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Abstract
Worldwide, policymakers face important challenges in relation to the
provision of reliable electricity services in remote areas. Brazil is not an
exception. The Brazilian rural electrification initiative Luz Para Todos –
LPT (Light for All) has attracted attention internationally due to its
ambitious targets and significant achievements in a relatively short
period. The initiative has proved effective in its first phase, which has
been developed through the extension of the grid. However, there are
still important challenges in connection with the operationalization of
LPT in remote areas.
The ultimate objective of this research is to propose a pathway to
facilitate the achievement of universal electricity access in remote areas
within the context of the Brazilian Amazon. The analysis was developed
using a Mixed Methods Research (MMR) involving tools such as Causal
Loops Diagrams (Consideo Modeller ®) and the energy modeling
software for Hybrid Renewable Energy Systems (HOMER ®).
This thesis addresses three key questions. The first question is concerned
with the strengths and weaknesses of the national rural electrification
initiative. The second question investigates institutional, technology and
funding structures that specifically support the Brazilian rural
electrification initiative in remote areas. The third question involves the
identification of leverage points within these structures.
The study concluded that the existing LPT scheme is not capable of
achieving full electricity access in remote areas of the Brazilian Amazon.
Important challenges remain when it comes to providing the service to
inhabitants of these areas. There is a need to i) adapt the existing
institutional structures; ii) harmonize technologies within the regional
context and, iii) use government funds more effectively. In line with
these challenges, identified leverage points indicate that i) rules guiding
the relationship among new agents and communities; ii) implementation
of small-scale power generation technologies based on local resources;
and iii) optimized subsidies are essential to achieve universalization goals
in remote areas.
The research proposes a new pathway to activate the identified leverage
points within the institutional, technology, and funding structures of
i

LPT. The pathway requires well-informed decision making for the
implementation and operation of off-grid solutions that can help to
cover the last mile. Within this context, results of the study are expected
to provide insights for policymakers, technology providers, project
developers, researchers, and communities in general as they seek to
increase electricity access in remote areas.
Keywords: Rural electrification; remote areas; human development;
universal access, last mile, Amazon region.
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Sammanfattning
Beslutsfattare över hela världen står inför viktiga utmaningar för att
tillhandahålla tillförlitliga elektricitets-tjänster i avlägsna områden.
Brasilien är inget undantag. Det brasilianska initiativet för
landsbygdselektrifiering Luz Para Todos – LPT (Ljus för alla) har fått
internationell uppmärksamhet för dess ambitiösa mål och de resultat
som uppnåtts på relativt kort tid.
Initiativet har visat sig effektivt under dess första fas, som utvecklades
genom utvidgning av elnätet. Det kvarstår dock viktiga utmaningar för
att LPT ska bli operativt i avlägsna områden.
Denna forsknings främsta syfte är att föreslå en väg framåt för att
underlätta att allmän tillgång till elektricitet i avlägsna områden av det
brasilianska Amazonas uppnås. Analysen utvecklades genom s k Mixed
Methods Research – MMR (blandade forskningsmetoder) vilket
inkluderar verktyg som Causal Loops Diagrams (Consideo Modeller ®)
och energimodelleringsprogramvaran för hybrida förnyelsebara
energisystem (HOMER ®).
Denna avhandling behandlar tre huvudfrågor. Den första frågan gäller
styrkor
och
svagheter
hos
det
nationella
landsbygdselektrifieringsinitiativet. Den andra frågan undersöker
institutionella, teknologiska och finansieringsstrukturer som specifikt
stödjer det brasilianska elektrifieringsinitiativet i avlägsna områden. Den
tredje frågan handlar om att identifiera punkter inom dessa strukturer där
en hävstångseffekt kan uppnås.
I studien konstateras att det befintliga LPT systemet inte är tillräckligt för
att uppnå allmän tillgång till elektricitet i avlägsna områden av det
brasilianska Amazonas. Viktiga utmaningar kvarstår för att leverera
tjänsten till invånarna i dessa områden. Det finns ett behov av att i)
anpassa de befintliga institutionella strukturerna, ii) harmonisera
teknologierna till den regionala kontexten och iii) effektivisera
användningen av statliga medel. På samma sätt indikerar de identifierade
hävstångspunkterna att: i) regler som styr förhållandet mellan nya agenter
och
samhällen,
ii)
implementering
av
småskaliga
kraftgenereringsteknologier och iii) optimerade subsidier är nödvändiga
för att uppnå allmän tillgång till elektricitet i avlägsna områden.
iii

Forskningen föreslår en ny väg framåt för att aktivera de identifierade
hävstångspunkterna inom LPTs institutionella, teknologiska och
finansieringsstrukturer. Vägen framåt kräver beslutsfattande grundat på
god information för att implementera och operera de icke-elnätsanslutna
systemen som kan bidra till att nå fram den sista kilometern. I detta
sammanhang, förväntas studiens resultat att bidra med insikter för
beslutsfattare, teknikleverantörer, projektutvecklare, forskare, och
samhället i övrigt i strävan att öka tillgången till elektricitet i avlägsna
områden.
Nyckelord: landsbygdselektrifiering, avlägsna områden, mänsklig
utveckling, allmän tillgång, den sista kilometern, Amazonasregionen.
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1. Introduction
The Brazilian rural electrification initiative has proved effective in providing electricity access to
rural inhabitants during its first phase, which was mainly developed through the extension of the
grid. Yet, there are still important challenges to provide the service to inhabitants of remote areas
in the Amazon region. This introduction presents the research context, the ultimate objective of
this study, its scope and limitations, and the methodology used for the analysis.

Remote areas are becoming a topic of increasing international interest as
they can provide insights in the transition towards a more sustainable energy
future (IEA-RETD, 2012). Being geographically isolated and distant from
different services (e.g. energy, health and education), remote areas have seen
their development delayed for decades. In remote areas of Canada, for
example, diesel-based electricity services are provided with high reliability.
However, the high cost of diesel has prevented economic development
opportunities at productive and household level. Further, the use of diesel
produces air and soil pollution through greenhouse gas emissions and fuel
leaks (Royer, 2013). In India, about 24,500 villages out of 112,000 unelectrified villages are classified as remote villages. This means they cannot
be supplied with electricity services through the extension of the
conventional electricity grid in the near future (Nouni, et al., 2008). In Small
Island Developing States of the Pacific, it is estimated that 70 percent of
households do not have access to electricity, which is equivalent to access
rates in sub-Saharan Africa. Grid extension seems to be inappropriate there
(Dornan, 2014). In Mozambique and Tanzania, despite efforts to extend the
national grid in rural areas, most remote areas will not be reached within the
foreseeable future (Ahlborg & Hammar, 2014). This clearly threatens their
development and well-being in the short and long-term.
Remote areas in the world vary significantly in terms of resource availability,
infrastructure, and institutional setups to provide electricity access. Yet,
common challenges arise for both developed and developing countries that
are concerned with how to provide reliable electricity services to remote
communities, promote their development, and protect sensitive ecosystems.
At the same time, the geographic specificity of remote areas and their
isolation from traditional models such as huge electricity interconnected
grids, provide an opportunity to implement and evaluate innovative
solutions. Furthermore, since there are common challenges, lessons and
experiences can be reciprocally shared by developed and developing
countries. In France, the case of Reunion Island, which is not possible to be
connected to the European electricity network, provides a good example for
1

the definition of an energy policy fostering renewable technologies to supply
energy. Also in Europe, there are active efforts to make the geographic
specificity of remote areas a driver for territorial development in the
continent. The idea is to analyze how remoteness creates challenges for local
development, and to reflect on how regional development policies may help
these territories grasp development opportunities based on their territorial
potential. Given the widely recognized connection between energy
consumption and development, this experience can indeed provide valuable
lessons in the context of electricity provision (Dubois & Roto, 2012).
This thesis focuses on the particular case of the Brazilian Amazon, where
important efforts have been made to provide universal electricity access to
remote communities. Despite this geographical boundary, results of the
study apply in locations with similar geography, climate and development
conditions within and outside Brazil. The thesis addresses questions related
to how universal electricity access has been pursued in the Amazon region
during the last decade, what achievements have been reached, and what
challenges lay ahead for remote areas. For that, the study defines remoteness
from an energy access perspective. In line with this perspective, one
important characteristic of remote areas is that they are not connected to a
centralized electricity system. The thesis elaborates on this definition in
chapter 2. The study seeks to propose a pathway to achieve universal
electricity access in remote areas of the Amazon region. In Brazil, the
initiative to provide electricity access in these areas was designed within the
framework of the national rural electrification program, which provides the
starting point for the analysis.
The Brazilian rural electrification initiative has attracted attention
internationally due to its ambitious targets and significant achievements in a
relatively short period. During the last decade, Brazil has reduced the
number of people without electricity access in the country by 67%. More
than 14 million people have benefited from the national rural electrification
program (MME, 2013a). Clearly, among the Amazon countries 1, Brazil is
leading the reduction of the gap in electricity access (See Figure 1).
However, the initiative has not been equally successful throughout the
national territory. Remote areas of the Amazon region have not benefited
from the program and some 930,000 people are still waiting for access to
electricity services (IBGE, 2011). As a result, the program has been recently
adapted with the aim of achieving universalization goals.

1

Venezuela, Perú, Ecuador, Colombia, Brazil, Bolivia, Surinam, French Guiana and Guyana.
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Figure 1. People without electricity access in Amazon countries

Sources: (World Bank, 2013b; IBGE, 2011; MHE, 2010).
Data on Suriname, French Guiana and Guyana is not available.

Brazil is the largest country in South America, covering an area of 8.5
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).
The Brazilian Amazon is roughly equivalent to the North region in the
official macro-region division of the country. Although the Brazilian
Amazon 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 region is characterized by a very low population
density – about 4 inhabitants per square kilometer – contrasting with an
average national population density of about 22 inhabitants per square
kilometer in Brazil as a whole. In addition, this highly dispersed population
has a very low income. These factors together with a complicated
topography pose specific challenges for electricity provision.

3

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

Aware of the importance that 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 national rural electrification initiative has provided electricity to
approximately 14.4 million people (MME, 2013a). This means that around
7% of the national population has benefited from the program within a very
short period. At the same time, significant progress has been accomplished
with regards to human development in Amazon states. For example, the
average Human Development Index (HDI) increased by 18% in Roraima
and 33% in Tocantins during the period 2000-2010 (UNDP, et al., 2013).
Concessionaires have played a key role in the implementation of the
national rural electrification initiative. They provide electricity to about 99%
of the national population (IBGE, 2011). However, the situation is different
in remote areas. According to the last census, in the Brazilian Amazon,
concessionaires supply electricity services to just 62% of the rural
households or about 2.4 million people (see Figure 2). Some 14% of the
rural population in the region, or around 550,000 people, are supplied
through other kinds of organizations and 24%, or about 930,000 people, are
not supplied at all (IBGE, 2011).

4

Figure 2. 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 connection,
while their activities related to installation and operation of off-grid systems
have been limited (Gómez, 2012; Zerriffi, 2008). In fact, official statistics of
ANEEL specify only one decentralized 20 kW photovoltaic system in the
Amazon region (ANEEL, 2013a). This is because other agents including
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 the national rural
electrification program. 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 government
representatives and the electricity company acting in the region to operate
and maintain various off-grid systems (Van Els, et al., 2012; Pinheiro, et al.,
2011).
Whereas concessionaires were integrated into the electrification initiative
and had access to financial resources in the form of subsidies or soft loans
since the electrification program’s inception, decentralized organizations
were not officially recognized and lacked financial support from the Federal
government (See section 3.3.2). This situation has created a kind of
“institutional inefficiency” in the provision of electricity to rural and isolated
areas. Despite their obligation to fully supply electricity services to citizens
living in their concession area, and guaranteeing low tariffs for low-income
population, concessionaires have not effectively delivered the required offgrid solutions. As a result, several 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
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electricity services that do not fulfill national standards (Van Els, et al.,
2012). These decentralized organizations have co-existed with
concessionaires within a context whereby a lack of rules adapted to the local
reality prevent the delivery of reliable electricity services.
Neither concessionaires nor existing decentralized organizations have
proved effective in achieving universal electricity access in remote areas of
the Amazon region. There is a clear “institutional emptiness” in the
implementation, operation and monitoring of off-grid systems that has
prevented the achievement of universal electricity access in these areas. The
government has recognized the need for implementing a new model in
order to provide electricity to the dispersed rural communities, especially for
those living in the Amazon region (Di Lascio & Barreto, 2009; MME,
2011a). Despite a significant governmental effort to adapt the rural
electrification initiative, questions remain as to how effective the actual
scheme can be in providing universal electricity access.

1.1.

Objective and research questions

The ultimate objective of this research is to propose a pathway to facilitate
the achievement of universal electricity access in remote areas within the
context of the Brazilian Amazon. The starting point for the analysis is
provided by the governmental decision to eradicate lack of electricity access
in the national territory. In Brazil, the government has made significant
efforts to increase electricity access and promote development in rural and
remote areas. The national policy for universal electrification has led to
significant results in terms of electricity access and development. While
these results have been verified in areas that are close to the electricity grid,
remote areas of the Amazon remain without access to electricity services.
The analysis considers institutional, technological and economic dimensions.
The thesis is focused on the following research questions:
 How has universal electricity access been pursued in the Amazon
region and what has been achieved?
 What are the main structural arrangements supporting the rural
electrification initiative in remote areas of the Amazon region?
 How can current efforts to provide universal electricity access in
remote areas of the Amazon be improved?
The first question is related to strengths and weaknesses of the national
rural electrification initiative. The detailed analysis is included in papers I
and II. The second question is concerned with the analysis of institutional,
technology and funding structures that support the Brazilian rural
electrification initiative in remote areas. A detailed analysis is presented in
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papers III and IV. The third question involves the identification of
challenges and leverage points within institutional, technological, and
funding structures supporting the rural electrification initiative in remote
areas. Leverage points are used to build a pathway to facilitate the
achievement of universal electricity access in remote areas, as discussed in
paper V.
In terms of implementation, the Brazilian government has dealt with
multiple challenges to provide full electricity access in the country. In this
context, this thesis investigates how rural electrification projects are defined,
designed and implemented and how remote areas are included in these
processes. What are the main institutions involved in the process of
providing electricity access and how is their involvement shaped? How are
electricity access projects financed? Are the institutional arrangements in
place suitable to guarantee electricity access in remote areas of the Brazilian
Amazon? The results aim to provide insights for policymakers, technology
providers, project developers, researchers, and communities in general as
they seek to increase electricity access in rural and remote areas.

1.2.

Research methodolog y

In general, it has been claimed that rural electrification has positive impacts
on human well-being (Zerriffi, 2011; Hirmer & Cruickshank, 2014). 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 components of many governmental agendas.
In line with this rationale, policy interventions are based on available
financial, human and material resources and put in place through a complex
causation chain as illustrated in Figure 3. From the moment policymakers
start the design of a policy, they activate a number of causal links that are
expected to facilitate the implementation of the policy under consideration.
The first causal link is between policy and implementation. Policies are put
in place using different instruments, and performing specific work for the
mobilization and allocation of resources in order to achieve specific goals.
This study analyzes this causal link from the perspective of institutional,
technology, and funding structures and how they interact in order to
provide full electricity access in the Amazon region. Once the policy is
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implemented, a second causal link between implementation and outcomes
leads to the provision of electricity access, which is considered as the main
outcome in this study. The last causal link is between outcomes and impacts.
This causal link leads to long-term effects on the society. In this study, the
effects of the rural electrification initiative are illustrated from the
perspective of human development, using the Human Development Index
(HDI). It is important to note that there is a time lag between the electricity
provision and the improvement in human development. Finally, the
assessment of policy provides information that is useful to adapt
accordingly.

Figure 3. From policy to impacts. Causation chain

Adapted from (Zerriffi, 2011)

Based on an extensive literature review and, in order to analyze the
processes by which the national policy for universal electricity access is put
into effect in the Brazilian Amazon, the study defined independent and
dependent variables as indicated in Figure 3. While independent variables
capture the main dimensions of the policy in place in terms of institutions,
technology, and funding structures, dependent variables describe the
outcome and the impact of the policy.
The analysis of dependent and independent variables was developed using a
Mixed Methods Research (MMR). The central premise of MMR lies in the
use of quantitative and qualitative approaches in combination. As a result,
the MMR provides a better approach to analyze the research questions than
either method alone. MMR encourages the use of diverse perspectives
rather than the typical association of specific views for quantitative and
qualitative researchers. MMR also entails the use of different resources to
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collect and analyze quantitative and qualitative data. MMR enables an
applied analysis as it encourages individuals to answer research questions
using both numbers and words, combining inductive and deductive
thinking, and employing skills in observing people’s behavior. This is
important because audiences such as policymakers, practitioners, decisionmakers, and others in applied areas need qualitative and quantitative
evidence to document and inform diverse research problems (Creswell,
2002).
MMR was selected as the research method for this study as it combines and
complements different research perspectives. The research process
prioritized quantitative and qualitative methods equally and mixed them
during the overall analysis, as shown in Figure 4. The figure illustrates the
methodological phases used to develop the research, which were
interconnected and did not necessarily follow 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 provided criteria to constantly
evaluate and improve the course of action throughout the research process.

