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RESUMO

O presente artigo, utilizando uma abordagem sistémica, analisou
politicas e programas de eletrificacao rural na China e no Brasil, dois
paises que ja atingiram o objetivo de fornecer energia elétrica a 99%
da populagao em areas rurais. A analise foi focada em quatro macro-
fatores (governanga, financiamento, implementagcdo e monitoramento
e disponibilidade tecnoldgica), os quais influenciam de forma positiva
ou negativa a evolugdo da politica de eletrificacdo rural. O estudo
permitiu concluir que foi dada uma clara prioridade aos macro-fatores
financiamento (principalmente publico) e as tecnologias disponiveis,
0 que possibilitou os avangos quantitativos na eletrificagdo rural,
mas prejudicou a confiabilidade do sistema e sua relacdo com os
processos locais de geragcado de renda. No caso da China, observou-
se participagdo em nivel local (concessionarias, formas de geracao
de energia e participagdo da populagao), mas com pontos negativos
para governanga e monitoramento. No caso brasileiro, o gargalo
continua sendo a regido amazoénica, que requer estruturas baseadas
no dimensionamento dos macro-fatores de forma individualizada para
a regido. Finalmente, uma estrutura de tomada de decisdo com base
em cenarios de eletrificacdo rural nos paises em desenvolvimento
€ sugerida, mostrando que é possivel sustentar o processo de
eletrificacao rural a partir de fortes estruturas de financiamento e
tecnologias disponiveis, mas a universalizacdo do atendimento n&o
tera prazo definido se ndo houver estruturas sélidas de governanca e
gestéo em nivel local.
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ABSTRACT

The present article, based on a systemic approach, analyzed rural
electrification policies and programs in China and Brazil, two countries
that have already reached 99% of the population receiving electricity
in rural areas. This analysis was focused on four macro-factors
(governance, funding, implementation and monitoring and technological
available), which together collaborated in a positive or negative way for
the evolutionary process of rural electrification policy. The study allowed
to conclude that a clear priority was given to macro-factors funding
(mainly public) and available technologies, which made possible the
advances in rural electrification but undermined the reliability of the
system and its relationship with local income generation processes. In
the case of China local participation (utilities, energy and population)
was observed, but with negative points for governance and monitoring.
In the Brazilian case, the bottleneck remains the Amazon region, which
requires structures based on the macro factors that are dimensioned
for the region. Finally, a decision-making framework was set up based
on scenarios for rural electrification in developing countries, showing
that it is possible to maintain the rural electrification process from the
strong funding structures and available technologies, but the deadline
for universalization will have no set term if there are no solid structures
of governance and management at the local level.

Keywords: Systemic Analysis, Rural Electrification, Developing
Countries; Local Development.

1. CONTEXTUALIZATION

In 2014, according to a study by the International Energy
Agency (IEA), there were around 1.1 billion people in the world without
uninterrupted and reliable access to electricity. This situation should be
a worldwide concern, especially since it is assumed that sustainable
development will only occur endemically in all countries if broad access
and financing is set up so as to guarantee, inter alia, the electricity
service to nations which need it or may need it in the future. This
condition was highlighted in the recent Sustainable Development Goals
(SDGs) (Sachs, Schmidt-traub, & Durand-delacre, 2016).

In fact, the agenda adopted based on the SDGs suggests that
attaining goals related to sustainable socioeconomic development,
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social equity, and human rights is a basic prerequisite for permanently
combating and eradicating extreme poverty worldwide. Consequently,
an exclusive goal for the generation of electric energy from renewable
energy sources is often presented in worldwide policies. This situation
make it clear that rural electrification and sustainable development are
inextricably linked in the same direction, being positively correlated,
based on an institutional and global context.

Based on this idea, studies of alternative and clean forms of
electric power generation, rural electrification, and distributed generation
have become more profound and comprehensive, in recent years. For
example, according to a survey conducted by (Schillebeeckx, Parikh,
Bansal, & George, 2012), between 1990 and 2011, the number of
articles in specialized journals using the keyword rural electrification as
the main theme increased by 297% in this period.

This scenario has some external incentives, such as the rising
scientific certainty about climate change. This increases the urge for the
use of renewable energy sources and practices related to more energy
security, such as reducing the weight of fossil fuels in the energy matrix
of countries (United Nations, 2015). In spite of that, the main cause for
the increase of policies and programs directed at rural electrification
and the use of renewable sources in developing countries is economic,
as is the case of Brazil and China. Both seek to reduce the distance
between rural and urban development levels in order to increase
income generation and improve the life quality of rural population and
of the people who does not live in large urban centers (MME, 2015b;
Shyu, 2012).

In these countries, electricity service provision has reached
approximately 99% of their respective populations; however, this has
neither resulted in a process of socioeconomic development nor in
significant improvements in quality of life. According to IEA (2015a),
based on data referring to 2012, concerning the use of renewable and
less polluting sources for cooking, in China only about 17% of the rural
population has access to non-solid fuels, while in Brazil this number is
66%. These examples suggest that only the availability of electricity to
the population will not be sufficient to contribute to the diversification of
the end uses of electricity and even less to the popularization of the use
of other less polluting forms of energy, at least in the short term.

For these countries, the definition of initial priorities and the
connection with broader policies and their own governance aspects
were adopted with some success in electrification programs. In addition,
because it was a public policy, they had the option of taking into
account the efficiency and effectiveness of the process of electrification
and universalization to propose and implement changes during its
own validity. In other words, electrification programs are evaluated
as successful, from their efficiency and effectiveness in view of the
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universal service goal. However, when other expected impacts are
taken into account, even though they are included as objectives within
the programs themselves, the success of this policy becomes doubtful
(Teixeira, Castafeda-Ayarza, Lopes, & Sampaio, 2015).

Therefore, an electrification program, when planned in accor-
dance with objectives that consider the universalization of electric servi-
ce in conjunction with socioeconomic development, should define clear
and measurable objectives. Those should meet the initial intentions
proposed, which could be:

i - To Make access to electricity universal. This refers to the absolute
service, by increasing absolute numbers of residential connections;
however, it does not necessarily takes into account the reliability
of the electric network and the forecast of increase in demand and
supply in the medium and long term;

ii - To Improve quality of life. This refers to improvements in aspects
related to quality of life as a result of electrification, such as the use
of a larger number of refrigerators, more hours of study, and modern
and clean cooking methods; however, it does not necessarily means
increases in levels of jobs and wages;

ii - To Integrate a framework conducive to socioeconomic develo-
pment. This refers to quantitative and qualitative improvements in
the quality of life and in aspects such as levels of employment and
wages for the beneficiary population.

Electrification policies observe the breadth of possible outco-
mes as systematically attainable or influenceable effects. However, gi-
ven the passive stance of public policies with a developmental bias,
specially related to populations far from large urban centers or medium
housing centers, in practice it is observed in most cases that only the
first and/or the second choice of results is actually achieved (Bhatta-
charyya & Ohiare, 2012).

