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Executive Summary 

In the African country of Benin, one has become aware of the potentials of photovoltaic 
systems for isolated rural areas, far away from the national power grid. Since 1993, a nation 
wide project is being implemented where photovoltaic systems are used to supply rural villages 
with certain primary needs: clean drinking water, lights and refrigerators for medicines. This 
project: 'contribution to the improvement of quality oflife in rural environment by solar 
electrification', is being adopted in the framework of a bilateral sustainable development co
operation with the Netherlands. 

In this report the attention will go to the villages that are electrified with the help of 
photovoltaic systems. The first of these villages, Sedje-denou, will be subject to a case-study. 
The existing situation regarding the photovoltaic systems will be examined in detail. In this way 
it is hoped to identify existing problems. Identifying the problems is the first step in answering 
the central research problem: 'How can the functioning of PV-systems in rural villages in 
Benin be improved?' . Later in the report recommendations, to solve the found problems, will 
be given. 

In chapter 2 the key concepts used in this report will be explained. Furthermore the three steps 
of research performed are mentioned, the steps that describe: 

1. the national environment of the research, the energy sector and photovoltaic systems in 
general; 

2. the situation in Sedje-denou; 

3. the comparison between several potential energy sources, suitable for a situation 
comparable to Sedje-denou. 

Also, in chapter 2 the methods of data collection: observation, literature, interview with key 
persons and villagers, are described in detail. 

In chapter 3, information regarding the national environment and the energy sector of Benin 
are given. This data is important, many problems in the rural village can only be understood 
and valued in the local context. The data clearly present the fact that Benin is one of the least 
developed countries in the world. Chapter 4 gives additional information to appreciate and 
understand the problems, the technical characteristics of the photovoltaic systems are treated. 
All the data in these two chapters is compared with other developing countries and with 
developed countries. Together chapter 3 and 4 represent the first step of research. 

Chapter 5 represents the results of the case-study in Sedje-denou, in detail. This chapter works 
systematically towards the identification of the problems and their influences. First the existing 
situation is described in detail and the different photovoltaic systems are treated in detail. The 
result is a list of problems each belonging to one of the 5 categories of problems. These 
categories and their problems are presented in the following box. 

11 



The use of photovoltaic technology in Benin 

Second, the problems get assigned weight factors and their relations with the causes are 
clarified. Third the influences of the found problems are treated in detail. The conclusion from 
this chapter is that the photovoltaic project in Sedje-denou, in the present form is not 
feasible, mainly due to financial problems. Financially speaking , it will even be difficult to 
keep the photovoltaic systems operational the full planned 25 years. 

In chapter 6, recommendations are made to improve the existing situation in Sedje-denou. Also 
will be described what has to be done to realise the recommendations and the effect of the 
recommendations. The conclusion is that it is possible the improve the situation, regarding: the 
reliability of the systems, the needs of users correspond with installed systems and the 
integration of the users, to an extend that the project can be kept operational the planned 25 
years. It is possible to cover the running costs. However the overall financial situation is still 
negative. It is not possible to make the project feasible. 
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To goal of chapter 7 is to give a recommendations to rural villages in a situation comparable to 
Sedje-denou, but where no photovoltaics systems are yet installed. It is determined, whether 
photovoltaic systems are the best solution to supply the desired services. A comparison is 
made between several energy sources: 

• diesel systems 
• windpower 
• hydro power 
• photovoltaic systems 

The result from this comparison is that for villages like Sedje-denou, where the same services 
are desired as are installed in Sedje-denou, diesel systems are the most suitable energy 
source. 
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1 Introduction 
The consumption of energy per capita is an important indicator for the level of development of 
a country [Thiombiano, p. 2-3]. Energy plays an important role in solving problems related to 
lack of primary needs. For example, two billion people do not have adequate water supplies, 
even though it is very important for health, diet and agriculture. Furthermore, energy can help 
to increase the access to education, for example by providing lights. The problem, however, 
for a lot of countries in the world is the availability of a reliable and cheap energy source to 
fulfil their energy needs. In this report the focus will be on energy in the form of electricity and 
more specific photovoltaic electricity. 

This report represents my last research performed before graduating at the University of 
Technology in Eindhoven. In the last year, every student following the 'International Technical 
Development Studies' program is obligated to perform a stage in a developing country. This 
stage and research have been performed in the West-African country of Benin, in the period 
starting in November 1995 until March 1996. The goal is: 'to improve the situation regarding 
PV-systems in the researched rural village, Sedje-denou'. 

The country of Benin is trying to improve the access to reliable and cheap energy. One of the 
projects implemented to reach this goal, is the electrification of rural villages with the help of 
photovoltaic systems (PV-systems). These villages are not connected to the national electricity 
grid, thus have need for an autonomous electricity source. With PV -systems it is possible to 
convert the energy of solar radiation directly into electricity. The most apparent advantage of 
PV-systems is that it is a stand-alone system. It produces no pollution when in use and a well
designed system has little need for maintenance and repairs. In addition it is extremely cheap in 
use. The disadvantage however is the high initial costs of the system. Also the availability of 
energy is very unpredictable and irregular since it depends on solar radiation. In total, the 
characteristics of a PV-systems offer, in principle, a good potential energy source to be used in 
rural conditions in developing countries. 

The ministry of energy proposed five projects. One of them is: 'contribution to the 
improvement of quality of life in rural environment by solar electrification, a proposal of 10 
villages' (for the project proposal see appendix A). The PV-systems in the first of these 
villages, Sedje-denou were operational on December 28th 1993. This whole project is later 
adopted in the framework of a bilateral sustainable development co-operation with the 
Netherlands, started on the 21st of May 1994. In the framework of this co-operation, the 
Eindhoven University of Technology has signed a 'Declaration oflntent' with representatives 
of the Universite Nationale du Benin on May 19th 1995. 
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In chapter 2 the methodology of the research will be explained. The following part, chapter 3, 
describes the characteristics of Benin and the energy sector. The information in this chapter 
will be placed in a global context. Next, in chapter 4 attention will be given to photovoltaics in 
general and more specific photovoltaics in Benin. In chapter 5, the results of the research 
performed in the rural village Sedje-denou will be presented. The result of this chapter will be a 
list of problems, their causes, the seriousness of the problems and the influence of the problems 
on the feasibility of the PY-project in Sedje-denou. Chapter 6 contains recommendations to 
solve the problems in chapter 5, to improve the situation. In chapter 7 a comparison is made 
between different possible energy sources in a village comparable to Sedje-denou. Here is 
determined which energy source is the most appropriate for a village like Sedje-denou. 
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2 Methodological Issues 
In this chapter the theoretical and empirical issues are described. The steps of executing the 
research are explained as well as the methods of datacollection. 

2.1 Theoretical Issues 
This paragraph will deal with the theoretical issues, beginning with the problem definition and 
objectives. Then the steps of the research are described followed by the theoretical models. 

2.1.1 Problem definition and Objectives 

The central research problem in this research is: 

Improved is defined as: a higher reliability, a better integration of the users, a better financial 
situation and a better correspondence between needs of the users and the systems installed. 

To solve the research roblem several uestions are formulated : 

I 
The last research question is formulated in case it is thought useful to consider other energy 
sources than PV-systems. By answering these questions, it is aimed: 

The underlining goal of the research described in this paper is: 

--· This is done by giving recommendations how to solve the problems, in the village. 

3 
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2.1.2 Steps of the research 

In this paragraph an overview of the structure of the research is presented. The research 
follows three steps. 

Step 1: 

This step concerns with information regarding the national environment of the research and 
the energy sector. To increase the understanding, this information is placed in a global context. 
All this can be found in chapter 3. In addition, in paragraph 4.2, the focus will be on PV
systems and more specific PV-systems in Benin. It is possible to visualise this scale down 
process: 

Figure 2.1: The scale down process of information on Benin 

The information, as is described above, covers the.first research question. To gather the 
information, a descriptive research was performed 

Step 2: 

The focus in this second step will be on the problems in a rural village and the influence of 
these problems on the feasibility of the PY-project. This last step of the scale down process is 
made clear in the figure below: 

Figure 2. 2: The focus of attention will be one of the rural villages 

The purpose ofthis second step is to answer research questions 2 and 3. To do this, an 
explorative research was performed. 

4 
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To identify the problems a comparison is made between the existing situation and a defined 
'ideal situation '. The discrepancies are also an indication of the seriousness of the problems. 
Considering the problems found, an opinion on the feasibility of the PY-project will be given. 

A first theoretical model is made to clarify the relations between: the problems, causes and the 
feasibility of the PY-project. Together with the definition of the 'ideal situation,' this first 
theoretical model can be found in paragraph 2.1 . 4. 

Step 3: 

The conclusion from the second step is whether the PY-project is feasible. If not, a 
comparison will be made between several potential energy sources. Each of these potential 
energy sources will be judged on their characteristics. The decision is visualised below: 

Figure 2. 3: 'Is it necessary to look at other energy sources?' 

When the answer is: 'no' , the decision is made to answer the fourth research question. This 
will be done by performing an explorative research. First the different types of energy sources 
will be presented. Then the characteristics of the energy sources are place in the context of the 
situation in Sedje-denou. In this way the appropriateness of each energy source is determined. 

The result is an overview of the appropriateness of the energy sources for the rural village. All 
relations are visualised in a second theoretical model that can be found in paragraph 2.1.1. 

To increase the overview of the different steps, the most important points are placed in a table. 

Phases of What research question is answered? Type of researched Theoretical 
research performed model used 
Step 1 What is the current situation of the energy sector and descriptive 

PV-technology in Benin? 

Step 2 What problems can be identified in the visited rural explorative first 
village? theoretical 
What are the influences of these problems on the model 
feasibility of the pr()ject? 

Step 3 - What are the advantages and constraints of the explorative second 
potential energy sources that can be used in compa- theoretical 
rable rural situations as in the villruze researched? model 

Table 2.1: An overview of the three steps of research 
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2.1.3 The Definitions of key concepts 

To prevent any misunderstanding in the following chapters, some concepts are here defined: 

to operationalize: 

The researched village: 

FCFA: 

Users: 

Comite du gestion: 

to change the variables used, into measurable concepts 

the rural village that has been chosen to perform the research, this 
is Sedje-denou 

the currency used in Benin, 300 FCF A is about 1 Dutch guilder 

the inhabitants of the researched village, who profit from the PV-
systems. 

the group of inhabitants in the village who are responsible for the 
PV -systems. 

Potential energy sources: solar energy, biomass, hydro-energy, wind energy, diesel systems. 

2.1.4 The theoretical models and definition of the 'ideal situation 

In this paragraph, the two theoretical models, as mentioned in paragraph 2.1 .2, will be 
presented, as well as the variables and the definition of the 'ideal situation'. 

the 'ideal situati.on ' 

The 'ideal situation' is used in the second step to identify problems and is defined by the 
author. The variables used are considered to describe a complete situation and to be 
complementary to each other. The definition of the 'ideal situation' contains five main
variables. These variables are demands that need fulfilment to reach an 'ideal situation' . In 
appendix B, the definitions of the different variables can be found . 

• reliability of systems: -no repairs necessary 
-continual operation 
-optimal operation 

• financial self-sufficiency: -more revenues then costs during the lifetime 
-no funds or revenues are lost 

• politically self-sufficiency: -no dependency on foreign countries 
-governmental support 

• needs of users correspond with installed systems: 
-all existing systems used 
-all existing capacity used 
-sufficient capacity of existing systems 

• Integration of users: -users have positive attitude towards PY-systems 
-awareness among the users of the advantages of the PY-systems 

Furthermore used in the second step is the first theoretical model, which will be presented next. 
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The first theoretical model 

This model is used in step 2, where an explorative research is described. 

~ · · · 91> 

Independent variables 

Causes 

1 
Intermediate variables Dependent variable 

~--

Figure 2. 4: The first theoretical model 

The variables used to characterise the problems, are exactly identical to the five variables 
defined in the 'ideal situation' . This is logical because any deviation from this situation is a 
problem. 

In order to get a better understanding of the variables used, it may help to take a look at the 
operationalisations of the variables in appendix C. 

7 



The use of photovoltaic technology in Benin 

the second theoretical model 

This model is used in step 3. With the help of this model a comparison will be made between 
different energy sources. The result should be the most appropriate energy source. 

Independent variables Dependent variables 

Intermediate variables 

Figure 2.5: The second theoretical model 

The second theoretical model is a part of the first theoretical model, it gives the connections 
between the characteristics of an energy source and the potential problems. When comparing 
the different types of energy, the environmental characteristics, users and organisational 
characteristics are considered unchanged. The only independent variable left is: the 
characteristics of the used energy source. That is why in the second theoretical model only this 
variable is compared. The dependent variables are the variables, as defined in the ' ideal 
situation'. It is possible to say that the energy source that can function with the fewest and less 
serious problems, is the most appropriate energy source. 

To get a better understanding of the variables used, it is recommended to take a look at the 
operationalisations in appendix C. 

2.1.5 The operationalisations 
It is very difficult to measure the used variables in the theoretical models directly. It is 
necessary to translate those variables into measurable concepts, in other words it is necessary 
to operationalize the variables. The operationalisations can be found in appendix C. 

2.2 Empirical Issues 
Here the empirical issues of the research will be treated. The initial aim was to cover all the 
rural villages in the research, however it would cost to much time and money and the needed 
work force was not available. Therefore it was decided to perform a case-study on two rural 
villages in Benin. In this way it was hoped that by comparing two villages, it would be possible 
to reach some limited generalisation for the rural villages in Benin. Unfortunately, due to health 
problems of the researcher, it was only possible to cover one village, this reducing the hope to 
be able to generalise anything on rural villages in Benin. Thus this research will concentrate on 
the case-study in one rural village, Sedje-denou. 
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2.2.1 Sampling 

the choice of the village 

In the course of the research, the village Sedje-denou was the subject of an investigation during 
a period of 5 weeks. The choice of this village was made by professor Awanou, which thought 
it an interesting village. In Sedje-denou the PV-systems were already operational for two years. 

the choice of the research units in the village 

Having arrived in the village the first problem was the selection of the people, to be 
interviewed, from the entire population of the village. Except for 2 streetlights, all the PV -
systems are located in Sedje I(for a map of the village see appendix D). The village Sedje
denou as a whole is too extensive to conduct a research. In addition not everybody lives close 
enough to the PV-systems to profit from them. Therefore it was decided to take only Sedje I 
as the part of the village where to perform the research. 

The resulting research unit is: ' the inhabitants of Sedje I at the age of 18 years and 
older'. 

sampling method 

In order to chose the individual persons from the village population it was needed to have a 
sampling frame from the whole population. The only available source was an electoral register. 
It was difficult to make a selection based on geographical characteristics, since no real map of 
the village was available and it was very difficult to get a personal overview. The names on the 
electoral register were all the people who had subscribed in the register in 1995. The ordering 
of the name in the register was done according to no system. Simply the first person who came 
to subscribe, was first on the list and the latest persons to subscribe is the latest name on the 
list. However since the list was compiled with names of persons who were in the village on a 
specific day, the register has many mistakes and flaws. It is possible that persons on the list 
only stayed in the village during a short period or that persons moved in or out the village. 
Also people from neighbouring villages might have subscribed in the register of Sedje I, if it 
was more convenient at the time. Other people have died in the last year or have become 18. 
However, generally the people of 18 and older have the habit to subscribe in the register, 
whether it is officially obligated is unknown. Another problem with the electoral register was 
that it only contained: name, sex, date of birth, place of residence. The date of birth was in the 
most cases an estimation of the year of birth. The place of residence was the name of the 
'maison' family house were the person lived, no address or any other information. 

Since the list had no system of order it was possible to use the systematic sampling method. 
The total number of names on the list was 701 . The desired final number of respondents was 
30, given the time and to ensure at least a certain level of representativity. It was necessary to 
perform a pre-test, in order to check the validity and the form of the questions and to 
determine whether the result would be the desired information. Another important reason for 
doing a pre-test was to instruct the interpreter, who translated the local Fon-language into 
French. In appendix E, one can find the preliminary list of questions, as well as the final list of 
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questions. Out of the 701 names, 70 names were selected. This was done starting by number 
10 on the list and taking intervals of 10 people, thus number 10, 20, 30, etc. were chosen. 

pre-test 

The goal for the pre-test was to question 5 people, but taken into account the possibility that 
persons in the sample could not be found, 10 persons were reserved as potential. In two days, 
the first 5 persons that could be found from the list of 10 were interviewed. 

the survey 

As mentioned, the goal was to question about 30 inhabitants. In contrast to the pre-test, this 
time every effort was done to find the persons on the list. Already in advance, it was 
anticipated that a significant part of the persons could not be found. In the end 29 persons of 
40 persons were found . The detailed reasons for not being able to find the 11 missing persons 
can be found in appendix F. 

It might be possible to calculate the statistical bias, based on the 29 interviewed persons. 
However the sampling frame is so unreliable that it has no use to calculate the statistical bias. 
The bias caused by the sampling frame is much larger and unfortunately can not be calculated. 
The only thing that can be done is to point out the flaws as was done in this text. 

2.2.2 Methods of Datacollection 

In this chapter methods, used to gather information, will be described and what precautions 
were taken in order to ensure an as large as possible reliability and validity. This was done for 
all the three steps of the research. In each of the three steps, one type of research was 
performed: 

• step 1: the descriptive research 

The sole method used to gather information to describe the energy sector and PY-technology 
in Benin, was the collection of literature. The sources can be divided in two groups. One group 
is the literature gathered in Benin. The greatest sources of written information in Benin are the 
ministry of energy, mines and hydraulics and the installation company, ENERDAS. 
Unfortunately it was only possible to gather some information from the ministry and little from 
ENERDAS. The other group is the literature gathered in the Netherlands. 

step 2: an explorative research using the first theoretical model 

In this part the following methods of datacollecting were used: 
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the personal interview 

All the performed interviews were done on a person to person bases, because in a personal 
interview it is possible to respond to the answers given. Another advantage, especially in 
Benin, is that it is not needed that the respondent is literate. 

In Benin several organisations have been involved in the implementation of the PY-systems in 
the country. The involved actors were the ministry of energy, the installation company: 
ENERDAS. The goal was to make an appointment with a limited number of selected key
persons. However due to health problems of the researcher it was not possible to perform 
interviews with key persons other than professor Awanou. Therefore the information gathered 
in this way is very limited. 