Figure 4. Mixed Methods Research Design

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 research visit to the
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Latin American Energy Organization (OLADE) supported this review
within the context of Latin America. In a second phase, a field visit to the
Brazilian Amazon was conducted in rural and remote communities in the
state of Pará in the Amazon region. During this time, support from
Universidade Federal do Pará (UFPA) and the Electricity Company of Pará
(CELPA) was essential. Field work 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 the rural
electrification program in the region. Views from governmental institutions,
including the Brazilian Electricity Regulatory Agency (ANEEL) and the
Ministry of Mines and Energy (MME) were also gathered during an
internship conducted at the Brazilian Ministry of Finance in Brasilia.
The MMR was designed to consider a variety of qualitative and quantitative
data sources, gathering techniques and analysis approaches including an
extensive literature review, and the collection of in-situ evidence in the form
of structured observations and semi-structured interviews. Observations
were used to obtain information on conditions surrounding rural and
remote communities. Site-specific knowledge was gained by observing how
rural communities live in the Amazon and 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. Finally, subsequent analysis
was facilitated by the use of specific tools such as Causal Loops Diagrams
(CLD) and the energy modeling software for Hybrid Renewable Energy
Systems (HOMER ®).
The Causal Loop Diagram (CLD) is an analytical tool used in system
dynamics to develop understanding and facilitate the analysis of complex
systems (Kirkwood, 1989; Morecroft, 1982). The CLD helps to visualize the
system and analyze cause-effect relationships among elements. In this way, it
enables the identification of potential actions to modify the system in order
to achieve desired goals (Sanches-Pereira & Gómez , 2011). One advantage
of the CLD is that it illustrates interactions that are difficult to verbally
describe such as circular chains of cause-and-effect (Kirkwood, 1989). While
CLDs cannot be used as a conceptualizing tool because they lack organizing
power required to represent decision-making processes, they can be used as
an analytical tool to provide an overview of a given system’s behavior
(Morecroft, 1982). CLD is thus an important tool to: (i) capture the
structure of a system, (ii) provide an overview of loop configurations to
analyze the system behavior, and (iii) communicate important feedbacks
claimed to have the potential to solve an identified problem (Morecroft,
1982; Richardson, 1986).
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HOMER ® is an optimization-based tool used to capture technical and
economic dimensions of decentralized power generation at village level. It
was designed by the National Renewable Energy Laboratory (NREL) at the
Department of Energy in the United States of America to facilitate the
design and implementation of micropower systems and has been used
worldwide. This tool was chosen due to its capability to evaluate and select
the most cost effective option, considering available technologies and a
local-resource-based perspective. NREL HOMER ® is used to explore the
effect of variations in resource availability and system costs on the total cost
of off-grid systems, including installation and operation (Lambert, et al.,
2013).
Table 1 summarizes the main methods applied and tools used during the
research, together with their aims. Information sources were organized into
four groups. The first group comprised of reports and statistics on human
development and rural electrification supported by the United Nations
Development Program (UNDP). This 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 information concerning rural electrification in Amazon
countries.
The second group comprised of 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). National 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. A
third group of sources considered international scientific articles and
academic publications. Particular attention was given to national reports
from Brazil and other countries, and 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. Finally, a fourth group of documents
including concepts, structure and application of CLD and HOMER were
used to understand the functioning of these tools and how to use them to
analyze connections between LPT development and possible solutions for
rural and remote areas in the Amazon region.
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Table 1. Main methods applied and tools used within Mixed Method Research
Aim
To formulate the research problem and
determine the research questions

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

Technique/Tool
Literature review
Semi-structured interviews

Qualitative and quantitative data sources
UN reports, national reports, scientific articles and other academic publications
The Latin American Energy Organization (OLADE)

Literature review

UN reports, scientific articles and other academic publications. Brazilian
institutions, National reports and academic publications focused on the specific
case of Brazil. Master and PhD theses developed by local universities.
Universidade Federal do Pará (UFPA). Energy Biomass Environment Group
Centrais Eletricas do Pará (CELPA). Energy Efficiency Department
Universidade Federal do Pará (UFPA). Electrical Engineering School
Universidade Federal Rural da Amazônia (UFRA)
Communities of Aturiá, Ioias, Jupatituba, Abatetuba

Semi-structured interviews

Direct observations Semistructured interviews
Literature review

To capture views from Brazilian
governmental institutions

Semi-structured interviews

To understand connections between
LPT-development-potential measures
for universal electricity access in the
Amazon countries.

Literature review.

To explore connections between energy
resources, technology, and costs of cost
of off-grid systems

CLD
Literature review.
HOMER

Brazilian institutions , national reports, and academic publications with focus on
the Brazilian case. Master and PhD theses developed by local universities.
International scientific articles and academic publications
Ministry of Mines and Energy LPT program
Electricity Regulatory Agency (ANEEL)
Superintendence of Regulation
Ministry of Finance
Secretariat for Economic Monitoring (SEAE)
UN reports, national reports, scientific articles and other academic publications.
National reports, others than from Brazil, studies based on empirical in-situ
evidence, which were not considered in the first group. Literature on concepts,
structure and application of CLD and HOMER
Software developers
Scientific articles and other academic publications such as technical and
economic reports published by MME. Energy sources maps.
Software developers.
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1.3.

Scope and limitations

This thesis considers the specific case of the Brazilian rural electrification
initiative. The scope consists of the definition, design and
implementation of the electrification process in Brazil during the last
decade focusing on remote areas of the Amazon region.
The research includes the analysis of institutional, technology, and
funding structures related to the development of the rural electrification
initiative in the Amazon region. Institutional structures include
institutions at national, regional and local level that are involved in the
rural electrification initiative. With regard to technology structures, the
study recognizes the relevance of large-scale technologies for the
purpose of providing electricity access through the extension of the grid
but the analysis focuses on small-scale off-grid solutions that are suitable
for remote areas. Funding structures are analyzed from the perspective
of the subsidy scheme in place and possibilities to optimize it.
Results are valid for locations with similar geography, climate and
development conditions.

1.4.

Organization of the study

The thesis is divided into seven chapters, which are linked as illustrated
in Figure 5.
Chapter 1 introduces the research topic and its relevance within the field
of electricity access. 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 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 electrification in rural and remote areas
and shows how electricity coverage and HDI have evolved in the
Amazon region during the last decade. The chapter also discusses the
main rural electrification approaches in terms of technology, grid and
off-grid solutions, introduces the most common institutional approaches
and presents the basics of rural electrification economics.
Chapter 3 describes the Brazilian power system and the national rural
electrification initiative developed in recent years to provide universal
electricity access in the country. The chapter discusses how rural
electrification has evolved since the inception of the national program,
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Luz Para Todos – Light for All, LPT in 2003. It illustrates how LPT’s
institutional structure with its well established centralized system has led
to the achievement of measurable targets in areas that are close to the
grid. The chapter highlights the essential role of the concessionaires and
the grid-extension approach in the success of the implementation
process
Chapter 4 discusses how the Brazilian government has adapted
institutional, technology, and funding structures in its effort to provide
electricity access in remote areas of the Amazon. The chapter identifies
three main challenges that still need to be addressed to reach
universalization goals. First, there is a need for adapting the existing
institutional structures. Second, harmonization of technologies with the
regional context is essential. Third, a more effective use of government
funds within the context of the actual subsidy scheme will be crucial to
promote the rural electrification initiative in the region.
Chapter 5 explores the effects of the adapted LPT scheme on the
Levelized Cost of Electricity (LCOE) for different small-scale off-grid
power generation solutions in a generic isolated village located in the
Amazon region. This chapter shows how capital and operation subsidies
included in the new scheme discourage the use of fossil diesel and
promote opportunities for renewable energy technologies.
Chapter 6 identifies three key leverage points within institutional,
technology, and funding structures: i) rules guiding the relationship
among new agents and communities; ii) implementation of small-scale
power generation technologies based on local resources; and iii)
optimized subsidies. These leverage points provide the basis to build a
new pathway that needs to be integrated into the LPT scheme with the
aim of covering the last mile in the Brazilian Amazon.
Chapter 7 summarizes the research results and proposes a pathway to
provide full electricity access in remote areas of the Amazon region. It
also indicates potential future research topics.
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Figure 5. Thesis structure
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2. T he role of electricity
access in Human
Development
This chapter discusses the role of electricity access in human development. It presents
definitions concerning electricity access, rural electrification and remote areas. It shows how
electricity coverage and Human Development Index (HDI) have evolved in the Amazon
region during the last decade and ratifies a strong connection between these two variables.
This chapter also discusses the main rural electrification approaches and presents the
technological, institutional, and economic dimensions of rural electrification initiatives.

Energy access in general, and electricity access in particular, are widely
recognized as essential to achieve development goals. In line with this
recognition, the Sustainable Energy for All (SE4ALL) initiative launched
in 2011 calls on governments, businesses, and civil society to pursue
universal access to modern energy services including electricity and clean,
modern cooking solutions by 2030. About 70 countries have formally
embraced the initiative. Universal access to electricity is thus one of the
most important goals set for the energy sector by governments in the
developing world (SE4ALL, 2013).
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 6. 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. While an electricity consumption
of about 2000 kWh per capita/year is considered as a threshold for
modern energy services, an average resident of industrialized countries
consumes 4 600 kWh per year (Chaurey, et al., 2004; UN, 2010; WEC,
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2011). In contrast, the average per capita electricity consumption of the
recently connected Brazilian households is about 240 kWh per year 2
(Zaytecbrasil, 2009). This level of consumption illustrates the focus of
the government on covering basic needs and providing the first step on
the energy ladder.

Figure 6. Incremental levels of access to energy services in developing regions.
Source: (UN, 2010)

Thus, the United Nations’ definition of universal energy access
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 and human
development has been extensively documented (UNDP, 2004; Borges da
Cunha, et al., 2007; Gómez & Silveira, 2010; Shuwen, et al., 2013; Suani
& Goldemberg, 2013). 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 the Brazilian Amazon.

2.1
Human Development and
Human Development Index –HDI
The concept of human development has been widely used since the
1990s when the work of Mahbub ul Haq and Amartya Sen and other

2 This value considers 4 inhabitants per household. A survey among beneficiaries of the Brazilian
rural electrification program indicated an average consumption of 80 kWh/household/month.

18

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
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 processes (Sen, 1999b).
The United Nations Development Program (UNDP) has used this
conceptual framework as a keystone 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 support policy and
decision makers. 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,
knowledge, and income. “Longevity and knowledge refer to the
formation of human capabilities 3, 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.
Today, after some modifications in the methodology for HDI calculation
starting with the 2010 HDR, the index is calculated as the geometric
average of normalized indices measuring achievements in each
dimension 4. It combines health, educational achievement and income
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).
Previously, the HDI considered three components: (i) longevity, measured by life expectancy at
birth; (ii) educational level, measured by the combination of literacy rate of people aged 15 or older
and the rate of enrolment in the three levels of education (basic, medium and high) in relation to the
population aged 7 to 22; and (iii) income, measured through the GDP per capita in Purchasing Parity
Power. These three components were equally weighted and added to calculate the total HDI.
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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, et al.,
2011). Countries with a HDI higher than 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) 5.
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, et al., 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, et al., 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 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 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).
More recently, Niu et al. analyzed the causality between electricity
consumption and human development using data from 1990–2009 for
50 countries divided into four groups according to income. They
concluded that electricity consumption not only promotes human
development, but also human development expands the social demand
of electricity (Niu , et al., 2013).

5 In recent HDRs, country classifications are based on HDI quartiles (UNDP, 2013). The top quartile
corresponds to very high development group, subsequent quartiles correspond to high, medium,
and low development groups correspondingly. This study refers to absolute rather than relative
thresholds as previously established.
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In 2007, Borges da Cunha et al (2007) also found a strong correlation
between HDI and total electricity consumption (2000 basis) for 177
countries and 27 Brazilian states, which all had an annual electricity
consumption of below 4,000 kWh per capita (Borges da Cunha, et al.,
2007). 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. See section 2.2
where the strong correlation is further confirmed with data from 2010.
UNDP recognizes the relationship between per capita energy use and
HDI (UNDP, 1990; 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 important 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
particular case of Brazil between 2000 and 2010.

2.2 Electricity access and human
development in the Brazilian Amazon
Maps in Figure 7 provide evidence of electrification improvements in the
Brazilian Amazon at municipal level. Note the advancement of electricity
coverage, particularly in areas close to the interconnected or local grids in
capital cities. A comparison between Figure 7 and the Brazilian electricity
system (See Figure 11) is useful for this purpose. Also, some
improvement in electricity coverage is observed alongside the main
rivers. In the Amazon context, human activity typically develops around
rivers. For this reason, watercourses should be considered as a reference
point for the purpose of planning energy solutions (Di Lascio & Barreto,
2009). Unfortunately, so far, these solutions are limited to unreliable and
expensive diesel solutions as shown in chapter 4.
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Figure 7. Electricity coverage at municipal level for years 2000 and 2010.
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Human development has improved during the last decade in all states of
Brazil (UNDP, et al., 2013). Figure 8 illustrates the evolution of HDI
from 2000 to 2010 in the Brazilian states. The figure indicates Amazon
states in darker colors.

Figure 8. HDI in Brazilian states for 2000 and 2010.
Note: States in dark color are located in the Amazon region

Source: (UNDP, et al., 2013)

There are a number of reasons contributing to an improved HDI.
Recently, for example, the HDR 2013 showed that Brazil has made rapid
advances in human development, due to the promotion of social
integration, which is a pillar of the country’s strategy. According to the
report, Brazil is contributing to the reshaping of ideas on how to achieve
human development (UNDP, 2013).
Figure 9 illustrates the HDI for the Brazilian states and its relation to per
capita residential electricity consumption for years 2000 and 2010.
Amazon states are indicated in red. The figure shows a general
improvement in HDI and residential electricity consumption values
during the period 2000-2010. Statistically, there is a significant
correlation between these two variables. Therefore, the figure also
confirms the connection between electricity consumption and human
development and the general consensus about the role of energy services
in improving human development. By 2010, states in the Brazilian
Amazon had increased electricity consumption on a per capita basis
from 10% to 47% in relation to 2000 levels. In terms of human
development, the HDI in the Brazilian Amazon improved from 18% to
33% in the same timeframe (MME, 2013b; UNDP, et al., 2013). The
Amazon region has reached the medium development level, although
some Brazilian states still fall short of this level. Per capita residential
electricity consumption ranged between 306 kWh in Pará and 592 kWh
in Amapá in 2010, which is well below the consumption levels observed
in most industrialized countries but at the same time above the level
observed in many developing countries.
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Figure 9. HDI and residential electricity consumption in the Amazon region, 2010.

Source: (World Bank, 2013a; UNDP, et al., 2013).
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Due to the integration attributes of the National Development Policy, it is
not possible to fully isolate the impact of rural electrification in the
Brazilian development process. However, despite a plausible time lag
between the electricity provision and the HDI improvement, the impact of
electrification in the Amazon region is already noticeable not least in the
improvement of HDI and the public perception of the benefits achieved.
In other words, the Brazilian policies for development are yielding results,
in terms of HDI. Yet, the Amazon region still holds the medium
development category despite the Brazilian overall status of a higher level.
Thus, there is still a long way before convergence is achieved within the
country.
It is within this context that the Brazilian government has defined and
adapted its efforts concerning rural electrification aiming at universal
electricity access. The use of HDI as a tool to measure the impact of the
national rural electrification has made both policymakers and
concessionaires accountable to the targets set.

