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Abstract  

Electricity access is widely recognized as a driver of development. The 
Brazilian government has incorporated this principle into its national 
rural electrification program, Luz Para Todos (LPT – Light for all), 
which has already benefited more than 14 million people in the country 
since its inception in 2003. But a different electrification model is 
required if remote areas in the Amazon region are to fully benefit from 
the program. 

In general, LPT has been implemented through a grid-based technology. 
However, the program has been less successful in providing electricity 
access in the Amazon region. In this region, about 24% of the rural 
population has no access to electricity. Key challenges are related to the 
exhaustion of the grid-extension model in isolated areas.  Extending the 
grid in these areas is neither realistic because of the local topography and 
natural conditions, nor cost-effective because expensive investments 
would be required to benefit a small number of citizens with low income 
and consumption rates.  

This study suggests an adapted LPT model for delivering electricity 
access in isolated areas of the Amazon region. In particular, the study 
offers a policy maker perspective and details the specific needs of 
isolated communities. It was developed in the form of a case study and 
included a variety of data sources, gathering techniques and analysis 
approaches, including an extensive literature review, the collection of in-
situ evidence through direct observations and semi- structured 
interviews. 

Conclusions draw attention to the need for more local and site-specific 
solutions. Three issues will be decisive in achieving universal, reliable and 
affordable access to electricity in the Amazon region. Firstly, 
harmonization with the regional context is essential as the Amazon is a 
vast and unique environment. Secondly, there is need for adapting the 
existing institutional structures to appreciate the conditions and specific 
needs of rural populations in the Amazon region. Thirdly, securing 
financial resource allocation and distribution will be decisive in a LPT 
model aimed at universal electrification in the Amazon. 
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Sammanfattning 

Tillgång till elektricitet ses som en drivkraft för utveckling, en princip 
som den brasilianska staten tillvaratagit i det nationella programmet för 
elektrifiering av landsbygden, Luz Para Todos (LPT) – Ljus för alla. 14 
miljoner människor har dragit fördelar av programmet sedan 
introduktionen år 2003. Det krävs dock en ny modell för att innevånare i 
avlägsna områdena i Amazonas ska kunna fullt tillgodogöra sig 
programmets fördelar. 

Generellt sett så har utbredningen av LPT baserats på teknik där 
inkoppling mot elnätet varit nödvändig. Programmet har dock inte 
lyckats fullt ut med elektrifiering av Amazonasregionen. Cirka 24 % av 
landsbygdsbefolkningen i Amazonas har i nuläget ingen tillgång till 
elektricitet. Utmaningarna för att nå en högre grad av elektrifiering ligger 
till stor del i programmets fokus på elnätsansluten teknik. Att bygga ut 
elnätet i dessa områden är varken realistiskt, på grund av terrängen och 
områdets naturförhållanden, eller kostnadseffektivt, på grund av de stora 
investeringar som krävs och endast gagnar en liten grupp innevånare 
med låga inkomster och konsumtionsvanor. 

Den här studien föreslår en anpassad LPT-modell som kan leverera 
tillgång till elektricitet i Amazonas isolerade områden. Studien 
uppmärksammar särskilt beslutsfattarnas perspektiv och ger förståelse 
kring de isolerade samhällenas specifika behov. Studien har utformats 
som en fallstudie samt omfattar ett antal olika informationskällor. Olika 
metoder för insamling och analys av data har använts, såsom en 
omfattande litteraturstudie samt observationer och semi-strukturerade 
intervjuer på plats i Amazonas.  

Slutsatserna uppmärksammar behovet av platsspecifika lösningar. Tre 
relevanta aspekter kommer att vara avgörande för att uppnå en allmänt 
tillgänglig, pålitlig och skäligt prissatt tillgång till elektricitet i Amazonas. 
En harmonisering till de regionala förhållandena är absolut nödvändig då 
Amazonas är ett vidsträckt område med unikt förutsättningar. Det finns 
dessutom ett behov av att anpassa de existerande institutionella 
strukturerna för att fånga upp de villkor och specifika behov som 
karaktäriserar Amazonas landsbygdsbefolkning.  Slutligen kommer 
säkerställande av finansiella resurser och allokering av desamma att vara 
avgörande i en LPT-modell där målet är en genomgående elektrifiering 
av Amazonas. 
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Preface 

This thesis has been developed in the Division of Energy and Climate 
Studies (ECS), Department of Energy Technology at KTH – School of 
Industrial Engineering and Management, within the framework of the 
Global Energy and Climate Studies Program, supported by the Swedish 
Energy Agency. Research at ECS has an interdisciplinary character with a 
strong systems-based approach dealing with cross-cutting issues of 
sustainable energy systems such as energy, climate change and 
sustainable development. Research at ECS is currently focused on 
bioenergy systems, rural electrification, energy efficiency and energy and 
climate policy. 

In this thesis, the linkages between electricity access and human 
development are addressed within the context of isolated areas in the 
Brazilian Amazon region. Electricity access plays an important role in 
addressing and achieving development goals. This research provides a 
valuable insight into the symbiotic relation between electricity access, 
economic growth, local resources and institutions. When designing 
technical and financial systems, it is vital to meet the multifaceted needs 
of developing regions and to allocate resources and mobilize efforts 
accordingly. 

This Licentiate thesis has been written as part of an on-going PhD 
project focusing on the theme of rural electrification. Subsequent 
research envisages the analysis of technologies for social inclusion and a 
potential impact assessment of new institutional structures in the 
Amazon region. 
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1  Introduct ion  

Access to electricity is widely recognized as critical to achieve human 
well-being and development. Yet, the global map shows significant 
disparities among countries in levels of access to electricity services. 
Today, over 1.3 billion people around the world lack electricity access. 
Most of them live in rural areas of Africa and Asia (IEA, 2011). In the 
past decade, a number of time-bound development targets known as the 
Millennium Development Goals (MDG) have gained relevance on the 
international agenda. The MDG initiative was adopted by the member 
states of the United Nations in 2000 (UN, 2000). The initiative envisages 
extreme poverty and hunger eradication, improved gender equality, 
health and education, together with environmental sustainability. Though 
there is no specific goal related to energy, there is wide recognition of the 
fact that the achievement of the MDGs will largely depend on the 
provision of electricity services (GNESD, 2007; UN, 2005; Gómez & 
Silveira, 2010). Access to electricity can bring many benefits to a 
community. For example, electricity makes the use of information and 
communication technologies possible, which can facilitate the 
development of educational programs. Electricity access is also a key 
component of a well-structured health system. For instance, it helps 
improve access to potable water and vaccines, which are both crucial to 
reducing the occurrence of diseases and infant mortality. In addition, 
electricity access is central to productive activities that enhance 
opportunities for the creation of rural enterprises and improving 
productivity. In summary, electricity provision acts as a driver for 
development and thus initiatives connected to the enhancement of 
electricity access are crucial for achieving the MDGs. 

National governments face difficult challenges when aiming at extending 
electricity services – actions needed include defining explicit targets, 
deciding on implementation strategies, and allocating funds either 
nationally or internationally (IEA, 2011). International experiences 
provide guidance on what can be done to extend the access to electricity 
services and how it can be accomplished so as to also promote 
development. This study addresses the particular case of Brazil and its 
rural electrification program Luz para Todos (LPT – Light for All).  



Brazil is the largest country in South America, covering an area of 865 
million square kilometers, which is equivalent to twice the surface of the 
whole European Union. Its population amounts to approximately 191 
million inhabitants and is mainly concentrated in the southern parts of 
the country and coastal areas. About 14% of the population lives in rural 
areas (IBGE, 2011). The country is divided into five macro-regions – 
South, South-east, Centre-west, North-east and North (See Fact box 1).  

Prepared by the author 

Fact box 1. General Indicators for Brazil and its macro-regions. 

This study focuses on the Amazon region, which is here defined as 
equivalent to the North region in the official macro-region division of 
the country. Although the Amazon region can be defined in different 
ways, the direct association between the Amazon and the North region 
has been a common practice in various studies on the region. The 
Amazon region is characterized by a very low population density. In fact, 
about 4 inhabitants per square kilometer live in this region, contrasting 
with an average national population density of about 22 inhabitants per 
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square kilometer in Brazil as a whole. In addition, this highly dispersed 
population is characterized by a very low income. These factors together 
with a complicated topography pose specific challenges, which require 
alternative electricity provision strategies. In some areas, the traditional 
grid-extension model provides a feasible solution. In others however, the 
traditional model is not suited to the region’s scattered population 
density, long distances between communities, and the presence of dense 
rainforest and mighty rivers, which combine to prevent the extension of 
the grid.  

Aware of the importance electricity services have on promoting the 
country’s development, the Brazilian government has actively promoted 
electricity provision, aiming at full coverage in the entire territory. Since 
2003, the LPT program has provided electricity to more than 14 million 
people (MME, 2011a). This means that about 7% of the national 
population has benefited from the program within a very short period of 
time. One important characteristic of this success is the recognition of 
electricity access as a civil right and its role in addressing and achieving 
development goals, which has been instrumental in political mobilization 
and policy definition. Policy implementation has been carefully 
orchestrated institutionally to guarantee the successful delivery of 
electricity connections. The responsibility to implement the policy has 
been primarily transferred to the concessionaires in their concession 
areas according to well-defined guidelines. 

The achievements of LPT are significant in a country that until recently 
was considered a developing nation. So far, approximately 2.3 million 
households and more than 14 million people living in rural areas of 
Brazil have benefited from the program. Most have been connected 
through the extension of the grid. As a natural consequence, 
beneficiaries are mainly located in populated areas, close to the national 
grid. However, about 230 thousand households or 930 thousand people 
in the Amazon region have not yet benefited (IBGE, 2011; MME, 
2011b). In fact, a number of challenges remain to reach isolated 
communities. The question is whether LPT can effectively provide 
electricity access to these communities. 

This thesis explores the institutional dimension of LPT, identifies 
necessary improvements, and provides recommendations for adapting 
the current model in order to deliver electricity access in isolated areas of 
the Amazon region. The author proposes an adapted LPT model in 
which the institutional framework and the financial resources are 
complemented with action from local agents and local-resource based 
technologies in order to achieve universalization. 
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1 . 1  O b j e c t i v e  a n d  r e s e a r c h  
q u e s t i o n s  

The ultimate objective of this research is to verify how effective the LPT 
has been in providing electricity services in the Amazon region. The 
study gives particular attention to the institutional framework of LPT 
and its efficiency when applied in the context of the Amazon (region). 
The results aim to provide insights for policy makers as they seek to 
achieve universalization goals. In addition, it provides a detailed analysis 
of the specific needs of isolated communities in the Amazon region.  

The Brazilian government has made significant efforts at the policy level 
to increase electricity access and promote development in rural areas. 
What has been the main motivation for rural electrification policy in the 
country? How is this rural electrification policy connected to 
development initiatives at large?  

In terms of implementation, LPT has dealt with multiple challenges to 
provide full electricity access in the country. How are rural electrification 
projects defined, designed and implemented? What are the main 
institutions involved in the process of providing electricity access and 
how is their involvement shaped? Are the institutional arrangements in 
place suitable to guarantee universal electrification in the Amazon 
region?  

1 . 2  R e s e a r c h  m e t h o d o l o g y   
This study has been developed in the form of a case study. A case study 
is an in-depth description and analysis of a bounded system (Merriam, 
2009). According to Yin (2009), the case study research method is an 
empirical inquiry that investigates a contemporary phenomenon within 
its real-life context. The boundaries between phenomenon and context 
are not clearly evident, and multiple sources of evidence are used.  

The ultimate objective of undertaking a case study is to build knowledge 
by exploring the particularity and the uniqueness of a specific case 
(Stake, 1995; Simons, 2009). Methodological discussions have questioned 
the value of case studies as a research method. Five major issues are 
raised about case study research: (i) it is often difficult to summarize and 
develop general propositions and theories on the basis of specific case 
studies; (ii) one cannot generalize on the basis of an individual case and 
as a result, the case study cannot contribute to scientific development; 
(iii) general, theoretical and context-independent knowledge is more 
valuable than concrete, practical and context-dependent knowledge; (iv) 
the case study is most useful for generating hypotheses, that is, in the 
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first stage of a total research process, while other methods are more 
suitable for hypotheses testing and theory-building; and (v) the case 
study contains a bias towards verification, that is, a tendency to confirm 
the researcher’s preconceived notions (Flyvbjerg, 2006). Yet, reports on 
case studies from many disciplines are extensively available in the 
literature and many well-recognized case study researchers such as 
Robert Yin, Robert Stake, and Helen Simons have written about case 
study research and suggested techniques for organizing data, conducting 
the research and providing scientific development (Yin, 2009; Simons, 
2009; Stake, 1995). 

A case study is intended to build validity using multiple sources of 
evidence (Yin, 2009). In addition, case study research must be based not 
only on a strong theoretical dimension but also on a systematic data 
collection to create value for wider generalization. The strategic choice of 
case may also greatly add to the potential of a case study in providing 
basis for generalization. Further, a case study uses quantitative methods, 
historical data, secondary sources as well as a mix of methods that 
contribute to insight and understanding, reducing bias towards 
verification (Yin, 2009; Simons, 2009; Stake, 1995). The significance of a 
single example should not be underestimated and the difficulty in 
summarizing and developing general propositions and theories should be 
understood as a consequence of the complex reality studied, rather than 
as a result of the research method being applied (Flyvbjerg, 2006). 

Figure  1 illustrates the methodological phases used to develop the 
research. The process considered different phases, which were 
interconnected and did not necessarily follow in a specific order. It is 
also important to note that the study consisted of a number of feedback 
loops that helped to control the process and provide criteria to 
constantly evaluate and improve the course of action throughout the 
research process. 

The case study was designed to consider a variety of data sources, 
gathering techniques and analysis approaches. This included an extensive 
literature review, the collection of in-situ evidence in the form of 
structured observations and semi-structured interviews conducted in 
three differentiated phases. 



