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Abstract: In this paper, we assess the sustainability of rural electrification programs in Ecuador,
paying special attention to programs targeting small indigenous communities in the Amazon basin.
Our assessment considers four dimensions of sustainability (institutional, economic, environmental,
and socio-cultural) and is based on an exhaustive qualitative document analysis, complemented by
semi-structured expert interviews. We found that disruptive changes have affected the electrification
policies in Ecuador during decades of avoiding the development of strengthened institutions. Despite
this major drawback, we found that there is a consensus on granting access to energy for all. This
partially explains the national efforts, persistent through different administrations to fund rural
electrification. However, in the case of off-grid photovoltaic solutions, these efforts have consistently
neglected allocating funds for operation and maintenance, which has seriously compromised the
sustainability. Moreover, although Ecuadorian officials declared to favor stand-alone photovoltaic
systems in the case of indigenous communities in the Amazon, we found that environmental or
socio-cultural aspects have a minor role in the selection of these systems. Progress regarding
environmental awareness, social acceptance, and cultural justice, is still needed for ensuring the
sustainability of rural electrification efforts in the Ecuadorian Amazon.

Keywords: Ecuadorian Amazon; rural electrification; institutions; cultural justice; off-grid
photovoltaic systems; qualitative research

1. Introduction

In 2013, about 1.2 billion people (i.e., 17% of the global population) did not have access to
electricity [1] The lack of access to energy is mainly a rural issue (e.g., while in 2012 the global urban
electrification rate reached 94%, the rural electrification rate constituted only 68% [1]).

Although it was not explicitly declared a goal, the access to energy was already considered a key
factor for achieving the eight Millennium goals [2]. This is why, in 2015, affordable and clean energy
was explicitly named as one (goal number seven) of the 17 new Sustainable Development goals, which
are to be achieved by 2030 [3]. Furthermore, in 2011 the United Nations (UN) initiated the “Sustainable
Energy for all” initiative, which focuses on three targets to be reached by 2030: (1) the provision of
universal access to modern energy; (2) doubling the energy efficiency rate; and (3) doubling the share
of Renewable Energy (RE) globally [4]. The emphasis given to RE can be tracked back to the Agenda
21 in Rio in 1992, which highlighted not only the need of reliable and affordable access to clean energy,
but also the environmental soundness to be accomplished [5].

As compared to its Latin American neighbors, the electrification rate in Ecuador is high, having
increased from 89% of the total population (79% of the rural population) in 2001, to 94.82% (89.03%
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of the rural population) in 2010, and up to 96.77% (no rural figures available) in December 2013 [6,7].
These notable achievements regarding electrification have been based on the extension of the grid,
which was favored by the size of Ecuador (the smallest among the Andean countries). However,
the focus on on-grid expansion has begun to change in recent years as it becomes nonviable in
isolated remote areas. For example, in the Northern Ecuadorian Amazon, the electrification rate
ranges from 81.6% in the province of Pastaza to 88.2% in the province of Napo [7]. In addition to the
major geographical challenges for the extension of the grid, the main challenge in the Ecuadorian
Amazon basin (that stands for nearly 40% of the territory of the country) is that the small indigenous
communities in these areas are dispersed and isolated [8], which makes the grid expansion too costly.

Although off-grid systems based on RE may have been an alternative to the national Ecuadorian
grid in prior rural electrification efforts, little attention has been paid to non-conventional renewable
energy (NCRE) in Ecuador. Indeed, the NCRE share in the country accounts for less than 2% of the
total power generation, with photovoltaic (PV) (0.07%) and Eolic (0.32%) still playing a minor role [9].
Since 1998, the few efforts focused on small indigenous communities in the Ecuadorian Amazon basin
have been based on stand-alone PV solutions. However, more recently, the Ministry of Electricity and
Renewable Energy (MEER) began to promote PV-powered microgrids in remote areas [10].

In this paper, we critically analyze the current status and challenges of electrification programs in
Ecuador aimed at the rural population of remote areas. Paying especial attention to programs targeting
small indigenous communities in the Amazon basin, we addressed the following research question:
Are the rural electrification efforts in Ecuador sustainable?