This limitation is directly related to the process of prioritization
of the governmental sphere responsible for the policy, whether these
definitions are imposed by conditions external to the process or not.
By subordinating the electrification program to an exclusively policy of
electrification, the agent responsible for formulating it will prioritize the
generation of electric energy as an end goal, regardless of the quality
of this supply or possible positive or negative externalities that the po-
licy will have. Furthermore, by linking the process to the use of a single
technology, one chooses to exclude the other technological options that
may be applicable. This prioritization of one choice over another colla-
borates either to advance or to delay the progress of the electrification
program.
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Based on this scenario, the multi-objective policy analysis
should consider the process of technical and political understanding,
including priorities assumed about the adoption of specific forms of go-
vernance, definitions of technological options, and financing choices.
Thus, there is a need for a systemic approach, which allows the deci-
sion-making process to distance itself from its usual generic character
and also makes it replicable to other developing countries or realities.

From the systemic analysis of the Brazilian and Chinese ex-
periences, the final objective of this article is to propose a decision
making framework oriented to the policies of electrification, determining
key points that make the process can be sustainable from the tech-
nological, financial and management structures points of view. It was
also determined, from the evolution of the electrification process in both
countries, scenarios for processes that ended in the universalization of
electric energy service in rural areas.

In this way, this article is subdivided into six topics: a contextu-
alization of the problem presenting the motivations; a topic describing
the methodological process used; topics 3 and 4 that present the data
and the respective analyzes of the electrification programs of China
and Brazil; topic 5 that presents the comparative systemic analysis,
showing scenarios for rural electrification from the case studies of Chi-
na and Brazil; and finally the final considerations.

2. MATERIAL AND METHODS

The methodological process was outlined, firstly, through
a comparative assessment (among political, regulatory, financing
and technological decisions) between Brazil and Chine. After that, a
decision-making framework directed to electrification policies was
proposed.

In order to evaluate holistically the electrification program
of Chine and Brazil, including variables related to quality of life and
socioeconomic development, the following questions were suggested:

- Is it administratively sustainable? This question was raised and
studied in the works of (Abdellah & Markandya, 2012, Aklin, Bayer,
Harish, & Urpelainen, 2014, Andrade, Rosa, & Da Silva, 2011,
Bazilian, Nakhooda, & Van de Graaf, 2014, Echeverri, Monga,
Nakicenovic, & Schreck, 2013; Gémez & Silveira, 2015; Luo & Guo,
2013; Shyu, 2012);

- Is there available technology to be implemented and replicated?
(Blum, Sryantoro Wakeling, & Schmidt, 2013; Fuso Nerini, Dargaville,
Howells, & Bazilian, 2015; Fuso Nerini, Howells, Bazilian, 2015; Fuso
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Nerini, Howells, Bazilian , And Gomez, 2014, Hirmer & Cruickshank,
2014, Holtmeyer, Wang, & Axelbaum, 2013, Lahimer et al., 2013,
Mainali & Silveira, 2013, Poudyal & Paatero, 2014, Winkler et al.,
2011, Zhaohong & Yanling , 2015);

- Is there available capital for necessary investments or for
subsidies for the beneficiary population, given the magnitude of
the program? This question was made in the following financing
studies (Bazilian et al., 2011; Bhattacharyya, 2013; Delina, 2011;
Gupta, 2016; IEA, 2011; Liming, 2009; Mainali & Silveira, 2011;
Schillebeeckx et al., 2012; Ximei, Ming, Xu, Lilin, & JunRong, 2015);

- Was the population part of the procedure of formulating,
implementing and managing the process and/or had any decision-
making power that would collaborate with it? This was a central
concern in the works of implementation of (Gémez & Silveira,
2010, 2015; Hirmer & Cruickshank, 2014; Parikh, Chaturvedi, &
George, 2012; Poudyal & Paatero, 2014; Rojas-Zerpa & Yusta,
2015; Schillebeeckx et al (2005), Teixeira, Franco, & Litaiff, 2010,
Van Els, De Souza Vianna, & Brazil, 2012, and Zerriffi, 2007).

Considering the questions above as the main points to be
analyzed in this study, the method of joint evaluation of factors was
used in this work (Bhattacharya, Paramati, Ozturk, & Bhattacharya,
2016; Schillebeeckx et al., 2012; Teixeira, 2010). These factors were
called macro-factors and they converge toward the broadest goal of an
electrification program, to promote the socioeconomic development.

Four macro-factors were defined: funding structures, gover-
nance structures, form of implementation and monitoring, and available
technologies. Separately, these macro-factors were analyzed in a his-
torical context for China and Brazil, justifying, in a systemic approach,
the way adopted for the decision in each macro-factor. Then, the inte-
ractions between the four macro factors and the consequences on the
final result of the rural electrification policy were analyzed.

Thus, the analysis will indicate four framing options for each
macro-factor — governance, funding, technology and form of implemen-
tation and monitoring — indicating its importance in the process of rural
electrification and socioeconomic development. Framing options and
their degree of importance within rural electrification policy are:

1. It has no importance within the electrification policy;
2. It is contemplated, but has no/has little relevance;

3. ltis relevant;

4. It is a key point.
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Finally, systemic convergence analyzes the importance of the
rural electrification process to boost socioeconomic development for
the populations contemplated: it analyzes the degree of convergence of
macro-factors to facilitate socioeconomic development for the regions
included in government policies.

1. The policy is potentially relevant for aiding a process of socioeco-
nomic development;

2. The policy is not relevant for aiding a process of socio-economic
development.

Systemic analysis predicts that all factors participate in the pro-
cess of socioeconomic development. Thus, in order to have minimum
conditions, it is necessary that all factors are at least relevant, option 3,
indicating, for systemic convergence, option 2, as follows in the table 1:

Table 1 - Systemic Analysis

Macro-factor Framing options Sistemic convergence
1. It has no importance o
Governance within the electrification 1. The policy is poten-
policy. tially relevant fo_r aiding a
process of socioecono-
Funding 2. Itis contemplated, mic development.
but has no/has little
relevance.
Technology 2. The policy is not rele-
3. Itis relevant. vant for aiding a process
. of socio-economic deve-
Form of Implementation . .
4. ltis a key point. lopment.

and Monitoring

The size of the forms that represent the macro-factors also ser-
ved as an indicator of importance and priority of one over the other,
providing clues about the decisions and objectives proposed by the
government policy studied.

Next step was the preparation of a Figure with the main conclu-
sions and recommendations of each macro-factor for Brazil and China,
correlating the results with evolution and stage of rural electrification
observed in each country. From the analysis of the interaction betwe-
en the four macro factors, highlighting positive and negative aspects
of the process in detail, it was possible to describe recommendations
for rural electrification policies that have this three specific objectives:
universalization, rural electrification or socioeconomic development.
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The sequential structure of analysis is presented in the flowchart con-
tained in Figure 1.
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Figure 1 - Methodological structure

3. THE PROCESS OF RURAL ELECTRIFICATION IN CHINA

With a population of 1.3 billion people, much of it still living in
small towns, China has unique characteristics regarding the process
of rural electrification and its connection with economic development.
Considering the size of the population, it is a remarkable achievement
the implementation of a policy that universalized the electric service in
urban areas and benefited 99% of the inhabitants of rural areas at the
end of the first decade of the 2000’s.