 

Figure  1. Research methodology scheme 

Prepared by the author 

In the first phase, the research problem was formulated and the research 
questions were determined. During this phase, an extensive literature 
review considering basic concepts, theories and previous research 
findings provided an understanding of the research context. A visit to 
the Latin American Energy Organization (OLADE) supported this 
review within the context of Latin America. In a second phase, a field 
visit to the Amazon Region was conducted to rural and isolated 
communities in the state of Pará in the Amazon region. This phase was 
developed in close cooperation with Universidade Federal do Pará 
(UFPA) and the Electricity Company of Pará (CELPA). It provided an 
opportunity not only to observe communities in their natural 
environment but also to obtain perceptions of academics and 
concessionaires on the evolution of LPT in the region. Finally, during an 
internship conducted at the Brazilian Ministry of Finance, views from 
governmental institutions, including the Brazilian Electricity Regulatory 
Agency (ANEEL) and the Ministry of Mines and Energy (MME) were 
also gathered. 

Table  1 summarizes the main techniques applied during the research, 
together with their aims. Information sources were organized into three 
groups. The first group comprised reports and statistics on human 
development and rural electrification supported by the United Nations 
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Development Program (UNDP). The group was primarily concerned 
with key aspects of development and electricity access within a global 
context. Documentation available at OLADE was also included in this 
group to incorporate rural electrification in Latin America. The second 
group comprised different Brazilian institutions, directly and indirectly 
involved in the rural electrification program, such as the Ministry of 
Mines and Energy (MME) and the Brazilian Institute of Geography and 
Statistics (IBGE). Reports and academic publications focused on the 
specific case of Brazil were included in this group. Master and PhD 
theses developed by local universities made a significant contribution. 
Finally, a third group of sources considered international scientific 
articles and academic publications. Particular attention was paid to 
studies based on empirical in-situ evidence, which were not considered in 
the first group. Critical analyses developed by researchers at international 
universities and research institutes have been thoroughly reviewed.  

Table  1.  Main techniques applied during the research process 

 

Phase  Aim   Technique  Source/Interviewee   Institution 

Semi‐
structured 
interviews  

Eng. Byron  Chiliquinga 
The Latin American Energy 
Organization (OLADE) 

Prof. Gonçalo Rendeiro 
Universidade Federal do Pará 

(UFPA). Energy Biomass 
Environment Group 

Eng. Giorgiana Pinheiro 
Centrais Eletricas do Pará 
(CELPA). Energy Efficiency 

Department. 

Prof. Brigida Rocha
Universidade Federal do Pará 
(UFPA). Electrical Engineering 

School 

Prof. Paulo Contente 
Universidade Federal Rural da 
Amazônia 

Direct 
observations 

/Semi‐
structured 
interviews

Rural inhabitants in isolated 
areas of Pará 

Aturiá, Ioias, Jupatituba, 
Abatetuba 

Ministry of Mines and Energy 
LPT  program 

Mr. Ricardo Vinidich 
Electricity Regulatory Agency 

(ANEEL)
Mr. Victor Hugo da Silva R. Superintendence of Regulation 

Mr. Eduardo Barreto 
Mr. Marcos Bragatto 

Mr. Jossifram A. Soares Ministry of Finance. 

Mr. Claudio E. de Carvalho 
Secretariat for Economic 

Monitoring (SEAE) 
Mr. Jorge de S. Nogueira 

3
To capture views from 
governmental institutions 

Literature review. Mainly group 2 and 3. National reports, and academic 

Semi‐
structured 
interviews  

Mr. Aurelio Farias 

1
To formulate the research 
problem and determine the 
research questions 

Literature review. Mainly group 1 and 3. UN reports, scientific articles and 

2

To observe communities in 
their real context and to 
capture academics’ and 
concessionaire’s 
perceptions on the evolution 
of LPT in the region 

Literature review. Mainly group 2  National reports,  academic publications 

Semi‐
structured 
interviews  

 
Observations were used to obtain information on conditions 
surrounding the rural and isolated communities. Site-specific knowledge 
was gained by observing how rural communities live in the Amazon and 
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how their energy needs are met. Semi-structured interviews were also a 
useful research tool, which involved the use of a list of themes and areas 
to be covered, and some standardized questions. However, questions 
were omitted or added, depending on the circumstance and the flow of 
the conversation. 

1 . 3  S c o p e  a n d  l i m i t a t i o n s  
This thesis considers the specific case of the Brazilian rural electrification 
program LPT and its implications for the Amazon region. The scope 
consists of the definition, design and implementation of the 
electrification process since its inception in 2003. The research is 
particularly focused on the analysis of the institutional dimension of the 
LPT program and its effectiveness in the electrification of the Amazon 
region. The economic dimension is not discussed in depth. However, the 
study provides background information related to the financial dynamics 
of promoting rural electrification in the country. The regional focus is 
the Brazilian Amazon, which is a vast and diverse region. Consequently, 
the results do not necessarily apply to other Brazilian regions.  

1 . 4  O r g a n i z a t i o n  o f  t h e  s t u d y  
The thesis is divided into five chapters, which are linked as illustrated in 
Figure 2.  

Chapter 1 introduces the research topic and the study as a whole. It 
provides background information, defines the objective of the thesis, 
research questions, methodology, scope and limitations. It also outlines 
the organization of the study. 

Chapter 2 presents the basic concepts related to rural electrification, 
electricity access and human development. It uses the Human 
Development Index (HDI) to illustrate the connection between human 
development and electricity consumption. This chapter also describes 
the most common technological and institutional dimensions of 
electricity access. 

Chapter 3 is primarily based on observations of the Brazilian rural 
electrification program Luz para Todos (LPT – Light for All). It describes 
the national power system and discusses how the LPT initiative has 
evolved since its inception in 2003. The analysis in this chapter argues 
that isolated communities in the Amazon require a different solution if 
universal electricity access is to be achieved in the region.  
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Chapter 4 discusses the local-resource based technologies, delivery 
mechanisms and institutional structures that are necessary to provide 
electricity in remote areas of the Amazon region. This chapter elaborates 
on the need for a revision of the actual electrification approach used by 
LPT to provide electricity access to the Amazon region. 

Chapter 5 summarizes the research results and proposes an institutional 
model adapted to the specific conditions of the Amazon region. It also 
indicates potential future research topics.   



 

 

 

Figure 2. Research structure scheme 

Prepared by the author
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2  The role  of  e lectr ic i ty  
access  in human 
development 

This chapter discusses the role of electricity access in human development and uses the 
Human Development Index (HDI) to illustrate the connection between these two 
variables. It presents basic concepts concerning electricity access and rural electrification. 
The chapter also discusses the main rural electrification approaches in terms of technology 
– grid and off-grid solutions – and introduces the most common institutional approaches 
applied in rural electrification initiatives. 

Universal access to electricity is one of the most important goals set for 
the energy sector by governments in the developing world (UN, 2010; 
World Bank, 2010). This is because energy access in general, and 
electricity access in particular, are widely recognized as essential to 
achieve development goals (GNESD, 2007; Gómez & Silveira, 2010; 
UN, 2005). 

The United Nations has defined universal energy access as: “access to 
clean, reliable and affordable energy services for cooking and heating, 
lighting, communications and productive uses,” (UN, 2010). According 
to this definition, universal energy access involves incremental levels of 
development, as shown in Figure 3. The figure illustrates that, in a first 
stage of development, basic human needs are covered through (i) 
electricity access facilitating lighting, health, education, communication 
and community services and (ii) modern fuels access facilitating heating 
and cooking activities. In a subsequent step, electricity and the provision 
of modern fuels enhance the development of productive activities, which 
promote income generation. Finally, modern societal requirements such 
as increased supplies for cooling and heating, more domestic appliances, 
and private transportation are covered. Modern energy services imply an 
electricity consumption of about 2000 kWh per capita/year (Chaurey, 
Ranganathana, & Mohantyb, 2004; UN, 2010). In comparison, the 
average per capita electricity consumption of the recently connected 
Brazilian households is about 240 kWh per year1. This level of 

 

1 A survey among beneficiaries of the Brazilian rural electrification program shows an average 
consumption of 80 kWh/household/month. Considering 4 inhabitants per household, the average 
per capita annual electricity consumption is about 240 kWh (Zaytecbrasil, 2009). 



consumption illustrates the focus of LPT on covering basic needs and 
providing the first step on the energy ladder. 

 

Figure 3. Incremental levels of access to energy services in developing regions.  

Adapted from UN, 2010 

The United Nations’ definition of universal energy access, therefore, 
recognizes a direct connection between energy access and human 
development, and this connection is perceived in incremental energy 
access levels that provide increasing developmental benefits. In addition, 
the particular relationship between electricity consumption per capita 
and human development has been extensively documented (Borges da 
Cunha, Walter, & Rei, 2007; Gómez & Silveira, 2010; UNDP, 2004). The 
following sections provide a brief description of the concept of human 
development, its origins and how it is related to electricity consumption 
in the particular case of Brazil.  

2 . 1  H u m a n  D e v e l o p m e n t  a n d  H u m a n  
D e v e l o p m e n t  I n d e x  ( H D I )   

The concept of human development has been widely used since the 
1990s when the work of Mahbub ul, Haq Amartya Sen and other 
development thinkers proposed it as a challenging alternative to 
conventional definitions of economic and social development. They also 
provided the conceptual basis for development of the Human 
Development Index (HDI). Their view was that development can be 
seen as a “process of expanding the real freedoms that people enjoy,” 
(Sen, 1999a). Rather than the conventional focus on income and wealth 
as a measurement of development, this approach focuses on different 
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dimensions of well-being such as longevity, health and education. This is 
important, as it reflects the basic purpose of development, which is to 
enlarge people's choices rather than simply increase their income. These 
choices are related to opportunities to live a long and healthy life, have 
access to education, and the possibility to earn an income that guarantees 
a satisfactory quality of life. All these choices are different but they are 
inter-connected and guided by democratic processes2 (Sen, 1999b).  

This conceptual framework has been used as a keystone by the United 
Nations Development Program (UNDP) in its analyses published 
annually in the Human Development Reports (HDRs). The HDRs are 
developed at national, regional and local levels and are intended to be 
policy advocacy documents. The first HDR was launched in 1990 and 
introduced the Human Development Index (HDI), which was a new 
tool to measure human development. In this report, HDI is described as 
an index that captures three essential components of human life: 
“longevity and knowledge refer to the formation of human capabilities3, 
and income is a proxy measure for the choices people have in putting 
their capabilities to use,” (UNDP, 1990). 

The HDI was designed by the economist Mahbub ul Haq in 
collaboration with Amartya Sen and other leading development thinkers 
such as Paul Streeten, Frances Stewart, Gus Ranis, Keith Griffin, Sudhir 
Anand and Meghnad Desai (Sen, 1999b; UNDP, 2011a). The HDI gives 
an indication of performance in terms of life quality achieved in a given 
locality, which is a prerequisite for human development in general. It 
combines health, educational achievement and income indicators into a 
composite index that includes (i) health, expressed as longevity, 
measured by life expectancy at birth; (ii) educational level, measured by 
the combination of mean years of schooling and expected years of 
schooling; and (iii) income, measured through the Gross National 
Income (GNI) in Purchasing Parity Power (Klugman, Rodríguez, & 
Choi, 2011). Today, after some modifications in the methodology for 
HDI calculation, the index is calculated as the geometric average of 
normalized indices measuring achievements in each dimension. Such 
updates demonstrate that HDI is a flexible tool, which can be adapted to 
measure progress on different levels. Countries with a HDI higher than 

 

2 Democracy can be defined in different ways. Traditionally, it has been identified with majority rule 
where voting and election results are respected. According to Sen, democracy is a way of governing 
by discussion among equals and it requires, besides respect for elections results, the protection of 
freedoms and the guarantee of free discourse (Sen, 1999b) 

3 “Capabilities” refers to the opportunities that individuals have to exercise their freedom and 
choose the kind of life they want to live. The concept is fully described by Sen in “Commodities and 
capabilities” (Sen, 1999c). 
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0.8 are considered to be highly developed, countries with HDI values 
between 0.5 and 0.8 are included in the medium development category 
and those with HDI lower than 0.5 are included in the low development 
category (UNDP, 2011b).  

The HDI is a well-known and fairly respected index, which has been 
used worldwide during the last two decades. However, it has been argued 
by some authors that it does not consider the complexity of human 
development and disregards some of its dimensions, such as 
sustainability, political freedom or civil rights (Grimm, et al., 2009; Hicks, 
1997; Sagar & Najam, 1998; Ranis, Stewart, & Samman, 2005). Others 
claim that even though human development is a complex concept, 
without enhancing the three basic dimensions considered in the HDI, 
other dimensions such as political freedom will often remain inaccessible 
(Sen, 1999a). Some of the criticisms have been addressed in the recently 
modified methodology for HDI calculation (Klugman, Rodríguez, & 
Choi, 2011). In any case, following up on the performance of the basic 
development dimensions is crucial and HDI is one of the tools that 
allow this monitoring (Gómez & Silveira, 2010). 

Previous studies have demonstrated the connection between HDI and 
electricity consumption. For example, in 2000, Pasternak found a 
correlation between HDI and per capita electricity consumption for a 
sample of 60 countries comprising of more than 90% of the world 
population. He observed a threshold of about 4000 kWh per capita per 
year that corresponded to a HDI of 0.9 or greater, which is well below 
the consumption levels observed in most developed countries but also 
well above the level for many developing countries (Pasternak, 2000). 

In 2007, Borges da Cunha et al (2007) also confirmed a strong 
correlation between HDI and total electricity consumption (2000 basis) 
for 177 countries and 27 Brazilian states, which were all below an annual 
electricity consumption of 4000 kWh per capita. Only five Brazilian 
states in the South and Southeast regions had a HDI slightly above 0.80 
and these have the highest electrification levels in the country. The role 
of electricity in achieving human development goals is therefore also 
illustrated by the Brazilian case.  

UNDP recognizes the relationship between per capita energy use and 
HDI (UNDP, 1990; UNDP, 2004). However, it points out that increased 
energy use in countries with HDI at 0.8 or higher has little impact on 
further increasing HDI (UNDP, 2004). This indicates that the role of 
energy in improving life quality and welfare is particularly high in the 
early stages of development. On the contrary, in the later stages of 
development, a decoupling between energy consumption and economic 



growth is achievable, for example, through policies to reduce energy 
consumption (Johnson & Lambe, 2009). 

The next section uses the HDI to explore the connection between 
residential electricity consumption and human development in the 
Brazilian context, with focus on the Amazon region. 