Also considered as key-persons are the members of the committee ' comite du gestion', in 
Sedje-denou, who are responsible for the operation of the PY-systems. Because of their daily 
involvement with the systems, they can provide very useful information regarding the PY
systems itself, the past of the systems and the day-to-day operation. This group of key-persons 
provided a lot of interesting information. 

observation 

With observation a lot of information has been gathered. The PY-systems were observed in 
order to get a good idea of the types and numbers of systems and the numbers of the different 
components in the different systems. Also useful to observe is the way the villagers use the 
different PY-systems, for example how the distribution of water is arranged. 

literature 

The sources of literature interesting for this part of the research, were the ministry of energy, 
libraries in the Netherlands but also available literature in the rural village, such as maintenance 
manuals and casebooks. 

step 3: an explorative research using the second theoretical model 

The information needed for the intermediate variables, is the same information gathered for the 
environmental characteristics and users of PY-systems, in the first theoretical model. However 
the information on characteristics of the potential energy sources is new information to be 
collected. Only the characteristics of PY-systems are already known. The information 
regarding characteristics of other types of energy sources is collected from literature, found in 
the Netherlands. 
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2.2.3 The methods of datacollection linked with the variables 

Here an overview of what method of datacollection was used to investigate the different 
variables. Only the first theoretical model is treated here since all the new information that is 
necessary for the descriptive research and the second theoretical model is based on literature. 

Relevant Research variables Personal Obser- Literature 
data interview vation 
Causes Environmental Location yes yes yes 

characteristics 
Government ves yes 

Users of PV- Personal background yes 
svstems 

Personal desires ves 
F eelirui of resoonsibilitv ves 

Characteristics Technical characteristics yes yes yes 
of PV-svstems 

Orilrin of technoloszv yes 
Costs of components yes 

Organisational The actual organisation structure yes 
characteristics 

Functioning maintenance ves ves 
Functioning reoairs ves ves 
Functioniruz funds collections ves yes 
Functioning information flow to yes yes 
users and 'comite du gestion' 

Problems Reliabilitv of svstems ves ves yes 
Financial self-sufficiencv ves 
Political self-sufficiency 
Needs of users correspond with yes yes 
installed systems 
Integration of users with relation yes 
to PV-systems 

Table 2. 2: Overview of methods of datacollection used for the first theoretical model 

2.3 Methods of analysis 
In the second step practically only qualitative data was collected in the village. That is why also 
a quantitative analysis of the data is performed. The researched situation will be compared with 
a defined 'ideal situation', the results are the problems in the village related to PV-systems. 
Each problem will be assigned a weight factor from 1 to 5. A weight factor of 1 signifies: no 
problem, a weight factor of 4 or 5 signifies a problem that is a serious threat to the feasibility of 
the project. The problems will be analysed for their influences on the feasibility. 

The third step deals with the comparison of potential energy sources. These energy sources are 
placed in the context of the local. The energy sources that pass this selection are compared 
with each other. Then it is determined what energy sources has the least problems, the 
categories of judgement are the dependent variables of the second theoretical model. 
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3 Background information of Benin 
In this chapter background information of Benin, the country of research, will be presented. 
First the national characteristics of Benin will be treated. These characteristics will be placed in 
a global context by comparing the data with the characteristics of other countries. Second, the 
focus will be on the energy sector of Benin. This chapter represents the first step of the 
research. In appendix H, a map of Benin can be found. 

3.1 National Characteristics of Benin 

3.1.1 The history of Benin 

Between 1500 BC and the year 0, several migrations of different tribes into the south of Benin 
took place. These were the Aja, Xwla and the Xudea, further inland the Gun, Ayizo, Fon and 
Maxi. After 1500 AD the Peul and the Fulani migrated to Benin and brought the Islam to 
Benin. Presently about 20 different large ethnic groups, each with their own language, live in 
Benin [de Jong A. , 1986, p. 15]. 

Before the arrival of the Portuguese in the 15th century, there were two important kingdoms in 
present Benin, the kingdom of Abomey, mostly Fon and the kingdom of Porto-Novo. Further 
there were some smaller states: Ardra, Jakin and Ouidah. In the 16th century the Dutch, French 
and English followed the example of the Portuguese and build settlements on the coast. After 
some time the most important trade with these Europeans became the slave-trade, of which 
Ouidah was the most important shipment harbour. By that time Ouidah was already conquered 
by the kingdom of Abomey. The Fon-king had the monopoly on the slave-trade. In the period 
of a century an average of 10. 000 persons were shipped annually. After the announcement of 
England that slave-trade was to be forbidden, the slave-trade began to decrease. Gradually one 
started to realise that the future was in agricultural products. In this period the products maize 
and cassava (manioc) were introduced in Benin. At the end of the 19th century France started 
to become gradually more powerful and by 1892 the capital Abomey fell into French hands. 
Starting in 1899, Dahomey, as was Benin called, was integrated in the greater whole of French 
West-Afiica. Dahomey remained in French hands until the independence in 1960. 

In the period after independence, 1960-1972, there was the continual struggle between, three 
leading politician of that time: Maga, Apithy and Ahomadegbe. The three leaders are the 
representatives of respectively: the North, the Southeast and the Southwest. There were even 
several coups in 1963, 1965, 1967, 1968, 1970. In 1972 there was another coup lead by major 
Mathieu Kerekou, he remained in power. On 30 November 1974 the Marxist-Leninisme was 
declared and in 1975 the name of the country became Benin. Since 1980 the socialism in Benin 
was less dogmatic and a more practical policy was introduced, also foreign investments were 
welcome again. In 1989 there were many anti-governmental demonstrations. The situation was 
so serious that by the end of 1989 Kerekou was forced to denounce the Marxist-ideology and 
to organise a national conference. During this conference, it was decided to hold national 
democratic elections. The winner of these elections, the new president was Nicephoro Soglo, 
the former prime minister. President Soglo introduced a more liberal economic system, more 
according to the ideology of free-market-mechanisms. In 1996 again presidential elections 
were held, the winner was Matthieu Kerekou. [de Jong A., 1986, p. 18-23]. 
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3.1.2 The Physical environment 

The country Benin is situated in West-Africa on the Bay of Benin. These shores were one also 
known as the slave coast. Benin has as neighbouring countries: Nigeria to the east and Togo to 
the west. The form of the country is somewhat peculiar with a maximum north to south 
distance of750 km a maximum east to west distance of325 km and a shoreline of about 125 
km. In total Benin covers a surface of 112.622 km2 [de Jong A., 1987, p. 9]. 

Benin has a very diverse range of climate-types. In the coastal areas, from the shore to 200 km 
inland, there is the humid rain forest climate. Further inland is the much dryer steppe with a 
large temperature range. The further north the dryer the country becomes. In the South there is 
an annual rainfall of 1300 mm and more, while in the north it is less than 900 mm a year. Also 
the moment of the monsoon is different. In the coastal area the monsoon starts in march and 
last until July, while in the north the rains do not start until May and last until October. 

Unfortunately Benin is not very blessed with many natural resources. There is some chalkstone 
and marble. Also some iron and gold can be found, however the latter is no longer produced. 
In the national waters oil has been found, but this production field, Seme, is reaching 
exhaustion. However there is some hope for other fields. Furthermore also some phosphate 
can be found in the soil of Benin. 

3.1.3 Benin in a global perspective 

In this paragraph the situation of Benin will be compared with other countries in the world. 

First the goal is to give an overview of the level of development in Benin, compared to other 
countries. This is done with the help of the Human Development Index (HDI). This indicator 
of development is developed by the United Nations (UN) and is periodically updated by the 
United Nations Development Programme (UNDP). The HDI is a collection of several 
indicators (see appendix G for a list), these indicators can be placed in three large groups: 

• Life expectancy and health 
• Education and communication 
• Income 

The list of countries, their HDI and rank can be seen below [UNDP, 1991, p. 119-121]: 

Country HDI Rank 
Japan : 0.993 1 
USA 0.976 7 
Netherlands 0.976 8 
Nigeria 0.242 129 
Togo 0.225 131 
Benin 0.114 150 
Niger 0.079 155 

Table 3.1: The HD/ for several countries 

As can be seen in the table above Benin and its neighbouring countries can be considered to be 
developing countries. From the 160 countries in the world, Benin ranks on the l SOth place. 
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In the following chapters the data of Benin will be compared in greater detail with other 
countries. 

Life expectancy and health 

Here a number of indicators are shown: 

Table 3. 2: Indicators for life expectancy and health 

Sources: World Health Statistics 1988, World Population Data Sheet 1993, Social Indicators of Development 
1993 

Looking at all the indicators presented above it is soon clear that the situation in Benin and its 
neighbouring countries is far worse than the situation in industrialised countries like the 
Netherlands and the United States. However there has been some remarkable improvement, for 
example: in 1950 in Benin, the average life expectancy was only 33 years, now it is 46 years. 

One indicator with direct importance to the research ofthis report is 'access to safe water, 
rural', since a goal of PY-systems is to improve the access. It is clear from the data that there 
is room enough for improvement. With an access of safe water of34% in Benin there is even 
more room than in the neighbouring countries. 

Edu.cation and Communication 

Again a look will be taken at the characteristics of Benin placed in a world-wide context: 

Table 3. 3: The indicators of education and communication 
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Source: The World Factbook 1992, UNESCO Statistical Yearbook 1992 

Again it can be seen that the numbers for the nations in West-Africa look unfavourable. 
Especially, the situation regarding literacy is bad. Benin belongs to the ten countries in the 
world with the lowest rate of literacy. This is important to keep in mind when dealing with the 
local population. 

Income 

Here the characteristics of the third group will be presented: 

Table 3. 4: The indicators of income 

Source: The World Factbook, 1992, Microsoft World, International Financial Statistics Yearbook 1993, FAO 
production Yearbook, 1991 

Clearly the economic conditions in Africa are worse than those of the industrialised countries. 
However in the context of West-Africa, Benin is doing a relative good job. Benin has one of 
the highest GNP/capita in the region furthermore there is a real growth of GDP of 3%. This 
might be explained by the change of political climate. Since the beginning of the nineties there 
is a more liberal economic policy. Also clear from the table is the fact that the largest part of 
the population in Benin is employed in agriculture. 

Taking all the presented indicators into account, it is safe to conclude that Benin belongs to the 
developing countries in the world. The data is even so much below world average that Benin 
can be considered one of the least developed countries. 

3.2 The Energy sector of Benin 
In order to obtain a broader view of the PY-systems in Benin, it is helpful to examine the 
energy sector. Later specific information regarding PY-systems in rural areas in Benin will be 
given. 

3.2.1 The current situation 
Here information will be given on the characteristics of the energy sector in Benin. Especially 
attention will be given to the electricity sub-sector since this one has the most links with PY
systems. 
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The energy sector in general 

The most important energy form in Benin is biomass, a traditional energy source. Other forms 
of energy used are: fossil fuels and electricity. Energy is an important sector, but of course 
with its problems. Practically all the conventional energy forms are imported from abroad 
[Foundation Ecooperation, 1994, p. 8). All this imported energy must be a heavy burden for 
the financial situation of the country, unfortunately this data is not available. The energy sector 
is on the rise in Benin. In the period 1985 until 1992 there was an annual rise of2.3% in the 
consumption of energy nation-wide[Dr. Salifou, et al, 1994, p. 21]. The following figure gives 
an overview of the energy consumption in Benin over the years also specified to energy type. 
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Figure 3.1: Evolution of the total energy consumption in Benin 

As can be seen, the increase in total energy consumption is mainly due to the increase of 
biomass, not only in quantity but also the share of biomass nation-wide is gaining importance. 
Also the share of electricity is rising. The share of fossil fuels is steadily declining from 21.3% 
in 1985 until 16.5% in 1992. Surprising is that the increase in energy consumption is not the 
result from an increase of conventional energy types. It is also in contradiction with future 
expectations from 1984 that predicted a decrease in the share of biomass and an increase in the 
use of fossil fuels [WB/UNDP, 1985, p.13]. Looking at the total consumption it can be seen 
that there is an annual growth of total consumption of about 2.3 %. This growth is lower than 
the growth of the population, conclusion: the consumption of energy per capita has been 
declining in the presented period. The reasons for this decline are beyond the scope of this 
research but generally people tend to have an increasing consumption of energy. 
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Also noticeable is the very high percentage of biomass in the energy consumption mix in Benin, 
even if looked at developing countries as a whole and especially when looking at industrial 
nations. The differences are visualised below [NTIS, 1991, page 8] : 
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Figure 3. 2: Energy mix of industrialised, developing countries and Benin 

The presented information of the energy consumption is not very up to date, but it is sufficient 
to give an idea of the different situations. In Benin almost no use is made of coal, probably the 
result of the fact that there are only very small thermal electricity plants. Also only limited use 
is made of gas about 29 TJ a year. 

In the near future no problems on a national level can be expected due to energy shortages. 
Since there is enough capacity, in 1992 the total consumption of energy was 43 .3 PJ and is 
expected to be 77.9 PJ in 1998. While the total production potential of energy is in 1995 
already 112.0 PJ a year [Ministere de l'Energie des Mines et de l'Hydraulique, 1995, p. 3]. 
This abundance of potential energy does not mean that there are no problems in the energy 
sector. For example the wood products have known a rapid increase in price. The price of a 
package of wood ( 20 kg) has changed from 10 FCFA in 1970 to 500 FCFA in 1993. The 
price of charcoal has risen from 3 50 FCF A for a bag of 30 Kg in 1970 to 1800 FCF A for the 
same amount in 1993 [ Maxime M., et al, p. 8]. This increase in fuel cost has led to the 
situation that certain poor in Cotonou, Porto Novo and other urban centres spend 20% of 
their revenues to the purchasing of wood [Sujet, p.4]. Another problem in spite of a national 
abundance of wood products is the fact that in the south and centre of the country, from the 
Atlantic coast to the 7th parallel north, there are areas with a local shortage of wood products. 
Local shortages also have led to over-use with the consequences that the soil will degrade and 
there will be deforestation and desertification [ Maxime M., et al, p. 9]. 

More information on fossil fuels and biomass will not be given in this report because it has little 
direct links to the PY-systems in the rural communities. However the regarding electricity will 
be treated in more detail. This way it is hoped to gain some understanding for the reasons to 
install PY-systems and its place in the electricity sector. 
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Electricity 

In 1992, 4% of the total energy consumption is in the form of electricity. Despite the large 
potential hydroelectric power of about 9 TJ a year, the demand in 1992 was only about 1,92 TJ 
[Dr. Salifou, et al, 1994, p.13]. Practically all the needed electricity is imported from Togo and 
Ghana. 

Although the role of electricity is still limited, it is rapidly gaining importance. In the period 
1985-1992 the absolute use of electricity has increased by a factor 1.5, electricity had an 
annual growth of about 6%. 

The accessibility of electricity is only limited to a small part of the population. The southern 
region absorbs more than 90% of the electricity sold in Benin. This region consists of Cotonou, 
Porto Novo, the small towns ofLokossa, Ouidah and Abomey-Calavi and Onigbolo (see 
appendix H for map). The rest of the country, almost all other villages and small towns, has no 
access to electricity. One solution to electrify these villages far from the national power grid is 
by installing PY-systems, to satisfy some basic needs. 

3.2.2 The future developments in the energy sector of Benin 

It is difficult to say anything about the future goals and projects in the energy sector. The last 
paper on the plans in the energy sector is over 10 years old and is totally out of date. There are 
plans however to make a new development plan for the energy sector in about two years. An 
attempt is made to discover the essentials in different pieces of information available. 

the future goals 

From the different sources the following general goals for the energy sector in Benin are 
distilled, these are [Ministere de l'Energie des Mines et de l'Hydraulique, 1995, p. 5-6,8] and 
[Universitaire, p. 1-4]. 
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the future projects 

Not directly coupled with the above presented goals, there are a lot of plans and ideas to 
improve the energy sector in Benin. Some of the plans have already been partially 
implemented. Unfortunately the available sources do not go further than giving some vague 
goals and possible projects. 

In this paper the most relevant of the proposed projects is project No 5, since it deals with 
solar electrification of rural villages. However one should keep in mind that since the 
performed research contains only one village it is by no means valid for the entire project No5. 
If one looks for connection with the national energy goals it becomes clear that this project 
helps reaching the first four mentioned goals. 
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4 Photovoltaics 
This whole report is about photovoltaic systems. In this chapter general information will be 
given on the components of such systems and the characteristics of some of the components. 
Later the PY-systems in Benin will be treated. 

4.1 The components of a stand-alone photovoltaic system 
Here the different components of a stand-alone PV -system with no connection to the power 
grid, will be presented. The components are: 

• the solar module 
• battery 
• regulator 
• inverter (DC-AC) 
• connection/wiring/diodes 
• array support structure 
• the appliances 

4.1.1 the solar module 

A module consists of solar cells that are put in series and parallel circuits. These cells are 
encapsulated to form a solar module. 

Solar radiation is converted into electricity by using semiconductor devices, the photovoltaic 
cells. The most commonly used material is silicon. The photovoltaic cells made out of silicon 
can be divided into several different types. The types are: 

1. monocrystalline silicon 
2. polycrystalline silicon 
3. amorphous silicon 

monocrystalline silicon 
To produce monocrystalline silicon, it is necessary to use silicon material with an impurity 
concentration ofless than 0.2 ppma (parts per million atom). This material, solar-graded silicon 
or the even purer electronic graded silicon is melted at 1400 C. A small silicon seed is then 
used as a seed to start the crystallisation process. The method is to pull a silicon seed slowly 
out the molten silicon, the pulled out silicon solidifies and the atoms arrange themselves 
according to the crystallographic structure [Markvart T., 1994, p. 46]. This process is known 
as the Czochralski-method. The next step is to slice the silicon ingots into wafers. By diffusing 
these wafers with phosphorus and boron it is possible to create respectively n- and p-type 
silicon. 

The last step is to deposit front and back electrical contacts in a high-vacuum machine by, for 
example, heat. The result is an efficiency of 17. 8% for prototypes [van Beeck, 1994, p. 3 8]. 

polycrystalline silicon 
The same basic silicon material is used as with monocrystalline cells. However to produce 
polycrystalline this material is poured molten into a cast and is controlled cooled. The resulting 
silicon material has not the same quality, but it is a much easier and cheaper method to produce 
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solar cells (Markvart T., 1994, p. 48). The following production steps are the same as with 
monocrystalline silicon. A typical efficiency for this type of cell is 13. 8 % [van Beeck, p 41]. 

amorphous silicon 

This kind of cell is made by using a very different method. The layers in a cell are deposited 
through the plasma deposition method, using silan (Si1"4) as the deposit-gas. Starting with 
glass, a layer of highly conductive optically transparent tin oxide is deposited, then a doped p
layer of silicon sufficiently thin to absorb little light. This is followed by the deposition of an 
intrinsic (not doted) silicon layer and an-type silicon layer. Finally a metallic contact layer is 
deposited. 

i + light + 

metal 
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Figure 4.1: The layers of an am01phous cell 

This type is by far the cheapest one but also has the lowest efficiency. The highest stable 
efficiency reached in a laboratory is 6 % [van Beeck, p. 42]. 

the functioning of the solar cells 

As mentioned a solar cell consists out of a p-type semiconductor layer and a n-type 
semiconductor layer. The first one has an abundance of free positive charges, i.e. , holes while 
the n-type has an abundance of free electrons. In the boundary layer of the two types, there is 
great difference in concentrations of holes and free electrons. Through diffusion of the 
electrons and holes two charged layers are created. The result is that the n-type side of the 
boundary becomes positively charged and the p-type of the boundary negatively. Together, 
these two layers form an electric barrier. This barrier has a very low electric conductivity. This 
way also an electric field and a voltage difference are created [D'hert G., 1993, p. 4]. 
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Figure 4.2: Distribution of charges and potential in the p-n-boundary layer 

The p-type and n-type layer together form a diode. If an outside voltage source is connected to 
the cell, the current can only flow undisturbed when the plus-pole is connected to the p-layer. 
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When connected to the n-layer, the barrier increases in strength and only a very small current, 
Io remains. 

