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Summary 

This study aimed at designing an improved methodology for assessing the potential 
of introducing grid-based community-managed electrification systems in remote 
rural areas, with specific reference to Omro district in Bolivia. Existing 
methodologies on the subject suffer from important limitations because of the 
rather narrow techno-economic feasibility criteria that they adopt. In contrast, in 
this research an attempt was made to design a methodology from a broad 
sustainability perspective, which embraces technical, societal and (to some extent) 
environmental factors. "Sustainability" in this study is considered to ensure the 
functioning of a rural electricity system for an indefinite time period. 

This resulted in the following research question: 
How can the sustainability of community managed grid-based electricity systems, in 
the Oruro rural area be determined ex-ante, based on the analysis of a case-study of 
an existing functioning system as well as nearby communities without electricity? 

The adoption of a broad concept of sustainability as a starting point (rather than, 
for example, a narrower concept of feasibility) gave rise to several methodological 
aspects, which are distinctive from earlier approaches: 
• Taking local people's needs as a starting point of investigation; 
• Distinguishing the needs from demand; 
• Emphasising the necessity of a well functioning community organisation; 
• Taking the wider environment into consideration during design and 

implementation process; 
• Considering cost recovery also on the long term. 

To test and enhance the methodology, the Huchusuma-Peftas Electricity System in 
the Omro department in Bolivia was chosen specifically to serve as a case study 
because it is well organised, and has been functioning reasonably well for a number 
of years. 

To determine the sustainability of that system, information on the following factors 
had to be gathered: the needs of rural inhabitants; demand; organisational, 
political, financial, technological and social factors; the selection criteria for 
investment; and the environment. 

Data on these factors were collected by means of administering household 
questionnaires in communities with and without grid connection; taking interviews 
of members of the community organisation, and literature study and observation. 

The chosen method is able to draw conclusions on the functioning of the 
Huchusuma-Peftas Electricity System and is therefore recommended for future use. 

Conclusions and recommendations on the methodology are as follows: 
• Choosing sustainability as an objective for the methodology structures the 

analysis of potential viability of community-managed rural electricity systems. It 
can be recommended in future studies. 

• Starting from investigating people's basic developmental needs is recommended, 
because the wishes of the target group of a rural electrification project are taken 
into account. On the basis of information about developmental needs, electricity 
needs can be deduced. 
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• Needs and demand should be treated as separate factors in the analysis. If they 
are lumped together, the needs of the poorest people might be ignored because 
they cannot express their needs in the form of willingness and ability to pay. 

• Community organisations with a motivation and capacity to maintain the 
electricity system are crucial and therefore their functioning should be 
investigated in detail. Other organisations should especially be studied 
according to their motivation to participate, their possible contribution and 
relation to other actors. 

• The impacts on the environment should be analysed more extensively than has 
been done in this research by considering problems such as air, water and 
ground pollution, and deforestation and erosion. 

• The rural population should be able to cost recover maintenance and operation 
costs. The initial costs often pose a restriction to the poorest people. Providing 
fmancial assistance by means of for example micro-credits should solve this. 
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Res um en 
No existe una metodologia uniforme y adecuada para analizar sistemas de 
electrificaci6n rural. Este estudio ha intentado a combinar las diferentes partes de 
electrificacion rural para desarrollar una metodologia de estimar el funcionamiento 
de un sistema en el futuro. 

El motivo de la investigacion es el siguiente: 
(,Como se puede determinar con antelaci6n la durabilidad de sistemas de 
electrificaci6n que est.an administrados comunitariamente, conectados par la red y 
situado en el campo de Oruro fundado en un analisis de un caso de un sistema 
existente y las comunidades sin electricidad cercanass? 

Las siguientes partes de esta metodologia son distintos de otros metodos: 
• Determinar la durabilidad 
• Empezar la investigacion en las necesidades de las familias rurales 
• Distinguir entre las necesidades y la demanda 
• Acentuar la necesidad de una organizacion comunitaria que funciona bien 
• Incluir el media ambiente durante el proceso de proyectar y ejecutar 

La durabilidad es defrnida coma asegurar el funcionamiento de un sistema de 
electrificacion rural durante un espacio de tiempo indefinido. 

Para probar y mejorar la metodologia, el sistema de electrificaci6n de Huchusuma
Peiias fue elegido porque este sistema esta organizado y funcionado bien. 

Para determinar la durabilidad, he tenido en cuentalos siguientes factores: las 
necesidades, la demanda, las factores organizadores, politicos, financieros, tecnicos 
y sociales; las criterios de inversion y el media ambiente. 

He recogido la informacion de estos factores en encuestas de las familias de las 
comunidades sin y con conexion par red, en encuestas del Comite de 
Electrificacion, en el estudio de literatura y en la observaci6n. 

Conclusiones y recomendaciones en la metodologia 
• Escoger la durabilidad coma objetivo de esta metodologia ha constituido una 

estructura buena para analizar con antelaci6n las sistemas de electrificacion 
rural es. Se recomienda utilizar es ta estructura en estudios en el f uturo. 

• Ha demostrado que las necesidades son un punto de partida necesario en estos 
estudios, porque todas las familias rurales tendran una posibilidad igual de 
tener electricidad. Par eso se recomienda este punto de partido. 

• Necesidades y demanda deberian estar separados. Si no estan separados, las 
necesidades de las familias mas pobres no estan incluidos. 

• Organizaciones comunitarias que tienen la motivacion de mantener el sistema 
de electrificaci6n son decisivas y par eso deberian ser investigadas de manera 
detallado. Otras organizaciones deberian estar examinadas especialmente en las 
siguientes areas: la motivacion de participar, su contribuci6n y la relacion con 
otras organizaciones. 

Se recomienda determinar las influencias en el media ambiente para examinar las 
siguientes problemas entre otros: la contaminacion de agua, aire y tierra, 
deforestacion y erosion. 
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Preface 
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Santa Cruz (October 2000) ETC Poverty Assessment Bolivia. 
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All other Energetica office members who made my stay very enjoyable. 

The people whom I would like to thank especially for giving me motivation and 
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My parents, sister and two brothers, Michele, Yiu Man, Raymond, Sally, Thijs and 
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Design of a methodology to determine ex-ante the sustainability of rural electricity systems 

Chapter 1 Introduction 

1.1 Introduction 
The main subject of this study is rural electrification. Rural electrification in 
developing countries is an important subject of investigation because many rural 
dwellers live without access to electricity, which often means they have a lack of 
light, less possibilities to increase the productive potential, less access to 
information, education and so. In other words their living conditions are influenced 
negatively by the lack of electrical energy. Access to electricity can contribute to 
raising the standard of living and to development. 

1.2 Global rural electrification 
To demonstrate the magnitude of the global problem Table 1 shows the growth of 
the percentage of rural people in developing countries with access to electricity in 
the past decades. 

Table 1: Global rural electrification and population (millions) 

1970 1980 1990 
Developini:!: country rural population 2610 3000 3200 
Rural residents with access to electricity 610 1000 1400 
Rural residents without access 2000 2000 1800 
Percenta12:e rural access 23% 33% 44% 
Source: www.worldenergy.org 

Unfortunately the statistics in Table 1 are not as positive as they seem. Rural 
electrification has increased during the last decades, but on a world scale it has 
hardly been able to increase as fast as the rural population growth in developing 
countries, which results in the same number of rural inhabitants continuing to live 
without access to electricity'. 

Rural electrification has always been a slower process than urban electrification. In 
industrial and developing countries similar development has occurred. Rural areas 
normally have a low population density. This is one of the reasons that make rural 
electrification expensive. The high costs and small profit margins, often observed in 
rural electrification, result in a lack of interest of private investors in this sub 
sector. Historically speaking, government involvement in rural electrification was 
essential in the currently industrialised countries. The fmancial means of 
governments of developing countries are usually limited compared to those of 
industrial countries. This adds to the problem of allocating the costs are the rural 
people who in general are much poorer than the rural people in industrial 
countries. It can be deduced that rural electrification in developing countries 
therefore is a complicated issue. 

This study focuses on rural electrification in Bolivia, where all of the general 
problems described also occur. The reason for starting this research was an 
assignment by a research team, named Electrificaci6n Comunitaria (EC) of La Paz. 
EC namely, already conducted a relevant research on rural electrification. 
Energetica, which is a Non Governmental Organisation (NGO) situated in 
Cochabamba and related to EC, facilitated this research. There were two reasons for 
this: the politically less stable situation in La Paz and the capacities of Energetica 
which has been operating successful for more then 10 years in the field of 

1 www.worldenergy.org 

1 



Design of a methodology to determine ex-ante the sustainability of rural electricity systems 

sustainable energy technologies for especially rural areas. As a result of the close 
relation between the two organisations both organisations were very assisting and 
helpful. The experience of the EC research team could still be transferred and used 
in this research. The facilities for doing desk research as well as the starting point 
of the field research could easily be managed by Energetica. 

1.3 Rural electrification problems in Bolivia 
The Bolivian electricity sector was privatised in 1994, because the government was 
unable to pay for all costs involved in maintaining and expanding the sector. 
Therefore foreign investment was sought. The reform of Bolivia's electricity sector is 
considered one of the most successful in the world, for both vertical and horizontal 
separation. 2 The sector was separated into generating, transmission and 
distribution companies. Within these sub sectors the horizontal separation was 
realised as well. The separation of the state owned companies was important to 
guarantee free competition. Several foreign companies entered the free electricity 
market of Bolivia and contributed to a larger coverage of the National Grid. 

In theory new incentives resulting from a sector reform should encourage industrial 
operators to invest in rural electricity. However, despite the considered success of 
the privatisation in Bolivia, access to electricity in rural areas remained limited. 3 In 
2001 only 24,5% of the rural households had access to electricity, compared to 
89,4% of the urban households, as can be seen in Table 2. 

Table 2: Electricity coverage urban and rural settlements (%) 

Settlements Total Houses Houses Coverage 
number of with grid without grid % 
houses connection connection 

Urban:>2000 1.214.104 1.086.172 127.932 89,4 
inhabitants 
Rural: <2.000 763.561 187.004 576.557 24,5 
inhabitants 
Source: INE, 2001 

40% of the population of Bolivia lives in rural areas, in communities with less than 
2000 inhabitants. Compared to 26% on average of the population of Latin America 
as a whole, this is a high percentage. Of this 40% two thirds live in communities 
with less than 350 inhabitants, which can be defmed as very small settlements•. 

The low population density and difficult topographic conditions in Bolivia compared 
to other Latin-American countries cause the rural communities to suffer from 
isolation. This supports the importance of bringing infrastructure services as 
electricity to contribute to better communication possibilities5

• 

There are two main reasons for a low rural coverage of electricity; the first is that 
the population is not capable of completely financing the expansion of the electricity 
sector. To illustrate this: 14% of the Bolivian population live under the poverty line, 
of earning 1 US$ dollar per day, and 34% earns less than 2 US$ dollar per day. On 
the human development index Bolivia is ranked 1146

• The other reason is that 

2 UNDP and World Bank, 1995 
3 UNDP and World Bank, 1995 
• www.Worldbank.org/2002 
5 www.Worldbank.org/2002 
s www.minbuza.nl 
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foreign private distributors are usually not willing to invest in rural electricity 
projects. As explained in the introduction, bringing electricity to the rural areas is 
vei:y costly which means making a profit is difficult; therefore their motivation is 
low. Some aspects that make rural electrification costly are: low demand of the 
people, dispersion of the consumers and low load factors because of few industries1

. 

Low load factors lead to an inefficient electricity supply, because most of the time 
only a small part of the generated electricity is required. 

As an answer to these problems the Bolivian Government designed a program in 
1997 named PLABER (Plan Bolivia de Electrification Rural) to increase rural 
electrification. The objective ofthis plan is to improve the living conditions of the 
poor and stimulate economic activities by means of access to electricity. A direct 
policy objective of PLABER is to design and implement electricity systems to serve 
200.000 rural households in Bolivia. From Table 2 it can be deduced that this is a 
considerable number. 

1.4 The Oruro rural electricity situation 
Out of interest for the country and the assignment of EC to do research within 
Oruro, this department was chosen as research location. 

Figure 1: Political map of Bolivia 

Bolivia 
- ln11.-1Mhon.1lt-.lu""1~f'f 
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The political map of Bolivia is presented, to illustrate the area of interest within the 
national context. The thin, black lines mark the departmental borders. As can be 
seen the Oruro department is one of the smaller departments that borders with 
Cochabamba, La Paz and Potosi. 

1 A. Zomers, 2001; ETC, 2001; U.N .. 1979; Barnes and Foley, 2002 
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In Figure 2 it is illustrated that in Omro the same problem occurs as in the whole 
of Bolivia. The rural households in general are deprived from access to electricity. 

Figure 2: Electrified houses in urban and rural areas in Oruro 
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Source: Prefecture of Oruro, 2003 

In line with the objectives set by government in PI.ABER, the Oruro department was 
analysed by the Prefecture, the departmental government. The departmental aim 
deduced from the national aim became to supply electricity to 10000 families that 
are living in this area8

• Electricity, according to the objectives of PI.ABER, can be 
provided by means of several kinds of technologies: grid extension, mini-grids and 
Solar Home Systems. 

1.5 Problem description 
The Prefecture of Omro stimulated research in the electricity sector to obtain ideas 
on how to realise the departmental objectives deduced from PI.ABER. In 2003 EC 
conducted a study. For this research five cases of several communities, which have 
obtained access to electricity on the initiative of the communities themselves and 
are situated in the same area, were investigated. These electricity systems were 
chosen because they have been functioning for a longer time period and an analysis 
of their functioning should give insight into the possibilities of replication of these 
community-managed systems in other communities in the area. In that research 
conclusions were drawn on the organisational capacity, the human resources, the 
complexity and magnitude of the system, the company culture of the distributor 
and the local level of economic development and productivity. 

One of the most important conclusions drawn in that research is that the systems 
are organised well by means of community-management. In most cases this means 

a Prefecture of Omro, 2003 
9 Some important factors and their influence on the systems were identified, and 
analysed in a report named K'anchay Punkus, which signifies "door of light" in one 
of the indigenous languages. 9 
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that the local inhabitants are maintaining and organising the electricity supply. The 
reasons that the rural inhabitants initiated rural electricity supply is the strong will 
of the inhabitants to get connected and the lack of initiatives from other parties. 
Distributors for example will only invest in the rural electricity systems if it is 
feasible for them or when they are obliged to do so. Through initiatives of the rural 
people and their willingness to invest especially time and some money in the 
organisation of the system, the systems were established and remain functioning. 
In practice this means that the distributor supplies electricity to one access point 
and once a month delivers an invoice to the representative of the communities. The 
community organisation, whose aim is specifically to guarantee the electricity 
supply, takes care of the administration and organisation of the system. 

This is an alternative manner of supplying electricity compared to normally applied 
systems, in which parties as the distributor, government or implementing agencies 
are strongly involved. 

The conducted research by EC gave more insight into especially the organisational 
and some of the fmancial aspects of the rural electricity projects. Other important 
aspects are missing, or are not completely analysed. What seems to be lacking in 
this research is a methodology to be able to consider important aspects and a 
vision, which combines the factors in an adequate framework. This is not strange, 
as in other studies on rural electrification often an adequate methodology is also 
lacking. In research on rural electrification the methodologies are usually not 
defined exactly. When analysing them, however, two kinds of approaches are often 
adopted. Before a project is executed fmancial feasibility studies are used' 0

• 

Afterwards, to evaluate a project, factors that determine the success of a project are 
analysed 11

• These are both useful manners of assessing a part of a rural electricity 
system. However, in these studies also a vision and, deduced from this, a 
methodology covering the most important aspects seem to be missing. 

In this study therefore the choice was made to reconsider the problem of rural 
electrification and design a methodology that can be used for ex-ante assessments 
of electrification prospects in not yet electrified, rural communities. Sustainability 
seems a very useful concept for this purpose because it is a broad concept in which 
many different aspects can be reflected. This is very useful considering the 
complexity of rural electrification. Furthermore, sometimes it is already used in 
rural electricity studies, but not in the manner in which it seems the most useful 
here; therefore the meaning of sustainability has to be explained well in the light of 
this study. The sustainability of a rural electricity system can be seen as the 
functioning of the system for an indefinite time period. The objective of providing 
electricity by means of a rural electricity system should always be to maintain it 
indefinitely, because the rural inhabitants should not have to question the 
availability of the service. 

Furthermore, when considering electricity to be an essential service to contribute to 
development, it is clear that the possibility of obtaining connection to this service 
should be available to all rural inhabitants. Not all rural inhabitants have similar 
opportunities of obtaining an electricity connection for different reasons. One of the 
most important reasons is the lack of financial income, because electricity 
connections and monthly electricity bills normally have to be paid regularly in cash. 
When wanting to involve all rural inhabitants when initiating a rural electricity 

10 E.Ilkog and all (2004); IDEE (1993) 
11 Barnes and Foley, 2002; ESMAP, 2001 
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project it is therefore essential to not only consider the fmancial ability of people, 
but what comes first: the needs of the people. 

Whether a system is sustainable therefore has to be determined by means of 
considering the needs. This is not the only factor that has to be considered to 
analyse the sustainability of the system. The fmancial feasibility studies and 
success factor that are analysed in some studies can be used as part of the 
complete analysis of factors. Financial feasibility studies comprehend the costs and 
benefits involved in a project, to determine whether a project will be fmancially 
feasible. Some disadvantages of examining projects by means of this methodology 
are the benefits, which cannot be given a value easily and are therefore not taken 
into account and the reasoning that projects should be cost recovering immediately. 
Determining the success factors actually leads to assessing almost the same factors 
as will be assessed in this study. The reason for not choosing this methodology is 
that the success factors described in literature were limited. Factors that are not 
taken into account in these kinds of studies are for example, the electricity needs, 
the demand for electricity, and the technological and social factors. In this study 
therefore the choice was made to design a new methodology with sustainability of 
rural electricity systems as objective. The analysis of needs and other determining 
factors found in literature, feasibility studies and reflected in studies on success 
factors will be essential to come to a conclusion on the sustainability. 

In the following sections the research objective and question will be presented. The 
demarcation of this research according to the objective and question are presented 
below. Furthermore some important aspects of the methodology that will be applied 
in this research are presented. After that the relevance of this research is explained. 
This chapter ends with an explanation on the structure of this report. 

1.6 Research objective and question 

Research objective: 

To design a methodology to determine ex-ante the sustainability of community 
managed grid-based electricity systems in the Oruro rural area, based on the 
analysis of a case study of an existing functioning system as well as nearby 
communities without access to electricity. 

Research question: 

How can the sustainability of community managed grid-based electricity systems, in 
the Oruro rural area be determined ex-ante, based on the analysis of a case-study of 
an existing functioning system as well as nearby communities without electricity? 

1. 7 Limitations of research 
A methodology will be designed to be able to ex-ante assess the sustainability of a 
rural electricity project. This means that although a case study of an already 
existing system is used to test this methodology, the objective of the methodology 
will be to serve in areas without electricity. 

Furthermore the technology that was used within these systems is grid extension, 
which signifies that mini-grid technology and electricity generation by alternative, 
isolated systems are excluded. 
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The management of the system by the communities is very typical for the system. 
The methodology will be designed to be applied in the first place in communities 
with a similar organisation. 

The methodology will be applied in the Oruro area of Bolivia, so the conclusions will 
be limited. 

1.8 Methodology 
The objective of this study is to design a methodology to assess the sustainability of 
a future electricity system. Choosing sustainability as point of departure results in 
several adaptations to earlier applied methodologies. Determining factors from 
different studies were combined to design a research framework with which the 
sustainability could be determined. As indicated one of the most important factors 
found is the needs of the rural population. 

To test and enhance the methodology it was necessary to gather information on 
existing rural electricity systems. There was already information available on the 5 
electricity systems that were investigated by the EC team. Therefore one of these 
systems was chosen instead of communities that were still deprived from electricity 
connection. The Huchusuma-Pefias Electricity System, which is one of the earlier 
investigated systems, was chosen specifically to serve as a case-study because it is 
well organised, and functions reasonably well. Additionally it was recommended by 
the EC research team to take this system as a case study for the aforementioned 
reasons. 

Additionally information was gathered from communities witbout grid connection. 
In this research the additional information will be used for comparison and 
extension of the results on the communities with grid connection. Gathering this 
information therefore will be part of the objective of this study. 

An important characteristic of the systems that were investigated by the EC 
research team is the management realised by the communities. Therefore this 
factor is emphasised within the framework of this study. 

Furthermore environmental aspects were found to be important for the functioning 
and continuation of a rural electricity system, because the environment has to be 
able to sustain a system for an indefinite time period. 

Cost-recovery of rural electricity projects is usually paid attention to in research. In 
this study, cost-recovery of operation and maintenance on a longer term is 
emphasised. 

1.9 Relevance of research 
1.9. l Relevance in the social sciencefield 
This research will contribute to knowledge on individual and communal electricity 
use and social-economic impacts of the implementation of electricity systems. The 
organisation of the electricity system is crucial. Considering and analysing the 
organisation of the system can contribute to enlarging the possibilities for electricity 
systems to be implemented by means of a specific organisation. Furthermore the 
needs and preferences of the population will affect the design of an electricity 
system. The socio-economic environment in which the people live as well as the 
regulations and law contribute to the construction of a system. 
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1.9.2 Relevance in technological science field 
The technology of an electricity system has already been investigated many times. 
In this research the technology of the system will be related to the sustainability of 
the electricity system and therefore to the socio-economical context and the other 
determining factors. An analysis will be made of the most important technological 
parts of the system and their functioning, to see whether technologically the system 
is sustainable. When only the technology of a system is investigated a more in 
depth study can be executed. In this study an analysis of the technology will be 
part of the complete analysis of the system, which implies that only the most 
important technological aspects that are found in literature will be analysed. The 
relevance in the technological field is the combination with the other factors. 

1.9.3 Social relevance 
The target group of this research is the rural people without access to electricity. 
The purpose of this research is to contribute to improving their situation by 
increasing the possibility of obtaining access to electricity. 

1.9.4 Integrative social and technological relevance 
The integrative relevance of this research is that designing a method to determine 
the sustainability of a community-managed grid-based electricity system demands 
a multidisciplinary analysis of the system within the region it is introduced. 

1.10 Structure of report 
The importance of rural electrification can be seen in the numerous benefits that 
the rural population receives after electrification. Rural electrification therefore 
contributes to raising the living standard. There are though different visions on the 
extent to which rural electrification is important or brings benefits. The costs 
involved in rural electrification tend to reduce the positive views on rural 
electrification. In the next chapter these issues will be discussed. 

In Chapter 3 the sustainability concept, which takes a central role in this study, is 
discussed in depth. First the development of the general concept is presented, but 
only to the extent relevant to this research. Sustainability in other rural 
electrification studies was considered, but former applications of sustainability in 
these kinds of studies were not very useful. In the same chapter the determining 
factors of sustainability are briefly discussed. The needs that also play a central role 
in this study are discussed thoroughly because the importance attached to the 
needs distinguishes this study from other studies. The needs, determining factors 
and sustainability are then combined to complete the research framework. 

In chapter 4 the method of field research is described and explained. The methods 
of data collection are explained and an area map is enclosed to enhance the 
understanding of the conducted field research. 

The results of this field research, as well as secondary information found in 
literature are presented in chapter 5. This chapter is arranged according to the 
order used in the operationalisation. At the end of chapter 5 a summary of the 
conclusions from the case study are presented to obtain an overview. Based on the 
conclusions of the case study recommendations are done to improve the 
sustainability in this specific case. In chapter 6 conclusions are drawn on the 
chosen methodology. The positive and negative aspects are discussed to come to a 
good conclusion. Recommendations will be done on possible improvements and the 
wider application of the methodology. 
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2. The importance of rural electrification 

2.1 Introduction 
There is no standardised manner of analysing the different characteristics and 
aspects of rural electrification. In this chapter the following aspects will be 
discussed, as they are considered to be important for this research: First a short 
explanation will be given on the meaning of rural electrification. There are different 
visions on the relation between rural electrification and development; these will be 
considered under the heading of the importance of rural electrification. 
Furthermore, the benefits that make rural electrification important are discussed 
here as well. The main problem of rural electrification is the costs involved. 
Therefore the causes of the high costs will be given as well as the implications of 
these costs for rural electricity projects. The carriers of costs are mentioned in some 
sections, and some concluding remarks on this will be given in the concluding 
section of this chapter. In this last section the author's conclusive view after 
discussing the different aspects is presented as well. 

2.2 Def"mition of rural electrification 
Rural electrification can be defmed in the following way: 
"Activities designed to provide people with access to electricity in those areas which 
show specific features". 12 Specific features are characteristics opposed to the 
standardized or more massive features of urban electrification. A summary of the 
most important features is presented in Table 4. Most of the features in this table 
are related to the differences in costs between urban and rural electrification and 
emphasise therefore the negative aspects of rural electrification. However, it should 
be realised that these features not only include the negatively experienced factors 
as for example the low load factor and disperse consumers but also the specific 
opportunities: This is a broad definition, which leaves out the necessity of making 
an exact distinction between urban and rural areas in general. This is one of the 
main problems in other definitions, as this distinction is usually based on statistic 
figures, for example the population density. The level of these statistics can vary 
enormously between countries and regions, which results in the inability to 
compare them properly. 13 A discussion of the exact defmitions is not relevant to this 
study; therefore it will be left out. 

2.3 The importance of rural electrification 
2.3.1 Introduction 
Rural electrification is usually seen as a very positive development. There are 
different views on the extent of positive development that rural electrification 
brings. Some perspectives are presented here and compared. A concluding view is 
given at the end of this section. When considering the importance of rural 
electrification the perspective is crucial. It must be taken into account that rural 
inh.abitants will never doubt the importance of rural electrification. In their opinion 
electrification brings many benefits such as a longer "working day". study 
possibilities during the night for the children and the availability of reliable and 
frequent information through use of radio and television. Scientists and investors 
from the North are often considering whether rural electricity projects are 
sufficiently beneficial compared to the costs involved. The financial costs of rural 
electricity projects will therefore be discussed later in this chapter. 

12 Zomers, 2001 
13 A.Zomers, 2003 
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2.3.2 Benefits of rural electrification 
To explain the importance of rural electrification it seems most relevant to first 
present an overview of the possible benefits of rural electrification. These benefits 
can be divided into productive uses and cost-saving possibilities and other benefits. 
Some of the other, less measurable benefits are demonstrated below. In Table 3 the 
productive uses and cost-saving possibilities that rural electrification can bring to 
the population are presented. In studies usually the importance of productive 
impacts of rural electrification are emphasised because these are the impacts that 
can increase the income and therefore lead to development. As mentioned, also the 
cost-saving possibilities are demonstrated in this table, which include the 
household applications like lighting, radio use and television. The household 
applications are very important to the rural people, as these are usually the first 
applications of electrical energy they can afford and therefore use. 

Table 3: Quantifiable potential uses and benefits: cost savings and increased 
productivity 

Numbe Main category Uses and benefits 
r 
1.1 Industrial uses of Motive power; replacing liquid 

electricity fuel 
1.2 Lighting; replacing liquid fuel or 

gas 
1.3 Space heating, cooling and 

refrigerating; replacing liquid 
fuel, coal, gas bio-mass or animal 
waste 

1.4 Processing food; replacing liquid 
fuel, coal, gas bio-mass or animal 
waste 

1.5 Transport: replacing liquid fuel 
2.1 Commercial uses of Lighting 

electricity 
2.2 Air-conditioning and refrigeration 
2.3 Improved audio and video 

opportunities 
2.4 More attractive atmosphere 
2.5 Longer openins:?: times 
3.1 Household uses of Lighting; replacing liquid fuel, 

electricity gas, bio-mass or animal waste 
3.2 Cooking; replacing bio-mass, 

animal waste, liquid fuel, coal or 
gas 

3.3 Space heating, cooling and 
refrigeration; replacing bio-mass, 
animal waste, liquid fuel, coal or 
gas 

3.4 Home appliances (fan, iron, radio, 
1V etc), replacing batteries, bio-
mass or coal 

3.5 Drinking water; replacing liquid 
fuel (for pumping) 

4.1 Agricultural uses of Water pumping; replacing liquid 
electricity fuel, coal, gas or muscle power 
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4.2 Parboiling, heating and drying-
replacing bio-mass, coal or liquid 
fuel 

4.3 Chaff-cutting, threshing etc; 
replacing liquid fuel, hydro and 
muscle power, coal or bio-mass 

Source: A. Zomers, 2001 

The list of benefits presented in this table is not exhaustive and not all benefits 
necessarily occur after the introduction of electricity. The occurrence of benefits 
depends on how and when an electricity project is introduced. 

Next to this table with quantifiable benefits, the following benefits that are difficult 
or impossible to quantify may occur: 

• Modernisation, dynamic growth and attitude changes 
• Improvement of quality of life, community services (including medical) and 

participation 
• Income redistribution and improved social equity 
• Employment creation 
• Other socio-political effects such as improved political stability reduced 

discontent and reduced disparities between urban and rural areas. 

It can be concluded that there are many potential benefits of bringing electricity to 
the rural people. In the following section different perspectives on the extent of 
benefits that rural electrification brings are discussed to give an idea on what the 
different thoughts are and why. The researcher's view will be presented and clarified 
in the course of the discussion. 

2.4 Views on the extent of benefits of rural electrification 

2.4.1 Poverty alleviation 
A very positive way to look at the impacts of rural electrification is that there are 
different connections between rural electrification and poverty alleviation14. The 
World Bank supports the assumption that these links exist. This is derived from the 
Energy-Poverty framework15 in appendix E. In this framework links between 
development in the energy sector and poverty alleviation are demonstrated. 
According to this framework poverty alleviation is realised by improvement of (one 
of) the following four factors: income, capability, security and empowerment. This 
framework is also valid for the rural electricity sector as the electricity sector is part 
of the energy sector. (See appendix F) 

These strong and positive links between rural electrification and poverty alleviation 
are partly supported by W.Rijssenbeek, who argues the following on the impacts of 
rural electrification: Access to electricity, and therefore to information, provided by 
for example radio or television can contribute to reducing some of the constraints 
caused by poverty like lack of empowerment, security and access to services. By 
obtaining information people would feel less vulnerable, and risks can be reduced 16 . 

14 Barnes and Foley, 2002 
15 R.Lamech & K. O'Sullivan, 2000 
16 www.rrenergy.nl 
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2.4.2 Contrasting views following the disappointing results 
Other scientists do not seem to confirm the existence of these links. Since the 
nineteen eighties they have even questioned the idea of rural electrification 
contributing to development11

• The results of rural electrification projects were 
disappointing when finding out that the benefits were overestimated and the costs 
underestimated. As already mentioned cost-benefit analysis was a widely applied 
methodology to conduct a study on rural electrification. The problem with using 
this methodology was that not all benefits could be measured in terms of cost 
saving or income. Benefits of electricity that can be measured by this kind of 
analysis were presented in Table 3. Some benefits were therefore not measured and 
contributed to the negative view on the relation between electricity and 
development. 

As a result of the real or perceived disappointing outcomes of rural electrification 
some scientists argued that the selection of areas for rural electrification projects 
should be done more carefully, because some areas would be more suitable for 
electrification than others. Munasinghe, cited in Zomers, emphasised that there are 
better opportunities for rural development when complementary inputs, such as 
electric pumps and financial services are available. Hourcade et all argue that the 
more developed an area, the greater the impact of electricity on economic growth. 
Essentially this view holds that without the successful implementation of other 
infrastructure services the benefits of electrification remain limited18

• 

2.4.3 Rural electrification as a public investment 
Vogel, cited in Zomers, takes a broader view. He argues that rural electrification 
should not depend on the individual profitability of persons and companies. It 
should be considered a public activity, and therefore its contribution should be to 
achieve positive development impacts and to satisfy basic social needs in a wider 
frame19

• 

This implies also that government must take financial responsibility in rural 
electricity projects, as there will be no industry or commercial company that will 
invest in a project if it is not profitable or at least covers the costs of the investing 
party. The role of government in rural electrification projects will be discussed more 
in depth later, because the importance of government in rural electrification 
projects will also be emphasised in this study. 

What Vogel actually argues is that it is not important whether the costs are directly 
met by the benefits in quantitative terms, because the fact that an area will obtain 
access to electricity will contribute to development. 

Vogel does also not support the implementation of rural electricity projects because 
of the subjective arguments of rural dwellers. A rural electricity project should serve 
and fulfil basic needs and lead to further development. If a project will lead to 
development it will not be a large burden to a weak economy, but will support its 
economy. 

11 A. Zomers, 2001 
18 A. Zomers, 2001, based on David et all, 1994, p.47-55 
19 It has to be mentioned that economists defme electricity as a universal service 
supplied by government; therefore the term public investment can lead to confusion 
and will not be used further. 
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2.4. 4 Improvement of standard of living 
When electricity is introduced people will be more easily able to get access to basic 
facilities like light, radio and television, which contributes to an improved way of 
living. This is explained in a paper on electrification in the Oruro area in Bolivia20. 
In this paper basically the same links as in the energy-poverty framework are used 
as examples but electricity is related to the way of living, which can be argued to be 
a weaker positive link. The argument that rural electrification contributes to a 
higher standard of living is frequently mentioned21• Earlier the improved quality of 
life was also mentioned as one of the non-quantifiable benefits of rural electricity. 
Barnes and Foley also discuss a similar view: if people have reached a certain level 
of development, further progress in raising standards of living to socially and 
politically acceptable levels will depend on the availability of a public electricity 
supply22. 

Additionally to the already mentioned views it can be argued that electricity is the 
key to the modern world, because of the fact that access to electricity sustains the 
possibility of using all kinds of equipment2s. Even if households are not able to use 
equipment, having access to light by means of electricity is a symbol of progress. 
The rural population attaches great importance to all of the domestic uses of 
electricity•. 