2 . 2  E l e c t r i c i t y  a c c e s s  a n d  h u m a n  
d e v e l o p m e n t  i n  B r a z i l  

Figure  4 shows the HDI for all the Brazilian states and its relation to per 
capita residential electricity consumption for year 2005. Unfortunately, 
the information has not been updated and current data is not available at 
IBGE for state and municipal levels. The Brazilian Central Bank (BCB) 
conducted an estimate in 2007 (BCB, 2009). However, we opted to keep 
the latest available consolidated data instead of using the estimates. 

 

Figure  4. HDI connected to residential electricity 
consumption in the Amazon Region. 2005 

Source: Gómez and Silveira, 2010 

In addition, Figure  4 shows a HDI higher than 0.75 for the Amazon 
states, indicating a medium development level, similar to the status 
reached in 2011 by countries in Eastern Europe such as Belarus (UNDP, 
2011b). However, these HDI levels are based on aggregated values for 
rural and urban inhabitants in each state and do not illustrate 
particularities of certain segments of the population, for example people 
living in isolated areas. As an example, municipalities such as Barcelos or 
Santa Isabel do Rio Negro in the Amazon state have a HDI of about 
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0.62 which is not reflected in the figure. In order to bridge this gap in 
information, the HDI has been calculated at municipal level in Brazil4, 
which provides a more representative picture of the distribution of 
welfare that helps to guide public policy. Consequently, HDI also serves 
as an evaluation tool for measuring the impact of electrification in 
welfare improvement. Updating this information will, in the short term, 
allow a detailed evaluation of electricity access impacts in places where 
LPT has succeeded.  
 
Hence, there is already a general consensus about the role of energy 
services in improving human development, as it facilitates improvements 
in health, education and overall well-being of citizens. Many states in 
Brazil still have relatively low HDI and can significantly benefit from 
improved electricity access. It is within this context that the Brazilian 
government has defined its efforts concerning rural electrification aiming 
at universal electricity access for all citizens, including those living in 
rural and isolated areas. 

2 . 3  R u r a l  e l e c t r i f i c a t i o n  a n d  e l e c t r i c i t y  
a c c e s s  

Rural electrification is generally understood as the process of bringing 
electrical power to rural and remote areas. Consequently, national rural 
electrification programs are expected to enhance electricity access in low-
density areas. Nevertheless, the definition of electricity access still 
deserves some reflection. In fact, the definition varies from one country 
to another, leading to different policy outcomes, and directly affecting 
the design, implementation and evaluation of rural electrification 
programs. According to the International Energy Agency (IEA), there is 
no single internationally accepted definition for electricity access (IEA, 
2010). For example, the definition can be considered either at household 
or village level. Using the household level entails that if only one in 
twenty households does not have electricity access within a village, the 
village is not fully electrified. On the other hand, based on the same 
information and using the village level as reference, one may conclude 
that the entire village is electrified because, at this level, what is 
important is to have the electricity system in place instead of a number 
of actual households with electricity access.  

 

4 Detailed information on HDI at municipal level is supplied by The Territories of Citizenship 
Program (www.territoriosdacidadania.gov.br). The program aims at promoting economic 
development through a strategy of sustainable territorial development. Social participation and 
integration of actions among the federal government, states and municipalities are fundamental to 
the construction of this strategy. 

http://www.territoriosdacidadania.gov.br/
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In Brazil, where most urban areas are already electrified, rural 
electrification is understood as the process through which electricity 
access is granted to all citizens living in rural and isolated areas. The main 
focus of the actual rural electrification initiative is on guaranteeing basic 
electricity services to communities. Various technologies are used to 
achieve this objective. 

2 . 3 . 1  T h e  t e c h n o l o g i c a l  d i m e n s i o n  o f  
e l e c t r i c i t y  a c c e s s  

Depending on local conditions, electricity access can be provided to rural 
communities through large-scale centralized and/or small-scale 
decentralized systems. The models differ in many respects and 
comparisons are difficult. However, Table  2 summarizes the general 
understanding on the differences between centralized and decentralized 
systems according to the work of De Gouvello and Maigne (2003), 
Sweco (2009), and Ulseth and Arntsen (2009). The table presents 
contrasting key elements concerned with power generation capacity, 
including life-span, access to electricity, technical feasibility, operation 
conditions, the area of land they require and institutional arrangements.  

In general, implementation of centralized systems entails the use of 
medium to large scale power generation facilities, in the order of 
hundreds or even thousands of MW, and the use of an interconnected 
grid that links different power generation sources to provide electricity to 
final users located over an extensive area. Electricity is first transported 
through high voltage transmission lines, which facilitate the transfer of 
power over long distances, even crossing over national borders. Finally, 
it is transformed to lower voltage levels and supplied through the 
distribution grid to end-users.  

The implementation of a centralized power system involves a high initial 
investment. Moreover can large-scale power generation facilities be 
scattered over an extensive area, as in Brazil. This entails the use of long 
transmission and distribution lines to interconnect diverse power 
generation plants and a large number of final users. As a result, high 
transmission and distribution losses are common and high load densities 
are required in order to build a cost-effective system. Centralized systems 
have been mainly used for the purpose of supplying electricity to urban 
centers, where the load is both high and concentrated. The required 
capacity must be carefully established because the extension of the 
power generation system is costly, but once it is in place, the additional 
cost for providing a significant capacity margin can be low.  
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Centralized large-scale systems may have a life span of 30 years or more 
and can provide electricity access as needed in the foreseeable future, 
thus covering modern energy end uses. However, extending the grid 
depends on topography, distance between end users and the existent 
grid, size of load, availability of materials and qualified personnel. 
Locations with a varied topography represent a technical challenge that 
sometimes cannot be easily overcome with a grid extension. In addition, 
land use restrictions can limit the expansion of the grid. In such cases, a 
decentralized system may be required. Centralized systems can be 
interconnected with the national transmission grid, allowing the 
exchange of electricity among different regions, and supported by 
diverse power generation facilities (an interconnected grid). They can 
also be autonomous, meaning they depend on local power generation 
facilities, which are not connected to the national network (local grids).  

Since the physical network cannot be moved, centralized systems create 
a strong interdependency between supplier and end user, which favor a 
centralized institutional approach and can potentially restrict local 
organizations. For instance, the maintenance and operation of power 
plants require a certain level of expertise that is rarely transferred to local 
communities. Also, activities such as fee collection are organized 
centrally, despite being executed locally. Section 2.3.2 elaborates on this 
topic. 

In contrast, decentralized solutions are associated with local power 
generation and an installed capacity mostly in the order of tens kW to 
hundreds kW. Decentralized systems are primarily intended to meet local 
energy needs, but can also cover basic lighting needs up to modern 
services such as cooling and some industrial applications. Power 
generation facilities are located close to final users and do not involve 
high voltage transmission lines or an interconnected grid. For this reason 
they are also called off-grid systems. In addition, due to the fact that they 
are not interconnected, a backup system is essential to cover potential 
failures of the main power generation structure, in order to properly 
secure electricity supply.  

Off-grid systems can provide electricity to final users not only by using 
mini-grids but also by means of stand-alone units. They usually operate 
in the range of a few kW (stand alone) to hundreds of kW (mini-grids). 
While stand-alone systems operate with a very low load factor and are 
generally associated with household activities, mini-grids are recognized 
to enable both basic household services and the use of various 
appliances in community buildings (e.g. computers in schools, medical 
equipment in hospitals). They can consequently allow and enhance 
productive activities. In contrast with local grids, which are associated 
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with medium-scale power generation facilities, mini-grids are linked to 
smaller power generation facilities and are more restricted in their 
expansion. Consequently, mini-grids usually provide electricity to cover 
basic needs and small productive activities, whereas local grids can 
facilitate the provision of electricity to cover modern energy services. 
Mini-grids can effectively provide electricity services to small villages as 
long as the load factor and the distance between end users (load density) 
allow a cost-effective system. Otherwise, stand-alone units might be 
more appropriate. Stand-alone systems generally operate with a very low 
load factor and provide electricity for lighting and other simple, non-
productive activities. 

One important characteristic of off-grid systems is that they do not 
require complex capabilities to be operated. Moreover, they are 
physically more flexible than local or interconnected grids. As a result, 
the interdependency between supplier and end user is not as strong as it 
is with centralized systems. A significant need for decentralized 
organizations typically emerges with this kind of system. The institutional 
dimension of centralized and decentralized systems is discussed in the 
next section. 

In Brazil, electricity access is provided through both, centralized and 
decentralized systems as shown in Table  2. The interconnected grid, or 
the national network, which consists of a number of power generation 
units coupled to large transmission and distribution lines, provides 
electricity services to end users in the most populated regions, mainly 
located in the southern parts of the country and coastal areas. The 
interconnected grid is primarily based on hydropower plants, which are 
widely used in the country. The Brazilian system also encompasses a 
number of isolated systems that are not connected to the national grid, 
work autonomously, and cover about 30% of the national territory 
(GTON, 2011a). These isolated systems are mainly diesel-driven and 
include stand-alone, mini-grids and local grids. The isolated systems 
include about 3% of the national installed power generation capacity 
(ONS, 2012). 

The Amazon region is provided with electricity services mainly through 
the isolated systems, though the interconnected grid already provides a 
number of state capitals, such as Belem (PA), Porto Velho (RO) and Rio 
Branco (AC). The isolated systems comprise some relatively large local 
grids that operate in similar ways as the interconnected grid, as well as 
off-grid systems, including stand-alone and mini-grid systems. Sections 
3.1 and 3.2 further discuss these definitions within the specific context of 
the power systems in Brazil and in the Amazon. 



 

Table  2.  Systems providing electricity access 

 

Stand ‐alone  Mini‐ grids 

Power 
generation 

Autonomus. Lower than 10 
kW.  Small‐scale 

Autonomous. Between tens 
kW – hundreds kW.  Small ‐
scale 

Autonomous. Between  
tens to hundreds MW.  
Medium‐scale 

Interconnected. In the 
order of hundreds MW or 
more.  Large scale. 

Life time 
generation 
facilities

Ranging from 5 years (Pico‐
hydro) to 20 years (solar 
PV)

In the order of 20 years  Larger than 30 years Larger than 30 years

Access to 
electricity 

Limited, Basic needs, non‐
productive activities 

More constrained than in 
grid‐extension. Basic 
needs and some productive 
activities

As needed for the 
foreseeable future. Modern 
energy uses

As needed for the 
foreseeable future. Modern 
energy uses

Technical 
feasibility  

Depends on local 
resources. Project specific. 
Implies the use of batteries 

Depends on local 
resources, size of load, 
distance between final 
users 

Depends on topography, 
distance to the existent 
grid, size of load, 
availability of materials, 
qualified personnel 

Depends on topography, 
distance to the existent 
grid, size of load, 
availability of materials, 
qualified personnel 

Very low load factor. Low and dispersed  load 
factor.

High load factor and 
density.

High load factor and 
density.

Low‐complexity 
capabilities required  to 
operate it 

Local power generation 
facility must be 
constructed, operated and 
managed 

High transmission and 
distribution losses. 
Expertise required.

High transmission and 
distribution losses. 
Expertise required 

Commitment In 
space  

Highly flexible  Flexible geographical 
location

Geographical restrictions, 
land use considerations

Geographical restrictions, 
land use considerations

Weak  interdependency 
suppliers‐final user. 

Weak  interdependency 
suppliers‐final user. 

Strong interdependency 
suppliers‐final user 

Strong interdependency 
suppliers‐final user

Significant need for a 
decentralized organization 
(power plant operation an 
maintenance, fee‐
collection) 

Significant need for a 
decentralized organization 
(power plant operation an 
maintenance, fee‐
collection, new 
connections,  maintenance 
and repair of lines) 

Restricted needs for 
advanced local 
organization  (fee‐
collection, new 
connections,  maintenance 
and repair of lines) 

Restricted needs for 
advanced local 
organization  (fee‐
collection, new 
connections,  maintenance 
and repair of lines) 

Interconnected  Grid 
110 GW installed capacity

Mainly hydropower‐based

Examples in the 
Amazon

Small diesel generators 
providing electricity to one 
family 

50 kW small hydro power 
plant providing electricity 
to about 50 households in 
Iguarapé Jatoarana (PA)

Manaus, with about 1.8 
million inhabitants is 
supplied through local 
grids that operate in 
similar ways as the 
interconnected grid.

Capital cities such as 
Belem do Pará, whith 
about 1.4 million 
inhabitans being supplied 
trough the interconnected 
grid

Decentralized systems  Centralized systems 

Variable 
Off‐grid systems 

Local grids  Interconnected Grid 

Isolated Systems 
IN BRAZIL 3 GW installed capacity. Mainly diesel‐based

Operating 
conditions 

Institutional 
needs 

Based on: De Gouvello & Maigne, 2003; Filho et al., 2008; Empresa de Pesquisa Energética, 2011; 
GTON, 2011a; SWECO, 2009; Ulseth & Arntsen, 2009  

2 . 3 . 2  T h e  I n s t i t u t i o n a l  d i m e n s i o n  o f  
e l e c t r i c i t y  a c c e s s  

Differences between centralized and decentralized systems, including 
technical feasibility, operating conditions, and space requirements, imply 
different levels of interdependency between suppliers and final users (See 
Table  2). These differences in turn involve differentiated institutional 
arrangements in order to put in place the related solutions.  
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The supplier-end user interdependency in centralized systems is strong. 
This interdependency reduces the need for local organizations to take 
care of activities such as fee-collection, new connections, maintenance 
and repair of lines. Thus, a high interdependency favors centralized 
institutions to develop and maintain the relationship between suppliers 
and end users. One example is the Brazilian power system, in which a 
very centralized institutional framework has been promoted (See section 
3.3). Decentralized systems, on the other hand, are more likely to favor 
organizations with community participation in activities related to power 
plant operation and maintenance, fee-collection, new connections, 
maintenance and repair of power generation and distribution facilities. 

Different models using centralized and decentralized systems for 
delivering electricity services in rural areas have been put in place all over 
the world in recent decades. Some of them are market driven, though 
strongly supported by international aid agencies such as the case of 
Nepal (Mainali & Silveira, 2011). Others are government-led, such as the 
case of Brazil, and there are some cases in which private sector 
participation has been significant (Navigant Consulting, 2006). It is also 
possible to find models in which strategic alliances are developed 
between small actors such as NGOs, small entrepreneurs and electricity 
companies for the purpose of providing electricity access (Zerriffi, 2011). 
One example is in Vietnam, where government policy to encourage 
public–private partnerships was established in the early 1990s. While the 
government facilitated low-interest loans, a village management board 
for rural electrification built low-voltages lines, the electricity company 
built the medium voltage lines and transformers and installed meters, 
and the community made contributions in-kind (ADB, 2011). 