When light shines on the cell the energy is absorbed. Both in the p-and n-layer electrons and 
holes will be released from binding forces. Only the electrons in the p-layer and the holes in the 
n-layer can go through the barrier. This way a voltage difference over the cell is created. The I
V-characteristics of the 'diode' has now been moved equal to the value of the short-circuit 
current. This is the current that runs through the cell when both sides are connected without 
load. It is customary to display the 1-V-characteristics of the solar cell as below [D' hert, 1994, 
p. 5,6]. 

Isc i---~ 

voe---

Figure 4.3: 1-V-characteristics of a solar cell 

The power that can be delivered by the solar cell is equal to the product ofl and V. On the 
line of the I-V-characteristics a point, can be found where this product has a maximum value. 
The efficiency of a cell is the quotient of the solar radiation and the delivered electric power. 
The 1-V-characteristic of a solar cell can be very much influenced by its temperature. This 
influence can be calculated with the formulas below [van Calis P.W., et al, 1995, p. 19]: 

lsc=l1-lo(exp (qV/kT)-1) Voc=(kT/q)ln((IJlo)+1) 

11 is the current generated by the light, Io is the saturation current, the current that is created by 
a current of minority carriers created by thermal excitation. Furthermore, lsc is the short circuit 
current and V oc is open circuit voltage. The first increases when temperature is increasing, even 
if it is only marginal. On the other hand V oc decreases with a higher temperature, as can be seen 
in the figure below [Lasnier F., 1990, p. 72, 79]. 
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Figure 4. -I: T-dependency of a solar cell Figure 4.5: Solar radiation dependency 
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In the solar dependency figure above the influence of solar radiation on the I-V -characteristics 
can be seen. Other factors that influence these characteristics are the shunt and serial resistance 
of the cell, but those influences will not be treated here. 

4.1.2 The battery 

In a stand-alone system this is a very important component, batteries are used to store 
electricity generated during solar radiation for moments when there is not enough solar 
radiation. The most commonly used batteries for PV -systems are lead-acid batteries. A typical 
design of such a battery is: 

electrolyte 

Figure 4. 6: A typical design of a battery 

The temperature of a battery is important since it influences the capacity of the battery. It can 
be said that by decreasing temperatures, the capacity decreases. Furthermore the number of 
life-cycles of a rechargeable battery depends on the mean battery temperature and the depth of 
discharge, the deeper the discharge level and the lower the temperature, the lower the number 
of life-cycles [Lasnier F., 1990, p. 113,115]. 

A battery needs protection against overcharge. An unprotected battery can lose electrolyte. 
When charging a fully charged battery, the battery can no longer hold the excess energy. The 
charge causes a chemical reaction that changes water in the electrolyte into hydrogen and 
oxygen, causing two problems. First, the level of electrolyte in each cell goes down, distilled 
water must be added to replace it. Second. explosive hydrogen gas comes free [Hankins M., 
1995, p. 47]. A too low level of electrolyte due to gassing has as result that the internal 
resistance is rising, both due to decreasing of active surface and the rising of the concentration 
of the sulphuric acid in the battery. This increase in concentration, increases the voltage but the 
overall effect is negative. 

4.1.3 The regulator 

The regulator is responsible for the energy balance in the system. The task of a regulator is 
mainly the prevention of overcharging or overdischarging the batteries. In the situation of 
overcharging there is the risk of losing the active materials in the battery plates. Overcharging 
may also increase the battery temperature to the point of being destructive to the plates and 
separators. In addition, frequent replacement of lost water also becomes a necessity due to the 
excessive gassing. Overdischarging has a negative influence on the number oflife-cycles. 

In more complex systems the regulator may also incorporate a maximum power point 
tracker(mppt). An mppt task is to guarantee the maximum possible power output by 
optimising the values of the voltage and current. 
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4.1.4 The inverter 

If there is the wish to use appliances that require an alternating current (AC) it is necessary to 
invert the direct current (DC) from the PY-module to an alternating current. The efficiency of 
an inverter can be as high as 95%, but as low as low as 75%-80% under partial load [Markvart 
T., 1994, p. 98]. 

4.1.5 The connections 

Of course the different components have to be connected with each other with the help of 
wires, this is not very complicated. One does have to take into account however that the 
diameter of the wiring is sufficient for the power that has to go through it. Furthermore it is 
important that diodes are integrated in the circuits. These diodes can be placed as is illustrated 
below. 

t 
blocking 
diode 

t 
by-pas 
diode 

~ solar 
module 

Figure 4. 7: The diodes in the circuits of a PV-system 

The task of these diodes is to prevent that some cells are going to function as a load. This can 
happen when some cells are more shaded than other or in a night-time situation. Without the 
diodes it is possible that the cells discharge the batteries. The result is that the temperature is 
rising in the cells, with a risk of permanent damage. 

4.1.6 The array support structure 

Several modules together form an array. It is necessary to support this array, pointed into the 
direction of the sun, guaranteeing a maximum solar radiation over the year. In more complex 
systems it is possible to build a support structure that follows the sun daily or seasonally. 
However due to its complexity these structures are rarely used in developing countries. 

4.1. 7 The appliances 
The appliances are an integral part of a PY -system. The whole system has to be designed to 
serve the appliances as best as possible. On the other side, those appliances have to be used 
which fit the PY-system best. This means using appliances of 12 or 24, direct currents. Also 
the whole sizing of the PY -system has to be done with the appliances in mind. 
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4.2 Photovoltaic Systems in Benin 
In this paragraph the situation in Benin regarding the total of installed PY-systems is treated. 
Both the actors involved and the PY-systems already installed, will be listed. Furthermore a 
comparison with other developing countries will be made, to put the developments in Benin 
into perspective. 

4.2.1 The actors active in the photovoltaic sector of Benin 

Most of the involved actors in this field are public organisations, these are: 

• Le laboratoire de Physique du Rayonnement de l'Universite Nationale du Benin 
• Le Centre Beninois de la Recherche Scienitifique et Technique 
• Le Service National de la Meteorologic 
• La Direction de l'Energie (Ministry of energy) 

The first two actors perform research in the PY-field. Le Service National de la Meteorologie 
provides data on the solar radiation. This data is collected in 5 stations nation-wide: Cotonou, 
Bohicon, Save, Parakou, Kandi and Natitingou. The Direction de I' energie is responsible for 
the execution of the different projects in this field, the projects that were mentioned in the 
preceding paragraph. 

However also private companies are active in the photovoltaic field. Of these ENERDAS is 
the most important one. ENERDAS provides the components of the PY-systems and installs 
the systems in their location. Furthermore they have the responsibility to take care of the 
maintenance and repairs of the operational systems. There are also other private organisations 
active like: Helium Technologie, Benelec and Groupe Catal. However their role is minimal. 
Finally there is a research bureau, Transenergie which conducts researches in the field 
connected to: water, energy and industry. 

4.2.2 PY-systems installed in Benin 

The first PY-system installed in Benin was a maritime buoy whose date of instalment was 
around 1974. Later a German co-operation under supervision of the GTZ installed 
telecommunication systems powered by PY-cells. In 1985 ENERDAS installed their first 
systems, since that date new systems were installed regularly. 

By the end of 1995 about 279.5 kWp of PY-power has been installed in Benin. The installed 
PY-systems can be divided, on bases of their purpose. The amount of power installed for each 
purpose can be seen in the table below. 
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Communication 
Solar pumps 

Health centres 
Others 

Table 4.1: PY-systems in Benin 

A more detailed list can be found in appendix I. 
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To put the development of the PY-systems in Benin into perspective, information on the 
development in other countries is presented. 

Country Installed Population PV-power Year of measurement 
(x 1000) per capita of PV-power 
1993 

Argentina 33,778 0.0199 end 1993 
China 1,196,360 0.0028 end 1993 
United States 8725 258,233 0.0337 1995 
Columbia 1850 33,951 0.0545 1993 [Lysen, 1994, p. 34-39] 
Indonesia llOO 189,136 0.0058 1992 [Lysen, 1994, p. 34-39] 
The Philippines 105 65,649 0.0016 1993 [Lysen, 1994, p. 34-39] 
India 550 901,459 0.0006 1991 [Lysen, 1994, p. 34-39] 
Benin 279.5 5,075 0.0551 1995 

Tabet 4. 2: Amount of PY-power installed in several countries 

At first sight, Benin is doing very well compared to some other further developed countries. 
However one should keep in mind that, although none of the presented data above is older 
than 5 years, every year is very important. PY-systems are a very recent phenomenon, the 
market of PY-systems knows a very large increase every year. In 1987 the total global PY 
production was about 23000 kWp, but by 1992 this was already 60.000 kWp [Derrick A, 
1993, p. 7]. 

4.2.3 PV-system components produced in Benin 

In order to determine to what degree Benin is dependent on other countries for the 
components of a PY-system, here a short list is given regarding components that can be 
produced locally, according to the installation company ENERDAS. 

Components which can be produced in Benin Components which have to be imported 

• fluorescent lights (tube excluded) • solar modules 

• regulator for solar systems • electronic components 

• converter 12V/220V/400VA • fluorescent tubes 

• batteries 

Table 4. 3: What can be produced locally? 

This is the state of development of Benin in this field. However one should keep in mind that in 
a lot of project, components that can be produced locally are important anyway. This can be 
done due to lower costs or a higher reliability for imported components. 
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5 The PV-systems in Sedje-denou 
In this chapter the results of step 2, the research performed in the rural village, Sedje-denou, 
will be presented. First, in paragraph 5.1, the situation regarding the independent variables of 
the first theoretical model will be described (see paragraph 2.1.4 for theoretical model). 
Second, through describing the existing situation in the village, the intermediate variables, the 
problems are identified, see paragraph 5.2 . Finally in paragraph 5.3, attention will go to the 
influences of the found problems on 'the feasibility of the project'. 

5.1 The independent variables, the possible causes 

This paragraph will give attention the independent variables of the first theoretical model (see 
paragraph 2.1.4): Environmental characteristics, Users of PY-systems, characteristics of PY
systems and organisational characteristics. 

The information presented in this paragraph will be used to explain the causes of the problems, 
later this chapter. Furthermore this information is used in chapter 6, where the solutions are 
presented. To be able to propose actions and decisions it is necessary to know what actions 
and decisions already were taken and what was installed. 

5.1.1 Environmental characteristics 

Location 

The village, Sedje-denou lies about 40 kilometres directly north of the city Cotonou, in the 
humid tropical south of Benin. In appendix Ha map of Benin can be found . 

Since it is situated on one of the national roads of Benin it is easy to reach. Sedje-denou 
consists of7 small villages: Sedje I, Sedje II, Agongbo, Aguiakpa, Agodenou, Tokpota-Ague, 
Kpota, with a total population of about 7000 inhabitants. Each of these parts have a 'chef du 
village', the traditional head of the villages. The national authorities have next to these chefs, 
appointed a 'maire', the official representative of these authorities. People in the village live in 
so-called 'maisons', a collection of some buildings where an extended family lives. 

Sedje-denou is a rural community, by far the greatest part of the villagers rely on products 
growing in the fields. In the village there is a 'mairie' (city hall), 'maternite' (hospital) and a 
school. The school is for the children of the primary and secondary level. There is no electricity 
in the village except the electricity supplied by the PY-systems. Also no running water is 
available. The only sources of water are digged pits and the solar pump. 

The mean solar irradiation of Cotonou is based on measurements in the period 1960-1975. 
Since solar irradiation does not change very rapidly by going further North, this data is a close 
enough approximation for the irradiation in Sedje-denou. The irradiation data can be found in 
the next table [Dr. Awanou C.N., et al, p. 72]. 

Also information regarding the wind velocities is. The information is the mean of 
measurements in the period 1963-1987 [Dr. Awanou C.N., et al, 1990, p.3]. The velocities of 
the winds in Cotonou are not used for the situation in Sedje-denou. The velocities of the wind 
drop very rapidly when further from the coast. Sedje-denou is about half the distance Bohicon-
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Cotonou. Bohicon is located about 80 km land inwards, Sedje denou about 50 km. The values 
of wind velocities of Bohicon and Cotonou are used to calculate the situation in Sedje-denou. 

Here, information of irradation and wind velocities for Sedje-denou are given: 

Jan. Febr. March April May June July Aug. Sep. Okt. Nov. Dec. 

Wind velocities (mis) 2.4 3.5 3.5 3.4 3.5 4.1 4.1 4.1 3.6 2.8 2.7 2.4 

Irradiation (kWh/m2) 4.2 4.68 5.08 5.14 4.49 3.16 3.93 4.39 4.68 5.38 4.78 4.27 

Table 5.1: Information regarding the solar irradiation and wind velocities 

Based on information presented in this table, the mean wind velocity in Benin over the year is: 
3.35 mis. The mean irradiation is: 4.5 kWh/m2. For more information regarding wind and solar 
irradiation, see appendix J. 

The nearest river or stream is about 5 km from the village center. This river streams slowly and 
no waterfalls or other heads are present for an area with a diameter of about 20 km or more. 

Government 
In the framework of the mutual co-operation treaty between the Netherlands and Benin, 
several projects were proposed (see paragraph 3.2.2). One of these projects, 'project No5 ', 
proposed the instalment of PV -systems in rural villages in Benin. 

The former president Soglo, supported the PV-projects. The whole project was initialised by 
the ministry of energy. So, there was definitely government support. However in March 1996 
there were presidential elections and the new president is: President Kerekou. His attitude 
towards the PV-systems is unknown. 

5.1.2 Organisational characteristics 

In this paragraph attention will be given to three different versions of organisational aspects of 
the PV-project. These three versions are: 

1. The organisational aspects as proposed in project proposal 
2. The organisational aspects as were implemented in the preparation phase 
3. The organisational aspects in the village at the time of research 

Each version represents another phase of the project. In this way it is hoped to obtain an 
overview of the changes, that occurred regarding the ideas of how to organise the PV-project. 
It is possible to see whether the proposals are actually all implemented and survived the first 2 
years of operation. In addition it is possible to see what additional actions or decisions had to 
be taken, in phases after the proposal, to make the project work. 

Project proposal 
The request to make a project proposal, came from the director of the ministry of energy, 
mines and hydraulics. The proposal has been formulated by Dr. Awanou. Dr. Awanou is 
connected with the physics department of the national university of Benin, he received his 
doctorate title in France with specialisation: Renewable Energy Sources. 
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In the project proposal is described: 

• project objectives; 
• the type and number of PV-systems planned to be installed and what components should be used; 
• village participation, the tasks and roles of the village are described; 
• the criteria used to determine in what village the PV-systems are to be installed; 
• methodology and implementation; 
• duration of project; 
• expected results. 

In appendix A, the complete text of this proposal can be found. Here, the proposed actions and 
decisions are listed: 

• Organisation and training courses should be organised to ensure responsibility for management, 
maintenance and renewal of ui ment 

• In case of failure contact will be made with the 

stem 

Table 5. 2 : An overview of actions and decisions proposed in the project proposal 

Preparation phase 
During this phase of the project many actions were undertaken and decisions made, in the hope 
to make the PY-project function as good as possible. 

The information presented here is based on interviews with members of the 'comite du gestion' 
and on available literature. 

In the table below an overview of the actions and decisions taken in this phase are given, in 
Appendix M, a more detailed description can be found. 
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Overview of actions and decisions taken in the preparation phase 

To increase the overview of the actions and decisions taken, as is explained by the members of 
the 'comite du gestion', a table is made. 

What actions and decisions were taken in the preparation phase? 

1. the PY-systems are a donation to the village 

2. creation of a 'comite du gestion' responsible for the maintenance, small repairs and fund collection 

3. the technician and vice-technician each receive a monthly financial compensation of 7000 FCF A 

4. every member of the 'comite du gestion' was given some general infonnation on the PY-systems 

5. the technicians followed a 3 day course where they receive information regarding how to operate the PY-
systems, how to perform maintenance and the functions of the different components of the systems. 
Furthermore they were given a written manual, with all the needed information. 

6. three information-meetings for villagers were organised 

7. for amounts higher than 10.000 FCFA the permission of the 7 chefs du village and the 'maire' are necessary 

8. ENERDAS will visit the village every month or when a large repair is necessary 

9. representatives of the ministry will visit the village regularly 

10. the prices for the different systems were determined: 5 FCFA for a basin of water (25 litre), 25 FCFA for a 
video performance, 200 FCF A per week for the portable lamp. 

11 . excess revenues from the systems will be deposited in the CLCAM 

Table 5. 3: 1'he actions and decisions taken in the preparation phase 

The manual mentioned at point 5, can be found in appendix N. 

The village at the time of research 

The mentioned organisational aspects mostly deal with the functioning of the 'comite du 
gestion' . However the other actors involved: the ministry and ENERDAS keep playing a 
significant role. 

The information presented here is the result from interviews with the members of the 'comite 
du gestion' . A more detailed description of the situation in the village regarding the 
organisational aspects of the PY-project, is given in appendix M. Here an overview is given. 

An overview of the situation at the time of research 

roblems' 

• arl mone in a bank 

Table 5. 4: 1'he situation at the time of research concerning the organisational aspects 
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A comparison between the three forms of organisational. characteristics 

Attention will be given to those decisions which have changed in time or were ignored in later 
stages of the project. The comparison will be divided in two parts. First the comparison 
between proposal and preparation phase. Second the comparison between preparation phase 
and existing situation at the time of research 

The comparison between the preparation phase and the proposed organisational aspects 

Since the similarities are many and the discrepancies few, only attention will be given to the 
discrepancies. Noticeable, three important discrepancies were found: 

1. In the proposal it was proposed that: 'the villagers would pay a share of the initial investments, to 
develop the collective motivation of the villagers and to increase the financial capability'. However 
according to the members of the 'comire du gestion', the PV-systems were a donation, of the initial 
investment nothing was paid by the villagers. 

2. It was proposed that there would be an after-sales service to secure the maintenance. However in the 
preparations phase no actions were taken to establish an after-sales service. 

3. It was proposed that the villagers would be offered maintenance contracts, nothing in this nature was 
implemented in the preparation phase. 

It is acceptable to believe that the villagers really paid nothing of the initial share. There is no 
logical explanation, why the members of the 'comite du gestion' would deny paying. 
Somewhere between the proposal and the actual implementation, the decision was made to 
drop the demand of payment. The reason or background of this decision is unknown. Whether 
something was done to establish an after-sales service is unknown. Based on personal 
interviews, it is known that no after-sales service was set up in the village. About the 
maintenance contracts, no one in the village was aware of anything of the kind, so this idea 
must be dropped before the preparation phase, the reason is unknown. 