2.4.5 Recapitulation and implications for the research 
In this study rural electrification will be seen as contributing to development and 
therefore as highly important. Development at first signifies that the living 
standard, and the socio-economic situation, of the people will be improved. Later 
other developments will follow and intertwine. Introducing other services is 
important, but should not be a constraint in introducing electricity in the first 
place. The political factor assisting in the introduction and implementation of rural 
electricity is necessary, as electricity is a service that increases the level of 
development. 

2.5 Costs 
As already mentioned the costs will be discussed, as these frequently are the main 
problems involved in rural electrification. A comparison between urban and rural 
electrification is made to demonstrate the variety of differences between them25

• 

These differences, usually resulting in higher costs for rural electrification, are the 
main reasons for different approaches to rural and urban electrification. 

Table 4: Typical features of urban and rural electricity supply 

Feature Urban supply area 
Area load density (kW /Km2) 500-100000 
Consumer density >500 
(Cons/Km2) 

20 Prefecture of Oruro, 2003 
21 A. Zomers, 2001; also www.worldenergy.org 
22 Barnes and Foley, 2002 
zi http:/ /www.worldenergy.org 
2
• A. Zomers, 2001 

Rural suooly area 
2~50 

1-75 

25 A. Zomers conducted an intensive study on rural electrification in general, based 
on historical approaches in many different countries. The majority of the 
investigated case studies are areas in industrial countries. From historical rural 
electrification, lessons for current rural electrification can be drawn. 
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Number of consumers per >75 1-75 
km length (both medium 
(MI1 and low tension (LT) 
s.?:rid included) 
Consumption density >2000000 5000-200000 
(kWh/Km2) 

Total costs per kWh (cUS$) 10-15 Grid-based: 12-50 
Diesel generator: 25-100 
or higher 
Solar systems: 50-500 

Investment <500 500-7000, averaging 
costs I connection, excl. 1200, extremes up to 
generation & transmission. 100000 
(U$) 
Social-economic aspects Limited Specific financial support 

and solutions needed 
Technical/ organisational Large projects; Various technologies and 
aspects often small scale applications; 

heavy power low load factor because of 
technologies dominant domestic and 
on supply and agricultural loads; 
demand side; intensive 
Reasonable load 
factors 
as a result of 
mixed 
loads 

Socio-cultural aspects Seldom of Important 
importance 

Economic aspects Profitable business Limited profitable 
opportunities business opportunities 

Source: Rural electrification, A.Zomers, based on studies of Mason (1990), Hourcade (1990), 
Munasinghe (1990), Twidell (1988), Dowling (1956) , Lakervi (1995) 

From this table the following can be concluded concerning rural electrification: The 
number of consumers, the load and the consumption per square kilometre are low. 
As a result the total costs per kilowatt-hour as well as the investment costs are of a 
high level. Therefore specific fmancial support and solutions are needed. 
Technologies and organisations have to be adapted to the local circumstances as 
well as to the social-cultural aspects. In the last row of Table 4 the limited profitable 
business opportunities are mentioned. The possibility of expanding business 
opportunities is nevertheless often important when deciding on the implementation 
of a rural electrification project. 

Table 4 does not treat all features resulting in differences of costs between the 
urban and rural situation. The following aspects of rural electrification can be 
added to this list26

: 

• The terrain often poses difficulties in construction. 

26 A. Zomers, 2001; Barnes and Foley, 2002; ETC, 2001; U.N. 1979 
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• Other infrastructure services are less developed than in urban areas, which 
means construction is less easy to realise. One of the reasons for this is the 
difficult terrain. Another reason is for example the lack of roads. 

• Farmers and local communities may cause difficulties in permitting rights of 
way for the construction and maintenance of electricity lines. 

• Low load factor: relatively short but high peak periods imply a large reserve of 
generating capacity for use in this short time, while during normal hours the 
electricity use is much smaller and therefore only a small percentage of the 
installed potential is used. 

• Expensive billing procedures and difficulty to control illegal connections 
contribute to the high operation costs. 

2.6 Conclusions 
The following things can be concluded from this chapter. Rural electrification can 
be considered to be important in creating possibilities for development. The target 
group of the projects is the rural inhabitants, who do not question the importance 
of electrification, as for them it is a fact that their lives will improve when obtaining 
access to electricity. Parties involved in the initiation and implementation of 
projects have to consider other views than only those of the target population, of 
which the costs and benefits are often the most heavily weighing. The costs of rural 
compared to urban electrification are relatively high. This is the main constraint in 
realising projects because allocating the costs remains difficult. Furthermore the 
costs seem high compared to the benefits of rural electricity projects. This is caused 
by the following characteristics of benefits: the value of benefits can often not be 
estimated exactly as well as that they tend to occur not immediately after 
introduction of the system but in a later stadium. 

Government often has to play a role in the financing, even if the sector is privatised, 
because private investors are unable and unwilling to invest in rural areas, as 
projects are often not cost recovering. The unwillingness and inability are caused by 
the fact that rural electrification projects are normally not profitable. Private 
companies have to make profits or at least strive for cost-recovery, because else 
they will not be able to survive in a competitive market. In the study of Zomers, 
electricity to rural areas in wealthier countries (Holland, France, Ireland the U.S.) 
was also brought by means of government assistance, because electricity was also 
seen as a universal service that is needed by all people. The rural areas in 
industrial countries serve as historical examples in this sense. 

In this study the following view will be taken on the costs, benefits and government 
assistance. The local inhabitants should if possible, cover the costs. The generation 
and transmission costs of a rural electricity system are very high and usually have 
to be paid for by another party, often government. Electricity can be seen as, 
already explained, a universal service and when considering rural electrification in 
a historical perspective, financial assistance of government in this part of the 
project is very normal. The rural inhabitants should pay for the operation and 
maintenance costs. Financial cost-recovery will probably occur only after several 
years. This can be deduced from the facts that the benefits are hard to estimate or 
occur at a later stage and the often-poor fmancial situation of rural dwellers, which 
means for example a credit mechanism, should be available. Government costs or 
private investor's assistance should be minimised in recovering the operation and 
maintenance. However, this should not mean that the poorest people are excluded 
from the service. They should be assisted by means of for example a credit 
mechanism. 
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3 Sustainability in rural electricity systems 

3.1 Introduction 
Sustainability is a frequently used concept in various kinds of contexts and 
meanings. The way it is used and defined heavily depends on the perspective of the 
scientist and the historical context. Nevertheless, scientists seem to constantly use 
this word although the contents of the concept and therefore the interpretation can 
be very different21. 

One of the important contexts in which sustainability frequently plays a role is 
environmental conservation. The environment should be preserved for future 
generations, which means sustainable development is necessary. Sustainability 
within this context is also important for this study, because a rural electricity 
system in general has impact on its environment. The environment should be 
preserved in such a manner, that the electricity system could remain functioning 
indefinitely. Therefore deterioration of the environment should be limited. This 
perspective will be elaborated more in the next sections where some views will be 
discussed. 

In literature a number of relations between rural electrification and sustainability 
were described. These relations are presented in appendix G, because the 
conclusion is that sustainability was not a central issue in these rural electricity 
studies. This was to be expected, as determining the sustainability of a rural 
electricity system is not a widely applied methodology. In two relevant studies 
however, sustainability was found to be a central issue. A discussion of these two 
studies will follow in sections 3.6 and 3. 7 below. First though sustainable 
development and sustainability will be discussed according to more general views 
found in literature. The reason for discussing these views is that although they were 
not written to serve in rural electrification studies specifically, the factors found to 
be contributing to sustainability, as well as the definitions of sustainability, are 
useful for this study. 

3.2 Our common future 
The Brundtland commission introduced and defined the concept of sustainable 
development in the report "Our Common Future" of 1987. The definition can be 
deduced from the following citation: 

"Humanity has the ability to make development sustainable-to ensure that it meets 
the needs of the present without compromising the ability of future generations to 
meet their own needs." 
Brundtland Commission- Our common future28 

Sustainable development: 
A process of change initiated by humanity ensuring to meet the needs of the present 
generation without compromising the ability of future generations to meet their own 
needs. 

This definition is very broad and open to many interpretations. Probably this is one 
of the reasons why it was quoted very often29

• 

21 J .Hattingh, 2002 
28 The world commission on environment and development, 1987 
29 D. Krysiak and F.C. Krysiak, 2002. 
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Before the Brundtland commission published their vision on the world and 
sustainable development, the relationship between the environment and economic 
growth seemed to be conflicting. In 'Tue limits to growth", a report from the Club of 
Rome (1971), a negative vision was given on the manner in which economic growth 
was realised. It was brought forward that it contributes largely to depletion of 
resources provided by and damage of the environment. Limitations in different 
fields, among which the economic, were proposed to prevent the world from a 
catastrophic development towards depletion of resources. "Limits to growth" can 
therefore be seen as a serious warning addressed to the global population in general 
and specifically to policy makers. 

The Brundtland commission argued however that economic growth is inevitably 
necessary, but the process should not harm the environment. The idea of economic 
growth and at the same time preserving the environment was therefore introduced. 
Technology should function as a key solution to apply this reasoning30

• The 
Brundtland Commission pointed out that the limits to growth consist of the state of 
technology and social organisation that impose limits to the use of environmental 
resources and the capability of the environment to absorb the effects of human 
activity. Therefore technology and social organisation have to be managed to open 
the way for further economic growth while implying preservation of the 
environmental resources31

• 

Furthermore in "Our common future" it was emphasised that environmental 
concern should never be at the cost of the legitimate aspirations of the poorer 
countries to grow to a development level of the Western countries. The poorer 
countries should also have the possibilities to meet their needs. This idea is in 
contradiction with the strong belief expressed in the earlier decades that preventing 
the depletion of resources is necessary at all costs32

• 

3.3 The Centre of Technology for Sustainable Development (TDO) model 
The model depicted below covers mainly the perspective of the Brundtland report. 
Economic growth is not mentioned directly, but this is the most important factor 
contributing to development. The model will be explained briefly below. 

TDO describes the needs expressed by the society, and the interaction between the 
cultural and structural aspects combined with the available technology. 

Figure 3: TDO model 

b Culture & 
Source: I 0 reader, 20 1 

30 TDO reader, 2002 

Technology 

Needs 
Sustainable 
Development 

Environment 

~ Envrronment 

Structure 

31 The world commission on environment and development, 1987 
32 J. Hattingh, 2002. 
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The cultural factors are the values and norms that lead to the formulation of a 
certain need. The structure reflects how the process of fulfilling the need is 
organised. The technology provides the method to fulfil the need. The combination 
of the three should lead to sustainable development by fulfilling the need. The 
environment is not part of the triangle. It does therefore not actively contribute to 
the sustainable development. The environment forms the surroundings in which 
the sustainable development takes place. While executing activities that contribute 
to the process of sustainable development the environment needs to be preserved in 
order to keep all options for future activities open. 

3.4 Sustainable living 
Another important perspective that is worth mentioning in relation to this research 
is that of "sustainable living". Sustainable development is defmed, as "improvement 
in the quality of human life, so far as it is possible within the boundaries of the 
carrying-capacity of the ecosystems on which it is dependent." This is based on the 
assumption that an activity is sustainable if it can be maintained indefinitely33. 

3.5 The Council of Science and Industrial Research of the Republic of 
South Africa (CSIR) model34 

The CSIR applies a related but slightly different interpretation of the sustainability 
concept, therefore it is presented here. 
This model resembles the TOO model when considering the enabling agents in the 
three rectangles. The institutions represent the structure of the TOO model. 
Cultural aspects can be seen as the values. The technological agents represent the 
technological solution posed in the other model. 

Figure 4 CSIR model 

Enabling 
technological 
agents ............ 

Environ
mental 
system 

Enabling 
Institutional 

.---- agents 

---~--~ ~--~---

Enabling 
value 
agents 

Source: www.sustainablesettlements.co.za 

Sustainable development is often defmed by the interrelation of the three systems35
• 

To obtain optimal sustainable development, they should develop in a balanced 

33 J. Hattingh, 2002. 
34 Large institute of South Africa in R&O, technology and innovation 
35 See also: M.Kaptein and J.Wempe, 1999 

18 



Design of a methodology to determine ex-ante the sustainability of rural electricity systems 

manner. The enabling agents are the factors iilfluencing the systems and making it 
possible to obtain a level of sustainable development. 

A brief explanation follows on the meaning of the agents in this model: 
The technological enabling agents can be divided into hard ware, software and 
know-how. The institutional enabling agents are the national and local government, 
implementing agents, assisting agents, NGO's and community organisations. The 
enabling value agents are for example religious values, spiritual beliefs and 
community behaviour. 

3.6 Rural water system sustainability 
In this and the following section the earlier mentioned studies will be presented in 
which sustainability is an important concept. The first study is on sustainable 
water systems. Because of the structure of water systems, the characteristics are 
similar to electricity systems, and therefore analysing how the sustainability 
concept is used within that study is relevant. The study discussed in section 3. 7 is 
on rural electrification. 

In a World Bank project an evaluation was made of rural water systems by 
determining the impact of different project rules and external factors on 
sustainability36. 

The defmition of the sustainability of a water system used in the World Bank's 
research is: "the maintenance of an acceptable level of services throughout the 
design life of the water supply system". The three determinants of water system 
sustainability are: 

• Technical aspects; physical condition 
• Institutional aspects; operation and maintenance and fmancial management 
• Social aspects; consumer satisfaction, willingness to sustain the system 

The determinants of sustainability used in the World Bank's research are 
comparable to the factors of the TOO and CSIR model. Water system sustainability 
is comparable to electricity system sustainability. Therefore the factors mentioned 
here can contribute to a solution for determining the sustainability in this study as 
well. 

However the definition of sustainability used in the water study cannot be applied 
because rural services should not be brought to the people for a limited time. This 
refers to the perspective of sustainable living mentioned earlier and to the definition 
of fmancial sustainability espoused by Ilkog et al (appendix G). Rather, enough 
capital should be saved from operation of the system to be able to at least maintain 
it in such a manner that an acceptable level of services can be provided indefinitely. 

Another characteristic of sustainability that was discussed in this study on rural 
water systems is the difficulty of being able to measure sustainability directly. 
Therefore the determinants of sustainability were seen as proxies for sustainability. 
In this study the same methodology will be adopted. 

3. 7 Sustainable electricity system 
In the studies of Barnes and Foley. and the Energy Sector Management Assistance 
Programme (ESMAP) a sustainable electricity system was broadly considered as a 

36 Sara & Katz, 1997 
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system that continues operating because of the existence of a set of determining 
factors. The following factors need to be resolved for sustainable rural 
electrification31: 

• National strategy for rural electrification and effective institutional 
structures, which consist of implementing agencies with electricity as a 
primary objective, a high autonomy, responsibility and dynamic leadership. 
This factor will be further referred to as "effective institutional structures". 

• Delivery system: availability of community involvement, local capacity, 
planning, training and education of consumers. This factor will be further 
referred to as "benefits of community involvement". 

• Dealing with political dimension: ability to level political interference in such 
a manner that it doesn't negatively influence the operation of the system. 
Clearly defined criteria to rank areas in order of priority for electrification are 
essential. 

• Cost recovery: the rural inhabitants are able to pay for operation and 
maintenance costs. 

• Charging the right price for electricity: rural electricity prices should be 
realistic and balanced in the sense that the rural people get a good service 
for a modest but realistic price, and the supplier is able to supply the 
demand of the people. 

• Lowering the barriers to obtain a connection: reducing or spreading the 
initial costs of an electricity supply by credit mechanisms. 

• Financial system ensuring investment: a possible mixture of public and 
private investors together with local entrepreneurs and communities. This 
factor will be referred to as "securing fmancing for investment". 

• Reducing construction and operation costs: applying the best technology by 
making estimations of the future demand. 

• Selecting the criteria for investment: this can be a set containing: willingness 
to pay, ability to pay, access to markets, number of companies, bundling 
with other services. 

The factors determined by Barnes and Foley and the ESMAP will be part of the 
methodology to determine the sustainability of a rural electricity system, because 
they seem to be covering a part of the factors that have to be determined. However, 
according to literature and the perspective taken in this study, a number of the 
factors is missing or have to be adapted slightly. The following factors will 
additionally be analysed: the needs of the population, the demand, technological, 
social and environmental factors. The needs will be elaborated on in the following 
section. It has to be mentioned that there is overlap between some of the factors 
introduced by Barnes and Foley and factors found in literature. The financial 
factors and technological factors are sometimes related. Reducing for example 
construction and operation costs leads to applying a certain technology. The 
willingness and ability to pay can be found back in the selection criteria proposed 
by Barnes and Foley. In this study, they will primary be part of the demand, 
because willingness and ability to pay result in the possibility to express demand. 
The further meaning and use of the other factors in this research are further 
discussed in appendix H, because elaborating on them in this chapter will enlarge 
confusion and fade the course of the discussion. 

37 ESMAP, 2001; Barnes and Foley, 2002 
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3.8 Conceptualisation 
In ·this section first the needs of the population will be discussed. As will be 
demonstrated, the needs of the population ask special attention when designing 
and implementing a rural electricity system. After this a research framework is 
derived, based on which the results are analysed in chapter 6. 

3.8.1 Needs 
The factor of needs takes a different place in this research to others, because taking 
the needs as a starting point is not the most obvious way to commence the 
research. · 

In literature the following things could be found on the relation between needs and 
demand. The World Bank argues that electricity needs have to be investigated 
because the demand for electricity can be derived from the needs of households and 
businesses38

• To get insight into the demand for electricity, an inventory of the needs 
is essential39

• In this literature needs are only found important because demand can 
be derived from it. This leads to the question of what the difference is between 
needs and demand. Based on literature the following can be said: demand is an 
expression of a value in the market economy sense. This means that people are 
willing and able to pay for a good or service. Whereas, a value can be given to a 
need as well, but often because of a lack of finances a person or family is not able to 
express a demand by paying for it. So, this means that demand cannot always be 
derived from the needs because needs will only result in demand if the ability and 
willingness to pay are available. This means that if assessing the needs is 
overlooked, the wishes of the poorest people are not considered, because of their 
inability to express demand. This research aims to stimulate rural electrification for 
all people and therefore the needs are a very important aspect to consider. 

Needs as mentioned here are the electrical needs of the rural population that follow 
from their needs for goods and services. People for example feel a need to enlarge 
their agricultural activities and output, obtain access to news on prices, secure 
their safety during the night, and get access to clean water or education. By means 
of electrical applications like public lighting, water pumps, radio, television, 
irrigation systems these needs can be fulfilled. 

Determining the developmental needs (for goods and services) will be very 
complicated due to the difficulties of obtaining clear information on what the true 
needs of the people are. For rural households it would probably be best to first 
assess what their most urgent needs are without emphasising the will to implement 
electricity systems. This leads to the necessity of doing an in-depth and detailed 
study on the needs. Once there is insight in the nature of the needs a project can be 
designed to fulfil them. A multi-disciplinary approach, which means executing an 
extensive research, is likely to be required. 

In an ideal situation this might be realised, but for this research the objectives were 
already determined, and assessing the needs by an extensive research falls outside 
the scope of this study. Therefore the needs will be considered as the need for 
electrical appliances, which are needs that can be deduced from more fundamental 
needs for goods and services. 

38 R.Lamech, K. O'Sullivan, 2000 
39 U.N. 1979 
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Furthermore in this research attention will only be paid to the need of the rural 
population, as the rural dwellers are the target population. 

3.8.2. Determiningfactors 
In addition to the needs the following factors were selected because of their 
relevance for this study: demand, consisting of willingness and ability to pay, the 
load factor and peak load, future and productive demand, the 
organisational/institutional, political/legal, financial, technological and social 
factors and the selection criteria for investment within an environment. 

3.9 Def"mition of the factors 
Electricity needs: expression of the rural population's intention to use electrical 
appliances. 

Demand for electricity: quality and quantity of electricity that community members 
wUl choose to consume because of their willingness and ability to pay4o. 

Institutional and organisational factors: the implementing agencies and the delivery 
system that contribute to the operation of the electricity system 

Legal/political factors: the political measures, and legal applications contributing to 
the operation of the electricity system 

Financial factors: a cost-recovering electricity system. with a secure investment 
system. a low barrier to obtain electricity, an as low as possible construction and 
operation cost, and balanced price for electricity use. 

Selection criteria for investment: external condition whose presence enhances the 
possibilities of a well functioning electricity system 

The social factors: a combination of beliefs, behaviour, consumer satisfaction and 
willingness to maintain the system 

Technological factors: optimal performance of the different components of technology: 
techno ware, human ware, orga aware and info ware. 

Environment: the impacts of the system on the environment and the change of the 
micro environment, when regarding for example the health situation, of the rural 
electricity users. 

Sustainable electricity system: area with households connected to the grid that will 
continue tofunctionfor an indefmite period according to thefollowing kinds of factors: 
needs and demand of the rural inhabitants, institutional/ organisational, 
legal/political, financial, technological, socialfactors and criteriafor investment 
within an environment 

Details on the operationalisation of these factors can be found in the 
operationalisation table in appendix J. 

40 Sara & Katz, 1997 

22 



Design of a methodology tn determine ex-ante the sustainability of rural electricity systems 

3.10 Research framework 
In this section the research framework, the factors included in this framework and 
their relations are presented. The selected factors will be analysed according to the 
actual situation and the desired situation. This signifies that a comparison will be 
made between the current state of the factors and the desired state for each factor. 
It is likely that the comparison will lead to the existence of a gap between the two 
situations. A gap means that adjustment of the system is required to improve 
sustainability. 

The following model can be made according to the aforementioned explanation: 

Figure 5: Research Framework 

Environment 

Actual Factors 
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The developmental needs should be determined to obtain a detailed and clear view 
on the needs of the population. However, because of the limited time and 
possibilities of this research, it was not feasible to make estimations of these needs. 
The electricity needs are determined to obtain at least insight into the needs for 
electricity. The electricity needs are an input for the demand of electricity. The 
demand for electricity consists of the willingness and ability to pay. Furthermore 
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the productive demand, future demand, load factor and peak load are factors that 
have to be analysed to determine the level and spread of the demand. 

The actual and desired situations both contain legal/political, fmancial 
institutional/ organisational, social, technological factors and selection criteria for 
investment within an environment. These factors are analysed and compared one to 
one to be able to come to conclusions on the sustainability. The methodology 
applied will be analysed by considering whether a conclusion can be drawn in the 
end on the sustainability of the system, and by considering the contribution of each 
of the factors in determining the sustainability. 
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4. Field research methodology 

4.1 Introduction 
To determine the sustainability of electricity system information has to be collected 
on all factors explained in the previous chapter. In this chapter the manner of data 
collection, research method, sampling method and other important aspects of the 
field research preparation and execution are discussed. 
First of all an area map is presented that will make visualisation of the described 
field research easier. 

4.2 Method of research 
For this research the most relevant methodology that could be applied was a 
survey. because in a survey standardised information from a relatively large 
number of individuals is gathered to generalise about the population from which 
they are drawn. In this study the ability for generalisation is very important, as the 
study's objective is to draw conclusions on the methodology. 

4.3 The population 
The population consists of all households living in communities with a community
managed organisation in the rural area of Huchusuma-Peflas, which is a valley that 
is part of the Municipalities of Pazfla and Challapata. A map of this area is 
presented at the end of this chapter. The surrounding mountains are therefore the 
boundaries of the target population. Within this valley there are households living 
with and without access to electricity. To be specific they will be referred to as 
households or families with or without a grid connection, implying that having a 
grid connection signifies using electricity. This can be assumed, as households 
having a grid connection have to pay a standard tariff for being able to use a 
defined amount of electricity. 

The communities are small, but organised and have a centre in which the houses 
are grouped. This means they are spread through the valley. but are not very 
dispersed. The organisation of the communities is based mostly on the Aymara 
culture, one of the largest indigenous groups living in Bolivia. The families living in 
the communities are mostly farmers cultivating crops and breeding cattle, as will be 
discussed in more detail in chapter 5 on the results. A river runs through the area, 
which provides the majority of the families with water. The houses are all very 
similar, and they are built with locally manufactured bricks. The transport 
possibilities that the families in this area have are public minibuses or bicycles. 
Many families possess one or more bicycles. The communities are similar when 
compared according to economic productivity, culture and social behaviour; as 
such the population seems to be quite homogeneous. 

4.4 Method of data collection 
Choosing the data collection method depends on the time and money that are 
available and the necessary quality. Collecting data by means of verbally explaining 
questionnaires is costly, as it takes a lot of time. The quality, which is based on 
objectivity, validity, reliability and completeness, of the data collection method is 
however high". Costs normally are a restriction. Some data collection methods that 
lower the costs are mail questionnaires, telephone interviews or non-participant 
direct observation. None of these were an option in this study as there is only one 
functioning telephone in the area, the rural dwellers don't have mailboxes and some 

•
1 Gaillard, 2002 
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of the questions cannot be answered by making use of observation. Another 
possibility, which could have been applied in this research, but would not have 
lowered the costs, is the focused interview. This would probably lead to very similar 
results, as the questionnaires were administered verbally in this study. 

The data was collected through several different methods. Within these 
communities personal questionnaires were taken to gather information on the 
needs, demand, organisation and technology. This method was chosen because it is 
normally applied in the rural areas of Bolivia, and has proven successful. The 
questionnaires consist of almost only closed questions. This is to make answering 
as easy as possible, and to have a limited number of different answers. The main 
reason for making sure the questions are not too difficult to answer is that Spanish 
is not the first language of the target population. Making use of administering 
questionnaires verbally is chosen above letting the people fill in their questionnaires 
because of the expected higher respond. A lower response can definitely be expected 
when using questionnaires, as reading might cause trouble for some of the people. 

Three different questionnaires were made, one for the households that use 
electricity, one for the households that don't use electricity and one for key persons 
who have knowledge about the organisation and technology. These questionnaires 
were made with assistance of an expert of Energetica. The questionnaires can be 
found in Appendix K. 

More information about specific subjects was gathered through talking to 
technicians and other persons that have experience in doing research in this kind 
of area. 

Information about the region and some specific fields can be found in the 200 I 
Census on housing and living. The Municipality of Challapata was chosen as 
representative of its province in this Census, therefore some specific information on 
this Municipality is available. Other literature on this region was used to obtain 
data on the legal/political, fmancial, social and environmental factors. 

Further observing activities related to the subject was also found a useful source of 
information. 

4.5 Sampling units 
A sampling unit has to be defined unambiguously because it must be clear that 
each participant in the survey is part of the population, and can therefore be part of 
the sample. The sampling unit is defined as the inhabitants of a house further 
referred to as households or families, because this is what they usually are. A 
house will normally have one connection. 

In practice most of the time one person of the household would help filling in the 
questionnaire. Usually this would be the man of the house, sometimes assisted by 
his wife or other related persons. If only the woman of the house was available, or if 
a woman was living without a husband, she would usually take part in the 
questionnaire. There were some exceptions, for example of women not willing to 
answer the questions without their husband or leaving the filling of the 
questionnaire to older children. 

The importance of women participating in the research can be found in the fact that 
men and women have different priorities when considering their use of electricity. 
However, this is culture dependent, so on the exact differences in the region of 
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interest not much can be said. In Africa for example women are the main users of 
energy, and therefore should have a wider say in how it is purchased and used. 
Because of their different social status, they have disadvantages in access and 
control of resources. Additionally most of the poor people are female42

• When looking 
at rural electricity from the perspective that not only demand but especially and 
primary needs should be investigated because else a substantial part of the wishes 
of the population will not be taken into account, the women should be heard. So, 
there are actually two main reasons for emphasizing the importance of including 
women in the research: the difference in use of energy and the position of the 
women in general in the rural areas. 

To give an estimation, men filled in about 60-70% of the questionnaires only. Before 
starting taking questionnaires the persons who executed a study in this region 
earlier, warned that the people in this region live in a traditional manner, which 
means the men are dominant. This study seems to confirm the male dominancy, 
but at least some women were able and willing to assist in this study. 

4.6 Sampling frame 
No register containing all households in the specific area was available. There is a 
registration of each specific electricity user in the system. This registration may 
have been found in the office of the Electricity Committee. However, obtaining 
access to this office was rather difficult, due to practical matters. 
A registration of the people who are not using electricity was impossible to discover. 
It is possible that the Municipalities could give an indication, but it is very doubtful 
whether these registrations would be complete, because the number of inhabitants 
of the communities without a grid connection is unknown by the Municipality. At 
least this became obvious in one of the communities. 

4. 7 Sampling method 
Usually, using probability sampling ensures respresentativeness. This means that a 
random sample is taken from the complete population. All units that are part of the 
population have to be defined, and should have the same possibility of being 
included in the sample. This means that if the sample is large enough compared to 
the population size it will be representative for all units in the population. 
Probability sampling is not possible when no definite sample frame can be found. 

Therefore non-probability sampling is the only possible method that could be 
applied in this research. Non-probability sampling abandons the rule of taking a 
random sample from the population, because it is impossible without having an 
exact sampling frame in which all units are defmed. Representativeness must, 
however, still be sought. In this study, area sampling was applied, which is a 
specific non-probability sampling method. Area sampling signifies that 
questionnaires are carried out with people within a specific area. To increase the 
representativeness of the sample, questionnaires were taken in 9 different 
communities; see Table 5 and Table 6. In some of the larger communities it was 
even possible to take questionnaires from persons who just passed by, but actually 
live in another community. This enhanced the representativeness, because as can 
be seen in the tables, questionnaires from families living in 22 different 
communities were taken. In total there are 36 communities situated in the valley. In 
section 4.10 the selection process of the communities is explained. 

42 AD B Finesse Africa, 2004 

27 



Design of a methodology t.o determine ex-ante the sustainability of rural electricity systems 

Table 5: Location of interview and place of residence of interviewed person; 
households that are using electricity 

Location of interview Place of residence Number of interviews 
Vilacollo Vilacollo 6 
Penas Anaverne-Potoscollo 1 

Chacpirancho 1 
Penas 19 
Marca vi 1 
Vilacollo 1 

Huchusuma Huchusuma-Porvenir 6 
Vuelta Blanca 1 
Calapaya 1 

Playa Verde Plava Verde 2 
Piquisirca Piquisirca-chico 5 

Piquisirca grande 4 
Huchusuma Huchusuma-Potoscollo 1 
Total 49 

Table 6: Location of interview and place of residence of interviewed person; 
households that are not using electricity 

Location of interview Place of residence Number of interviews 
Challviri Challviri 8 
Penas Penas 2 

Sieterocas 1 
Copavinto 1 
Jachuvo 1 

Huchusuma Huchusuma-Porvenir 1 
Ohlapata 1 
Sacari 1 

Piquisirca Capachamayo 1 
Piquisirca grande 2 

Ventilla Ventilla 5 
Chibuyo Chibuyo 3 
Total 27 

The advantage of using non-probability sampling is that it saves time and money 
compared to probability sampling, because for probability sampling it is necessary 
to take the questionnaires exactly from the elected household. In this study it would 
definitely have been a time consuming activity because of the distances between the 
houses and communities. 

4.8 Field research difficulties 
The sampling errors can only be calculated exactly when probability sampling is 
applied, because these kind of errors are caused by the difference between the 
sample estimate and the population value. 

Non-sampling errors are all errors that lead to a distortion of the measurement. 
These distortions can be much greater than sampling errors. Non-sampling errors 
remain difficult to control, especially in developing countries. 
In this section some problems will be explained that have possibly led to sampling 
errors. 
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Instructions to field staff, Victor, a student working at Energetica, who accompanied 
at one occasion to obtain more data, should have been better instructed, as the first 
questionnaire he took alone was not completely clear. 

Transport; The field research took place in a valley near Challapata, the regional 
centre of the area. This is a village situated at 1, 5 hours by bus from the 
departmental capital Oruro. In Challapata there are accommodation facilities. 
Therefore this village was chosen as operating base. There was no public transport 
available to all communities for this reason it was much more difficult to reach 
some communities compared to others. In the map two· dirt roads are indicated that 
lead into the valley. The mini-buses from Challapata drive until Penas on one side 
and until Piquisirca (on tarred road) on the other side. Driving by mini-bus from 
Challapata to Penas took one and a half to two hours. Driving from Challapata took 
half an hour to an hour. 

Taxis were used to visit some of the communities that were not accessible by mini
bus. This manner of transport could not be used continuously for several reasons: 
taxi drivers are not very willing to drive on the dirt roads and are very expensive 
compared to public transport. Some taxi drivers didn't show up early in the 
morning, which made it very difficult to obtain other transport in time. Within the 
communities, and also between the communities walking was also an option. One 
day Piquisirca, Playa Verde and a part of Huchusuma were visited by walking from 
one house to the other. This was possible, because in the morning and late 
afternoon public transport passed by the tarred road close by. 

Communication; Communication for arranging meetings, and talking to families was 
not only difficult but ultimately biased as the only person with whom meetings 
could be arranged from Cochabamba was the President of the electricity system, as 
he was passing by the local telephone once every while. Only one telephone was 
accessible for the rural inhabitants. It is situated in Penas, where fortunately the 
President lives close by (Vilacollo). The result of mainly having contact with the 
President at first is also that the persons with whom he is familiar are more likely to 
be contacted than other families or persons. 
The President turned out to be very helpful and reliable, therefore fortunately 
meetings could be arranged and contacts could be made with other persons, when 
staying in the region itself. The main problem in obtaining contact with other 
persons, like presidents of communities or other Committee members, was tracing 
the people as the houses don't have addresses and the people are often not at 
home. Tracing the people turned out to be complicated and therefore even when 
staying in Challapata, the contacts remained limited. 