In some cases the government appoints a national electricity company to 
design and develop rural electrification, whilst in others a particular 
entity is designated for this purpose. Activities such as the operation and 
maintenance of the system can either be assigned to the private sector or 
to an organization representing the end users, such as cooperatives, 
particularly in the case of off-grid solutions (Nilsson, 2001; REBB, 2010; 
Taniguchi & Kaneko, 2009; Yadoo & Cruickshank, 2010; Zerriffi, 2011).  

In all cases, a number of institutions such as the national and local 
Governments, the rural communities, NGOs, private-sector companies, 
finance organizations such as development banks or micro finance 
institutions and international organizations are typically involved in the 
process of providing energy access to rural areas. These institutions need 
to have clear and specific roles in a coordinated effort to provide the 
electricity services. The government generally provides the required 
framework. This role can be complemented by NGOs or community-
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based organizations that act as intermediaries between implementing 
agents and communities. Private investors can also participate in the 
process, depending on the design and attractiveness of the project. For 
example, some authors argue that output-based targets, in which the 
payment of subsidies is linked to outputs can mobilize private 
investment, whilst also guaranteeing the proper allocation of subsidies 
and operational efficiency (Tomkins, undated; ESCAP, 2005). 

Other authors have proposed a different scheme for electricity provision 
in remote rural areas. They claim that on-site individual systems should 
cover individual needs and promote dispersed productive activities 
requiring energy in the order of tens of watts. This requires government 
subsidies and alternative delivery mechanisms with the involvement of 
local agents such as NGOs. They therefore argue that basic electricity 
demands will be satisfied and also further stages of development will be 
achieved. In a subsequent stage, rural industry, requiring power in the 
order of thousands of watts, should be encouraged through the use of 
technologies, such as biomass gasifiers, wind-diesel hybrid generators 
and micro turbines. These schemes should generate income to cover 
operation and maintenance costs. Yet, they might still need government 
support for initial capital investment. In the last and most advanced 
stage, integration with the main grid may be provided as a way to achieve 
sustainability and affordability of the service. This approach foresees off-
grid solutions as a first step in the development of a specific energy 
system and the integration to the grid as the final stage (Chaurey, 
Ranganathana, & Mohantyb, 2004). However, the model might not be 
possible in many cases such as in the Amazon where the topographic 
conditions prevent such a solution. In fact, putting in place a suitable 
decentralized model is one of the most important challenges for 
electrification initiatives in isolated areas. 

In pursuit of universal access, Brazil has developed a well-structured 
institutional framework operating at national, regional and local levels, 
which is effective in electrifying communities through the extension of 
the grid. However, the traditional and strongly grid-oriented model has 
reached physical and economic limits for its extension in the Brazilian 
Amazon. This has created the need for a new approach in which the 
demand-side is more carefully understood and a decentralized approach 
is developed by using other technological and institutional solutions.  

The next chapter describes how Brazil has made considerable progress in 
creating a solid institutional framework with clear competences for rural 
electrification based on grid extension. It also shows an institutional gap 
that prevents the effective delivery of off-grid systems. 



3  Rural  e lectr i f icat ion in 
Brazi l  

This chapter describes the Brazilian power system in terms of technology used and 
supporting institutions. The chapter discusses how LPT has evolved since its inception in 
2003. It illustrates how LPT’s institutional structure with its well established 
centralized system has led to the achievement of measurable targets, and provided 
standardized procedures to coordinate actions, implement and monitor the program. 
Finally, the need for a different solution for achieving universal electricity access in the 
Amazon region is discussed. 

3 . 1  T h e  B r a z i l i a n  p o w e r  s y s t e m :  
a  c e n t r a l i z e d  s y s t e m  

The Brazilian energy mix is characterized by a significant contribution 
from renewable energy, including large-scale hydropower resources for 
electricity and biofuels for transportation. In terms of electricity, Brazil is 
the largest market in South America with about 113 GW of installed 
power generation capacity (Empresa de Pesquisa Energética, 2011). 
Hydroelectricity supplies 74% of all electricity, followed by 
thermoelectricity generation, including biomass, natural gas, oil and coal, 
which supplies 16.4% (Figure  5).  

 

Figure  5. Brazilian domestic electricity supply. 2010 

Source: Empresa de Pesquisa Energética, 2011 

The availability of huge hydro resources and the search for economies of 
scale for power generation have contributed to the creation of a 
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centralized electricity system in which a huge transmission and 
distribution network prevails as the main technological infrastructure 
solution to supply electricity in the country.  

The process of electrification started at the end of the nineteenth century 
in Brazil, with the main objective of providing electricity to the state 
capitals. Local electricity grids were first developed and connected to 
small hydropower plants. However, in the second half of the nineteenth 
century, the first large-scale hydropower plant was built, which provided 
the starting point for what today has become an interconnected grid.  

The interconnected grid in Brazil 

Large-scale power generation has promoted the creation of a complex 
transmission and distribution system aimed at supplying electricity in 
urban and rural areas of Brazil. The interconnected grid supplies the 
South, Southeast, Northeast and Centre-west regions and partially covers 
the North Region (see Fact Box 1). More than 89 thousand kilometers of 
transmission lines connected to 97% of the national installed power 
generation capacity comprise what is known as the interconnected grid 
(ANEEL, 2009; ONS, 2012). This is illustrated in Figure  6.  

Having a strong dependency on hydro power, the interconnected grid is 
subjected to seasonal variations, and the interconnection alleviates the 
impact of weather conditions through complementarities between the 
various river basins (Domingues, 2003). The interconnection allows 
electricity exchange both among the national macro regions and across 
international borders – Itaipu and Garabi are two large-scale facilities 
that connect the Brazilian system to Paraguay and Argentina. The 
interconnected grid has been constantly expanded. For example, the 
states of Pará, Acre and Rondônia, in the Amazon region, are already 
partially supplied by the interconnected system. Projections are made to 
also integrate Macapá (capital of Amapá state) and Manaus (capital of the 
Amazonas state) as indicated by red dotted lines in Figure  6. 

Isolated systems 

Those areas that are not supplied through the national interconnected 
grid are served through isolated systems. Isolated systems provide 
electricity where the population density is low, i.e. in the states of Acre, 
Amazonas, Pará, Rondônia, Roraima, Mato Grosso and Amapá or about 
30% of the national surface. Isolated systems are not connected to the 
national grid and, consequently, do not allow electricity exchange with 
other regions in the country. The systems comprise about 411 thermal 



power units, mostly diesel-driven, and 160 hydropower units with a total 
installed capacity of about 3 GW (ANEEL, 2012; GTON, 2011a).  

 

Figure  6. The Brazilian electricity system 

Source :  ONS, 2010 

The Brazilian isolated systems include a number of centralized and 
decentralized systems of different sizes. Firstly, there are local grids that 
supply large cities such as Manaus and nearby villages. Manaus has about 
1.8 million inhabitants, so the local grid is quite large in this case. This 
group of local grids operates in a similar manner to the interconnected 
grid, i.e. through large transmission and distribution lines that carry 
electricity generated by thermal/hydro power plants with an installed 
capacity in the order of MW. With regard to the LPT program, this 
group has served as the basis for further grid extension to electrify 
peripheral areas under a centralized scheme. The annual average 
residential electricity consumption in this group is about 512 kWh per 
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capita5 (GTON, 2011b). The second group consists of smaller power 
generation units, which are mainly diesel-driven and operate with an 
installed capacity in the order of kW to serve remote villages and isolated 
households (De Figueiredo, 2008). This group is hereby referred to as 
off-grid systems, and includes mini-grids and stand-alone units, as 
indicated in Table  2. 

In short, the growth of the Brazilian national power system has primarily 
been based on the huge available hydrological sources. As large-scale 
hydropower generation capacity was developed, large grid extensions 
have been built to supply electricity in the country. Notably, also the so-
called isolated system is based on a centralized approach in which local 
large-scale power plants supply electricity to end users through well-
established transmission and distribution networks. Yet, the difficult 
topography and the low and dispersed load in certain areas such as the 
Amazon have prevented the extension of the grid. As a result, the need 
for off-grid systems emerges as a way to provide electricity in remote 
areas. The next section illustrates the particularities of the Amazon 
region, where most of the current off-grid systems are installed.  

3 . 2  A  d e c e n t r a l i z e d  s o l u t i o n  i n  t h e  
A m a z o n  r e g i o n  

In the Amazon, off-grid systems include power generation facilities in 
the order of tens to hundreds of kW that supply remote communities or 
households, usually reachable only through fluvial access. Off-grid 
systems’ arrangements comprise: (i) mini-grids connected to small-scale 
power generation units that provide electricity to small and remote villages, 
and (ii) stand alone systems that provide electricity to household units. 
These systems are frequently designed to handle household electricity 
services and do not allow major loads such as those required for 
productive activities (Zerriffi, 2011). Off-grid systems are related to a 
low and dispersed load factor. Not surprisingly, they are more frequently 
found in the Amazon region where the interconnected and the local 
grids cannot provide electricity to a number of isolated end users.  

The particular circumstances of the Amazon region has encouraged the 
implementation of off-grid systems, which are mostly developed around 
diesel-based power generators, small-scale hydropower units and, to a 
lesser extent, photovoltaic systems. These systems coexist with a very 
centralized system formed by the interconnected grid and the local grids 

 

5 Based on an average monthly electricity consumption of 170,8 kWh as per calculated by GTON 
for the first semester of 2011, and considering 4 people living in a residential unit. 



as schematically indicated in Figure  7. The figure shows in light blue the 
area covered by the interconnected grid and the area covered by the 
isolated systems, including local grids, in dark grey. Some regions (in 
light grey) are served by both interconnected grid and isolated systems 
indicating some complementarities between them.  

 

Figure  7. Centralized power systems in the Amazon region 

Prepared by the author 

Unfortunately, official statistics about the number of off-grid systems or 
the type of technology they are using are limited because not all of them 
are registered in the national system. According to ANEEL, most of the 
Amazonian population is today supplied through thermal power plants 
as illustrated in Figure  8 (ANEEL, 2010). The number of installed 
diesel-based power plants with a capacity of less than 1 MW is over ten 
times that of small-scale hydro power plants. The figure corresponds to 
official data and does not include the significant number of community 
and private initiatives operating off-grid systems. According to De 
Figueiredo (2008), stand-alone diesel-based systems with capacities 
ranging from 10 to 66 kW are the most common in the region. Some 
authors have estimated that there are over 600 small diesel generators in 
the Amazon region (Van Els, Souza, Viannab, & Brasil, 2012), which is 
more than 3 times the number reported by ANEEL. 
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Figure  8. Installed capacity and number of thermal and hydropower 
units in the Amazon (Units with 30 MW or lower installed capacity).  

Source: ANEEL, 2010 

Figure 9 shows typical isolated households located in the Amazon 
region, in the state of Pará, which benefit from off-grid systems. These 
households can only be reached by boat, after long journeys from the 
closest city. There are no roads. Villages consisting of a group of about 
20 -100 households usually include a school and a church and sometimes 
small enterprises, such as small sawmills. In some cases, houses are close 
to each other and the use of a small-scale power generator and a mini-
grid can provide the necessary electricity services. However, smaller 
villages consisting of groups of less than ten houses are in many cases 
scattered in a large area, which makes the use of mini-grids difficult. In 
many cases, the communities operate small scale diesel generators that, 
depending on the power capacity and maintenance routines, can provide 
electricity for a period of up to 5 hours per day (Pinheiro, Rendeiro, 
Pinho, & Macedo, 2011).  

 

Figure 9. Typical households in the Amazon Region 

Pictures taken by the author in June 2009. 
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Since actual off-grid systems operating in the Amazon are mainly diesel-
driven, they impact upon a very sensitive ecosystem. Also, they exclude 
part of the population, particularly low-income inhabitants who cannot 
afford the required investment and the subsequent operation and 
maintenance costs. As a result, there are around 250 thousand 
households, or approximately 900 thousand people, in the Amazon 
region that are yet to be supplied with electricity services (IBGE, 2011).  

Despite a clear mobilization of political will and the definition of 
electricity access as a civil right, isolated communities have not been fully 
served and the goal of full coverage has not yet been achieved. Isolated 
communities are found in remote areas, far away from the grid, and are 
characterized by the following: (i) inhabitants are highly dispersed; (ii) 
low-income population is prevalent; (iii) there are no economies of scale 
or concentrated loads; (iv) the topography is complicated and (v) the 
system is environmentally sensitive. Since the grid extension option is 
unsuitable for these areas, LPT has already considered a number of off-
grid solutions. However, questions remain on how to deliver electricity 
and guarantee the technical, economic, and environmental sustainability 
of electricity provision in these areas. Who is going to be responsible for 
the implementation and monitoring of these projects? How will they be 
funded and how will resources be allocated to make them possible? 

3 . 3  T h e  I n s t i t u t i o n a l  d i m e n s i o n  o f  t h e  
B r a z i l i a n  p o w e r  s e c t o r                  

The institutions acting in the Brazilian power sector have evolved in 
parallel with the development of the national centralized system. Figure 
10 illustrates the institutional national framework built around the power 
sector, and provides the context in which the actual rural electrification 
program LPT has been conceived. The scheme corresponds to a 
centralized model, which is organized according to areas covering energy 
policy, regulation and market, serving both interconnected and isolated 
systems. The State is responsible for planning, monitoring, and 
regulating the electricity sector and various agents in the public and 
private sectors are active in the generation, transmission, distribution and 
commercialization in both the interconnected and the isolated systems. 
This institutional model was adopted in 2004 with the main goal of 
ensuring national electricity supply and promoting lower tariffs and 
social inclusion. The new model emphasizes the fact that social inclusion 
strongly depends on the achievement of full electricity coverage in the 
country.  



 

Figure 10. The institutional structure of the Brazilian electricity system 

Prepared by the author based on ANEEL, 2009; ANEEL, 2011a; CCEE, 2012; ONS, 2012. 