The comparison between the preparation phase and the situation at the time of research. 

Again only attention will be given to the discrepancies, since the similarities are many. The 
most important discrepancies found are: 

l. Of the 9 members of the 'comite du gestion', 4 had left the village for a longer period 
2. The distribution of tasks shows many deviations from the planned ones in the preparation phase. The 

technicians also perform the tasks of the woman responsible for cleaning and the tasks of the 
treasurer. 

It is not surprising that a number of people left the village. The surprising fact is that no other 
person took responsibility of replacing those persons. IA possible explanation that the 
technicians almost perform all the tasks, can be found in the fact that they are the only ones 
who receive financial compensation. However there is no data to support this statement. 

Conclusion 

In the preparation phase a lot was done to increase the chance on a successful project. These 
actions were based on a project proposal from a man with a doctor's degree in the renewable 
energy field. Unfortunately several proposed actions were not implemented in Sedje-denou. 
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Furthermore during the operational phase, changes were made. It is difficult to say anything 
regarding the consequences of these changes, on the feasibility of the project. 

5.1.3 The characteristics of the PV-systems installed 

Just as in the paragraph with the description of organisational characteristics, the listing of 
characteristics of PV-systems in this paragraph, will not result in the identification of problems. 
However the characteristics of PV-systems are considered an important variable to explain 
causes of problems (see paragraph 2.1.4.). 

A total amount of3684 Wp has been installed in Sedje-denou, a list can be at the end of this 
paragraph. All the systems installed are, in theory, to the benefit of the whole population, but 
because almost all the systems are installed in Sedje I mostly the people who live here benefit. 
Below the characteristics of the different PV-systems will be treated. The information is based 
on personal observation and on interviews with the technician in the village. 

A description the technical characteristics of the di.ff erent PV-systems 

- the solar pump 

Two modules charge a 24 V battery that is used to power 2 projectors of 15W. There is no 
protection against overcharging the batteries, when the sun is shining the batteries are loaded. 
However in the circuit of the two projectors a mechanical timer is included to control the 
discharge of the battery. 

The biggest part of the modules, 21 modules, is used to power an electric pump. The direct 
current is inverted into a three-phase alternating current with a variable frequency. This was 
done with a Solartronic SA 1500 (see appendix P for technical characteristics), which has an 
efficiency of 96%. This inverter also controls the DC voltage so that the solar array is utilised 
to its maximum in any operating situation. 

Figure 5.1: The circuits of the solar pump 

When a problem arises the inverter stops automatically and displays a certain led, signalling the 
nature of the problem (see appendix N, for explanation). The output circuit is protected against 
short-circuit, and the pump is protected against dry-running or blocking. The three-phase 
current is used to power a submersible pump-motor-combination, type SP 5A-7 (see appendix 
P for technical characteristics). The pump is positioned on a depth of 15 meter. With the help 
of the specifications of the manufacturer, the theoretical capacity of the pump can be 
determined. Using a head of20 meter to account for the water-tower, the average irradiation 
in Cotonou on a tilted surface: 4,52*cos(15)=4,36 kWh/m2day (see paragraph 5.1.1 for solar 
irradiation of Benin). The theoretical capacity is: 28.67 cubic meters (see appendix Q, for 
calculation). 
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The water is pumped up to three reservoirs on the top of a water-tower with a capacity of 
about 2 m3 each. There is also a watertube from the pump to 2 reservoirs near the 'maternite' 
(hospital), thus the hospital has also access to clean water nearby. The capacity of these 
reservoirs is also about 2 m3 each. 

- the 'mairie' 

The PY-systems in the 'mairie' power a refrigerator, 7 fluorescent lights of 18 W/24Y, a 
television and a video. The needed power is supplied by 12 PY-modules of 50 Wp. Also 
included into the circuit are 4 lead-acid batteries of24Y. Below the circuit is sketched, as is 
used in the 'mairie' . 

Modules 

Figure 5. 2:The circuits in the 'mairie' 

There are two electrical regulators. These regulators are produced by Photowatt, they prevent 
a too deep discharge or overcharge of the batteries. Coupled to one regulator are the 
refrigerator and the lights. These appliances work with 24 Y, direct current, it is not necessary 
to invert or convert. The television and the video are connected to the second regulator. These 
appliances require 220 Y, alternating current of a :frequency: 50 Hz, thus it is necessary to use 
a converter (see appendix P, for technical characteristics). After using the television or video it 
is necessary to disconnect the converter to prevent energy-losses. The method of operation of 
PY-systems is described in the manual received by the technicians and which can be found in 
appendixN. 

- the 'matemite' 

In the 'maternite' a total of 10 modules of 50 Watt is installed. Furthermore, 4 lead-acid 24 V 
batteries are installed to power the system when the sun is not shining. To power the 
refrigerator, one uses 4 of the modules and 2 of the batteries. To prevent overcharge or a too 
deep discharge of the batteries, also a regulator is installed. 

6 Modules 4 Modules 

Figure 5.3: The circuits in the 'matemite' 
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Since it is important that in case of an emergency there is light available, it is important to 
know how much power there is still left in the 2 batteries for the lights. Therefore, the 
regulator, used in the circuits to power the lights, has an indicator for the level of charge of the 
2 batteries. In total the 'maternite' has three 15W halogen lamps and seven 18 W fluorescent 
lights. 

- the 'streetlights' 

In total 8 streetlights or 'lampadaires' are installed in the village. Each 'lampadaire' is powered 
by 2 modules of 50 W. The schedules of the circuits ofa 'lampadaire' are illustrated below: 

Figure 5. 4: The circuits of a 'lampadaire' 

As can be seen the mechanical timer can prevent overdischarge by regulating the time of the 
functioning of the fluorescent light. Originally all the timers were purely mechanical. Once it 
has been necessary to replace a timer, it was replaced by a locally produced electronic timer. 

- the 'ecole' 

In total 290 W of PY-modules are installed in the school, 1time40 Watt and five times 50 
Watt. The reason for the different module of 40 Wis unknown. Furthermore installed are 2 
lead-acid batteries of24 V, 8 lights of 15 W, one of 18 Wand a projector in the school-yard of 
15 Watt. Furthermore an electrical regulator of Photowatt is used to prevent overdischarge 
and overcharging. 

- portable lamps 

Also available in the village are 49 portable lamps, powered by solar cells. These 6V/6W 
modules are delivered separately with each portable lamp. In the lamp itself, a small battery is 
built-in, this battery has a voltage of 6 and a capacity of 4.2 Ah. In appendix P written 
information on this portable lamp can be found. 

One solar module is used to load a 12V lead-acid battery. This battery is used for charging 
'lampe portatives', when for some reason the individual module is not available. 
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An overview of the PV-components installed and the proposed PV-systems 

In the third column the PY-components are listed which were present in the village at the time 
of the research. In the third column the PY-systems are presented as they were proposed in the 
project proposal. The greatest differences are written in italics and are underlined. 

Type of Existing situation Proposed situation 
PV-system 

Power Components Power Components 
{Wp) (Wp) 

Solar pump 1050 - three phase submersible 1000 - three phase submersible motor-
motor-pump pump 

- asynchronic converter, - three-phase converter with unsteady 
Solartronic SA 1500 frequency and voltage 

- reservoirs o[_ 6 m3 near the - reservoir o[_5 m3 
mairie and 4 m3 near the 

.................................. ····················· ......... IJ!f!lernite ............................................ .................... ...................................................................................... 
Charging 50 - 1 x 12Vbattery 50 ? 

.P9..~~············ · ·· · · · ·· ................... .. ......................................................................... . ................... ...................................................................................... 
2 Projectors 100 - 2 e.rotectors o[_J5W/24V not mentioned in e.roe.osal 

- 1 x 24V batterv 

the 'mairie' 600 - 2 regulators from Photowatt 500 - 2 regulators with charge/discharge 
regulation and circuit protection 

- I converter 24V/220V - I converter 12V/220V/600W 
- refrigerator - refrigerator of 125 litre 
- 7 fluorescent lights 18W/24V - IO fluorescent lights 11 W 
- 4 batteries of 24 V - 5 batteries of 105 Ah each 
- television and video - television and video 

the 500 - 2 regulators from Photowatt 300 - 1 regulator for charge/discharge 
'maternite' - 4 batteries of 24 V and circuit protection 

- 3 fl.uorescent lights 15W/24V - 3 batteries of 105 Ah each 
- 7 "fl.uorescent lights 18W/24V - 4 fl.uorescent lights 11 W 
- refrigerator - refrigerator 

streetlights 800 - 8 batteries ? - ? batteries 
- 8 fluorescent lights 18W/24V - ? fluorescent lights 11 W 
- 8 timers - ? programmable controls 

ecole 290 - 2 batteries 24V JOO - 1 batte'[J'_ o[_J 05 Ah 
- I regulator from Photowatt - regulation and circuit protection 
- 8 "fl.uorescent lights l 5W/24V - 4 fluorescent lights o[_J 1 W 
- 1 vroiector of l 5W/24V 

'lampes 49x6 - 49 x lampe Lumex 50x4 not mentioned in proposal 
portatives' 6V/6W/4.2 Ah 

Table 5. 5: The PY-components installed compared with the proposed systems 

In general the proposal has been realised very well, there are only little deviations. Whether the 
installed PV-components are sufficient to fulfil the needs of the users or whether the wrong 
types of systems are used, is investigated in the rest of this chapter. 
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The costs of the PV-components 

The costs and lifetime of the different components, the numbers between brackets are 
estimations. The source are stencils, which can be found in appendix I The justification for the 
estimates can be found in appendix S. The values between brackets are the estimations. 

Type of component Number installed Lifetime (vears) Price (FCF A) 
solar modules of 50 Wo 52 25 250,000 
immersible pump (Grundfos) 1 7 1,000,000 
converter (Grundfos) 1 7 1,200,000 
regulator 500 W (Photowatt) 5 7 200,000 
battery 24 V 11 (2) (75,000) 

battery 12 v 1 (2) (50,000) 
complete lampadaire 8 (2) for battery, 25 rest 1,200,000 
fluorescent light 18W 15 7 24,000 
fluorescent light l 5W 8 7 22,000 
inverter 1 7 300,000 
portable lamp 49 10 75,000 

Table 5. 6; Costs of PY-components 

5.1.4 Users of PV-systems 

In total 29 villagers were interviewed, in the following table the distribution of sexes is given. 

.:: l•111111111111111111111111•11111111111111111•11111111111111111111111111•11111111111111111• 

0 5 10 15 20 
number of respondents 

Figure 5.5: Distribution of sexes of the respondents 

Total respondents: 
29 

The majority of respondents is female. The majority had no education, 25 villagers responded 
not to have any education. The other 4 had an education varying from 4 to 8 years. The 
division of occupation becomes clear when examining the next table. 

others·--·----

no job jrlaa•aaa•lllllllllll 
household 11=====--.. 

pupil on school l 

vendor,=================== 
field workers ---+-----f-----+----+-----1------~ 

0 10 20 30 40 50 60 
percentage of responds 

Figure 5. 6: The occupations of the respondents 

Total 
respondents: 29 

•male 
II female 

The majority of the men work in the field and the majority of the women are vendors. They 
buy small every-day-use-products and resell them in the streets or in the market. 
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5.2. The intermediate variables, a description of the problems in the existing 
situation 

In this paragraph the current situation regarding the PY-systems will be described. The 
methods used to gather relevant information are described in paragraph 2.2.3. 

The result from this paragraph will be that the problems in Sedje-denou are identified. The 
identified problems will be listed in paragraph 5.2.2. Furthermore in table 5.1 1 and 5.12 on 
pages 53 and 54, the problems are assigned a weight factor, indicating the seriousness of the 
problems. In addition, the problems are linked with the causes, the independent variables. 

5.2.1 The different PV-systems 

While explaining every PV-system, the information will be divided according to the 5 variables: 
reliability of systems, financial self-sufficiency, political self-sufficiency, needs of users 
correspond with installed systems and integration of, as were described in paragraph 2.1.4. In 
each of these categories, problems will be identified. 

A lot of data presented in this paragraph is based on a cashbook made by the ' comite' and a list 
of water usage of each day (they can be found in appendix T). 

The solar pump 

Reliability of systems 

On a sunny day water is being pumped up from about 9 or 10 hours in the morning until about 
17 hours in the afternoon. On an earlier or later moment the panels receive too little energy. 
This can be explained by realising that the panels are directed south with an inclination of 15° . 
The inclination is too great in the morning and the evening. 

When the sky is very clouded or when it is raining, the panels for the pump receive too little 
energy in order to pump water upwards. The smaller clouded periods on a day give no 
problems, during these periods the water comes from the water reservoirs. But when it is 
raining all day, no water is available. The number of these waterless days in 1995 was 28, as 
can be seen in the figure below. The data for 1994 is not available. 

... 30 
.! 
; 20 
u 
:a 10 :::s 
u 

0 

Waterconsumption in the year 1995 

the days in 1995, in chronological order 

Figure 5. 7: Consumption of water in 1995 
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As can be seen the waterless days are distributed over the whole year with a concentration in 
the month of June. With the help of this figure it also becomes clear that the consumption is the 
highest in the months: March, April and in November. Also can be seen that the installation is 
capable of pumping 31 cubic meters a day, since this was the amount pumped up on the 29th of 
June. 

To explain the situation described above, a look is taken at: the curve that represents the 
characteristics of the immersable pump (see appendix P for characteristics), the mean 
irradiation of the location and the installed power, 1050 Wp. With this data can be calculated 
that, using a head of20 meter, it is necessary to have an irradiation of at least 1.8 kWh/m2 

/day to keep the pump going. The month with the least radiation is June: 3.16 kWh/m2 /day 
and the month with the most irradiation is October: 5.38 kWh/m2 /day. 

The statement that the waterless days are the result of too little irradiation, is strengthened by 
the fact that the months with the highest number of waterless days are also the months with the 
lowest mean irradiation( for both lists see appendix J and T). 

The users of the solar pump say that there are (too) many problems with the functioning of the 
pump. In the village, 20 users responded on the question: 'How often is it impossible to go for 
water to the solar pump, because the pump is not functioning?' . The results can be seen in the 
next figure: 

Always (toujours) 

Often ( souvent) 

Sometimes (parfois) 

Never (jamais) LI I I I I I 
0 10 20 30 40 50 60 

percentage of responds 

Total respondents: 
20 

Figure 5. 8: The opinion of the users regarding fanctioning solar pump 

It can be seen that almost everybody has something negative to comment. This is of course no 
surprise when considering the number of waterless days. 

There is one more fact that questions the reliability of the solar pump. Based on half complete 
list provided by the technician, in the 2 and a half year of operation, a number of major 
reparations were performed by ENERDAS: 

• the installation of 4 water taps 
• reparation of the support cable and water tube connected to the immersable pump 

This list is far from complete. Furthermore, there were also several smaller repairs necessary. 
The available list of reparation can be found in appendix U. 

The two projectors at the top of the water tower also have problems with the reliability. In the 
past it has at least once been necessary to replace a lamp. At the time of research one of the 
projectors was not functioning at all. The reason is unknown. 
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problems: 

Here a small list of problems will be presented. This will be repeated many times in this 
paragraph. At the end of the description of the problem, the variables representing the causes 
are given in italics. 

The problems that are described in the text above are: 

1. The solar pump has a low reliability, due to the high number of waterless days and moments of only 
partly operating. The unreliability is increased by repairs needed. This all is caused by rain, cloudy 
skies and little irradiation. The responsible variables are: location, technical characteristics. 

2. One of the projectors on the water tower is not functioning at the time of research. The responsible 
variable is: technical characteristics. 

Needs of users correspond with installed systems 

A problem with the solar pump is that the reservoirs are already depleted at 19:00. The pump 
stops pumping at 17: 00. The reservoirs should provide the need for in the evening and night. 
However the capacity of the reservoirs is too small, the approximately 6 m3 near the mairie 
and 4 m3 near the maternite, is too little. To increase this problem, many people come for 
water between 5 and 7 p.m. This can easily be explained. During the day the majority of the 
villagers are working on the field, many women are visiting some market to sell their products. 

In 1995, the total amount of water used at the distribution point near the solar pump was: 4010 
cubic meters, thus an average use of 11 m3 of water a day. This is a low number when 
considering the calculated capacity of the pump(see appendix Q for the calculation): 10463 
cubic meters a year and thus an average use of28.67 m3 a day. There is a very large 
difference. This can partly be explained by the fact, based on personal observation, that in the 
afternoon the water reservoirs are totally filled and excess water is useless flowing in the earth. 
At other times the pump is stopped because of this excess water. Another important fact that 
explains the difference is that the two reservoirs near the maternite are also filled by the solar 
pump. The water used there does not go through the water meter that measures the use at the 
distribution point. It is unknown to what degree the difference can be explained by these two 
important facts. 

In the following figure is illustrated the amount of water the respondents buy per person of 
their household, a basin can contain about 25 liters. 

:::~:§j----1---1 --1---1--1---1-1 
Total respondents: 29 

0 5 10 15 20 25 30 35 
percentage of responds 

Figure 5. 9: The amount of water used per person 

It can be seen that many people, 27 % of the respondents, never use water from the solar 
pump. Every person who does not use water from the solar pump claims that it is because of 
the distance to the pump. The person questioned who lived the farthest from the pump, lives 
about a 15 minute walk from the pump. Through question 4.3 it became furthermore clear that 
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79% of the respondents also use pits as an (additional) source of water. The expressed reasons 
were: in 41.3% of the cases, that the pump was to far and in 17% of the cases that it was too 
expensive to use only water from the solar pump. 

When the whole population is questioned, not only the villagers of Sooje, it can be expected 
that the percentage of 27 % will increase dramatically. Probably the most common expressed 
reason would be that the distance is too large. 

problems: 

The problems described in the text above are: 

1. The capacity of the water reservoirs is not sufficient to ensure availability of water, 24 hours a day. 
This is caused by the too small capacity of the reservoir and the fact that many people come for 
water when the irradiation of the sun is too low to refill the reservoir. The responsible variables are: 
technical characteristics, personal desires 

2. Of the respondents, 27% does not use the solar pump, still used is made of water from pits for 
consumption. This water contains diseases. The reasons expressed for this behaviour was the 
distance to the distribution points and the cost of the water. The variable responsible is: personal 
desires 

3. The capacity of the solar pump is not fully used, a lot of water is flowing away or the installation is 
stopped for some time. The reason is that the capacity of the water reservoirs is too small and that 
the demand of the users comes on the wrong times. The responsible variables are: technical 
characteristics, personal desires 

Financial self-sufficiency 

For every basin of water, the villagers have to pay 5 FCFA. The revenues for the water can be 
found in the next table. 