Experience of field staff, the field staff was not experienced in doing this kind of 
research, which must have led to errors in the results. 

Non native researcher; In retrospect it can be remarked that people were willing to 
talk about their inability to pay for their monthly bill to Victor, the local student, 
but not to the researcher herself. This must have led to errors in the results of other 
factors as well, although in other questions the error was not obvious. 

4.9 Sample size 
The sample size that had to be taken is dependent on the characteristics of the 
population. The population was briefly described earlier and it seems to be fairly 
homogeneous. About 30 households of communities with and communities without 
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electricity were to be investigated. This was the minimum number quoted in Cross 
Cultural Research Methodology to be able to be representative•3

• 

According to J .C.Guzman (2003) the number of households connected to the grid 
was about 450. The number of households without a grid connection was 
unknown, but smaller than 450. The President of the electricity system gave an 
estimation of 50, which seems an underestimation, when considering the fact that 
36 communities are situated in this valley. of which 21 have electricity. This means 
that 30 households would represent at least 7% of the population. 

4.10 Sample 
Before starting the field research the plan was to investigate two communities with 
grid connections and two communities without. This was suggested by experts who 
had already done research within this area, probably because of the homogeneity of 
the people living in the communities. Practically this would also be very convenient 
as it would be difficult to get access to all communities by public transport. It was 
also suggested to consult the Electricity Committee on which specific communities 
should be investigated. After consulting the Electricity Committee, two communities 
in the Municipality of Pazna and Challapata had to be chosen. In Pazna Vilacollo 
and Challviri were recommended because the President could easily contact the 
leaders of these communities. The Vice President, who lives in the Municipality of 
Challapata could give better advice on which communities should be visited within 
this Municipality. The vice President was very difficult to meet up with, and in the 
mean time it was decided to ask permission of the local authorities of Penas to take 
questionnaires there, as this is a small regional centre where different people seem 
to pass trough. Contact was made with the local authority of Poqueriri as well, but 
in the end it took too long to get a permission to take questionnaires there, because 
an agreement between the people in an assembly of all inhabitants was necessary 
to be able to take questionnaires. The local authorities of Penas as well as 
Huchusuma-Porvenir gave permission. After this Piquisirca, Playa Verde, Ventilla 
and Chibuyo were also visited. 

In Table 5 and Table 6 in section 4. 7 the locations where interviews were conducted 
were presented as well as the place of residence of the interviewed persons. In this 
way it can be seen that the sample was taken from households of different 
communities. 

The number of questionnaires taken does not correspond to the earlier mentioned 
number of 30 questionnaires to be taken of each group. It turned out to be much 
easier to obtain questionnaires from families with a grid connection. This was 
probably caused by easier access to the communities that are connected to the grid. 
Furthermore the researcher tended to emphasise the collection of data on this 
group compared to the group of families without grid connection, because originally 
the objective of this study was to collect data on the families with grid connection. 

The willingness of the people to assist in this research in general was high. In total 
only 12 families refused to answer the questions, were busy or the father or mother 
was not at home. 

43 Gaillard, 2002 
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4.11 Double translation and Pre-test 
The questions taken in the interview were translated from English into Spanish by 

· means of a double translation test, to increase the validity of the data. A Bolivian 
native who lived 5 years in Canada and teaches English at a college did the first 
translation. A translation programme did the second translation, because there was 
no other person available who could have translated the Spanish into a comparable 
level of English. The double translation didn't cause many changes. 

Furthermore a pre-test was done, by means of taking an interview of a key person, 
namely the President of the electricity system. Because of a lack of time and no 
other contacts at this time, it was impossible to take more interviews to increase the 
reliability of the outcomes of this pre-test. The outcome of the pre-test was positive 
in the sense that the questions didn't need much adaptation. 

4.12 Data analysis 
The data were analysed using descriptive statistics. The level of measurement of the 
variables will be of nominal and ordinal level. Therefore only non-parametric tests 
can be used. 

Figure 6: Map of Huchusuma-Peiias electricity system 
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Chapter 5 Results 

5.1 Introduction 
In this chapter the results will be presented according to the order used in the 
operationalisation44

• This means that results on the needs and demand will be 
presented first, followed by results on the other determining factors of 
sustainability. A description of the actual situation is given by means of the results 
of the questionnaires and desk research. For each factor the desired situation is 
described briefly and compared to the actual situation. 

5.2 Sustainability of the system 
First of all an analysis of the functioning of the system will be presented, as this 
represents the sustainability of the system. As already pointed out in chapter two 
this system was chosen for study as it seemed to be functioning reasonably well. 
The system has existed since 1992. The families have been able to pay for the 
operation and maintenance costs- since this year. The local inhabitants of the 
communities that are part of the system have always maintained the organisation of 
the system. The distributor Huari only submits one invoice per month, to all people 
of all communities together, and the Electricity Committee provides for the 
organisation and administration of all individual and communal invoices. The 
system expanded in 1998 when 16 additional communities joined the electricity 
system. For some years, the system has even sold electricity to another electricity 
system, named Norte Penas. 

These facts contribute to the idea that the system is functioning well. The following 
analysis of different factors that influence the sustainability should lead to an 
answer to the question of whether the system is functioning in a sustainable way, 
and what are the most important factors contributing to the sustainability. 

5.3 Needs and demand 
In column 2 of Table 7 the need for electrical equipment by households is presented 
by means of the percentage of the households that do not have an electricity 
connection but would like to make use of certain equipment. 

Table 7: Needs for and use of electrical equipment 

Electrical Needs households Electricity use of 
equipment (1) without grid households with 

connection (%)(2) connection (%) (3) 
Li~ht 100 98 
Fluorescent 
Radio 96 90 
Television 78 63 
Cooking 8 0 
equipment 
Water pump 22 12 
Ironer 12 
Other 30 
machinery 
Source: Household questionnaires; n=49, n=27 
*The numbering between brackets indicate the columns 

44 The operationalisation table can be found in appendix J. 
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In column 3 of Table 7 the electrical equipment used by the families with grid 
connection is demonstrated. 

When assuming that the households with and without grid connection can be 
compared according to their economic activities, income, culture, behaviour and so, 
the data in column 2 and 3 can be compared. The percentages presented in column 
3 are slightly smaller than those in column 2. This assumes that not all needs are 
met. This is probably caused by families not able to express their demand because 
of a lack of fmancial means, or inability to get connected by geographical 
constraints. Some communities as a whole are connected to the grid, but a small 
part cannot be connected because of natural barriers, as a river or mountain. 

In the following sections the results on future demand, productive demand, ability 
to pay and willingness to pay will be discussed, after which a description of and 
comparison with the desired situation will be given. After each of the sections a 
brief comparison will already be made because of the length of the complete 
"demand" section. 

5.4 Future demand 
5.4.1 Size of population 
There were 464 electricity users in April 2004. The number of households without a 
grid connection was unknown. 

5.4.2 Growth of population 
Neither the growth rate of the people in the system nor the growth rate of the 
Municipality of Challapata or Pazfta could be traced. According to the census of 
2001 the population of the Oruro department is slightly growing. This mainly takes 
place in the Oruro rural areas of which the electricity system is a part. In Table 8 it 
can be seen that a bit more than 5% of the inhabitants of Oruro live in Challapata. 
It can be assumed that the rural population of Challapata is also growing. 

Table 8: Municipalities of Oruro with largest population 

Municipality Total population % 
Oruro 241230 51,51 
Huanuni 19428 4,15 
Challapata 24370 5,20 
Caracollo 19860 4,21 
Others 163439 34,90 
Total 468327 100 
Source: INE, 2001 

5.4.3 Growth of conswnption per household 
To explain Table 9: the registered use is the electricity use measured on the 
communal meters45

• The invoiced electricity use is what the Committee charges. The 
invoiced use will always be higher than the registered use because it is based on the 

45 In the electricity system measurement takes place at three levels. There is one 
system meter that registers the total electricity use of the system. This meter is 
located at Playa Verde, the community closest to the direct line from Avicaya to the 
Huari factory. Each community has its own meter to register the communal use. A 
meter placed at each of the houses measures the household use. J.C. Guzman, 
2003 

33 



Design of a methodology to detennine ex-ante the sustainability of rural electricity systems 

electricity use, the losses, and a standard of 30 kWh/month that each family has to 
pay for each month. The losses will be discussed further in the section on the 
technological results. The standard electricity use of 30 kWh/month that each 
household has to pay for is an agreement between all families with grid connection 
because in this way the Committee is able to pay for all costs involved in the 
organisation of the system. 

Each column in Table 9 represents the data of a certain month in a certain year, 
mentioned in the first row. This data was obtained from the registration of the 
Electricity Committee. During the last visit to the field it became clear that the 
Municipality of Challapata also registered data of the monthly electricity use and 
payments of the electricity system. This data was bound to be more easily available. 
However, it would have cost too much time and the purpose of the data would only 
be to see the change of electricity use during a period, therefore it was decided that 
enough data was already available on which to draw a conclusion. 

Table 9: Electricity use and payment 

Apr-98 Aug02 Apr-03 Apr-04 
Re~istered use (kWh/ household) 18 22 21 22 
Invoiced use (kWh/ household) 28* 39 37 37 
Pavm.ent per user (Bs/user)46 13 19 18 18 
Source: Electricity Committee and J .C.Guzman (2003) 
*This is less than 30 kWh. It could be that the rule of paying for at least 30 kWh per month 
was introduced later, as this data originates from several years ago. 

The registered and invoiced uses presented in Table 9 are transformed to a graph to 
give a visual impression of the changes in electricity use over the years. 

Figure 7: Registered and invoiced electricity use 
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From Figure 7 it can be deduced that in the period 1998 to 2002 the electricity use 
per household had increased. From 2002 to 2004 the use 
seems to have been stabilised. The increase from 1998-2002 is in fact a little bit 
smaller than it seems here. The reason for this is that since 2002 the system has 
also sold electricity to another system, called North Penas. This system is registered 
as one user in the administration of the Electricity Committee. When subtracting 
the demand of this system, the difference will become smaller, and the increase in 
usage will only be about 3 KWh per user, in registered use, and 4 KWh per user in 

46 1US$=7,94 Bolivians (Bs), which is the official Bolivian currency 
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invoiced use. As mentioned, in 1998, 16 communities joined the system. This must 
have affected the invoiced use in particular, as these communities are situated 
further from the principal meter, which increases the losses. 

In sum the electricity use has increased slightly over time, but seems to have 
stabilised in the last years. It can therefore tentatively be said that the future use 
will be characterised by stability or slow growth. 

5.4.4 Growth of number of households with connection 
The Electricity Committee supplied these figures with the exception of the figures of 
April 2003, which were taken from J.C.Guzman (2003). 
As can be seen in Table 10 the number of users, and as a result the absolute 
electricity use, has grown in the past years. If the set trend continues in the coming 
years a small growth in electricity use will occur according to these figures. 

Table 10: Number of households with connection 

Apr-98 Au1];-02 Apr-03 Apr-04 
Number of users 355 440 448 464 
Re1];istered (kWh) 6225 9495 9630 10570 
Invoiced (kWh) 10049 17254 16376 17413 
Source: Electricity Committee of Huchusuma-Peflas 

5.4.5 Desired situationfuture use 
The desired situation for the factor future use is that it will grow. This is firstly 
because growth in electricity use per household signifies that people can afford to 
use more electricity, which indicates their living standard has improved. The second 
reason is that when initiating a rural electricity project, growth of electricity use, 
which makes the project more fmancially feasible, is taken into account. The 
electricity use of a rural population should have a reasonable chance to grow, 
because, as explained in chapter 3 the costs involved in a project are usually high 
but can be decreased relatively when people are using more electricity. 

The rural population of Omro is growing slowly. as well as the number of users of 
the electricity system. The electricity use per household does not seem to be 
growing. For the feasibility of the project as well as for the individual households it 
is positive that the number of users grows. That the electricity use per household 
only grows slowly indicates that there is no large increase in productive use, 
because for productive use more electricity is usually needed as will be shown in 
Table 20, where the average load of different equipment is demonstrated. This is 
unfortunate as often the objectives of electricity projects are to increase productivity 
and income. 

5.5 Productive demand 
A part of the 63% of the households that are using electricity and are not able to 
use electricity productively expressed their discontent with the situation, but stated 
that the reasons are technological or economic. This means they are either not able 
to be more productive because their income is insufficient or the system impedes 
them. The hampering of the electricity system will be explained more fully in the 
section on the technological results. In the section on "ability to pay" several 
indicators of income will be discussed which lead to a better understanding of the 
fmancial situation of the rural inhabitants. Another possible reason for not being 
able to be more productive is a stagnating economy that reduces the means to be 
productive as well as the demand for products. 

35 



Design of a methodology to determine ex-ante the sustainability of rural electricity systems 

The desired situation is that households use electricity to be more productive and 
as a result increase their income or living standard. 

5.6 Load factor and Peak load 
5.6.1 Load.factor 
In appendix H the importance of calculating the load factor was explained. To 
calculate the load factor, which determines the extent to which the generating 
equipment is used during a certain period, data on the average electricity use and 
demand in the same period are necessary. This data was not available. 

5.6.2 Daily peak load 
Figure 8 presents the maximum load during the different periods of the day. In 
appendix L, the calculations, and data used to obtain Figure 8 are presented, as 
well as the remarks that should be taken into account when drawing conclusions 
on this load graph. 

Figure 8: Dally maximum load electricity system 

100 

90 
80 

70 

~ 60 

"' 
50 

Ill 
0 40 

...I 

30 
20 

10 
0 

0 6 12 18 24 

Day (hours) 

Source: Household questionnaires communities with connection, n=49; Research E.Ilkog 

It can be concluded from the graph that a peak load occurs during the evening, 
because of lighting being used during this period. Furthermore the radios and water 
pumps are mostly used during the morning or afternoon. The maximum peak load 
that can occur during the evening is about three times the normal maximum load 
during the morning and afternoon. 

The exact height and duration of the peak load during the evening period cannot be 
determined by examining this figure. A more detailed figure could unfortunately not 
be presented because of a lack of data. 

5.6.3 Seasonal peak load 
57% of the households do not use more electricity during a specific season of the 
year. Of the other households, 35% of the households use additional electricity in a 
specific season. This 35% uses additional electricity evenly spread throughout the 
four seasons of the year. Therefore it can be said that, when considering the 
complete electricity system, there is no seasonal peak load. 

5.6.4 Desired situation load.factor and peak load 
The desired situation is that the load is evenly spread between the periods of the 
day and seasons of the year. The reason is that electricity has to be reserved at the 
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peak level used during a day or period. If this peak load only occurs some time 
during the day, the rest of the day the electricity is not used. All technology involved 
has to be adapted to the peak load while most of the time this peak does not occur, 
which leads to losses. However, even the peak load that occurs during the evening 
is low, and should therefore not lead to any problems. 

5. 7 Ability to pay 
The ability to pay can be expected to be different for the two groups of households. 
The people that are not yet using electricity might not be able to pay for the 
connection and monthly bills. The people that are using electricity might not always 
be able to pay their monthly bill, while they have already paid for their connection. 
Information was gathered regarding each group's ability to pay. 

5. 7.1 Ability to pay for grid connection 
The ability to pay for the grid connection itself was not considered directly. People 
without a grid connection were asked whether they would like to pay for a 
connection and how much. They always want to pay the minimum amount 
possible, but naturally this doesn't indicate specifically how much they are able to 
pay. The grid connection might form the largest restriction for obtaining a 
connection. Data on the average connection fee of households who already have a 
connection was collected. The average fee paid was 1085 Bs (=136,6 US$), which 
seems high, especially compared to the average monthly fee of 17 Bs (=2, 1 US$). To 
compare the figures; the connection fee represents roughly 5 years of average 
monthly electricity bills. It is however impossible to say whether the connection fee 
is vei:y high without knowing anything about the relevant disposable income. In the 
following sections income indicators will be discussed. 
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5.7.2 Ability to pay for monthly use 
The ability to pay for monthly electricity use is ascertained by calculating the 
monthly expenses on several kinds of equipment and fuels. These are presented in 
Table 11. The second column reflects the number of families using the equipment. 
In the third the average mentioned price is presented. In the fourth column, derived 
from the average number of weeks after which fuel needs to be replaced, the 
number of times that replacement is necessary each year was calculated. In the last 
column the total expenses of all the families are calculated. 

Table 11: Calculation of expenses on energy per family, per year (Bs) 

Equipment (1) Number Average Number of Total 
of Price times amount of 
families (Bs) (3) equipment money spent 
using (2) replaced per per year 

year (4) (5) 
Light (gas) 10 23 6 1380 
Li~ht (kerosene) 3 3 8 72 
Mechero 18 3,5 26 1638 
(kerosene) 
Torch (bi~ 5 4 17 340 
Candles 18 0,9 152 2462,4 
Radio (big 21 7 21,5 3160,5 
batteries) 
Radio (small 2 3 17 102 
batteries) 
Total money 27 9154,9 
spend by all 
families 
Year expenses per 339,0704 
family 
Source: Household questionnaires of families without grid connection, n=27 
*Numbers in brackets indicate column numbers 

The yearly amount of money paid by the people for energy resources other than 
electricity is almost 340 Bolivians (=42,8 US$). In the calculation not all 
applications could be taken into account, as sometimes there would be incomplete 
data on one or two families using for example a torch with small batteries or a 
television. 

When regarding the answers of the people using electricity, the people on average 
pay about 18 Bs. per month as can be seen in Table 9. They pay 18xl2 months= 
216 Bs. (=27,2 US$) per year. The households that are not using electricity should 
be able to pay for the monthly costs of electricity, because currently they are 
paying: 340-216=124 Bs (=15,6 U$) more per year. 

Additionally it should be said that energy used for cooking was assumed to be even 
for both different groups, as they are both using wood. Furthermore, during cuts in 
electricity, the households with grid connection will also make use of the energy 
resources mentioned in Table 11. No calculation on this additional use can be made 
though, because no data was gathered on their expenses on these resources. 

5. 7.3 Ability to pay of families with a grid connection 
Households that are using electricity were also asked whether they could always 
pay their monthly bill. 82% answered they are always able to pay. 12% said they 
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weren't always able to pay, because they had other financial obligations, the office 
was too far away or because it was very expensive. 

A relation can be assumed between disconnection of people and their ability to pay 
for electricity. Households are disconnected if they do not pay. The assumption is 
that they will probably not pay for the connection because they are not able to, but 
it is possible that there are additional reasons, for example no need for electricity. 
In appendix M on future use it can be seen that there are no people who have to 
pay a debt or sanction, which indicates that officially there are no disconnections 
registered. There have probably only been a few cases of disconnection because 
while executing the fieldwork at least one family was found who was disconnected. 
Furthermore not all households living in communities that have access to electricity 
have a connection to the grid. From the questionnaires taken from families without 
a grid connection, 5 households are living in communities that are electrified, but 
do not have a grid connection. For one of these 5 the reason is a lack of financial 
capacity. For the others the reason is unclear. 

5. 7.4 Income 
It is not convenient in all areas to pose questions about income. In some areas in 
Bolivia families are also reluctant to answer questions on this subject47

, therefore 
questions were posed on some other subjects to indirectly get an indication of the 
income of the people. These indicators are presented here. 

Housing indicators 
From the tables in appendix N on housing indicators, originating from the Census 
on population and living from 2001 the following conclusions can be drawn: 

• Most houses are owned by the families living there 
• Most families own at least some sort of electrical equipment 
• Most households don't have a private toilet 
• Most houses receive water through a distribution network within the area 
• About 15% of the households that participated in the census do not have 

access to electricity 
• On average 3 persons sleep in the same room 
• Most households have a separate room to cook 
• Most walls are made of adobe, most ceilings of zinc or iron plates, and the 

floors of parquet 

However these results do not seem to correspond to situation that most rural 
households are living in. It must be kept in mind that the figures are from the 
Municipality of Challapata. The majority of the inhabitants of this Municipality are 
living in the regional centre with the same name. This centre is slightly more 
prosperous compared to the rural surroundings, which are part of the Municipality 
as well. The following remarks can be made: The households own electrical 
equipment, but usually not much more than radio and television. In the rural area 
the people are certainly not connected to a distribution network but rely on the 
water that the river supplies. Probably a larger percentage of the rural people do not 
have access to electricity. Most people cook outside of the house. 

As it seems that these data are not very applicable for the rural household 
situation, no conclusions can be drawn. 

47 ETC, 2001 
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Family Composition 
In Table 12 the average number of men, women and children per family are 
presented. A division is made between communities with and without electricity. 

Table 12: Average number of men, women and children per family in 
communities with and without electricity 

Communities with Communities 
electricity without electricity 

Men 1 1 
Women 1,1 1, 1 
Children 3,9 3,5 
Source: Households questionnaires on both groups, n=49, n=27 

The composition of the families of people with and without electricity is about the 
same. The average compositions seem to be one man and female with 3 or 4 
children. 

Crop cultivation 
In Table 13 the percentage of families without grid connection, cultivating a certain 
crop are presented. Only data on the families without grid connection were 
collected, because it was necessary to obtain information on their income, or at 
least get an indication on whether they are able to pay for electricity and the 
connection. 

Table 13: Percentages of families cultivating crops 

Products cultivated Families cultivating 
(%) 

Potatoes 89 
Quinoa 30 
Onions 7 
Beans 63 
Barley 56 
Grain 15 
Oats 7 
Papalisa 4 
Oca 11 
Alpha alpha 22 
Wheat 15 
Source: Household questionnaires of communities without grid connection, n=27 
*Quinoa, papalisa and oca could not be translated into English. Quinoa is a sort of grain. 
Papalisa and oca can be compared to sweet potatoes. 

Also to obtain an idea on the income of the households without access to electricity 
in Table 14 data is given on the kinds and number of animals that they breed. 

Table 14: Number of animals bred per household 

Type of Number of Total Number of animals per 
animals families owning number of household (n=27) 

this type animals 
Cows 22 210 8 
Sheep 18 416 15 
Chickens 9 47 2 
Donkeys 2 2 1 
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Lamas 2 2 1 
Others Half blood -

cows 10, 
goats 8, 

Pill: 
Source: Household questionnaires on families without connection, n=27 

Production activity 
In Table 15 the results are presented concerning the productive activities carried 
out in the communities with and without electricity. A division of activities was 
made into 10 categories including "other activities". 

Table 15: Productive activity executed by households in communities with 
and without electricity 

Communities with electricity Communities without 
(%) electricity (%), N=27 
N=49 

AR:ricul ture 86 93 
Breeding of 
animals 80 96 
Handicraft 0 0 
Minin~ 0 0 
Commerce 10 0 
Transport 6 4 
Construction 2 0 
Education 6 0 
Politics, military 0 0 

10; welder, negotiator, 4, bricklayer 
mechanic, musician, 

Others technician of electricity system 
Source: Household questionnaires on families with and without grid connection 

Most households work in agriculture and/ or breeding animals. In the communities 
with electricity there seems to be slightly more diversification in productive 
activities, and the percentage of households working in agriculture and/ or breeding 
animals is smaller. This might be caused by the electrification, because small 
equipment for welding or mechanics or in shops is easier to use when having access 
to electricity. Vice versa, it also very likely that the families that were already in the 
position of being able to use energy for other productive activities than agriculture 
were the first to get connected. These might have been the families that strived to 
obtain grid connections in the first place, because they would be already able to use 
in their activities. 

From the households without a grid connection information was gathered on the 
size of area they cultivate to obtain an idea on their welfare and income. This is 
presented in Table 16. 

Table 16: Amount of land cultivated by the household without access to 
electricity 

Size of ground (hectares) Families using area 
size(%) 

<0,25 15 
0,25<x<0,5 19 
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<l 19 
l<x<2 0 
2<x<4 4 
>4 4 
Other sizes 30 
Source: household questionnaires on families without grid connection, n=27 

It can be seen that the size of the land the families cultivate is very small, especially 
because the 30% classified under "others" represents a group using 1 or 2 "parcels" 
which are pieces of land of only 40m2. Therefore more than 80% uses less than 1 
hectare of land. 

Most people living in the communities without access to electricity are farmers who 
are not able to sell any of their products at the local market because they use them 
for life support. This means their cash income will be low. In Table 1 7 data on the 
percentages of households able to sell products are presented. 

Table 17: Percentage of farmers in communities without grid connection able 
to sell products 

Selling at market Crops Animals or products 
(%) originating from the 

animals(%) 
Yes 26 42 
No 67 51 
Source: household questionnaires on families without grid connection, n=27 

Based on the data presented in table 14 through 17 it can be deduced that the 
households living in this area have a small income in especially monetary terms. On 
average they have large families. Most families dedicate themselves to agriculture. 
They cultivate tiny pieces of land with a variation of crops. They breed some 
animals and are only able to sell a small amount of their produce if any. 

Technological design 
The technological design is related to the ability to pay by whether it matches the 
wishes and needs of the rural population. The technology will be considered in the 
section on the results about technology. 

Availability of alternative 
The only alternatives available to the population are the more traditional resources 
of energy that they were using before (if they have access to electricity) introduction 
of electricity. These were mentioned in Table 11. In the Municipality of Paziia a 
project was initiated to enlarge the use of solar home systems (SHS). The intention 
of the project was not to provide all households with SHS; therefore this could only 
be an alternative for a part of the population. Energetica also did research on 
possibilities of lnitiating SHS projects. Energetica was not as yet ready to start a 
project and provide the households with this alternative. SHS systems therefore 
might be a future solution, especially in the regions where energy supply through 
grid extension will be very expensive. 

5. 7.5 Desired situation of the abUity to pay 
The desired situation of the ability to pay is that all people are at least able to pay 
for the electricity connection and monthly fee. If all people are at least able to pay 
for the electricity supply, it makes an electricity project more feasible. Whether they 
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will also be willing to pay for a connection is another issue that will be discussed in 
the next section. 

In this case it seems that most households are able to pay, which is positive. There 
are exceptions though, even in communities that are already grid connected. 
Information on several indicators of income was collected to be able to clarify 
whether people can pay for a connection and the monthly fee. No clear vision was 
created though on the income of the people. 

5.8 Willingness to pay 
In this section the indicators for willingness to pay are discussed. In the 
operationalisation table in appendix J, many indicators for willingness to pay were 
presented. Not all of these are useful to present here, also because of the majority of 
the indicators no data was found. The results on these indicators are however 
presented in appendix Pl. 

5.8.1 Willingness to pay of households without a grid connection 
Most of the households (89%) without a grid connection would like to pay for an 
electricity connection. They are willing to pay a minimum contribution. Most 
households (81 %) would also like to pay a monthly fee if it is similar to the fee of the 
already electrified communities. (See appendix P2) 

5.8.2 Willingness to pay of households with grid connection 
96% of the families using electricity answered that cuts in the electricity supply 
exist. Almost 50% say that this is due to the bad weather. 73% of the households 
say the cuts are fixed within 2 days. For most households it was difficult to 
estimate the frequency of occurrence of electricity cuts. 61 % of the households say 
that the cuts do not affect their motivation to pay, while 26% says they do. (See 
appendix P2) 

All households are aware of the cuts in electricity, but in general this does not lead 
to a demotivation of paying for the service. However, in the future wh'en people are 
able to use the electricity for productive uses and rely therefore on the service, their 
willingness to pay when many cuts occur might decrease. 

5.8.3 Desired situation: willingness to pay 
The desired situation of the willingness to pay is that people are willing to pay for 
the connection and electricity use. Most families are willing to pay, so the desired 
situation for this factor seems to have been achieved. 

5.9 Desired situation demand 
The desired situation for demand is two-fold. On one side the demand should be 
fulfilled by the electricity supply system. The electricity system therefore has to be 
constructed in such a way that it will be able to provide the electricity needed in all 
cases. On the exact supply of the system no conclusions can be drawn here, 
because data on the technology, financial situation and so are not yet presented. 

On the other hand, demand should be growing, because this means development 
takes place and the implementation of an electricity system becomes more viable. 
As already explained this is an important factor for parties that are considering 
introducing electricity in an area. 
In this case it can be seen that the total demand is growing, because the number of 
users has increased during the years, and the average electricity use per household 
has remained the same. In appendix M it can be seen that the absolute demand is 
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growing. Furthermore the rural population of Oruro is growing, which indicates that 
rural electricity projects will become more viable. Also the communities that are 
connected to the electricity grid have a somewhat more diversified economic 
structure, which could mean there is a developmental effect. As already indicated 
before, the effect could also be vice versa. The average electricity use per household 
is not growing. This indicates that the productivity is not growing, because use of 
productive machinery, in contrary to using household applications, usually implies 
using much more electricity. 

The desired situation for the ability to pay is that all people are able to pay because 
this would mean all people are able to make use of the electricity service and 
express their demand. Unfortunately, not all families are able to pay for a grid 
connection and electricity use. Very probable reasons for this are a lack of financial 
means and geographical barriers. Some indicators of income were examined which 
indicated that their financial means are small. Their income should be related 
clearly to the price and connection fee, because without a comparison it is 
impossible to draw conclusions on both the ability to pay, and level of the fee for 
example. The price and fee will be discussed later under the heading of fmancial 
factors. 

Families without a grid connection seem to be very willing to pay for a connection 
as well as for their monthly electricity use. Families with a grid connection are very 
willing to pay their monthly bill, even if there are cuts in electricity. This is very 
positive for the demand for electricity, as it can be assumed that families will pay 
their electricity bills, which makes a rural electricity project more feasible. 

5.10 Organisational/institutional determinants 
Within this section the effective institutional structures and benefits of community 
involvement will be analysed. After each of these sections a desired situation will be 
presented to enhance the overview over the presented results. 

5.11 Effective institutional structures48 

The following institutions were found to be the largest contributors to structuring 
the electricity system: the Municipality of Challapata, CORDEOR, the distributor 
and the communal organisation. The distributor will be discussed more in detail in 
the following section. 

5.11.1 The Municipality of Challapata 
The Municipality is the owner of the electricity grid supplying the electricity system 
and therefore responsible for the larger maintenance tasks. 
The Municipality was involved in the expansion of the electricity grid in 1998. 
Furthermore it controls the income the Committee obtains from selling the 
electricity to the households. The Committee is allowed to charge the users more 
than the actual price of electricity, to be able to cover up for maintenance and other 
expenditures. The Committee will make a proposal on the expenditures and 
deduced user charges, which is the sum of all expenditures proposed by the 
communities. After the approval of the Municipality is granted, all is registered by 
means of a contract. 
The Municipality also decides on the admission of another community to the 
system. 

48 J.C. Guzman, 2003; Interview with President Electricity System 
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5.11.2 CORDEOR , 
The Omro development organisation, named CORDEOR, was initiator of the project 
together with the "Huari factory" and the five communities. 

5.11.3 The Electricity Committee 
The communal organisation, the Electricity Committee of the Huchusuma-Peflas 
system, is the most important contributor to the functioning of the electricity 
system, as they partly take care of the operation, as well as the administration of 
the system. Therefore this organisation will be described in more detail. 

The following is a brief explanation about the culture of the people living in the area 
under investigation, because it has an impact on the organisation of the Electricity 
Committee. 

In the Omro area a geographical division of the country can be distinguished, based 
on social and traditional characteristics. The traditional pieces of land are called 
Ayllus, a system that has its origins in the Aymara and Quechua culture. Some 
Ayllus together form a Marca. All Marcas together form the nation. This division 
cannot be found throughout the whole country, but mostly in the western part, and 
therefore it is also present where this research took place•9

• 

The language mostly spoken in Pazfla is Quechua. The inhabitants of Huari, which 
is a neighbouring Municipality of Challapata, mostly are Aymara and speak the 
language with the same name50

• Tradition is important in these regions. This can be 
seen in the importance expressed towards communal governance. The traditional 
manner of governing can be found in the constitution of the Electricity Committee 
as well, for example with respect to voting and the voluntarily nature of the work51

• 

The Electricity Committee does not have operating independence, as the 
Municipality is the legal owner of the electricity grid. 

The Committee's first objective is taking care of the electricity supply to the 
households. 

The Committee is a responsible organisation, as the income it receives is all 
invested in the electricity system. The larger part of the income is invested in 
maintenance and the rest in the organisation. The members of the Committee are 
however not paid. The Committee takes decisions on activities they would like to 
execute. Selling electricity to the system of Norte-Penas is one of these activities. 

No information was found on setting and reaching targets. 

The members of the Committee are each year chosen democratically in a general 
assembly of the electricity users. This will be explained in one of the following 
sections. This means that at least the leadership is dynamic in the sense that each 
year other members of the communities are able to change and improve the 
situation with the support of all electricity users. The Committee always strives to 
improve the situation, as they want to be acknowledged as a co-operative. They also 
want to expand the system. 

49 Expert on region; J.C. Guzman, 2003, Lonely Planet Bolivia, 2001 
so INE, 1999 
51 J.C. Guzman, 2003 
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5.11 . 4 Desired situation: effective institutional structure. 
The desired situation is that one or several implementing agencies exist which 
contribute to the implementation and functioning of an electricity system and check 
on each other's functioning. 

In this case sufficient agencies initiated and implemented the project. The 
Communal Organisation seems sufficiently well organised to take the lead in 
maintaining the system. The Committee takes a lot of responsibility, its main 
objective is to maintain the current electricity system, and leadership is dynamic 
and democratically chosen. The Municipality is controlling the functioning of the 
Electricity Committee by controlling the user charges and the admission of 
communities. This means the functioning of the system is being controlled. Good 
governance is a required aspect of institutions to be effective. In the next section 
bad behaviour of the members of the Electricity Committee is discussed. No 
evidence of bad behaviour in the functioning of the Committee was found. On bad 
behaviour of the Municipality or distributor no data was collected. As they are in 
fact powerful organisations within this system, good governance within these 
organisations is very important. 