2.3 Rural electrification and electricity
access
Rural electrification is generally understood as the process of bringing
electrical power to rural settlements, including those located in remote
areas. Thus, 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, 2010a). For
example, the definition can be considered either at household or village
level. Using the household level means 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. For example, a survey in Perú showed that about 25% of
households without electricity were, in 2010, in villages that were
“electrified” (ESMAP, 2010).
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In Brazil, electricity access must be granted to all citizens living in urban,
rural and remote areas (Brazilian Presidency, 2002). While the actual rural
electrification initiative has been successfully put in place and proved
effective in a significant part of the national territory, the main focus of
the initiative is now on guaranteeing basic electricity services to remote
areas, where the initiative has not been as successful to date.
Remote areas are often characterized by very long distances from urban
centers, and inadequate connections to road networks or modern energy
and telecommunications infrastructure. However, this is not always the
case in the Amazon region. For example, the municipality of Moju, which
is located in the eastern part of the Brazilian Amazon, in the State of Pará,
is only 60 km away from the capital city Belém. Despite the fact that there
is a road connecting Moju to Belém, it is significantly easier and less-time
consuming to reach the municipality by boat. While the road between
Belem and Moju can take longer than one day by car, it only takes two
hours by boat. When solely considering the distance to the capital city,
Moju is not categorized as a remote area. Nevertheless, if other
infrastructure conditions in the area are considered, such as the roads or
the electricity grid, the municipality lives in isolation as a difficult
topography has prevented the extension of such basic infrastructure.
In reality, particularly from an energy access perspective, it is more
significant to use an energy-related definition to describe remote areas. In
this study, remote areas are defined as those that are i) not connected to a
centralized electricity system, ii) scarcely populated, and iii) classified under
a low-development category, in the sense that their HDIs are significantly
lower than the national average. Lack of connection to a centralized
electricity system usually means that communities will depend on diesel,
unless they identify and exploit local energy resources to install and
operate off-grid systems (IEA-RETD, 2012). In addition, remote areas of
the Amazon region are often located in a very sensitive ecosystem with a
difficult topography.

2.3.1

The technological dimension of electricity
access

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,
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access to electricity, technical feasibility, operation conditions, the area of
land they require and institutional arrangements.
Table 2. Systems providing electricity access

Sources: (De Gouvello & Maigne, 2003; SWECO, 2009; Ulseth & Arntsen,
2009)

In general, the 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 endusers.
The implementation of a centralized power system involves a high initial
investment. Moreover large-scale power generation facilities can be
scattered over an extensive area. 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 and even 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). Offgrid systems may be a more viable option for the electrification of remote
locations. 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 with
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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 costeffective 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. In Brazil, however, the electricity system is driven by centralized
systems that are not feasible to provide electricity access in remote areas as
discussed in chapter 4.

2.3.2

The Institutional dimension of electricity
access

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. A significant
need for decentralized organizations typically emerges with the
implementation of off-grid, decentralized solutions. The institutional
dimension of centralized and decentralized systems is discussed below.
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 3.1).
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
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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 communitybased 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 output can mobilize private investment,
whilst also guaranteeing the proper allocation of subsidies and operational
efficiency (Tomkins, n.d.; 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
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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 into the grid as the final stage (Chaurey, et al., 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 remote areas.

2.3.3

The economic dimension of electricity access

The economics of electricity access through centralized systems involves
variables such as the type of technology used (i.e. large-scale thermal or
hydropower plants), operation and maintenance of the power generation
facilities, distance from the generation sites to final users, power losses in
transmission and distribution lines, number of poles, pole-top assembly
accessories, transformers, wiring and labor among others. These variables
have a direct impact on the costs that the electricity supplier incurs while
producing power to provide final users with electricity services. Ideally,
electricity tariffs are structured so as to reflect the economic cost of the
resources involved at the level of generation, transmission and
distribution. In situations where the population density is too low or the
topographic conditions prevent the extension of the grid, decentralized
solutions are required and a different set of costs, often site-dependent,
need to be considered.
Grid extension has been the preferred option for rural electrification in
many countries as it has proven the most economical solution. In contrast,
the progress of off-grid systems has been limited. While the cost of
renewable energy is highly dependent on site characteristics, thermal
options are strongly influenced by fuel prices. Upfront costs are seen by
some authors as a major bottleneck to achieve universal energy access
through off-grid solutions (Glemarec, 2012). According to Bhattacharyya
(Bhattacharyya, 2012), high costs, poor performance of the technologies,
and the perception of off-grid systems as temporary, have hindered their
deployment. However, other authors argue that under certain
circumstances, mini-grids or stand-alone systems could be the least-cost
option (Szabó, et al., 2011).
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In a context of high costs, off-grid and grid electricity providers might not
be able to realize the required economic return. Indeed, there is general
agreement on the fact that a substantial level of investment is required to
fulfill universal electricity access goals. According to the International
Energy Agency, the additional investment needed to realize universal
electricity access by 2030, is estimated to amount to approximately USD
640 billion between 2010 and 2030 (IEA, 2011). Therefore, countries face
important challenges to finance their electricity access and different
sources of funding are required. Some funding sources include public
sources, international development assistance, private capital and carbon
finance (Bhattacharyya, 2013). Government subsidies and donor agencies
have the potential to lower upfront costs and ensure the operation of offgrid systems (Bhattacharyya, 2012). However, subsidies can have a
negative effect depending on the way they are designed and implemented
(Zerriffi, 2011).
On the demand side, social tariffs are a way of providing poor households
with discounted energy bills. In contrast with a cost-based tariff, a social
tariff requires identifying the type of benefits to be granted (e.g., fixed or
variable discounts), the criteria to select the beneficiaries (e.g., electricity
consumption, income level per household), and the origin of the funding
(e.g., state, electricity company, final users) (Vásquez & Pozo, 2012). In
addition, given the limited availability of public finance, promoting
entrepreneurship and income-generating activities by the new end-users
can be crucial to raise the required funds for the achievement of
universalization goals (Glemarec, 2012).
The next chapter describes how Brazil has organized its national rural
electrification initiative. Technological, institutional and economic
dimensions are analyzed in order to identify the main challenges in the way
towards universal access.
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3. Universal electricity access
in the Amazon region:
realizing the potential
through the g rid-extension

This chapter describes the Brazilian power system and the national rural electrification
initiative developed in recent years to provide universal electricity access in the country. The
chapter analyzes achievements of the national program in the light of institutional, technology
and funding structures. It shows how a centralized institutional setup has been crucial to
achieving LPT’s results and highlights the essential role of the concessionaires and the gridextension approach in the success of the implementation process. Despite remarkable results,
the model is not enough to provide electricity in remote areas of the Amazon region, where a
new decentralized approach is required.

3.1 The Brazilian power system: a
centralized system
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 120.9 GW of installed
power generation capacity (EPE, 2013). Hydroelectricity supplies 77% of
all electricity, followed by thermoelectricity generation, including
renewable (biomass), and fossil sources (natural gas, oil and coal), which
supplies 19% (Figure 10).

Figure 10. Brazilian domestic electricity supply. 2012.

Source: (EPE, 2013)
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The availability of significant hydro resources and the search for
economies of scale for power generation have contributed to the creation
of a centralized electricity system in which a huge transmission and
distribution network prevails as the main system solution to supply
electricity in the country.

3.1.1

The interconnected grid in Brazil

The interconnected grid supplies the South, Southeast, Northeast and
Centre-west regions and partially covers the North Region (see Figure 11).
More than 106,000 kilometers of transmission lines connected to 90% of
the national installed power generation capacity comprise what is known
as the interconnected grid (ONS, 2013a; EPE, 2013). About 8% of the
installed capacity corresponds to auto generation, that is, to power
generated and used in the same place, without using the interconnected
grid.
Having a strong dependency on hydropower, 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 – Itaipú 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. Plans are in place to also integrate
Macapá (capital of Amapá state) and Manaus (capital of the Amazonas
state) as indicated by red dotted lines in Figure 11.

3.1.2

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 have an installed capacity of about 3.5 GW,
mostly comprising diesel-driven power units. About 84% of the installed
capacity of the isolated systems is based on diesel plants (EPE, 2013).
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Figure 11. The Brazilian Electricity system

Source: (ONS, 2013b)

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 relatively 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 capita 6 (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,

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.

6
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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 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, the so-called
isolated system is also based on a centralized approach in which local
large-scale power plants supply electricity to end users through wellestablished 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.

3.2 The Institutional dimension of the
Brazilian power sector
The institutions acting in the Brazilian power sector have evolved in
parallel with the development of the national centralized system. Figure 12
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.
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, 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.
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Figure 12. The institutional structure of the Brazilian electricity system.

Sources: (ANEEL, 2009; ANEEL, 2011a; CCEE, 2012; ONS, 2013c)

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 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.
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
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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 Eletrobras, a government-owned electricity holding
company.
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 Amapá.
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.
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Table 3. Major players in the Brazilian institutional framework
Policy

CNPE/MME
Planning

Institution
CNPE.
National
Energy
Policy
Council.
MME– Ministry of
Mines and Energy
EPE–
Energy
Research Company

EPE
Monitoring

CMSE– Monitoring
Committee of the
Electricity Sector

CMSE
Regulation

ANEEL – Brazilian
Electricity Regulatory
Agency.

ANEEL

Operation
Interconnected
System

ONS

ONS–
National
System Operator
CCEE– Chamber of
Electric
Energy
Commercialization

CCEE
Operation and Planning
Isolated
System

GTON–
Technical
Operational Group for
the North Region

Generation,
transmission and
distribution

Eletrobras (ELTB) and
subsidiaries (ELTBS)

GTON

Public

Private/Public

ELTB
ELTBS
Other Concessionaires
(CNCS)

CNCS
COOP
Consumption

Cooperatives (COOP)

Final users

Final users

Function
Formulates
energy
policy,
in
conjunction with other public policies
Implements policies for the energy
sector, according to the guidelines of
CNPE.
Develops studies to define the Energy
Matrix and expansion planning of the
electricity sector (generation and
transmission).
Monitors the functioning of the system.
Recommends preventive measures to
ensure supply.
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.
Coordinates and controls the operation
of
the
interconnected
system
Manages the wholesale electricity
market. Determines the spot price, used
to value the short-term market
transactions. Prepares and carries out
electricity auctions.
In charge of planning and operation of
the isolated system, under the mandate
of Eletrobras.
Government-owned holding
Company that controls around 40% of
the power generation in the country
through six subsidiaries. Eletrobras 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.
In charge of supplying electricity to a
concession area, according to ANEEL’s
regulation
In charge of supplying electricity to
certain areas. They can in theory act as
concessionaires.
Active in the residential, industrial,
commercial and rural categories within
the interconnected and isolated systems.

Sources: (ANEEL, 2009; ANEEL, 2011a; CCEE, 2012; ONS, 2013c)
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Concessionaires operate exclusive service territories in Brazil. In total,
about 74 private and public concessionaires are active in distribution
activities in the country (ANEEL, 2013b). 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 3.3.2). Other agents, such as cooperatives, have the possibility of
acting as concessionaries in theory, although their action is limited as their
activities are not registered in the official database (ANEEL, 2013b).
The role of Eletrobras is particularly significant in the Brazilian power
system since it controls about 35% of the national power generation and
has a strong presence in the Amazon region. Eletrobras is a governmentowned 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 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 interconnected and the isolated systems. 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.

3 . 3 T h e P r o g r a m L u z P a r a To d o s – L P T
(Light for all)
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, reduce the use of
diesel fuel, and complement 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
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electrification (Harald, et al., 2011). Commencing in 1999, the Program
Luz do Campo aimed at electrifying one million rural homes in a threeyear period. However, by the end of 2000, about 10 million citizens still
did not have electricity access (MME, 2007).
Previous efforts to improve electricity coverage fell short of their
objectives 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.
According to the 2010 census, about 600,000 rural households, or
approximately 2.4 million people did not have electricity access in the
country. Nearly 39% of them are located in the Amazon region (IBGE,
2011). The updated target considers 718,000 rural and isolated households
to be provided with electricity services by 2014 (BPM, 2013).
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 as a tool to plan
and monitor development policy, in which also electrification is included
(see Figure 7). The universalization approach is pursued 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, 2011a). To date, over 14 million people
living in rural areas of Brazil have benefitted from the program (MME,
2013a). 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, 2011a). Prior to LPT, beneficiaries had to
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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).
Since 2003, the federal government has contracted R$ 20 billion,
equivalent to approximately USD 8.8 billion (MME, 2013a). This implies
an average cost per connection of about USD 2,400, 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 Bolivia, for example, the cost per connection in
rural areas was estimated at USD 1,200 7 (MHE, 2010).
The next section analyses how the existing institutional framework has
supported the development of the Brazilian rural electrification initiative
towards the accomplishment of universalization goals.

3.3.1

The Institutional structure

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 3.3.2).
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

7

This value corresponds to the average cost of projects implemented during the period 2005-2010
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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 13 provides
an illustration of the institutional framework supporting LPT at these
three levels.

Figure 13. Institutional framework supporting LPT
Source: (MME, 2009a; 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 directive.
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The NCU is formed by representatives from 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). Eletrobras 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), Eletrobras 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. Eletrobras 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)

Source: (MME, 2009a; 2010)

Whilst Table 4 does not show every competence of each institution, it
gives an overview of the main capabilities of the 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, have been used for the purpose
of prioritizing, monitoring and evaluating the program down to the
municipal level.
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 the 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-size 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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3.3.2 The Funding Structure
The 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
Programs 8 can benefit from the subsidy. Indigenous groups or minorities
receive a discount of 100% up to a maximum consumption of 50 kWh /

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.

8
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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 minorities 9.
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. Initially, 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 was expected to
provide 85% of the required funding (in the form of subsidy) and the
concessionaries bring in the remaining 15% (MME, 2009a). These funds
are administered by Eletrobras. The scheme was recently adapted with the
aim of promoting electrification initiatives in remote areas (ANEEL,

According to National Indian Foundation (Fundação Nacional do Indio – FUNAI), there are about
460,000 indigenous people in Brazil, living in indigenous lands and representing about 0.25% of the
population. An additional 100,000 to 190,000 are estimated to live in other areas.

9
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2011b; MME, 2011a; MME, 2012; ANEEL, 2012a; ANNEL, 2012b;
Gómez & Silveira, 2010). This specific issue is addressed in Chapter 4.
It is important to mention the Fuel Consumption Account (CCC) as it was
designed to subsidize fossil fuel used for thermoelectric power generation
in isolated systems. All consumers in the country shared costs of thermal
generation in isolated systems by setting annual values for each
concessionaire, depending on their concession area and the use of thermal
power plants. The account is therefore relevant for the operation of dieselbased systems in the Brazilian Amazon. In the past, the CCC reimbursed
expenditure related to fuels for power generation covering the cost
difference to the equivalent for hydraulic power (ANEEL, 1999). The cost
for hydraulic energy equivalent was set by ANNEL, and the difference
between the cost of fuel for thermal generation and the cost of
hydropower was allocated to each concessionaire according to its specific
power generation. The CCC has recently been reformed to reimburse
concessionaires and authorized power generation agents an amount equal
to the difference between the total cost of generating electricity in isolated
systems, and the average cost of generating the corresponding amount of
electricity in the regulated, interconnected system (ANEEL, 2011b).
Subsidies allocation. Figure 14 shows the flow of funds along with the
existing institutional framework within LPT for the grid-extension
approach. The governmental funding is 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 wellstructured institutional framework in which the allocation of resources is
linked to the performance of the concessionaries.
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
Eletrobras.
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Figure 14. Flow of funds through the institutional framework under LPT

Source: (MME, 2009a; 2010; IEA, 2010b)

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 concessionaires finalize the connection, final
users begin paying the electricity bill according to the established social
tariff.

3.3.3 LPT achievements: significant progress in gridconnected areas
This chapter has shown how a centralized structure has been crucial to
achieving LPT’s results. Brazil has clearly established universal
electrification as a national goal. LPT includes a flexible and
comprehensive plan, and has benefited more than 14 million people to
date. The recognition of electricity access as a civil right has also provided
concrete indications to all levels of decision makers involved in the
national rural electrification initiative.
The thesis has also shown how important the recognition of the role that
electricity access can play in addressing and achieving human development
goals has been for the mobilization of political will and in defining policies
to promote full coverage at national and regional level. Actual information
on HDI at municipal levels has provided the baseline to evaluate the
impact of electrification on welfare improvement. For example, a survey
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conducted among 4,000 low-income families that have benefitted from
LPT shows that 91% of them recognized that the program improved their
quality of life. The results also show the impact of LPT on migration
patterns in different regions. For instance, 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, 2009). Also, 79.3% of the respondents acquired
television sets and 73.3% purchased refrigerators after receiving electricity
services (Zaytecbrasil, 2009).
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 has helped 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.
The national rural electrification has thus proved effective and this would
not have been possible without coordinated action from a well-established
institutional framework. LPT design and implementation have required a
complex operational framework, well-defined planning and monitoring
processes, and fully involved institutions at local, regional and national
level. This institutional framework, with strong participation of
concessionaires in the implementation and operation of the electricity
system, has proved effective in the accomplishment of electricity access
objectives through the extension of existing grids. Furthermore, LPT has
been supported by a national government fully committed to ensure
financial resource allocation and distribution. Connection subsidies are
provided through financial support to the concessionaires and this is
reflected in end users not having to pay for the connection. The Brazilian
government has safeguarded the availability of resources and guaranteed
that the connection subsidies are properly allocated based on detailed
procedures and monitoring mechanisms.
In summary, a number of factors have been central to the success of the
initiative. The national commitment has, together with clear goals and a
well-established institutional framework, supported rapid and significant
progress towards universal electricity access. The role of concessionaires in
the implementation process and the use of the grid-extension as the main
approach to provide electricity in rural areas have been particularly
important. However, since electricity access goals have been accomplished
by extending either the national interconnected grid or the local electricity
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networks belonging to the isolated system, LPT has overlooked people
who live in remote areas, far away from the grid. Paradoxically, these are
the inhabitants with the lower HDI, and those who would have received
the highest benefit if supplied with electricity services. Not only about
930,000 people are still without electricity access but also HDIs lower than
0.5 are found in a number of dispersed municipalities, indicating that high
inequalities still prevail in the region.
There is general agreement on the need for a new decentralized scheme to
provide electricity in remote areas. In line with this recognition, the
Brazilian government recently adapted the LPT model. The next chapter
analyzes how LPT was adapted and elaborates on challenges related to the
provision of electricity access in remote areas under the new scheme.
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4. Universal electricity access
in remote areas: identifying
challeng es within str uctural
ar rang ements

This chapter discusses how the Brazilian government has adapted institutional, technology, and
funding structures in its effort to provide electricity access in remote areas of the Amazon.
Measures taken by the government have improved the possibilities for remote communities to
have electricity access, but a number of challenges emerge in order to achieve universal electricity
access. The study identified three main challenges. First, there is a need for adapting the
existing institutional structures. Second, harmonization of technologies with the regional
context is essential. Third, a more effective use of government funds within the context of the
actual subsidy scheme will be crucial to promote the rural electrification initiative in the region.