The period of the 17 th of March The year 1995 
1994 until the end of 1995 

615,059 FCFA 348,380 FCF A 

Table 5. 7: The revenues from water of the solar pump 

When examining the revenues for 1995, it is possible to calculate how many basins are sold. 
An amount of348,380 represents 69,676 basins a year, 191 basins a day, 4775 litre a day, 4.78 
m3 a day. This average of 4. 78 m3 a day is a lot less than the average amount of water 
distributed at the solar pump: 11 m3 . So there is a problem, the amount of water distributed 
does not match with the revenues. The only two possible explanations are that water is being 
given away or money has gone missing on regular basis. Unfortunately the information to 
explain this problem is not available. The underlying cause is the lack of responsibility of the 
villagers. Since the future operation of the systems is not their responsibility, it is not their 
project. This situation would be different when the villagers had paid a part of the initial 
investment or ifthe information flow towards the villagers was better. 

The revenues can be increases dramatically when the complete capacity of the pump is used: 
28.67m3 a day. This would mean: 1147 basins or 5,735 FCFA a day or 2,093,275 FCFA a 
year, more than 6 times the current revenues. 
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problems: 

The problems mentioned in this part are: 

1. The revenues of the solar pump do not match with the amount of water distributed. This can only be 
caused by given away water, or money that has gone missing. The variables responsible are: 
.functioning of funds collection, feeling responsible 

2. The revenues of the solar pump are less than one sixth of what is theoretically possible. The reasons 
are not using the full capacity of the pump and a not optimal funds collection. The variables 
responsible are: functioning of funds collection, personal desires 

Integration of users 

Through question 4. 7 of the questionnaire, an attempt was made to determine whether the 
people were aware of the reason for installing a solar pump while already sufficient pits are 
available. Of the 29 respondents, 55.2 % mentioned the fact that water from the pits is not 
drinkable and 6 mentioned the fact that water from the pits contains worms. Another 
mentioned that pump-water is clean and that one gets sick from drinking water from the pits. 
Still 6 or 20. 7%, were not able to mention a reason for installing. Here is a clear sign that the 
information flow towards the users has not been perfect. Of course one should realise that the 
accepting and realising the facts differs from person to person. 

problem: 

The problem found in this part is: 

1. Still 20.7 % is unable to mention the advantages of water from the solar pump in comparison with 
the pits. This is probably caused by a lacking information flow to the users. The responsible 
variables are: .functioning information flow, personal background. 

The maternite 

Reliability ofsystems 

According to the available information regarding the 'maternite', during the 2 and a half years 
of operation no great repairs were necessary, as can be seen in the list of repairs in appendix 
U. However the list does mention several occasions when replacements oflights were 
necessary. Also the technician mentioned that regularly it is needed to replace lights 

It is known that the average lifetime for fluorescent lights is: 5000 hours and for halogen lights: 
2000 hours [Hankins M., 1995, p. 61]. Assuming the lights are used 3 hours a day, this would 
mean that the average lifetime of fluorescent lights is: 4.5 years and for halogen lights: 1.8 
years. The conclusion is that it would be likely that some lights needed changing. However, it 
is known that in the first half of 1994, it was already necessary to replace 7 lights. This seems a 
little early and according to the technician many replacements followed. The reasons for these 
premature replacements are unknown. 

The technician mentioned that regularly it is necessary to refill the batteries with distilled water 
since the level of electrolyte were too low. The cause for this necessity is unknown. Normally 
the cause would be that the batteries are overcharged (see paragraph 4.1.3 for explanation 
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overcharging). However the batteries should be protected from this thanks to the regulators. 
For an unknown reason the regulators did not function properly. 

The problem with the too low level of electrolyte is worsened because the battery is not refilled 
in time. The conclusion should be that functioning of the maintenance is not perfect. From 
interviews with the technician it is known that when batteries need filling, it is necessary to go 
to the village: Zinvie, 15 km away. It can be concluded that this situation would be better if 
there was an after-sales service or a stock of spare parts located in the village, as was proposed 
in the project proposal, see paragraph 5.1.2. 

problem: 

The found problem is: 

1. Regularly it is necessary to replace lights, a lot earlier than can be expected based on technical 
lifetime. Furthennore, fill the batteries with distilled water. The necessity to refill the batteries might 
be caused by overcharging the batteries. However this would mean that the regulator is 
malfunctioning. The water molecules break up in oxygen and hydrogen which escape into the air. 
The responsible variables are: technical characteristics, fanctioning of maintenance and repairs 

Needs of users correspond with installed systems 

The solar systems provide the maternite with light and clean water and cooled medicines. The 
maternite is run by Madam Alli Fourath, an 'infinniere' , a nurse. There are 2 beds available for 
patients. Most of the patient are women in labour but since it is the only health centre in the 
village, people from the village also come for other illnesses. The total number of consultations 
per week is estimated by Madam Fourath to be 12. Before the installation use was made of 
petrol-lamps for the lighting. Now the situation is much better, Madam Fourath says. No 
complaints regarding a few beds were heard. 

Financial self-su'fficiency 

The 'maternite' is also a source of revenues. The patient that spends time in the maternite has 
to pay for the water and lights, this is an amount of 100 FCF A per person. 

The revenues from the maternite show irregularities as can be seen in the following table. 

The period of the 17 th of March The year 1995 
1994 until the end of 1995 

24,955 FCFA 24,840 FCFA 

Table 5. 8: The revenues from the 'matemite' 

One can conclude, after examining the table, that indeed the revenues are irregular. The total 
revenues from the 17th of March 1994 until the end of that year have only been 115 FCF A. The 
reason is unknown. Furthermore puzzling is the fact that the amounts can not be divided by 
100 FCFA. This situation is similar to the missing funds of the solar pump. Either free services 
have been provided or money has gone missing. Also here the deeper cause is the lack of 
responsibility of the villagers for the project. The lack of responsibility, which can partly be the 
explained when realizing that the villagers received the PV-systems for free. 
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The revenues from 1995 seem very logical. The hospital has two beds. The nurse mentioned 
that the average time of stay for women in labour was one or two days. The amount of 24,840, 
seems to indicate about 248 patients that year. Assuming an average stay of 1.5 days, the 
hospital has a percentage of occupation of: 51 %. 

problems: 

The problem found is: 

1. The revenues from the matemire are irregular, there has been a period where there were almost no 
revenues from the matemire. The responsible variable is:fanctioning offands collection, feeling of 
responsibility 

The integration of users 

The PY-systems in the 'maternite received many positive comments. Of the 29 respondents in 
the village, 48% commented that the situation for the women in the maternite, has much 
improved. 

The 'mairie', the city hall 

Reliability of systems 

In the period since the starting of the systems in the mairie, it has been necessary to repair the 
video for at least 2 occasions. Furthermore, according to the technician, regularly it is not 
possible to use the television due to shortage of power in the batteries. In the 5 weeks of the 
research it happened two times in one month that the planned television evening had to be 
cancelled. One cause is that the batteries were depleted, because at times, too much use was 
made of the television in the afternoon. Another possible cause is that the batteries had been 
overcharged, losing electrolyte with as result a too low level of electrolyte. However this 
would mean that the regulator is not working properly. 

The refrigerator in the 'mairie' is not used at all, although it does work properly. When asked 
the reason, the respond was that normally it does not function properly, due to weaknesses of 
the batteries. 

problems: 

The problems identified in the text are: 

1. Regularly the amount of energy in the batteries of the mairie is too low. A possible explanation is a 
too low level of electrolyte. A too frequent usage of the systems is another partial explanation. The 
responsible variables are: technical characteristics, fanctioning of maintenance and repairs 

2. The video needed 2 repairs in a period of two years, this is often. The cause is unknown. The 
responsible variable is: technical characteristics 

Needs of users correspond with installed systems 

The leisure room is located in the 'mairie'. About 4 times a week it is possible to watch, for 
about 3 hours, television. Of these 4 times about 2 times a week there is a video movie. The 
choice of movies is limited since the source are those people in the village who are owners of 
videotapes. 
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The respondents were asked how often they made use of the television and video in the 
'mairie', the responds were as followed: 

..-....1 I I I 
0 20 40 60 80 

percentage of responds 

Figure 5.10: The use of the leisure centre 

•video 
B television 

Total respondents: 
29 

The majority says never to use the services of the 'centre de loisir' in the 'mairie'. The most 
expressed reason, in 41 % of the cases, was lack of time. It is noticeable that of the 10 people 
who look at times at the television or video, only 2 are older than 30, one is a bachelor and the 
other one went only once. Furthermore it is noticeable that although there are only 9 male in 
the group of 29 respondents, 6 males belong to the group of people who visit the 'center de 
loisir' against 4 females. 

The little interest in television and video can be explained by the limited choice of videotapes, 
the fact that these people are not used to have a television and, as expressed by the 
respondents, lack of time. Another important variable is that the television and all the 
videotapes are in the French language, many of the villagers have little or no education so do 
not understand French. 

problems: 

1. Only a minority of the villagers is interested in visiting the leisure centre. The possible reasons are: 
little choice in videotapes, unfamiliarity with television, lack of time and the French language. The 
responsible variables are: personal desires, personal background 

Financial self-sufficiency 

Every person who visits a video performance has to pay 25 FCF A. However every time a 
video tape is used, the owner receives 200 FCF A. The resulting revenues were in the past: 

The period of the 17 th of March The year 1995 
1994 until the end of 1995 

134,065 FCF A 86,235 FCFA 

Table 5. 9: The revenues from video peiformances 

When assuming 2 video performance a week, taking into account a cost of 200 FCF A for 
every performance. It would mean that the average number of persons visiting a video 
performance in 1995 is: 41 persons, which is not bad. Based on personal observation, it would 
be difficult to watch with more than 40 persons to the television, at the same time. This would 
indicate a problem with the measurements of the leisure centre. However no comments were 
made in this nature by the respondents. 
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portable lamps 

Reliability ofsystems 

At the time of the research all the portable lamps, 'lampes portatives', were out of order since 
their fluorescent tubes were not functioning. In appendix 0 a list can be found of the people 
who rented a 'lampe portative' and sometimes the date of returning the lamp is available. 

Surprisingly, according to the written information, the manufacturer of the lamps had provided 
a guarantee of one year, the technician said that it was even 2 years. Before the first year had 
passed, already many lamps were broken, the exact number is unknown. However no action 
was undertaken to profit from the guarantee. Probably, was it not clear who had the 
responsibility of the problems, the villagers, the ministry or ENERDAS, this situation was not 
anticipated. Furthermore there was no pressure to solve the problem, no pressure from the 
villagers because it was a government project, they considered the ministry responsible. 
ENERDAS had installed everything, as was planned and considered the contract fulfilled, there 
was also no request towards ENERDAS to solve the problem. The ministry also felt no urges 
to use the guaranty, if they were even aware of it. They had realised the project and the 
operational phase was probably considered less important. No one seems to feel that they have 
the responsibility to keep the system operational in the long run. Again the lack of 
responsibilities of the villagers can be explained by the fact that no contribution was made to 
the initial investment costs. 

Furthermore no steps are undertaken to buy new tubes since the cost are above 10.000 FCFA, 
it requires the permission of the seven 'chefs du village' and the 'mairie' and one has not yet 
been able to organise a meeting with all these people attending. Even though already three 
attempts are made, to gather all these people. The fact that, in a period of a year no meeting 
could be arranged, indicates a lack of responsibility from the chefs du village and the maire and 
a too complex decision structure. 

problems: 

1. All the tubes of the portable lamps broke down in two years time and many a lot sooner. The cause 
is unknown. The responsible variables are: technical characteristics 

2. No use was made of the guaranty of the manufacturer of the portable lamps. No actor felt the 
responsibility to do so. The responsible variables are: actual organisation structure, feeling of 
responsibility 

3. In the period of more than a year no new tubes were bought. The reason is that it is difficult to get 
permission. It is difficult to bring the needed 8 persons together. There is a lack of feeling of 
responsibility and a too complex decision structure. The variables responsible are: actual 
organisation structure, feeling of responsibility 

46 



The use of photovoltaic technology in Benin 

Needs of users correspond with installed systems 

There was an enonnous interest for the lamps. Over 400 requests were made, however only 49 
lamps were available. The lamps were divided by the principle: the person who requests first, 
may rent the lamp. 

problems: 

1. There are too few portable lamps available, the interest is enormous. The responsible variable is: 
personal desires 

Financial self-sufficiency 

The persons who rent a lamp are obliged to pay 200 FCF A per week. In the case of loss or 
serious damage, the person who rents the lamps is obliged to pay 75.000 FCFA, as is stated in 
the contract (see contract in appendix R). The revenues can be found in the table below: 

The period of the 17 th of March The year 1995 
1994 until the end of 1995 

45,500 FCFA OFCFA 

Table 5.10: The revenues from the ponable lamps 

As can be seen in 1995 no revenues were collected by renting out portable lamps. Even the 
revenues in 1994 were far from optimal. The maximal theoretical revenues for portable lamps 
are: 49 * 52 * 200 = 509,600. Naturally the most important reason for the low revenues is the 
not functioning of the portable lamps, even in 1994 when a part of the lamps still functioned 
there were only minimal revenues. Concluding that the fund collection is not optimal. 

problems: 

1. The revenues from the portable lamps are only a small part of what is possible. The causes are the 
malfunctioning of the lamps and a not optimal fund collection. The responsible variables are: 
functioning of fund collection 

The streetlights 

Reliability of systems 

The .interviewed persons were asked: ' How often do the streetlights not function properly', 
they responded as can be seen below: 

Don't know 

Always (klljours) 

Sometimes (patfois) 

Never (jamais) f9 1111111 
o ro ~ ~ ~ ~ ~ ro ~ 

percentage of responds 

Figure 5.11: Opinion users regarding .functioning streetlights 

Total respondents: 29 
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Furthermore, of the 29 remarks on disadvantages of the 'streetlights', 79% commented that 
the 'streetlights were not functioning properly. They are either too faint or do not function at 
all. The cause is that the level of electrolyte in the batteries is not high enough, this is caused by 
overcharging. Of course the problem can only keep on existing when the battery is not refilled, 
so there is also a problem of maintenance. The lack of a stock service plays an important role. 

Thanks to interviews with the technician, it is known that it is needed to replace about 20 
fluorescent lights a year. This would mean an average lifetime of 400 hours per fluorescent 
tube. This is only a small part of the 5000 hours oflifetime for the average fluorescent tube. A 
possible explanation could be that due to the regular low voltage of the batteries, it is needed 
for the lamp to go through the starting procedure more often than necessary. Many start 
procedures cause the detoriation of the electrodes to a point were it is no longer possible to 
'ignite' the tube. However this can never be the only reason. Much more likely explanations 
are that the technician exaggerated or that the fluorescent tubes available are of a very bad 
quality. 

problems: 

I . The fluorescent tubes of the streetlights have to be replaced far too often. The explanations are that 
the source of this information is not reliable or the tubes are of a bad quality. The responsible 
variable is: technical characteristics 

Fulfilment of needs user 

It is difficult to say anything regarding the needs of the users for the streetlights, since it is not 
possible to determine when and who profits from the streetlights. It functions every day for 
everybody. However the respondents were asked whether they would be willing to pay for 
additional 'streetlights'. Of the 29 persons the majority, 69% responded that they were willing 
to do so. The other 31 % responded they thought it would be too expensive. One can conclude 
from this information that there is a shortage of streetlights in the village, if the people are even 
willing to pay for them. However one should realise that no amount was mentioned during the 
questioning. If the amount was known the responds would be very different. 

problems: 

1. There is a larger need for streetlights in the village, as was expressed by the villagers. The 
responsible variable is: personal desires 

Integration of the users 

When the respondents were asked to mention the advantages of streetlights, they responded as 
followed. Of the 29 respondents, 72% mentioned the fact that the security has increased in the 
village, that there are fewer thieves now. Furthermore considered an advantage, was the 
market in the night, made possible thanks to the 'streetlights'. 

A sign of the positive attitude towards streetlights is the already mentioned fact that the 
majority of the villagers were even willing to pay for additional streetlights. However when 
discussing the reliability of the streetlights, it became clear that the majority of the villagers are 
not satisfied with the functioning of the streetlights. 
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problem: 

1. The majority of the users is not satisfied with the functioning of the 'streetlights'. This is caused by 
problems with a too low level of electrolyte in the battery, due to overcharging and the not refilling in 
time. The responsible variables are: technical characteristics, .functioning of maintenance and 
repairs 

Ecole 

Reliability of systems 

The projector in the school-yard was not functioning at the time of research, the reason for not 
replacing and the cause of malfunctioning is unknown. No other information about the 
reliability of the systems in the school is available. 

problems: 

1. The projector in the school-yard does not function. The variables responsible are: technical 
characteristics, functioning of maintenance and repairs 

Needs of users correspond with installed systems 

The lighting in three classes of the school has been taken care of by a solar system. The 
systems are installed in the classrooms for children from 7 to 13 years. Only once or twice 
weekly during the evening, the children have a class during 2 hours. Also the office of the 
director of the school has been equipped with lights powered by solar panels. With the systems 
that are installed in the school building, it is possible to provide lights for a class every evening. 
The capacity is not used to the full . The reason is not known. It might be that the teacher does 
not want to work more additional hours, or the parents do not want their child to go to school 
every evenmg. 

It is known thanks to personal observation that at least once a week there is in the evening a 
school for adults. Surprisingly, they make no use from the PY-systems. This seems a strange 
situation. Somehow the needed decision can not be made. 

problems: 

I . The capacity of the PY-systems in the school is not used to the full, while adult's classes make no 
use of the system. The responsible variable is: actual organisation structure 

The whole of PV-systems installed 

As has been seen the majority of the problems is connected to one of the installed PY-systems. 
However it is expected that some additional problems will be found when looking at the whole 
of PY-systems installed. 

Political self-sufficiency 

In paragraph 4.2.3 can be seen that except for certain electronics of a fluorescent lamp, 
regulators and convertors, all PY-components need to be imported. Benin is not able to 
manufacture these essential components locally. The result is a degree of dependency and it 
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costs foreign currency to obtain the needed components. This situation of dependency is 
caused by the current technological capability of Benin. 

problem: 

1. Benin is not able to manufacture several essential components of a PY-system locally. The 
responsible variable: location, origin of technology 

Integration of users 

Every respondent in the village was asked: 'Do you considered installing PY-systems in other 
villages a good idea?' and 'Do you expect there will be many PY-systems in the future of 
Benin?' . As a responds on the first question, of the 29 respondents 13,8% responded 
negatively, they said it would be too expensive. However 86,2% said they thought it a good 
idea. The responds on the second question were similar: 13,8% did not expect many PY
systems in the future, but the majority 86,2% of the respondents did expect many PY-systems 
in the future. 