Whether the Committee would also be able to function well with more 
responsibilities, for example owning and maintaining the grid, is impossible to say 
at this point. The members of the Committee are capable of organising everything 
now, but more tasks might lead to confusion and necessity of hiring professional 
persons to execute tasks. This question was also posed by J.C.Guzman (2003), who 
indicates that these writers also posed that there is a limit to the capabilities of the 
members of the Committee. 

5.12 Benefits of community involvement 
Community involvement within the electricity system is obviously very important 
when considering the administration and organisation. In this section the 
functioning of the system will be analysed in depth according to the operation of the 
system, the training and education of the consumers and the local capacities. 

5.12.1 Operation of the system 
Within this section different aspects of the operation of the system concerning the 
functioning of the system will be analysed. The source of data is the questionnaire 
on technology and organisation taken from the President of the system, if no other 
source is mentioned. 

Function and Tasks of the Electricity Committee 
The committee consists of 6 people. In Table 18 the function and main task of each 
of the members is mentioned. Unfortunately the time spent on their tasks could not 
be found out. 

Table 18: Tasks of Committee members 

Function Task 
President Administration 
Vice-President Administration 
Secretarv Receive and Re~ister forms 
Treasurer All fmancial/ economical tasks and 

administration 
Communicatio Communicate things through (to 
n assistants members/ communities) 
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Source: Questionnaire on technology and organisation taken from President of the 
Electricity Committee 

Election52 

Each year the members are selected by means of an election by the general 
assembly of the inhabitants of all communities. When persons are elected they are 

. immediately coupled to one of the functions. Normally a person will only be chosen 
for one year. The criteria for choosing a specific person are unknown. 

Contact with distributor 
The contact with the distributor is said to be good. The members of the Committee 
have contact with Huari, which is the distributor of the system, rather than ELFEO 
the regional distributor. This contact only consists of receiving and paying the 
monthly electricity invoice. The Committee says that negotiation with Huari is 
possible, but unnecessary. The price of electricity is always determined by Huari at 
the beginning of the year, and only recalculated from U$ dollars to Bolivians each 
month. 

Bad behaviour in management 
There were cases of bad behaviour of the management of the Committee in the past, 
but currently there are no problems. It was stated in the interview that law 
guarantees protection of the users against bad behaviour. When the legal aspects in 
the section on political determinants will be discussed it will become clear that the 
system is not formally legal, however, so the law cannot be enforced and law cannot 
protect the people. 

Satisfaction of people with execution of tasks of Committee 
People seem to be satisfied with the performance of the Committee because they 
have the right to complain, but they haven't used this right until now. This data 
originates from the questionnaire completed by the President of the system, so it 
cannot be seen as completely unbiased. 

Establishment of new Committee members 
The knowledge from the former Committee is transferred to the new Committee 
through reunions. 

Participation in different levels of system installation 
No information was gathered on this issue. 

Participation in comiilunal organisation 
The people are willing to co-operate in the operation and organisation of the system, 
because organising and administering the system ensures the continuity of the 
system. Originally the households of several communities set the first step in 
organising access to electricity for their communities. For this reason they are very 
motivated to keep the system functioning and seem aware of the consequences of 
not participating. 

5.12.2 Planning, training and education of consumers 
No information was gathered on the training and education of consumers. It is 
unclear whether training and education are necessary. 

52 J.C. Guzman, 2003 
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5.12.3 Local capacities 
There are definitely people in the communities that have the capacity to lead the 
Electricity Committee, because the system has remained functioning since 1992 by 
means of a yearly elected Committee. The President of the system argued the 
following: the people in the committee are not highly educated through school, but 
they have other capacities and were elected democratically. 

5.12.4 Desired situation: community involvement 
The desired situation is that community involvement be high, because this has 
several benefits, for example motivation to continue the functioning of the system 
and building up a form of independence through capacity building, as well as the 
ability of the community members to check the performance of the Committee. The 
community involvement within the system is high, considering the functioning of 
the system through community management since its inception. Organising 
communal gatherings to inform all users of the system seems to add to the 
understanding of the people who are not even directly involved in the organisation 
of the system. Most people have a good understanding for example of the details 
expressed in their monthly electricity bill. The electricity users are able to complain 
about the performance of the Committee. Whether they have good insight in how 
well the Committee executes its tasks remains difficult to estimate. As explained 
above the Electricity Committee is heavily dependent on other organisations for the 
controlling of their fmancing and supply of the electricity. As already explained, this 
builds in safety, because the Committee is controlled financially. On the other hand 
the Committee is less independent. Independence is often also seen as an important 
aspect of an implementing agency because it reduces the influence from other 
agencies with other objectives. 

The activities executed by the Electricity Committee imply that there is little need to 
stress the necessity of community involvement. Managing the system more 
independently, implying more power for the Electricity Committee relative to other 
organisations, seems a better future objective to strive for. 

5.13 Political/legal determinants 
In these sections the political and legal determinants of the sustainability of the 
system will be analysed. The following three indicators were found to be important 
when analysing these determinants: prioritisation of areas, political interference 
and the legal frameworks and standards. These three indicators are all part of the 
factor "dealing with the political dimension" which Barnes and Foley and the 
ESMAP discovered to be important. 

5.13.1 Prioritisation of areas 
In the department of Oruro the Municipalities are prioritised by the Prefecture 
according to the necessity of obtaining access to electricity. This prioritisation was 
constructed in order to implement rural electricity systems after setting the 
departmental objectives of the national PLABER programme (see appendix D). The 
prioritisation, and the criteria used to set this prioritisation can be found in 
Appendix Q. 

5.13.2 Political interference 
Political interference can occur at different levels. The tasks of the Municipality of 
Challapata have already been explained. 

The Prefecture decides on prioritising the Municipalities for new electricity projects. 
They can also decide on initiating and implementing new electricity systems. The 
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prefecture for example also financed part of the SHS project in the Municipality of 
Pazfl.a, which was described earlier. However, the prefecture does not seem to be 
involved in the Huchusuma-Peflas electricity system. 

The national politics seem only to be involved through application of the Electricity 
Law, thus not directly through regulation of the functioning of the system. 

5.13.3 Legal Framework and standards 
The legal framework of the electricity sector .is the electricity law of 1994 that was 
formulated after the privatisation of the electricity sector (see appendix C) . ELFEO is 
the largest distributor in the Oruro department. A discussion on the companies 
involved in the sector can be found in appendix B. The concession area, to which 
ELFEO legally is obliged to supply electricity, ends at a point very near the former 
mine Avicaya, which is situated close by the road to Oruro at about 30 km in that 
direction. (See the map in the previous chapter) The Huari beer factory, which is the 
supplier of the Huchusuma-Peflas system, is not an official distributor with 
concession area. 53

• ELFEO has responsibility to the point at which Huari buys, and 
from there the system falls outside the law, and outside the supervision of the 
superintendence. This results in two big disadvantages. As the system is not legally 
recognised, the people or electricity committee cannot complain in accordance to 
the law, should this be necessary. Furthermore, some applications of the Electricity 
law (section 29 and 30) are interesting for a rural electricity system in general and 
also for this electricity system. Two examples can be given under these sections: a 
legal supplier has the obligation to supply through a three-phase line, whenever the 
customers need this. Furthermore maintenance is included which means that, for 
example, the distributor when necessary replaces transformers, which are 
importaht and expensive parts of the system54

• 

Another aspect of the system is the fact that the Municipality is owner of the grid. If 
no legal concession holder is involved in a rural electricity project, it falls outside 
the law. 

5.13.4 Desired situation: political determinants 
The desired situation argued by Barnes and Foley is that Governmental institutions 
do not interfere substantially with the implementation and functioning of electricity 
systems. Government should leave the organisation to independent implementing 
agencies to ensure that political objectives do not interfere with the electrification 
objectives. 

· In this case the Municipality is involved substantially because of making decisions 
on for example the income of the Committee and the admission of other 
communities. The Electricity Committee is therefore dependent on the Municipality. 
This was already discussed before. 

The legitimacy of the electricity system is also an important objective. The system 
should fall under the Electricity Law in order to be able to make use of some of the 
applications of this law described above, as well as that the people can be protected 
against bad behaviour of the Committee or other involved institutions as described 
under the heading of organisational factors. 

53 Prefecture of Oruro, 2003 
54 Based on conversation with Bolivian electrical engineer 
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5.14 Financial determinants 
The following five factors originating from the discussion of Barnes and Foley and 
the ESMAP are discussed here: cost recovery, charging the right price for electricity, 
lowering the barriers to obtain a supply, securing financing for investment, 
reducing construction and operating costs. These factors cover the most important 
costs involved in a rural distribution system. This section gives a more detailed 
discussion of the factors involved in the costs of the operation and maintenance, 
but generating and transmission costs are only mentioned incidentally. 

5.14.1 Cost recovery 
Cost recovery as described by Barnes and Foley implies that operation and 
maintenance are paid for during the functioning of the system. Some data were 
collected on the operation and maintenance costs, however enough data to make an 
estimation of the cost recovery could not be found. By J.C. Guzman (2003) 
estimation was made to discover the costs of operation and maintenance, based on 
figures of which the source was unclear. Therefore these are not used. Even if the 
exact data are unknown, the costs are covered, because electricity has been 
continuously supplied since 1992. This means the monthly electricity invoice is 
paid to Huari. 

5.14.2 Charging the Tight price for electricity 
Tariff structure 
All the connected households pay at least 14,20 Bs (= U$1,79) per month to make 
use of 30 kWh. This is built up of 11,20 Bs for electricity, 2 Bs for losses and 1 Bs 
to return the form and payment to the Committee. This is the standard tariff. Some 
communities charge more to save up for maintenance. The majority of the 
households do not reach the level of 30 kWh that they are allowed to use. If they 
exceed the limit of 30 kWh per month the households have to pay extra for each 
kWh. The price that has to be paid when exceeding this 30 kWh is lower than the 
actual electricity price. This leads to the situation that the large group of small 
users pays to maintain the system because they are paying for more electricity than 
they are using, while the small group of large users are paying less per kWh55

• 

Realistic tariff level 
The tariff level is based on cost recovery and not on whether households are able to 
pay for the tariff. As already explained there are households that are not able to pay 
for tariff. The tariff also takes into account operation and maintenance costs, 
therefore it can be said to be realistic in that sense. 

The tariff level can be compared to the tariff level of the ELFEC for rural 
households. ELFEC is the distributor of the Cochabamba Department, and is 
comparable to ELFEO the regional distributor of Oruro. 

55 J.C. Guzman, 2003 

50 



Design of a methodology to determine ex-ante the sustainability of rural electricity systems 

Table 19: Tariffs per month for rural electricity households in Cochabamba 

Electricity use Fixed tariff (Bs) Variable Tariff range (Bs.) 
(kWh) tariff 

(Bs)/kWh 
8-20 10,407 0,150 11,608-13,407 
21-120 10,407 0,445 19,415-63,807 
121-300 10,407 0,528 7 4,295-168,807 
>300 10,407 0,520 >168,807 
Source: Official ELFEC data obtained through Energetica 

From the data in this table it can be concluded that for consumers using less than 
20 kWh/month this tariff is favourable, but not dramatically. 

Service cut-off for non-payment 
The electricity will be cut off after three months of non-payment. Before this 
deadline the household has the opportunity to pay its debt and 5 Bs extra for each 
month of non-payment. Not paying for three months means a household will be 
charged 25 Bs. (=US$ 3, 1) extra for reconnection. These strict rules are not often 
applied was stated by the President. 

Participation in decisions of payment 
No information was found on whether participation takes place in deciding on 
payments and tariffs. Huari decides the electricity price. The Municipality controls 
the Committee's income and therefore also that of each community, because the 
Committee's income consists of the sum of the incomes of all communities. It seems 
there is not even much room for participation in decisions of payments. 

5.14.3 Lowering the baniers to obtain a connection 
Connection fee 
The average connection fee paid by the households was 1085 Bs (= US$132). The 
number of years that a family needs to pay back the connection fee, by saving the 
costs involved in using other energy resources, is 8. 75, when using the figure 
calculated under the heading of ability to pay. (132/ 15.6 US$). The connection fee 
for rural inhabitants connecting through the main supplier (ELFEO) in the 
Cochabamba department is 820 Bs (=US$ 103). In the Santa Cruz department the 
connection fee is much higher, namely about US$.450. The rural grid coverage in 
Santa Cruz is probably therefore much lower than in the other departments. 

The connection fee is important when comparing to the income. As there were no 
exact figures on the income, as described in the section on ability to pay it is 
difficult to argue whether the families are easily able to pay for this fee. The income 
of the people without grid connection seems to be very low, when considering for 
example the size of land they cultivate and the number of animals they possess. It 
can be argued therefore that the wealthier families already have access to 
electricity, but as already explained before; families exist that are not able to pay for 
electricity. 

Credit mechanism 
No information was found on this issue. It would be very interesting to know 
whether the families with grid connection could pay for the connection by means of 
a credit mechanism, and whether this would be a possibility for other families as 
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well. Spreading the connection fee through several years would definitely enlarge 
the possibility for the poorer people to get connected. 

5.14.4 Securing financing for investment 
As already mentioned, the distributors of the Bolivian electricity sector are not very 
willing to invest in the rural sector. Private and public fmancial resources have to 
be combined to be able to secure fmancing for investment. The government tries to 
stimulate private investment, especially in rural areas. This remains very difficult. 
In this case the distributor didn't invest in the electricity system either. The families 
who contributed by means of paying a connection fee are the private investors. The 
Municipality invested in the distribution network. So, in fact, in this case the 
fmancing was secured by means of private and public investment. 

5.14.5 Reducing construction and operating costs 
The reduction of construction and operating costs depends on the use of materials, 
and the appropriate technology for a given situation. The construction costs of a 
rural electricity project in general are dominated by high voltage, long distance 
lines. As already discussed, these were not studied in depth. The operation costs 
are dominated by the expenditures on maintenance and the salary of the 
technician. It seems there is not much possibility of reducing costs, because the 
salary is normal, and the maintenance costs mainly consist of equipment and 
travelling expenditures of the technician. As the Electricity Committee itself is not 
paid, there are not many cost saving possibilities it seems. 

Design for small loads 
With the exception of five communities that are situated close by the connection of 
the system to the main grid, all communities are connected by a single-phase line. 
This is the cheapest solution to supply electricity to rural areas. As explained in 
appendix H under the heading of technology, three phase systems are more 
expensive, because of the use of more materials. Single Wired Earth Return (SWER} 
is also an option, but was not applied in this system. This technology normally 
provides a cheaper way to connect rural inhabitants, because less material is 
required. Whether it is possible to apply depends for example on the type of soil. In 
appendix H on the determining factors a better description of the technology is 
provided. Whether this would be a better solution in this case is difficult to say, 
because no detailed technological analysis was done. 

5.14.6 Desired situation: costs 
The desired situation for the costs is that the people together are able to pay for the 
costs involved. As already explained the · construction costs involved in the 
generation and transmission were not taken into account, which already makes this 
analysis less complete. It _can be assumed that the families with a grid connection 
covered for a part of the construction of the distribution network. It is very unlikely 
though that they paid for the construction and transmission of the high voltage 
network. To be able to make a comparison; in Zomers the average calculated costs 
per grid connection were US$1200 if generation and transmission facilities are not 
taken into account. When taking these into account the costs were US$ 1900 per 
connection. Third parties are therefore necessary in rural electricity projects. 

The operation and maintenance costs have been covered for years. This is very 
positive and the value of it should not be underestimated, as this is normally one of 
the largest problems in rural electrification projects. 
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The tariff level can be balanced better between the smaller and larger users, as well 
as that also in this case legitimising the system is appropriate because the tariff 
level can be adjusted to the tariff level used by official distributors in rural areas. 

The Municipality and Huari decide on the payments, without the users 
participating in this. This can be related to the already discussed issue of more 
independence of the Electricity Committee in the future. 

The average connection fee seems to be high. A credit mechanism, which spreads 
the costs over several years, would be useful, but no information was found on this 
possibility. The desired situation is an average connection fee that all people are 
able to pay for with or without credit. 

Government seems to be stimulating investment in the rural electricity sector, 
which is positive. About the effects of this stimulation not much can be said. 

Reducing costs is very important, but because there was not much precise 
information on costs involved in the construction and operation available, it seems 
difficult to give recommendations on this. The desired situation is of course to lower 
the costs as much as possible. 

5.15 Selection criteria for investment 
The ability to pay and willingness to pay that are also selection criteria were already 
discussed under the heading of de~and. 

5.15.1 Bundling services 
The electricity project was not coupled to the introduction of other services, such as 
for example a water supply system. 

5.15.2Access to markets 
Most people that have a sufficient production to sell their product will go to the 
weekend market of Challapata. Depending on where people are living it can take 
three quarters of an hour until about 3 hours when being able to use public 
transport for a part of the journey. In the weekend more public transport is 
available to provide for the demand of the rural dwellers. People even travel to 
Oruro to sell their products, which is situated at 1,5 to 2 hours by public transport 
from Challapata. 

5.15.3 Number of companies 
The beer-producing factory "Huari" is one of the largest companies situated in the 
region. Most people are small farmers or work in the mining sector, which does not 
specifically result in large industries that could be large electricity consumers. 

5.15.4 Desired situation: selection criteriafor investment 
The desired situation described by Barnes and Foley and the ESMAP implies 
implementation of a rural electricity project simultaneously with introduction of 
other services. When families have easily access to markets this is also seen as 
positive selection criteria, because people will be stimulated to enlarge their 
productivity and therefore enlarge their electricity use. This makes a project more 
viable. Furthermore the number of companies that will buy electricity adds to the 
probability of initiating a rural electricity project because companies are likely to 
use more electricity than households. Furthermore people have to be able and 
willing to pay for electricity. 
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The data from this research imply that there were not many reasons for selecting 
these communities to implement a system. Only the ability and willingness to pay of 
the people actually contribute positively to the selection of these communities. This 
stresses the motivation of the people to improve their situation because without 
their tenacity there wouldn't have been an electricity system, based on these 
criteria. 

5.16 Technological factors 
This section is divided into techno, orga, human and info ware, as explained in the 
section on technology in H. The same division can be found in the 
operationalisation table in J. 

5.16.1 Techno ware 
Grid tension and phases56 

High-tension lines in Bolivia have a tension between 64 KV and 220KV. They are 
always three phases. The medium tension lines are between 6 and 34KV. They are 
used for sub transmission. They can be mono, bi or tri phases, as well as SWER. 
The low-tension lines are of 220 V. They can be mono, bi or tri phases and are used 
for distribution. 

The line that runs from the Avicaya mine to the Huari factory is a medium tension 
line of 25 kV. At Playa Verde the line is divided into the continuing line to Huari and 
a branch that runs into the system. The tension of this line is unknown. The lines 
that run further into the system are one phase, which means they can be either 
medium or low tension. 

People explained that they are not able to use all equipment they would like to use 
because of a lack of capacity. 57 Several times they stated that the one phase grid 
caused this. A grid with three phases increases the capacity, however the one phase 
grid is very unlikely to cause the problem as it is normally used for small loads (see 
appendix H on technology). If there are problems with the capacity of the grid there 
are several things that can cause this, some of the most important ones are: the 
transformers, the conductors and the grid length. 

Transformers and system capacity 
The communal transformers for the single-phase lines have a capacity of 15-30 
KV A. The transformers of the three-phase lines have a capacity of 45 KV A. 
The communities with three phase lines are: Calapaya, Huchusuma-Pmvenir and 
Playa Verde. 

In Table 20 the total average load per average household (W) was calculated by 
summing the multiplications of the average household and the average number of 
equipment per family. 

Table 20: Average load/average household (W) 

Equipment Average load Average number Total load per 
(W) of household/pe 

equipment/family r equipment 
(W) 

Li12:ht 20 3,5 70 
Fluorescent li~ht 40 13/49 10,6 

56 Based on conversation with Bolivian electrical engineer 
57 Questionnaires households with grid connection 
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Radio 

Ironer 
Total average 
load/household 
(W) 

70 
150 
1400 
1000 

0,86 60,2 
0,61 91,5 
6/49 171,4 
6/49 122,4 

526,2 

Source: data on average load: E.llkog et all (2004); average number of equipment per family 
calculated from data of household questionnaires, n=49. 

In Table 21 the communal load is presented. This was calculated through 
multiplying the number of inhabitants (column2) with the total average load per 
average household calculated in Table 20. 

Table 21: Communal load (kW) 

Community ( 1) Number Communal Difference 
of load (kW) (3) with 
inhabitant transformer 
s (2) capacity 

(kW) (4) 
PLAYA VERDE 34 17,9 + 27,l 
PIQUISIRCA 26 13,7 + 12,3 
CALAPAYA 19 10,0 + 35 
CATARIRl 14 7,4 + 7,6 
HUCHUSUMA + 19,2 
PORVENIR 49 25,8 
VUELTA BLANCA 15 7,9 + 7,1 
QUEREZANA + 8,4 
AND AMAR CA 41 21,6 
QUEREZANA + 11,8 
CAHUALLI 6 3,2 
MA CALLO 7 3,7 + 11,3 
TADEO 12 6,3 + 8,7 
HUCHUSUMA + 6,6 
CAHUALLI 16 8,4 
AMA CHUMA 11 5,8 + 9,2 
QUEHUALLANI 34 17,9 - 2,9 
MARCA VI 16 8,4 + 6,6 
APANAQUE 18 9,5 + 5,5 
VILACOLLO 17 8,9 + 6,1 
HUANACOCHI- + 9,2 
CALAMARCA 11 5,8 
VILA COTA 21 11,0 +4 
V. SAN MARCOS 6 3.2 + 11,8 
HUACUYO 13 6,8 + 8,2 
PENAS 61 32,l - 2,1 
Source: Communities and number of households per community from J .C.Guzman (2003), 
data from invoices of April 2003. 
-=Deficit in capacity 
+=Surplus in capacity 
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The communal load can be compared directly to the capacity of the transformers. 
Only for fluorescent lighting 1,5 times the load mentioned has to be taken. 58 This 
implies a ve:ry small difference, as the total load of the fluorescent lights is only 10,6 
KW. This effect therefore will be left out of the calculations. The difference between 
the communal load and transformer capacity is presented in column 4 of Table 21. 
To calculate the difference an assumption has to be made considering the exact 
transformer capacity of each community. Only Penas and Quehuallani are troubled 
by a lack of capacity, which implies that the transformers of the other communities 
have at least enough capacity to provide the needed load. The assumption is made 
that the communities charging the grid least will have transformers of the smallest 
capacity, which is 15 KVA. Smaller loads are defined as loads smaller than lOkW. 
The other communities are assumed to have a transformer of 30 KV A. By making 
this assumption the overcapacity of the transformers in these communities might 
be underestimated. 

From this table it can be concluded that there are communities working with a 
large overcapacity. The communities use transformers with a capacity double as 
much as necessa:ry are: Playa Verde, Calapaya, Catariri, Querezana Cahualli, 
Macallo, Tadeo, Amachuma, Huaflacocho-Calamarca and San Marcos. This means 
that the number of households connected in these communities could at least be 
doubled before reaching the limits of the transformer. As proved here, the 
transformers have an overcapacity which means the lack of capacity is not caused 
by the transformers. 

Losses of power 
Losses of power are caused mainly by a lack of capacity of the transformers, large 
distances or the current and conductors that are not rightly adapted to each other. 
Within this electricity system iosses exist because the electricity consumers have to 
pay an equal share of the losses, namely the price of 5 kWh. 

In the previous section it was shown that the transformers at least have an 
overcapacity, which means they cause fewer losses. Whether the conductors have 
enough capacity is unknown. In appendix R on capacity problems, it is explained 
that each type of conductor can only manage a certain current. Current and 
conductor therefore should be adapted to each other. It is unknown whether in this 
system they are adapted to each other because no information could be collected on 
the conductors. 

The capacity problem therefore remains unsolved. A suggestion done by an expert is 
that people are not able to use their equipment, not because of a capacity problem, 
but because of voltage drops caused by distance. Voltage drops can make it 
impossible for equipment to function. This is therefore the most likely explanation, 
but an analysis of the technology of the system is necessa:ry to be certain. 

Materials 
The most expensive materials pointed out by the technician of the electricity system 
are the points of transformation. To give an example, a 10 KV A transformer will cost 
about 1000 US$ in Bolivia. When a certified distributor supplies an electricity 
system, the distributor is obliged by law to pay for the maintenance and all 
materials involved. As already explained the system is not legal and therefore the 
users are probably paying for all materials. It can be assumed though that the 

58 www.stayonline.com 
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distributor calculates the costs of materials and maintenance in the price of 
electricity of the users. For the Electricity Committee and the users it will probably 
still be more economic and efficient if the distributor handles the materials and 
maintenance because a distributor is probably more experienced and can buy in 
bulk, which is cheaper. 

5.16.2 Orga aware 
Distance to the grid 
The distance of households to the grid is important, because a larger distance 
means that more materials have to be used. This implies that more costs are 
involved. The average distance of the households to the grid was impossible to 
calculate. The connected communities would never be situated at a distance larger 
than 2 kilometres, and normally less than half a kilometre. 

Connections per kilometre 
The investment per user becomes lower when the number of connections per 
kilometre increases, because the costs of most material for generation, transmission 
and distribution can be spread through more users. In rural areas normally the 
number of connections per kilometre is low, because less people live there then in 
urban areas. Whether the number of connections is low, is country or region 
dependent, because different standards are used in countries, because of the 
differences in population density. 

In this case about 1 7 persons per km grid are connected. Compared with Brazil 
where there are 2 consumers per kilometre in rural areas, and Costa Rica where 
there are 9 consumers per kilometre, this is not low59

• 

5.16.3 Hwnan ware 
Local capability 
The main spare parts of the system are imported. No information was found on 
whether tools and smaller equipment is locally manufactured. This means it is 
impossible to draw conclusions on whether the electricity system contributes to 
building local capability. 

Maintenance 
The President of the system argued that the local technician executes his work well, 
because there are no complaints about his work. Furthermore he argued that there 
was not a better way of executing the maintenance. He is the only person being paid 
to execute his work. The committee pays for all materials and the use of his motor. 

It is difficult to estimate whether the maintenance is executed well. On the other 
hand, the technician has been working for several years in the system. This 
indicates that he at least executes his work reasonably well, if not he would 
probably have been sent away. As he is the only person with a salary, he should 
work reasonably well. The technician executes his work by means of a motor. This 
seems the most appropriate manner of transport. When an emergency occurs he 
has the possibility of transporting himself fast. A car is much more expensive, so 
therefore this is not the best option. 

59 Foley, 1990 
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5.16.4 Info ware 
No further documentation was found on the technological part of the system. To be 
able to judge better on the capacity of the system some documentation on the 
conductors had to be found. 

5.16.5 Desired situation: technologicalfactors 
The desired situation is that optimal material is used to serve the users of the 
system as efficiently as possible, which means losses are low and capacity is 
sufficient. 

The capacity of the transformers in general is too large, which means the 
transformers are not being used fully. Larger transformers are more expensive, 
which means overcapacity is not recommended. The distance between the different 
communities and the main grid or principal meter, result in losses, which decrease 
the efficiency of the system and increases the costs of electricity per kWh for the 
users. The distance probably also causes voltage drops that result in the inability to 
use productive, electrical equipment. This problem has to be considered related to 
the desired situation of demand. As already explained, people should be able to 
increase their demand, especially for making use of productive applications. 
Increasing productivity will lead to development. According to the complaints of 
some of the families currently the electricity system does not seem to be able to 
supply for all demand. This is a very serious deficit of the system, as it may hamper 
the development of the rural inhabitants. 

The electricity users are currently paying for the materials and maintenance. 
Formally the distributor pays for these costs and probably calculates them in the 
electricity price that has to be paid by the users. It is difficult to draw definite 
conclusions but probably it will be more economic and efficient when the 
distributor handles the materials and maintenance. 

The maintenance seems to be executed efficient and reasonably well although it is 
impossible to draw hard conclusions on the maintenance, as the persons who were 
asked about it are members of the Committee, which means their answers are 
probably biased. 

The number of connections per kilometre seems to be reasonably compared to 
Costa Rica and Brazil of which data was available. The average distance of 
households to the grid was impossible to calculate exactly and no reference data is 
available. 

A technological analysis should be done to draw better conclusions on which parts 
of the system cause the main losses. 

5.17 Social factors 
5.1 7.1 Important behaviour and beliefs 
The communal bond in the altiplano area seems to be very tight. This originates 
from the traditions of the Aymara and Incas. The community involvement and 
organisation are the main reasons why the system remains functioning. 

Most persons also seem motivated to change the situation they are living in. It is 
very probable that access to electricity contributed to this motivation, but most of it 
owes it to some sort association with their character or culture. 
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5.1 7.2 WUlingness to maintain the system 
The communities are very motivated to maintain the system. This can be deduced 
from the following facts: 
• Maintenance is done by a technician hired by the Committee; 
• Money from the households is collected to be able to pay for maintenance; 
• The Committee executes its work voluntarily. 

5.17.3 Consumer satisfaction 
Most households were positive concerning the following issues: 
• Children can study during the night; 
• During the night it is possible to execute activities as listening to radio, watching 

television and participating in reunions; 
• The communities have been appreciated more after electrification by their 

inhabitants. 

Most households were unsatisfied about productive opportunities. Some are willing 
to irrigate or purchase a water pump, but are unable. In this case there are two 
main reasons for this that were already mentioned, namely the inability to purchase 
them because of a lack of fmancial means and the assumed voltage drop which 
causes the electrical equipment to hamper. 

5.1 7. 4 The desired situation of the social factor 
The beliefs and behaviour stimulate electrification. People are willing to maintain 
the system and are in general satisfied about the system. The only social aspect 
that has to be improved, but has been discussed earlier as well, is the lack of 
productive possibilities in the local area. 

5.18 Environment 
5.18.1 Health 
Most households are satisfied with the effect of electricity on their health. They say 
it improved air and hygiene in the houses. Some households also said it contributed 
to health services. Others refuted this because the health services remain at the 
same distances and it is very hard to get there. 

5.18.2 Influence of system on region 
It is unclear what the exact influence is of the system on the region. One of the 
things that can be beneficial later is using less fuel wood. Currently people continue 
to cook on wood instead of electricity or gas, but in the future this might change. 

5.18.3 Desired situation of the environment 
The desired situation of the environment is that the system doesn't deteriorate the 
state of the environment and that the environment facilitates the system now and in 
the future. It is positive that the individual environment is improved. Probably the 
emissions of the traditional fuels that were used by the population are worse for the 
environment than the emissions caused when generating electricity. One third of 
the electricity is generated by means of hydropower (see appendix B). The other two 
thirds are generated by means of conventional energy resources. 

The full influence of the system on the environment is not clear though, so an 
environmental impact analysis should be executed to be able to judge whether the 
system will be able to function in this way in the future, without deteriorating the 
environment. 
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5.19 Summary of results and conclusions of the case study 
5.19.1 Needs 
From the results it can be concluded that there definitely is a need for electricity. 
When assuming that the economic and social situation of the households with and 
without grid connection is comparable, data on the percentage of households that 
use electricity and that need electricity can be compared. This leads to the 
conclusion that there is a slightly larger percentage of households that need 
electricity than that there are households that use electricity. The most plausible 
reasons for this gap between the households that need electricity and whose needs 
are fulfilled are the lack of financial means of some of the households and their 
geographical location, which can make it difficult to extend the electricity grid. 
However, the exact reasons for this gap are uncertain because they haven't been 
studied. 

5.19.2 Demand 
Demand has been growing because the number of households connected to the grid 
has been growing. On the other hand the productive demand has not been growing 
while this should increase income and raise the living standard. Increase in 
productivity is directly connected to development. There are three possible reasons 
that can cause the productivity to stagnate. First, the technology is not appropriate, 
which results in an inability of the system to supply the necessary electricity. 
Second, the rural inhabitants are not able to invest to increase their productivity. 
Last, there is no demand for the products that the rural people are able to produce. 
It is impossible to say which of these three factors or what combination of these 
factors causes the stagnation of productive demand for electricity. Most families 
without a grid connection are very willing to pay for a connection. This stresses also 
the priority they give to electricity, although this was not explicitly asked in the 
questionnaires. The families with a grid connection are also very willing to pay, even 
if power shortages exist. When studying the ability to pay, it can be concluded that 
not all people are able to pay for an electricity connection. Although the population 
seems to be homogeneous when considering the economic productivity and culture, 
there are still differences in income and fmancial possibilities. At the moment 
therefore it can be said that there is not a fmancial system, to support the families. 
This will be discussed below, when the conclusions on the fmancial factors are 
drawn. 

5.19.3 Organisational and institutionalfactors 
The main organisation involved in the electricity system is the Electricity 
Committee. In general this organisation is functioning very well. Examples of this 
are the yearly election, dynamic leadership and the absence of cases of bad 
behaviour. On the one hand this organisation takes a lot of responsibility and 
executes many organisational and administrative tasks well. A characteristic of the 
communal organisation is therefore good governance. Based on this the Electricity 
Committee should be able to function independently. On the other hand, as the 
Committee members are executing their tasks voluntarily and without payment, all 
of them have to work beside their Committee membership. Therefore there is a 
limitation to the work they are able to execute. Furthermore the members are not 
educated in for example fmance, administration or technology. To be able to 
execute other tasks and be more independent, education is important. Within the 
current organisational structure it seems impossible to make the Committee more 
independent. On the independence of the Committee, more will be elaborated in the 
following section. Community involvement, which is very important, is present in 
this system because the electricity users are involved through meetings and for 
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example the election. The financial organisation of the system is controlled by the 
Municipality, which means the local people can be less concerned about this. 