We have seen that LPT has not been equally successful throughout Brazil.
During initial phases of electrification, the extension of the grid has been
relatively straightforward and a significant number of people have
benefited from the program but, as the grid has reached its physical and
economic limits, the grid-extension approach became more difficult and
unfeasible in some instances. This situation is recognized as the “last mile”
or the final stage in the process of providing electricity access to final users
through the extension of the grid. Official statistics indicate that the last
mile has not been reached in the Amazon region. While about 50% of the
municipalities in the region have achieved levels of electricity coverage
above 80% in their rural areas, rural electricity coverage is below 50% in
10% of the municipalities (see Figure 15). Specifically, remote areas of the
region have not benefited from the national rural electrification initiative
and more than 930,000 people are still waiting to be provided with
electricity services (IBGE, 2011).
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Figure 15. Electricity coverage in rural areas at municipal level in the Amazon region, 2010.

Source: (IBGE, 2011)
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Indeed, remote areas are characterized by a low and dispersed load factor.
Not surprisingly, in Brazil, off-grid systems are more frequently found in
the Amazon region where the interconnected and the local grids cannot
provide electricity through the grid extension. Off-grid systems providing
electricity access in these areas 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 of: (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. Figure 16
shows typical isolated households located in remote areas of the Amazon
region, in the state of Pará, which benefits 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 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, et al., 2011).

Figure 16. Typical remote households in the Brazilian Amazon

Pictures taken by the author in June 2009.

The particular circumstances of the Brazilian Amazon have encouraged
the implementation of diesel-based off-grid systems. In some areas, these
systems coexist with a very centralized system formed by either
interconnected grid or local grids, which operate in similar ways.
Unfortunately, official statistics about the number of off-grid systems or
the type of technology they use in the Brazilian Amazon are limited
because not all 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 17 (ANEEL, 2013a). The
number of installed diesel-based power plants with a capacity of less than
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1 MW is over eight times that of small-scale hydro power plants. The
figure corresponds to official data and does not include a 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, et al., 2012), which is more
than four times the number reported by ANEEL.

Figure 17. Installed capacity and number of thermal and hydropower units
in the Amazon (Units with 30 MW or lower installed capacity).

Source: (ANEEL, 2013a)

Since actual off-grid systems operating in the Brazilian Amazon are mainly
diesel-driven, they impact upon very sensitive ecosystems. It is common
to find diesel generators in the region that do not operate due to lack of
fuel and/or spare parts. Increased electricity coverage might therefore not
be translated into efficient and reliable electricity systems. Also, they
exclude part of the population, particularly low-income inhabitants who
cannot afford the required investment and the subsequent operation and
maintenance costs. Although many of these systems operate outside the
scope of LPT because they are installed and operated by end users
themselves, they are particularly relevant in the context of remote areas.
According to the Brazilian Ministry of Social Development and Fight
Against Hunger, about 240,000 families that live in poverty in rural and
urban areas of the Amazon region have access to electricity but do not
have electricity meters 10 (MDS, 2013b). Though not differentiated in the
official statistics, a significant number of these families live in remote

The Brazilian government has created a program to improve the quality life of families living in
poverty. The program is called Brasil sem miséria – Brazil without misery. It targets more than 16
million families with income lower than 29 USD/month/person. More than 27 million families have
been registered through this program in a national database upon fulfilment of some requirements.
About 2.7 million are located in the Amazon region (MDS, 2013b)
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areas. This gives an idea of the informality in electricity supply in these
areas and takes us back to the institutional inefficiency previously
mentioned, a condition in which concessionaires and informal
decentralized organizations coexist in a context of unclear rules and
adaptive solutions (see Figure 2). The next section discusses how the
Brazilian government has adapted the actual model to deliver electricity in
remote areas of the region, and highlights the main challenges for LPT to
guarantee the technical, economic, and environmental sustainability of
electricity provision.

4.1 Challenges within institutional
str uctures
We showed in the previous chapter how institutional structures for rural
electrification in Brazil have evolved based on a centralized system in
which concessionaires are responsible for providing full electricity access
in the country. Concessionaires have played a key role in the
implementation of the national rural electrification initiative. They provide
electricity to around 99% of the national population (IBGE, 2011).
However, they are not as relevant for the Amazon region where
concessionaires supply only 62% of the rural households or about 2.4
million people. Around 14% of the rural population in the region, or
approximately 550,000 people, are supplied through other kinds of
organizations and 24%, or about 930,000 people, are not supplied at all
(IBGE, 2011).
The Brazilian government has recently created a new set of rules that
directly affect the development of the rural electrification initiative in
remote areas. More specifically, the new rules address the design and
implementation of off-grid power generation projects with an installed
capacity up to 100 kW in remote areas. The new scheme includes
renewable energy, diesel-based and hybrid systems. In terms of
institutions, new rules also incorporate different agents into the process
(see Figure 18). At local level, concessionaires are now allowed to conduct
bidding processes in order to select a third party to provide electricity in
specific areas of their concession areas. The third party includes
organizations such as NGOs, entrepreneurs, cooperatives, and community
initiatives that were not officially included in the initial LPT scheme. At
national level Eletrobras is fully involved in analyzing investment costs, the
operation, and the maintenance of potential off-grid power generation
projects that are proposed by implementing agents, and in monitoring
their proper operation. In addition, Eletrobras sets the upper limit for
capital investments. The Energy Research Company – EPE technically
and economically assesses the projects and sets the upper limit for
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operation costs of off-grid projects and submits a detailed report to MME,
which is in charge of approving the projects upon completion of the
technical and economic requirements. Once the project is approved,
ANEEL authorizes concessionaires to conduct the bidding in order to
contract electricity supply. Eletrobras monitors the implementation of the
projects and administers the funding. ANEEL oversees the fulfillment of
contracts signed by concessionaires and the third party (MME, 2013c).

Figure 18. Institutional framework supporting LPT in remote areas

Source: (ANEEL, 2011b; 2012a; 2012b; MME, 2009a; 2012; 2013c)

Note that the model was adapted to accommodate off-grid solutions
which were not considered when the rural electrification initiative was
designed a decade ago. A comparison between Figure 13 and Figure 18
helps to identify the main changes. State and regional committees that
were devised as an important link between organizations at national and
local level in 2003 are not considered in the off-grid model. Yet, they
could also play a role in the planning and design of off-grid solutions and
facilitate the dialogue between national and local organizations. On the
technical side, the government recognizes the need for specialized
expertise in different technologies with the inclusion of EPE that is in
charge of technically and economically assessing the projects presented by
potential implementers to the MME (MME, 2013c). On the
implementation and operation side, concessionaires remain as key agents.
They have contributed with knowledge and expertise on grid-based
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electrification. They have also been an important link with government
agencies and other institutions in the electricity sector. In this sense,
concessionaires still play a significant role in the off-grid model. However,
they need to adapt their operations and interact with new agents in order
to achieve the objective of universal electricity access in the region.
Clearly, the new scheme opens a window of opportunity for new actors to
participate in the provision of electricity access in the Amazon region. At
national level, the scheme considers the participation of new agents with
technical and economic expertise that support the implementation and
operation of the model in remote areas, where different solutions are
required. At local level, the inclusion of new implementing agents presents
opportunities for decentralized organizations to formally become
electricity providers. However, the new scheme also implies important
challenges. Decentralized organizations in the region often lack the
capacity to evaluate local resources, and to install and operate the required
technologies as their experience is primarily related to diesel-based power
generation. This could erroneously influence the selection of diesel-based
systems, potentially causing detrimental impacts on very sensitive
ecosystems. In addition, the implementation of off-grid projects requires
cooperation between implementers and communities. Yet, there is no
tradition of cooperation among decentralized organizations in the region
(Van Els, et al.; Gómez, 2012). Furthermore, concessionaires are now
entitled to follow up on the implementation of small-scale off-grid
systems, which are designed and built by a third party. This means that
concessionaires are still responsible for the implementation of electricity
access projects, although small off-grid systems other than diesel driven
are not the focus of concessionaires’ operation. These multiple challenges
are an indication of the need for new and adapted institutions in the
Amazon region. A pathway for new and current institutions to operate
within the context of LPT in remote areas is discussed in Chapter 6.

4.2 Challenges within technolog y
str uctures
The Amazon region is rich in a variety of natural resources. At the same
time, multiple renewable energy technologies worldwide have proved
effective in providing electricity access based on available natural resources
(Chaurey, et al., 2004; Mainali & Silveira, 2011). The region consequently
has the potential to implement alternative solutions based on local
resources, vocations and needs. However, the electrification schemes used
in the Amazon are typically based on imported fossil fuel resources rather
than on locally available renewable sources. In general, off-grid power
generation systems can provide electricity using locally available resources
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such as hydro, wind, biomass, and solar resources. With the exception of
small hydro power plants, none of these alternative technologies are widely
used in the Brazilian Amazon.
Natural resources available in the Amazon include biomass, hydro
resources and solar radiation. For example, floating residual wood being
carried by rivers is already being collected in order to avoid
navigation.issues This resource may potentially be used for power
generation. A potential capacity of about 1,000 kW has been estimated
(Bacellar & Rocha, 2010). The use of vegetable oils, either in natural form
or processed as biodiesel, has also been investigated and trialed on pilot
projects (Gonzalez, et al., 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 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, et al., 2010;
Blanco, et al., 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, 2014). Thus, there is
reason to evaluate replicable solutions suitable to the region’s
circumstances.
Regarding solar radiation, 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, et
al., 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, et al., 2010).
As significant challenges arise in connection with the implementation of
off-grid solutions, the Brazilian government has promoted a number of
pilot projects in remote areas of the Amazon including solar photovoltaic,
small-scale wind, solar-wind-diesel hybrids, biodiesel generators,
hydropower plants and biomass gasifiers. These projects have built up
knowledge of off-grid technologies in the face of universalization goals
(Pinho, et al., 2008; MME, 2009a; ANNEL, 2012b; Gómez, 2012).
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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. The official records state that
just one photovoltaic system of 20 kW installed in the region (ANEEL,
2014). Table 6 gives examples of relevant experiences of the
implementation of different technologies in the Amazon, promoted by
governmental and research institutes, with participation of concessionaires
and communities. 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 local concessionaire has extended the grid and now
the community has access to grid-based electricity.
Table 6. Examples of technologies tested in remote areas of the Amazon
region
TECHNOLOGY

DESCRIPTION

LOCATION

SOURCE

2000 L biodiesel/day. Biodiesel production is based
Biodiesel
on dendê crops cultivated by the Brazilian Institute
production to
Rio Preto da Eva (AM) Gonzalez et al, 2008
for agricultural reseach (EMBRAPA). It supplies
replace diesel
EMBRAPA requirements and is expected to also
power generation
supply military vehicles and nearby communities
Biodiesel
production to
replace diesel
power generation
Steam power
plant, based on
sawmill residues
Hybrid system
(PV-diesel)
Hybrid system
(PV-wind)
Hybrid system
(wind-diesel)
Hybrid system
(PV-wind-diesel)
Hybrid system
(PV-diesel)
Hybrid system
(PV-wind-diesel)
Hybrid system
(PV-wind-diesel)

80 L biodiesel/day. Biodiesel production is based
on local species (uricuri) and will allow the
functioning of an existent 40-kW diesel based
Carauari (AM)
Gonzalez et al, 2008
power plant. The system will supply electricity to a
60-household community, and to small-scale oil
and ice production plants
50 kW. Fully supplies electricity to a 30-family
community and partially cover sawmill
San Antonio (PA)
Pihneiro et al, 2012
requirements (complemented with diesel power
generation)
51.2 kWp photovoltaic system. 2 diesel generators
Vila Campinas (AM)
Pinho et al, 2008
of 53 kVA each.
10.2 kWp photovoltaic system. 4 wind generators
Vila Joanes (PA)
Pinho et al, 2008
of 10 kW each to supply about 170 households
7.5 kW wind power plant system and 4 diesel
Vila de Praia Grande
Pinho et al, 2008
generators of 7.5 kVA each.
(PA)
3.84 kWp photovoltaic system. 2 wind generators
of 7.5 kW and one diesel based system of 40 kVA
Marapanim (PA)
Pinho et al, 2008
to supply about 60 households. A pre-paid system
was put into place in 2005
20.48 kWp photovoltaic system. 162 kW diesel
Mamoré (RO)
Pinho et al, 2008
based system (Three 60 kVA units)
3.2 kWp photovoltaic system. One wind generators
Maracanã (PA)
Pinho et al, 2008
of 7.5 kW and one diesel based system of 20 kVA
to supply about 67 households.
20 kWp photovoltaic system. 37.5 Kw of wind
Sucuriju (AP)
Pinho et al, 2008
power and one diesel based system of 48 kW to
supply households and desalinate water.

Small-scale
50 KW of installed power capacity to supply about
hydropower plant 50 households

Iguarapé Jatoarana
(PA)

Filho et al, 2008

Small-scale
50 KW of installed power capacity to supply about
hydropower plant 70 households

Santarém (PA)

Filho et al, 2008

Jenipaúba (PA)

Rosa, 2007. Field
visit by the author,
2009

Gasification
system (açaí)

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

In general, photovoltaic technologies often suit lower demands better than
small hydro, hydrokinetic systems, biomass technologies or hybrid
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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, et al., 2008). Wind energy offers a cost-effective
opportunity, which is sometimes cheaper than photovoltaic, 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, et al., 2010).
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. Renewable energy technologies and hybrid systems present a
number of advantages for application in isolated areas of the region
(Nerini, et al., 2014). 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. Thus,
another challenge emerges for universal access in the Amazon with regard
to the need for harmonization with the regional context, which is a vast
and unique environment. Harmonization with the regional context implies
considering local resources, including the capacity to evaluate, select,
implement and operate off-grid technologies according to local realities.
The Brazilian government has recognized that renewable technologies can
provide increased electricity access in isolated areas of the region and a
number of pilot projects have been developed. Yet, neither locally and
widely available renewable sources nor off-grid technologies have been
systematically explored in the Brazilian Amazon. Technologies such as
solar photovoltaic, wind power, small hydropower and biodiesel power
plants remain as interesting alternatives to be further explored in isolated
communities in the region. But not only local-resource based technology
should be considered when working towards universal access to electricity
in the Amazon. Next section discusses the flow of funds through the
adapted LPT structure, which is also essential in pursuing electrification
goals.