The National Energy Policy Council (CNPE) is in charge of energy 
policy formulation. Its objective is to promote the rational use of energy 
sources, and guarantee the supply of energy to the whole country. This 
advisory body to the president also establishes guidelines for specific 
programs related to alternative energy sources such as natural gas, 
alcohol, biomass, coal and thermonuclear. Further, the CNPE establishes 
guidelines for the energy imports and exports so as to meet the needs of 
domestic consumption. The Ministry of Mines and Energy (MME) 
implements policies according to the guidelines provided by CNPE.  

The Brazilian Electricity Regulatory Agency (ANEEL) regulates and 
oversees the electricity system, ensuring the quality of services and full 
electricity coverage in the country. ANEEL establishes tariffs for the 
different concession areas. ANEEL is responsible for determining a 
tariff that is capable of maintaining the financial and economic balance in 
each concession area. ANEEL is also responsible for the approval of 
concessionaires and other service providers.  

Regarding the market, the activities of distribution and transmission are 
regulated, but electricity can be freely traded with consumers above 3 
MW via negotiated contracts or through energy auctions administered by 
the Chamber of Electric Energy Commercialization – CCEE. The 
Brazilian market model considers two environments for the sale of 
electricity: the regulated contracting environment - ACR and the Free 
Contracting Environment - ACL. Power generators can sell electricity in 
both environments and this helps maintain the competitive nature of 
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generation activities. The National System Operator – ONS coordinates 
and controls the operation of the interconnected system and the CCEE 
is in charge of the wholesale electricity market. The chamber plays a 
significant role in the development of short-term market transactions 
and electricity trade within the Regulated Contracting Environment.  

Further detail on the electricity system provides a more comprehensive 
picture of the existing institutions and the way they are connected. Table  
3 summarizes the major participants in the electricity sector and their 
specific function within the current institutional model. It also illustrates 
the main linkages between the different institutions. For example, action 
by the National Energy Policy Council (CNPE) and the Ministry of 
Mines and Energy (MME) is supported by the Energy Research 
Company (EPE), which provides studies and develops research in the 
field of energy, including electricity, oil and natural gas, coal, renewable 
energy and energy efficiency. The Monitoring Committee of the 
Electricity Sector (CMSE) also works in close cooperation with CNPE 
and MME as it monitors the functioning of the system and recommends 
preventive measures to ensure supply. 

Given the different nature of the interconnected and the isolated 
systems, a differentiation is made between the related institutions 
coordinating the operational side, mainly through the participation of the 
Technical Operational Group for the North Region – GTON. The 
group is under the mandate of Eletrobrás, a government-owned 
electricity holding company.   



Table  3.  Major players in the Brazilian institutional framework 

 Institution Function 
Policy CNPE. National 

Energy Policy 
Council. 

Formulates energy policy, in 
conjunction with other public policies 

MME– Ministry of 
Mines and Energy  
 

Implements policies for the energy 
sector, according to the guidelines of 
CNPE. 

Planning EPE– Energy 
Research Company  
 
 

Develops studies to define the Energy 
Matrix and expansion planning of the 
electricity sector (generation and 
transmission). 

Monitoring CMSE– Monitoring 
Committee of the 
Electricity Sector  
 

Monitors the functioning of the system. 
Recommends preventive measures to 
ensure supply. 

Regulation ANEEL – Brazilian 
Electricity Regulatory 
Agency.  
 

Regulates and supervises the system, 
ensuring the quality of services, 
universalization and the establishment 
of tariffs for consumers while 
preserving the economic and financial 
feasibility of the involved agents. 

Operation  
Interconnected  
System 

ONS– National 
System Operator  

Coordinates and controls the operation 
of the interconnected system 
 

 CCEE– Chamber of 
Electric Energy 
Commercialization  
 

Manages the wholesale electricity 
market. Determines the spot price, used 
to value the short-term market 
transactions. Prepares and carries out 
electricity auctions. 

Operation and Planning 
Isolated  
System 
 

GTON–  Technical 
Operational Group for 
the North Region 

In charge of planning and operation of 
the isolated system, under the mandate 
of Eletrobras.  

Generation, 
transmission and 
distribution 

Eletrobrás (ELTB) and 
subsidiaries (ELTBS)  

Government-owned holding 
Company that controls around 40% of 
the power generation in the country 
through six subsidiaries. Eletrobrás is 
also active in transmission and 
distribution. A number of subsidiaries 
act as concessionaires and supply 
electricity to exclusive territories, 
according to ANEEL’s regulation.  

Other Concessionaires 
(CNCS) 

In charge of supplying electricity to a 
concession area, according to ANEEL’s 
regulation 

Cooperatives (COOP) In charge of supplying electricity to 
certain areas. They can in theory act as 
concessionaires. 

Consumption 
 
 

Final users 
 
 
 

Active in the residential, industrial, 
commercial and rural categories within 
the interconnected and isolated systems.  
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Prepared by the author based on ANEEL, 2009, ANEEL, 2011a, CCEE, 2012; ONS, 2012 
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While the operation and the coordination of the isolated system are 
carried out by GTON, the National System Operator – ONS is 
responsible for these activities in the interconnected system. ONS 
ensures that load requirements are met by the system with a reliable 
operation including power generation and high voltage transmission 
lines. GTON is active in the states of Acre, Amazonas, Pará, Rondônia, 
Roraima, and Amapa. 

GTON is responsible for monitoring and controlling thermal and 
hydropower plants in isolated systems through periodic technical 
inspections, aimed at verifying technical, operational and environmental 
conditions. Being a predominantly diesel-based system, the actual 
operation model for the isolated systems implies the identification of the 
electricity demand so that the required quantity of fuel can be established 
and delivered usually during the first months of the year when rivers are 
navigable (De Figueiredo, 2008). A number of off-grid systems, which 
are not officially registered, are consequently not considered within the 
responsibilities assigned to GTON. In terms of generation, transmission 
and distribution activities, concessionaires are the main service providers 
in interconnected and isolated systems, following a very centralized 
institutional model.  

Concessionaires operate exclusive service territories in Brazil. In total, 
about 190 private and public concessionaires are active in the country. 
They provide electricity services to about 98% of the current national 
end users (IBGE, 2011). The concession contracts are signed between 
ANEEL and electricity companies. These contracts are used to set clear 
rules regarding the territory to be supplied, tariff and quality of service, 
as well as penalties for cases where the established requirements are not 
fulfilled. Concessionaires have the obligation to serve all inhabitants in 
their exclusive service territory, and in particular maintain low tariffs for 
low-income citizens (See section 3.4.2). Other agents such as 
cooperatives in theory have the possibility of acting as concessionaries, 
although their action is limited as less than 40 are active in the whole 
country (ANEEL, 2010). 

The role of Eletrobras is particularly significant in the Brazilian power 
system since it controls about 40% of the national power generation and 
has a strong presence in the Amazon region. Eletrobras is a government-
owned holding company that is active in the generation, transmission 
and distribution of electricity through six subsidiaries in the country: 
Eletrobras Chesf, Eletrobras Furnas, Eletrobras Eletrosul, Eletrobras 
Eletronuclear, Eletrobras CGTEE and Eletrobras Eletronorte. The latter 
is active in the Amazon region and provides electricity to more than 15 
million people in the interconnected and isolated systems.  



The institutional dimension of the Brazilian power system is complex. In 
general, a centralized model has provided electricity services in the 
country. The government has promoted exclusive service territories for 
electricity companies acting in the interconnected and the isolated 
system. In such a way, it has encouraged an electricity system in which 
the concessionaires are key players at national, regional and local level, 
and participation of other actors such as cooperatives and NGOs is 
marginal. 

The institutional dimension for off-grid systems in the Amazon 
Region  

The institutional dimension for rural electrification in Brazil has evolved 
based on a centralized system in which concessionaires are responsible 
for providing full electricity access in the country, including isolated and 
remote areas. They provide electricity to about 99% of the national 
population (IBGE, 2011). However, the situation is different in those 
areas where off-grid systems are needed such as in the Amazon region. 
In this region, concessionaires supply electricity services to just 62% of 
the rural households or about 2.4 million people (see Figure  11). Some 
14% of the rural population of the region, or around 500 thousand 
people, are supplied through other kinds of organizations and 24%, or 
about 900 thousand people, are not supplied at all (IBGE, 2011).  

 

Figure  11. Present institutional arrangements for different electrification 
systems in the Amazon region 

Prepared by the author based on IBGE, 2011 

Concessionaires provide electricity services mainly through grid 
extension and their activities related to the installation and operation of 
off-grid systems have been limited. In fact, official statistics of ANEEL 
specify only one (decentralized) 20 kW photovoltaic system in the 
Amazon region (ANEEL, 2012). Thus, other agents including 
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community organizations, NGOs or private initiatives are the main 
operators of decentralized, off-grid systems. According to Zerriffi 
(2011), they have worked autonomously, without any linkages to LPT. 
For example, a significant number of local leaders have installed and 
operate small diesel generators, and a number of communities operate 
diesel-based mini-grids. Also, NGOs, such as IDEAAS (Institute for 
Development of Natural Energy and Sustainability) and Brasus, have 
been particularly active in the implementation of solar systems 
(IDEAAS, 2010; Zerriffi, 2011). Villages with more than 100 households 
often have an agreement with the local community, the local government 
representatives and the electricity company acting in the region to 
operate and maintain various off-grid systems (Van Els, Souza, Viannab, 
& Brasil, 2012; Pinheiro, Rendeiro, Pinho, & Macedo, 2011).  

In contrast with concessionaires, decentralized organizations are not 
officially included in the Brazilian power system. Whereas, 
concessionaires are integrated into the LPT program and have access to 
financial resources in the form of subsidies or soft loans, decentralized 
organizations are not officially recognized and lack financial support 
from Federal government (See section 3.4.2). The situation has created a 
kind of “institutional inefficiency” in the provision of electricity to rural 
and isolated areas. Concessionaries have to fully supply electricity 
services to citizens living in their concession area, guaranteeing low 
tariffs for low-income population. Yet, they have not effectively 
delivered the required off-grid solutions. As a result, a group of new 
organizations have emerged to supply electricity to rural and isolated 
communities. Generally, these organizations operate off-grid systems 
during 4 to 5 hours per day, which provide electricity services that do not 
fulfill national standards (Van Els, Souza, Viannab, & Brasil, 2012). 
These decentralized organizations co-exist with concessionaires within a 
context in which a lack of rules prevent the delivery of reliable electricity 
services. 

Neither concessionaires nor existing decentralized organizations have 
proved effective in achieving universal electricity access in the Amazon 
region. There is a clear “institutional emptiness” in the implementation, 
operation and monitoring of off-grid systems, and this has prevented the 
achievement of universal electricity access in the Amazon region. The 
uniqueness of the Amazon region justifies the use of off-grid renewable 
technologies focused on local needs and potential, although this requires 
an innovative solution. The government has recognized the need for 
implementing an off-grid model in order to provide electricity to the 
dispersed rural communities, especially for those living in the Amazon 
region (MME, 2009a; Di Lascio & Barreto, 2009). However, the national 
rural electrification initiative has promoted a centralized model. Are the 
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institutional arrangements in place, which are focused on this model of 
centralized electricity provision, suitable to develop an off-grid, 
decentralized model of electrification?  

3 . 4  L u z  P a r a  T o d o s  –  L P T  ( L i g h t  f o r  
a l l ) .   

In the 1990s, significant governmental effort was mobilized to provide 
electricity to remote areas. For example, the Energy Development 
Program (PRODEEM) was formally launched in 1994 with the main 
purpose of providing renewable electricity (solar) to schools, hospitals 
and community centers in rural areas. PRODEEM considered social and 
productive needs to promote regional development, reduced the use of 
diesel fuel, and complemented grid systems where necessary. However, 
the program was not effective and showed that a top-down approach 
without community participation cannot provide an effective solution 
for rural electrification (Harald, Simões, & Öèbre, 2011). Commencing in 
1999, the Program Luz do Campo aimed at electrifying one million rural 
homes in a three-year period. However, at the end of 2000, about 10 
million citizens still did not have electricity access (MME, 2007).  

Previous efforts to improve electricity coverage were not enough and 
prompted new legislative action. Initially, the Electricity Universalization 
Program was created to increase electricity supply to municipalities with 
higher coverage, and aimed to reach full coverage in these localities by 
the end of 2015. The conceptual approach has changed since then. 
Today, the concept of universalization is incorporated into rural 
electrification policy, giving priority to the less developed regions. The 
idea is to provide electricity to around 600 thousand rural households, or 
approximately 2 million people, that still do not have electricity access in 
the country (IBGE, 2011). 

Universalization of electricity access in Brazil is understood as the 
process by which demand for electricity supply should be provided, 
without charging end users the direct connection costs. In this way, 
electricity access is recognized as a civil right, which is a unique feature 
of the Brazilian approach to electrification. Within this context, energy is 
widely recognized as a driver of social and economic development, and 
the provision of complete electricity coverage for all citizens is a national 
priority. The government is engaged in promoting sustained growth of 
the national economy, social inclusion and reduction of regional 
inequality. This fact is confirmed through the incorporation of rural 
electrification policy into other development policies, as well as in the 
development achievements of the Amazon region (Gómez & Silveira, 
2010). In line with that view, the Brazilian government is using the HDI 



37 
 

as a tool to plan and monitor development policy, in which also 
electrification is included. The universalization approach has proved 
effective in Brazil and it is illustrated through the latest governmental 
initiative known as Luz Para Todos (LPT – Light for all), which has been 
in place since 2003.  

This rural electrification program was created with the main purpose of 
reaching universalization in the country (MME, 2003). Full electricity 
coverage implied the provision of electricity to about 2 million 
households when LPT came into force (MME, 2011d). To date, around 
2.3 million households and over 14 million people living in rural areas of 
Brazil have benefitted from the program. All rural households are 
provided with an “internal installation kit” that involves the supply and 
installation of light bulbs, electrical outlets and all internal wiring (MME, 
2011d). Prior to LPT, beneficiaries had to bear not only the connection 
costs but also the costs of all internal wiring and the necessary 
equipment.  

Luz Para Todos (LPT – Light for all) provides electricity to rural 
households through centralized and decentralized systems. Therefore, 
the program includes the traditional extension of the grid, as well as the 
implementation of i) mini-grids and ii) stand-alone systems. However, 
actual results have been obtained mainly through a grid extension model, 
which strongly relies on a subsidy scheme whereby final users do not 
incur any costs to obtain electricity access (Brazilian Presidency, 2002; 
Zerriffi, 2011). The capacity to be installed cannot exceed 15 kVA per 
household, except in special cases, such as in the presence of water wells 
for community use, production community centers, schools and 
hospitals (MME, 2010). 