About the other important actors in the system not much information was found on 
their functioning. They were not studied in depth. Therefore it is impossible to draw 
conclusions on for example the functioning of the Municipality and the distributor. 

What can be said about the distributor is that the electricity supply is dependent on 
the willingness of the distributor to supply it. The distributor therefore takes a 
special role, because it is unclear what exactly is the motivation to supply the 
electricity and whether this motivation will last for an indefinite time period. 

5.19.4 Political and legaljactors 
The conclusion on the interference of Governmental institutions is that the 
Municipality should be less involved, because political interference always 
influences the project in the direction of the current political party. An electricity 
system should be free from this influence. On the other hand, as described in 
chapter 3, financing of rural electricity projects is almost impossible without 
Government assistance. This actually indicates that some interference of 
Government is necessary, but its influence on the functioning of the system should 
be as low as possible, because implementing agencies whose objective is to enhance 
rural electrification are able to execute this work better. Since the sector has been 
privatised government has been realising that rural electrification has to be 
stimulated in one way or the other, because of the lack of profit opportunities that 
have been discussed in previous chapters. So it seems hard to say whether 
government, even in a privatised sector, can be less involved. Furthermore this 
electricity system has already been functioning since before the privatisation, which 
makes it more difficult to reduce the government interference, because the 
Municipality is the legal owner of the electricity grid and is involved in some of the 
procedures. It is difficult to say if the system would function in the same manner 
without participation of the Municipality. It seems useful that the Municipality 
controls some of the procedures, because the Committee members cannot be 
tempted to abuse their position. So, even if in general government interference in 
rural electricity projects is not always positive, in this case it seems necessary or at 
least for some time to come. If an independent party can be found that is able to 
execute the control on the financing and administration, and if the ownership of the 
grid can be transferred as will be described below, then government interference is 
no longer necessary. 

Furthermore the ownership of the grid by the Municipality is illegal, because the 
Municipality is not a concession holder. The same holds for Huari, which is an 
illegal distributor of electricity. The electricity system therefore falls outside the 
Law. The Superintendence is therefore unable to assist when for example 
maintenance is not executed well or cuts in electricity continue for a long time. 
Other benefits of being supplied by a registered distributor are controlled prices, 
and maintenance, which has to be executed by them. 

What can be concluded after these two sections is that organisationally there are 
some conflicting aspects. On the one hand, literature says that realising 
independence of the implementing agency, in this case the Electricity Committee 
should be strived for. The Committee contributes much to the functioning of the 
electricity system and therefore independence seems a logical aim. On the other 
hand the Municipality is involved strongly in the organisation of the system. It does 
not seem recommendable to let the Committee take over these tasks at once. 
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Furthermore, even if another party would take over the Municipal tasks, the 
Committee would not be less dependent. For the moment the situation is not 
problematic and seems to be stable. In the future changes might occur in the 
relations between the different actors, which can lead to more or less independence 
of the Committee. 

5.19.5 Financialfactors 
The costs involved and who pays for them is not completely clear, therefore no 
complete cost benefit analysis could be done. However, it is clear that cost recovery 
of operation and maintenance is realised. This is important, because if this is not 
realised in the longer term, the system will not be able to continue to function. The 
costs of generation and transmission though, could not be taken into account while 
these cover most of the costs involved in rural grid extension. It can be concluded 
that the rural population itself is not able to pay for these costs. Therefore other 
parties have to be involved in projects. 

The tariff structure is disadvantageous to the poorest people because they have to 
pay for electricity they are not using while the wealthier households pay a lower 
price for the electricity they additionally use. Furthermore Huari and the 
Municipality decide on the tariff, which makes the Committee again more 
dependent. 

The connection fee seems to be high compared to other expenditures, but it is 
impossible to draw exact conclusions, as the income of the rural people is 
unknown. It can be concluded though that the connection fee represents one of the 
largest barriers to households, especially if no credit mechanisms are involved. 

Because of the large distance between the communities and the central meter there 
are mariy losses, which increase the costs of electricity per kWh. 

5.19.6 Selection criteriafor investment 
The selection criteria that usually can be applied in a research did not seem to be 
very useful to investigate in this research. The aim of this research is to bring 
electricity to promote development at large. Posing selection criteria to a project will 
definitely lead to a division of individuals or communities that can and other that 
cannot meet those criteria. It is therefore very obvious that when considering the 
aim of this research, posing selection criteria is not important. 

5.19. 7 Technological factors 
The capacity of the transformers in general is too large, which means the 
transformers are not being used fully. Larger transformers are more expensive and 
over-capacity leads to additional losses. Therefore the current situation is not 
sustainable. 

When discussing "demand", the issue of the rural inhabitants not being able to fully 
use the electricity for productive purposes was introduced. According to them the 
one phase grid of the system causes this. If this would be the cause, making the 
grid three phases could solve the problem. The problem is probably not caused by 
the grid phase, as a one-phase grid should easily be able to serve a group of rural 
inhabitants, as their demand is not high. 

A Bolivian electrical engineer suggested that the conductor that is not adapted to 
the current causes the lack of capacity. This could not be investigated properly as 
the current and deduced from this the necessary conductor could not be traced. 
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Another reason for being unable to productively use electricity is a voltage drop 
caused by the distance. Changes in voltage can damage machinery. However, no 
hard conclusion can be made on the causes. 

5.19.8 The social.factors 
It can be concluded that most of the investigated social factors contribute to a 
sustainable electricity system. The rural inhabitants' culture and belief lead to 
community involvement, which is, as already explained essential for the functioning 
of the system. The people are very willing to maintain the system, which can be 
seen for example in voluntarily working in the Electricity Committee. The electricity 
users are satisfied with the system, when considering for example the possibilities 
of children fmishing their homework during the night, possibilities for reading or 
listening to radio and participation in community reunions. A negative social
economic aspect, which was already discussed, is the lack of possibilities for 
productive use of electricity. 

5.19.9 The environment 
The air in the houses is improved. The impact of the system on the wider 
environment is unclear. 

5.19.10 Sustainability of the system 
The factors contributing positively to the sustainability of the system are the 
following: 
• The motivated organisation 
• The cost-recovery of operation and maintenance 
• The growth of demand and willingness of people to pay for a grid connection 
• The social and cultural factors 

The following factors contribute less positively: 
• The lack of possibilities for productive use 
• The connection fee and tariff structure 
• The illegal status of the distributor and ownership of the system 
• The inability of some households to pay for the connection 
• The limited independence of the Committee 
• The distances and over-capacity of transformers that lead to losses 

Therefore it can be said that the sustainability of the system can still be improved. 
Recommendations to improve the sustainability will be discussed in the following 
section. 

5.20 Recommendations on the case study 

5.20.1 The needs 
An in depth study can be recommended to analyse the reasons for the gap between 
the households that express their need for electricity but will not obtain a grid 
connection when the grid is extended to supply them. It is very important to obtain 
information on the reasons why not all households have the same opportunity of 
obtaining electricity. 

5.20.2 Financial.factors and ability to pay 
The first recommendation is on the investment costs for the rural population. The 
largest financial restriction is probably the connection fee. A credit mechanism is 
necessary that makes it possible to spread the fee over several years. 
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The second kind of recommendation is on the operational costs of the system that 
are unevenly divided. The fmancial situation restricts rural inhabitants to get a grid 
connection. With a cross-subsidy system, that implies the richer people to pay a bit 
more, and the poorer a little bit less, this might be solved. Currently the poorest 
people are sustaining the system, which seems an unfair situation. Cross subsidy is 
a widely applied mechanism and seems a good solution in this situation60

• 

5.20.3 Demand 
There are three issues that can hamper productive demand for electricity of the 
rural population; the technology that is unable to supply sufficient electricity, the 
lack of (financial) resources and the lack of demand for products at the market. 
From this research it did not become clear which of these three issues cause the 
lack of productive demand. Most likely, the cause will be a combination of the three 
issues and will be different for each household. As an increase in productive use is 
very important for development, it can be recommended to study exactly the causes 
of the lack of productive electricity use. The situation considering these issues is 
dependent on differences within the households, therefore a study per household 
can be recommended, for example by means of a household questionnaire. 

5.20.4 Technology 
The transformers having a large over-capacity should be replaced. Transformers are 
very expensive, but can be used for a long time. Therefore it can be recommended to 
trade transformers with other electricity systems. A suggestion is to start a trading 
company for transformers and maybe other material that is widely used by rural 
electricity systems in this area. 

It can also be recommended to conduct an intensive study into the technology of 
the system to discover whether it can supply the needed electricity. Currently only 
suggestions can be made on what are the causes of the lack of possibilities to use 
electricity productively. Furthermore the technology should function as efficient as 
possible, especially because the users are poor people whose ability to pay for 
electricity and deficits is very limited. 

5.20.5 Political and legaljactors 
The legitimacy of the electricity system is a problem. It can be recommended to 
legalise the system by buying electricity from a distributor with concession area. 
This means a private party has to supply the electricity. ELFEO has to be 
contacted. In theory this should not be a major problem, because the end point of 
the concession area can be changed. The line, to which the system is connected, is 
connected to the legal electricity grid. In practice, however, ELFEO will still 
probably want compensation because except for the Huari factory, no major 
industries or cities are connected to this grid. Depending on the law and 
agreements between government and distributors, this can still be a complicated 
matter. 

5.20.6 Organisational and institutionaljactors 
The Municipality has to sell the grid to a distributor with a concession area. This 
will make the Electricity Committee less dependent on the Municipality, although it 
will still be dependent on another party. The functioning of the Electricity 
Committee will probably have to remain the same, as it is hard to imagine that a 
distributor like ELFEO will want to take care of the administration of all users, 

60 NEI, 1996 
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because until now they are not willing to co-operate in rural electrification in 
general. ELFEO is actually already supplying electricity to a close-by rural system. 
This system functions in a similar way when seen from the organisational point of 
view. Therefore this solution seems realistic. 

In exchange for the administration and organisation of the system, the Electricity 
Committee will at least get a fixed price by law and maintenance that is executed 
according to the law. Furthermore if grid of three phases is necessary, it will have to 
be supplied by the distributor. 

5.20. 7 Conclusions and recommendations in a wider perspective 
The legitimacy of the system as described here is a wider problem in Bolivia. There 
are many systems that are supplied by for example a grid owned by a governmental 
institution. This is of course a result of the efforts made to electrify rural 
communities without assistance of the distributors, because the willingness to 
invest in rural electrification remains very low. This is not only the case in Oruro, 
but also in for example La Paz. ELECTROPAZ is the distributor in the Capital and 
urban area, while two smaller distributors supply the rural areas because 
ELECTROPAZ refuses to invest there. 

For government it might be a good idea to study the rural electricity systems that 
exist and search for a solution to make them legal as fast as possible. Forcing the 
distributors to supply to rural areas is only a solution when they can be obliged to 
serve the rural areas because it is part of their concession area. So either the 
concession areas should be expanded or the possibilities of buying electricity from 
other parties as a legal distributor should be enlarged and legalised. 

Currently it also seems as if the electricity systems are on their own, in the sense 
· that they are not involved in a wider framework of electricity systems. When 
considering for example the idea of making a regional market for transformers and 
other construction materials, co-operation between several systems is 
recommended. The Prefecture of Oruro is stimulating rural electricity projects at the 
moment, so this enhances the homogeneity of the systems. To improve the 
understanding of different systems, homogeneity in the organisation of already 
existing electricity systems can be recommended. The system under study can be 
an example for the organisation of other systems, becau,se the people are very 
motivated to sustain the system. Furthermore members of the Committee are 
chosen democratically and execute their job voluntarily. 
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6. Conclusions and recommendations 

This chapter presents the overall conclusions and recommendations. The mayor 
part is concerned with the conclusions and recommendations regarding the 
designed methodology. Section 6.1 describes the main adjustments made to earlier 
approaches towards determining the functioning of community managed grid-based 
electricity systems. Section 6.2 briefly discusses the conclusions with regard to the 
research instrument and field research methodology. This is followed by the 
recommendations in section 6.3. The chapter finalises with indicating future 
research in order to overcome the limitations of the methodology. 

6.1 Methodological conclusions 
The objective of this research was: 

To design a methodology to determine ex-ante the sustainability of community 
managed grid-based electricity systems in the Oruro rural area, based on the 
analysis of a case study of an existing functioning system as well as nearby 
communities without access to electricity. 

Earlier studies focussed on the (fmancial) feasibility or success factors of 
implementing grid-based electricity systems, which resulted in a limited covering of 
important factors. The methodology designed in this study, has the concept of 
sustainability as its focal point. Sustainability is a broader concept that seems to be 
able to reflect the complexity of rural electricity systems. By complexity is meant: 
the number, details of, and relations between the different factors that a rural 
electricity system includes. Sustainability embraces all important factors, namely; 
the needs, demand, social, organisational, legal/political, technological, fmancial, 
and environmental factors. Sustainability in this study is considered to ensure the 
functioning of a rural electricity system for an indefinite time period. 

The designed methodology, with sustainability as a starting point, was tested by 
means of applying it to the Huchusuma-Peiias electricity system. It can be 
concluded that this methodology is suitable to be used for determining the potential 
sustainability of future electricity systems. 

6.1.1 Contribution to rural electricity approaches 
The difference between this approach and earlier approaches can be found in five 
methodological aspects that will be discussed here. These aspects are: 
• Taking needs as a starting point of investigation; 
• Distinguishing the needs from demand; 
• Emphasising the necessity of a well functioning community organisation; 
• Taking the wider environment into consideration during design and 

implementation process; 
• Considering cost recovery also on the long term. 

The needs have to be taken as a starting point because the motivation and co
operation of local people is dependent on the priority that they will give to a need. It 
is therefore important to assess the wishes of local people and the prioritisation of 
these wishes. When the needs are assessed, a project can be formulated and 
implemented according to the needs of the people. The people will then be 
motivated to maintain the project. In this study it was not possible to assess the 
developmental needs, which are the primer needs of the people for goods or 
services. Only the electrical needs, which are the needs to use electricity for certain 
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activities, were assessed. In the ideal case, the electrical needs should be derived 
from the developmental needs. 

Secondly, it is important to make a distinction between needs and demand. 
However, most projects start from considering demand directly instead of first 
assessing the needs. The relation is as follows: needs for a certain good or service 
can result in a demand for this good or service only if people are willing and able to 
pay for it. Therefore, it can be said that only considering demand can lead to not 
taking into account the poorest people. Depending on the defined target population, 
this might not be a problem. However, often the objective of studies is to enhance 
development possibilities, and this counts especially for the poorest. From the 
results of the case study it can be deduced that it is useful to make this distinction 
between needs and demand. A slight difference between the percentage of people 
that need electricity in communities without connection and the percentage of 
people that use electricity in communities with connection was demonstrated. 

In this study, the functioning of the community organisation was analysed in detail 
compared to the functioning of other organisations. The motivation of a community 
organisation is important, as it is closest to where problems in the systems might 
occur. A community organisation stimulates the involvement of the community, 
which has a positive influence on the maintenance of the system. For other 
organisations it is more difficult to motivate people as well as to maintain the 
system. From the case study it became clear that organisationally the system is 
functioning well. The motivation. of the community organisation is large because the 
system is registered and organised mainly by them. Furthermore, the electricity 
system initially was implemented as a result of community initiative. Although the 
other organisations were not investigated sufficiently, it can be said that this 
system could not have been realised and maintained without the commitment of the 
community organisation. 

Moreover, environmental aspects of the system were involved in the analysis. This is 
important because an area will have to be able to sustain a rural electricity system 
for an indefmite period of time. In other studies not much attention was paid to 
this. Unfortunately, the case study only revealed information on health aspects. 
Changing from kerosene, which is mainly used in the traditional lighting, to 
electricity, resulted in a reduction of respiration problems. Although this is an 
important conclusion concerning the direct environment of the individuals, it can 
be concluded that not enough data on environmental aspects was collected in this 
study. 

The last methodological distinctive aspect implies that a system should be 
operation- and maintenance- cost recovering after a certain period of time. In other 
studies, usually cost recovery has to be realised directly or after a short period. This 
distinction results from the fact that the initial costs are often the largest barrier for 
people to obtain a grid connection. If in the initial stage people are able to receive a 
micro-credit provided by government, NGOs or private companies, the barriers will 
be lowered and access to electricity will be available to a much larger group of 
households. People will be able to pay back the initial costs by savings on the 
energy resources they are not longer obliged to use. From the case study it can be 
learnt that there are currently people for whom the barrier of obtaining a grid 
connection is too high. It was also demonstrated that the costs of energy resources 
of a household without grid connection are much larger than the monthly electricity 
expenses in the area. This signifies that people are able to pay for the monthly 
expenses. Therefore, the main financial restriction to obtain a grid connection is the 
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initial costs. It can be concluded that this methodological issue is important to 
include because it will enhance possibilities to obtain grid connection for many 
people. 

6.2 Conclusions on the research instrument 
The previous section discussed the methodology itself and the contributions made 
to existing approaches. This section deals with the actual output of this study, 
namely the research instrument. 

In general, it is concluded that the adaptations made to the research instrument 
can be traced back to two kinds of improvements: 1) those resulting from the 
change between communities with electricity from the case study, to communities 
without electricity and 2) those that result from practical experience. From this 
study it has been learnt, for example, that it is possible to assess the ability to pay 
by calculating the monthly expenses on other energy resources instead of 
calculating the income. If an electricity system is not yet present in an area, the 
following factors are of main importance: the needs, the ability to pay, the 
willingness to pay, the future demand and future spread of the load, the current 
manner of organisation, legal/political, financial, social and environmental factors. 

The adapted research instrument is discussed in detail in appendix S. In addition, 
an improved operationalisation table and questionnaire for households in 
communities without grid connection is presented in appendix T. This appendix 
tackles several practical problems. For example, some of the indicators of the 
determining factors are not suitable to be posed directly to the households because 
they are more related to for example the organisation or finance of the system. 
These are therefore included in an additional guiding questionnaire for a future 
researcher. Moreover, conclusions and recommendations regarding the execution of 
the field research can be found in appendix V. 

6.3 Recommendations 
The methodology adopted in this research was an adaptation of approaches used in 
earlier research and proved to be useful to assess the functioning of a rural 
electricity system. Therefore, it is recommended to use sustainability as a focal 
point in future research on rural electricity systems. However, as the methodology 
has only be tested, it is recommended to continue analysing the methodology and 
make further adaptations and improvements. Below follows a brief list of 
recommendations concerned with the methodological aspects as discussed in 
section 6. 1. 

Concerning the needs, it can be recommended to assess the developmental needs 
first before considering the electrical needs, because it is possible that grid 
connection is not the highest priority of the population. To assess the 
developmental needs , the questions posed to the rural inhabitants should be 
changed. Currently, the questions were posed as follows: If you had access to 
electricity would you use it for lighting/ listening to radio/ watching television and 
on? A wider range of questions should be posed, for example: 

• For which activities do you use water? Can you obtain sufficient water each 
day? 

• What kind of energy resource do you use? For what activities do you have to 
use these energy resources? 

• Do you often make use of the roads? Why do you make use of the road? 
• Do your children go to school? Why (not)? 
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Followed by a comparing question to give the rural inhabitants the possibility to 
prioritise between the different services: 

• If you were to choose, what service would you prefer (drinking) water system, 
electricity system, (better) roads, (better) · education? 

If this would lead to the conclusion that electricity is the most important service 
needed by the people, information on the other determining factors can be gathered, 
starting with determining the needs for electricity by means of the questions that 
were also posed in this study. 

Secondly, it is recommended to separate needs from demand because the poorest 
people will not be taken into account if only demand is analysed. The most 
plausible reason that this distinction exists, is the lack of ability or willingness to 
pay of the poorest people. Therefore willingness to pay and ability to pay should to 
be related to the needs in a future research. 

Moreover, it is recommended to emphasise the investigation of community 
organisations in detail, because if this organisation functions well and is motivated 
it will contribute to the functioning of an electricity system. On the other hand, 
other organisations involved should also be investigated sufficiently to judge on 
their role in the functionmg of the system. 

Furthermore, it is recommended to execute an Environmental Impact Assessment 
when considering the implementation of a rural electricity system. Questions on the 
environment that could be added are for example: 
• How will the system influence the air, water or ground in the region? 
• Are the currently used energy resources harming the environment? If yes, in 

what manner are they harming? 
• Is the region currently suffering from deforestation? 
• Will the system contribute to depletion of deforestation? 
• Is the region suffering from erosion? 
If no study has been done before in this field, it might be necessary to make a 
chemical analysis of the presence of some harming materials in the air, ground and 
water. 

Finally, it is recommended to consider cost recovery also on the long-term. In 
practice, this means that more often a system of micro-credits has to be used to 
assist the people in the initial costs. It can therefore be recommended to search for 
parties that are willing and able to assist in financing through micro-credits. 
Furthermore, it can be recommended to elaborate research on the financial factors 
compared to this research. The generation and transmissions costs could not be 
estimated for example, nor all organisations involved in the fmancing of the system. 

6.4 Future research 
In this section, future research aspects are proposed that are dealing with the 
possibilities for extending the application of the methodology. In chapter 1 the 
following limitations of application of the methodology were pointed out: 
• Grid-based technology; 
• Ex-ante research; 
• Community-managed; 
• Oruro bounded. 
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The limitation of ex-ante research does not account for this methodology. By means 
of the case study it is already demonstrated that the methodology can be applied 
ex-post as well. For the other three aspects, the following considerations should be 
taken into account. 

First of all, next to grid-based technology, mini-grid or off-grid and/or renewable 
energy resources can be interesting alternatives. In the case of mini-grids the 
determining factors might not be that different from the determining factors 
discussed here. In the case of off grid and/ or making use of renewable energy 
resources the technology can be used per household instead of communally, which 
will probably lead to the necessity of emphasising other determining factors than in 
grid-based solutions. However, the same methodology might still be applied, but 
care should be taken to assure that the important factors are taken into account 
and none are left out of consideration beforehand. 

Secondly, when the management of a rural electricity system is not in the hands of 
the community, the indicators of the determining factors will be different .. Another 
organisation, for example the Municipality, an NGO or a private investor will have to 
be analysed in depth, instead of the communal organisation; Still, it seems that the 
same determining factors can be used to analyse the situation. For example, the 
fmancial aspects of the system are still very important and have to be addressed in 
relation to the different parties involved. 

This study was executed specifically in Oruro, as a result of co-operation with EC 
and Energetica. The methodology does not seem to be area bounded, and can be 
used in other areas as well. The same counts here as for the above mentioned 
limitations, probably the emphasis will be on other determining factors than in this 
case, but as the methodology covers the most important factors, it can be applied. 

Finally, as the methodology seems to be applicable in different situations it is 
recommended to test the methodology in research in other areas, where other 
technologies are used and other kinds of organisation structures exist. 
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Appendix 

Appendix A: Bolivia 

In Figure 9 the political map of Bolivia is presented. It can be seen that Bolivia 
borders on five countries, namely: Brazil, Peru, Chili, Argentina and Paraguay. In 
1825 Bolivia became independent from the Spanish rulers, as well as separated 
from Peru. After this Bolivia was involved in several conflicts and wars with 
neighbouring countries in which it lost nearly half of its area. The surface area of 
Bolivia is still more then a million square meters, which makes Bolivia about 25 
times as large as Holland. Bolivia is landlocked due to losses of land in the War of 
the Pacific against Chile which ended 188461

• 
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Figure 9: Political map of Bolivia 

The nation of Bolivia is divided politically into 9 departments: Pando, Beni, La Paz, 
Cochabamba, Santa Cruz, Oruro, Chuquisaca, Potosi and Tarija. These 
departments are divided into provinces, which are divided into municipalities. 
Communities are small parts of the cantons in which municipalities are divided62

• 

A variety of climates can be found in Bolivia, from humid and hot, to semiarid and 
cold. The north and eastern part of Bolivia are tropical. This comprises the 
departments of Pando, Beni, Santa Cruz and the north part of La Paz. A warm 
transition climate can be found in the valleys of Cochabamba, Tarija and 
Chuquisaca. The cold and semiarid climate can be found in the western part: the 
departments of La Paz, Oruro and Potosi. 
The three official languages of Bolivia are Spanish, Quechua and Aymara63

• 

61 Lonely Planet Bolivia, 2001 
62 Expert: M.Eyzaguirra 
63 http://www.worldatlas.com 
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Only 60 to 70% of the Bolivian population speak Spanish and the majority as a 
second language. The two main indigenous languages spoken in Bolivia originate 
from the pre-Inca Altiplano inhabitants and the Incas respectivelys.. The Altiplano is 
the plateau with a height of about 3800 meters covering the East of Bolivia. La Paz 
and Oruro are the main Bolivian cities situated at this plateau. 

64 http:/ /www.lonelyplanet.com 
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Appendix B: Electricity sector 

B.1 The electricity sector 
An electricity sector can be divided into three different sub-sectors: generation, 
transmission and distribution. These three sub-sectors form a National Grid. The 
generation sub-sector obtains electricity from fossil, alternative or nuclear 
resources, and supplies it to the grid. The transmission sub-sector divides and 
transports this electricity to the different parts of the grid. The transmission grid is 
of high or medium voltage, and can be found as a web through the country. 
The distribution grid is of medium and low tension. These two kinds of grids are 
only separated in theory by definition, because in reality they are interconnected. 

Transport of electricity on long distances takes place at high voltage to reduce 
losses. Within a grid there are many substations of transformation, that are used to 
lower or higher the voltage. To supply consumers the electricity voltage always has 
to step down through transformers, to 110 (U.S. standard) or 220 V (European 
standard). 
The distributors are the direct suppliers of electricity to the consumers. 

Sometimes large companies generate their own electricity, or buy directly from 
generating companies. Then they form a separate mechanism of demand and 
supply within or outside the National Grid. 

B.2 The electricity sector of Bolivia65 

There are two bodies co-ordinating the electricity sector in Bolivia. The 
"Superintendence" is the regulating body erected by government after the 
capitalization of the electricity sector in 1994. Some of its major tasks are protecting 
the customer, and regulating laws and norms posed by government. 

The other body is the National Load Office Committee that administers the complete 
operation of the electricity sector. They are responsible for the fulfilling of demand 
and transactions at minimum costs. 

The Bolivian electricity industry covers the following activities: generation, 
transmission, distribution, marketing and sales, imports and exports of electricity. 
The new structure of the sector contributed to the realisation of the vertical 
separation of generation, transmission and distribution within the National Grid. 
The reason for this separation is to create a competitive market, in which the 
generating industries supply electricity, and the distributors and non-regulated 
consumers express the demand. 
The non-regulated consumers are those that have a potential demand equal or 
exceeding 1 MW. They obtain their electricity independently and directly from the 
generators, distributors or other suppliers. 

Figure 10 demonstrates the current participants of the sector after the separation. 

The following companies are in hands of the electricity production: CORANI, 
GUARACHI, VALLEHERMOSO, COBEE, RIO ELECTRICO, HIDROELECTRICA 
BOLIVlANA, SYNERGIA, and the Compa:flia Electrica Bulo Bulo. 

65 www.superele.gov.bo 
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Transmission Company (TDE) transports the electricity from the electricity plants to 
the points at which the distribution companies agree to buy the necessary 
electricity. 

The distribution of electricity is in the charge of the following companies, 
Electropaz. Emprelpaz and Seysa in La Paz, CRE LTDA in Santa Cruz, ELFEC S.A 
in Cochabamba, ELFEO S.A in Oruro, CESSA in Sucre and SEPSA in Potosi. In 
December 2002 the number of consumers was 96581 7, and the sales of electricity 
were about 2980 GWh. 
The exact division of consumers and supply between the different distributors can 
be found Table 23 and Table 24. 

Figure lO:Structure of Bolivian electricity sector 

COB EE CO RANI VALLEHERMOSO BULOBULO 
GU ARA CA CHI HIDROELECTRICA BOLIVIANA OTHERS 

+ + + • • + 
Transmission: Electricity Transport Company (IDE) 

+ + 
Distributors Non regulated 
Electropaz consumers 
ELFEO Allies deals, 
ELFEC Estaiio Vinto 
CRE Mining Company, 
CESSA INTI RA YMI S.A. 
SEPSA Mining Company, 
Others UNIFICADA S.A. 

+ MIS I CUN I 
Company 

Regulated 
Consumers 

Source: www.superele.gov.bo 

The installed potential is the total amount of electrical energy that can be produced 
in all plants together supplying the National Grid. Bolivia basically makes use of 
hydro-electrical and thermal plants. In December 2002 the potential in these two 
kinds of plants was about 1050 MW, which represented a bit more than 84% of the 
total installed potential (see Table 22) Abbreviations for the names of the generators 
are used in this table. 

Table 22: Potential installed in National Grid (MW) 

Potential installed Hydropower Thermal 
Total (MW) 

in the National Grid (MW) power (MW) 
CO RANI 126,00 126,00 
CO BEE 209,95 29.80 239,75 
ERE SA 19,78 19,78 
HB 85.46 85,46 
SINERGIA 7,61 7,61 
EGSA 347,41 347,41 
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EVH 142,96 142,96 
CECBB 101,20 101,20 
TOTAL 363.86 689.45 1053.31 
Source: www.superele.gov.bo 

There are also a number of isolated systems. Table 25 presents data on the 
installed potential, the companies involved and the division between thermal and 
hydropower. The total installed potential was 247, 08 MVA in 2002. 

The number of consumers in these systems at the 31st of December 2002 was 
94157 and the sales of energy were 166,49 GWh. In Table 23 with the division of 
the consumers between the different companies is presented. 

Table 23: Number of consumers of each distributor, 2002 

Distributor Number of consumers 
ELECTRO PAZ 319 765 
ELFEO 43 910 
ELFEC 239 850 
CRE 230 898 
CESSA 42 398 
SEPSA 37 307 
EDEL 7 716 
EMPRELPAZ 36 701 
SEY SA 7 272 

TOTAL 965 817 
Source: www.superele.gov.bo 

Table 24:Supply of each Distributor (GWh), 2002 

Distributor Sales (GWh) 
ELECTRO PAZ 917,35 
ELFEO 198,05 
ELFEC 579,76 
CRE 1073,13 
CESSA 103,47 
SEP SA 73,07 
EDEL 6,09 
EMPRELPAZ 18.20 
SEY SA 8,07 

TOTAL 2977,19 
Source: www.superele.gov.bo 

Table 25: Potential installed in isolated systems (MVA), 2002 

Companies 
Hydro power Thermal power Total (MVA) 

(MVA) (MVA) 
SETAR 9,30 41,31 50,61 
ENDE 25,35 25,35 
CRE 19,06 19,06 
COOPERATIVES 49,12 49,12 
AUTOPRODUCTIVES 102,94 102,94 

TOTAL 9,30 237,78 247,08 
Source: www.superele.gov. bo 
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Appendix C: Capitalization of the Bolivian electricity sector 

C. l Introduction 
Bolivia was the first country to execute the reform of the sector by means of 
capitalization. Capitalization is a special form of privatisation. The sales proceeds of 
a company stay with the company for further investment. 
This was combined with a popular party feature, namely that the government share 
of the sector was distributed to the people by means of pension funds. 

C.2 Before capitalization 
Before capitalization the electricity sector comprised of the National Interconnected 
System (NIS) and some isolated systems. The NIS covered the cities of La Paz, 
Cochabamba, Potosi, Santa Cruz and Sucre. 
The largest generating company was ENDE (Empresa Nacional de Electricidad), a 
100% state-owned company erected in 1967. In 1992 its potential installed was 402 
MW with which it supplied 56% of the electricity through distributors or large 
industries. 
The second largest generating company was COBEE (Compania Boliviana de 
Energia Electrica) with 142 MW hydropower potential installed. The other supplying 
company was COMIBOL (Corporaci6n Mineria de Bolivia) a public mining company. 

The interconnections of these subsystems was realised through contracts with 
ENDE. There were 6 distributors working at the NIS, and 3 isolated systems. 
DINE (Direcci6n Nacional de Electricidad), the regulatory agency approves of the 
wholesale rates of ENDE to distributors. 

Municipalities had to approve of tariffs. 
Some other remarkable facts of this pre-reform state of the sector were: 

• -There was a mixture of private and public ownership. 
• In total 755 MW was installed, of which 544 MW was installed at the NIS. 
• The generation mix was 55% hydropower and 45% thermal. 

C.3 After capitalization 
At first the privatisation resulted in 4 generating companies and 6 distributors. 
ENDE was divided into three generating companies. From each of these companies 
50% was sold to foreign investors. The resulting 50% is held by nationwide pension 
funds. 
The fourth generating company was COBEE, which remained privately owned. 

After several years another four generating companies entered: Hidrolectrica 
Boliviana, Rio Electrico, Bulo Bulo and Sinergia, together with an installed capacity 
of 101 MW. 

All distribution companies are privately owned. COBEE sold its distribution 
companies to comply with the new Electricity Law of 1994. 
Distributors buy their electricity from the spot at prevailing spot market prices. 

Generation and transmission companies within the NIS obtained a license for 
indefmite duration. Distribution companies and integrated companies outside the 
NIS operate under public concession with a maximum duration of 40 years. 

66UNDP/World Bank, 1995 
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C.4 Positive outcomes 
The market is working well in the sense that the areas covered by electricity grid 
have increased. The prices lowered in the urban areas. 

Many foreign investors have entered the electricity market. The challenge is to 
balance the national objective and long-term profit for these companies. 

The financial burden of the government has decreased as a result of the enterprises 
investing in the sector. 