4.3 Challenges within funding str uctures
The implementation of LPT has involved an investment of USD 8.8
billion to date. For the purpose of comparison, the Federal budget for
2013 was about USD 121 billion (Brazilian Presidency, 2013). This shows
a strong political commitment, which will be essential to guarantee the
required funding to achieve universalization in the Amazon region.
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Even though estimating the cost of universalization in the Amazon region
is a very difficult task, a significant investment is already anticipated. Table
7 describes six pilot projects that are being tested in remote areas of the
Amazon region. These projects have an installed capacity that does not
exceed 50 kW. In this sense, the information is useful from the perspective
of remote areas as it provides an estimate of the costs associated with offgrid technologies. The projects involved different final energy uses. They
considered energy used at household level and, in some cases, included
electricity used in commercial or small industries. Table 7 illustrates the
main characteristics of the projects including capacity factors 11, peak and
average power demand, average energy produced per day, and load
factors. Information on peak and average demand, average energy and
load factors was taken from the sources, which are indicated at the end of
the table. Based on this information, the levelized cost of electricity
(LCOE) for each project is calculated.
The LCOE is defined as the average cost per kWh of useful electrical
energy produced by the system. The LCOE is thus an important
parameter as it provides a preliminary estimation of the cost of the energy
produced by different technologies and allows their comparison. It was
calculated according to Equation 1. Results are illustrated in Figure 19. For
the purpose of comparison, it is assumed that benefits of the
electrification projects are equal, regardless of the technology used. All
values are indicated in US dollar (2013 rates) unless specified otherwise

Where,
•
•
•
•

𝐿𝐶𝑂𝐸 =

𝐶𝑎𝑛𝑛,𝑡𝑜𝑡
𝐸𝑝𝑟𝑖𝑚,𝐴𝐶+𝐸𝑝𝑟𝑖𝑚,𝐷𝐶+𝐸𝑑𝑒𝑓

(1)

Cann,tot = Total annualized cost of the system ($/year)
Eprim, AC = AC primary load served (kWh/year)
Eprim, DC = DC primary load served (kWh/year)
Edef = Deferrable load served (kWh/year)

The Capacity Factor expresses the ratio of the actual electricity generated in a given period related to
the maximum possible if the generator produced its rated output all of the time. Capacity Factors
included in this analysis are suggested by the Energy Sector Management Assistance Program
(ESMAP) (ESMAP, 2007).

11
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Table 7. Examples of technologies tested in remote areas of the Amazon region
Project

1. Solar PV

Location

Not informed

Access

Not informed

Resource

Solar Insolation:
4,32 kWh/m2day

Technology

Solar PV: 1.2
kW

2. Hybrid wind-PVdiesel
Vila de São Tomé, PA
(0°44'24" S/ 47° 28' 59"
W)
Road and road-fluvial
transport
Irradiance: 375.74 W/m2.
Wind speed: 3.89 m/s (at
30 m high)

3.Hybrid wind-diesel
Vila de Praia Grande, PA
(1°22'54" S/ 48° 50' 10" W)
Fluvial and air transport

4.Diesel generator
Vila de São Tomé, PA
(0°44'24" S/ 47° 28' 59"
W)
Road and road-fluvial
transport

Irradiance: 478.82 W/m2.
Wind speed: 4.9 m/s (at 25
m high)

Not available

Solar PV: 3.2 kWp; Wind
turbine (7.5 kW); diesel
generator (16 kW)

Wind turbine (7.5 kW); two
diesel gensets (6 kW each)

Diesel generator 16 kW

5. Small
hydropower
Água Branca do
Cajarí, Laranjal do
jarí, AP
Fluvial transport and
road
0.18 m3/sec, 12.88
m high.

6. Thermal biomass 12
Breves, PA (00°55'18''
S/50°49'25'' W)
Fluvial transport
18 m3/day residue from
timber sawing

Hydropower plant 37
kW

Boiler 2.1 MPa, Singlestage turbine 50 kw,
Power generator 50 kW

Installed Capacity (kW)

1.2

26.7

19.5

16

37

50

Capacity Factor – CF (%)

0.2

0.3

0.3

0.3

0.3

0.6

5165

1894

1167

412

4406

13565

0.323

0.533

0.402

0.872

0.097

0.652

Peak Demand (kW)

0.278

7.3

5.8

7.3

24

41.9

Average Demand(kW)

0.06

2.0

2.0

2.0

18.7

26.4

Average Energy
(kWh/day)
Load factor

1.6

52

48

52

374

633

0.240

0.272

0.343

0.272

0.779

0.528

(Pinho, et al., 2008)

(Pinho, et al., 2008)

(Pinho, et al., 2008)

(Quintas, et al., 2011)

(Pinheiro, et al., 2012)

Investment (USD/kW)
Operation cost
(USD/kWh)

Source

(IFC, 2013)

Regarding biomass use for power generation purposes, note that there are good reasons to foresee biodiesel precursors as a relevant energy source in the region. There are attempts
being made in this direction but the implementation is apparently still incipient (Pereira, et al., 2007; Villela, 2009; Andrade & Miccolis, 2010; Queiroz, et al., 2012; Bergmann, et al., 2013).
As a result, this alternative was not incorporated to our analysis.
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Figure 19 illustrates the importance of designing and implementing energy
technologies according to locally available resources in order to optimize
implementation and operation costs. The analyzed projects might be more
or less expensive depending on the location in which they are
implemented. As a result, there is no “best practice” that best suits all
locations. Instead, solutions are site-specific and should be considered on
an individual basis. The figure also shows that, on an economic basis,
renewable technologies provide realistic options for off-grid systems in the
remote areas of the Amazon region.

Figure 19. Levelized Cost of Electricity for off-grid technologies in remote
areas of the Amazon region.
Note: Author’s calculations based on data collected from various sources as
indicated in Table 7.

According to Figure 19, diesel systems are the most expensive and smallscale hydropower is the least expensive among the analyzed alternatives.
Yet, it is important to consider that the stream flow of the rivers in the
region fluctuates seasonally and this can significantly affect hydropower
output. The LCOE illustrated in Figure 19 for small hydropower
corresponds to a project location that allows full operation for ten months
during the year and therefore more power output than other locations
where the summer season extends for longer periods and the flow of the
river is reduced significantly (Blanco, et al., 2008). The figure also shows
that photovoltaic, when combined with diesel and wind in hybrid systems,
has the potential to offer more economical solutions for certain locations,
provided wind and solar resources are available.
Biomass based electricity generation, on the other hand, is less expensive
than diesel-based power generation where low-cost feedstock is locally
available. This is the case in many isolated villages where communities
have as their economic activity small industries processing local products
such as wood, manioc, and açaí. Residues can therefore be used for power
generation purposes, at no cost (Pinheiro, et al., 2011).
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Strong differences among the LCOE of the various technologies result not
only from the site-specificity of resources. Given the fact that our analysis
includes projects at pilot level, some costs decrease is foreseeable
according to the particular learning curve of the technology. In addition,
energy demand, patterns of occupation and local realities also influence
the estimation of LCOE. For example, according to the concessionaire in
Pará, about 3,500 households could be provided with thermal biomass
based power in the state, using a similar technology to that implemented in
the pilot project included in our analysis (Pinheiro, et al., 2012). This
would imply a capital investment of about 79 USD million to provide a
solution to only 2% of the population without access in the region. The
CDE generated about 10.5 USD billion between 2011 and 2013. During
this period about 940 USD million were allocated for the purpose of
financing capital investment for rural electrification projects (Eletrobras,
2013). This shows that significant financial resources are already in place
to commence the implementation of off-grid solutions with significant
resources being provided in the form of capital and operation subsidies.
The new set of rules created by the national government also modified the
LPT scheme with regards to connection and operation subsidies.
Previously, the CDE provided 85% of the required capital costs for
electricity provision in the form of a subsidy, and the concessionaries
brought in the remaining 15% to pay for upfront costs of off-grid systems
(MME, 2009a). Now, capital subsidies covering 100% of the initial
investment for off-grid power generation are defined in the updated MME
handbook (see Figure 20). The capital subsidy is covered with funds from
the Energy Development Account (CDE) which in turn relies on
electricity consumers who all contribute via tariff (MME, 2011a; MME,
2013c).
According to the new scheme, concessionaires are entitled to hand over
the implementation and operation of off-grid projects to new agents
through bidding processes developed by the concessionaire under the
supervision of ANEEL. Participation of new agents (third party) is
formalized through a contract with the concessionaire. The contract states
the value of the investment and the electricity price for a period of 10 to
20 years within the limits set by Eletrobras and EPE. Projects are
contracted based on the lowest Net Present Value (NPV), considering
investment, operation and maintenance costs, equipment replacement and
cost of fuel. The best offer, indicating value of investment (R$) and
expected revenue from electricity supply (R$/year) is selected. Note that
Eletrobras and EPE set upper limits for capital investments and operation
costs correspondingly (MME, 2013c). The concessionaire, which is
expected to transfer the subsidy to the new agent, pays the contracted
energy supply cost. In this way, new electricity providers are formally
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integrated into the electricity systems to equally benefit from the subsidies,
which were previously only reserved for concessionaires (ANEEL, 2012a;
MME, 2011b; MME, 2009a).

Figure 20. Flow of funds through the adapted institutional framework
under LPT

Source: (MME, 2013c)

On the consumption side, it is important to mention that the mandate for
low tariffs for low-income consumers has also a strong impact in the case
of off-grid systems. The difference between low tariffs and high costs of
power generation that has been covered by cross-subsidization in the case
of grid-connected systems, still remains for the very dispersed and lowincome populations in remote areas as concessionaires are still fully
responsible for electricity supply in their concession areas. A significant
effort is thus required from the Brazilian government to ensure the
essential financial resources. However, it is important to highlight that in
Brazil, electricity access is recognized as a driver for development. In line
with this recognition, public funding is fully justified on the basis of social
inclusion, poverty reduction and human development. The question in
Brazil is not if subsidies are needed but how to promote a more effective
use of government funds within the actual subsidy scheme. This is a key
challenge within funding structures.
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To summarize, this chapter showed that, in order to reach dispersed
populations in remote areas of the Brazilian Amazon, where grid extension
is not feasible and off-grid systems are required, the Brazilian government
adapted the LPT delivery model through a number of new rules. The new
set of rules is expected to promote off-grid solutions and integrate new
actors into the rural electrification framework for remote areas. The new
scheme shows a clear governmental recognition of the need for off-grid
technologies to achieve universal electricity access and especially, an
important commitment that is materialized in financial support through
capital, operation, and consumption subsidies. Yet, a number of challenges
remain with regards to universal access in remote areas.
In terms of the institutional structure, the new LPT scheme opens a
window of opportunity for new actors to participate in the provision of
electricity in the Amazon region. However, decentralized organizations in
the region are not equipped to providing reliable electricity services in
remote areas. Adapted institutions are thus required to plan, implement
and operate off-grid solutions. In terms of technology, questions remain
on the existing capacity to harmonize local resources and off-grid
technologies, from their design to their operation, according to local
realities. Finally, reducing operational costs is a relevant challenge for the
implementation of off-grid systems in remote areas of the Amazon as it is
a way to promote a more effective use of government funding. Once
again, questions remain about the capacity of decentralized organizations
to efficiently build and operate off-grid systems. In next chapter, a
particular case in a generic village located in the Amazon region is
analyzed. The analysis focuses on the subsidy scheme and provides
insights to propose a pathway to overcome challenges, especially within
technology and funding structures.
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5. Providing electricity
access in a remote Amazon
villag e: enhancing
oppor tunities for
renewables

This chapter explores the effects of the recently adapted LPT subsidy scheme on the Levelized
Cost of Electricity (LCOE) for different off-grid power generation solutions. The analysis is
based on a generic isolated village in the Amazon region. This chapter shows that the subsidy
scheme in place discourages the use of fossil diesel and presents opportunities for renewable
energy technologies. Nevertheless, the new scheme requires complementary interventions to
guarantee the provision of reliable electricity services in remote areas as discussed in next
chapter.

This chapter analyzes different options to supply electricity in a remote
village of the Amazon region called Moju, which is located in the state of
Pará. For this purpose, a generic case study based on a hypothetical and
typical village is used. The analysis considered technologies with the
potential to harness locally available energy resources. The impact of the
new subsidy scheme on the LCOE of different technology configurations
was also studied using HOMER ®. Details of the analysis are presented in
Paper III.

5.1 A r e m o t e v i l l a g e i n M o j u
The municipality of Moju is located in the eastern part of the Amazon
region, in the State of Pará (see Figure 21). Moju covers an area of 9,095
km2 and is home to 68,070 inhabitants according to the 2010 census. The
population has increased by 21% between 2007 and 2010. Around 62% of
the population lives in rural areas (IBGE, 2011).
The area is characterized by flood plains in lowland areas and a dense
forest of low plateaus and terraces. Moju River and its numerous
tributaries serve the municipality. On the left margin, the most significant
tributary river is the Cairari River and, on the right margin, the Ubá River
and various creeks such as Grotão do Sabino, Itapeua, and Água Clara.
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The average annual temperature in the area is about 25 °C. The relative
humidity is about 85%. Rains, though regular, are not equally distributed
throughout the year. The period from January to June is the wettest,
resulting in significant runoff and flooded rivers.

Figure 21. Moju municipality – geographical location

The HDI in Moju is still quite low. While Brazil reached a HDI of 0.727 in
2010 and the average HDI for the Amazon macro region was 0.684, Moju
only reached a HDI of 0.544 (UNDP, et al., 2013). In terms of local
economy, economic activities in Moju are based on livestock production,
the extraction of wood and non-wood products such as açai fruits and
Brazil nuts, and fishing and agricultural activities such as manioc
cultivation. The Agropalma Group, one of the most important palm oil
producers in the country, has promoted palm oil cultivation in cooperation
with the municipality. The project integrated socio-environmental
development processes and became an attractive labor option for small
family farmers who play an active role in the local economy (César &
Batalha, 2013). In this sense, there are particularly interesting prospects for
small-scale bioenergy development in Moju based on the use and
production of biodiesel. Although Moju is only 60 km away from the
capital city Belém, difficult geographic conditions in the area prevent the
extension of the electricity grid.
In Moju, concessionaires supply electricity services to just 66% of rural
households or around 6,300 households (see Figure 22). About 11% of the
rural population of the municipality, or approximately 1,000 households, is
supplied through other kinds of organizations often including
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communities who operate small diesel generators themselves, sometimes
with support from the municipality. Finally, 24% or 2,300 households do
not have electricity at all (IBGE, 2011).

Figure 22. Electrification provision pattern in the municipality of Moju
Source: (IBGE, 2011)

5.2 L o c a l - r e s o u r c e b a s e d t e c h n o l o g y a n d
demand analysis
5.2.1

Local-resource base technology

Table 8 summarizes the advantages and disadvantages of potential
technologies to harness the local resources available in Moju. Technologies
such as small scale hydropower or other biomass-based power generation
were not considered for this particular analysis because available resources
were not enough to provide electricity services or because, to the
knowledge of the author, there was no information available on the
specific required measurements.
While the local solar radiation level makes photovoltaic systems a feasible
alternative, biodiesel technologies are also promising given the
advancement of the palm oil industry in the region and the need for
recovering degraded land. There are good reasons to foresee palm oil as a
relevant energy source in Moju. First, Pará is already the most important
producer of palm oil in Brazil, with about 95% of the national production,
or about 152 million ton of oil produced per year (Queiroz, et al., 2012).
Second, large and dispersed degraded areas are available which can be used
to grow this kind of crop (Andrade & Miccolis, 2010). Third, the
production of biodiesel from small-scale palm-oil plantations is already
included in the National Program for production and use of biodiesel
(PNPB) (Brazilian Presidency, 2005). In fact, palm oil crops are ideal
candidates for the production of biodiesel in Brazil as they are highly
productive if compared to other oil seeds. For example, one hectare of a
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productive palm oil crop in Brazil can produce between 2.4 and six ton of
oil per hectare. The same area could scarcely produce 0.4 ton of soybeans
or 1.5 ton of coconut oil (Villela, 2009; Andrade & Miccolis, 2010;
Bergmann, et al., 2013). There are about 30 million hectares of degraded
land suitable for oil palm plantations in the Amazon (Rodrigues, et al.,
2014). This implies a potential production of at least 72 million tons of oil
per year and justifies the analysis of palm oil crops as potential biodiesel
precursors.
Table 8. Potential technologies for electricity generation based on locally
available resources in Moju

Biodiesel-based
power generation

Solar Photovoltaic

Technology

Advantages
Well
established
technology
worldwide
Zero emissions from power
generation.
Operate without noise
Easy installation
Low maintenance
Lifetime: 25 years
Solar energy peak power generation
usually coincides with peak energy
demand

Disadvantages
Limited efficiency levels ranging between 12 and
20%.
Subject to intermittency
Visual impact
Land occupation
CO2 emissions during the manufacturing process of
the modules
Direct electric current must be converted to
alternating current before it can be used for
consumption.
Requires inverters and storage batteries, thus
increasing the required investment.
Biodiesel is about 5-8% less energy dense than
petroleum diesel
Increase in NO2 emissions compared to fossil diesel
Biodiesel does not store well for long periods of time
Limited information on the effect of biodiesel on
engines. This implies using biodiesel-diesel blends
could be safer in terms of the operational life of a
project

Existent diesel-based generators
can be adapted to run on biodiesel
blends. Using pure biodiesel seems
a realistic option for next years.
Better lubrication properties of
biodiesel compared to diesel
Available local energy resources.
Less CO2 emissions

Source: (Pinho, et al., 2008; Gonzalez, et al., 2008; Barbosa, et al., 2009; Bulut,
2012)

Despite the fact that more information is needed to assess the viability of
using biodiesel compared with the typical operational life of heavy-duty
engines such as diesel generators, this technology represents an
opportunity for local inhabitants. Diesel generators have been widely used
in the Amazon and knowledge on how to operate the technology is wide
spread which may contribute to their continued attractiveness. In addition,
there is a clear governmental interest to promote the production of palmoil derived biodiesel in the area through the National Program for
Biodiesel Production (PNPB) (Brazilian Presidency, 2005).
There is general agreement on the energy efficiency of the process to
produce biodiesel and on the potential of this biofuel to mitigate
greenhouse gas emissions (Rathmann, et al., 2012). In addition, the use of
biodiesel blends in diesel generators is an accepted practice. For example,
biodiesel B20 has already been successfully tested in the field and certified
by scientists and well-established companies (Cummins Power Generation,
2009; Pereira, et al., 2007; Oberweis & Al-Shemmer, 2010). Blends of
35%, 50%, and higher can provide significant emissions reduction of
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carbon monoxide, particulates, soot, and hydrocarbons (Tyson, 2009). In
contrast, the use of B100 in diesel engines is subject to some criticism
especially because auto-oxidation, hygroscopic nature, higher electrical
conductivity, polarity and solvency properties can cause filter clogging,
enhance corrosion and the degradation of rubber engine components
(Fazal, et al., 2011). Also, a lower overall efficiency is reported (Kalbande,
et al., 2008). Nevertheless, there is evidence that B100 might well become
a widely accepted fuel in the near future. For example, experimental
research in Brazil concerning power generation using blends B20, B50,
and B75 and B100 of soybean-based biodiesel resulted in no technical
problems for power generation with all tested fuels (Pereira, et al., 2007).
Still some authors suggest technical and operational adjustments to
overcome possible drawbacks when using biodiesel B100 for power
generation (Best, et al., 2011).