During the eight years of programs implementation, the federal 
government has contracted R$ 13.7 billion, equivalent to approximately 
6 billion Euros (MME, 2011b). This implies an average cost per 
connection of about 2000 EUR, similar to that in Mexico but 
significantly higher than any other Latin American benchmark. This cost 
is 3 to 6 times higher than connections in the rest of Latin America (ITC, 
2005). 

In line with the national commitment, LPT has promoted electricity as a 
driver of development. Actual information on HDI at municipal levels 
has provided the baseline to evaluate the impact of electrification on 
welfare improvement. The results in terms of development have been 
noticeable within a short period. For example, a recent survey shows that 
91% of about 4 000 low-income families that have benefitted from LPT 
recognized that the program improved their quality of life. The results 
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also show the impact of LPT on migration patterns in different regions. 
For example, some families (4.8% of the respondents) have decided to 
go back to their municipalities of origin, as they perceived improved 
living conditions after electricity services became available (Zaytecbrasil 
Serviços de Pesquisa, 2009). The National Household Survey also 
provides information on the impacts of electrification, which shows 
rising electricity consumption at residential level and an increasing 
number of households with television sets and refrigerators. For 
example, 79.3% of the respondents acquired television sets and 73.3% 
purchased refrigerators after receiving electricity services (Zaytecbrasil 
Serviços de Pesquisa, 2009). This is particularly noticeable in the North 
and North-East regions, traditionally the poorest in the country (IBGE, 
2009). 

The statistics above provide evidence of developmental improvements. 
The link between rural electrification and other initiatives has also 
proved effective in achieving human development goals. For example, 
LPT has provided electricity to over 11 000 public schools in rural areas. 
Of this total, 3 000 are in Bahia, 1 500 in Minas Gerais and 1 400 in the 
state of Pará (MME, 2009b). Electricity has enabled the use of 
computers in these areas and helps to eradicate digital exclusion. In this 
way, two initiatives led by the Federal government, digital inclusion and 
universal electricity access, are intended to enhance education and 
promote development. Thus, LPT has proved effective and this would 
not have been possible without coordinated action from a well-
established institutional framework. The next section analyses how the 
existing institutional framework has supported the development of this 
initiative towards the accomplishment of universalization goals. 

3 . 4 . 1  T h e  I n s t i t u t i o n a l  f r a m e w o r k   
The government-led program LPT (Light for all) was created in order to 
provide full electricity access to all citizens, implicitly focusing on rural 
and isolated areas, where the majority of potential beneficiaries of the 
program were located. LPT has its roots in the government definition of 
electricity access as a civil right. This means that all Brazilian citizens 
have the right to electricity access. The direct connection costs are not 
charged to end users, who are also entitled to subsidized consumption 
prices if they are categorized as low-income (See section 3.4.2). 

In an innovative practice, the operational structure of LPT has directly 
involved citizens who still lack electricity service. They request the 
connection to the electricity company and indicate their specific 
requirements. In this way, they are involved in the process of identifying 
the electricity demand, including productive applications, and designing 



their specific solution since they help to determine the size of the system. 
Their request is included in the expansion plan of the concessionaire 
acting in the area. As a result, the energy needs of the communities are 
incorporated into the decision making process of concessionaries. 
Citizens have access to the information regarding the operational 
structure of LPT and specific procedures to request electricity access. 
Therefore, one relevant aspect of the LPT program is the fact that 
community participation is considered in the formulation, planning and 
implementation of electrification projects. This encourages the 
understanding of the regional dynamics, which is essential for the 
successful implementation of these projects.  

The roles of the diverse players acting in the operational structure of 
LPT are clearly defined at national, regional and local levels. Figure  12 
provides an illustration of the institutional framework supporting LPT at 
these three levels.  

 

Figure  12. Institutional framework supporting LPT 

Source: Gómez and Silveira, 2010 

A National Commission for Universalization (NCU) is in charge of 
establishing policies and guidelines for the use of electricity as a driver 
for integrated development in rural areas, according to the national 

39 
 



directive. The NCU is formed by representatives of 13 ministries, the 
National Bank for Socio-economic Development (BNDES), the forum 
of state secretariat for energy matters, and the Brazilian Electricity 
Regulatory Agency (ANEEL). Eletrobrás administers the financial 
resources provided by sectorial funds. While the coordination of LPT is 
in the hands of the Ministry of Mines and Energy (MME), Eletrobrás is 
in charge of the Operational Secretariat. The MME establishes guidelines 
for action and works in close cooperation with coordinators of state and 
regional committees. Projects are prioritized by State Committees, 
following MME guidelines. Eletrobrás and ANEEL oversee the 
statement of commitment signed between the Federal Government, 
states and implementing agents. Table  4 summarizes the main 
competences of the related institutions 

Table  4.  Main competences of the institutions 
connected to Luz Para Todos , LPT (Light for all) 
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Prepared by the author based on MME, 2009a; MME, 2010 

 
Whilst this matrix does not show every competence of each institution, it 
gives an overview of the main capability of bodies that make up the 
institutional framework connected to LPT. It covers competences 
ranging from the establishment of policies and guidelines to incorporate 
the universalization goals to its final implementation and monitoring.  

Integrated action is required from all the involved institutions. The 
National Management Committee is responsible for the integration of 
activities developed by State Committees and for conciliating possible 
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disagreements that may affect the progress of the program. Thus, there is 
a harmonized effort supported by regional and State coordinators. The 
National Management Committee and the MME integrate players within 
LPT and other institutions. The projects are prioritized by State 
Committees, following MME guidelines. Monitoring activities have 
received particular attention and institutions – at three levels – have been 
designated for developing these activities. Furthermore, innovative tools 
such as the Human Development Index, down to the municipal level 
have been used for the purpose of prioritizing, monitoring and 
evaluating the program.  

Table  4 also shows the preponderant role of the concessionaires at 
implementation activities. This is the result of the regulation considering 
exclusive service territories for electricity supply. Concessionaires are the 
main actor responsible for the implementation of rural electrification and 
there is a clear transfer of responsibility to them to implement the 
electrification policy in their respective concession areas. This 
responsibility covers activities ranging from demand identification to 
financial allocation and physical implementation of connections.  

Regarding implementation, well-defined guidelines are provided by the 
MME to conduct the rural electrification process. In this sense, priority 
is given to: (i) rural electrification projects that are stalled by lack of 
resources; (ii) municipalities with electrification coverage below 85% 
according to the 2000 Census; (iii) municipalities with HDI below the 
HDI of the state; (iv) communities affected by hydropower dams or the 
electrical system works; (v) projects that focus on the productive use of 
electricity and promote integrated local development; (vi) public schools, 
health clinics and wells to provide water; (vii) rural settlements; (viii) 
projects for the development of family farming or handicraft activities; 
(ix) small and medium farmers and surrounding population of protected 
areas and minorities.  

Once concessionaires have identified and prioritized the demand 
through direct interaction with the community, they proceed in planning 
for the required connections and calculate their specific financial 
requirements. These financial requirements are then endorsed by the 
Ministry of Mines and Energy (MME) and approved by the National 
Electricity Agency (ANEEL). The view of the Brazilian government is 
that poor households cannot afford electricity access if subsidies are not 
offered (ANEEL, 2011a; MME, 2011c). Within this context, subsidies 
for the provision of electricity services to the poor have been an 
important instrument for reaching LPT’s goals.  
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3 . 4 . 2  T h e  F i n a n c i a l  R e s o u r c e s  
The existing subsidy scheme combines connection and consumption 
subsidies. The Brazilian government provides financial support to the 
concessionaires in the form of grants and soft loans, and the 
concessionaires are expected to pass the resources on to the end users in 
the form of free connections or lower tariffs, once the end user is 
provided with electricity services. In other words, subsidies are seen as a 
mechanism to keep electricity prices below market levels for poor 
households; there is a cost reduction for concessionaires to provide the 
connection and specific tariffs for poor final users as they consume 
electricity. These subsidies are perceived as essential resource allocation 
to ensure the development of the country as a whole, which benefits the 
most impoverished groups and reduces inequality.  

Connection subsidies are one-off benefits that eliminate the price 
customers pay to connect to the system. These subsidies are directly 
related to LPT implementation. Since the goal is to reach full coverage, 
this subsidy benefits all citizens requesting connections. Although 
consumption subsidies are not directly connected to the implementation 
of LPT, they are instrumental in the process of sustaining the program. 
The consumption subsidies incorporate quantity targets since they 
operate through the tariff structure as a percentage discount applied to 
residential final users’ bills. This means that once the connection process 
is finalized by LPT, the end users start to receive the corresponding 
subsidy according to their specific levels of consumption. Initially, all 
users with electricity consumption below 80 kWh per month and even 
users up to 220 kWh under certain conditions were considered “low-
income” consumers and had the right to pay reduced tariffs. The tariff 
structure required concessionaires to cross-subsidize low-income users, 
based on the assumption that low consumption was linked to low-
income. Recently, the social tariff introduced a new concept that 
provides discounts on the residential tariff depending on the 
consumption, according to the values indicated in Table  5. 

The difference between the low tariffs for low-income consumers and 
the high cost of service is still primarily covered by cross-subsidization, 
but only final users that are classified as low-income consumers and are 
properly registered in the official database for Federal Government 
Social Programs6 can benefit from the subsidy. Indigenous groups or 
minorities, receive a discount of 100% up to a maximum consumption 

 

6 The Brazilian government has created a program for direct income transfer called Bolsa Família. More than 12 
million families that live in poverty have been registered in an official database through this program. The families 
have to fulfil a number of requirements before they are registered. 



of 50 kWh / month, provided they are included in the official registry. 
This is because the indigenous community has a particular status 
according to the Brazilian constitution and the government exercises a 
tutorial protection of these minorities7. 

Table  5.  Social tariff discount for poor households in Brazil 

 

Source: Brazilian Presidency, 2010 

Sectorial Funds.  Besides federal sources, state governments and 
concessionaires are expected to provide about 10% and 15% of the 
required funds respectively. Two sectorial funds are the main providers 
of the required resources: the Energy Development Account (CDE) and 
the Global Reversion Reserve (RGR). Both funds rely on electricity 
consumers since they all generate the resources via tariff. While the CDE 
provides resources in the form of a grant, the RGR provides resources in 
the form of a soft loan. The CDE supplies between 10 and 65% of the 
required resources for grid-extension projects, and the RGR supplies 
between 10 and 70%, depending on the specific project. In regions were 
the required investment is low, a low percentage is granted to the 
concessionaires. Grants are higher in regions such as the Amazon, where 
the required investment is high. A differentiated treatment has been 
established for off-grid solutions in terms of funding. These solutions 
include technologies such as hydrokinetic, mini and micro hydropower, 
solar and wind power systems, biofuels or natural gas based power plants 
and hybrid power systems (a combination of solar, wind, biomass, 
hydropower and diesel). In these cases, the CDE is expected to provide 
85% of the required financial support (in the form of subsidy) and the 
concessionaries bring in the remaining 15% (MME, 2009a). These funds 
are administered by Eletrobrás.  

                                                      

7 According to National Indian Foundation (Fundação Nacional do Indio – FUNAI), there are about 460 thousand 
indigenous people in Brazil, living in indigenous lands and representing about 0.25% of the population. An 
additional 100 to 190 thousand are estimated to live in other areas. 
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Subsidies allocation.  Figure  13 shows the flow of funds along with the 
existing institutional framework within LPT for the grid-extension 
approach. The governmental financial resources are transferred to the 
concessionaires following proof that the connection was provided to a 
specific household. This requires concessionaires to efficiently pass on 
the subsidy to the poor. LPT has therefore created a monitoring system 
connected to a well-structured institutional framework in which the 
allocation of resources is linked to the performance of the 
concessionaries.  

 

Figure  13. Flow of funds through the existing institutional framework 
under LPT 

Source: Gómez and Silveira, 2012 

The distribution of the resources provided by CDE and RGR depends 
on the particular conditions in each concession. Concessionaires 
calculate their specific needs, based on the identified demand, which are 
then endorsed by the Ministry of Mines and Energy (MME), approved 
by the National Electricity Agency (ANEEL) and formalized through a 
contract. As long as the concessionaire demonstrates the fulfillment of 
the grid extension/off-grid implementation plan, the resources are 
released by Eletrobrás.  

A financial incentive is also provided to speed up the implementation 
process. For example, a concessionaire can receive 50% of the 
contracted value having performed only 10% of the planned connections 
execution (MME, 2010). LPT therefore encourages concessionaires to 
move faster towards their goals. Once the final user is connected, they 
begin paying the electricity bill according to the established social tariff.  

44 
 



45 
 

LPT design and implementation has required a complex operational 
framework, well-defined planning and monitoring processes, and fully 
involved institutions at local, regional and national level. This 
institutional framework has proved effective in the accomplishment of 
electricity access objectives using the grid extension approach of either 
the national interconnected grid or of the grids belonging to large-scale 
decentralized systems. Connection subsidies are provided through 
financial support to the concessionaires and this is reflected in end users 
not having to pay for the connection. LPT has ensured the availability of 
resources and guaranteed that the connection subsidies are properly 
allocated.  

However, remote communities, such as those living in the North region, 
cannot be supplied using the grid extension approach that has 
characterized much of the LPT intervention. The question is if the 
existing funds are sustainable, and if they will provide the required long-
term stability for the implementation of off-grid solutions in the Amazon 
region. How could these subsidies be properly allocated, given the 
particular conditions of the region? Furthermore, how could this 
structure be used to accomplish the subsequent stages of the Brazilian 
electrification program? What are the technologies, the delivery 
mechanisms and the institutional structures necessary to provide 
electricity in remote areas where grid extension is not a realistic option?  

In the next chapter, we discuss key factors that need to be considered 
when building a new model to provide electricity access in the Amazon 
region. Possible institutional arrangements to provide electricity in 
remote areas of the Amazon region are analyzed.  
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4  Sett ing the bas is  for  a  
new inst i tut ional  
framework for  the 
Amazon region 

This chapter discusses the technologies, delivery mechanisms and institutional structures 
that are necessary to provide electricity in remote areas of the Amazon region, where grid 
extension is not a realistic option. The chapter elaborates on the need for a revision of 
the current rural electrification model and sets the basis for a new approach to 
complement the existing institutional framework. 