C.5 Negative outcome 
The poor and often rural people are suffering from the privatisation. If they were 
able to pay for all incremental costs of expanding the electricity grid to the rural 
areas, the private investors would execute the work. 
This of course is not the case, and therefore they are not connected. 
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Appendix D: Governmental Electrification Programmes67 

D.l PRONER 
The rural areas were almost unaffected by the 1994 capitalization reforms. The 
electricity law was designed for large systems that typically serve urban areas. In 
1994 the Vice-Ministry of Energy and Hydrocarbons (VMEH) established the 
National Rural Electrification Program (PRONER). The mayor aim of this program 
was to emphasize the private-sector participation, and award contracts to the 
operators requiring the lowest subsidy. 

D.2 Pl.ABER 
In 1997 government launched a new program, named PLABER (Plan Bolivia para 
Electrification Rural). The objective of this plan is to contribute to socio-economic 
development through access to electricity and its effective and efficient use. 
Government wanted, by means of this program, to enlarge the rural electricity 
coverage from 24,5% to 45% in 5 years. Therefore an investment was needed of U$ 
200 million. PLABER has links with the earlier program PRONER but also wants to 
emphasize the importance of the decentralised electrification and National policy. 

PLABER can be seen in the wider context of trying to reduce poverty. Its aim is to 
improve the living conditions and develop more economic activities by means of 
access to electricity. It wants to make and implement sustainable programmes for 
rural electrification. 

The rural electricity coverage has increased substantially from 16% in 1997 until 
24,5% now. This decentralization process was imposed by the Popular Participation 
(political Popular party), and the Administrative decentralization Laws of 1994 and 
1995. 

D.3 The Project of Electrification and Technology of information and 
communication for the Rural Transformation (IDTR) 
One of the projects within the PLABER plan is IDTR. This plan stands for the 
places, which need electricity, telephone and internet by means of the most 
appropriate technology, to develop for example the information and communication 
possibilities. It is especially aimed at rural and semi-urban areas. 

67 www.worldbank.orgn; Prefecture of Omro, 2003 
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Appendix E: Energy and poverty alleviation framework 

Historically the contribution of the energy sector to the national economy was seen 
as providing an essential contribution to its development. The expansion of the 
sector was usually aimed at enlarging the possibilities of contributing to economic 
growth and supplies the unattended. Reforms have been taken place in this sector 
to enhance the institutional framework supporting investment and service delivery. 
The role of the energy sector has been placed in another perspective because of 
combining services and infrastructure interventions. Earlier, poverty alleviation 
outcomes were measured only in changes in income. This is often expanded in 
considering outcomes in capabilities, security and empowerment as well. These 
developments added to identify the links between energy and poverty alleviation 
more clearly. In the following framework the links are presented. 

Figure 11: Energy and Poverty framework 
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Source: R.Lamech, K. O'Sullivan, 2000 
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On the left the objectives of energy projects are presented. On the right poverty 
alleviation is represented by four determining factors. 
The links between the objectives of projects and poverty alleviation are described in 
between. 
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Appendix F: Origin and Subdivisions electricity sector 
Figure 12: Overview of subdivisions electricity sector 
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The country can be divided into the sectors contributing to the economy. One of 
these sectors is the energy sector. A sub sector of the energy sector is the electricity 
sector. This sector can be divided into electricity supply by means of the National 
grid and other supply methods. 
The National grid can be divided first into the three different parts of this sector, 
namely the generation, transmission and distribution. A clear division can also be 
made between urban and rural supply of electricity through the grid. 
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Appendix G: Different visions on sustainability in rural 
electricity systems 

Rijssenbeek stated that the sustainability of an energy project is determined by the 
following interrelated factors: resource base, environmental effects, relevant time 
frame (medium or long term) and fmancial costs.68 

· Here the difference between projects and systems has to be discussed. In this 
study, rural electricity systems are realised by means of rural electricity projects. 
Not all factors explained above can therefore be applied in the analysis 
sustainability in rural electricity systems. The time frame (medium or long term) is 
important in projects; a rural electricity project however should function 
indefinitely, as will be argued later in this chapter. 
The resource base has not been discussed yet. It is not exactly clear what is 
inferred by this argument as it can mean that alternative resources should be us_ed, 
to contribute to environmental conservation. On the other hand it can also mean 
that a resource should be used, that will be available for at least the duration of the 
project. The first explanation seems the most sensible, as other studies also use 
this argument. 
The environmental factor and fmancial costs will be discussed further here, as they 
were mentioned in other studies as well. 

A sustainable energy supply is seen from the environmental point of view also in the 
study by A.Zomers, in the sense that environmental damage caused by energy use 
should be reduced. Electricity generation should be realised based on the local 
opportunities and needs and if possible from renewable energy resources. 
Energy efficiency and energy conservation are inherently related to the decrease of 
the need for expansion of the electricity supply, decrease of fuel use, and reduced 
green house emissions during the production process of electricity. 

Determining the financial sustainability is a more frequently applied factor because 
it is less complicated then determining sustainability according to the four factors 
mentioned above. 69 

Ilkog and all regard fmancial sustainability as follows in a study10
: 

It requires that at least enough capital be accumulated during the service time of 
the equipment to make it possible to provide reasonable contribution for re
investment. 
This implies that capital is saved during operation to be able to repair equipment 
during operation and replace equipment after the design life of the system. 

From this literature it can be deduced that sustainability is usually not a central 
issue in studies on rural electricity. In the studies in which it is mentioned it is not 
mentioned explicitly or discussed fully. The fmancial and environmental issues of 
the sustainability are, however, usually addressed. 
For this reason additional literature is consulted. 

As electricity systems and water systems are in some aspects comparable, the 
approach used in the following project seems relevant. 

68 www.rrenergy.nl 
69 www.rrenergy.nl 
10 E.Ilskog et all, 2004 
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Appendix H: Conceptualisation 
H.l Demand 
Needs and demand can be linked as follows. Needs are a prerequisite to have a 
demand. It can be said that especially for poorer people this is true, as they have to 
reconsider their expenditures most carefully. They will only express value to a good 
or service if they feel a need that can be fulfilled by obtaining access to this good or 
service. 

By expressing demand a person is willing to give up a certain valued resource to 
obtain a good or service11

• This means a person is willing to make sacrifices to 
obtain access to a good or service. When applying this to the rural electricity sector 
it means that people are willing to make a (financial) sacrifice to obtain access to 
the electricity supply. This means that they are willing and able to pay for at least a 
part of the connection and operation costs. Willingness and ability to pay are 
therefore important factors determining the demand for electricity of a rural 
population and will be discussed later. The level of income, which is often seen as 
the most important factor determining demand12will in this research be part of the 
willingness and ability to pay. 

Until here the electrical energy demand of a rural population in general has been 
discussed. In literature on rural electrification two closely related concepts were 
found to be important. They can be referred to as the productive and future 
demand. 

H.1.2 Productive demand 
Productive demand is all demand for electricity that results in economic 
productivity, as was explained in the chapter 3. Examples are water pumps, 
irrigation systems, refrigerators in shops and agricultural machinery. Other 
demand, as for example demand for domestic use can be cost saving and therefore 
contribute to the possibility of applying a larger part of the income for other 
purposes. Productive demand though leads directly to an increase in income and 
therefore to possibilities for development. 

H.1.3 Future demand 
Determining the demand and future demand of a rural population is important for 
the rural population as well as for the supplier of the electricity system. 
The capacity of an electricity supply should be adapted to growth of demand of a 
population. If the demand growth is higher than predicted, the supply system may 
not be able to cope with it. If it is too low, the programme may fail to reach its 
fmancial targets. Using a system with a higher capacity than needed leads to higher 
costs for the rural population. When the capacity is too low, they are not able to use 
all machinery they have to, which can lead to a lower income. 

The majority of the estimations of growth of demand in developing countries are 
shown to be too optimistic. The solution to this problem is therefore to make more 
accurate estimations of the demand. There are several manners that seem to 
improve the estimations. The best way is to look at what happened when the service . 
was introduced in a similar area73

• 

11 Sara J., Katz. T., 1997 
12 Foley, 1990 
73 Foley, 1990 
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If this is not possible, questioning people from the target population is another 
methodology. When applying this methodology the people have to know in advance 
what they need to pay, so the people can make a realistic judgement of whether 
they can afford the electricity. After this a number of potential consumers can be 
estimated. By combining the data a potential demand can be estimated. 

Another useful methodology is to execute one or two pilot projects to obtain 
information on the future demand. Undertaking pilot projects is very costly; 
therefore this methodology should only be applied when the uncertainty is high. 

An additional condition posed to a forecast of demand is that they have to be under 
review all of the time because demand is likely to change during a time period. This 
means that after the design and implementation of an electricity project, demand 
still has to be viewed, because adaptations in the systems can be necessary when 
changes in demand are large7•. 

H.1.4 Willingness to pay 
The willingness to pay is a factor, which is clearly determined by decisions made in 
the individual households. Individual households make decisions on which good or 
service they are willing to invest in, compared to other goods and services. When 
planning to implement a rural electricity system, it is necessary to know whether 
people are willing to spend a certain amount on this service because if not, the 
feasibility of this project will be problematic. The financing of the project is not 
necessarily in danger as the Government or other institutions might be prepared to 
pay a certain amount of the investment costs. A credit system, which spreads the 
costs for the households over several years, is another possible solution. If possible 
people should invest in this service, because this will improve taking responsibility 
to maintain the service. By investing in a service a household demonstrates its wish 
to make use of this it, which implies this service, is useful and therefore has to be 
maintained. The willingness to pay of a group of households contributes to the 
successfulness of an electricity system. 

A method to make an estimation of the willingness for an electricity service is to 
determine the expenditures on existing energy resources. The expenditures on 
existing energy resources can also be used to make an estimation of the ability to 
pay. 

H. l. 5 Ability to pay 
The ability to pay indicates whether people are able to pay for an electricity supply. 
The clearest manner to analyse this, is compare the part of their income they can 
spend freely to the electricity prices. 
The ability to pay depends on the individual households and their characteristics. 

H.1. 6 Load factor & Peak Load 
When forecasting demand, not only the amount of electricity that will be used has 
to be forecasted, but also the variation of consumption during the day or over the 
seasons75

• 

The reason for this is that the supply has to be able to cover the demand at all 
times. This means that sometimes the bulk part of the generated power remains 
unused. This causes fmancial losses. 

74 Foley, 1990 
75 Foley, 1990 
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It is necessary to make calculations on the efficiency of the electric energy supply, 
and therefore concepts as the load factor and peak load were introduced. The load 
factor can be defmed as follows: the extent to which the installed generating 
equipment is utilised on a daily or annual basis16

• 

Or as defmed by Lakervi and Hohnes11
: 

"The ratio of average power to the maximum demand", in formula: 
w 

F=--
pmaxT 

F= load factor 
W=average power use during for example a month (kWh) 
PmaxT=maximum demand during the same time period as in which the average 
power use is measured (kW)*h 

Rural load factors are usually low, in India for instance 10 percent. 
The effect of such low load factors is to greatly amplify the share of capital costs per 
kWh and lower the efficiency. This is one of the reasons why rural electrification 
can be very costly76

• 

Load curves are graphs that are usually applied to illustrate the relationship 
between a time period, usually a day divided into hours, and the demand. In these 
curves normally the peak load can easily be discovered. This is the peak in demand 
that can be found during a certain period. In the formula this is Pmax. 

Rural electricity demands are normally small, and therefore cause no problem in 
the local load supply on a daily or seasonal basis. 79 This means the system might 
not need to be adapted to the load spread. 

H.2 Institutional and Organisational factors 
According to Barnes and Foley /ESMAP the existence of a national strategy of 
structures, institutions and a delivery system are necessary to obtain a sustainable 
rural electricity system. 
In the CSIR model, explained in chapter 3, the institutional enabling agents are the 
national and local government, implementing agents, assisting agents, NGO's and 
community organisations. These are the organisations that will be analysed to 
decide on whether there exist structures and institutions that contribute tot the 
sustainability of the rural electricity system 

Special attention has to be paid to the communal organisation. Under the heading 
of willingness to pay, the willingness to pay was already linked to the willingness to 
maintain an electricity system. Community involvement is very important, because 
the idea of assisting in development is that communities will be able to develop 
further on their own. This means first of all that they are willing to develop, learn 
and decide on how to fill in their development. This implies at least assistance of 
people living in the communities to the design, planning and implementation of a 
system. 

76 Foley, 1990 
11 E.Lakervi, E.J.Hohnes 
78 U.N., 1979 
79 Foley, 1990 
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H.3 Legal/political factors 
From the list of determining factors of Barnes and Foley /ESMAP the following was 
taken with respect to the legal and political factors: the implementing organisation 
should have the ability to level political interference in such a manner that it 
doesn't negatively influence the operating of the system. This factor resulted from 
the fact that many rural electricity projects suffer from too much political influence. 

H.4 Financial factors 
Costs can be divided into capacity costs, running costs and fixed overheads. 
Capacity costs consist of capital cost for generation, transmission and sub 
transmission equipment, and local distribution networks. 

The financial factors are the following five explained in the list of Barnes and Foley. 
Cost recovery: the income of the electricity system is larger than or equal to the 
operation and maintenance costs. Subsidies to capital investment should be as low 
as possible. The possibility of reaching cost recovery in the near future though 
should also be enough to initiate a project, as the initial costs combined with 
operation and maintenance can be that large that people are not able to cover all 
costs immediately. By enlarging productivity their income can be increased and 
their contribution to the grid can be extended. Charging the right price for 
electricity: rural electricity prices should be realistic and balanced in the sense that 
the rural people get a good service for a modest price, and the supplier is able to 
supply the demand of the people. Lowering the barriers to obtaining a supply: 
reducing or spreading the initial costs of an electricity supply by credit 
mechanisms. Financial system ensuring investment: a possible mixture of public 
and private investors together with local entrepreneurs and communities. Reducing 
construction and operation costs: applying the best technology by making 
estimations of the future demand. 

H.5 Selection criteria for investment 
Selection criteria are necessary to rank areas according to priority in obtaining 
access to electricity. When considering the political dimension the order of priority 
of areas is also important to provide clarity to the households, and organisations in 
the area. Selecting the criteria for investment: this can be a set containing: 
willingness to pay, ability to pay, access to markets, number of companies, 
bundling with other services. 

H.6 Technology 
H. 6.1 Introduction · 
Technology was not defmed as an independent determining factor in the model of 
Barnes/Foley and the ESMAP. In the literature on rural electrification as well as in 
the more general literature on sustainability, technology was seen important 
enough to be defmed as an independent factor. Therefore technology is treated as a 
separate variable in this study. 

There will be overlap between the technological and fmancial factors discussed. The 
technological factors should though be treated separately. as the first aim of the 
technological supply is to fulfil the demand of the people, and not to be cost saving. 
Costs and saving costs though, is very important and therefore attention will be 
paid also to the financial aspects of the technology. 
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The earlier introduced division of technology (see CSIR model) into hardware, 
software and know-how is difficult to apply when considering the exact contents of 
the concepts. Therefore another model will be used, namely the THIO-model00

• 

This model divides technology into 4 separate, but interacting dimensions of 
technology 

It consists of: 
• Techno ware: the equipment, tools, and spare parts. 
• Human ware: knowledge and experience, as well as capacity to maintain the 

technology 
• Info ware: documentary or models 
• Orga ware: the organisation of the technology 

The technological aspects that were found to be important in other literature will be 
ordered according to this model. 

H.6.2 Techno ware 

Lines 
The tension of the grid depends on the standards used. Here an example is given of 
a distribution network. 
In the distribution network the primary voltage used is normally 33 kV. In medium 
tension networks the tension is for example 11 kV or 6.6 kV. The low-level 
distribution networks usually have a tension of 400 V. The connection to the 
consumer is made either at 220-240 V (European standard) or 110 (US standard) 81

• 

Transformers 
A transformer essentially consists of two coils of wire, wound around the same 
metal core. When a current is sent through one of these coils, it induces a current 
in the other. The ratio of the voltage is the same as the ratio between the numbers 
of turns of wire of the coils. They produce a lot of heat, which means they lose 
energy. They need to be carefully designed to minimise these losses. Transformers 
are used to reduce losses caused by transport over large distance. When the voltage 
is increased, the losses are reduced. Therefore a system of transformers is installed 
in the whole transmission and distribution network. 

Transformers determine for a large part the capacity of the electricity system. When 
they are used with under capacity the demand cannot be fulfilled. When they are 
used with overcapacity losses is caused. Transformers used in rural areas have a 
capacity between 5 and 30 kVA, and seive a single consumer or group. 

Conductors 
The conductors are the wires or groups of wires carrying the electricity. They are 
hung between the metal pylons. To prevent the electricity jumping from the wires to 
the pylons, insulators are attached to all conductors, close by the pylons. 

Losses 
The most probable reasons for the losses are heat produced by the transformers 
and the conductors and transformers having over-capacity compared to the voltage 
running through. 

80 van Egmond-de Wilde de Ligny, June 2001 
81 Foley, 1990 
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The phase 
The phase of the distribution system refers only to alternating circuits. Three 
phases are in general used for areas with a high density of population or large 
businesses and industries. Two phases are more used for less densely populated 
areas. One phase is used for dispersed areas or for households only. 

A three-phase system uses four wires. Three are "live" wires carrying the electricity. 
The fourth is the "neutral". Consumers obtaining a single-phase supply are 
connected to one of the phase wires and the return. When many are connected, the 
nuinber of consumers should be evenly divided between the three phases. 

To make the choice between a single-phase or three-phase system, an assessment 
about the number of consumers, and the expected demand growth has to be done 
carefully. 

A three-phase system is more expensive because of the greater number of 
conductors. A single-phase system reduces costs considerably. Using small motors 
and household appliances should not be a problem. Larger single-phase motors are 
more complicated and expensive. 

SWER (Single Wired Earth Return) 
Normally an electrical application is equipped with an "earth" wire. This connects 
the equipment to the earth directly or through the distribution system. 
The earth can also be used to complete the electric circuit. 
When a SWER system is applied, a single wire runs from the medium voltage lines 
to the substation or transformer. Instead of a return wire running back, the 
transformer is directly connected with the earth. 
At least three metal rods are used which are dug 2 or 3 meters into the earth to 
make the connection. 

The largest advantage of this system is the cost reduction by using fewer materials 
like insulators and conductors and less labour to fulfil the construction. 
Furthermore it allows lighter poles and a wider spacing to be applied. 
Disadvantages are the soil, which needs to be slightly resisting the flow of the 
current. This can be a problem in rocky, sandy or gravely areas. Furthermore the 
system can interfere with telephone lines. 

H.6.3 Orga ware82 

Distance to grid 
The distance of households or communities to the electricity grid determines the 
costs of the grid connection. A large distance to the grid signifies high costs and 
therefore reduces the possibilities of obtaining a grid connection. 

Number of consumers per km 
The number and geographical density of consumers is important in determining the 
investment and operation costs. 
The higher the number of consumers/km line, the lower the costs per connection. 
The difference throughout the world is big. As for example in Brazil the population 
density in rural areas is only 2-consumers per km. In Costa Rica this is 9 
consumers/km. In Asia the number is much higher. In Thailand for example 45 
consumers/km, and in Bangladesh the minimum acceptable number for provision 
of rural supply line is 75 consumers/km. 

02 Foley, 1990 
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Local capabilities 

Appendix 

The availability of local capabilities with reference to the applied technology is 
useful, because maintenance can immediately be executed if necessary. 

Maintenance 
Two important aspects of maintenance can be found in literature: 
Rural households have to have access to people with technical skills who can 
maintain the technical part of the system. The overall electricity organisation also 
needs to have the fmancial capability for doing this. 83 

It is also a good opportunity to train local people in maintaining the system, as 
human resources are then developed. 84 

H.6.5 Irifo ware 
Documents on technological part of the system 

H. 7 Social factors 
In the World Bank's report on sustainable water systems, the following factors were 
found to be indicators of the social factor: consumer satisfaction and willingness to 
sustain the system. 
From the CSIR model, discussed in chapter 3, the following components were taken 
religious values, spiritual beliefs and community behaviour. 

H.8 Environmental factors 
The environmental factor will be influenced and will influence all factors, but not 
actively change the process. This is the way the environmental factor in the 
sustainable development model ofTDO, which was discussed in chapter 3 , has 
been treated. 
Especially the impact of electricity on health and of the system on the environment 
will be considered. The latter results often in deforestation in the case of rural 
energy consumption 

83 Cecile Thom, 1999 
84 K. Krishna Prasad, 2000 
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Appendix J: Operationalisation table 

Factor Component Subcompone Sub sub- Indicator 
nt component 

Need Need for Need for lights 
electrical 
applications 

Need for radio 
Need for television 
Need for cooking 
equipment 
Need for water 
pump 
Need for heaters 
Need for 
refri,gerators 
Need for air 
conditionine: 
Need for machinery 
Need for other 
applications 

Demand Use 
Future Size of population 
demand 

Population e:rowth 
Consumption per 
household 
Growth of 
households with 
connection 
Growth of 
consumption/house 
hold 

Productive Availability 
demand 
Load and Variation during 
Peak load day 

Seasonal variation 
Ability to pay Income Housin,g indicators 

Family composition 
and production 
activity 
Number of animals 
Land 
Ethnic origin and 
cultural 
characterisation 
Costs 
Technological 
desi,gn 
Availability of 
alternative 
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Willingness Reliability of the 
to pay service 

Income 
Spread of income 
throuj:!hout the year 
Customers 
preference 
Costs 
Time 
Technological 
design 
Availability of 
alternative 
Land tenure 
Social pressure 
Information 

Institutional/ Effective Local Tasks in system 
Organisational Institutional government 

structures 
Influence in 
operation 

NGO Tasks in system 
Influence in 
operation 

Assisting Tasks in system 
aj:!encies 

Influence in 
operation 

Communal Operating Operate ' 

Ori:!anisation autonomy independently 
Objective Primary objective of 
organisation organisation is 

electrification 
Responsibilit Own budget 
y 

Meetini:! tari:!ets 
Make own plans 

Dynamic Capacity to 
leadership motivate staff 

Bring sense of 
dedication to task of 
rural electrification 

Benefits of Operation of Presence of 
community system community 
involvement orj:!anisation 

Committee Function 
members 
Tasks of Task of each 
community member 
organisation 

Time each member 
spend on task 

Election Occurrence of 
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election 

Election criteria 
Contact with Periodically or 
distributor random 

Reason 
Opinion on the 
relation 

Bad Occurrence 
behaviour in 
manaf;!ement 

Protection of people 
af;!ainst this 

Satisfaction Satisfaction people 
of people 
with 
Committee 
Establishmen Transfer of 
tnext experience 
Committee 
members 

Manner of transfer 
Participation Participation in 
in different different levels of 
levels of system installation 
system 
installation 
Level of Participation in 
social communal 
participation organisation 
to define user 
willingness to 
co-operate in 
small, self-
organised 
systems 

Planning Technical Availability 
training and 
education of 
consumers 
(consistently) 

Manner 
Organisation Availability 
al 

Manner 
Financial Availability 

Manner 
Local To maintain Availability 
capabilities and manage capabilities 

the system 
Use of capacities 

Political/legal Dealing Priority of Clearly defined 
with areas criteria to rank 
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political areas in order of 
dimension priority for 

electrification 
Political Influence of politics 
interference on functioning 

system 
Construction Availability legal 
of legal framework 
framework 

Adaptation to 
circumstances 

Legal Availability of 
standards standards 

Adaptation to 
circumstances 

Financial Cost Cost recovering at 
recoverinl! least 0 and M 

Subsidies 
Charging Tariff structure 
the right 
price for 
electricity 

Realistic tariff level 
Service-cut off for 
non-payment 
Participation in 
decisions of 
payment 

Lowering Connection Height of fee 
the barriers fee 
to obtaining 
a supply 

Relation to other 
e.xpenditures 

Credit Availability 
mechanisms 

~ Description 
mechanism 

Securing Public and Availability 
fmancing private 
for sources 
investment 

Conditions of 
availability 

Reducing Appropriate Design for small 
constructio technology loads 
nand 
operating 
costs 

Single phase/ three 
phase system 

Selection Criteria for Ability to pay See demand 
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criteria for investment 
investment 

Willingness See demand 
to pay 
Bundling 
services 
Access to Availability markets 
markets 
Number of 
companies 

Technology Techno Lines Grid tension 
ware 

Physical condition 
Description 

Transformers Capacity 
Capacity related to 
number of persons 
connected 

Losses Losses of power 
Causes 

Materials Costs most 
expensive materials 

Load/peak See demand 
load 
Phases grid See reducing 

construction and 
operation costs 

Orga ware Distance to Average distance to 
~rid ~rid 
Connections/ Number of 
kilometre connections /kilome 

tre 
Human Local To Availability of 
ware capability manufacture capability 

equipment 
and spares 

Maintenance Capacity Capacity 
technicians 
Other options for 
executing 
maintenance 
Costs 

Info ware Documents Existence of 
on documents on 
technological technology 
part of 
system 

Social Social Important beliefs 
factors 

Important 
behaviour 

Willingness Perception of 
to maintain benefits system 

95 



Appendix 

system 
Consumer Social 
satisfaction 

Economical 
Environment Health Health 

improvements 
population 

Regional Influence of system 
environment on re~ion 
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Appendix Kl: Questionnaire on the people with electricity connection 

Familias entrevistas sobre el uso de energia electrica, 
actividades economicas e impactos en el desarrollo 

I Nombre de entrevistador 

l .Datos generates 

1. Nfunero de entrevista 
2. Fecha 
3. Nombre de municipio 
4. Nombre de comunidad 

2. Responsable de pago 

2.1 Composici6n de la familia 
1. Nfunero de hijos en la familia 0 1 2 3 4 mas, por favor 

especifique 
2. Nfunero de hombres en la familia 0 1 2 3 4 mas, por favor 

especifique 
3. Nfunero de mujeres en la familia 0 1 2 3 4 mas, por favor 

especifique 

2.2 Actividad econ6mica 
1. De la persona Realizado en la comunidad 

entrevistada 
AJ!ricultura 
Crianza de 
animales/ ganaderia 
Artesania 
Mineria 
Comercio 
Trans po rte 
Construcci6n 
Educaci6n 
Eiercito, policia 
Otros, por favor 
especifique 
2. En cual de estos sectores 
mayormente trabaja la gente de su 
comunidad? (no masque 3) 

3 Demanda de electricidad 

Demanda de electricidad 
1. Desde que aflo tiene una conexi6n de .Aflo: 
electricidad? 
2. En que utiliz6 por primera vez la Iluminaci6n 
electricidad? 1V 

Radio 
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Bomba de agua 
Maquinaria (para uso productivo, 
especifique) 
Otros, especifique 

3 . El consumo de energia electrica ha Si I No I Nose I No responde 
incrementado durante los aflos? 
4 Actitud de pago 

Actitud de o~o 
1. Cuanto pag6 usted por esta < 150 150<x 300<x< >600 
conexi6n? Bs. <300 600 
2. Cual es el costo actual de la <15 Bs. 15<x< 30<x<5 >50 
electricidad/mes? 30 0 
3. Puede usted pagar la tarifa de Si No Nose I No 
enerma electrica? responde 
4. Si su respuesta es no, cuantas 1 vez Algunas muchas No No res-
veces no pago el costo mensual de no veces no veces no se ponde 
electricidad? pude puedo puedo 

pa gar 
5. Porque no puede usted pagar? esmuy la tenia que otros, 

caro oficina pagar especifique 
es ta otras 
muy obliga-
lejos ciones 

6. Existen cortes de suministro de Si No 
energia? 
7. Si su respuesta es si, cua.1 es la 1 vez 1 vez 1 vez masque 1 
frecuencia de los cortes en la energia cada3 cada2 cada vez cada mes 
suministrada? (mas o menos) meses meses mes 
8. En que tiempo son reparados los <l dia l<x<2 2<x<4 >4 dias 
cortes di as dias 
9. Los cortes de energia desmotivan a Si No Nose No responde 
usted a pagar el precio actual de la 
electricidad? 

5 Uso de electricidad 

No res=no responde 
M=maflana, T=tarde, N=noche (noche; especifique las horas por favor) 

Uso de electricidad 
1. 2. 3. 4. 5. Casto 6. Usted tiene 
Usted Cuan Canti- Hora del acceso a un lugar 
usa tas? dad de del dia equipo? en donde puede 
electri- (Unid horas al (Bs.) comprar este 
cidad ad) dia/se- equipo? 
para: man a 

Iluminaci6n s N Focos M T N Si No No No 
se res 

Radio s N Radio M T N Si No No No 
s se res 
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1V s N T\T M T N Si No No No 
se res 

Cocina s N Cocin M T N Si No No No 
a se res 

Maquiner- s N M T N Si No No No 
ia para uso se res 
productivo 
especifique 
Bomba de s N Bomb M T N Si No No No 
agua a de se res 

agua 
Otros, s N M T N Si No No No 
especifique se res 

6 Combustibles 

Equipo 
Equipo Cocina Bomba de Plane ha Otros, 

W!'ua especifique 
1. Cantidad 
equipo 
2. Fuente de Lena 
energia GLP 

Otros, 
especifique 

3. Cantidad 
fuenta de energia 
4. Unidad (litros, 
garaffas) 
5. Horas uso por 
dia 
6. Duraci6n 
fuente energia 
(dias) 
7. Tiempo de 
compra (dias) 
8. Precio (Bs) 
9. Disponibilidad 
(por ejemplo 
siempre, algunos 
veces) 

7 Carga 

Carl!a 
1. Cuanta electricidad usted consume por <5 I 5<x< I lO<x >20 IN? j No 
mes (Kwh.)? 10 <20 se res. 
2. En alguna epoca del aflo usa o gasta Si j No Nose j No 
mas enerl!ia? responde 
3. Si la respuesta es si, cuando usa mas Prima- I Verano I Otoflo I lnvierno 
electricidad? vera 
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4. Si responde si, porque? Tiene Uso de Uso de Otros, 
mayor maqui- otras especifi 
Ingre- naria aplica- que 
so ciones 

8. Preguntas sobre el im.pacto en el desarrollo 

Desde que la comunidad y usted tienen energia electrica .. ... . 

8.1 Visitas/ Salidas nocturnas 
1. Tiene mas posibilidades de salir en Si No Nose No responde 
la noche por ejemplo a visitar a 
familia, amigos o participar en 
reuniones comunales? 
2. Su comunidad ahora puede Si No Nose No responde 
organizar fiestas o reuniones en la 
noche? 
8.2 Percepciones 
3. Teniendo acceso de electricidad, 
como se siento usted? 
4. Cree que su comunidad esta mejor Si No Nose No responde 
ahora con electricidad? 
5. Su vida mejor6 porque ahora tiene Si No Nose No responde 
electricidad? 
8.3 Criminalidad 
6. Hay menos casos de crimenes? Si No Nose No responde 
7. Se siente menos expuesto a robos Si No Nose No responde 
o asaltos? 
8.4 Actividades en la noche 
8. Usted 6 los miembros de su Si No Nose No responde 
familia estudian en la noche? 

9. Sus hijos pueden prepararse Si No Nose No responde 
meior para el coles:?:io? 
10. Usted 6 su familia puede ahora Si No Nose No responde 
hacer mas actividades? 
11. Que actividades podria realizar leer escu- visitar/ otros, 
en la noche char particip especifi 

radio/ ar en que 
mirar reunion 
1V es 

8.5 Actividades econ6micas 
12.Tiene usted mayor informaci6n Si No Nose No responde 
sobre otros mercados que le 
permitan producir o vender mas? 
13. Tiene mas posibilidades de Si No Nose No responde 
producir por que tiene mas luz en la 
noche 6 puede usar maquinaria? 
14. Cuando respondi6 si, que podria 
producir mas? 
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15. Ahora usted tiene la posibilidad Si No Nose No res-
para de regar su tierra con bomba de ponde 
rurua? 
8.6 Salud 
16. Debido a la electricidad, SU Si No Nose No responde 
servicio de salud mejoro? 
1 7. Hay mayor facilidad para Si No Nose No responde 
encontrar al medico cuando necesita 
por la noche? 
18. Usted y su familia tienen mejores Si No Nose No responde 
condiciones de higiene porque 
tambien puede lavarse en la noche? 
19. El aire en la casa ha mejorado Si No Nose No responde 
porque usted ya no usa velas o 
lamparas para iluminar? 
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Family interview on the rural electricity use, economic activities 
and impacts in the development 

I Name of interviewer 

I.General data 

1. Interview number 
2. Date 
3.NameofMunicipality 
4.NameofCommunitv 

2. Ability to pay 

Composition of domestic unit 
Number of men in the family 0 1 2 3 4 More, please specifv 
Number of women in the family 0 1 2 3 4 More, please specify 
Number of children in the family 0 1 2 3 4 More, please specifv 

Economic activity 
Of the interviewed Executed in the community 
person 

N;?:riculture 
Breedin~ of animals 
Handcrafts 
Mining 
Commercial 
Transport 
Construction 
Education ' 

Military force/Police 
Other, please specify 

Which of these sectors are the ones 
where most people of your 
community work in? (3 no more) 

3. Electricity cl.emand 

Electricity demand 
Since which year do you have an electricity Quantity (year): 
connection? 
Where did you firstly use electricity? Lighting 

Television 
Radio 
Water pumping 
Machinery (for productive use), 
please specify 
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Other, please specify 

Has your electricity use increased during the Yes /No /Don't /No 
years? know answer 

4. Willingness to pay 

Willingness to pay 

How much did you pay for this < 150 150<x< 300<x<6 >600 
connection? Bs 300 00 
How much are your current <15 Bs 15<x<3 30<x<50 >50 
electricity costs/ month? 0 
Can you pay the electricity tariff? Yes No 
If your answer is no, how many times 1 time I Someti Often I Don't know 
are you not able to pay? couldn' mes I can't pay 

t can't 
If your answer was no, what are the It's very The I had Other, 
reasons that you can't pay? expensi office is many namely 

ve far other 
away things to 

pav 
Is there interruption in the electricity Yes No 
supply? 
If your answer is yes, how often do 1 time 1 time 1 time More than 1 
interruptions in electricity supply every every 2 every time every 
occur? three months month month 

months 
Within what time the interruptions <l day l<x<2 2<x<4 >4 days 
are usually fixed? days days 
Do the interruptions make you doubt Yes No Don't No 
on wanting to pay the current price know answer 
for electricity? 