It can be concluded that the majority of the villagers have in general a positive attitude towards 
PY-systems. One should realise however that many respondents might have responded 
positively because they thought it was the expected and right answer. Still when accepting the 
result, 13,8 % has a negative attitude towards PY-systems, so there is room for improvement. 

problem: 

1. Of the villagers, 13,8 % has a negative attitude towards PY-systems. The responsible variable is: 
costs of technology 

5.2.2 The listing of problems 

The problems identified the last paragraph will be listed here. To each problem, a letter of the 
alphabet will be appointed. This will make it more easy to indicate what problem is addressed, 
for example: Problem C. The independent variable, held responsible for the problem will also 
be given in italic. 

The reliability of systems 
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Now the problems are known as well as the causes of the problems. Nothing is known about 
the seriousness of the different problems. This will be solved in the next paragraph. 
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5.2.3 Linking the seriousness of problems, their causes and weight factors 

the seriousness of problems 

The following table is a matrix, linking the variables of the 'ideal situation' with the problems 
of the different PY-systems. Furthermore, to every problem a weight factor will be assigned. 
This weight factor signifies the degree of discrepancy with the ' ideal situation'. A weight factor 
1 means equal to an 'ideal situation' . The higher the weight factor, the more serious the 
problem. Those problems that get assigned a weight factor of 4 or 5 are considered dangerous 
to the feasibility of the project. The value will be assigned based on the opinion of the author, 
taken into account are the nature of the problem and the intensity of the problem. The value of 
the weight factor of each problem can be found between brackets. 

Variables I 'Ideal' situation Does the existing situation reach the 'ideal' one?? 
( 1 is ideal, 5 is maximal deviation) 
Pump School Mater- Lampe Mairie Streetli l 

.................................. 1. .............................................................................. ····················· -~-~·~·~· - · ·· · · ···· · .P.~.~.~.!~ ............................... _g~.!~ .......... J 
Reliability ! no repairs necessary B J C F,G,H D,E I j 

.~f..~Y.~-~.~.~-~ ..... l... .......................................................... ..C~L ........... ..C~2. .............. Q.L .... .......... (?.) ............. Pl(~>. ... ....... P2. ..... .J 
j continual operation A j 
l (3) l 
I optimal operation 

Financial j more revenues than 
self- j costs during lifetime 

A 
(3) 

This will be calculated later in paragraph 5.3.3 . 

·:~:i::t1~ 1;~0~::: ~~~CI ]-_~!; ] :(~ ] ] J 
Political l no dependency on V 
situation l foreign countries ( 4) 

................................. J~~~~~~~~~ .. ~~P.P:?.~ ....... ························· ····················· ......................................................................... ..................... . 
Needs of j all existing systems 

users l used 
l 
correspond all existing capacity L,M Q N 
with used (4) (3) (3) 

:--~~~~~~-+~-'-'-~-+----'-'----+-~~-t-~~~-t---'~-+~~___, 

installed sufficient capacity of K 0 P 
systems existing systems (4) (3) (3) 

Integration users have positive W, Y 
users attitude towards PV- (3) j 

...................................... ~~~~ ..................................... ................................................................................................................... ............................... ; 
j awareness among the X j 
j users of the advantages (3) j 

.................................. l.~f.~~.~y~~~~~ ................................................................................................................................................................ .1 
Table 5.11: The seriousness of the problems 

An empty square indicates that regarding that variable no problems have been found. At first 
sight it looks as if many of the used variables cover common ground, for example: 'no repairs' 
has many links with: continual operation' . However when taking into account the definitions of 
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the variables given in appendix B, it is hoped that the different variables of the ' ideal situation' 
are complementary and do not conflict with each other. 

Several problems have been found that form a threat to the feasibility of the project. These are 
the problems: F, G, H, K, L, M, R, S, T,U,V. 

linking problems, causes and weight factors 

When dealing with the problems, at the same time attention was given to the cause of the 
problems. In the following table an overview is given of the variables representing the causes 
of the different variables. These cause-variables are used in the first theoretical model, see 
paragraph 2.1.4. Also the weight factors will be presented again, it might be possible that some 
kind of link can be found between the causes and the seriousness of the problems. 

Causes Problems/solutions 

Weight factors: 

1 2 3 4 5 

Environmental characteristics: Location A v 
Government 

Users of PV-systems: Personal background N,W 

Feeling of responsibility R,T G,H 

Personal desires N,0,P K,L 
,M, 
s 

PV-technology: Origin of technology v 
Technical characteristics B,E, A,C,D, K, F 

J I,Y M 

Costs of technology x 

Organisational characteristics: Organisational structure Q G,H 

Functioning maintenance and J C,D,I 
repru.rs 

Functioning funds collection T R,S, 
u 

Functioning information flow w 

Table 5.12: The linking of causes, problems and weight factors 

The results from this table that is that not one variable is the most important explanation for 
the problems. The variables: personal desires, technical characteristics ,organisational 
structure, feeling of responsibility and functioning of funds collection, are responsible for the 
more serious problems. 
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5.3 Analysing the influences of the problems on the feasibility 
In this paragraph the influences of the problems as were listed in paragraph 5.2.2, are 
identified. Because the nature of many problems are very similar, not all the problems are 
treated individually. Most of the problems are placed in a: 'group of problems' . The nature of 
each group is written in italic and is underlined. 

5.3.1 Reliability of systems 

The first group of problems that influence the reliability of systems are the replacements of 
lights, such as the lamps of the maternite, streetlights and the projectors. As well as simple 
repairs on for example the video, in short the needed repairs. 

Another group of problems deals with the fact that batteries often do not function properly. 
This concerns the batteries in: the mairie, maternite or the batteries of the streetlights. The 
surprising fact is when examining these problems is not that they do occur, that can only be 
expected, but their too high frequency. Both groups of problems result in: 

• high costs for repairs and replacements. However these costs are minimal, the amount necessary in 
1995 to keep the systems operational, including all the necessary repairs is: 108,015 FCFA (see 
cashbook in appendix T). This is not a very high amount compared to other amounts involved in the 
project. More attention to costs will be given in paragraph 5.3.3. 

• more periods of not proper functioning of these systems. This will of course have influence on the 
integration of the users, their positive attitude will decline. It is hard to say to what degree this 
attitude is influenced by the lack of reliability. 

The third group of problems are the many mistakes that are made with as result the not 
functioning ofthe portable lamps. The consequences are: 

• a negative influence on the financial balance of the project. The purchasing of the portable lamps, 
which in this paper is estimated a 75 .000 FCFA a piece, cost a lot of money. Now there are no 
revenues to compensate. The theoretical annual amount that is missing due to not functioning is: 
509,600 FCFA (see cashbook in appendix T). More on financial issues in paragraph 5.3.3 . 

• a decrease of faith in PV-systems by the users in the village. 

The fourth group of problems concerns the many waterless moments of the solar pump and 
moments of only partial operation. Unlike the previous problems the financial consequence will 
be little since the capacity still can easily cover the demand. However the low reliability of the 
solar pump does has several consequences, these are: 

• the positive attitude towards PV-systems will decline. 
• during the moments when no water is available, the people are forced to drink water from the pits 

with all the medical disadvantages. 

conclusion 

Many revenues are lost as a result of not functioning of systems, especially the not functioning 
of the portable lamps has a high negative financial influence on the feasibility. The decline of 
positive attitude, is of course a problem, but it is expected to have only limited influences on 
the project. Furthermore the fact that at times people are forced to drink unsafe water has little 

55 



The use of photovoltaic technology in Benin 

effect on the feasibility of the project. However one of the goals of the project, supplying safe 
water, is missed. 

5.3.2 Needs of users correspond with installed PV-systems 

This first group of problems concerns with the fact that the capacity of the solar pump is not 
used to the full. While these problems are not solved, a situation keeps existing where: 

• a lot of revenues are lost due to not used water. The theoretical maximal revenues are: 2,093,275 
FCFA (see paragraph 5.2.1). 

• many people are not reached, they do not use safe water 
• water is only available from 10 a.m. to 19 p.m. 

The second group of problems are that the users say to have more needs for streetlights and 
portable lamps. The consequences are: 

• that potential revenues are missed, the amount depends on the number of additional systems placed. 
• no increase of security in the streets and fewer possibilities for the villagers to have a good light 

source. 

The third group deals with the fact that the capacity of the school and the leisure centre in the 
mairie are not used to the full. The results are: 

• The less visitors of the leisure centre cause less revenues 
• the adults who go to school can not profit from the better fluorescent lights, but have to do with 

petrol lamps. 

conclusion 

Also these problems have a negative influence on the financial situation of the project, 
especially the revenues missed by not using the full capacity of the solar pump. Furthermore, 
the first group of problems result in people drinking not safe water, missing one of the goal of 
the project. Furthermore, because water is only available during day time, people might have to 
adapt their lifestyle. 

Not using the full capacity of systems is of course a problem. The costs of installation were 
very high and could have been lower when the expected demands were estimated lower. So, it 
is a pity. When already installed, the not using of the capacity has no effect on the feasibility of 
the project. However increasing the usage can be done without additional costs, so why not do 
it. 

5.3.3 Financial self-sufficiency 

According to the ministry(Communication au seminaire-atelier en energie et developpement, 
presentee par alexis. M. Gbaguidi during the conference in Ouagadougou, BF, 2 au 27 octobre 
1995), the total cost of installation of the systems in Sedje-denou was 55.393.000 FCFA. 
However this number is not correct since the list used by the ministry differs slightly from the 
real situation, due to changes made. Furthermore there is a list of the cost of the different 
components of a PV-system(see paragraph 5.1.3). This list is not complete and when 
computing the cost with the help of this list the result is: 31, 186, 000 FCF A. However not 
included are: the organisational costs and cost for materials as timers, wiring and transport. 
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The costs for these are estimated and assumed to be about 9 million FCF A. The result is that 
the total cost of installing all the PY-systems is considered 40,000,000 FCFA. 

The revenues for the village is the money collected by selling water, organising video 
performances and renting out ' lampes portatives' . A detailed bookkeeping system was used in 
the 2 and a half years of operation. The information from the 17th of March 1994 until the end 
of 1995 was available for this research(see for source appendix T). The values of the 
theoretical maximal revenues are given in the fourth column, to be able to compare. For the 
data used and assumptions taken to calculate the maximal revenues, see appendix S. 

March 17th 1994 The year 1995 The perfect year 
until the end of 1995 

'lampes portatives' 45500 FCFA OFCFA 509600 FCFA 
sellin2 water at the 'mairie' 615095 FCFA 348380 FCFA 2093275 FCF A 
the 'maternite' 24955 FCFA 24840 FCFA 35000 FCFA 
video performances 134065 FCFA 86235 FCFA 104000 FCFA 

Table 5.13: The revenues from the different PY-systems 

All these amounts have been presented before in this chapter but are repeated here to increase 
the financial overview. The comments on these amounts have already been made, see 
paragraph 5.2.1. 

The costs made in the same periods are: 

March 17th 1994 The year 1995 
until the end of 1995 

transport 19600 FCFA 9900 FCFA 
salary for the technicians 350000 FCFA 196000 FCFA 
miscellaneous 156545 FCFA 108015 FCFA 

Table 5.14: The costs of running a PY-project 

Noticeable is the large difference between the revenues from 1995 and the theoretical 
revenues. The first group of problems concerns with this, they cover the missing funds. 

Regularly it is necessary to visit ENERDAS, the ministry or CLCAM (bank). The costs made 
for these travels fall under transport. The category miscellaneous consist of costs made to buy 
necessary things like: writing pens, paper, cleaning materials. Furthermore the costs that are 
made to rent a videotape in a nearby town, the cost to clean the several components of the PY -
systems and cost made to replace broken or wore down parts of the PY-system. 

Regularly money is placed in a bank, the CLCAM, during the same period the following 
amount was deposited: 268000 FCFA (134000 FCFA) 

Based on the amounts above the Net Present Value for the whole project can be calculated. In 
appendix S, the assumptions and estimates can be found . The net present value is calculated 
using the costs and revenues of 1995. Since the calculations can not be done unless certain 
amounts are estimated, a sensitivity analysis has been made. The net present value has been 
calculated for different estimates and assumptions. 
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The scenarios each representing different estimates used, can be seen in the following table. In 
the third and fifth column are the annual additional revenues necessary to make the NPV over 
the whole lifetime of25 years, equal to zero. Between brackets in these columns are the annual 
additional revenues necessary to cover the running cost for 25 years. 

Using the revenues from 1995 Using the theoretical maximal 
revenues 

NPV needed additional NPV needed additional 
(FCFA) annual income to (FCFA) annual income to 

cover life costs I cover life costs I 
(running costs) (running costs) 

The amount and lifetimes -59,177,399 3,909,121 -22,593,836 1,492,496 

mentioned in paragraph: 5.1.3: (1 ,266,814) (npv is positive) 

The same as the first row -61,796,034 4,082,102 -27,245,471 1,799,772 

except, the price of the battery (l,601,637) (npv is positive) 

is 125000 or 75000 FCF A: 

The same as the first row -52,185,317 3,447,241 -17,634,758 1,164,911 

except, the lifetime of batteries (804,934) (npv is positive) 

is 4 years: 

Table 5.15: The net present values of the PY-project 

All the NPV-values representing the life cost are negative, even when considering maximal 
revenues. The NPV- values representing only the running costs are also negative for the 
revenues of 1995. However when considering maximal revenues, it is possible to cover the 
running costs. The second group of problem deals with this overall bad financial situation. 

conclusion 

The financial situation of the project is very bad, even when maximal revenues are used the 
project is financially speaking not feasible. In most of the scenarios the revenues are not even 
enough to keep the PY-systems operational the full 25 years. 

5.3.4 Political self-sufficiency 

The situation regarding this variable is simple, Benin is definitely dependent on foreign 
countries for the necessary components of PY-systems. Without foreign assistance, the project 
can only keep on functioning as long as none of the components of the systems needs 
replacing. Except for certain electronics of a fluorescent lamp, regulators and convertors. 

conclusion 

Benin is dependent on foreign countries for the necessary components of a PY-system. 
Without foreign help the project is not feasible. 
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5.3.5 Integration of users 

The situation is rather positive regarding the general opinion of the users in the village. Only a 
minority, 13,8 % has a negative attitude towards PV-systems. However the majority of the 
users is not satisfied with the functioning of the streetlights. 

More than one fifth of the population was unable to mention the advantages ofthe solar 
/!J:!!!J/!.., so the information flow is not perfect. When this information flow will be improved, it is 
difficult to say what kind of effect it will have on the attitude of the users. Those people, who 
have already a negative attitude, mentioned as reason the costs of PY-system, as could be seen 
in the paragraph 5.3 .3. This is a very valid reason. 

conclusion 

Since the current attitude is positive, it can be concluded that no major difficulty for the 
feasibility of the project can be expected from this direction. 

5.3.6 Overview of the 'group of problems' 

Description of '2roup of problem' The connected problems 
the batteries often do not function prooerlv D 
the waterless moments A 
the not functioning of the portable lamps F,G,H 
(other) needed repairs B,C,E,I,J 
not using the full capacity of the solar pump K,L,M 
the using the full capacity of the leisure centre and school Q,N 
more needs for larnpadaires and portable lamps O,P 
the missing funds R,S,T,U 
the overall bad financial situation R,S,T,U 
the dependency on foreilm countries v 
a part of the villagers is unable to mention advantages of the solar pump w 
a part of the villager has a negative attitude towards PV-svstems X,Y 

Table 5.16: The different group of problems 
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5.4 Conclusion regarding situation in Sedje-denou 
Based on paragraph 5. 3 it is now possible to judge whether the PY-project in the Benin village, 
Sedje-denou, is feasible. 

The problems responsible for the unreliability of systems have as most important effect a lower 
amount of revenues. Furthermore they cause a decline in attitude and people are sometimes 
forced to drink unsafe water. The consequences of the problems belonging to, the not 
corresponding of the needs of the users with the installed capacity, are of the same nature. 

The decline of positive attitude is not a big restraint on the feasibility. When looking at the 
integration of the users it can be seen that at the time of research, the general opinion regarding 
PY-systems was very much positive. So some decline is not a large problem. The fact that 
people are forced to drink unhealthy water is of course a very serious situation, but it has only 
little effect on the feasibility of the project. 

The problems corresponding with the financial situation of the project are however of a very 
serious nature. When looking at the financial situation of the whole planned 25 years of 
operation, the only conclusion can be that the project is not feasible. It will even be difficult to 
keep the systems operational the full 25 years. 

One other factor can be responsible for the not being feasible of the project. It is needed that 
the foreign countries supplying the PY-components, keep co-operating, if not, the project is 
not feasible . 

The final conclusion can be that the project is not feasible due to the bad financial 
situation. Other /actors can cause problems, but they do not have necessarily as effect a not 
feasible project. 
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6 Recommendations for Sedje-denou 
In chapter 5 it became clear that the current project regarding PY-systems, in Sedje-denou is 
not feasible. 

In paragraph 2.1.1, it was made clear that the ultimate goal of the research performed, was: ' 
to improve the situation regarding PY-systems in Sedje-denou. Therefore, in this chapter, 
recommendations will be made to improve the situation in Sedje-denou as much as possible. 
However, it is not certain whether these 'maximal improvement' will be enough to make the 
project feasible, this also will be clarified in this chapter. 

Solutions will be proposed, how to improve the situation of each of the 5 variables 
representing the problems, as were used in the first theoretical model. The problems to be 
solved can be found in paragraph 5.2 and 5.3. 

Together with the recommendations, also attention is given to what has to be done and the 
costs of the recommended actions. This way a more founded decision can be made what 
recommendation to follow and what recommendation not. Needless to say, the situation will be 
improved maximally when all the recommendations are implemented. 

The 'groups of problems' mentioned in paragraph 5.3, are used to structurize the text. 

6. 1 Reliability of systems 

6.1.1 The batteries often do not function properly 
A frequent cause for the not functioning of systems like the streetlights, or in the mairie: 
refrigerator, tv and video in the mairie, is a too low level of electrolyte in the batteries. As a 
result of overcharging these batteries, water vaporises and the level of electrolyte drops. 
Surprisingly is that this happens with appliances in the mairie, which are supposed to be 
protected from overcharging by the regulators. The regulator does not work properly. The 
streetlights are not protected and can easily overcharge. 

The problem is worsened by the fact that often refilling does not happen for some time. There 
are three possible solutions that can be used to improve the situation, these are: 

1. using a regulator which not only protects the battery from too deep discharge, but also protects the 
battery from overcharging; 

2. using a battery of which the electrolyte does not evaporate when overcharged, a so-called 
maintenance free battery; 

3. optimizing the maintenance of the existing batteries. 

The first solution does not apply for the mairie. 

Considering the first solution, it is needed to replace every regulator and timer used. In total 8 
batteries of24 Y are concerned. The regulators in use by other systems cost 200,000 FCFA, so 
to supply every lampadaire with such a regulator is very expensive: 1,600,000 FCFA. The 
financial picture becomes even worse when realising that now every 7 years, the lifetime of 
regulators, these regulators have to be bought. 