The Brazilian rural electrification program LPT is supported by a strong 
multi-level institutional framework and a technology-system base 
focused on the extension of the centralized electrification model. 
Overall, the system has proved effective in providing electricity to a 
significant number of rural inhabitants. The institutional structure of 
LPT serves to pursue clear goals and measurable targets, which provide 
standardized procedures to coordinate actions, and implement and 
monitor the program. In addition, there is a clear hierarchical structure 
of responsibilities to implement and monitor the various steps of the 
rural electrification program. The question is how this structure can be 
used to accomplish the next phase of the Brazilian electrification 
program.  

Figure  14 proposes the basis for a new LPT model in which the 
institutional framework and the financial resources are complemented by 
local-resource based technologies to achieve universalization in the 
Amazon region. We argue that off-grid systems are essential for 
achieving this purpose. In contrast with the grid extension approach, off-
grid solutions will have to consider the broad variety of resources 
available in the Amazon and alternative small-scale renewable 
technologies to harness the existing potential. The technologies for these 
off-grid solutions have not yet been systematically explored in the region. 
However, adopting an off-grid approach will require the adaptation of 
the institutional framework and the financial base as further discussed 
below. The sensitiveness of the Amazon eco-systems, widely available 
renewable energy resources, and remoteness of many communities, give 



strong reasons for evaluating new options to promote universal 
electrification in the region. 

 

Figure  14. Basis for a new model to provide off-grid electrification 
solutions in the Amazon region. 

Source: Gómez and Silveira, 2012 

4 . 1  D e v e l o p i n g  n e w  r e s o u r c e s  a n d  o f f -
g r i d  t e c h n o l o g i e s  

The Amazon region is rich in a variety of natural resources. At the same 
time, multiple renewable energy technologies worldwide have proved 
effective to provide electricity access based on available natural resources 
(Chaurey, Ranganathana, & Mohantyb, 2004; Mainali & Silveira, 2011). 
The region can consequently be the site of alternative solutions based on 
local resources, vocations and needs. Surprisingly, the electrification 
schemes used in the Amazon are based on imported fossil fuel resources 
rather than on locally available renewable sources. 

Natural resources available in the Amazon include biomass, water and 
solar radiation. For example, floating residual wood being carried by the 
rivers is already being collected in order to avoid risks for navigation. 
Although this resource may potentially be used for power generation. A 
potential capacity of about 1 000 kVA has been estimated (Bacellar & 
Rocha, 2010). The possibility of using vegetable oils either in natural 
form or processed as biodiesel has also been studied and applied on pilot 
projects (Gonzalez, Machado, Barreto, Dall’Oglio, & Correia, 2008). 
Given the significant biodiversity of the region, a wide variety of native 
species are yet to be explored for energy purposes. Improved forest 
management offers huge potential for synergy with the region’s energy 
supply. In terms of hydro resources, the Amazon basin has a significant 
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potential for electricity generation. A nominal potential of about 1.7 GW 
has been quantified by potentially using small, off-grid hydro power 
plants in the Amazon basin (Pereira, Freitas, & Da Silva, 2010; Blanco, 
Yves, & Mesquita, 2008). According to the National Electricity Agency, 
ANEEL, 15 small hydropower plants are already installed. This implies a 
total installed capacity of only 12 MW in the region, and illustrates the 
magnitude of the unexplored potential (ANEEL, 2010). However, there 
is potential to evaluate replicable solutions suitable to the region’s 
conditions. 

Regarding solar radiation, the detailed potential in the region is not well 
documented due to the vastness of the area and accessibility issues. 
However, there is evidence of an average radiation of 5.5 kWh/m2 
(Schmid & Hoffman, 2004). This potential has low inter-seasonal 
variability, which makes solar power suitable for the purpose of 
implementing hybrid systems (Duarte, Bezerra, Tostes, Duarte, & Filho, 
2010). Finally, there is potential to utilize wind energy mainly in coastal 
areas and in Roraima, close to the border between Brazil and Venezuela. 
The average annual wind speed in these areas is higher than 5m/s, which 
is suitable for the installation of small-scale wind turbines with a capacity 
of around 100kW (Pereira, Freitas, & Da Silva, 2010). 

The technologies tested in the Amazon region include solar 
photovoltaic, small-scale wind, solar-wind-diesel hybrids, diesel and 
biodiesel generators, hydropower plants and biomass gasifiers. Except 
for small hydro power plants, none of these alternative technologies are 
widely used in the Brazilian Amazon. The official records confirm just 
one photovoltaic system of 20 kW installed in the region (ANEEL, 
2010). Table  6 summarizes the relevant experiences of the 
implementation of different technologies promoted by governmental 
and research institutes, with participation from concessionaires and 
communities (See also Figure  7). These are pilot projects and are still 
under evaluation. The author has visited the gasification plant in 
Jenipaúba and the system is inactive. Instead, the grid has been extended 
by the local concessionaire and now the community has access to grid-
based electricity.  

In general, photovoltaic technologies often suit lower demands better 
than small hydro, hydrokinetic systems, biomass technologies or hybrid 
systems. They have proved effective to provide services such as lighting 
and clean drinking water (Di Lascio & Barreto, 2009; Palit & Chaurey, 
2011; Schmid & Hoffman, 2004). At the same time, biodiesel-based 
power generation can be used in stationary engines and may actually 
become significant, bearing in mind the vast biomass resources available 
in the region (Gonzalez, Machado, Barreto, Dall’Oglio, & Correia, 2008). 



Wind energy offers a cost-effective opportunity, which is sometimes 
cheaper than photovoltaics, and may be an attractive alternative for 
hybrid systems (wind-diesel). Such an alternative would be useful in 
particular areas of the Amazon such as Marajó Island (Duarte, Bezerra, 
Tostes, Duarte, & Filho, 2010). 

Table  6.  Examples of technologies tested in the Amazon region 

 

TECHNOLOGY   DESCRIPTION  LOCATION  SOURCE 

Biodiesel 
production to 
replace diesel 

power generation 

2000 L biodiesel/day. Biodiesel production is based 
on dendê crops cultivated by the Brazilian Institute 
for agricultural reseach (EMBRAPA). It supplies 
EMBRAPA requirements and is expected to also 
supply military vehicles and nearby communities

Rio Preto da Eva (AM) Gonzalez et al, 2008 

Biodiesel 
production to 
replace diesel 

power generation 

80 L biodiesel/day. Biodiesel production is based 
on local species (uricuri) and will allow the 
functioning of an existent 40‐kW diesel based 
power plant. The system will supply electricity to a 
60‐household community, and to small‐scale oil 
and  ice production plants

Carauari (AM)  Gonzalez et al, 2008 

Steam power 
plant, based on 
sawmill residues 

50 kW. Fully supplies electricity to a 30‐family 
community and partially cover sawmill  
requirements (complemented with diesel power 
generation) 

San Antonio (PA)  Pihneiro et al, 2012 

Hybrid system 
(PV‐diesel) 

51.2 kWp photovoltaic system. 2 diesel generators 
of 53 kVA each.

Vila Campinas (AM)  Pinho et al, 2008

Hybrid system 
(PV‐wind) 

10.2 kWp photovoltaic system. 4 wind generators 
of 10 kW each to supply about 170 households

Vila Joanes (PA)  Pinho et al, 2008

Hybrid system 
(wind‐diesel) 

7.5 kW wind power plant system and 4 diesel 
generators of 7.5 kVA each.

Vila de Praia Grande 
(PA)

Pinho et al, 2008

Hybrid system 
(PV‐wind‐diesel) 

3.84 kWp photovoltaic system. 2 wind generators 
of 7.5 kW and one diesel based system of 40 kVA 
to supply about 60 households. A pre‐paid system 
was put into place in 2005

Marapanim (PA) Pinho et al, 2008

Hybrid system 
(PV‐diesel) 

20.48 kWp photovoltaic system. 162 kW diesel 
based system (Three 60 kVA  units)

Mamoré (RO)  Pinho et al, 2008

Hybrid system 
(PV‐wind‐diesel) 

 3.2 kWp photovoltaic system. One wind generators 
of 7.5 kW and one diesel based system of 20  kVA 
to supply about 67 households. 

Maracanã (PA) Pinho et al, 2008

Hybrid system 
(PV‐wind‐diesel) 

 20 kWp photovoltaic system. 37.5 Kw of wind 
power and one diesel based system of 48  kW to 
supply households and desalinate water. 

Sucuriju (AP) Pinho et al, 2008

Small‐scale 
hydropower plant

50 KW of installed power capacity to supply about 
50 households

Iguarapé Jatoarana 
(PA)

Filho et al, 2008

Small‐scale 
hydropower plant

50 KW of installed power capacity to supply about 
70 households

Santarém (PA) Filho et al, 2008

Gasification 
system (açaí)

25 kW to supply about 55 households and small 
plant to process açaí

Jenipaúba (PA)
Rosa, 2007. Field 
visit by the author, 

2009

Another point to be considered is the combination of technologies for 
different purposes. Therefore, not only power generation technologies 
should be considered when identifying solutions for the Amazon region. 
Other technological solutions can support the implementation and 
operation of off-grid solutions while also contributing to the fulfillment 
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of other functions, for example, monitoring purposes. In Colombia, 
remote power generation and fuel consumption measurement tools are 
being developed in isolated areas through a telemetry system (IPSE, 
2012). The system involves collecting power availability data in real-time 
and monitoring capabilities. In South Africa, pre-paid electricity services 
have proved valuable. They require simple and available technology, 
including electricity dispensers and pre-paid electricity cards (Tewari & 
Shah, 2003). In Marapanim (PA) this possibility is being tested (Pinho, et 
al., 2008). 

Simplicity, reliability, flexibility, robustness, environmental benefits, and 
low operational and maintenance costs are all important factors for the 
selection of the appropriate technological solution or mix of 
technological solutions to be implemented. But not only local-resource 
based technology should be considered when working toward universal 
access to electricity in the Amazon. An adapted institutional framework 
is also needed.  

4 . 2  D e v e l o p i n g  a n  a d a p t e d  i n s t i t u t i o n a l  
d i m e n s i o n  

Until now, concessionaires have played a central role in the 
implementation of LPT. They have contributed with expertise and 
knowledge on grid-based electrification in the regional context. 
Furthermore, the concessionaires are an important link with government 
agencies and other institutions in the electricity sector. In this sense, 
concessionaries can also play a significant role in the off-grid model. 
However, they need to adjust operations to a new scheme that considers 
diverse technological solutions at different scales. They will also need to 
interact with a number of new agents. This implies a significant 
institutional change.  

The concessionaires are responsible for identifying the potential demand 
in the isolated system, as well as for planning, operation and monitoring. 
As a result, the concessionaires have valuable information on particular 
isolated locations and energy consumption trends in areas where they 
have been active or have worked in cooperation with local communities. 
But there are some potential players that have not participated in LPT, 
which have expertise that can be valuable for off-grid applications. For 
example, the Technical Operational Group for the North Region 
(GTON) monitors and controls the performance of isolated systems 
since 1990. GTON is also responsible for monitoring the amount of fuel 
being used by power plants, which in turn is linked to the allocation of 
the corresponding subsidy. GTON and the concessionaires therefore 
possess significant detailed knowledge on the energy needs and particular 
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topographic conditions of the area. This means that these organizations 
also have good knowledge of costs, and experience in billing and fee 
collection within in an Amazon context. There is a tradition of teamwork 
between GTON and the concessionaires that can be used for the 
purpose of implementing future off-grid projects. The roles of 
concessionaires and GTON have been supported by clear rules and 
regulations that were put in place with a centralized structure in mind. 
Going forward, clear rules and regulations need to be designed for a 
decentralized structure that can serve to provide electricity to isolated 
areas. This implies, for example, considering a new set of agents acting at 
the local level. 

In fact, one option to promote the off-grid electrification of remote 
communities is to take advantage of the presence of other actors with 
knowledge of off-grid solutions, such as cooperatives, NGOs and 
private entrepreneurs which are already active in the region. In practice, 
some of these new agents are quite active in the Amazon region and they 
operate testing solutions in the form of pilot projects, sometimes with 
the participation of concessionaires and other institutions such as 
development agencies and academia (Zerriffi, 2011). Projects associated 
with academia tend to be based on renewable energy power generation, 
which are usually well documented and can therefore be considered for 
replicability within the scope of LPT (Di Lascio & Barreto, 2009). Other 
actors helping to provide energy access in the Amazon are local leaders 
who have promoted, installed and operated small diesel generators.  

These various actors operating small-scale electricity schemes are an 
indication of the need for new solutions in the Amazon region. At 
present, they operate independently and are not integrated into LPT 
efforts. New schemes to incorporate these agents will help catalyze off-
grid electrification and promote a new approach in the Amazon. These 
new agents can possibly operate in partnership with concessionaires and 
other LPT organizations. However, integrating them into the off-grid 
model requires a differentiated regulation. Clear rules are needed to build 
an enabling institutional framework that brings together potential 
institutions and stakeholders to promote off-grid electrification in 
isolated villages.  

Officially, the Brazilian regulation accepts the entrance of new players in 
the scene of rural electrification. ANEEL can authorize new actors when 
the existing concessionaires with non-exclusivity contracts are not able to 
fulfill universalization within the agreed timeframe. This means that the 
law allows the participation of organizations such as NGOs or private 
investors in the rural electrification process within existing concession 
areas in certain cases. It is also possible for the concessionaires to 
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establish commercial agreements with technology providers (Zerriffi, 
2008). These opportunities have not been systematically explored yet.  

Hence, developing renewable energy resources and off-grid technologies 
not only requires that existing institutions learn and adapt accordingly, 
but also that new actors participate in the process. The concessionaires 
may adjust to efficiently exploit renewable resources and small-scale off-
grid technologies. At the same time, a number of new agents are willing, 
and allowed by law, to deliver off-grid solutions in the Amazon region. 
Their activities need to be harmonized through clear rules, which 
provide a strong institutional structure to plan, implement and monitor 
progress in isolated communities. 