M=morning, a=aftemoon, e=evening, n=night 

5. Electricity use 

Electricity use 
Do How Amount Period of Costs of Do you have access 
you many of hours day applicat to place where you 
use ? a ion (Bs) can buy application 
electri (Unit) day/week 
city (Please 
for? specify) 

Lighting y N Light M A E N Yes No DK NA 
Radio y N radio M A E N Yes No DK NA 
Television y N 1V M A E N Yes No DK NA 
Cooking y N Coo- M A E N Yes No DK NA 

- king 
stove 
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Machinery y N M 
(for 
productive 
use, please 
specify) 

Water y N Water M 
pump pump 
Other. y N M 
please 
specifv 

6. Use of other energy resources 

Use of other enern resources 
Application Cooking Water pump 

stove 
Number of 
applications 
Fuel Firewood 

Gas Liquid 
Petroleum 
Other, 
specifv 

Quantity of 
fuel 

Unit of fuel 
Hours used 
per day 
How long can 
you use this 
fuel? 
How long 
until you buy 
a new unit? 
Price 
(Bs)/unit 
Availability of 
the fuel 

7.Load 

Load 
How much electricity do you use on 
avera e er month (kWh)? 
Do you use more electricity in one of the 
seasons? 
If yes, when do you use most electricity? 

A E N 

A E N 

A E N 

Ironer 

<5 5<x< 
10 

Yes No 

Spring 

Yes No DK NA 

Yes No DK NA 

Yes No DK NA 

Other, please 
specify 

lO<x >20 DN NA 
<20 

Don't No 
know answer 

Au tu Winter 
mn 
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If yes, on what does this depend? More Use of Use Other, please 
income produc of specify 

tive other 
ma chin appli 
ery catio 

ns 

8. Developmental impacts 

After obtaining access to electricity ........... . 

Questions on developmental impacts 
Visitinif or ioini out durinif the evenini 
Do you have more possibility to go out Yes No Don't No answer 
to visit friends, family or go to know 
community meetings? 
Is your community able to organise Yes No Don't No answer 
festivities or meetings now? know 
Feeliruf about electricity 
Did getting access to electricity improve Yes No Don't No answer 
how you feel about yourself? know 
Do you think your community is better Yes No Don't No answer 
now because of having electricitv? know 
Did your life improve, because you Yes No Don't No answer 
have access to electricity? know 
Criminality 
Are there less cases of crime? Yes No Don't No answer 

know 
Do you feel more protected against Yes No Don't No answer 
crime? know 
Activities in the niiht 
Do you or members of your family Yes No Don't No answer 
study more in the night? know 
Can your children prepare better for Yes No Don't No answer 
school? know 
Are you or your family able to execute Yes No Don't No answer 
more activities? know 
If your answer's yes, which kind of Readi Liste Particip Other, please 
activities? ng ning ate in specify 

to reunion 
radio s 

Economic activities 
Do you have more information on other Yes No Don't No answer 
markets now, so you can produce or know 
sell more products? 
Do you have more possibilities because Yes No Don't No answer 
of electricity, to higher your wage? know 
Do you have more possibilities to Yes No Don't No answer 
produce because of light during the know 
night or because of use of machinery? 
If your answer is yes, what kind of 
possibilities do you have? 
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Do you have possibility to irrigate your Yes I No I No 
land with water pumps? answer 
Health 
Because of electricity, did the health Yes No Don't No answer 
facilities improve? know 
Do you have better possibilities to fmd Yes No Don't No answer 
a doctor during the night when know 
necessarv? 
Do you and your family take better care Yes No Don't No answer 
of hygiene because you can also was know 
yourself in the ni~ht? 
Has the air in house improved, because Yes No Don't No answer 
now you don't need to use other ways know 
of lii!htin~ 
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Appendix K2: Questionnaire on the people without grid 
connection 

Familias entrevistas sobre el uso de energia electrica, actividades 
econ6micas 

I Nombre de entrevistador 

l.Datos generates 

1. Nfunero de entrevista 
2. Fecha 
3. Nombre de municipio 
4. Nombre de comunidad 

2. Responsable de pago 

2.1 Composici6n de la familia 
1. Nfunero de hijos en la familia 0 1 2 3 4 mas, par favor 

especifique 
2. Nfunero de hombres en la familia 0 1 2 3 4 mas, par favor 

especifique 
3. Nfunero de mujeres en la familia 0 1 2 3 4 mas, par favor 

especifique 

2.2 Actividad economica 
1. De la persona entrevistada Realizado en la comunidad 
~ricultura 

Crianza de animales 
Artesania 
Mineria 
Comercio 
Transporte 
Construcci6n 
Educaci6n 
Eiercito, policia 
Otros, par favor 
especifique 
2. En cual de estos sectores 
mayormente trabaja la gente de su 
comunidad? (no mas que 3) 

2.3 Actividad econ6mica 2: granjeros; solo para las personas entrevistadas, 
quienes llenaron la parte de ai!ricultura 6 crianza de animales 
2.3.1 Agricultura 
1. Que productos cultiva Usted? por 
ejemplo papa, quinua, cebolla 

2. Que cantidad de tierra utiliza para <l I l<x<2 I 2<x<4 I >4 
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cultivar (hectareas, si utiliza otras 
unidades por favor especifique) 
3. Los productos son usados para: USO ventas ambos otros, por favor 

familiar especifique 

4. D6nde vende: mercado venta en venta a otros, 
local casa interme- especifi-

diadoros que 

5. Esta usted pensando realizar otras Si, I No Nose No 
actividades adicionales? especifique responde 
2.3.2 Ganado Ti.po de ganado Cantidad 
1. Que tipo de ganado tiene? Vacunos 

2. Cuantos tiene? 
Ovinos 

Gallinas 

Equinos 

Camelidos 

Otros, 
especifique 

3. Los animales son usados para: USO venta ambos otros, 
familiar especifique 

4. D6nde vende?: mercados venta en tienda otros, 
locales domicilio especifique 

5.Esta usted pensando realizar otras Si, I No Nose No 
actividades adicionales? especifique responde 

2.4 Disponibilidad de pago 

Disponibilidad de pago 
1. Esta usted dispuesto a pagar una Si No 
conexi6n de electricidad? 
2. Porque (no)? 
3. Cuanto usted podria pagar (Bs.)? < 150 150<x 300<x<600 >600 

<300 
4. Cuanto podria pagar por la <15 15<x<30 30<x<50 >50 
electricidad mensualmente (Bs.)? 

3 Necesidades de energia electrica 

M=mafianas, T=tardes, N=noches, especifique las horas P.Or favor 

I.Si usted tendria 2. Cuantas 3. Que horario del 
acceso a la electricidad, horas al dia? dia? 
en que lo utilizaria? 

Iluminaci6n Si No Nose M T N 
Radio Si No Nose M T N 
1V Si No Nose M T N 
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Cocina Si No Nose M T N 
Maquinaria (para Si No Nose M T N 
uso productivo 
especifique) 
Bomba de agua Si No Nose M T N 
Otros, especifique Si No Nose M T N 

4 Combustibles 

4.1 Iluminaci6n 
Equipo Laimpara Mechero Linterna Velas 
l.Cantidad equipo 
2. Fuente de energia GLP Kerosene Pilas Peq. Velas Peq. 

Kerosene Diesel Pilas Velas 
mediana mediana 

Diesel Otros, Pilas Velas 
especifique grand es grand es 

Otro, Otros, Otros, 
especifique especifique especifique 

3. Cantidad fuente de 
energia 
4. Unidad (litros, f!araffas) 
5. Horas uso por dia 
6. Duraci6n fuente 
energia (dias) 
7. Tiempo de compra 
(dias) 
8. Precio (Bs) 
9. Disponibilidad (por 
ejemplo siempre, algunos 
veces) 

4.2 Equipos 
Equipo Radio TV Cocina Otros, 

especifique 
1. Cantidad equipo 
2. Fuente de Pilas peq. Pilas peq. Lena 
energia Pilas med. Pilas med. GLP 

Pilas grande Pilas Otros, 
grande especifique 

Baterias Baterias 
3. Cantidad fuente 
de energia 
4. Unidad (litros, 
f!araffas) 
5. Horas uso por 
dia 
6. Duraci6n fuente 
energia ( dias) 
7. Tiempo de 
compra (dias) 
8. Precio (Bs) 
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(por ejemplo 
siempre, algunos 
veces) 
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Family interview on the rural electricity use and economic 
activities 

I Name of interviewer 

I.General data 

1. Interview number 
2. Date 
3. Name of Municipality 
4.NameofCommunity 

2. Ability to pay 

Composition of domestic unit 
Number of men in the family 0 1 2 3 4 More, please specifv 
Number of women in the family 0 1 2 3 4 More, please specify 
Number of children in the family 0 1 2 3 4 More, please specify 

Economic activity 
Of the interviewed Executed in the community 
person 

A,griculture 
Breedin~ of animals 
Handcrafts 
Mininll 
Commercial 
Transport 
Construction 
Education 
Military force/Police 
Other, please specify 

Which of these sectors are the ones 
where most people of your 
community work in? (3 no more) 

Economic activity 2: farmers: Only for the interviewed persons who f°llled in 
they work in Uriculture or breed cattle 
Mriculture 
Which kind of crops do you 
cultivate? (For example potatoes, 
com, unions?) 

How much land do you cultivate? <l l<x<2 2<x<4 >4 
(Hectares, if other units are used, 
please defme here) 
The crops are used for: Dome Sales Both Other. please 

stic specify 
use 
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Where do you sell? Local Selling Intermedi Other, please 
marke at ates specify 
t house 

Are you planning to start other Yes, No Don't No 
economic activities? please know answer 

specify 
Cattle Cattle Amount 
What cattle do you have? Cows 

How many do you have? 
Sheep 

Chickens 

Horses 

Llamas 

Other please 
specifv 

The animals are used for: Dom est Sales Both Other, please 
ic use specify 

Where do you sell your products? Local Selling Interme Other, please 
market at diates specify 

house 
Do you think about beginning other Yes, No Don't No answer 
economic activities? please know 

specify 

3. Willingness to pay 

WUlin~ness to pay 
Are you willing to pay for an Yes No 
electricity connection? 
How much can you pay for this < 150 150<x< 300<x<6 >600 
connection? Bs 300 00 
How much can you pay for electricity <15 Bs 15<x<3 30<x<50 >50 
/month? 0 

4. Electricity needs 
M=morning, A=Afternoon, E=evening, N=night 

If you would have Quantity (of Which period a day? 
access to electricity, for hours) 
which applications 
would vou use it? 

Li,ghtinf;! Yes No 
Radio Yes No M A E N 
Television Yes No M A E N 
Coo kin~ Yes No M A E N 
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Machinery (for Yes No M A E N 
productive use, 
please specify) 

Water pumpin~ Yes No M A E N 
Other, please Yes No M A E N 
specilV 

5. Fuel 

5. 1 li~htin~ 
Application Lamp Burner/Lam Torch Candles 

p 
Number of 
applications 
Fuel of Gas Liquid Kerosene Small Small size 
applications Petroleum batteries 

Kerosene Diesel Medium Medium size 
batteries 

Diesel Other, Large Large size 
specify batteries 

Other, Other, Other, 
specilV specify specify 

Quantity of 
fuel 
Unit of fuel 
Hours used 
per day 
How long can 
you use this 
fuel? 
How long 
until you buy 
a new unit? 
Price 
(Bs)/unit 
Availability of 
the fuel 

5.2 Applications 

Applications Radio TV Other, 
specify 

Number of 
applications 
Fuel Small battery Small battery Firewood 

Med. battery Med. battery Gas Liquid 
Petroleum 

Large battery Large battery Other, 
recharger I ac recharger I ac specify 
cu cu 

Quantity of 
fuel 
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Unit of fuel 
Hours used 
per day 
How long can 
you use this 
fuel? 
How long 
until you buy 
a new unit? 
Price 
(Bs)/unit 
Availability of 
the fuel 
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Appendix K3: Questionnaire on the technology and 
organisation of the electricity system 

Encuesta sobre la tecnologia y la organizacion de un sistema electrico, la demanda, 
cortes y mantenimiento 

1. Datos generales del sistema 

1. Cuantas personas viven en las 
comunidades del sistema 
Huchusuma-Peftas? 
2. Cuantas familias tienen coneccion 
a la red? 
3. Cuantas familias no tienen 
conecion a la red? 
4. Porque estas familias no tienen 
coneccion? 
5. Hay desconecciones de los Si I No I Nose I No respon-
usuarios? de 
6. Si la respuesta es si, porque? 

2. Tecnologia 

2.1 Tecnologia 
1. Por que se ha elegido Playa Verde Deseo Deseo Conve- Otros, 
para instalar un transformador de alta del del niente especi-
tension? distri- comite para fique 

buidor de am bas 
electri-
cidad 

2. Cmil es la distancia promedio de la <0,5 0,5<x<l l<x<3 >3 
comunidad al medidor y transformador 
de sistema (Km.)? 
3. Hay perdidas debido a la distancia, Si No Nose No 
del medidor y transformador? responde 
4. Puede expresar estas perdidas como Si No Nose No 
porcentaje de la cantidad total de Kwh. responde 
usados por la comunidad? 
5. Si puede, indique el porcentaje (%) <10 10<x<2 20<x< >40 

0 40 
6. Si existen perdidas, quien paga las comite habi- distri- otros, 
perdidas tantes buidor especi-

fique 
7. Cuanta gente est.a conectada por <5 5<x<l0 lO<x< >20 
kilometro de red? 20 
8. Cuantos kilometros de linea son 
usados en este sistema? 
9. Que clase de tendidido de red existe trifasico bifasico mono fa I retorno 
en la zona? (media tension) sico a tierra 
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10. Y con baja tension? trifasico bifasico monofasico 

2.2 Materiales 
10. Que materiales utilizados son los 
mas caros? 
11. Cuales son los costos de estos 
materiales para el comite? 
12. Cuanto pagan los consumidores 
por este material? (Hay diferencia? 
Porque?) 
13. Cua.I es la capacidad de los <5 5<x<l0 lO<x< >20 
transformadores utilizados? (KVA) 20 
14. Cua.I cree usted que es el <20 20<x<5 50<x< >80 
porcentaje de utilizaci6n del capacidad 0 80 
de transformador? (%) 
2.3 Mantenimiento 
15. El tecnico que ejecuta el Si No Nose No 
mantenimiento tiene la capacitaci6n responde 
necesaria? 
16. Cree usted que existe una mejor Si No Nose No 
manera de realizar el mantenimiento? responde 
(capacidades propias?) 
17. Quien cree que puede ejecutar el tecnico tecnico distri- otros, 
mantenimiento mejor? local de la buidor especi-

ciudad fique 
18. Cuanto cuesta el mantenimiento 
para el comite? (por mes/aiio, por favor 
especifique) 
2.4 Capacidad del sistema 
19. La capacidad del sistema es Si No Nose Otro, 
suficiente para cubrir la demanda total especifique 
de las comunidades? 
20. Si la demanda de electricidad se Si, pero Si Nose Otro, 
incrementa. Tiene el sistema la hayun especifique 
capacidad de cubrir el incremento de la limito 
demanda? 

3 Organizacion 

3.1 El comite de electricidad 
l.Cuantas personas trabajan en el comite 162 I 2<x<5 I 5<x<l0 >10 
de electricidad? 
2. Cua.Ies son los principales tareas de las Hacer Realizar Admini- Otros, 
personas? las el strar especi-
3. Cuanto tiempo necesitan por semana plani- mante- fique 
de ejecutar sus tareas? llas nimien-

to 
Presidente 
Vicepresidente 
Secretario de Actas 
Secretario de Hacienda 
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Dos vocales 
Otros, especifique 
4. Quien es el responsable principal para Presi- Tecnico Otros, Nose 
la organizaci6n del comite de electricidad? dente especi-

fique 
5. Cua.I es el nivel de educaci6n de las Presidente 
personas responsables? Vicepresidente 

Seer. de Actas 
Seer. de 
Hacienda 
Vocal 
Vocal 
Otros, 

3.2 Malos manejos 
6. Hay casos de malos manejos de las Si No Nose No res-
personas que realizan la lectura, las ponde 
cuentas o cobres de los medidores? 
7. Que problemas ha encontrado? 
8. Existen algunas medidas para proteger Si No None- Otros, 
a los usuarios de los malos manejos? cesaria- especi-

mente fique 
9. Que medidas existen? 
3.3 Satisf echa 
10.Estan las personas de la comunidad Si No Nose I No res-
satisfechas con el trabaio del comite? ponde 
11. Porque (no)? 
12. Cree que el trabajo del comite est.a Si No I Nose I No 
eiecutado bien? responde 
13. Porque (no)? 
3.4 Contacto con distribuidor 
14. Al margen de la compra de energia 
electrica existen otras razones para que el 
comite tenga contacto con la empresa 
Huari? 
15. Quien del comite tiene el contacto con 
Huari? 
16. Cuanto veces por mes tiene contacto 
con Huari? 
17. Como esta el contacto con Huari? bi en bi en, no muy I mal 

no mas mal 
18. Porque? 
19. El comite de electricidad tiene la Si No Nose No res-
habilidad y capacidad para negociar con ponde 
Huari que vende la electricidad? 
Transici6n de las autoridades comite 
20. El trabajo realizado es puesto en Si No Nose No res-
conocimiento de las futuras personas ponde 
que lle!!an al comite? 
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21. Si la respuesta es si, Como se realiza Trabajar El trabajo Re uni Otros, 
la comunicacion sabre el trabajo juntas realizado -ones especif 
ejecutado en el comite? porun es para ique 

periodo comuni- inf or-
cado en mar 
forma el 
escrita traba 

jo 
22. Que clase de organizacion es el tradi- como un nose otro 
comite de electrificacion? cional sindicato espe-

cifique 
23. Puede el comite cooperar con otras Si No Nose No res-
autoridades? (por ejemplo las ponde 
autoridades de la comunidad y la 
alcaldia de Challapata) 
3.5 Costos de la orl!anizaci6n del comite 
24. Cuanta cuesta la organizacion del 
comite por afto? 
25. Quien pa~a por esta or~anizacion? 
26. Cuales son los costos mas grande 
de la or~anizacion? 

4. Demanda 

Demanda 
1. Cuanta energia electrica es usada en 
promedio por las familias? 
2. Cuanta energia electrica fue usada en 
promedio en los 2 ultimas aftos por las 
familias? 
3. Tiene documentos de registro del 
consumo de ener~ia actuales y pasados? 
4. Como cambio el precio de la electricidad 
determinado por las comunidades en los 
ultimas 2 aftos? 
5. Tiene documentos (o facturas) de Si I No I Nose I No 
variacion de precio? respuesta 
6 .. El consumo minimo de electricidad 
determinado por el comite cambio en los 
ultimas 2 aftos? 
7. La actividad economica ha aumentado Si I No Nose No respuesta 
con el uso de enere:ia electrica? I 

8 . Existen mas? restau- lien- otros servi- otros, 
rantes das pro- cios especi 

due- fique 
tos 
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5. Buena voluntad de pagar 

Cortes. y mantenimiento 
1. Con que frecuencia existen Nun ca O<x<6 6<x<l2 > 12 veces al 
interrupciones en el suministro de veces al veces al aflo 
ener~ia? aflo aflo 
2. Cuales son las razones de la Clima Mala Redu- Otros, 
interrupciones del suministro de tecno- cido per especifique 
energia? logia el distri-

buidor 
3. Quienes reparan los cortes de tecnico otro distri- otros, 
energia? del tecnico buidor especifique 

sistema 
4. Quien paga para este usarios comite distri- otros, 
mantenimiento? buidor especifique 

119 



Appendix 

Appendix L: Load and peak load 

To determine the load on the system it is necessary to have data on the use of 
equipment, the load of equipment and during which period the equipment is being 
used. 

The following table shows exactly which data was obtained from the individual 
users. Except for the two last columns that are based on the loads of equipment 
used in rural electricity research in Urambo, Tanzania. 85 

Table 26: Percentages of households using equipment in certain period, 
quantity of equipment used, load and average load of each equipment 

Morni Afternoo Even in Night Quan tit Load Averag 
n~ (%) n (%) ~ (%) (%) y (W) eload 

Column no. 2 3 4 5 6 7 8 
Light, 
incandescent 8 6 96 0 1467 5-100 35 

40-
Radio 61 49 47 0 398 100 70 
Television 14 18 41 0 294 150 150 
Fluorescent 
li~ht 0 0 1 0 170 20-60 40 
Ironer 57 1000 1000 
Water pump 50 50 0 0 57 1400 1400 
Source: Household questionnaires on communities without grid connection, n=27; 
also E. Ilskog et all, 2004 

The first column reflects the equipment used by the households. As can be seen 
almost only household equipment is being used in this electricity system. The lights 
are divided into two different kinds, because these are the main lights used within 
the system. The difference between these lights is the efficiency. The fluorescent 
lights are more efficient, as shown in Table 27. The third and fourth row of this 
table should be compared. The price of the fluorescent lights is about 10 times as 
high based on data from the individual questionnaires. Probably especially because 
of the price, most people use incandescent lighting. 

Table 27: Comparison of efficiency 4 different kind of lightinge& 

Light 
Kerosene wick lamp 

Kerosene pressure 
lamp 

60 Watt tungsten-
filament incandescent 
li~ht 

Fluorescent lamps 

85 E. Ilskog et all, 2004. 
86Foley, 1990 

Main characteristics Efficiency 
Non-electric, primitive, 
small output, mainly 
horizontal 
Non-electric, better 8 times more efficient then 
lighting performance then kerosene wick 
kerosene wick, difficult to 
operate 
Standard lamp, veiy often 12 times better then 
used kerosene pressure 

Work through mercuiy 4 to 6 times more efficient 
vapour, and phosphor then tun~sten 
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I interior, high output 
Source: Foley, 1990 

Table 28: Price comparison incandescent and fluorescent lighting 

Light Average 
price (Bs) 

Incandesce 2,1 
nt li~ht 
Fluorescent 20,6 
light 
Source: Household questionnaires of people in communities without grid 
connection 
N=27 

Furthermore radio and television are widely used. 6 out of 49 families use water 
pumps and ironers. They are only used for a very limited time. The use of the 
ironers is not taken into account, as most families will only use their ironer for half 
an hour each week or two weeks. Most water pumps are used daily, therefore this 
can be taken into account. 

Column 2 until 5 present the percentages of households using the equipment in the 
chosen time periods. The sixth column represents the quantity of equipment used 
by all households together. The last two columns show the load, the equipment 
poses to the grid. 
Column 8 represents the average load based on the data presented in column 7. 
For the incandescent lights not the exact average was taken, as a 35-watt light bulb 
seems to be more than sufficient, and the households are buying the lights as low 
priced as possible. 

To obtain an indication of the load during a day, the following calculation could be 
made: 

Equation 1: L=P*Q*Lx 

Where 
L=load (W) 
P=percentage/ 100 
Q=Number of equipments in system 
Lx=Load/equipment (W) 

This leads to the following data: 

Table 29: Daily load per period 

Morning Afternoon 
Light, 
incandescent 4107,6 3080,7 
Radio 16994,6 13651,4 
Television 6174 7938 
Fluorescent 
light 0 0 
Ironer 
Water pump 4200 4200 

Evening Ni~ht 

49291,2 0 
13094,2 0 
18081 0 

6800 0 

121 



Appendix 

Total Load 
(W) 27276,2 24670,l 87266,4 0 
Total Load 
(kW) 27,2762 24,6701 87,2664 0 
Source: Household questionnaires on communities without grid connection, n=27 

This is demonstrated in the following graph: 

Figure 13:Daily load electricity system 

Dally load electricity system 
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Remarks on the used method 
When regarding this data and chart there are some things that should be taken into 
account. The percentage of households can be used actually to calculate the load of 
the radio, television and other equipment, because the households don't have more 
than one of these equipments. For the lighting though, this chart reflects that all 
lighting of a certain percentage of households is being used within a period. This 
will probably not be the case, and results in an exaggerated high load. Another 
point of discussion is the fact that because of the available data no accurate load 
for each hour or minute of the day can be determined. This leads to a chart that 
represents the highest load that can occur. On average the households will use 
their lighting for 4 hours each day, their radio for 6 hours each day and their 
television for 2 hours each day. The water pumps will only be used for about half an 
hour-an hour. Therefore there should be changes of the total load over time moor 
accurately. 
So this supports the mentioned conclusion that the chart represents the highest 
load that can occur, and not the exact load. 
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Appendix M: Future use 

To determine the future use, the individual households were asked whether they 
thought their use since they obtained access to electricity had increased. 
Furthermore the organisations were asked whether they had exact figures on the 
electricity use, in several different points in time. Table 30 is based on figures 
obtained from the Electricity Committee. To explain the table briefly: the registered 
use is the electricity use measured on the communal measurers87

• Electricity is lost 
because of the distance that needs to be bridged between the communities and the 
measurer. Each family pays for the same amount of kWh, to make up' for these 
losses. The invoiced electricity use is the use charged by the Committee. This is a 
mixture based on the electricity use, the losses, and the 30 kWh/month that each 
family has to pay for whether they have used it or not. Each family pays lBs. per 
month for return of the form. Under debt and sanction people that have a debt or 
need to be sanctioned are mentioned. The dates in the columns are the months and 
years of which these data were taken. 

Table 30: Electricity use and payments made by the total system of 
Huchusuma-Peilas, per month in different years 

Total use and pa\rrnents of one month in each year 
apr-98 aug-02 apr-03 Apr-04 

Re~istered (KWh) 6225 9495 9630 10570 
Lost (KWh) 1775 2200 2240 2371 
Invoiced (KWh) 10049 17254 16376 17413 
Paid for return of 355 440 448 474 
form (Bs) 
Debt (Bs) 0 0 0 0 
Sanction (Bs) 0 0 0 0 
Total payment 4599,06 8552,66 8118,14 8751 ,06 
(Bs) 
Number of users 355 440 448 464 
Source: Electricity Committee 

87 In the system there are three measuring levels: the principal measurer of the 
system, the communal measurers in each community, and the individual measurer 
of each family. 
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Appendix N: Housing indicators 

The source of the inf onriation in the following tables is the national census of 
population and living of 2001.ln this census from each province of each department 
some municipalities were chosen to function as representatives for the region. For 
the province of Eduardo Avarao, Challapata was chosen as a municipality. This 
information originates from the households of Challapata. The electricity system 
under investigation is situated in Challapata and Pazfta. 

Table 31: Ownership and availability electrical equipment 

OWnership Number 
of 
families 

Housiru! Property 5915 
Rented 440 
Anti credit contract 27 
Mixed contract 8 
Lent for services 88 
Lent from friends 187 
Other 29 

Houses equipped Radio or other sound 4632 
with: equipment 

Television 1812 
Bicycle 3618 
Motorcycle 192 
Car or similar vehicle 450 
Refrigerator 202 
Telephone or cellular 294 
Electric water pump 32 

Anti credit contract means that a house can be rented in exchange for a certain 
amount of money. When leaving the house, the amount of money paid has to be 
returned. 

Table 32: Availability of toilet, water or latrine 

Number of 2135 
households that 
contested 
Houses with Total 671 
toilet 

Private Total number of houses 547 
with private toilet 
SewaR:e system 479 
Septic tank 14 
Blind drain 51 
Superficial (street, river) 3 

Shared Total number of houses 124 
with shared toilet 
Sewaf;!e svstem 108 
Septic tank 3 
Blind drain 13 
Superficial (street, river) 

Houses without Total number of houses 1464 
toilet without toilet 
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Table 33: Origin and distribution of water, availability of electricity 

2135 

Number of 
households that 
contested 
OrU!in of water Network pipe 1916 

Public tap 67 
Distribution by car 
Well or chain dump with pump 22 
Well or chain dump without 86 
pump 
River, slope or build drains 11 
Lake, la~oon 
Other 33 

Distribution of Through network in between 752 
water the houses 

Through network, but outside 1240 
the houses, but within the 
area 
No distribution through 143 
network 

Availability of They have 1793 
electricity 

They don't have 342 

Table 34: Number of persons per room/ dormitory and availability separate 
room to cook 

Number of households 4559 
that contested 
Average number of Per dormitory 3 
persons 

Per multi-used room 2 
Number of houses 2 or less persons per 2123 
with: dormitory 

Between 2 and 3 818 
persons per dormitory 
More then 3 persons 1618 
per dormitory 
2 or less persons per 3179 
room 
Between 2 and 4 1012 
persons per room 
Between 4 and 6 259 
persons per room 
More than 6 persons 109 
per room 

Room to cook They have 3849 
They don't have 710 
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Table 35: Materials used in walls, ceilings and floor 

2135 
Number of 
households that 
contested 
Wall materials Bricks, cement and 65 

concrete 
Adobe, wall 2063 
Tabique, quinche 2 
Rocks 1 
Woods 4 
Palms, trunk 
Others 17 

Materials of ceilings Metal or sink plates 3836 
Teja (cement, 225 
fibrocement) 
Somethin~ like concrete 6 
Woods 307 
Others 5 

Materials of floors Earth 623 
Woods 121 
Parquet 1263 
Carpet 2 
Cement 482 
Ceramics 19 
Bricks 1360 
Others 10 
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Appendix Pl: Results willingness to pay 
Income 
Under the heading of ability to pay in the main text, some results of indicators for 
income were presented. They will not be repeated here. 

Spread of income throughout the year 
As most people are agrarians their income will have seasonal variation. No exact 
data was found for this indicator. 

Preference 
No information was collected on whether the households prefer spending their 
income on obtaining access to other goods and services, as for example a water 
supply system. 

Costs 
Costs are discussed in the main text on fmancial factors. 

Time 
The willingness to pay is related to the time that people spend to get access to their 
energy resource. This indicator is more relevant when studying different traditional 
resources, because usually more time is involved to collect the resources. 

Technological design and Availability of alternative 
The technological design is discussed under the heading of technological factors. 
The availability of alternatives was explained under the heading of ability to pay. 

Land tenure 
About this indicator no information was found. 

Social pressure 
The issue of social pressure is related to the (number of) families that already have 
a grid connection while a single family doesn't have this connection. This one family 
might feel the need to take a grid-connection as well. 
No information was gathered on this issue. 

Information 
It can be said that the communities that don't have access to electricity are very 
aware of the possibilities when having access to electricity. Furthermore many of 
the families with access to electricity are aware of the possibilities for productive 
use. In fact of a part of the families the main reason for obtaining an electricity 
connection was the possibility of using it to enlarge the production. 
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Appendix P2: Results on the willingness to pay of households 
with and without grid connection 

P2. l Willingness to pay of the families without grid connection 
89% of the people say to be willing to pay for a connection when having the 
opportunity of being connected to the national grid. 
The other 11 % doesn't want to pay for a connection. 

About 41 % wants to pay the minimum amount, which posed in this questionnaire 
was less then 150 Bs. 19% don't know what they want to pay. And about 19% have 
other reasoning, like they want to pay the same amount as other people have paid, 
or they want to pay a counterpart, or they want to pay depending on what they 
consume, or they are willing to pay up until 100U$. 
The other 21 % didn't answer the question. 

More then 81% don't want to pay more then 15Bs per month. 4% is willing to pay 
between 15 and 30 Bs. 4% didn't know. The other 11 % didn't answer the question. 

P2.2 Willingness to pay of the families with grid connection 
The 37 families (76%) that answered the question (and had an idea on how much 
they paid) paid on average a bit more then 1085 Bolivians for their electricity 
connection. There are great differences between the prices paid by different families. 
Furthermore 5 (10%) families didn't answer the question, and 7 (14%) didn't know 
how much they had paid. 

69% of the people said to pay 15 Bs per month for electricity or less. A bit more 
then 22% says to pay between 15 Bs and 30 Bs per month. 4% pays more then 
this. Two families (4%) didn't answer the question. 
34 families (69%) answered by giving a more exact indication of the amount of 
money they pay monthly. On average these 34 families pay almost 17 Bs. 

82% of the families say they can always pay the monthly tariff. Twelve percent say 
they couldn't at some point (6 families). Of the other families 2 didn't respond, and 
1 didn't know. 

Of these six families 2 didn't pay some times, 2 families didn't pay for many times, 
1 doesn't know how many times, and one didn't respond. 
The reasons for not paying were for 3 families that they had other obligations; one 
said the office is vei:y far, and the other family said it was vei:y expensive. 
96% says that electricity cuts exist. The other 4 percent say they don't. 
22 families (44%) give an indication of why and when these short cuts exist. All of 
them say the same, namely the wind and rain are the cause. The cuts exist 
therefore mainly in the rain season, which is in the summer, in December/Januai:y. 

The frequency of the shortcuts was difficult to estimate for the people. Actually 
most people said they almost only exist in the rain period, and vei:y frequently 
within this period. But a good indication of exactly how many times each month, or 
each couple of months, was almost impossible for the people to give. 

Almost 4 7% says that the cuts in electricity are fixed somewhere between one and 
two days after the cut was made. 27% of the people say the cuts are fixed within a 
day. 18% say it (sometimes) takes more time. Some mention time periods like a 
week, a month, or a variation of different periods. 
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About 8% didn't respond to the question. 

Almost 61% say that the electrtcity cuts don't affect their willingness to pay for the 
electrtcity. 
About 27% said they do affect their willingness to pay. 12% didn't respond to the 
question. 
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Appendix Q: Departmental Prioritisation of areasaa 

These are criteria that have to be taken into account at a national and departmental 
level, when making distinction in the priority of different project. 