The policy for rural electrification in China, mainly after the
economicreformof 1979intherural areas, establishes that the promotion
of universal service, together with policies for the modernization of
agriculture and the stimulation of the industrialization of cities and
towns, is an opportunity to foster national industry and generate income.
In addition, it promotes direct and indirect externalities for economic
development at local, regional, and national levels (Bhattacharyya &
Ohiare, 2012; Yisheng, Minying, & Zhen, 2004).

Out of a lot accumulated experience, the country started from
a nonexistent electricity service in the rural areas in the 1950’s to 99%
of its population served in the 2000’s (Bhattacharyya & Ohiare, 2012;
Yisheng et al., 2004). Table 2 shows the main characteristics of the
rural electrification policy in China from 1998 on.
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Table 2 - Summary of the Main Characteristics of Rural Electrification
Policy in China since 1998

Rural Electrification Policy in China from 1998 on

Variable Characteristic

Rural electrification and promotion of socioeconomic develop-

Primary objective
ry obJ ment for rural areas.

Central Government directly. Development agencies, banks, and

Main financial agents private initiative indirectly.

Type of policy formulation Top-down: formulation by central government alone.

Bottom-up: implementation by the concessionaires and local and
Type of policy application provincial governments, with participation of the population invol-
ved if considering distributed generation.

Subsidized tariffs.

Financing and stimulating the use of renewable sources.

Main points

Financing economic activities.

Financing the acquisition of autonomous systems of electric po-
wer generation.

Since 1998, the so-called Plan to renovate rural grids has been
launched pursuing the goal of modernizing the structure of electric
energy service in rural areas in locations already served, which would
reduce system losses and provide more security and reliability to the
system. Up to 32 billion euros was available for the plan, with a five-
-year completion date. Thus, in 2003, official data presented significant
reductions in energy losses, below 10% for high voltage levels and be-
low 12% for low voltage in rural networks (Bhattacharyya & Ohiare,
2012; Zhaohong & Yanling, 2015).

In 1999, the Brigthness Program was implemented, which las-
ted until 2002. The program initially served to implement pilot projects
for the generation of electric power in a distributed way in isolated loca-
tions, opening comparative parameters for: forms of financing; possible
sources of energy; generation and maintenance costs; and political go-
vernance of the process. Following the initial phase, the program was
meant to reach up to 50,000 people in northern China and in the pro-
vinces of Mongolia, Tibet, and Gansu (Bhattacharyya & Ohiare, 2012;
Zhaohong & Yanling, 2015). Through direct financing and subsidies,
the central government made a contribution of 5.5 million euros to pilot
projects and up to 1.3 billion euros for the remainder of the program’s
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duration (Bhattacharyya & Ohiare, 2012, Shyu, 2012).

Starting in 2002, with the first phase scheduled to last until
2005, the Township Electrification Program is launched as the largest
rural electrification program in the world in terms of investments, finan-
cing, and number of electrical connections (Shyu, 2012; Zhang & Ku-
mar, 2011). The problem was to adjust the policy so that towns and
cities considered isolated in geographic terms could be contemplated
with electrical energy in an uninterrupted and reliable way (Zhang &
Kumar, 2011).

To do so, by taking advantage of the know-how acquired in pre-
vious programs, the central government in China considered for each
case several distributed generation options, which stimulated mainly the
use of renewable sources, such as: Small Hydroelectric Power Plants
(SHPPs); photovoltaic systems; wind systems; hybrid systems, and
small coal-fired thermals already used in some locations. In addition,
the program suggested that the use of small networks where feasible.
It was also stressed that the whole process should include productive
activities and the local population as an interested party, as well as local
governments and concessionaires - public or private — when they were
present (Liming, 2009; Teixeira, Lopes, & KN Cavaliero, 2010).

The program'’s initial goal was to reach at least 1 million people
in 1,000 districts in northern and western China, including the provinces
of Xinjiang, Qinghai, Gansu, Shaanxi, Sichuan, Hunan, Yunnan, Tibet,
and inland regions of Mongolia (Zhaohong & Yanling, 2015). In terms of
individual electrical connection, it was stipulated as a goal the delivery
of 100 watts per person safely and uninterrupted (Shyu, 2012).

By the end of 2005, another 600 million euros were made avai-
lable by the central government to the program, making it possible to
compute more than 1,000 districts, towns, and communities resulting in
more than 1 million people contemplated in the program. Table 3 shows
a summary of the amounts available for the 1998 to 2005 plans:

Table 3 - Summary of the amounts available for 1998-2005 plans

Program Amounts in CNY (RMB) | Amounts in Euros
Brightness Programme (pilot projects) 40,000,000 5,575,200
Total Brightness Programme 9,880,000,000 1,377,074,400
Township Programme 4,700,000,000 655,086,000
E;‘t’\g::’k"(gr\‘;’,\l}gﬁfst)o 2003 renewal of the rural 230,000,000,000 32,057,400,000

*The Euro quotation of 01/28/2016 was the amount of 0.14 CNY (RMB);
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Since 2005, plans have been focusing on reducing economic
and social disparities between rural and urban areas, promoting rural
electrification. In 2007, these plans resulted in the universalization of
services in large and medium-sized cities and a level of service that
reached over 99% of the population of geographically isolated villages
and communities. All this process has been mostly supported by the
central government (Luo & Guo, 2013). Table 4 shows the evolution of
electrification in China.

Table 4 - History of the Rural Electrification Rate in China between

1978 and 2015
History of the Rural Electrification Rate in China (%)
Index 1978 1998 2010 2015
Township 86.83 98.20 99.72 100
Village 61.05 98.10 99.76 100
Household 59.4 93.87 99.93 99.99

In recent programs, the massive use of renewable sources for
distributed generation has been favored, interconnected or not to the
national main network. Programs such as Village Electrification Pro-
gram, which favored SHPPs, solar systems, and hybrid systems bene-
fitted over 20 thousand villages with isolated electric power generation
systems, between 2005 and 2010. According to Zhaohong & Yanling,
2015, this phase also counted on the support of international agencies
in conjunction with the central government and local governments.

Based on the main data presented, a summary of the process
of rural electrification in China can be assembled since 1998:

- Regarding funding: strong support from the central government,
with smaller contributions of local governments, international deve-
lopment agencies, and private banks;

- Regarding the technology used: government incentives to uni-
versalize service and rural electrification directly, focusing on the
massive use of SHPPs, photovoltaic systems, mini-coal plants and
interconnection with the system, with renewable sources taking pre-
cedence over distributed generation;

- Regarding governance: policy formulation by central government,
large participation of local governments, concessionaires, and coope-
ratives for electric power generation. In certain projects, participation
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of the population, involved in choosing the technology for distributed
generation;

- Regarding the form of implementation and monitoring: the greater
responsibility is attributed to the concessionaires or governments
responsible for the supply of electric power. They are also responsi-
ble for the maintenance and operation of the system and for possi-
ble increases in the amount of electric energy offered.

