 

derivativePLPCapDesBiches = 

 

    0.0021 

 

 

penaltyFactorKaolack = 

 

    1.0228 

 

 

penaltyFactorCapDesBiches = 

 

    1.0021 

 

 

kaolackRealPrice = 

 

  7.9108e+004 

 

 

capDesBichesRealPrice = 

 

  7.9108e+004 

 

 

totalCostProductionTransmission = 

 

  1.2912e+007 
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Appendix V 

Calculation of medium-voltage grid losses 

Complete results of simulations with PSAF (Chapter 4) 

V-i Results of simulations for residential areas feeders 
 

 
Table 34 : Results for residential area feeders with the load equal to 47 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV 

 

LFTR 1647.871 39.717 5.663 45.380 2.75 

Dag. Pikine 1276.580 13.825 5.601 19.426 1.52 

 

 

 

30 kV 

 

Fass Mbao 4641.579 35.719 23.516 59.234 1.28 

HLM PO 5155.580 44.324 32.336 76.661 1.49 

Maristes 5433.168 42.703 28.268 70.971 1.31 

Puits 13 3580.404 33.555 19.837 53.392 1.49 

Rufsac 5459.649 50.859 30.000 80.860 1.48 

Sacré Coeur 4789.412 86.789 31.027 117.816 2.46 

Ngor-Almadies 4618.687 44.391 26.635 71.025 1.54 

 TOTAL 36602.93 391.882 202.883 594.765 1.62 

 
 

 

Table 35 : Results for residential area feeders with the load equal to 72 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV 

 

LFTR 2566.579 97.464 13.850 111.313 4.34 

Dag. Pikine 1973.102 33.731 13.519 47.250 2.39 

 

 

 

30 kV 

 

Fass Mbao 7161.667 85.555 56.316 141.871 1.98 

HLM PO 7964.796 106.609 77.734 184.343 2.31 

Maristes 8384.839 102.641 67.756 170.396 2.03 

Puits 13 5531.382 80.609 47.690 128.300 2.32 

Rufsac 8435.154 123.231 72.083 195.317 2.32 

Sacré Coeur 7443.388 211.430 75.505 286.935 3.85 

Ngor-Almadies 7137.366 106.688 64.029 170.717 2.39 

 TOTAL 56598.273 947.958 488.482 1436.442 2.54 
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Table 36 : Results for residential area feeders with the load equal to 65 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV 

 

LFTR 2306.156 78.435 11.157 89.592 3.88 

Dag. Pikine 1738.620 27.046 10.930 37.976 2.18 

 

 

 

30 kV 

 

Fass Mbao 6452.264 69.328 45.635 114.963 1.78 

HLM PO 7173.230 86.273 62.922 149.196 2.08 

Maristes 7553.789 83.078 54.892 137.970 1.83 

Puits 13 4981.647 65.273 38.601 103.875 2.09 

Rufsac 7996.650 99.539 58.357 157.896 1.97 

Sacré Coeur 6692.083 170.469 60.900 231.369 3.46 

Ngor-Almadies 6427.520 86.359 51.828 138.187 2.15 

 TOTAL 51321.959 765.8 395.222 1161.024 2.26 

 

 

 
Table 37 : Results for residential area feeders with the load equal to 92 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV 

 

LFTR 3325.961 165.273 23.412 188.685 5.67 

Dag. Pikine 2541.254 57.861 22.597 80.458 3.17 

 

 

 

30 kV 

 

Fass Mbao 9205.351 142.172 93.499 235.671 2.56 

HLM PO 10248.752 177.625 129.478 307.103 3.00 

Maristes 10779.750 170.953 112.594 283.547 2.63 

Puits 13 7117.548 134.195 79.440 213.636 3.00 

Rufsac 10854.956 206.313 120.027 326.340 3.01 

Sacré Coeur 9627.597 356.250 127.126 483.376 5.02 

Ngor-Almadies 9186.196 177.711 106.655 284.366 3.10 

 TOTAL 72887.365 1588.353 814.828 2403.182 3.30 
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V-ii Results of simulations for working areas feeders 

 
 

Table 38 : Results for working area feeders with the load equal to 34 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV Hotel Nina 851.173 2.664 2.835 5.499 0.65 

Crédit Foncier 725.943 2.776 1.937 4.713 0.65 

Tolbiac 1238.568 25.026 3.780 28.806 2.33 

Sileye Guissé 788.306 10.338 2.564 12.902 1.64 

30 kV CFAO 3010.917 8.742 13.260 22.002 0.73 

Manguiers 963.260 1.263 3.620 4.883 0.51 

 TOTAL 7578.167 50.809 27.996 78.805 1.04 

 
 

Table 39 : Results for working area feeders with the load equal to 56 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV Hotel Nina 1407.937 7.323 7.799 15.123 1.07 