• All the projects that have priority according to the prefectures, the VEEA 
(Viceministro de Educaci6n Escolarizada y Alternativa mediante) and CAF 
(Corporaci6n Andina de Fomento y Bolivia), which is an organisation working 
in several Latin-American countries to enhance infrastructure, background 
obtain a high priority. 

• The areas that are prioritised within the municipalities in the IDTR project 
will obtain a priority for electrification on the short (until 2 years) and 
medium term (until 4 years). 

• The municipalities that are not prioritised in the IDTR project are divided 
into groups of short, medium and long-term (until 7 years) 

• The cantons that have a population exceeding 10000 inhabitants are 
excluded. 

To determine whether cantons should be electrified on the short, medium or long 
term, criteria were made, which are not explained here. 

The prioritisation of the Oruro department is demonstrated in the map on the 
following page. This is a map containing Municipalities of Oruro. The numbering of 
the Municipalities is explained below, according to the terms on which they should 
be electrified. 
1: Short term 
2: Medium term 
3. Long term 
4: Short/Medium term 
5: Medium/Large term 
6: Short/Large term 
7: Large/Short term 
8: Short/Medium/Large term 

88 Prefecture Oruro, 2003 
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IDENTIFICACION DE AREAS POTENCIALES 

PARA ELECTRIFICACION RURAL 

ORURO 
OEPTO. DE LA PAZ 

I 
I 

Tcxlos I 
Sartos 
~ 

Referencias 

~ CortoPlazo 

@ Mediano Plazo 

II Largo Plazo 

~ Corto1Mediano Plazo 

lj CortoA.argo Plazo 

DEPTO. DE 

~ Largo/Mediano Plazo 

I!§] Largo/Corio Plazo 

0 Corio/Mediano/largo Plazo 
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Appendix R: Capacity problems• 

In a perfect situation, the potential of a grid can be explained by the following 
formula: 

P=V*I 

Equation 2 

P= potential of the grid (AV) 
I= current (A) 
V= tension (V) 

Normally actually there will be also be reactive energy, which cannot be used by the 
people, but makes use of the line. 

S=l'V' 

Equation 3 

S= potential of the grid, taking into account reactive energy. 
This can be divided in two components, an active and reactive energy component. 

S=P+lfl*Q 

Equation 4 

P= reactive potential 
The other term represents the reactive energy. 

p 
Cos<p=--

P+Qlfl 

Equation 5 

This term reflects the relative amount of active energy in the grid. 

SCos<p= P 

Equation 6 

S=.J3*IV 

Equation 7 

I= p 
.J3 * V cos<p 

89 Based on discussion with Bolivian Electrical engineer 
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Equation 8 

I= Dmax 
V *cosrpJ3 

Equation 9 

Dmax= the maximal demand, of the community or system, in a day /month in KW. 

The maximum demand has to be applied in this formula, as that possibly limits the 
capacity of the system. If during a peak period the current does not exceed the 
maximum, there is no problem. 

The conductors used in the electricity lines all can manage up to a certain level of 
current. When the current, and size of the conductor are known, it can be judged 
whether there will be problems. 

As can be deduced from the formulas there are different ways of solving the 
problem of too much current. The reactive energy can be led into a bank, which 
ensures it doesn't use the line. 
Another solution is replacing the conductors; this is more expensive because it 
takes much more time, and effort. 

Another thing is to improve the efficiency as the reactive energy can be declined, 
which will lead to a better relation of the active electricity /total electricity (cos ). 

For the Huchusuma-Peiias system, a problem in capacity can be improved by a 
couple of things. If it is not a problem in the current, probably a bigger transformer 
can be the solution (for each of the communities). Furthermore a transformation of 
one-phased grid to three-phased grid will add to more capacity. The formulas above 
are for a system with three-phased grid. Without the term 3 the formulas can be 
used for a one-phased system. When regarding the difference it can be seen easily 
that the capacity increases when making the system three-phased. 
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Appendix S: Conclusions and recommendations on research 
instrument 

In this appendix first the adaptations that were made to each of the factors used in 
this research will be discussed, with the exception of the needs that are discussed 
in depth in the main text. A new operationalisation table follows from this 
discussion. The questionnaire that was adapted to serve for research in 
communities without grid connection is presented, as well as the guiding 
questionnaire with questions on the factors and indicators that cannot be directly 
posed to the rural inhabitants. 

Sl Demand 
Demand was determined by analysing several, factors. namely the ability to pay, 
willingness to pay, future demand, productive demand load factor and peak load. It 
is possible to add other factors to this analysis or name them differently. For 
example the ability and willingness to pay are often determined when deciding on 
the feasibility of a rural electricity project. They are though not always discussed 
under the heading of demand. To determine the future and productive demand of 
the rural households, questions were posed on which applications people would like 
to use and for what time. These questions will remain the same. The daily load and 
peak load can be deduced from these data, although not very accurate, because it is 
very difficult for people to beforehand commend on when and for how long they 
would like to use electrical applications especially if they were not able to use them 
before. Therefore also information on the time and period of the day that current 
energy resources are used is collected. On the seasonal peak load an additional 
question should be posed. On the future demand additional questions on the 
growth and size of population should be posed, to for example the committee. In 
this research information on growth was found in data of the 2001 Census on 
population. 

S2.Ability to pay 
The ability to pay is dependent on many different indicators as for example the 
income, the technological design and costs. It was not possible to directly pose 
questions on the income of the people. Therefore indicators and questions were 
formulated to be able to make an estimation of the income. These were for example 
housing indicators. the economic activity of people and their cultural background. 
Afterwards this data could not provide a clear picture of the income. Additionally 
data was collected on the expenditures on other energy resources. This could be 
compared to the money spent on electricity by the connected households. By means 
of this data already conclusions could be drawn on the ability to pay, which made 
the other information less useful in this case. The questions that were posed on the 
indicators of income will still be added to the questionnaire, because these 
questions will still be very useful to be able to estimate the income, especially if 
other information cannot be found. On the availability of an alternative, which is 
also an important indicator for the ability to pay an estimation can be made after 
this data has been collected. It is therefore not necessary to include it specifically in 
the questionnaire. The importance of a technological design when considering the 
ability to pay will be included in the costs of a technology. This means that there is 
an overlap with the fmancial factors. Therefore this factor can be left out here. The 
costs to the rural user can be left out for the same reason here. 
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S3 Willingness to pay 
The willingness to pay for the service is dependent on several factors. In this study 
it was possible to directly pose questions to the people on their willingness to pay 
for electricity. Therefore it was less necessary to collect data on the indicators of 
willingness to pay. If it is not possible to directly obtain information on the 
willingness to pay, most of the selected indicators will be relevant and therefore they 
will be discussed here. The reliability of a service is especially relevant when a 
service is already in use. It can be assumed that when designing and implementing 
a service the reliability of it will be taken into account. Therefore this indicator is 
left out here. The spread of income throughout the year is important to know, 
because if credit mechanisms are used it might be able to adapt them to this. In 
this case it was not possible to ask questions on the income, therefore no question 
can be found back in the questionnaire. It should be added, but only if it is possible 
to ask questions on this subject. On the income enough was discussed under the 
heading of ability to pay. The technological design should be adapted to local habits 
and wishes because else the technology will not be used. This is less relevant in this 
case as electricity use by grid connection does not have to influence local habits 
strongly and as will be explained, the technology will be adapted to the demand and 
therefore to the local wishes. The availability of an alternative can be determined as 
well after collecting the other data. The costs to the rural user can be analysed 
under the heading of fmancial factors. The time involved in collecting energy 
resources can be important when there is a lot of difference between several energy 
resources. A question on this has to be posed in the questionnaire. Land tenure, 
social pressure and enough information on an electricity system can influence the 
willingness to pay positively, but these are not indicators that can be observed 
beforehand. 

S4 Organisational and institutional factors 
The organisation of the community or the manner in which they want to organise 
the electricity system can be of major importance as this case study demonstrated. 
In this rural electricity system the organisational factors were very important. If no 
organisation exists, it can be useful to stimulate the creation. If an organisation 
already exists the capacity to organise the electricity system should be estimated. 
The availability of organisations that are willing to participate in the implementation 
of the electricity system is important to be aware of. If different parties are willing to 
co-operate in the implementation, it is important to be aware of the relations, the 
contributions they can make and the reasons for assisting. It can therefore be 
advised to talk to all organisations that will be involved in the implementation of an 
electricity system and to ask them questions on their motivation to get involved, 
their relations with the other organisations as well as on the current functioning of 
the organisation and the financial contribution they are willing to make. Whether 
this information can be obtained directly though is difficult to say. Most of the 
details that were asked in the questionnaires on technology and organisation to the 
Electricity Committee are not relevant when an electricity system is not yet existent. 
Questions on the existence of a community organisation, participation of the people 
in this organisation, democratic election of the members of this organisation, their 
capabilities and whether bad behaviour has been committed are relevant though. 
These will therefore be added to the questionnaire. 

S5 Political and legal factors 
The political and legal factors are reduced to knowing which parties will be involved 
in which manner and whether there is a legal framework that supports the 
implementation of an electricity system. Questions to guide research for obtaining 
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this data were formulated. These questions cannot be posed clearly to a person, but 
should probably be found in literature. If there are already governmental programs 
that support the implementation of electricity systems, it will be useful to consider 
internalisation of the project within the government program or at least co
operation with government in the light of their program. 

S6 Financial factors 
A financial cost-benefit analysis should be made before starting the project. It 
should be very clear which parties will be paying for what and whether they will be 
able. If possible the local inhabitants should be able to cover operation and 
maintenance costs because then they will be able to continue the system 
indefinitely. If this is not possible, it should be possible to consider credit
mechanisms. After a certain period though, the inhabitants should be able to 
maintain the system, because of increasing their productive use and with this 
development. The rural inhabitants are probably not able to pay for the generation · 
and transmission costs. It should be clear to whom these costs are addressed. In 
this study the financial part was not assessed very well, because it remained 
impossible to address al costs that were made and therefore make a cost-benefit 
analysis could not be made. In addition to the political questions, financial 
questions are posed to give a guidance on which information should be collected. 

S6 Social factors 
The social factors, as the beliefs and behaviour of the families can be important, 
because they will reflect in the organisation and (productive) use of electricity. The 
beliefs and behaviour of people were briefly investigated in this research. It can be 
necessary to pose more questions on the social organisation of rural inhabitants. To 
the rural people a question can be posed concerning the expectations of the system. 
The other questions can be seen merely as a guideline for a future researcher. 

S7 Environmental factors 
It is important to know what the environmental effects of an electricity system will 
be because the environment should be able to sustain the system indefinitely. In 
this study it was impossible to make an Environmental Impact Assessment because 
of a lack of time, but when initiating the implementation of a sustainable rural 
electricity system it should be possible to assess the effects on the environment 
beforehand. Currently therefore only two questions on the environmental effects are 
posed. On this could be expanded. 

SS The missing factors 
The factors that are missing compared to an already existing electricity system are 
the technology and the selection criteria. The technology has to be adapted to the 
demand. The specific criteria posed to the technology have to be determined, but at 
a later stage, because the technology of grid extension does not determine whether 
a sustainable system can be implemented. It is possible to adapt the technology in 
such a manner to the situation that a sustainable system will be created. 
Additionally, some of the technological characteristics will be reflected in fmancial 
indicators. One of the fundamental ideas brought forward in this study is that all 
rural inhabitants should have the opportunity to obtain a grid connection. When 
selection criteria are used, there will always be rural inhabitants that cannot meet 
those criteria and will therefore beforehand not be involved in a project. This is 
something that should always be considered when thinking about posing selection 
criteria to obtaining electricity access. In this research the following selection 
criteria were investigated: the ability to pay, willingness to pay, bundling services, 
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access to markets and the number of companies. Willingness and ability to pay 
were already investigated under the heading of demand and this seems the rightful 
place. No services were bundled when implementing the system. All people have a 
reasonable access to markets. It is unknown if there are industries. Apart from 
Huari though, which is by far the largest regional industry, there are not industries 
of this size in the area. When considering the other factors determining selection 
criteria does not seem to add much to the conclusion on whether a sustainable 
system can be constructed. 
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Appendix T: Operationalisation table and questionnaires 

Tl: Operationalisation tabel 

Table 36: Operationallsation table for application in communities without 
access to electricity 

Factor Component Subcomponent Subcomponent Indicator 
Need Need for Need for lights 

electrical 
applications 

Need for radio 
Need for television 
Need for cooking 
eauipment 
Need for water pump 
Need for heaters 
Need for refril!erators 
Need for air 
conditionin~ 

Need for machinery 
Need for other 
annlications 

Demand Future demand Size of population 
Population ~owth 

Load and Peak Variation during day 
load 

Seasonal variation 
Ability to pay Income Housinl! indicators 

Family composition 
and production 
activity 
Number of animals 
Land 
Ethnic origin and 
cultural 
characterisation 

Availability of Availability of 
alternative alternative 

Costs to rural user 
Willingness to Income 
pay 

Spread of income 
throul!hout the year 
Time 
Technolol!ical desi1111 
Availability of 
alternative 
Costs to rural user 

Institutional/ Effective Existence of 
Organisational Institutional organisations that 

structures can contribute to 
implementation of 
system 

Benefits of Presence of 
community community 
involvement or~anisation 

Election Occurrence of 
election 

Bad behaviour in Occurrence 
mana~ement 

Protection of people 
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a~ainst this 
Satisfaction of Satisfaction of people 
people with with functioning 
Committee or~anisation 

Level of social Participation in 
participation to communal 
define user organisation 
willingness to co-
operate in small, 
self-organised 
systems 

Local To maintain and Availability of 
capabilities manage the technicians/ suppliers 

system of materials 
Financial Cost Cost recovering at 

recoverin~ least 0 and M 
Subsidies 

Lowering the Connection fee Level of connection 
barriers to fee 
obtaining a 
suooly 

Relation of fee to 
other exoenditures 

Credit Possibility of 
mechanisms obtainin~ credit 

Securing Public and Availability public 
financing for private sources and private investors 
investment 

Conditions of 
availability 

Reducing Appropriate Design for small or 
construction technology rural loads 
and operating 
costs 

Single phase/ three 
phase system 

Social Social factors Important beliefs 
Important behaviour 

Willingness to Perception of benefits 
maintain system from system 

Environment Health Improvement of air in 
improvements house 
population 

Improvement of 
surroundings of 
house 

Regional Influence of system 
environment on air 

Influence of system 
on water 
Influence of system 
on earth 
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T2: Questionnaire for households without grid connection 

I Name of inteIViewer 

I.General data 
InteIView number 
Date 
Name of Municipality 
Name of Community 

2.Electricity needs 
M=morning, A=Afternoon, E=evening, N=night 

If you would have Quantity (of Which period of day? 
access to electricity, for 
which applications 
would vou use it? 

Lighting Yes No 
Radio Yes No 
Television Yes No 
Coo kins.! Yes No 
Machinery (for Yes No 
productive use, 
please specify) 

Water pumpinl.! Yes No 
Other, please Yes No 
specify 

3. Load factor and eak load 
Do you use more electricity in 
one of the seasons? 
If yes, when do you use most 
ener 
If yes, on what does this 
depend? 

Yes 

Spring 

More 
income 

hours) 

M A E N 
M A E N 
M A E N 
M A E N 

M A E N 
M A E N 

No Don't know No answer 

Summer Autumn Winter 

Use of Use of other Other, 
productive applications please 
machine 

4. Fuels/Ability to pay, load factor and peak load, willingness to pay 

4. 1 LiR:hting 
Aoolication Lamp Burner /Lamp Torch Candles 
Number of 
applications 
Fuel of Gas Liquid Kerosene Small batteries Small size 
applications Petroleum 

Kerosene Diesel Medium Medium size 
batteries 

Diesel Other, specify Lars.!e batteries Lars.!e size 
Other, specifv Other, specifv Other, specify 

Quantity of 
fuel 
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Unit of fuel 
Hours used 
per day 
How long can 
you use this 
fuel? 
How long until 
you buy a new 
unit? 
Price (Bs)/unit 
Availability of 
the fuel 

42A li ti ,pp ca ons 
Applications Radio TV Cooking Other, specifv 
Number of 
applications 
Fuel Small battery Small battery Firewood 

Med. battery Med. battery Gas Liquid 
Petroleum 

Large battery Large battery Other, specify 
Battery recharger I ace 

u 
Quantity of 
fuel 
Unit of fuel 
Hours used 
per day 
How long can 
you use this 
fuel? 
How long until 
you buy anew 
unit? 
Price (Bs)/unit 
Availability of 
the fuel 

0 1 2 3 4 More, 
0 1 2 3 4 More, 
0 1 2 3 4 More, 

5.2.1 Economic activity 
Of the interviewed Executed in the community 
person 

AR;riculture 
Breeding of animals 
Handcrafts 
Mining 

141 



Appendix 

Commercial 
Transport 
Construction 
Education 
Military force/Police 
Other, please specify 

Which of these sectors are the ones 
where most people of your 
community work in? (3 no more) 

5.2.2 Economic activity 2: farmers: Only for the interviewed persons who filled 
in they work in llilriculture or breed cattle 
A!!riculture 
Which kind of crops do you 
cultivate? (For example potatoes, 
corn, onions?) 

How much land do you cultivate? <l l<x<2 2<x<4 >4 
(Hectares, if other units are used, 
please define here) 
The crops are used for: Domestic Sales Both Other, please 

use specify 

Where do you sell? Local Selling In term Other, please 
market at ediates specify 

house 

Are you planning to start other Yes, No Don't No 
economic activities? please know answer 

specifv 
Cattle Cattle Amount 
What cattle do you have? Cows 

How many do you have? 
Sheep 

Chickens 

Horses 

Llamas 

Other please 
specify 

The animals are used for: Domest Sales Both Other, please 
ic use specify 

Where do you sell your products? Local Selling Interme Other, please 
market at diates specify 

house 
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Do you think about beginning other Yes, 
economic activities? please 

specify 

6. W"illinl(ness to pay 
Are you willing to pay for an Yes 
electricity connection? 
How much can you pay for this < 150 
connection? (Bs) 
How much can you pay for electricity <15 
per month? (Bs) 

7. Orl(anisation 
Is there a community organisation? Yes 

Are persons elected to become member of Yes 
this or12:anisation? 
If no, in what manner will a person 
become member? 
Are there occurrences of bad behaviour 
of the members of the orR:anisation? 
If yes, how are you protected against 
this? 
Are you satisfied with the execution of 
tasks by the orR:anisation? 
Would you like to be a member of the 
orR:anisation? 
If no, why not? 
If an electricity system were introduced, 
would there be persons that can 
maintain it? (Technicians, suppliers of 
materials?) 

8. Social factors 
What benefit do you expect to receive 
from havin a rid connection? 

Yes 

Yes 

Yes 

Yes 

No Don't No answer 
know 

No 

150<x<300 300<x<600 >600 

15<x<30 30<x<50 >50 

No Don't No 
know answer 

No Don't No 
know answer 

No Don't No 
know answer 

No Don't No 
know answer 

No Don't No 
know answer 

No Don't No 
know answer 
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T3: Guiding questionnaire for researcher 

Or anisation 
What is the motivation of your organisation to get involved in 
this rural electrici ro · ect 

What is the relation of your organisation to the other 
or anisations that would like to be involved? 

Future demand 
What is the size of the population? 
What has been the growth of the population in the last 2 
years? 

Political leJ!al 
Are there clearly defmed criteria to rank areas in order to 
priority for electrification? 
Is there a legal framework for the electricity sector? And thus 
this system? 
Is this framework well adapted to local circumstances? 
Are there legal standards set considering rural electricity 
systems? 
Are these standards adapted to the local circumstances? 

Financial factors 
Will the system be cost recovering at least for operation and 
maintenance? 
Are subsidies needed? 
What will be the level of the connection fee? 
Can people afford this in relation to other exnenditures? 
Can credit mechanisms be set up to assist poorer people? 
Are there sufficient private and public sources available that 
will secure the investment? 
Under what conditions will these sources finance 
investment? 
Will the system be designed for small, rural loads? 
Will the grid be single or three phase? 

Social factors 
Are there specific beliefs of the population that should be 
taken into account in the design of the system and 
organisation? 
Is there specific behaviour of the population that should be 
considered when designing and implementing the electricity 
system? 

Environmental factors 
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What is the expected influence of the electricity system on 
the regional air? 
What is the expected influence of the electricity system on 
the regional earth? 
What is the expected influence of the electricity system on 
regional water? 
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Appendix V: Conclusions and recommendations of the field 
research methodology 

The field research methodology will be analysed here according to the structure 
used in chapter 4. 

Vl Data collection method 
In this research using questionnaires was seen as the best manner to gather most 
of the information, for reasons explained in chapter 4. This manner was successful 
in this case, because enough information could be gathered to draw conclusions. 
Other options that seem appropriate, but should be decided on in a specific 
situation, are group interviews, personal interviews, mail or telephone interviews. In 
a remote area, the two last mentioned options would not be relevant. Taking group 
interviews can be a solution to save time, if it is possible to get enough households 
motivated to join in the interview. This requires good contacts and organisation. In 
this study, especially a lack of organisation made it impossible to collect data in this 
manner. Personal interviews probably would have had similar results, because the 
questionnaires in this study were also taken orally. 

Making use of closed questions seemed appropriate to limit the number of different 
answers and to be able to consider the percentages afterwards. Some questions 
were answered as if they were open though, for example what amount of money 
people would pay for their electricity each month. People would most of the time 
instantly say the exact amount instead of waiting for the categorisation. However, 
most questions were answered according to the categories, which resulted in a good 
overview of the results. So it can be concluded that using closed questions was 
successful in this case. 

Having contact with key persons was very important in this case. In several 
occasions they provided information on the organisation and technology of the 
system. Furthermore, they gave information on the area, the structure of the 
communal organisations and geographical location of communities. They also 
contacted other communities, which enhanced the communication process. Apart 
from this, the complete study has to be legitimate in the eyes of the rural people in 
some sort of manner. The Municipality and traditional social organisation were 
asked permissions to execute the research, but for rural dwellers that live relatively 
far away from these institutions, this is not relevant. However, mentioning the 
support of the Committee when asking permission to take a questionnaire from a 
household created always a positive understanding. 

V2 Sampling units 
Men mostly filled in the questionnaires. It is impossible to be sure whether the data 
are very much influenced by this. It is true though that women tend to use 
electricity differently from men. Therefore, it would be useful to make sure that a 
better division between men and women answering the questions was realised. 

V3 Sampling frame 
To be able to use more complicated statistical methods, a reliable sampling frame 
should be used. This was not available in this study and might not be available in 
other cases. A reliable framework is a requirement for using probability sampling 
and might be obtained from Municipalities, communal organisations or other 
institutes. 
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V4 Sampling method 
Probability sampling is always preferred to non-probability sampling, when only 
looking at the representativeness of the data. However, costs and time involved in 
gathering the data can lead to the choice of using non-probability sampling. In this 
study, non-probability sampling had to be used, because there was no accurate 
sampling frame available, which is necessary to draw random samples. To enhance 
the representativeness of the sample in this case study, questionnaires were taken 
in different communities. 

V5 Problems arising from conducting the survey 
Most problems mentioned in chapter 4 were area and case specific. This section 
tries to generalise some of the problems to come to solutions that can be applied in 
other research as well. 

Time and care should be taken to instruct field staff. In this study the field staff 
consisting of one additional person, was not instructed properly, which led to some 
errors. In case of working with several persons, it is even more important to instruct 
field staff. 

In this research, public transport was used. Transport turned out to be limited and 
sometimes unreliable. It can be recommended to have private transport 
possibilities. 

The communication was difficult in this research. One of the problems was the 
distances between the communities and Energetica and the field research area. 
This could have been solved partly by having private transport and staying in the 
regional centre Challapata for a longer period of time. Energetica did not 
recommend staying for a longer period of time within the field research area. 
Another main problem was the lack of communication possibilities from outside 
communities to the communities. It would have been difficult to solve this, because 
there were no other communication possibilities than going to the communities and 
see what the possibilities were. 

A solution that can be posed is training local people to assist in taking 
questionnaires. They will have fewer problems with the transport and 
communication. A big advantage can be that they are able to take questionnaires 
during a longer time period, because they are living in the area. 

V6 Sample size 
When taking questionnaires or interviews with the intention of applying a statistical 
analysis, the sample size should be chosen in line with this statistical analysis. In 
this research, the sample size has not been chosen according to a specific 
calculation. The population size of communities without grid connection was not 
known. For the communities with grid connection, a sample size should have been 
calculated, but this could only have been done during the research, because before 
the exact number of users was unknown. 

V7 Sample 
The manner in which the sample was taken, by going to several communities and 
taking interviews from all persons that were available, was probably the best way in 
this situation. It can be recommended to take the sample in a more structured 
manner, according to a pre-determined plan. If possible random sampling should be 
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applied. In this case random sampling would have led to a problem in transport, 
because not all communities could have been visited by means of public transport. 

VS Double translation and pre-test 
Although in this research these tests did not result in many changes, these are very 
useful tests to . apply before conducting the research. 

V9 Summary of conclusions and recommendations on field research 
methodology 
A brief summary of the conclusions and recommendations on the field research 
methodology are presented here: 

• Data on the determining factors should be gathered from the households and 
if possible from the communal organisation by means of questionnaires, 
personal or group interviews. This data should be completed by literature 
study, observation and individual interviews of for example key persons or 
persons involved in organisations. 

• Key contacts are very important to create possibilities to obtain the data and 
to obtain more contacts. 

• It can be recommended to arrange private transport. 
• The mentioned causes or errors in the data: the communication, transport 

and field staff instruction are aspects that should be considered, although it 
is impossible to say whether the errors can be completely avoided. If local 
inhabitants are willing to assist in the research this can be a major 
advantage. 

• The participation of women in the questionnaires should be supported more. 
• An adequate and reliable sampling frame is necessary to be able to use 

probability sampling. Probability sampling is usually the preferred method, 
but cannot always be applied because of costs and time involved. 

• The sample size should be calculated by means of the appropriate statistical 
formula. 

• The sample should be taken in a structured manner, or at least it should be 
planned well. 
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Appendix X: M.Sc. Theses in Technology and Development 
Studies 

M.Sc. Theses in Technology and Development Studies: 2002 

02.01 Jeannette Klein: Water Pollution in the Accra-Terna Metropolitan Area. Sources and 
Impacts. Ghana. 

02.02 Shila de Vries: Bamboo Construction Technology for Housing in Bangladesh. 
Opportunities and constraints of applying Latin American bamboo construction 
technologies for housing in selected rural villages of the Chittagong Hill Tracts, 
Bangladesh. 

02.03 An Nguyen: The Introduction of Digital Terrestrial Television in Vietnam. An opportunity 
study. 

02.04 Martijn Jonker: Building Technological Capabilities to Improve Performance. A case 
study of the paper industry in West Java, Indonesia. 

02.05 Jeroen Nuijten: Sustaining the Basic Research Program of the International School of 
Photonics Cochin, Kerala. India. 

02.05 Brecht Mommen: Changes in the Basic Needs Situation due to Hydro-projects in Nepal. 
A case study of Kali Gandaki project. 

02.06 Roy Vink: Assessment of Impacts of Hydro-project Balsa Superior on Economic 
Activities in the Canton San Ramon de Alajuela, Costa Rica. 

02.07 Svend Minderhoud: Technological Performance in Indonesian Paper Industry. A case 
study. 

02.08 Mirjam Pronk: Sustainable Building Systems for Low-cost Housing in Guayaquil, 
Ecuador. 

02.09 Thijs Gilde: "Save Water"- An assessment of the major causes of non-revenue water in 
the drinking water distribution system of SEMAPA in Cochabamba, Bolivia. 

02.1 O Mark van Stiphout: What are the costs of wetland pollution? Integrating the 
environmental effect chain and the total economic value for a coastal wetland in Ghana. 

02.11 Rick Boellaard: Op weg naar ontwikkeling.CFAR-Kasangulu, Zaire. 

02.12 Petra Hofman: The effects of the Formalization of Urban Informal Property on the 
Quality of low-Income Housing in Lima, Peru. Problems and Solutions. 

02.13 lssmail Nnafie: Internet cafes in Dar es Salaam: Problems and Opportunities. 
Recommendations fore Think Tank Tanzania. 

02.14 Loek Daemen: The Socio-Economic Effects of Road Maintenance in lringa Rural and 
Mufindi Districts, Tanzania. An explorative case study into the input-functions for the 
calculation of maintainable core-networks. 
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02.15 Christian Rademaker: Anti-Seismic Information Transfer. Assessment of a more 
appropiate information transfer method for implementing anti-seismic construction 
solutions in El Salvador. 
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M.Sc. Theses in Technology and Development Studies: 2003 

03.01 Maartje van Dalen: Role and Performance of the Indonesian Construction Sector. 

03.02 Wouter Zegwaard: Distance Learning Solutions to Bottlenecks in Indonesian Education. 

03.03 Dennis Sours: The dissemination of amorphous solar PV panels for rural households in 
the Manaus region, Amazonas, Brasil. 

03.04 Henri Heine: Cleaner Production in Industry: Measurement of the total energy saving 
potential and cost saving potential of small and medium enterprises in the plastic 
industry in Santiago, Chile. 

03.05 Ursula Kirchholtes: The important Crops of Andalusia in relation to Super Absorbent 
Polymers. Spain. 

03.06 Carin Bouwman: Wrestling with Development: "Arriving where we started?" A structured 
overview and analysis of 177 TDS MSc research projects in developing countries: their 
characteristics, goals and development relevance. 

03.07 Ellen Geurts: South African development plans and the performance of South African 
construction industry: Constraints of small emerging contractors in the city of Tshwane. 

03.08 Bram Saeijs: Science Parks in South Africa: Characteristics and Analysis of Success 
Factors. A preliminary method for potential success ranking of science parks. 

03.09 Saskia Dalman: Measurement of sustainability of primary schools in rural areas in 
South Africa. Development of a tool to measure the sustainability of the Thulani Primary 
school, Limpopo Provine, South Africa. 

03.1 O Bernadette Huizinga: A roof over your head. A Quatitative Housing Need Assessment 
for Tanzania. 

03.11 Marloes Kerklaan: Possibilities for development co-operation between developing 
countries and the Eindhoven University of Technology. An instrument for project 
appraisal and an analysis of development co-operation projects. 

03.12 Mark Vlok: Flood Risk Reduction Strategies: Recommendations for flood risk reduction 
in the Limoncito watershed in Puerto Limon, Costa Rica. 

03.13 Jimmy Murli: Diffusion of Technology from University to Manufacturing Firms in Kerala, 
India. 

03.14 Tijs den Uijl: Values of Cultural Heritage: Identification of a Cultural Heritage Building 
Rehabilitation Methodology applied in the Case of the Convent Santa Catalina of 
Collpaciaco, Bolivia. 
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M.Sc. Theses In Technology and Development Studies: 2004 

04.01 Saskia Ruijsink: Urban upgrading needs in an informal settlement in Dar es Salaam, Tanzania. 
An analysis based upon the interaction between urban space and the people's livelihood 
strategy, the case of Keko Magurumbasi A. · 

04.02 Moniek Vulink: Technology Transfer in the Construction industry of Ghana. Human resource 
development through international collaboration between foreign and local contractors in the 
Greater Accra region. 

04.03 Jaap Bosch: Improvement Possibilities tor refugee Shelters; a case study in Mtendeli Refuge 
Camp, Northwest Tanzania. 

04.04 Maarten van Oosterhout: Adoption and Diffusion of Natural Gas in the Small-scale Rural Industry 
of Bolivia. The cases of the Stucco Sector and the Chicha Sector in Cochabamba. 

04.05 Marieke Pluk: Economic growth and the environment in developing countries. The case of 
cement consumption and related carbon dioxide emissions in the construction industry in Chile. 

04.06 Anja Kuijsters: Environmental response of the Chilean building Sector. Efforts and constraints 
towards environmental building practices in the Santiago Metropolitan Region. 

04.07 Tom Siebeling: A Novel Approach to Innovation Processes in Community Driven Projects: How 
an extended Learning Selection model explains the suecess of SEIDET, an educational 
community development project in rural South Africa. 

04.08 Matsen Jorritsma/Koen van Noorden: Sustainable implementation of wind pump projects in 
TASAF supported villages. Preconditions and major policy guidelines tor Tanzania Social Action 
Fund. 

04.09 Rudy Honings: The Improvement of Wheelchair Provision for People with a disability in Northern 
Thailand. A study on constraints in assistive technology services. 

04.10 Marloes Reinink: Sustainable School Design Tool. Integrating sustainability into the design and 
design process of primary and secondary schools in poverty-stricken areas of South Africa. 

04.11 Jouke Boersma: Analysis and Improvement of (Domestic) Liquid Waste Systems and their 
Impacts in the Region of Bais City, Philippines. 

04.12 Wouter Houet: Facilitation of Social Housing Delivery in Urban South Africa. Investigation into 
the role and power of local government regarding the formulation and implementation of social 
housing policies in case studies Tshwane and Ekurhuleni. 

04.13 Pieter Habets: Social Rental Housing in Costa Rica. The possibilities and constraints for the 
adoption and implementation of social rental housing for low-to-middle income groups, within the 
institutional framework of Costa Rica. 

If you would like to receive a copy of one of the above indicated M.Sc. theses, please contact: 

Department of Technology and Development Studies 
Eindhoven University of Technology 
M.Sc. research co-ordinator 
Mrs Dr.Ir. E.L.C. Van Egmond 
DG 1.02 
PO Box 513 
5600 MB Eindhoven 
The Netherlands 
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