Table 5 - Summary of the Characteristics of the Electrification
Process in China between 1998 and 2014

Summary of the electrification process in China from 1998 on

Aspect Analyzed Values/References

Formulation: central government;

Implementation: concessionaires, cooperatives, and lo-
cal governments;

Additional responsibilities: the concessionaires and lo-
cal governments are responsible for the generation and
distribution of electric energy.

Governance

Agent responsible: Mostly by the central government di-
Funding rectly (subsidies and direct specific financing lines);
Value (until 2005): 34,095,135,600 (CNY/RMB).

Initial priority: extension of distribution and transmission
lines.

Other features: use of large-scale distributed generation
for geographically isolated communities; great diffusion of
the use of renewable sources after governmental stimu-
lus.

Technology

Main: through several programs for rural electrification;
Responsible agents: concessionaires, cooperatives,
and local governments;

Other agents involved: the beneficiary population par-
Form of Implementation | ticipates in part of the process related to distributed ge-
neration;

Other features: the electrification policy pertaining to a
series of policies with the greater objective of promoting
economic development.
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3.1 Systemic analysis of the rural electrification process in

China

Table 6 - Decision-Making Process - China

Decision-making process

Macro-Factor

Structure used

Decision-making process

Negative aspects

Governance

Governance is
poorly defined.

The structure chosen in the
decision-making process
provided more rapidity
in the process of rural
electrification. In addition,
it involved the beneficiary
population in specific parts
of the process.

The governance focused
on fast fulfillment of
goals and creation of
high numbers of electrical
connections, result in
problems of manage-
ment, overlap, and lack
of definition of skills for a
second phase. Therefore,
that delayed the fulfillment
of the whole program and
jeopardized the connection
with other policies for rural
development.

Funding

Mainly through
public funding,
including all gover-
nment spheres.

It clearly defines the im-
portance of public funding
for increasing speed,
notably where there is no
economic attractiveness.
In addition, it allowed the
attraction (even to a lesser
extent) of private capital,
international development
agencies, and banks.

There is criticism of the ex-
cessive level of subsidies,
especially for renewable
sources, not considering
system maintenance ne-
eds and improvements in
network (or mini-networks)
quality.

Technology

Mainly through
interconnection
with the existing
network; however,
on the second
stage, there is a
great emphasis on
distributed gene-
ration.

From an extensive and tar-
geted government policy,
it provided the rapid deve-
lopment of technologies to
meet the needs of electri-
fication in rural areas. It is
a problem overcome in the
Chinese case.

Only the absence of a
clearer and more direct link
with development in rural
areas is highlighted.

Form of
Implementation
and Monitoring

articipation of all
the agents involved
and benefited
in parts of the
process.

It was favorable to the ra-
pid increase in the number
of electrical connections,
with a strong emphasis on
the participation of the be-
neficiary population in the
stage of implementation
and in case of distributed
generation.

It has flaws related to the
participation of all the
agents involved, especially
if the process is analyzed
from a socioeconomic
development perspecti-
ve. Over focused on the
implementation of electric
energy; however, the mo-
nitoring and even the ma-
nagement and operation of
the implanted systems was
relegated to second place.
Revisions are required.
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The analysis of the macro-factors in Table 6 concluded that
the decision-making processes were structured with a greater focus on
the universalization of electric service. This preference has resulted in
few clear and replicable interconnections for the promotion of improve-
ments in the quality of life of the population (observed only in some ca-
ses) and socioeconomic development. This occurred even considering
that the macro-factors had internal structures for these improvements
and development to be performed, based on the productive use of elec-
tricity in rural areas.

It should also be noted that there are important consequences
of the decision-making process, such as the development of industries
and productive chains of technologies for the use of renewable sour-
ces; however, these are not directly related to a process of socioecono-
mic and local development for the rural environment.

3.2 The learning about the electrification decision-making
process in China

The program for the universalization of electric energy and rural
electrification in China has the most success on the decisions based on
the learning regarding technological and financing aspects. The ener-
gy policy, which encompasses rural electrification, provided sufficient
capital and technological alternatives to make the process moved on
rapidly and to promote positive developments for the national industry,
more specifically regarding renewable energies such as wind, solar,
and small and medium-sized hydroelectric.

On the other hand, the process did not bring about significant
changes in quality of life improvements and socioeconomic develop-
ment at the local level, due mainly and coincidentally to the rapid advan-
ce of the new electric power connections provided by the rural electrifi-
cation program. The large number of concessionaires and state-owned
companies responsible for the generation and distribution of electric
power, which since 1998 gained autonomy to carry out the process at
local level, ended up harming the management of the program after the
implementation phase. Moreover, this caused problems regarding the
efficiency and quality of the network, such as constant power outages.

It should be stressed that this is a governance problem, which
can be solved by applying clearer rules about the responsibilities of
each agent in each stage of the process and by monitoring it. In fact,
the universalization policy should propose a tariff structure that is as
horizontal as possible, but that also includes differential tariffs or decre-
asing subsidies to attract private capital or to make the electric powe
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supply efficient even for public and cooperative concessionaires.

Itis also necessary to provide conditions for the maintenance of
electric energy service in the Chinese countryside from the consumer’s
perspective. A more solid path is crucial for the generation of income
in a sustainable way for the population served regardless of its loca-
tion. The rural electrification program analyzed here proves that with a
suitable financing structure and the use of available technologies, it is
possible to provide infrastructure for socioeconomic development. This
way, a new structure does not have to be built, but old ones can be
modified and adapted to make improvements in quality of life and local
development possible.

That is, if for the implementation process this structure was
good enough, for management it was not the best choice, requiring
at least better inspection and clear definitions of attributions regarding
the management, maintenance, and operation of generation systems,
especially when done in a distributed way. In 2015, these problems
were obstacles to the effective use of electric energy as a vector for
socioeconomic development in regions that are still behind.

In conclusion, the structure defined for China’s rural electrifica-
tion policy was more successful due to solid financing structures and
technological choices than because of its structures for implementa-
tion, monitoring, and governance. The first two ended by leveraging the
process while the latter worked as a brake on it, in 2015.

Finally, it is understood that the objective of harnessing elec-
tric energy as a vector for the promotion of economic development will
only succeed if the process is integrated, offering the same weight for
governance, form of implementation, and monitoring at the local level.
Table 7 shows the integration of the macro-factors in a systemic analy-
sis aimed at the socioeconomic development of the contemplated po-
pulation.

Table 7 - Systemic Analysis of the Rural Electrification Process

in China
Macro-Factor Framing options Sistemic Analisys
2. It is contemplated, but
Governance )
has no/has little relevance.