Crédit Foncier 1200.481 7.619 5.316 12.935 1.08 

Tolbiac 2074.860 70.686 10.702 81.388 3.92 

Sileye Guissé 1312.198 28.790 7.144 35.934 2.74 

30 kV CFAO 4983.684 24.070 36.539 60.609 1.22 

Manguiers 1591.955 3.474 9.955 13.429 0.84 

 TOTAL 12571.115 141.962 77.455 219.418 1.75 

 

 
Table 40 : Results for working area feeders with the load equal to 50 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV Hotel Nina 1254.959 5.866 6.179 11.985 0.96 

Crédit Foncier 1070.473 6.053 4.220 10.273 0.96 

Tolbiac 1844.264 55.759 8.442 64.201 3.48 

Sileye Guissé 1169.069 22.839 5.678 28.517 2.44 

30 kV CFAO 4439.967 19.059 28.900 47.959 1.08 

Manguiers 1420.062 2.758 7.906 10.665 0.75 

 TOTAL 11198.794 112.334 61.325 173.6 1.55 

 



97 

 

Table 41 : Results for working area feeders with the load equal to 93 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV Hotel Nina 2355.940 20.685 22.651 42.736 1.81 

Crédit Foncier 2009.342 21.507 15.031 36.538 1.82 

Tolbiac 3552.085 209.461 31.799 241.260 6.79 

Sileye Guissé 2226.168 83.832 20.961 104.793 4.71 

30 kV CFAO 8347.535 68.188 103.539 171.727 2.06 

Manguiers 2659.375 9.787 28.112 37.899 1.43 

 TOTAL 21150.445 413.46 222.093 634.953 3.00 
 

V-iii Results of simulations for feeders Mermoz,Batterie Yoff and 

Ouakam 
 

Table 42 : Results for feeders Mermoz, Batterie Yoff and Ouakam  with the load equal to 44 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV Mermoz 1376.975 20.712 4.791 25.503 1.85 

Batterie Yoff 1369.857 41.724 6.292 48.016 3.51 

30 kV Ouakam 5418.303 80.664 28.907 109.571 2.02 

 TOTAL 8165.135 143.1 39.99 183.09 2.24 

 
Table 43 : Results for feeders Mermoz, Batterie Yoff and Ouakam  with the load equal to 57 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV Mermoz 1794.287 35.261 8.160 43.421 2.42 

Batterie Yoff 1798.151 73.924 10.895 84.818 4.72 

30 kV Ouakam 7064.754 137.641 49.331 186.971 2.65 

 TOTAL 10657.192 246.826 68.386 315.21 2.96 

 
Table 44 : Results for feeders Mermoz, Batterie Yoff and Ouakam  with the load equal to 75 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV Mermoz 2380.491 62.293 14.423 76.716 3.22 

Batterie Yoff 2408.130 135.900 19.591 155.492 6.46 

30 kV Ouakam 9381.154 244.016 87.437 331.452 3.53 

 TOTAL 14169.775 442.209 121.451 563.66 3.98 
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Table 45 : Results for feeders Mermoz, Batterie Yoff and Ouakam  with the load equal to 90 % of maximum load 

Feeder 

type 

Name of feeder Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

6.6 kV Mermoz 2876.915 91.273 21.141 112.415 3.91 

Batterie Yoff 2940.264 205.847 29.377 235.224 8.00 

30 kV Ouakam 11346.553 358.625 128.481 487.106 4.29 

 TOTAL 17163.732 655.745 178.999 834.745 4.86 

 

 

V-iv Results of simulations for the feeder “Medina” 
 

Table 46 : Results of simulations for the feeder “Medina” 

Percentage 

of maximum 

load 

Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

46% 1453.245 24.504 5.500 183.09 2.06% 

63% 2006.852 46.969 10.543 315.21 2.87% 

79% 2536.761 75.418 16.930 563.66 3.64% 

70% 2237.585 58.516 13.135 834.745 3.20% 

86% 2771.478 90.215 20.252 183.09 3.99% 

99% 3212.281 121.699 27.323 315.21 4.64% 

 

 

V-v Results of simulations for the feeder “Sodida” 
 

Table 47 : Results of simulations for the feeder “Sodida” 

Percentage 

of maximum 

load 

Supplied 

power to the 

feeder (kW) 

Losses in 

cables 

(kW) 

Losses in 

transformers 

(kW) 

Total 

losses 

(kW) 

Total 

losses 

 (%) 

51% 1449.271 22.704 7.388 30.092 2.08% 

79% 2273.156 56.423 18.324 74.747 3.29% 

68% 1946.923 41.222 13.398 54.620 2.81% 

99% 2875.391 90.963 29.496 120.459 4.19% 
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Appendix VI 

Details about calculations of low-voltage grid losses 

(Chapter 5) 

 

 

The next eleven pages give the detailed results of the calculations of low-voltage grid losses 

for 435 low-voltage feeders. Global results are put in the top of the first page. 
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