It is also possible to replace the all the batteries in the village: 19 batteries, with maintenance 
free batteries. These batteries collect the gasses originating from the batteries, with the help of 

61 



The use of photovoltaic technology in Benin 

a catalyst (Platinum) these gasses are again reduced to water [Dr. Visscher W., 1993, p. 36]. It 
also possible that the oxygen gas is directed to the negative electrode where it will be reduced 
to water. To optimise this, it is necessary to immobilise the hydrogen with the help of a gel. 
Since the project is already in its third year and the estimated lifetime of batteries is 2 years, it 
is already necessary to replace the batteries. So the additional costs of the solution will be 19* 
the difference in price of the new type of battery and the old ones. Unfortunately nothing is 
known regarding the prices of the maintenance free batteries. 

The third solution is to optimize the maintenance of the existing types of batteries. The current 
problem is not that it is discovered too late that the electrolyte level is too low, but that it takes 
too long after noticing the problem that the battery is refilled. A solution has to be found to 
improve the maintenance of the batteries. At the time of research the level of electrolyte was 
checked every two weeks, see paragraph 5.1.2. Furthermore, it is necessary to go the a village 
15 km from Sedje-denou to buy the distilled water, no water is held in stock. 

The situation can be improved when the batteries are checked every week. The necessity of it 
has to be made clear to the technicians. To compensate the additional task and to create more 
willingness a small increase in their wages, currently: 7000 per person per month to for 
example: 10000 FCF A, is advisable. The additional costs will be little compared to the costs of 
the other solutions. When the ministry or ENERDAS is visiting, it can be controlled whether 
all the batteries are sufficiently filled. Furthermore it is necessary to keep distilled water in 
stock, to be able to refill without delay. This stock can be made the responsibility of the 
technician, he should have the responsibility to keep a minimal amount of 10 litres of distilled 
water in stock. Any needed information to perform this task has to be made available to him. 

Since the limiting factor of the project is the financial aspect, the choice of the recommended 
solution will be made based on the costs. Although there is no information available regarding 
costs of new regulators and batteries, it is the author's opinion that the third solution will cost 
the least. Furthermore it is expected that the technicians can handle the new responsibilities. 

6.1.2 The waterless moments 

The waterless days are the result from the fact that at moments there is not enough solar 
irradiation to keep the solar pump operational. On the other hand the average capacity of the 
solar pump is sufficient to meet every demand. There is one very simple solution to improve 
this situation: increase the total capacity of the water reservoirs. The current available 6 m3

, 

near the mairie, is too little, since after 19:00 the reservoirs are already depleted. The capacity 
should be enough to guarantee water during 4 waterless days, the longest period measured in 
1995. So a total capacity near the maire of: 4*11 m3 

= 44 m3 is necessary. Of course this will 
cost money, unfortunately the amount is unknown. A large basin for water has to be built. The 
labour costs will be minimal, the biggest costs will result from buying building materials: 
cement, brick or concrete and maybe some metal to strengthen the structure. If building a basin 
of 44 m3 is considered too large, any additional reservoir capacity will improve the situation. 
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6.1.3 The not functioning of the portable lamps 

Already after one year of operation almost all the portable lamps were out of order. No use 
was made of the available guarantee and attempts to repair the lamps have failed due to the 
fact that no permission was given. 

It is now too late to profit from the guarantee of the manufacturer, since too much time has 
passed. The solution has to deal with the repairs of the lamps. Repairing all the portable lamps 
requires an amount higher than I 0, 000 FCF A, that is why the permission of the 7 chefs du 
village and the maire is necessary. This has proved very difficult, so it is necessary to change 
the protocol of needed decisions. The easiest solution where the notables of the village are still 
involved, is that it is not needed to organise a meeting where the decision has to be made, but 
every notable is asked personally for the approval. This can be done by members of the 'comite 
du gestion'. Only when one or more notables refuse to give their approval a joined meeting 
should be organised. However if this meeting does not take place within one month, the 
majority decides. This decision structure should be proposed by the ministry. Furthermore the 
notables should be explained the importance of their decisions and that their co-operation is 
vital for the project. In this way it is hoped to increase the feeling of responsibility of the 
notables. Any needed or requested information should also be given for the same reasons. 

The reason for the premature breaking down of the tubes is unknown, but probably they were 
of an inferior quality. During any new purchasing, this should be kept in mind. 

6.1.4 Other needed repairs 

The problems here are the needed replacements of lights, such as the lamps of the maternite or 
the streetlights and the projectors at the solar pump and school. The problems with these lamps 
are that they break down far before, as can be expected based on their technical lifetime. The 
reasons are unknown, so it is difficult to come up with a real solution for preventing premature 
break down. The only vague recommendation that can be made is to buy lights with quality. 

However the situation can be improved. Although some stock is kept of fluorescent tubes, 
some types of lights are not held in stock. To improve the situation the technician should have 
the responsibility to keep 2 lights of each type of used light in stock. The additional stock has 
as a result only limited financial consequences, it will be necessary to buy the lights earlier. 

6.1.5 An overview of recommendations made 

Here the recommendations made in the preceding chapters have been set in an overview. Also 
clearly presented is what has to be done to realise the recommendations. 

The problem The recommendation What is needed 
the batteries often improve maintenance by - some additional wages for the technicians: 3000 
do not function increasing responsibility of a month, 72,000 FCF A per year. 
properly checking the electrolyte and - the ministry has to preparing the technician for 

obligating a minimal stock of his new responsibility 
10 litres of distilled water. - periodic check by the ministry whether all 
The technician should have batteries are maintained properly and there is 
the responsibility for the sufficient stock 
stock - the buying of distilled water to start the stock 
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the waterless build additional water - the costs and time to build the additional water 
moments reservoirs to increase the reservolfs 

total capacity, enough to - the building has to be initialised by the ministry 
guarantee water during 4 
waterless days 

the not functioning introduce a new decision - introducing new protocol must be done by the 
of the portable protocol and buy better ministry 
lamps quality fluorescent tubes, but - the notables of the village should be given needed 

at the same time involve the and requested information 
notables more intensively 
with the pro_ject 

other needed repairs obligate a stock with at least - introducing the idea of minimal stock in the 
2 lights of each type in use, village by the ministry and preparing the 
the stock should be the technician 
responsibility of the - components have to be bought in a small period 
technician. Quality should be of time to start the stock 
an important issues when 
purchasing parts 

Table 6.1: The recommendations to improve the reliability of systems 

6.2 needs of users correspond with installed systems 

6.2.1 Not using the full capacity of the solar pump 

The average use of the solar pump is only 11 m3
, while the current capacity of the pump is 

28,67 m3
, more than twice the used amount. The capacity is even enough to provide every of 

the 7000 villagers the needed 3 litres drinking water per person. To do this 21 m3 is needed 
every day. However currently only part of the people of Sedje I use the solar pump. Even 27% 
of the inhabitants of Sedje I, never use the pump. The expressed reason is the distance, there is 
only one available distribution point. The reservoirs near the maternite are only for the 
matemite's use. About 8 million FCFA was necessary to build the solar pump, it reaches only 
73 % of a population of about 1500 people, while the capacity is much greater. The solution to 
increase the use of the solar pump, is to build more distribution points spread over the village. 

_ If one does this it is necessary to bury pipelines in the ground towards the new distribution 
points. Since the village is spread over a large region, it might also be necessary to install 
additional pumps and water reservoirs. All this new equipment will cost a lot of money, even 
several millions. The information to estimate the costs is not available, but suppose it is 3 
million FCF A, the total cost of the solar pump installation will than be 11 million FCF A, for 
the distribution of water and the solar pump. Although the costs will be huge, the amount of 
money that is spend to reach one person, will drastically decrease. 

Even if only one additional distribution point is build outside Sedje I, the use of the capacity 
will about double, for only an amount that is small compared to the total instalment costs. 
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6.2.2 Low interest for leisure centre 

Only one third of the interviewed persons said ever to have visited the leisure centre to watch 
television of video. The interest might be increased if more variety is shown in the presented 
videos, however this will be expensive because these videos would have to come from outside 
the village. This will be difficult because considering an average crowd of 40 people each 
paying 25 FCF A, the total revenues are 1000 FCF A per performance. It will be difficult to 
organise video from outside for an amount less than 1000 FCF A. Another constraint for visits 
is the language, French. This is also difficult to solve since the national television broadcasts in 
French and the available videos are also in French. 

Maybe it is only better of no more interest is shown because with an average crowd of 40 the 
capacity of the leisure centre has been reached, not many more people do fit in. 

6.2.3 Enormous interest in portable lamps 
If there is an interest larger than the 49 lamps already in use, it is sensible to purchase 
additional lamps. When assuming a lifetime of 10 years and a cost of75000 FCFA, it is worth 
while. The expected revenues in the same period would be: 200*52*10= 104000 FCFA. 
However this calculation was made that no repairs were necessary, it was assumed that the 
portable lamps would better perform than they have been the first two years of operation. 

To determine the number of additional needed portable lamps, it is necessary to know exactly 
what the needs are. The only information available is that in the first year 400 applications were 
made. However with the bad functioning of the lamps the first two years, this need will 
probably have declined. The number of additional bought lamps should, to be on the safe side, 
half the number of made request. So if 400 applications are made, buy 150 additional lamps. 

6.2.4 Additional streetlights desired 

The population of Sedje-denou expressed their desire for additional streetlights (see paragraph 
5.2.1). At the moment the services supplied by the streetlights is free, so additional streetlights 
would cost 1,200,000 FCFA a piece while no additional revenues can be expected to 
compensate the costs. To compensate the costs of 1 lampadaire, an amount of 170 FCF A 
needs to be collected from every villager, to break even. This is only for one lampadaire. It has 
to be concluded that it is too expensive to install additional streetlights. 

6.2.5 Not using the full capacity of the school 

That the full capacity of the school is not used while an adult class could make use of it, can 
easily be solved. The chefs du village, de maire and the comite du gestion need to make the 
decision, no additional actions or money is required. 
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6.2.6 An overview of recommendations made 

Here the recommendations made in the preceding chapters have been set in an overview. 

The problem The recommendation What is needed 
not using the full build as many additional water - a lot of money, the amount is unknown. It 
capacity of the solar distribution points as is possible, depends on distance, whether more 
pump spread over the village distribution pumps are necessary and the 

costs of the component 
low interest for leisure It is not worth to increase the nothing 
centre interest 
enormous interest in buy the half of the number of - 75000 FCFA per additional purchased 
portable lamps lamps are request are made to be portable lamp 

on the safe side. Every additional - someone has to take the initiative 
lamp, for which is paid, has a 
positive financial effect 

additional streetlights it would cost to much money to nothing 
desired place additional streetlights 
not using the full make the decision, to allow the - the comite du gestion should ask for the 
capacity of the school adult classes in the school permission 

Table 6.2: The recommendations to improve the situation regarding: needs of users 
correspond with installed systems 

6.3 Financial self-sufficiency 

6.3.1 The missing funds 

The funds collected from the rent of the portable lamps and money collected by selling water at 
the solar pump are very much lower than can be expected. 

The causes why the amount of money collected do not correspond with services delivered is 
unknown, either money has gone missing or free services are delivered. Both causes will lose 
significance when the importance of collecting the money to keep the systems operational is 
made clear and when the feeling of responsibility is increased. Furthermore the feeling of 
responsibility will increase a lot when the chefs du village and the maire openly support the 
provided information and when they themselves also feel responsible for the systems. 

The ministry has to make contacts with the notables of the village and assure their openly 
support. The notables and the members of the 'comite du gestion' should receive that 
information which will make clear the importance of collecting funds to keep the systems 
operational the full 25 years. This information should also be spread to the villagers by the 
notables and the members of the committee. 

The situation could be farther improved if it is obligated that all the revenues and costs made 
by the committee should be written down in a cashbook. This cashbook should be controlled 
by the ministry annually. The responsibility of the cashbook can be placed by the technician 
who is already keeping a kind of cashbook. It is useful to give the technician some information 
on how to keep a written financial record. 
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6.3.2 The overall bad financial situation 

Even when the problems in paragraph 6.3.1 are solved and the revenues are equal to the 
theoretical revenues, the financial picture does not look very bright. However it is possible to 
cover the running costs of the project during the whole period of the project, 25 years. 

It will be difficult to lower the costs because the main costs are the needed replacements of 
PY-components, necessary to keep the systems operational. The solutions should be found in 
increasing the revenues. 

There are two ways to increase the revenues: 

1. increase the use of the services 
2. increase the price of services 

Solutions that belong to the first category are for example, selling more water by utilising the 
full capacity of the solar pump, rent out more portable lamps and attract more people to attend 
the video performances in the leisure centre. These solutions are already discussed in 
paragraph 6.2. 

An alternative left is: increasing of the prices of the services. This means for example 
increasing the price of water per basin to I 0 FCF A. Unfortunately this already has been 
attempted in the past and due to massive resistance the decision was dropped. So it is not easy 
to raise the prices, people are used to the old ones. It is necessary that the people become 
aware of the importance of the raises. This can be realised by providing simple information 
regarding the financial situation of the project, in the nature of: ' when there is no raise, in two 
years no systems will be operational anymore' . Of course it would help a lot if the notables in 
the village: the 7 chefs du village and the maire, openly agree with the increase in prices. The 
notables should be approached by the ministry to request their support. 

During the research in the village, the villagers were asked to their willingness to use the 
different PY-systems ifthe price would be higher. The results are: 

willingness to pay 10 
FCFA per bassin 

pay 50 FCFA every month 
for streetlights 

willingness to pay 50 for 
the video 

willingness to pay 25 
FCFA for television 

0 5 10 15 

number or respondents 

Figure 6.1: The willingness to pay more for PY-systems 

20 25 

~ 
~ 

As can be seen regarding the most systems, the willingness to pay more for those services is 
small. However, a majority is prepared to pay 50 FCF A per month for the streetlights. When 
say a household consists of an average of I 0 people and every household is prepared to pay 50 
FCFA. The annual additional revenues for Sedje I alone, will be: (1500*0.1*50*12)=90,000 
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FCFA per annum. This will not be enough to make the project feasible, but it does help. The 
effect this amount will be more clear, when comparing it with the annual additional revenues 
necessary to make the project feasible, see paragraph 5.3.3. In the most scenarios, 90,000 
FCFA is only a small part of the needed money. To make this work, a collection system has to 
be set up, for example, every head of a family collects the money from every adult in the 
family. The chefs du village are responsible for receiving the money from the heads of family. 
The secretary or technician of the committee collect the revenues for the lampadaires when 
visiting the chef du village 

Looking at the amounts in paragraph 5.3.3 indicating the lacking annual revenue, one realizes 
that according to some scenarios it is not possible to close the financial gap simply by 
increasing the prices enough. The needed raises would be too high with as result a decrease in 
demanded services. At this point, recommendations will be given regarding the maximal 
sensible increase in prices. This will be based on the opinion of the author and information in 
the figure above. The maximal recommended raises are presented below: 

• change the price of a basin with water from 5 to I 0 FCF A 
• ask a monthly contribution from every adult of 50 FCF A for the lampadaires, the results from the 

interviews show that there is the necessary willingness on part of the users 
• increase the price of a video performance from 25 FCF A to 50 FCF A, since considering the 

measurements of the leisure room and the average number of spectators, a raise won't do much 
harm. 

6.3.3 An overview of recommendations made 

The problem The recommendation What is needed 
the missing funds increasing the feeling of - the ministry should make contact with the 

responsibility of users and notables of the village and assure their 
members of the 'comite du openly support 
gestion' - provide information that makes clear the 
obligate a written record of importance of funds collection 
every costs and revenues - the ministry should inform the technician 

how to keep the financial records 
the overal bad financial increase the prices of the - increase the willingness of the users to 
situation video, water and the accept raises by: 

streetlights (lampadaires) - provide simple information regarding 
the financial situation of the project 

- assure that notables support raises 
- the committee or ministry has to set up a 

fund collection systems, for example as is 
proposed in this paraizraph 

Table 6. 3: The Recommendations to increase the .financial self-sufficiency 

6.4 Political self-sufficiency 
In short term, it is not possible to increase the political self-sufficiency. The dependency will 
only be limited when the technical capability of Benin is increasing. When Benin is able to 
manufacture more of the needed components of PY-system, nationally. 
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6.5 Integration of users 

6.5.1 A part of the villagers is unable to mention the advantages of the solar pump 

Still one fifth of the interviewed villagers was unable to mention the advantages of the solar 
pump compared to the water pits. This might be changed by organising a village meeting 
where the needed information will be presented. This can be done by the ministry or even by 
the 'comite du gestion' . However this will only have a minimal effect. The reason why the 
people were unaware of the advantages is either caused by the fact that they did not visit one 
of the village meetings in the preparation phase or that they chose not to accept the 
information. 

The situation can be improved when the open support of the notables in the village is clear to 
the villagers. When the notables say they accept the information, so will many villagers. 
Furthermore of the notables urge the villagers to spread information, the diffusion of 
information will be large. 

6.5.2 A part of the villager have a negative attitude towards PV-systems 

Another main problem was that 13 . 8 % of the villagers have a negative attitude towards the 
PY-systems. It is very difficult to improve this situation. The mentioned cause of the negative 
attitude was that the PY-systems are too expensive. This is a strong argument, the costs for 
PY-components are indeed high (see paragraph 5.1.3) and the costs are hard to change. 

6.5.3 An overview of recommendations made 

The roblem 
a part of the villagers is 
unable to mention the 
advan es of the solar um 
a part of the villager has a 
negative attitude towards PV
s stems 

The recommendation 
increase the information flow 

the negative attitude is difficult 
to improve since the cause are 
the costs of PV-com onents 

What is needed 

Table 6. 4: The recommendations to improve the integration of the users 

6.6 A summary of recommendations made for the situation in S~dje-denou 
Only the recommendations will be presented here in short. The information, describing how to 
realise the recommendations, can be found in the preceding paragraphs of this chapter. 

• Improve maintenance by obligating a minimal stock of I 0 litres of distilled water and a minimal 
stock of 2 lights of each type in use. The responsibility should be the technician' s. Of course, he has 
to be prepared for the new responsibility, he needs to have the relevant information to perform 
adequately. See paragraph 6.1 for more extensive information. 

• Build additional water reservoirs, build more water distribution point, build more streetlights and 
more portable lamps should be purchased. 

• It has to be made more easy to make an important decision without losing the involvement of the 
notables in the village. 

69 



The use of photovoltaic technology in Benin 

• The feeling of the users and the 'cornire du gestion' concerning responsibility towards PY-systems 
should be increased. 

• A written record of the costs and revenues should be obligated. 
• The prices of: video performances, water and streetlights should be raised 
• More should be done to reach all the users with information concerning PY-systems. 
• The negative attitude of certain users, has to be improved. 

6. 7 The final conclusion regarding the situation in Sedje-denou 

When all the recommendations are executed, the situation concerning the reliability of systems, 
needs of users correspond with installed systems and integration of users will have improved 
and an acceptable situation will exist. However the financial situation will still be desperate. It 
is possible to improve enough to cover the running costs, but the chance that the project will 
be financially feasible over the whole lifetime is very small. The only thing that can be done is 
to improve the situation as much as possible. The situation regarding political self-sufficiency 
can only be influenced in the long term by increasing the national technology capability. 