Funding 4. ltis a key point. 1. The policy is poten-
tially relevant for aiding a
process of socioeconomic

Technology 4. It is a key point. development.

Form of Implementation

and Monitoring 3. Itis relevant.
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4. THE PROCESS OF RURAL ELECTRIFICATION IN BRAZIL

Rural electrification as a federal government policy came to
prominence only in the 1990’s. Previously, small programs and pilot
projects under state enterprise responsibility had been observed; ho-
wever, they had no significant impact in reducing the number of electri-
cally excluded people. At the beginning of the 21st century, according
to (IICA, 2011), there were around 10 million inhabitants without elec-
tricity. This number increased during the first decade, especially when
isolated regions in the North of the country were taken into account. Be-
fore, there were no accurate socio-demographic data available about
these regions.

From 2003 on, Brazil has started to rely on a policy focused
on the universalization of electric energy service in the country, paying
considerable attention to rural electrification. In 2015, the program kno-
wn as the “Light for All Program (LfA)” has reached 99% of rural and
urban residences (Teixeira et al., 2015).

Also noteworthy are the large number of electrical connections
made from the extension of distribution lines in the first stage of the
program and the strong commitment of privatized public service con-
cessionaires. On the other hand, a large gap is observed regarding the
scope of the program for the isolated systems in the Amazon region,
the last frontier of LfA. This is the main point to be considered in this
work, based on macro-factors analysis in tune with the decision-making
process for the program.

The beginning of the 1990’s saw the emergence of the first
programs aimed at the provision of electricity in rural areas as a public
policy. In this first moment, the main objective was to acquire technical,
economic and political know-how. It was not yet practical to universali-
ze the supply of electric energy for the whole population, be it rural or
urban.

With regards to rural electrification, from 1990 on, the following
stand out:

- The State and Municipal Energy Development Program (Prodeem)
started in 1994, with the main objective of promoting the energy
supply to isolated communities, specifically to institutions and com-
munity units, such as schools, health posts, associations, etc. The
program made use of renewable energy sources available in each
locality (SHPP, biomass, solar, and wind energy). According to (Via-
na, 2007), in practice it was verified the predominance of the ins-
tallation of photovoltaic panels directed to water pumping and com-
munity lighting. After the beginning of the review, evaluation, and



A. F. Teixeira et al. | The process of rural electrification in developing countries: systemic... 1 01

restructuring of the program in 1998, management problems were
noted, such as the ownership of solar panels installed in private
areas. This showed and corroborated the power of large farmers
in rural areas. In addition, another problem was evident as well as:
maintenance. There were several unused photovoltaic systems and
panels for complete lack of simple maintenance (Teixeira, 2010);

- The Program Light in the Countryside (PLC) started in 1999 and
ran until 2002. Its main objective was of promoting the electrifica-
tion of up to 4 million rural properties, mainly small and medium-
-sized enterprises, raising the level of service to 50% of the rural
population until the end of the program. In essence, problems
were observed in the governance process, with the absence of
a central figure to manage, prioritize goals, and monitor the pro-
gram. In addition, it was observed a capital lower than necessa-
ry for the full feasibility of the PLC (Teixeira, 2010; Viana, 2007).

4.1 The Program Light for All - LfA

Using the regulatory framework that was part of the Law
10,438/02, about the Universalization Program of electric energy ser-
vice, and also of decree 223/03, which advanced the deadline for me-
eting the goal of universalization for the year 2008, LfA was officially
created in 2003, by Law 4,873/03, amended by Law 10,762/03 and
Decrees 7,250/11 and 8,387/2015 (MME, 2015a).

The main objective of the policy of universalization of electric
energy service in Brazil was:

guarantee access to the public electric energy service to
the portion of the population of the Brazilian rural area
that does not yet have access to this public service; im-
prove service to the beneficiary population, increase the
pace of service, and mitigate the potential tariff impact,
through the allocation of subsidized resources and the
complement of financed resources (MME, 2015a).

From then on, the government hoped to use electric energy as
a vector of socioeconomic development, contributing to poverty reduc-
tion and increasing family income. They planned to extend distribution
lines where there would be economic viability and the implementation
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of decentralized generation systems, through isolated networks and
individual systems (Teixeira, Lopes, & Cavaliero, 2010). To do so, the
selected viability criteria made it possible to prioritize service projects
based on the productive use of electric energy, the potential for foste-
ring the integrated development of localities, and projects that allowed
the development of family agriculture and even family-based handicraft
activities (MME, 2015a).

According to the program, investments are made by the fe-
deral government, state governments and municipal governments, in
addition to public and private electric energy concessionaires, when
required or allowed. The participation of the three main actors, federal
government, state governments and concessionaires were defined as
being 80%, 10%, and 10% respectively. Executing agents should be
concessionaires and licensees of electricity and, where appropriate, ru-
ral electrification cooperatives.

In 2009, the federal government extended the program until
2010 and, based on the Law 60/2009, decided to create what it called
“special projects” within the LfA. These “projects” had the clear objec-
tive of providing attractiveness to the electrification process in the iso-
lated systems of the northern region of Brazil. In these cases, althou-
gh the implementation of the program progressed, the electrification
of new localities, mainly isolated communities located in the Amazon
region, was less than expected, totaling more than 100 thousand hou-
seholds not included in 2009. For the State of Amazonas, until 2008,
only 24% of the total had been completed, without considering at this
time the update in the number of people to be contemplated (Di Lascio
& Barreto, 2009).

The “special projects” were characterized as projects geared to
regions where it was not possible to extend transmission lines and that
presented low levels of demand, such as isolated communities geogra-
phically located in the legal Amazon, allowing the incentive of distribu-
ted generation (MME, 2015a).

However, since the deadline for the universalization of electric
energy service still remained the year of 2010, the program is renewed
once again, including a regulation that allowed a more economically
attractive division of costs among the agents involved in the program,
especially when related to the “special projects”, leading to energy auc-
tions. It was also allowed to use the Fuel Consumption Account (FCA)
for the reimbursement of generation costs not covered by original LfA
resources (PRESIDENCIA DA REPUBLICA - CASA CIVIL, 2011).

In all, the program completion period has been extended three
times, aiming to provide new impetus for the achievement of goals in the
regions with a long delay. The last extension, carried out at the end of
2014, foresees the termination of the LfA by the end of 2018. The goals
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reached until 2015, the changes, and the expected goal until the end of
the program are presented in Table 8.