5.2.2

Demand analysis

The village comprises of a cluster of 120 households, one school, one
health center, one community center and two small-scale manioc flour
production facilities. The load requirement is estimated based on previous
studies on energy consumption patterns among households and
productive activities in isolated communities of the Amazon region
(Rendeiro, et al., 2008; Quintas, et al., 2011; Di Lascio & Barreto, 2009).
The load profile is illustrated in Figure 23. According to the Brazilian
Ministry of Mines and Energy (MME), off-grid power generation systems
must guarantee every consumer the installation of a kit consisting of one
lighting point per room, up to the limit of three, two sockets and compact
fluorescent lamps or CFL up to 15 W (MME, 2011a; ANEEL, 2012c).
The estimation corresponding to domestic use included appliances such as
one television, one small refrigerator, three compact fluorescent lamps (11
W) and one small radio. Average utilization per day for each appliance is
indicated in Figure 23. In addition, the typical equipment required by one
school, one health center, one community center and public lighting were
considered. Electric equipment for two small-scale manioc flour
production facilities was included in the analysis according to values
reported by (Quintas, et al., 2011). The load profile shows two demand
peaks, one during the afternoon from 13:00 to 16:00 and the second
during the night from 20:00 to 22:00. The first peak gives an idea of the
maximum load that will be required from the power generation system.
During this period activities in public buildings, households and manioc
flour production facilities are performed at the same time. During the
night peak, public lighting and refrigeration create the main load. A
refrigerator duty cycle of 40% was used to calculate the corresponding
demand.
73

25
Land occupation pattern: cluster of 120 households
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15
10
5
0
1

2

4

5

6

7

8

9

10

11

12

13

Time (hours)

Power (W) Quantity

Final
use

Domestic

3

14

15

16

Time used

17

18

20

21

22

23

24

Hours/day

Total Power
(kW)

kWh/day

[3]

[1 x 2]/1000

[1 x 2 x 3]/1000

Description

Households

19

[1]

[2]

Compact Fluorescent Lamp

11

360

19:00 - 24:00

5

3,96

Fan

120

120

13:00 - 16:00

3

14,40

43,20

TV

90

120

12:00 - 13:00 / 19:00 - 22:00

4

10,80

43,20

Refrigerator

70

120

00:00 - 24:00

24

3,36

201,60

Radio

20

120

09:00 - 12:00

3

2,40

7,20

Compact Fluorescent Lamp

11

6

19:00 - 24:00

5

0,07

0,33

Fan

120

4

13:00 - 16:00

3

0,48
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Figure 23. Load profile for a typical village located in Moju
Source: Estimated by the authors based on (Rendeiro, et al., 2008; Quintas, et al.,
2011; Di Lascio & Barreto, 2009)

One important aspect related to the load profile is the load factor (f Load),
which is defined as the average load divided by the peak load in a specified
period. The load factor gives an indication of the potential cost of the
power generation system. A low load factor means that power usage is
occasionally high. In order to cover that peak, capacity is sitting idle for
long periods, imposing higher costs on the system. Such is the case of the
village under analysis here in which a load factor of 0.39 anticipates a
costly power generation system (see Equation 2).
fLoad =

Average load
9.96 kW
=
= 0.39
Peak load
25.3 kW

(2)

Average and peak loads are estimated using HOMER ®, based on the
load profile shown in Figure 23 and applying a standard deviation of 5% in
the sequence of daily averages and in the difference between hourly data
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and the average daily profile (baseline data containing 8,760 values). This
analysis assumes that the local demand, domestic and productive, will be
fully covered.

5.3 P o w e r g e n e r a t i o n s c e n a r i o s
Based on existing resources, selected technologies, and the Brazilian
government’s agenda, the study considers three basic premises in the
design of our power generation system. The system should include
technologies capable of (i) harnessing local energy resources, (ii) covering
household and productive electricity demand, and (iii) providing the
lowest Net Present Cost (NPC). The NPC is defined as the present value
of all costs and revenues that occur during the project lifetime in today’s
dollars, with future cash flows discounted back to the present using an
annual real interest rate of 8.41% 13. Equation 3 describes the NPC.
NPC =

Cann,tot
CRF(i,Rproj)

(3)

The study considers photovoltaic systems and uses biodiesel power
generation for the analysis setting the maximum installed capacity at 30
kW. According to this restriction, less than two square meters per
household will be needed to install photovoltaic panels. This means that
the panels can be installed on home roofs without demand for additional
structures or land use.
The analysis was performed for four scenarios considering the new set of
rules in place. The study defined the baseline as a diesel-based system
before the adoption of the new regulation (see Figure 24). The baseline
reflects the traditional practice when it comes to power generation in
remote areas. Previously with LPT, the subsidy scheme heavily subsidized
fossil fuels and only benefited power generation agents officially included
in the scheme. While concessionaires and authorized power generation
agents have access to fuel consumption subsidies, NGOs, private users
and other organizations were not included in LPT formal system and had
to handle the design, implementation, and operation of off-grid systems
without financial support from the Federal government. The baseline
considers the perspective of both authorized and informal power
generators, which includes suppliers with and without access to fuel
consumption subsidies. The study also established the best possible system
configuration for four different scenarios. As this study has the objective
to analyze the effect of the new subsidy rules on the implementation of

13

The use of this interest rate is justified in previous chapter. Please refer to Section 4.3
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off-grid projects in isolated and remote areas, the study includes the
recently adopted subsidy scheme in all scenarios. The baseline and the
scenarios are shown in Figure 24 and were defined as follows:
•
•
•
•
•

Baseline: a diesel-based system before the new set of rules is in place.
Scenario 1 (DSL): a diesel-based system.
Scenario 2 (PV/DSL): a hybrid system including PV in combination
with diesel-based power generation.
Scenario 3 (PV/B20): a hybrid system including PV in combination
with biodiesel-based power generation using biodiesel B20, that is, a
mix containing 20% of biodiesel and 80% of diesel in volume.
Scenario 4 (PV/B100): a hybrid system including PV in combination
with biodiesel-based power generation using B100 or pure biodiesel.

The scheme includes available energy resources and primary load, as
illustrated in previous sections and technology components such as
photovoltaic panels, converters, batteries and diesel and biodiesel-based
power generators. This study assumed that the impact of using B100 on
the operation and maintenance of the equipment is not significant and,
accordingly, the analysis used the same general diesel generator for all
scenarios. Table 9 summarizes the installed capacity of the optimized
technology configurations for each of the scenarios for low, medium and
high fuel price contexts (denoted as LP, MP and HP respectively).
Table 9. Optimized power system scenarios under analysis

Scenario

DSL

diesel-based
system

PV/DSL
hybrid system
including PV
and diesel unit
PV/B20

Price
context

LP
MP
HP
LP
MP

System
Capacity
(kW)

25
25
25
45
50

PV
capacity
(kW)

Generator
capacity
(kW)

30
30

25
25
25
15
20

Batteries Converter
(Strings in capacity
parallel)
(kW)

20
10

15
15

HP

50

30

20

20

hybrid system
including PV and
biodiesel B20

LP
MP
HP

45
50
50

30
30
30

15
20
20

20
10
20

15
15
20

hybrid system
including PV and
biodiesel B100

LP
MP
HP

45
50
50

30
30
30

15
20
20

20
10
20

15
15
15

PV/B100
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Figure 24. Baseline and scenarios for power generation systems in Moju municipality
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5.3.1

Fuel prices in remote areas

The price of fuel in isolated areas tends to be significantly higher than that
of fuel commercially available in urban centers due to transport and
logistics costs. The uncertainty on this value is also high due to lack of
formalities in the commercialization process. Often, informal vendors sell
diesel at a higher price without any control from local authorities. For
example, the diesel price in Belém gas station for the period 04/08/2013
to 10/08/2013 was 2.464 R$/L or about 0.968 USD/L (ANP, 2013).
However, the price paid by final users in isolated areas in the Amazon can
vary from two to four times the value paid in the closest gas station due to
transport costs (Silva, et al., 2010; Di Lascio & Barreto, 2009). The analysis
considers a variation of diesel price between 0.956 and 3.872 USD/l in our
analysis. The low price, 0.956 USD/l, corresponds to the reference price
established by ANEEL for subsidies allocation, this is, the price of fuel
bought at the closest gas station as indicated by the Brazilian Oil, Natural
Gas and Biofuels Agency (ANEEL, 2012a). The medium price
corresponds to twice the retail price at the gas station and the high price
relates to four times the retail price at the gas station, as suggested by (Di
Lascio & Barreto, 2009) and (Silva, et al., 2010).
Regarding biodiesel, agricultural and processing infrastructure still needs to
be built in the Amazon and there is no established market defining actual
biodiesel prices in the region. However, various authors have investigated
potential prices within the context of the National Biodiesel Program. For
example, a study from (Nazário & Ribeiro, 2007), complemented by
(Santos, 2008) concluded that as vertical integration increases in palm oil
biodiesel supply chain, reductions in biodiesel price can be achieved. The
latter analysis focused on four different biodiesel production chains
considering biodiesel plants located in the North region, using palm oil as
raw material and including plants with an installed capacity of 50,000 tons
per year 14 (Santos, 2008).
In the first production chain, different actors perform each activity.
Farmers (first actor) sell processed fresh fruits and a second actor extracts
their oil. Finally, a third actor produces the biodiesel. There is no vertical
integration in this case. In the second chain, one actor is responsible for
palm oil cultivation and oil production and another actor buys the oil and
produces biodiesel. The third production chain considers one actor being
responsible for the cultivation of palm oil. This actor sells fresh fruit
bunches to a second actor who produces oil, which is sold back to the first
It is important to state that 50,000 tonnes per year corresponds to a large scale production. However,
our study indicates that a typical village requires about 24 tonnes of biodiesel per year to ensure
reliable electricity services under PV-B100 scenario.
14
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actor for biodiesel production. The fourth chain includes all the activities
in the production chain, from cultivation and fresh fruit bunch processing
to biodiesel production being performed by a single actor in full vertical
integration (Santos, 2008). Note that all prices are estimated at biodiesel
production facilities. This means that transport costs from production
plants to final consumers in isolated localities are not included. If this
trend in the case of fossil diesel is kept for biodiesel, these prices might be
as much as twice to four times higher for inhabitants of remote localities.

Biodiesel price (USD/ l)

Figure 25 illustrates our estimates for potential biodiesel prices for isolated
areas in the North region based on studies by Santos (2008), Di Lascio and
Barreto (Di Lascio & Barreto, 2009) and Silva et al. (Silva, et al., 2010).
The figure shows a variation of between two and four times the price at
the production site, which also indicates the average value for each of the
supply chains previously described. The way activities related to palm oil
and biodiesel production are organized strongly influence the price of
biodiesel and, consequently, affect the potential cost of electricity
generation in isolated areas.
6
5
4
3
2
1
0

Production chain Production chain Production chain Production chain
1
2
3
4

High Price

5,244

5,244

2,544

2,06

Low Price

2,622

2,622

1,272

1,03

Average price

3,933

3,933

1,908

1,545

Figure 25. Possible biodiesel prices under different production models in
the Amazon region (USD/l)

Source: (Santos, 2008; Silva, et al., 2010; Di Lascio & Barreto, 2009)

For the purpose of our analysis, biodiesel prices estimated for production
chains 1 and 2 were excluded because their average prices are higher than
the upper limit for diesel price and, therefore do not represent an
economic alternative for diesel substitution. Limits set for fuel price
variation for different price contexts (Low Price – LP, Medium Price –
MP, and High Price – HP) are shown in Table 10
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Table 10. Limits for fuel price variation under low, medium and high price
contexts

Fuel Price (USD / l)
FUEL
Diesel

a

Low Price Context Medium Price Context High Price Context
(LP)
(MP)
(HP)
0.956a
1.936
3.872

Biodiesel B100

1.030

1.787

2.544

Biodiesel B-20

0.971

2.289

3.606

Reference price as indicated by (ANEEL, 2012a)

5.3.2 The impact of the new subsidy scheme on LCOE
of power generation scenarios
We saw in Section 4.3 that the LCOE is a convenient metric to compare
power generation technologies on the basis of weighted average costs. In
line with the goal of analyzing different options to supply electricity in a
remote village, the LCOE was calculated for the baseline and for the
scenarios illustrated in Figure 24. Table 11 summarizes the capital,
replacement, operation and maintenance costs of the base technology
components used to escalate their capacity according to the village
electricity needs and calculates the system’s LCOE.
Table 11. Technology components and costs input for the baseline and
scenarios DSL, PV/B20 and PV/B100

Component
Diesel unit (16 kW)
Photovoltaic panel
(60W)
Photovoltaic panel
(60W)
Battery Bank (120Ah)
Converter (1kW)

Capital
(USD)

Cost
Replacement.
(USD)

O&M
(USD/h)

6214

6214

1.089 a

Source
(Pinho, et
al., 2008)

930 b

( IFI, 2013)

930 b

( IFI, 2013)

155

155

5c

1675

1675

167d

aThe

( IFI, 2013)
(Pinho, et
al., 2008)

diesel-based system runs at very low loads during most of the time. This low-load operation results in poor fuel
efficiency and increased maintenance costs. Usually, maintenance and operation costs of stand-alone diesel power
generators are higher than those resulting from diesel generators, which are integrated into hybrid renewable systems. This
analysis took, as a conservative measure, the costs corresponding to a diesel-based power generator operating within a
hybrid system as described by (Pinho, et al., 2008).
bIncludes the cost of controller, wiring and minor components.
cCost in USD per year ( IFI, 2013)
dCost in USD per year. Estimated as 10% of capital cost
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The baseline (a traditional diesel-based system installed before the new set
of rules was in place) implies a LCOE between 0.703 and 2.107
USD/kWh for power generators not included in LPT, i.e., power
generation agents without access to subsidies provided by the
government’s program LPT. With regards to concessionaires, i.e., to
suppliers with access to LPT subsidies, the subsidized LCOE varies
between 0.326 and 0.428 USD/kWh. These figures, shown in Table 12,
indicate an extremely costly system and a good reason for revising the
scheme, as done by the Brazilian government.
Table 12. Subsidized LCOE for the baseline considering low, medium and
high fuel price levels (USD/kWh)

Baseline

Low Price
Context
(LP)

Medium Price
Context
(MP)

High Price
Context
(HP)

For power generation agents not
included in LPT (without
0.703
1.175
2.107
subsidy)
For concessionaires*
0.326
0.377
0.478
(with subsidy)
*Estimated using the equation to calculate reimbursements from CCC for power generation purposes, according to
previous scheme as indicated in Decree No. 73102 (Brazilian Presidency, 1973). The cost of hydropower generation
in the regulated, interconnected system, corresponds to the value indicated by (ANEEL, 2008), updated by the author,
that is, 0.042 USD/kWh.