In the next chapter PY-systems will be compared with hydro power, wind power and diesel 
systems. Maybe one of these energy sources provides a better solution for villages in a 
situation comparable to Sedje-denou. 
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7 Evaluation of energy sources for villages like Sedje-denou 

In the conclusions of chapter 6 and 7, it became clear that PY-electrification of the rural 
village, Sedje-denou, was not feasible. It s even not possible to improve the situation 
sufficiently to make the project feasible. The best that can be hoped for is that the running 
costs can be covered and the project will be operational for the full 25 years. 

The recommendations in chapter 6 were only for Sedje-denou since the PY-systems are 
already installed. However to answer the question: 'What is the best possible energy source for 
villages in a situation comparable to the one in Sedje-denou?' . In this chapter several stand
alone energy sources are compared, as was described in paragraph 2.1. First a short description 
of each type of energy source will be given. Then a first selection will be made based on the 
climatical and geographical characteristics of the village Sedje-denou. Many energy sources are 
limited to a strict number oflocations. Third a final comparison will be made. 

Unfortunately, a very extensive research is beyond the scope ofthis research. The only goal of 
this third step is to justify a closer look at other energy types than photovoltaics. The results 
may be of interest for future projects. 

7.1 The different types of energy sources 
The energy sources of interest in this part are: 

• diesel systems 
• hydropower 
• wind energy 
• photovoltaic 

The first category, diesel systems, belongs to the group of conventional energy sources. The 
other three types are so-called, renewable energy sources. 

Other sources: OTEC, tidal energy, wave energy and geothermal energy are oflittle interest 
for decentralised energy supply in developing countries. This is caused by the fact that these 
energy sources are limited to a strict number of locations. Besides, it are all large-scale, high
technology processes [van der Linden, 1996, p. 13]. 

There is one more energy sources that deserves attention, this is biomass. Unfortunately no 
information is available regarding the amount of biomass present in the village. Furthermore, 
biomass is mostly used as a source of heat and not of electricity, like the energy sources 
subject of comparison in this chapter. Of course it is possible to use the heat that is freed when 
combusting biomass, to generate electricity. To do this it is necessary to prepare the biomass 
for combustion and then use the result to fuel an engine. This engine can be used to generate 
electricity. The whole of steps necessary to generate electricity out of biomass is considered 
too complex. However reports can be found which name the use of gasifier systems, which use 
biomass to generate electricity, a good method to satisfy electricity needs in remote areas. It is 
said even to compete with the energy sources mentioned in the beginning of this paragraph. 

Still, generation of electricity out of biomass is considered out the scope of this report and will 
not take part in the comparison performed in this paper. 
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7 .1.1 Diesel systems 

Diesel systems is the energy source most commonly used in stand-alone system. Diesel engines 
have the advantage of starting quickly and reaching full power demand very rapidly. As a 
result, they are able to react fast to flexible power demands. The main disadvantage of using 
diesel engines in stand-alone units is the dependence on a regular supply of fuel, spare parts 
and lubricating oil. Other disadvantages are the high operating and maintenance costs. 
Furthermore the operation is noisy and polluting. A stand alone diesel generation set consists 
normally out of: 

• diesel engine 
• alternating current generator 
• governor 
• voltage regulator 

The engine is coupled to the generator. This generator generates a three-phase voltage. The 
governor is responsible for the control of frequency and voltage under changing load 
conditions. 

7.1.2 Hydropower 

In 1993, hydropower was the best utilised renewable energy. The total capacity installed was: 
625500 MW, with an annual production of2270 TWh. This means a contribution to the 
world-wide usage of water, of about 20% [Ir. van Berkel J., 1994, p. 5.4]. The two most 
components of a small hydro-power installation, are: the turbine and the generator. 

Power output 
Step-up and down 
transformers 

Figure 7.1: The components of a hydro power installation 

The theoretical output of an installation · can be calculated with the help of the following 
formula [van der Linden, 1996, p. 16]: 

Where P= power output 
Q= mass flow 
H= the effective head 
g = 9.81 
ri = efficiency 

P=Q.H.g.'fl 

A typical efficiency for a hydro system is: 0.5 [Hulscher, et al, 1994, p. 125]. 
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7.1.3 Wind energy 

Just as with hydro power the two most important components of a wind power installation are 
the turbine and the generator. 

wind 
turbine 

Electrical 
conversion 

system 

Dumpload 

Voltage 
control 

Figure 7.2: The components of a wind power installation 

At any instant the output power from a wind turbine is given by: 

P=Cp Yi pA V3 

Where p is the density of the air = 1. 2 kg/m3 
A is the swept area in metres squared (m2) 
Vis the wind speed in metres per second (mis) 

Cp is the coefficient of performance that relates output to the air's kinetic energy and depends 
on design of the relationship between rotor speed and wind speed [Hulscher, et al, p. 74]. It 
has been calculated that maximum coefficient possible is 16/27 or 59.3 percent. This is the 
result from the fact that the wind does not stop at the rotor, it still has some velocity when 
leaving the wind energy installation. The generation of electricity by means of a stand-alone 
wind power installation, may be viable from wind speeds of 4 - 5 mis [Hulscher, et al, 1994, p. 
75]. Based on this information the value of 4.5 mis for annual average wind velocity will be 
considered the minimum required level for a viable electricity generation. 

7.1.4 Photovoltaic systems 

The characteristics of a photovoltaic system have already been explained in chapter 3. 
Furthermore the characteristics and type of installed systems have been subject of attention in 
paragraph 5.1.3. 

7.2 The selection of energy sources 
Before the final comparison is performed, to determine the most appropriate energy source for 
a village comparable to Sedje-denou, first a selection is made. The 4 energy sources are being 
judged whether they are a possible solution, taken into account of the climatical and 
geographical characteristics of the chosen area. These characteristics are given in paragraph 
5.1.1. 
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7 .2.1 Diesel systems 

The use or possibilities of diesel systems are not being limited by geographical aspects or the 
climate. What is important: the length and difficulties of the supply route for diesel are 
important issues, the possibilities to purchase spare parts together with access to a repair 
organisation. Diesel systems are certainly an option for generating electricity in Sedje-denou, 
or in a comparable village. 

7 .2.2 Hydro power 

The possibility for the use of hydro power stands or falls with the availability of a head in a 
water course. Unfortunately, no such heads can be found in Sedje-denou. Even the velocity of 
the nearest river is very slow and has no head. The conclusion has to be that hydro power is 
not a viable option for Sedje-denou. 

7.2.3 Wind power 

The most important variable necessary to determine the feasibility of a wind power system, is 
the average wind velocity in the area of operation. The limit has been set on a minimum mean 
wind velocity of 4.5 mis. Unfortunately the mean wind speed in Sedje-denou is only 3.35 mis, 
so does not even come close. One has to conclude that the usage of wind power in Sedje
denou is not an option. 

7 .2.4 Photovoltaic systems 

In paragraph 5. 1. 3, all the characteristics of the used photovoltaic system were given. 

7 .2.5 Conclusion 

Two energy sources have come through this selection: photovoltaic systems and diesel 
systems. The others are due to physical limitations not a potential solution for the 
electrification of Sedje-denou, or comparable villages. The two energy sources left will be 
compared in the following paragraph. 

7.3 Comparison between diesel systems and photovoltaic systems 
In this paragraph the diesel systems will be compared with PY-systems. In the comparison, use 
will be made of the second theoretical model, see paragraph 2.1.4. The dependent variables, in 
this model are: 

• reliability of systems 
• financial self-sufficiency 
• political self-sufficiency 
• needs of users correspond with installed systems 
• integration of users 

The only independent variable used in the comparison is the characteristics of the energy 
sources in question. The other independent variables used in the first theoretical model, are not 
used in the second theoretical model. These independent variables are considered not changed, 
when another energy source is in use. 
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Considered the most important variable is: 'financial self-sufficiency', this is the variable 
responsible for the fact that the PY-systems in Sedje-denou are not feasible. 

7 .3.1 Made assumptions in comparison 

In the comparison several assumptions are made: 

7 .3.2 Comparison of dependent variables 

Reliability of systems 

A disadvantage of diesel generators is the need for frequent maintenance. Often neglect leads 
to breakdown and time-consuming and costly repairs [Flavin, 1986, p. 47]. Another result is 
that in the time between breakdown and repair, the system is not operational. The importance 
of maintenance is also made clear in [Hulscher W., et al, 1994, p.31 ], here in a comparison 
with PY-systems, the estimated costs of operation and maintenance are 10% of the installation 
costs/ year. In the same comparison this percentage for PY-systems was assumed to be 2%, 
indicating a smaller need for maintenance of PY -systems compared to diesel systems. However 
one should realise that the installation costs of PY-systems are much higher, still the absolute 
needed amount for operation and maintenance of diesel systems is higher. In addition, 
according to [Hunter R. et al, 1994, p. 225], about 6% of operation costs of a diesel system 
should be reserved for maintenance costs. 

Furthermore, unlike PY-systems, diesel generators are heavily dependent on the supply of 
diesel. If a diesel system is installed in Sedje-denou, it is necessary to go for the needed 8. 75 
litres a day to the 'gourdon' the tarmac road, 20 km from the village. In one trip a moped rider 
can take 50 litres to the village. So, every five or six days such a trip is necessary. It might be 
useful to have a little amount in stock. It should be possible to organise this since enough 
mopeds can be found in the village. 

Another aspect is that many diesel systems lie idle, due to shortages of spare parts [Hulscher 
W., 1994, p.240]. Just like with PY-systems it is necessary that in case ofrepairs someone has 
the parts and knowledge to solve the problems. 

Solar radiation is very important for PY-systems, when there is not irradiation, the PY-systems 
are not operational. The irradiation is of no concern for diesel systems, the climate has no or 
only little influences on the functioning of diesel generators. 
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conclusion 

The larger need for maintenance for maintenance of diesel systems compared to the need of 
PY-systems, will have a negative influence on the reliability of the diesel generator. This is also 
valid for the need of fuel, after a heavy storm or other restrictions, a shortage of fuel can arise. 
However it is expected that under normal condition the availability of diesel will be no 
problem. 

On the other hand the dependence of PY-systems on solar radiation has a negative influence on 
the reliability compared to diesel generators. In total the reliability of diesel systems is 
considered a little less than the reliability of PY-systems. 

Financial self-sufficiency 

In this part two scenarios regarding diesel and PY -systems will get attention. First a scenario 
that does not include streetlights. Second where the streetlights are taken into account. 

first scenario 

Diesel generators are relatively inexpensive to install, about $500 /kW is needed for small 
generator [Flavin C. 1986, p 47],[Hunter R. et al, 1994, p.223]. Suppose in Sedje-denou a 
generator is installed of 4 kW, this would mean a cost of: $2000. A typical lifetime of a diesel 
generator is 50,000 hours [van der Linden, 1994, p.92], if properly maintained. When the 
diesel system is operational 17 hours a day, the lifetime would be: 7.7 years, or round of8 
years. 

The cost of diesel in Benin is: 135 FCFA/litre [SBEE, 1995, p.2-12]. The total costs including 
lubricants are considered 150 FCFA/litre, this is $0.30 /litre. So the costs for fuel to keep the 
system operational 17 hours a day is: 8.75*0.30= $2.63 . This is 365 * $2.63 = $958 a year. 

The cost of the needed 400 m overhead distribution lines is taken: $5 .5/m [van der Linden, 
1996, p. 95], so 400*5 .5= $2200. Furthermore an annual cost of 10% of the instalment costs is 
considered necessary for operation and maintenance [Hulscher W., et al, 1994, p. 31]. The 
costs of the instalments of the PY-systems and diesel system is considered equal and is not 
taken into the comparison. 

The costs and lifetimes are listed below 

- cost of diesel system: 
- lifetime diesel system: 

- annual costs of fuel: 

- cost of overhead lines: 

- annual costs of operation and maintenance: 

$2000 or 750,000 FCFA 

8 years 

$958 or 479,000 FCFA 

$2200 or 1,100,000 FCFA 

10% of cost of diesel system 

The financial comparison will be based on the Net Present Y alue. The value for PY-systems 
presented in paragraph 5.1 .3, will be calculated again. This time the costs of the appliances, 
portable lamps, streetlights and installation costs are not taken into account. In this way the 
two systems provide exactly the same services. In addition, since the revenues are equal for 
both systems, they are not included into the calculation. The only revenues taken into account 
are the salvage values after 25 years. The NPY-values calculated with these assumptions do 
not have any value predicting the financial feasibility of a project, the NPY-values are only 
useful for the comparison. 

76 



The use of photovoltaic technology in Benin 

the second scenario 

This second scenario is similar to the first but for the fact that now streetlights are taken into 
the comparison. 

To power the streetlights it is needed to place overhead distribution lines in place. The building 
costs are included in the installation costs but the costs of the overhead lines itself is taken 
$5.5/m. The total length of the needed distribution lines is: 4,000 m, so a cost is: $22,000 = 11 
million FCFA. When a distribution line with an intersection of at least 30 mm2

, the losses are 
below 10% and acceptable, see appendix Q for calculation. 

The NPY-values for the diesel and PY-systems for both scenarios will be presented in the next 
table, the values are given in both US$ as in FCF A. The reason is that the data for PY-system 
is originally in FCF A and the data of diesel systems in US$. The data used to calculate the 
NPY of the PY-systems can be found in appendix S. 

Diesel system 

no streetlights with streetlights 

NPV (US$ I FCF A) 

Costs as listed above: -$24,295 -$61,190 
-12,147,613 -30,594,902 

Cost of diesel system is now: $4000 -$31,888 -$69,088 
-15,943,988 -34,543,988 

Cost of diesel system: $4000 and fuel $1916 a -$38,492 -$75,692 
vear -19,246,141 -37,846,141 
Cost of diesel system: $4000 and fuel $1916 a -$45,755 -$82,955 
year -22,877,633 -41,477,633 

PV-system 

Costs as presented in paragraph 5.1.3. -$64,971 I -$92,648 
-32,485,317 -46,323,987 

Costs of batteries is 125,000 or 50,000 FCFA -$77,761 I -$110,503 
-38,880,278 -55,251,550 

Cost of batteries normal but lifetime now 4 -$58,217 I -$81,278 
vears -29,108,651 -40,631,893 

Table 7.1: Financial comparison between diesel systems and PY-systems 

It is very clear that the values for diesel systems are much more less negative. Also clear now is 
that the instalment of streetlights both for diesel and PY-systems, has a large influence. 

To give an idea of the financial feasibility of a diesel system project, the NPY values are 
calculated again. This time the estimated costs of instalment, the labour costs and the costs of 
the appliances are included. The used estimated values can be found in appendix K, as well as 
the calculations. In addition the revenues are also included in the calculation, except those of 
the portable lamps since the diesel system does not supply this service. The 'normal' revenues 
are the amounts collected in 1995, see paragraph 5.3.3. The results are: 
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'Normal' revenues (FCFA) Maximal revenues (FCFA) 

no streetlights with streetlights no streetlights with streetlights 

Costs as listed above: - 5,190,890 -23,638, 179 + 21,645,202 +3,197,913 

Cost of diesel system is now: - 8,987,265 - 27,587,265 + 17,848,828 -751,117 
$4000 
Cost of diesel system: $2000 and - 12,289,418 - 30,889,418 + 14,546,675 - 4,053,325 
fuel $1916 a year 
Cost of diesel system: $4000 and - 15,920,910 - 34,520,910 + 10,915,183 -7,84,817 
fuel $1916 a year 

Table 7. 2: The NPV-values for diesel systems 

The NPV- values for diesel systems without streetlights, assuming maximal revenues for the 
operational systems, are positive. A project working under these conditions is financially 
feasible. Unfortunately working with the revenues of 1995 and/or with streetlights, the results 
are still negative, but it is a lot more positive compared with the values of PY-systems in 
paragraph 5. 3. 3. 

conclusion 

Financially speaking, diesel systems are a much better solution to provide the services in Sedje
denou. With diesel-system without the service of streetlights it is even possible to set up a 
financial feasible project. 

Political self-sufficiency 

Both the components for diesel generators and PY-systems have to be imported. The 
difference is that the diesel systems need a regular supply of fuel, the dependency on foreign 
countries is more constant. Every temporary distortion of the international relations can temper 
the availability of the fuel. About the support from the national government, no information is 
available that the support depends on the type of energy source. However it is more likely that 
western countries will financially support projects concerning photovoltaics more than projects 
concerning diesel systems. 

conclusion 

The only difference is that western countries will more likely support PY-projects than projects 
concerning diesel generators. 

Needs of users co"espond with installed systems 

Comparing the two systems it is assumed that they will provide almost the same services. The 
difference is that it is more difficult with diesel systems to provide wide spread service. It is 
very difficult to power distant streetlights. It is even more difficult to light those places that can 
be lighted with portable lamps. The range of services powered by diesel generator is more 
limited than those of PY-system due to the centralised power generation of diesel systems. 
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conclusion 

Some specific services, needs of users, can not be supplied by diesel system. Thus PY-systems 
can fulfil a more variety of needs. 

Integration of users 

The characteristics of the energy sources will only have a limited influence on the integration of 
users. Other independent variables, used in the first theoretical model are much more important 
for the integration. Still there is some influence. When an energy source is less expensive, the 
users are also aware of it. The result is that the attitude toward the cheaper energy source will 
be more positive compared to the more expensive energy source. 

conclusion 

It can be expected that the attitude towards diesel system is more positive than the attitude 
towards photovoltaic systems. 

7 .3.3 An overview of the results from the comparison 

Here the results from the preceding paragraph will be given. The results will all be placed in a 
table. Behind each dependent variable of the second theoretical model, an indication of the 
appropriateness of each energy source is given. This is done by assigning '+' or ' -' to the 
variables presented. Naturally'++' is more positive than'+', the same for'-'. 

The dependent variables Diesel system PV-system 
Reliability of systems - - -
Financial self-sufficiency +I- - -
Political self-sufficiency - -
Needs of users correspond with installed + ++ 
systems 
Integration of users ++ + 

Table 7. 3: The complete results from the comparison between diesel and PY-systems 

As can be seen each energy source has its own bad and good points. 

7.4 The final conclusion regarding villages comparable to Sedje-denou 
The better points of the PY-system are that it is slightly more reliable and can match the needs 
of the users and the installed systems better compared to diesel systems. However when 
looking at the most important point: the financial self-sufficiency, the diesel systems score a lot 
better. It is even possible to set up a financial feasible project, supplying the same services as 
the PY-systems provide now, with exception of portable lamps and streetlights. In addition the 
better financial picture has as a result an increased positive attitude of the users. 

In total, for villages in a situation like Sedje-denou's, but where no PV-systems are already 
installed, the diesel system is the most appropriate energy source. 
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