Table 8 - Goals and Number of Families Reached by theProgram Light
for All - 2004 to 2015

LfA service goals
Goal change | Goal completion year Servicc_e. Incre_as? i'n'comparison
goals/families with initial goal %
2008 2,000,000
First 2010 1,000,000 50
Second 2014 715,939 35.8
Third 2018 207,000 10.4
TOTAL Goal LfA 3,922,939 196.1
ot
Balance for 2018 700,006 35

The annual data on the number of people benefited and the
investment contracted in the program (Figure 2) show the great reach
and exponential growth in the number of served families, mainly be-
tween the beginning of the program and the year 2010. In the following
years, a reduction of service is observed. They were caused by the
proximity of the final universalization goal and due to the technical and
geographical difficulty in meeting the new demands detected.
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Figure 2 - Number of People Served and Investment Contracted under
the LfA Program - 2004 to 2014

About tariff subsidies, no special tariff was provided for the du-
ration of the LfA program. However, Brazilian legislation already inclu-
des and constantly revises special rates for low-income families, for
rural properties and rural settlements. Moreover, considering a new
regulation of 2010, it was possible to charge based on a prepaid elec-
tricity supply system, which although not directly included in the LfA
legislation is directly related to it (Tavares, 2014).

The summary of the organization and structure of the program
for rural electrification in Brazil is presented in Table 9:

Table 9 - Goals and Number of Families Reached by theProgram
Light for All - 2004 to 2015

Rural electrification policy in Brazil since 2003

Variable Characteristic

Universalization of electric energy service, including rural
Main objective electrification and promotion of socioeconomic development
for rural areas.

Central Government directly, state governments directly, mu-
nicipal governments with voluntary participation, public and
private concessionaires directly, and development agencies
and banks indirectly.

Main funding agent

Type of policy formulation Top-down: formulation by central government alone.
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Table 9 - Goals and Number of Families Reached by theProgram
Light for All - 2004 to 2015 (continuation)

Variable Characteristic

Top-down: implementation by public and private concessio-
naires, without the participation of the beneficiary population
in the decision-making process and in no stage.

Application type (implementation)

Indirectly subsidized rates.

Financing and encouragement of the extension of distribution
and transmission lines.

Main points
Financing for renewable energy with indirect influence on the
process.

Amendment to contemplate distributed generation applicable
to isolated systems.

4.1.1 Systemic Analysis of the process of rural electrification in
Brazil

Table 10 shows the political structure of the process of rural
electrification in Brazil.

Table 10 - Decision-Making Process - Brazil

Decision-making process - Brazil

Decision-making

process Negative aspects

Macro-Factor Structure used

The established
governance neglected

Governance

The governance
is public and
private. In both
cases, it is well
defined.

The decision-making
process for governance
counted on the partici-
pation of private initiative
and government spheres.
It was structured in such
a way as to provide
management, implemen-
tation, and monitoring in
a well-defined way. To
reach levels close to the
universalization of electric
energy service.

different realities from that
observed in most of the
national territory or of the
interconnected system.
Doing this institutionally
until 2009, the governance
delayed and underesti-
mated the organization
needed to stimulate rural
electrification in areas far
from urban centers, such
as isolated systems in
the northern region of the
country.
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Table 10 - Decision-Making Process - Brazil (continuation)

Macro-Factor

Structure used

Decision-making
process

Negative aspects

Funding

The goal of 99%
of urban and
rural population
was reached in
the expansion
phase of the
interconnected
network, that is,
the process was
carried out main-
ly through the
interconnection
with the existing
network.

The decision-making
process for the macro-
-factor “funding” elected
the government as a great
guarantor of the process,
guaranteeing neces-
sary inputs for its rapid
progress. This was mainly
done with the purpose that
the LfA reached economi-
cally unattractive regions,
which in fact occurred,
as long as these regions
belonged to the intercon-
nected system.

The macro-factor “funding”
needs to be reformulated
to incorporate attracti-
veness to the isolated
systems, since even
including direct funding
for the implementation
phases and operation
and maintenance costs,
the advancement of the
electrification process in
the isolated systems was
not observed.

Technology

The process
was led by con-
tributions from
the government
spheres, but also
conditioned to
the participation
of private con-
cessionaires.

For much of the Brazilian
territory the technological
option was the intercon-
nection with the existing
system. The decision
was based on the fact
that the system is already
structured, in addition to
providing a rapid evolution
in the number of families
served.

The stimulus to the use of
distributed generation for
isolated systems exists,
but it is not good enough
for it to be used. The
program should be res-
tructured again, reviewing
aspects of funding and
governance for isolated
systems.

Form of Imple-
mentation and
Monitoring

With most of
the connec-
tions being the
responsibility of
the concessio-
naires, due to the
extension of the
interconnected
system, there
was no decisive
participation of
all the agents in-
volved in the pro-
cess, especially
the absence of
the beneficiary
population in ca-
ses of distributed
generation.

The participation of all
agents in the implemen-
tation process in the case
of the interconnected
system is not necessary.
This portion of the service
representing the majority
of the families reached
indicates that the form of
implementation and mo-
nitoring adopted, at least
for the first stages, and
directed to the intercon-
nected system, was the
correct one.

For the isolated systems,
the form of implantation
must involve all agents,
incorporating criteria
directed to improvements
in quality of life and socio-
economic development.

In Table 10 is should be noted that the decision-making pro-
cess clearly precluded isolated systems in the early stages of the pro-
gram. The government tried to work around the problem in the following
phases, from 2010 onwards. This scenario has relegated isolated sys-
tems to the background. They still need, in 2016, new and differentiated
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structures of attraction of private investment or of governance that allo-
ws a greater number of connections (Gomez and Silveira, 2010) (Tei-
xeira et al, 2015).

4.1.2 The learning about the electrification decision-making
process in Brazil

The systemic analysis of the rural electrification process in
Brazil shows that the program has valued the four macro-factors ap-
proximately, similarly, presenting a slight preference for financing and
technology structures. But this scenario it was reached only when the
Brazilian integrated system is analyzed, without the inclusion of distri-
buted generation, the program developed satisfactorily (Table 11).

Table 11 - Structure of Systemic Analysis for the Electrification Pro-
cess in Brazil: Interconnected System

Macro-Factor Framing options Systemic Analysis
Governance 3. Itis relevant.
Funding 4. ltis a key point. 1. The policy is poten-

tially relevant for aiding a
process of socioeconomic
development.

Technology 4. 1t is a key point.

Form of Implementation and Monitoring 3. Itis relevant.

In Table 11 and 12 is noted that efforts to structure and matu-
rate the macro-factors “technology” and “funding” were fundamental in
achieving the program’s electric service goals. In addition, they were
essential, to a large extent, for the universalization of electric energy
service; however, they were not enough for the objective of promoting
socioeconomic development. This will only be achieved by also streng-
thening the structures of “governance” and “form of implementation and
monitoring”.

In the analysis, when the isolated systems were included, even
after the adaptation of the program, a better adjustment towards the
socioeconomic development was not obtained. This is because the pro-
posed structures were not enough. Table 12shows that the electrifica-
tion was initiated but did not evolve satisfactorily.
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Table 12 - Structure of Systemic Analysis for the Electrification Process
in Brazil: Isolated Systems

Macro-Factor Framing options Systemic Analysis

2. It is contemplated,

Governance but has no/has little
relevance.
Funding 3. Itis relevant. 2. The policy is not relevant
for aiding a process of
socio-economic
Technology 4. Itis a key point. development.