Figure 26 shows the subsidized LCOE for our four scenarios. In
economic terms, a hybrid system including PV and diesel is the most
suitable to provide electricity access to the village in a low fuel price
context. In contrast, in medium and high fuel price contexts, the use of
B100 is more appropriate. Clearly, the new subsidy scheme discourages the
use of fossil diesel, which turns out more costly for the scenarios
considered. The inclusion of PV systems did entail a decrease in the
subsidized LCOE.
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Figure 26. Subsidized Levelized Cost of Electricity for different scenarios
and fuel price levels

Figure 27 provides a more detailed view of the effect of subsidies on
capital and operation costs on the LCOE for the selected technology
configurations in comparison with the baseline (fossil diesel). In dieselbased systems, the cost of the generator makes up less than 1% of the
total lifetime cost of the system, and the cost of fuel corresponds to about
79%. Consequently, the impact of capital subsidies, shown in red, is lower
on diesel systems than in the case of hybrid systems including photovoltaic
technologies where the investment is higher and the operation costs are
significantly lower. Figure 27 also shows that, even though diesel systems
continue to be subsidized under the new scheme, the impact of the actual
subsidy on the LCOE for diesel systems (Scenario 1 – DSL) is lower at
medium and high fuel price levels than it was prior to the new set of rules
was put in place (baseline for suppliers of subsidies). In other words, the
cost of implementing and operating a diesel-based system under the new
rules is greater.
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Figure 27.Levelized Cost of Electricity and CO2 emissions in different scenarios
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The subsidized LCOE for diesel and hybrid systems (DSL, PV/DSL,
PV/B20, and PV/B100 scenarios) demonstrated reductions from 30% to
93% when compared to the LCOE for the baseline without subsidies,
depending on the fuel price level considered. For example, subsidized
LCOE values vary between 0.251 and 0.340 USD/kWh for hybrid
photovoltaic-B20 and B100 systems, in the medium fuel price level. If
compared to the unsubsidized LCOE for the baseline, or 1.175
USD/kWh, these values correspond to a reduction of 79% and 71%
respectively. The same analysis in a high fuel price level indicates variations
of 91 and 93%, resulting in LCOE of 0.05 and 0.067 USD/kWh. The
application of the current subsidy scheme under the high fuel price
context also implies a reduction in LCOE, though the impact is lower in
relative terms. For example, a reduction of 30% is achieved in the LCOE
for a diesel-based system, resulting in a subsidized LCOE of 1.485
USD/kWh. In the case of a hybrid system considering photovoltaic
systems and biodiesel B100, a reduction of 80% is reached which implies a
subsidized LOEC of 0.427 USD/kWh.
Certainly, from a purely economic perspective, the new subsidy scheme
has the potential to significantly reduce the LCOE and promote
decentralized and renewable energy based electricity systems. It is very
important to mention that the impact of this scheme goes beyond
economics as there are environment gains that will accrue from the
substitution of fossil fuel electricity.

5.3.3 The impact of the new subsidy scheme on a
sensitive ecosystem
This study shows that a significant reduction of greenhouse gas emissions
can be achieved. Figure 27 (dotted line) shows the net CO2 emissions
resulting from the different power generation systems evaluated. The
estimate is limited to a period of 30 years according to available
information on carbon sequestration and CO2 emissions from palm oil
crops in degraded land of the Amazon region. Carbon capture
corresponds to 190 tons of CO2 per hectare (Rodrigues, et al., 2014).
Estimated CO2 emissions include palm cultivation, oil extraction, biodiesel
production, and power generation in the village and are based in
references indicated in Table 13.
The estimate includes an average productivity of 4,000 liters of palm oil
per hectare which is a representative figure for the Brazilian industry
(Santos, 2008; Brazilian Ministry of Agriculture, 2010). The study
considers a conversion rate oil-to-biodiesel equal to 90%, which is a typical
value for the traditional alkaline transesterification process used to
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produce biodiesel from vegetable oils (Morais, et al., 2010; Verhé, et al.,
2011). The study also assumed the full conversion of carbon content to
CO2 for power generation in the village. Under these assumptions,
between 1.5 and 3.4 tons of CO2 emissions could be avoided during the
30-year period if renewable energy systems are adopted for the
electrification of the village, the variation depending on the system chosen.
If scenarios PV-B20 or PV-B100 are implemented, the system could turn
into a carbon sink and capture between 4.2 and 31.2 tonnes of CO2.
Table 13. Processes considered in the estimations of CO2 emissions,
including sources

Stage

Process
Fertilizer production
Agricultural phase

Palm oil
production

Oil extraction
Power generation
Diesel production

Biodiesel
production
Power generation
in the village

Alkaline
transesterification
process, small scale plant
in the Peruvian Amazon
Combustion

Conversion
Factors
82.25 kgCO2
eq/tonne of oil
850.94 kgCO2
eq/tonne of oil
870.66 kgCO2
eq/tonne of oil
5.16 kgCO2
eq/tonne of oil
1.50 kgCO2
eq/tonne of oil

Reference

(Rodrigues, et al.,
2014)

0.48 k CO2/ k
biodiesel

(Bruinsma, 2009)

2.72 k CO2/ l diesel
2.66 k CO2/ l B20
2.44 k CO2/ l B100

Estimated based
on carbon
content reported
by (Tyson, 2009)

This study analyzed different alternatives to provide electricity in a generic
remote village, showing that biodiesel-based systems operating under the
actual rural electrification scheme can be more economically attractive
than traditional diesel-based systems. The new subsidy scheme discourages
the use of fossil fuel diesel as its impact on the levelized cost of electricity
for diesel-based power generation is in general lower than for other
technologies. In addition, the example illustrated the potential of the new
scheme to reduce or even avoid CO2 emissions. The latter is particularly
relevant given the fact that the Amazon is a very sensitive environment.
Nevertheless, the new scheme requires complementary interventions to
guarantee the provision of reliable electricity services in remote areas as
discussed in the next chapter.
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6. Identifying leverag e
points to cover the last
mile
The Brazilian rural electrification initiative has certainly achieved significant results. It has
also been modified with the aim of achieving universal access in the Amazon region. However,
the setup of new rules is not enough to provide electricity access in remote areas. This chapter
identifies three key leverage points: i) rules guiding the relationship among new agents and
communities; ii) the implementation of small-scale power generation technologies based on local
resources; and iii) optimized subsidies.

We previously analyzed the processes by which the national policy for
universal electricity access has been put into effect in the Brazilian
Amazon. As a result, three challenges that need to be overcome in order
to achieve universal access in remote areas of the Amazon region were
identified. First, there is a need to adapt the existing institutional
structures. Second, the harmonization of technologies with the regional
context is essential. Third, a more effective use of government funds
within the context of the actual subsidy scheme will be crucial to promote
the rural electrification initiative in the region. Figure 28 proposes the basis
for a new rural electrification model in which local-resource based
technologies are complemented by an adapted institutional framework and
existing funding structures.

Figure 28. Basis for a new model to provide off-grid electrification
solutions in remote areas of the Amazon region.
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While local-resource based technologies – represented by the pillar in blue
– are not yet in place in the region, institutional structures need to be
adapted to deliver off-grid electrification. Funding structures, on the other
hand, are already supported by a strong political will and a subsidy scheme
with the potential to encourage the implementation of solutions for
remote areas. Yet, these structures need to be improved through a more
effective use of government funds. This chapter discusses possible
leverage points 15 to strengthen the three pillars shown in Figure 28. The
idea is to identify elements within institutions, technologies, and funding
structures, which should be transformed to foster universal electricity
access. These leverage points guide the construction of a pathway to cover
the last mile in the Amazon region.
For our analysis, we used a Causal Loop Diagram (CLD), an analytical tool
applied in system dynamics to develop understanding and facilitate the
analysis of complex systems. An extensive literature review, including the
concept of Social Technology was also used to guide the analysis. Details
on the methodological approach are presented in Paper IV.

6.1 Leverag e point within institutional
str uctures
The Brazilian rural electrification initiative built strong relationships
among institutions during its first phase, which was characterized by gridextension. Connections among the institutions during this phase are
illustrated by light blue lines in Figure 29 and are identified by numbers 1,
2, and 3. A national law introduced the concept of electricity access as a
citizen right creating the obligation for concessionaires to supply electricity
services to all Brazilians. Number 1 indicates this connection. The relation
between concessionaires and government, represented by the link with
number 2 in the figure, has been guided by a concession contract.
According to this contract, concessionaires are responsible for the
provision of electricity access in exclusive areas. At the same time, LPT
has directly involved citizens who still lack electricity services. Number 3
represents this connection. Citizens 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 and
determining 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 end users were incorporated into the decision making
process of concessionaries and used to extend national or local grids. Up
Leverage points are “places within a complex system (a corporation, an economy, a living body, a city, an
ecosystem) where a small shift in one thing can produce big changes in everything.” (Meadows, 1999)

15
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to this point, LPT has realized important achievements through the grid
extension.

Figure 29. Leverage point within institutional structures

In a second phase, after the recognition of the need for off-grid solutions,
the government designed a set of rules that are expected to guide the
operation of new agents and their connections with existing
concessionaires. The government sees new agents as essential to promote
the implementation and operation of off-grid solutions in remote areas. In
line with this view, electricity procurement processes are formalized
through a contract signed between concessionaires and new agents. This
contract creates legal obligations for the new agents to implement and
operate off-grid power generation projects in remote areas and for
concessionaires to ensure projects are properly implemented and operated
within their concession area. These connections are illustrated in Figure 29
by the dark blue line identified with number 4.
Connections created among institutions during the implementation of
LPT’s are important but not enough to provide electricity access in remote
areas; especially because it is not clear how new agents will interact with
communities. In this sense, new relationships must be built to successfully
achieve universalization goals in the region. During the grid-extension
phase, concessionaires were close to the final users. The physical proximity
facilitated interaction between them. Simple communication channels such
as written requests for the service, which were delivered in
concessionaires’ offices, allowed a reasonably simple interaction that
provided the information required to extend the grid. The situation is
different in remote areas where potential solutions are more diverse and
89

complex than the grid-extension. It is important to highlight that even
though a number of decentralized organizations have co-existed with
concessionaires, they have operated within a context in which a lack of
rules adapted to the local reality prevented the delivery of reliable
electricity services. The provision of these services is primarily based on
traditional diesel systems. Also, new agents that have not had a physical
presence in the region are expected to enter the system in response to the
new set of rules that promotes off-grid technologies. This study identified
the need for rules guiding relationships among new agents and
communities as a key leverage point within institutional structures. These
rules are particularly important to define a framework in which
communities participate in the design of the system. The leverage point is
indicated by “A” in Figure 29. The figure illustrates with a dotted red line
the lack of connection between new agents and communities living in
remote areas.

6.2 Leverag e point within technolog y
str uctures
In terms of technology, we have seen that during its first phase, the
Brazilian rural electrification initiative has achieved important results,
which have been based on large-scale power generation technologies that
enabled the extension of the grid. Figure 30 illustrates connections (as light
blue lines) that have enabled the implementation of these technologies to
promote grid-extension solutions, which are generally operated by
concessionaires. These connections are named “a”. In addition, at local
level, small-scale power generation technologies are mainly diesel-based
and operated by decentralized organizations or final users. They are
represented by “b” in the figure. None of these approaches has been
successful in covering the last mile in the Amazon region.
An important modification of LPT began with the governmental
recognition of the need for off-grid solutions to provide electricity access
in remote areas of the Amazon. For the second phase of LPT, a new set of
rules considers procedures to trigger the implementation of off-grid
technologies such as hydrokinetic, small-scale hydropower, solar and wind
power systems, biofuels or natural gas based power plants, and hybrid
power systems. They are illustrated in Figure 30 with dark blue line. In this
context, the leverage point within technology structures is the
implementation of local-resource based technologies that are essential to
put in place the required off-grid solutions (see dotted red line named “B”
in Figure 30).
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Figure 30. Leverage point within technology structures.

6.3 Leverag e point within funding
str uctures
A strong political commitment has ensured the availability of the required
funding to implement LPT since its inception. As a result, a highly
subsidized system is in place. Figure 31 illustrates the flow of the subsidies
among institutions. Sectorial funds are the main providers of the required
resources and rely on electricity consumers at national level since they
generate the resources via tariff.
During its first phase, capital (w) and fuel (x) subsidies were provided to
concessionaires that transferred the benefit to final users. The flow of
these subsidies is indicated in Figure 31 by arrows in light blue, labeled as
“w+x”. In the second phase, new rules introduced an operation subsidy
(z) that, as we discussed in the previous chapter, has the potential to
discourage the use of diesel and promote the implementation of renewable
technologies to provide electricity access in remote areas. The financial
commitment from the national government remains for the second phase.
For example, the Brazilian government considers a planned budget of
about USD 657 million for CELPA to implement LPT during the period
of 2011 to 2014. Local-resource based solutions are thus foreseen for
supplying remote areas but at a very high cost (MP, 2014).
Red arrows in Figure 31 illustrate the flow of subsidies that were designed
to cover the last mile. It is important to remember that the majority of
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final users in remote areas are beneficiaries of a social tariff for electricity
services payment, represented by “y” in the figure. The difference between
the mandatory low tariffs for low-income consumers and the high cost of
service is mainly covered by cross-subsidization. Therefore, high operation
costs imply a risk for an increased electricity tariff in other regions of the
country. To reduce this risk, it is extremely important to operate as
efficiently as possible. Accordingly, this study identified a key leverage
point that directly affects funding structures in remote areas: optimized
subsidies. Optimized subsidies are directly related to an improved
operation. Reduced costs resulting from operational efficiency enable the
system either to reduce its impact on electricity tariffs in other regions or
to release resources that can be used to support local development.

Figure 31. Leverage points within funding structures.

In order to illustrate the relevance of reducing operation costs and
therefore optimizing operation subsidies, this study estimated the value of
capital and operation subsidies needed to implement and operate different
off-grid projects in the Amazon according to the new set of rules
(Brazilian Presidency, 2009; ANEEL, 2011b). The estimation is based on
the LCOE calculated in Section 4.3. While capital subsidies correspond to
100% of the investment, operation subsidies are calculated according to
Equation 4.
𝑅𝑐𝑐 = 𝐶𝑇𝐼𝑆𝑂𝐿 − (𝐺𝑇𝐼𝑆𝑂𝐿 ∗ 𝐺𝑇𝑚é𝑑 )

Where,
•
•

𝑅𝑐𝑐
𝐶𝑇𝐼𝑆𝑂𝐿

= Operation subsidy - annualized ($/year)
= Power generation cost - annualized ($/year)
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(4)

•
•

𝐺𝑇𝐼𝑆𝑂𝐿 = Power generation (MWh/year)
𝐺𝑇𝑚é𝑑 = Average cost of energy as indicated by the regulated, interconnected
system ($/MWh)

Figure 32 illustrates the LCOE and subsidies for the projects indicated in
Table 7 in chapter 4. The figure shows the potential effect of the actual
subsidy scheme on different solutions. According to the figure, the LPT
subsidy scheme encourages the use of renewable energy technologies as
the LCOE for diesel-based systems, is higher than for other systems after
applying capital and operation subsidies. The figure also shows a
significant difference between the impact of capital subsidies and
operational benefits on each project. While capital subsidies for dieselbased systems, indicated in green, represent only 2% of the LCOE, they
correspond to about 68% in the case of small hydropower technologies. In
contrast, operation subsidies correspond to about 13% for solar PV
systems and 68% for thermal biomass. From the perspective of the
government, the solution based on thermal biomass results in a very
expensive option as subsidies for this technology are very high due to the
high operation costs.

Figure 32. Levelized Cost of Electricity and subsidies for off-grid
technologies in remote areas of the Amazon region.

Nevertheless, there is a wide availability of biomass resources, including
native species that are yet to be explored for energy purposes in the
Amazon. In addition, biomass-based systems allow higher installed power,
enabling the development of economic activities (Coelho & Goldemberg,
2013). As a result, thermal biomass solutions have a significant potential
for deployment in the region but at a high cost that is mainly associated
with their operation. In the specific case of the thermal biomass project
illustrated in Figure 32, subsidies to be allocated in connection to the
operation of the systems correspond to about 68% of the LCOE. Even
though biomass based electricity generation is less expensive than dieselbased power generation where low-cost feedstock is locally available, the
corresponding operation subsidy is more onerous to the government. The
thermal biomass project included in the figure was operated by the
concessionaire but there is already evidence that power generation costs
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can be reduced as much as 50% if the system is operated by local
communities (Pinheiro, et al., 2012). This is the reality in many isolated
villages where communities process local products such as wood, manioc,
and açaí. In these villages, residues can be used for power generation
purposes in systems operated by communities at a lower cost than if the
operation is performed by outsiders. Therefore, one way to improve the
effectiveness of public fund allocation is through reduction in operational
costs. For that, optimized operation needs to be addressed. There is
evidence showing that reduced operation costs are achievable in the short
term if community-based organizations support the process.