4 . 3  F i n a n c i a l  r e s o u r c e s  f o r  o f f - g r i d  
e l e c t r i f i c a t i o n  i n  t h e  A m a z o n  

Financial support from sectorial funds together with state and 
concessionaries’ resources has been essential for rural electrification in 
Brazil. Despite the high connection costs, LPT has so far proved to be 
effective in ensuring the availability of resources and guaranteeing that 
connection subsidies are properly allocated through a comprehensive 
monitoring system. This has helped guarantee the accomplishment of 
connection goals in a short period. However, there is some uncertainty 
about the future.  

The implementation process has shown that the amount of resources 
and the time required for implementation have been underestimated. For 
example, the initial targets did not properly account for population 
variation and had to be updated in 2010. This entailed a new budgetary 
provision and extension of the program. Unpredictable and constant 
changes in the sectorial funds, mainly in terms of timing and purpose, 
have created uncertainty about their sustainability, and have increased the 
risks of failure in the delivery of subsidies, which can affect the isolated 
areas. Furthermore, there is no clarity about how the significant subsidies 
needed to maintain low tariffs for low-income consumers (social tariff) 
are to be funded in the future.  
 
According to the MME, the new definition of “low-income” consumers 
could lead to one third of national residential users still being eligible for 
the social tariff (MME, 2011c). This means that significant additional 
funding would be needed not only to achieve universalization but also to 
ensure affordable electricity in the low-income residential category once 
LPT has finalized the connections. The stability and reliability of the 
Brazilian access program could therefore be compromised in the long-
term. However, one important observation is that the number of 
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households benefitting from the social tariff was reduced after the 
introduction of the new “low-income” criteria.  Whereas around 41% of 
the residential users in the Amazon were eligible for the low tariff in July 
2010 when electricity consumption was the main indicator for eligibility 
only 24% of the households received the benefit in October 2011, 
following after the introduction of the new definition (ANEEL, 2011b).  
Being defined by income, the new social tariff is more stringent as it 
excludes households with somewhat higher income. But it is also 
possible that programs such as “Bolsa família” have contributed to these 
results, which means that the costs associated with electrification are no 
longer accounted for directly. In any case, the recent results could be an 
indication of improved welfare and are therefore promising in terms of 
ensuring economic sustainability for LPT over time.  
 
One important aspect is that access to financial resources is not equal for 
all potential actors to develop decentralized electrification. 
Concessionaires have access to soft loans and cross-subsidies that are 
not evident in the case of new actors. Soft loans are so far only available 
to authorized implementing actors, such as concessionaires, 
permissionaires8 and cooperatives. Furthermore, the concessionaires’ 
current customer base considers low and high-income consumers. This 
means that cross-subsidizing has been a feasible practice (Zerriffi, 2011). 
However, this practice cannot be directly replicated for off-grid 
solutions, where the mix of end users is less diverse, primarily 
comprising of low-income households. This implies the need for a new 
mechanism to transfer subsidies to decentralized agents such as NGOs 
and cooperatives. Players other than the traditional concessionaires can 
promote the mobilization of additional entrepreneurial and financial 
resources, and this not only reduces the pressure on concessionaires to 
fulfill universalization targets alone in the short term, but also helps to 
secure the necessary funding for promoting reliable and affordable 
electrification. 
 
Resource allocation procedures that have previously worked relatively 
well on grid extension schemes need to be re-designed. The 
implementation of off-grid approaches for rural electrification requires 
the evaluation of available resources and technologies, the adaptation of 
existing and, in some cases, the creation of new institutions. Therefore, 
the key questions regarding financial resources are (i) who is going to pay 
for the off-grid system? (ii) how will the resources be allocated? (iii) how 

 

8 A permissionaire is an implementing actor that has received federal permission to distribute 
electricity on a temporary basis and through bidding. 
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will the delivery mechanism for electrification of isolated communities 
look like? and (iv) who will be responsible for monitoring them? 
 
Isolated communities of the Brazilian Amazon are characteristically low-
income populations that cannot afford initial electricity investments . 
The cost per isolated household tends to be higher than for on-grid 
households, for both generation and monitoring. Therefore, there is a 
need for significant financial resources to deliver off-grid solutions. This 
justifies efforts to complement the LPT structure with elements that take 
the diverse nature of the region into account. The official rural 
electrification plan already considers subsidizing 85% of off-grid project 
implementation. The delivery format of these subsidies and the need for 
mechanisms to attract the remaining 15% justify the consideration of 
new local actors, not only as actors to promote electrification, but also to 
enhance the dynamics of rural areas. For that to be possible, clear rules 
need to be established. 

Therefore, the current institutional arrangements of LPT, which are 
based on a centralized electricity provision, are not suitable for the 
effective electrification of the Amazon region. The region requires a 
decentralized model to achieve universalization goals. A revision and 
complementation of the current LPT structure is needed if the lack of 
institutions or the institutional inadequacies and inefficiencies illustrated 
in Figure  11 are to be overcome. Such a modified institutional 
framework shall count on local-resource based technologies and new 
financial models. The next chapter proposes an institutional structure to 
effectively provide sustainable electricity access in the Amazon region. 
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5  Results  and 
conclus ions 

This chapter presents the results of the study and draws conclusions based on the 
observations and the analysis previously presented. It proposes a new institutional model 
for the effective delivery of electricity services in the Amazon region. The results provide 
insight into new important questions that require further research.  

 

This study has shown that the recognition of electricity access as a civil 
right is a unique attribute of the Brazilian approach to electrification. The 
recognition of the role that electricity access can play in addressing and 
achieving human development goals has also been important for the 
mobilization of political will and in defining policies to promote full 
coverage at national and regional level. Furthermore, rural electrification 
is not treated as an isolated program but as a key component of the 
governmental strategy to reduce poverty and promote human 
development in the country as a whole. Essentially, this policy has its 
roots in understanding the need to reduce poverty and inequalities to 
achieve development goals at regional and national level. However, the 
current rural electrification program has been unable to reach the whole 
population, particularly those living in isolated areas of the Amazon 
region. The next section proposes new institutional arrangements to 
provide electricity access to inhabitants of the Amazon region, achieve 
universalization goals and promote development. 

5 . 1  P r o p o s i n g  n e w  i n s t i t u t i o n a l  
s t r u c t u r e s  i n  t h e  A m a z o n   

The analysis presented in previous chapters highlights the relevance of 
institutions, financial resources and local resource-based technologies to 
enhance electricity access and achieve human development in the 
Brazilian Amazon. Figure  11 indicates that the current institutional 
arrangements have not been effective in achieving full electricity 
coverage in the Amazon region. Figure  15 proposes a model in which 
key components of the actual rural electrification program LPT are 
connected to off-grid solutions, which are anticipated to achieve 
universalization goals in the Amazon region. 



 
Figure  15. Connections between key components of actual LPT and the 

proposed model for off-grid electrification in the Amazon region 

Prepared by the author 

Four key components have been central to LPT’s success in its first 
phase. Firstly, the Brazilian rural electrification program has included the 
concept of human development as one of its fundamentals by 
establishing social welfare as a national goal. Secondly, LPT has 
considered the impact of incremental levels of electricity access, from 
covering basic needs in early development stages to satisfying modern 
energy needs in more developed societies. Thirdly, a well-established 
technology has been central to provide electricity access to more than 14 
million people. Finally, a well-structured and multi-level institutional 
framework has supported the entire rural electrification process. 

In line with the concept of human development, electricity access is 
recognized as a civil right: Democratic processes involving community 
participation are recognized as a prerequisite to create and develop 
proper institutional structures that respond to actual societal needs. 
Participatory activities not only help the consolidation of democratic 
processes but also serve to enhance local knowledge. LPT has 
recognized a strong link between electricity access and human 
development and it has not only considered covering basic needs in its 
first stage, but also promoted productive activities to enhance income 
generation and promote social welfare. This recognition has mobilized 
political forces and has promoted the definition of clear policies, which 
in turn have effectively been incorporated into the institutional 
framework of the country. Finally, the available technology has delivered 
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electricity access to a significant number of citizens. The extension of the 
grid has served the purpose of achieving social welfare and development 
goals.  In addition to the technology, the inclusion of communities in the 
process of identifying the demand has been crucial to not only promote 
the supply of electricity to help cover basic needs but also to enhance 
income generation through productive uses. The intersected areas in 
Figure  15 reflect a key accomplishment of LPT towards the 
achievement of social welfare and human development. 

However, with regard to providing electricity access to isolated 
communities, LPT has proved ineffective when the recognition of the 
local context to devise and implement local solutions is critical. Issues 
indicated in red in Figure  15 show areas that still require further efforts 
if universal access is to be accomplished in the Amazon region. There is 
a gap between the institutional arrangements in place under the LPT 
initiative, which is still based on a centralized electricity provision model, 
and the institutional capacity required to develop off-grid systems, which 
should be focused on a decentralized model.  

Implementing actors can influence the choice of technology in the 
context of rural electrification (Reddy & Srinivas, 2009). In the specific 
case of rural electrification in the Amazon region, concessionaires have 
assumed LPT to simply be an extension of their normal activities, and 
have opted the expansion of the grid, which originally was not conceived 
to supply electricity to low and dispersed demand. The model based on 
grid extension has disregarded off-grid systems, which are central to 
provide electricity access to isolated communities located deep inside the 
Amazon region, far away from the central network. However, the 
concessionaires have valuable knowledge on particular locations and 
energy consumption trends in areas where they have been active and 
worked in cooperation with local communities. As a result, they can 
contribute to build the new structure, but need to adapt their operations 
to a new model to consider diverse small-scale technologies.  

Covering low and dispersed demand requires not only off-grid 
technologies for power generation but also the consideration of locally 
available resources (Silva-Herran & Nakata, 2012). In addition, the 
implementation, operation and maintenance of these technologies 
requires the participation of local agents to draw upon local knowledge. 
Some of these local agents have gained know-how from a number of 
independent initiatives promoted by institutions, such as universities, 
NGOs, private entrepreneurs and communities themselves. However, 
they currently operate independently and are not integrated into LPT 
efforts. These agents can potentially operate in partnership with 
concessionaires and other institutions already integrated into LPT’s 
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structure such as GTON. Although the participation of these new actors 
requires differentiated regulation, the Brazilian law allows their 
participation in the rural electrification process in certain cases within the 
existing concession areas. This opportunity is still to be explored by the 
Brazilian government.  

The implementation of off-grid systems based on locally available 
resources to provide electricity access can create institutional synergies to 
foster productive activities that are also based on small-scale alternatives. 
For example, small-scale technologies can be used for vegetable oil 
extraction, which can be commercialized but also used to generate 
power. This kind of initiatives implies income generation for Amazon 
citizens and improved social welfare.  

Therefore, practices considering (i) locally available resources and 
established renewable technologies; (ii) harmonized actions of 
knowledgeable institutions and new agents, according to well established 
and differentiated rules and (iii) a governmental commitment to ensure 
financial resource allocation and distribution will be decisive in an LPT 
model aimed at universal electrification in the Amazon. Institutional 
adaptation and differentiated regulation are urgently needed in this new 
model together with the identification of replicable technological 
solutions. 

5 . 2  F i n a l  c o n s i d e r a t i o n s  
The Brazilian government has allocated significant resources, which are 
higher than any benchmark in Latin America in terms of cost per 
connection, to fully electrify the country. Yet, isolated communities have 
not been effectively covered by existent policies. Off-grid solutions are 
now perceived as an integral part of the rural electrification policy in 
Brazil, but significant challenges arise with regard to the reality of low-
density and remote areas. The system still lacks a clear delivery model for 
the accomplishment of the corresponding goals.  

This research has shown that a new delivery mechanism for the 
electrification of isolated communities is required. I argue that off-grid 
solutions based on locally available resources and established renewable 
technologies will be critical but insufficient in an LPT model aimed at 
universal electrification in the Amazon region. Furthermore, the need for 
a more diverse institutional framework emerges. So far, LPT has built a 
multi-level institutional structure in which concessionaires play a key 
role. But existing institutions need to adapt their activities to a new 
scheme that considers diverse technologies at different scales if electricity 
access is to be delivered to isolated communities.  
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Three relevant issues will be decisive in achieving universal access in the 
Amazon region. Firstly, harmonization with the regional context is 
essential as the Amazon is a vast and diverse region. This implies 
considering local resources and realities. Secondly, there is the need to 
adapt the existing institutional structures in order to appreciate the 
conditions and specific needs of the rural population in the Amazon 
region. An adapted institutional structure entails actively involving 
existing and new actors in the design and implementation of off-grid 
solutions. Thirdly, ensuring reliability and affordability of the system will 
be crucial in sustaining the electrification goals.  

The development of new resources and off-grid technologies not only 
requires existing institutions to learn and adapt accordingly, but also new 
actors to participate in the process. On the one hand, the concessionaires 
may adjust to efficiently exploit renewable resources and small-scale off-
grid technologies. On the other, a number of new actors are willing, and 
legally allowed, to deliver off-grid solutions in the Amazon region. Their 
activities need to be harmonized through clear rules, which provide a 
strong institutional structure to plan, implement and monitor progress in 
isolated communities. 

5 . 3  T h e  w o r k  a h e a d  
This research has helped to identify two specific areas for future work 
within the context of PhD research. Future research shall discuss ways to 
guarantee the reliability and affordability of rural electrification processes 
in remote areas, particularly addressing technologies for social inclusion 
and in sustaining the delivery models. 

Technologies for social inclusion 

How to devise and implement technologies that incorporate the goals of 
social inclusion and sustainable development from design to 
implementation? How to incorporate renewable energy technologies to 
the current rural electrification initiative and create a new development 
path based on the local realities of isolated communities? This issue is 
seen as fundamental to ensure reliable and affordable electricity services 
in the Amazon region. Furthermore, active participation from citizens is 
crucial but private and public sectors also play a role. A new way of 
conceiving institutional structures, including the active participation of 
various actors is crucial to bridge the current electricity access gap in the 
region, promote social welfare and enhance development. The idea is to 
propose an institutional model based on the understanding of how 
relationships between technology and development can evolve in the 
Amazon region. 
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Sustaining new delivery models 

How can Brazilian institutions organize electricity delivery and guarantee 
the technical, economic, and environmental sustainability of electricity 
provision in isolated areas of the Amazon region? In designing new 
institutional structures, contributions from all institutional agents should 
ideally be quantified, for example in the form of income flows between 
the involved organizations and individuals. In this manner, the potential 
social and economic impacts of the new suggested structures could be 
measured and ultimately help decision makers to choose the most 
effective structure to achieve the long-term stability and reliability of 
electricity systems in remote areas.  
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