2. It is contemplated,
Form of Implementation and Monitoring but has no/has little
relevance.

5. STRUCTURE FOR THE CREATION OF RURAL ELEC-
TRIFICATION PROGRAMS INTEGRATED WITH THE GOAL OF
SUSTAINABLE DEVELOPMENT IN DEVELOPING COUNTRIES

Based on the systemic analysis carried out for the cases of
Brazil and China, there is a series of needs and problems inherent to
the process of rural electrification considering four macro-factors: go-
vernance, funding, technology, and form of implementation and monito-
ring.

The evolution of electrification programs in Brazil and China
made it possible to observe the importance of the political structure
used to universalize the electric service, especially in rural areas. Ho-
wever, given the challenge of promoting socioeconomic development,
priority should be given to the integration of electrification policies and
the promotion of income generation. This should be done, to a certain
extent, by providing a shorter time frame for socioeconomic develop-
ment to be completed, like in certain regions of Brazil and China.

The scenarios presented in the early 2000’s and even earlier,
including qualitative and quantitative factors for the definition of rural
electrification policies, were optimistic about the success of creating an
economic development process. However, contrary to what was propo-
sed, the electrification process indicates segregated and consecutive
public policies for electric energy to emerge effectively as a vector for
socioeconomic development.

That is why an electrification program should consider in its
structure the four macro-factors: governance, funding, technology,
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and form of implantation and monitoring. These should be aligned and
hierarchized according to the characteristics of the place or region whe-
re it will be implemented.

5.1 Funding and technology structures: priority scenarios
for universal service and rural electrification

“Funding” and “technology” structures are the key macro-fac-
tors to begin the process of universalization of rural electrification or to
gain momentum, as evidenced in the learning process and in the suc-
cessful evolution of policies and programs in Brazil and China.

The structure set up by both countries favors direct public finan-
cing, but private capital participation is not negligible. Based on that, it
can be concluded that the greater the government support, either by
providing solid structures for private funding or directly supporting, the
greater the scope and the speed with which the process will evolve.

Regarding the “technology” macro-factor, a large range of avai-
lable alternatives increases the amplitude and the speed of the program
advance in terms of number of electrical connections. Given available
options, including forms of funding, practical applicability is a matter of
choice.

The distance between rural electrification policy and other po-
licies, as shown in the cases studied, underlies its structure and con-
ditions its success to the efficiency of the macro-factors “funding” and
“technology”. That is, the difficulties of managing the systems as soon
as they were implemented in Brazil and China have prevented or de-
layed the evolution of the electrification process, sometimes forcing the
prioritization of the number of connections to the detriment of quality of
service. This was just made to reach the goals regarding the number of
new services.

In addition, it is understood that prioritizing the number of con-
nections over quality negatively influences other expected effects, such
as increasing income generation and improving quality of life. This will
eventually happen, even though the management of an electrification
program towards the trade-off - making new connections or promoting
improvements in the quality of life - will opt for the first alternative, es-
pecially when the beginning of the program depends on this decision.

Also, based on the line of priorities mentioned before, it can be
seen that in other countries, where rural electrification and even electri-
city supply are not a social reality, there are no political structures that
would be able to lead to:
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- External funding from private capital.

- Well-defined governance structures, with clear goals and objecti-
ves, since there are no previous programs and policies, and there is
no previous know-how about government and concessionaire struc-
tures to manage the electrification process in rural areas, especially
at local and specific levels. That is, there is no clear definition of
private financing structures also at a domestic level.

- Political and social maturation to promote the participation of the
beneficiary population in the process, both in terms of the supply of
raw material for electric power generation and for the use of local
potential for income generation.

- The definition and selection of technologies for the universalization
of rural electrification and electric service. They are incomplete or
limited, although available in specific projects and financing. That is,
there are not enough alternatives for each situation, especially with
regards to distributed generation.

In those cases, it is preferable to start the process from a quali-
tative increase of electrical connections, even if it just serves for a short
learning process. That is, the formulation of realistic policies and pro-
grams should be preferred rather than projects with unattainable objec-
tives. In other words, energy programs can be constructed considering
three medium-term scenarios, based on the know-how developed in
Brazil and China, within a period of 10 to 20 years.

Scenario 1 with realistic funding structures, even if they are
mostly or exclusively public, but which provide security for the begin-
ning and development of the process. Furthermore, the definition of
technological structures for primarily economic processes, by providing
adequate alternatives to the current reality, even if these technologies
are not initially available in the domestic market. Considering this con-
figuration, the probable outcome is an increase in the absolute number
of connections, neglecting problems of system reliability in the medium
term, as well as uncertainties regarding the governance, including the
tariff structure (Figure 3).
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Figure 3 - Increase in the Absolute Number of Connections in the
Electrification Process (Funding + Technology)

- Possible issues: system reliability and governance issues.

Unbalanced “funding” and “technology” structures may lead to
regulatory uncertainties in financing, insufficient amounts of capital, and
lack of commitment from government spheres. From the technological
perspective, it can also result in lack of definition of incentive structures
and no selection of the appropriate technologies. In this case, even the
absolute increase in the number of connections may not happen, since
such uncertainties result in discontinuation of investments (even public
ones) and shutdowns of programs in progress.

In general, such scenarios are those currently observed in se-
veral countries that have not yet developed an internal and mature po-
licy of universal service and rural electrification.

In Scenario 2, it is concluded that by providing few funding
structures (or unreliable structures), even considering the structures of
technology selection well developed, the number of new services will
not be satisfactory. This is mainly because, in terms of distributed ge-
neration, the process will be stagnant if there is not strong involvement
of government spheres acting as funding agencies (Figure 4).
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Figure 4 - Stagnation of the Absolute Number of Connections -
Larger Weight for Technology

- Possible issues: Without large-scale financing structures, al-
though with available technologies, there will be a long term
for the universalization of electric energy service.

Likewise, Scenario 3 shows a stagnation because of weak and
unavailable structures of technology selection. Therefore, it presents a
small number of new connections even if there are consolidated (inter-
nal or external) financing structures, since the absence of suitable te-
chnologies for each situation makes it impossible to provide distributed
generation in rural regions (Figure 5).
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Figure 5 - Stagnation of the Number of Connections -
Larger Weight for Funding

- Possible issues: Without available technologies, but with fun-
ding structures, there is an indefinite deadline for completing
the process.

5.2 Governance, implementation and monitoring structures:
scenarios for expanding the objectives of rural electrification

The adoption of structures that allow for the participation of the
beneficiary population, government, and private enterprises, in addition
to economic planning through a clear and well-defined policy directly
encourages the symbiosis between the energy policy focused on rural
electrification and other policies to promote socioeconomic develop-
ment.