6.4

A knowledge-driven approach

The leverage points identified within institutional, technology, and funding
structures, provide the basis to build a new pathway that needs to be
integrated into the LPT scheme aiming at covering the last mile in the
Brazilian Amazon. Remarkably, systematization of information and
knowledge-sharing about local resources, energy demand, patterns of
occupation, and small-scale technologies are pivotal components under
the three structures analyzed. It is important to make a distinction between
knowledge and information. While knowledge comprises of information
that has been acted on by the agent/institution that possesses it,
information corresponds to data that has been neither analyzed nor put
into a conceptual framework.
Knowledge-sharing is the process of exchanging skills, experiences, and
understanding. It is part of a complex system, in which agents interact
with the common purpose of effectively establishing and operating
electricity access projects. Interactions do not necessarily follow a
temporal sequence. The systematization of information and knowledgesharing allow i) a better dimensioning of the off-grid solutions by
considering local resources and realities; ii) the creation of adapted
institutions capable of implementing and operating the required systems;
and iii) an optimized operation of the off-grid solutions.
Despite having the common goal of materializing off-grid solutions,
perspectives from various agents often differ. For example, while
policymakers frequently work with strict timelines and a sense of urgency
to provide solutions, researchers are guided by less stringent time limits.
Communities, on the other hand, frequently perceive electrification
initiatives as the result of particular political interests that are not going to
last long enough to ensure the proper implementation and operation of
the project (i.e., the case of Jenipaúba mentioned in Section 4.2). At the
same time, concessionaires and new agents may perceive their experience
in the field as more valuable than academic approaches. This perspective
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has been reinforced by a number of research experiences that have
resulted in what concessionaires or new agents call “unsuccessful” projects
and researchers label as “lessons learnt”. Ignoring different perspectives
can lead to valuable experiences being overlooked and can create obstacles
for knowledge-sharing that need to be bridged if universal access is to be
achieved in the Amazon. For example, knowledge built on pilot projects
that have been already established and operate in remote areas might be
underestimated.
There is an important knowledge base including skills, experience, and
understanding about local realities, technologies and processes among new
agents and communities that is essential to achieve universalization goals
in remote areas. Yet, there are no mechanisms to explore, share, and use
this knowledge for the improvement of LPT. For that, proper
communication channels are required.
Creating communication channels implies serious challenges particularly
within a context such as the Amazon region, in which diversity is the
norm. In the particular context of remote areas, interpersonal forms of
communication are essential. Face-to-face conversations, workshops and
discussion sessions have the potential to facilitate interaction with
communities, improve the flow of information, and enhance knowledgesharing. It is important to use a language all participants are comfortable
with. Sharing knowledge implies by definition the involvement of different
disciplines and perspectives that need to have a common, straightforward
language to facilitate communication. For instance, technology providers
and project implementers tend to use a very technical language that is not
appropriate for end users, who are often unfamiliar with technical terms.
Questions such as how to enhance demand driven off-grid projects, where
to locate the power generation project, what are the most convenient ways
to collect electricity services fees, how local communities can support the
operation and maintenance of off-grid systems, or how to make good use
of others’ experiences, skills and understanding are good examples of how
to guide discussions about the implementation and operation of the rural
electrification initiative in remote areas.
One way to build proper communication channels is through the
establishment of community-based organizations (CBOs), which have
proven effective in countries such as Nepal. In this country, CBOs were
essential to introduce technological solutions to respond and adapt
agriculture practices to environmental and socioeconomic challenges.
CBOs were involved in goal setting, knowledge-sharing, and the
development of agricultural varieties suitable to local environments
(Chhetri, et al., 2012). Community members, who are geographically
connected, lead the CBOs. They can facilitate knowledge-sharing on
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available technologies, which is often in the hands of new agents, and help
to establish a fluent communication among agents that can significantly
contribute to LPT with their specific knowledge of resources,
technologies, and local realities. Also, agents such as entrepreneurs, who
are already interested in the region but were not formally involved in the
rural electrification initiative, have knowledge not only on the technical
implementation of specific technologies but also on the implementation of
models that have proven to provide electricity access in isolated areas. See
for example IDEAAS (2010). Therefore, appropriate communication
channels enabled through CBOs can help the development of an effective
knowledge base.
There are a number of methodologies to formally represent, systematize,
and share knowledge. For instance, Dixon et al. (2001) propose a
methodology to acquire and represent knowledge from communities living
in rural areas. The methodology has been used in Africa, Asia and Latin
America. It is based on the premise that most knowledge can be broken
down into short statements and associated taxonomies of the terms that
are used in them. These can then be represented on a computing platform
as a knowledge base using a formal grammar and a series of hierarchies of
terms. Connections amongst statements can be explored by viewing sets
of related statements as diagrams (Dixon, et al., 2001). In other contexts,
mathematical models have demonstrated the convenience of using
software tools to find solutions to public infrastructure issues that had
remained unresolved for a number of years (Danielson, et al., 2007).
Interactive maps, Geographical Information Systems (GIS) and content
management systems are some of the possible ways to map, collect,
present, systematize, and analyze existing knowledge (Rantanen, 2007;
Adinarayana, et al., 2008). Also, the Food and Agriculture Organization of
the United Nations (FAO), the KM4Dev Community, the United Nations
Children's Fund and the United Nations Development Programme created
a web based resource of knowledge sharing tools and methods that can
provide ideas on how to encourage agents to share their skills, knowledge
and experiences 16. One important aspect to consider when applying a
particular method to share knowledge is to involve all the electrification
agents from the design, to the construction, and permanent use of the
systematized knowledge base. Otherwise, there is a risk of people losing
interest and abandoning an initiative that has the potential to develop new
capacities and promote specific actions to effectively implement and
operate off-grid systems.

16

See http://www.kstoolkit.org
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Clearly, CBOs are important not only to build proper communication
channels and facilitate knowledge-sharing but also for the implementation
and operationalization of local-resource based technologies as they
facilitate agreements between new agents and communities. They can
foster a better design, implementation and operation of off-grid systems
guaranteeing these systems are technically suitable and acceptable for
adoption by the local community. As resources are site specific, there is no
single technology that can be generally categorized as the best to harness
the existing potential. Therefore, harmonizing local resources and available
technologies is not an easy task. For that, information not only on local
energy resources such as solar, wind and biomass but also on energy
demand and patterns of land occupation need to be systematically
explored and organized. In the particular case of remote areas, key
information that is needed to design and implement local-resource based
technologies is still missing and/or unprocessed. For example, valuable
information on local biomass resources is often the result of ancient
traditions and it is in the hands of communities. However, this
information is unknown to outsiders and therefore inoperable for the
purpose of implementing energy access solutions. At the same time, agents
such as universities and governmental institutions have important
information on the potential of local energy resources and have collected
valuable information during the course of diverse pilot projects. Often,
this information is compiled in reports that are made accessible to a
limited group of agents. Another example is related to information about
communities living in remote areas. This information is important because
it provides insights on patterns of land occupation and energy
consumption. Even though the last census provided information on the
number of households without electricity services in the region, it did not
provide information on their patterns of land occupation, which is
essential to plan and design electricity access solutions. Interactive maps,
Geographical Information Systems (GIS) and content management
systems are some of the possible ways to map, collect, present and analyze
land occupation and energy consumption patterns (Rantanen, 2007;
Adinarayana, et al., 2008). Also, GIS can be used to integrate local
information about renewable energy resources into the rural electrification
program enabling its systematic evaluation across communities,
companies, academia and NGOs.
A systematized information base on local resources, remote community
patterns of occupation and energy demand help to recognize what has
already been done by, documenting projects that have already been
developed. This understanding and acknowledgement of previous failures
and successes can potentially improve the design, implementation and
operation of future systems. This information is essential to increase
operational efficiency and reduce operation costs. In short, a well97

established flow of information helps to build knowledge and facilitate
activities for load forecasting, system planning and demand management
that will help to ensure a reliable electricity supply, a more efficient
operation, and an optimized subsidy scheme. In this sense, CBOs can act
as a bridge between local communities and new agents and help to create
rules guiding their relationships. In this way, CBOs act as catalyst in the
construction of a proper environment in which information flows and
knowledge-sharing foster an effective implementation and operation of
off-grid solutions. Figure 33 summarizes the challenges to cover the last
mile, the identified leverage points, and how to activate them for
overcoming these challenges.
The leverage points identified in this chapter create the basis for a new
environment in which common efforts respond to policy priorities for
electricity access. The leverage points are strongly supported by
participatory processes. This is important because participation ensures
people taking ownership of projects, which is essential for an effective
implementation (Botes & Rensburg, 2000). The process must include all
agents involved in the provision of electricity access. Yet, the involvement
of community based organizations is of particular significance in remote
areas as they can act as catalysts in the construction of a proper framework
to effectively implement and operate off-grid solutions. The next chapter
proposes a potential pathway toward universal electricity access in remote
areas based on the identified leverage points.
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Figure 33. Summary of identified leverage points and procedures to overcome challenges for universal electricity access in remote areas.
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7. Conclusions: building a
pathway to cover the last
mile
This chapter summarizes the research results. The chapter turns back to the ultimate objective
of this research, which is to propose a pathway to achieve universal electricity access in remote
areas within the context of the Brazilian Amazon. This study concluded that the existing
LPT scheme is not enough to achieve universalization goals in the region. The research
proposes a new pathway based on leverage points that need to be activated within the
institutional, technology, and funding structures of LPT. The pathway requires well-informed
decision making for the implementation and operation of the off-grid solutions that can help to
cover the last mile.

This thesis shows how the Brazilian rural electrification initiative LPT has
proved effective in pursuing electricity access during its first phase, mainly
characterized by three attributes. First, the recognition of electricity access
as a civil right defined the basis for electrification goals in Brazil. Second,
the recognition of the role that electricity access plays in addressing and
achieving human development goals has been important for the
mobilization of political will and definition of policies to promote full
coverage at national and regional level. Third, a grid-extension approach
has been central to the achievement of electrification goals.
Unfortunately, LPT has not been equally successful all over the national
territory. New challenges have emerged as the grid reached its physical and
economic limits, and grid-extension became more difficult and at some
point, unfeasible in very remote areas. This study shows how LPT has
been adapted in the course of its implementation aiming at full coverage in
remote areas of the Amazon region. The Brazilian government
incorporated a new set of rules within the existing LPT framework
addressing the design, implementation, and operation of off-grid power
generation. In terms of institutional structures, the rules incorporated new
agents into the process through a procurement model. In terms of
technology, the scheme has added renewable and hybrid systems to the
traditional diesel-based systems. In relation to funding structures, the new
set of rules includes capital, operation, and consumption subsidies. As a
result, the new scheme has the potential to increase clean electricity access,
promote renewable energy technologies, and reduce CO2 emissions in
remote areas. This study verified this potential through the analysis of a
101

generic remote Amazon village. However, questions remain in connection
with the operationalization of the new scheme especially because it is not
clear how new agents are going to interact with communities nor how the
appropriate technologies will be delivered and operated to guarantee not
only energy access but also a reliable electricity provision. In this sense,
this study concluded that new rules are important but not enough to
achieve universalization goals in the Amazon region.
This study identified important remaining challenges when it comes to
providing the service to inhabitants of remote areas. There is need for i)
adapting the existing institutional structures; ii) harmonizing technologies
with the regional context and, iii) more effective use of government funds.
In line with these challenges, this thesis concludes by proposing a pathway
toward universal electricity access in remote areas. The proposed pathway
is expected to assist policymakers on adapting LPT in order to cover the last
mile. Technology providers, project developers, researchers, and
communities in general can also benefit from the pathway as they seek to
increase electricity access in rural and remote areas. Figure 34 shows the
pathway, which was built based on the identified leverage points (e.g. A, B,
and C described in Figures 29 to 31). The pathway fosters participatory
interactions that encourage reflection on the role of participants in the
process of providing electricity access and the type of knowledge they
hold. In this way, it promotes the preparation of activities to systematize
existing information, share, and build knowledge based on skills,
experiences, and understanding of the agents involved in the initiative.
Promoting community based organizations makes sense as part of the
strategy to put in place new and adapted technology, institutional and
funding arrangements. It is estimated that about 10% of remote
communities have well organized social structures that could serve as a
starting point and facilitate the implementation and operation of off-grid
systems in Pará (Pinheiro, et al., 2012).
The pathway begins by promoting participatory processes to create rules
guiding the design of off-grid projects in participation with communities.
Community organizations provide the basis for a new model in which
remote communities, municipalities, concessionaires and other agents can
contribute with their particular knowledge to agree on targets and
procedures for the design, implementation, and operation of off-grid
solutions. In this way, the pathway supports interactive decision-making
processes at local level, promoting a more effective implementation and
operation. Once an agreement on the required rules is reached, the
pathway proposes the design of off-grid projects according to local
realities. Projects need to be approved by implementers and communities
before taking part in the procurement process which is already in place
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according to the recently adapted LPT scheme. The implementer
participates in the procurement process according to current rules and the
project is implemented with governmental support after approval from the
assigned institutions at national level. Once in place, the operation
efficiency is monitored to ensure a more effective use of government
funds.

Figure 34. Pathway toward universalization in the Brazilian Amazon
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The pathway motivates collaborative efforts, facilitates agreements among
agents with different interests, and activates synergies at every step. In this
way, it has the potential to foster not only the implementation and
operation of off-grid solutions but also other development initiatives. For
example, opportunities for local income generation can be identified in
connection with potential off-grid solutions. This could reduce the need
for subsidies under the Brazilian social program Bolsa Família 17 that is
benefiting many inhabitants of remote areas. Also, economic conditions of
these Brazilians have improved. They are no longer struggling for survival,
a condition that is favorable for community organization.
The pathway can also result in communities learning to operate power
generation systems, which can in turn imply reduced operational costs and
convenient delivery models for the specific locality. Furthermore, the
pathway can impact decision-making processes at national level and help
to align the rural electrification initiative with other development policies.
As an example, the national government has launched a digital
universalization initiative that aims to provide universal access to
information process technologies. The initiative pursues social inclusion
and has electricity access as a pre-requisite.
To summarize, the pathway allows a transition to a more knowledge-driven
system, which is directly connected to the ability of institutions and
communities to communicate and establish new relationships within LPT. A
new model, in which local institutions and communities are better placed to
share their knowledge, will be useful for the purpose of designing,
implementing and operating effective off-grid solutions that can support
not only the achievement of universal electricity access in the region but
also help to identify synergies among electricity access and development
initiatives. This study shows that, in materializing the proposed pathway, the
role of the government at central and local levels will be decisive but needs to
be complemented with contributions from other agents. This thesis
particularly remarks the role of community based organizations in
operationalizing the new rules. Therefore, to integrate the proposed
pathway into the LPT scheme, the existing top-down approach needs to
be combined with a bottom-up scheme in which processes for knowledgesharing are enhanced at local level.
The proposed pathway allows i) a better dimensioning of off-grid
solutions considering local resources and realities, ii) the creation of

17 Bolsa Família is a conditional cash transfer programs implemented by the Brazilian government to
combate poverty. The government provides cash transfers to families if families ensure that their
children attend school and are vaccinated. More than 12 million families that live in poverty have been
registered in an official database through this program.
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adapted institutions capable of implementing and operating the required
systems and, iii) an effective operation of off-grid solutions. Knowledgesharing processes guided by the pathway are important not only to support
the electricity access initiative but also to improve communities’
organization and restructure the governmental strategy on reducing
poverty and promoting human development in the country as a whole.
Remote communities, universities, NGOs, national and local
governments, concessionaires, and private entrepreneurs can contribute
with their particular knowledge to adapt the rural electrification program
and align it with other development initiative. Giving voice to those who
need the solutions and have deep knowledge of their own reality is crucial
to put in place a new decentralized delivery model (Gómez, et al., 2013).

F uture wo rk
Regarding institutional arrangements
electrification initiative in remote areas:

supporting

the

rural

Further research is required to analyze potential institutional arrangements
that could support the implementation of a knowledge-based model for
electricity provision in remote areas. The idea is to identify and promote
institutions that are capable of putting in place technological solutions
based on resource availability and local realities. Existing organized social
structures provide a starting point for future work.
Regarding linkages among
development initiatives:

rural

electrification

and

other

In Brazil, the HDI has been used for the purpose of planning and
monitoring the rural electrification initiative. Its connection with electricity
consumption is already widely recognized. In fact, data on HDI and
electricity coverage for the last decade indicate that mechanisms, through
which the country has shaped the rural electrification initiative and
therefore impacted human development results in the Amazon region, are
significant. Nevertheless, further research is required to understand the
dynamics between electricity access and different development initiatives
that are also affecting the HDI, especially at local level (e.g. education,
treated water access, agriculture, and health policies). This study
hypothesizes that greater interaction between rural electrification and
other initiatives affecting development will help the achievement of
universal electricity access and development goals. Moving toward more
integrated governance is not straight forward but remote areas provide
promising locations in which the boundaries for evaluation of integrated
systems are delimited by local topography, potentially facilitating its
analysis and bringing important insights for policymakers.
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