In order to answer our research question, we conducted an exhaustive document analysis [11]
complemented by a qualitative research based on semi-structured interviews [12]. The interviewees
included experts from different ministries, national and international agencies, energy companies
(public and private), non-profit-organizations (NPOs), consultants, and researchers. Although below
we describe several relevant PV-based electrification efforts in Ecuador, our research was aimed at
gathering an overall picture of the rural electrification efforts in the country, rather than measure the
success or failure of specific projects.

The gathered information allowed us to assess the sustainability of the rural electrification
efforts in Ecuador. As detailed below, our assessment is based on a set of indicators (see our
theoretical framework) corresponding to the four dimensions of sustainability considered in this
paper: institutional, economic, environmental, and socio-cultural (see e.g., [13–15]).

2. Materials and Methods

2.1. Theoretical Framework

The importance of institutional sustainability is well established (see e.g., [15–17]. Institutions are
a framework of formal and informal guidelines that set the rules of interaction between individuals [18].
While informal institutions include religious or moral values and traditions [19], formal institutions
comprise laws, regulations, and standards meant to correct market failures and protect individual
rights [20]. Failures in rural electrification have often been attributed to the lack of coherence
in the legal frame (laws, regulations, and standards) [21–23], or the absence of proper standards
(e.g., [24,25]). Therefore, strengthened formal institutions are considered to be essential for rural
electrification [21–23,26,27]. According to Levitsky and Murillo [28], two factors determine the strength
of formal institutions: their enforcement and their stability (durability).

Numerous studies have revealed project failures in rural electrification due to a lack of
collaboration between local and central government entities on the one hand (see e.g., [29–31]), and
a lack of collaboration between different stakeholders from the energy sector (e.g,. public agencies,
NPOs, and private companies) on the other hand (see, e.g., [32,33]). These studies underline the
importance of openness to participation in the decision-making process by considering the role of
informal institutions [22,26]. Decentralization has also been stressed for facilitating participative
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decision-making, improving in turn the accountability of authorities [34], as well as the adaptability
(i.e., the ability to meet the changing needs of the population in remote areas) [30,35–38].

Ensuring the funding or affordability of energy solutions is a major issue since rural households
of developing countries like Ecuador are generally significantly poorer than urban households. The
economic sustainability of rural electrification solutions requires ensuring the funding or affordability of
the systems (i.e. the initial investments and the operation and maintenance (O and M)) (see, e.g., [23,38–40]).
In this context, it is important to provide a cost-effective solution for electrification [23,38].

The security of supply (or reliability) of the provided solution also needs to be addressed.
Although RE may help to increase the reliability of supply (due to the diversification of energy
matrix; [23,39,41]), reliability in rural areas demands for local access to spare parts, which entails the
know-how to exert maintenance [42]. Moreover, as a higher access to energy is usually correlated with
higher income [38], these solutions are expected to contribute to the income-generating opportunities
for inhabitants of remote areas [43–45]. In this case, electrification programs need to be coupled with
complementary infrastructure, including training and education [46].

Empowered individuals have strong influence on policy makers [47]. Therefore, ensuring
environmental sustainability depends to a significant extent on people supporting the adoption and
enforcement of policies aimed at environmental protection. The support is linked with understanding
and awareness [48].

Environmental sustainability also entails the prevention of negative environmental impacts [49].
RE can generate electricity with low or very low net CO2 emissions over their lifecycle [48]. In addition
to this positive long-term effect, the adoption of RE technologies in the Amazon may have direct
short-term environmental impacts in terms of reducing deforestation, which may also result in a loss of
biodiversity [23,38,39,50]. Although the positive impact of PV-based solutions is appealing, ensuring
recycling and proper disposal of PV modules and batteries after the end of their service life needs to
be ensured in order to avoid indirect environmental impacts [33].

Socio-cultural sustainability embraces notions of social justice, since ensuring the accessibility
(i.e., the access to electricity) may improve the life conditions of the rural population in terms of more
education (longer study hours due to the availability of electric light) and higher productivity (use of
machines) [23,35,37,51,52]. These notions of social justice drive the principle of equity/disparity used
to distribute the limited available resources as well as to decide who is provided with electricity [38,39]
and the amount of energy to be provided to each person [35,39,53].

Socio-cultural sustainability also requires social acceptance (which implies a participatory and
inclusive approach in which the local community is engaged to increase their accountability for
a technology; [37,54,55]); as well as accuracy (which comprises the selection of the technology
appropriate to the local consumer demands; [23,42]).