The electrification process in Brazil and China have presented
cases in which the macro-factors were unbalanced, resulting in electri-
fication, but not in socioeconomic development.
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Thus, if on the one hand the use of reliable financing structu-
res and the expansion of the range of technologies available for the
electrification process lead to a large number of people served in the
short and medium term, on the other hand, the use of electric energy
as a vector to the beginning and development of a process of income
generation at the local level was not observed. This occurred even as-
suming that the horizons of implantation of the electrification process
and observable changes in terms of socioeconomic development are
different, and that more time is needed to observe substantial changes
in socioeconomic development.

The problem of the practical application of the rural electrifica-
tion program occurs because providing the same level of importance to
implementation and monitoring structures does not depend exclusively
on the formulation of the program. Even if the program is modified and
adapted to contemplate new realities, such as isolated localities (Brazil)
and forms of distributed generation (China), the changes will not be
enough if there is no linkage of the electric policy with other policies for
income generation and local development.

This is the main reason why this macro-factor does not directly
influence the progress of the electrification process. It is not directly
linked to this process, because it has in its roots aspects that, if on the
one hand are also goals of the process of electrification, on the other,
do not depend on it to happen.

Consequently, the macro-factor “form of implementation and
monitoring” should have the same weight and importance since the
beginning of the process, as long as this process clearly includes inter-
connections with other public policies and objectives besides electrifi-
cation, that is, if rural electrification is included in a larger policy for local
and regional development. Otherwise, as observed in the case studies,
this macro-factor can be left to a second stage. Therefore, as observed
in the previous topic, this would lead to a rural electrification program
with an increase in the absolute number of connections, without positi-
ve results regarding the creation of income locally.

As for the last macro-factor, “governance”, in an analogous
way, its integration will indicate the sustainability of the process, as well
as provide bases for the monitoring to be carried out, including structu-
res of a PIR in its essence. In the cases of Brazil and China, it was no-
ticed that well-defined governance structures guarantee these aspects
to the rural electrification program. Specifically, in the case of Brazil, it
was also noticed an increase of the number of connections in a sustai-
nable way.

In the absence of long-term governance-related agenda, as
well as a lack of clear definitions of responsibilities after the implemen-
tation of electricity generation, the process is bound to cope with struc-
tural problems. For example: lack of system reliability, which results in
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constant power shutdowns. In addition, poor governance policies also
lead to undefined tariffs, which cause distrust to final consumers, alie-
nating potential investors, such as private capital. This scenario, in
addition to delaying the progress of the rural electrification program,
leads to a lack of definition that impairs the beginning or maturation of a
process of income generation and socioeconomic development, since
the structures necessary for it to start become unreliable and have no
guarantees in terms of governance that will be achieved.

These governance structures should be associated with impro-
vements in the quality of life. By considering the sustainability of the
rural electrification process after the implementation of electric energy,
it would be ensured that residential electricity would be sufficient for the
use of refrigerators for food preservation, the use of radios and televi-
sions for entertainment, more study hours at night, and even the use of
washing machines and machines able to heat or cool the house. It is
noteworthy that these elements, while indicating clear improvements in
quality of life, do not necessarily indicate a socioeconomic development
in a sustainable manner, such as an increase in the income levels.

Like the macro-factor “form of implementation and monitoring”,
the absence of clear and defined governance structures will not make
the rural electrification process unfeasible, especially when the process
is finalized at the moment of the electric power supply. However, by
associating the process with a higher level of efficiency, with attracting
private capital, and with a process of socioeconomic development, this
macro factor should have the same weight as the others. Its importance
should be well-defined and carefully applied since the beginning of the
rural electrification program formulation, whether linked to an energy
policy or to broader local development policies.

Finally, from a systemic point of view, it is possible to conclude
that the process of rural electrification can be initiated and supported by
well-defined financing structures, whether public or private, and by the
technological options available for each case, especially regarding the
interconnection with an existing network or distributed generation. This
should happen if the process is associated only with an increase in the
absolute number of connections and terminated at the beginning of the
electric power generation.

However, the rural electrification program designed in this way
will present structural problems such as lack of definition of tariffs, lack
of medium- and long-term planning, and interruptions in the supply of
electricity due to low load sizing for the system, etc. This will cause low
reliability of the electrification process and will alienate the private capi-
tal necessary to socioeconomic development.

Aiming at the sustainability of the program and the possibility
of achieving objectives related to the improvement of quality of life and
socioeconomic development, the four macro-factors must be integrated
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and given equal importance: “funding”, “technology”, “governan-
ce”, and “form of implementation and monitoring”. It is expected
that since the planning stage the government defines clear respon-
sibilities, a correct load sizing, fair electric energy tariffs, and the
plan to expand the networks prioritizing the reliability of the system.

Furthermore, in addition to promoting a program based on
the integration of the four macro-factors, the connection of the elec-
trification program with other development policies will also be neces-
sary. Figure 6 summarizes the model considering the four macro-fac-
tors analyzed in this study, as well as their influence overall process.

Policy to promote Local Socioeconomic Development

' Improvements in quality of life

Energy policy - rural electrification

Governance

Funding Technology

Implementation and Monitoring

L o e

Figure 6 - Implementation Model Based on the Macro-Factors Studied

6. COMMENTS AND FINAL CONSIDERATIONS

The inclusion of a rural electrification program, of a program to
provide universalization of electric energy service, and even the asso-
ciation of an energy policy to policies for sustainable socioeconomic de-
velopment for developing countries are much desired. However, these
are tasks of great complexity, since for most countries that need to start
rural electrification processes (and even urban electrification), funding
and governance structures are not well-developed. They only have iso-
lated projects and specific programs, which are mostly maintained by
international aid and financing structures, such as the World Bank and
non-governmental organizations.
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In these cases, governments consider promoting electrification
processes in all possible ways, instead of structuring and implementing
an ambitious policy for the promotion of socioeconomic development in
rural areas. These results, initially, in the increase in the absolute num-
ber of electrical connections, making the electrification program a goal
of the electric policy.

However, as noted, the lack of maturation of political organi-
zations, and financial and technological structures lead to this path,
leaving no other alternative. Of course, absolute numbers will be con-
sidered, but the quality of the service, the financial efficiency of the
program, and the management and maintenance of these programs
will fail and may potentially make the program unfeasible, as observed
previously.

It is also worth noting that, even though rural electrification is
generally related to development processes in the future, the absence
of adequate structures for the rural electrification program during its
creation makes this symbiosis unfeasible. This eventually leads to fur-
ther delays and more inefficiencies, making the program ineffective to
promote a process of income generation and economic development,
serving at best for improvements in quality of life for the beneficiary
population.

It is concluded that the four structures analyzed have the po-
tential to include the process of rural electrification in a major deve-
lopment policy, if implemented in a balanced way in conjunction with
other policies, with clear definitions of financing, technological options,
tariff structures, management, and maintenance. Nevertheless, such
interconnection must be organized and structured early in the formu-
lation of the energy policy, including the rural electrification process.
In addition, rural electrification should also be subordinated to a major
policy with clear rules and definitions for promotion of local and/or rural
socio-economic development, depending on each case.
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