The importance of culture (traditions, values, identities, and cultural diversity) for sustainability
has been stressed elsewhere (e.g., [26,35,53,56]). In this regard, cultural justice refers to justice through
participation, as well as mutual learning and knowledge sharing [57]. The cultural justice in rural
electrification can be evaluated according to the ability shown to integrate the technology into the
existing social structures [23,50,51,58].

Based on this review, we have defined a set of indicators (see Table 1) that were, in turn, used to
qualitatively evaluate the sustainability of the rural electrification efforts in Ecuador.

Table 1. Indicators of sustainability used in this study.

Institutional Economic Environmental Social/Cultural

‚ Stability (Durability)
‚ Regulation and Standards
‚ Decentralization and

Openness to participation
‚ Adaptability (ability to meet

future needs)

‚ Cost effectiveness
‚ Reliability
‚ Funding (initial investment;

operation and maintenance)
‚ Contribution to income

of users

‚ Environmental awareness
‚ Environmental impact

‚ Accessibility
(disparity, equity)

‚ Social Acceptance
‚ Accuracy
‚ Cultural Justice
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2.2. Methodology

A qualitative document analysis was conducted; document analysis is used when the history of
events is relevant to the research question [11]. It included public documentations such as the current
constitution; the “National Plan for Good Living” (PNBV by its Spanish acronym); electrification laws
and regulations published by the energy regulator; energy roadmaps (prior and current versions);
academic publications on rural electrification projects; online newspaper articles on the social effects
of energy projects; rural electrification project descriptions and their outcomes from international
organizations; and scientific papers on topics related to the PNBV, as well the fields of study, such
as decentralization, government relations with indigenous communities, and political institutions.
Special attention was paid to prior efforts that tackled rural electrification programs in Ecuador from
the perspective of the indigenous communities (see for example references [59–62].

In addition to the document analysis, we conducted semi-structured interviews with stakeholders.
According to the approach broadly used for the assessment of sustainability (see, for example, [63–66]),
the stakeholders included experts from different ministries, national and international agencies, energy
companies (public and private), non-profit-organizations (NPOs), consultants, and researchers (see
Table 2 for details). The selection of initial interview partners was grounded on literature review that we
conducted before empirical research started. After receiving information from the initially-identified
interviewees, we selected new relevant interview partners according to both the theoretical sampling
methodology [11] and the snowball principle [11]. Once we had reached data saturation, as no
additional information could be obtained from further interviews, the empirical interview process was
closed (for details on this methodology, see [11].

A total of 22 interviews were conducted in three series: the first interview series (12 interviews)
was held in December 2014 in Quito (Ecuador). Based on the recommendations from the first
group of interviewees, we interviewed further experts (5) in April 2015 (also in Quito). Finally,
for completion of data collection, we conducted five additional interviews via Skype®(Microsoft
Corporation, Washington, DC, USA) in May 2015, mainly with international partners. Most of the
interviews were held in Spanish, except one interview that was held in English and one in German.

While interviews with officials of the central government gave insights into the legal framework as
well as into strategic plans, interviews with representatives of electricity distribution companies (EDCs)
provided information on specific rural electrification projects. Interviews with academics allowed us
a better understanding of the political and social circumstances, while interviews with international
and local NPOs gave important insights into the consequences on the local population of policies and
specific rural electrification programs. Indeed, representatives of NPOs, closely working with the
communities, exposed several complaints from indigenous communities regarding the electrification
policy of the central government.

Interview questions were clustered into four dimensions (institutional, economic, environmental,
and socio-cultural) considered in this paper and addressed each of the indicators in Table 1. Questions
on the institutional dimension (e.g., “What has been the role of this institution for rural electrification
in the past and the present?”; “How is the rural electrification process put into practice?”; “How are the
community members imbedded in the rural electrification projects?”; “Who and how is the compliance
with the regulation assured?”) were focused on the regulatory framework and its compliance, as well
as the interaction between key stakeholders. Questions on the economic dimension (e.g., “Who is
paying for the initial investment/O and M costs?”; “What has the economic impact been on the user
(e.g., energy for productive uses)?”; “What are the technical minimum requirements for the systems?”)
addressed the funding of the systems over their lifetime, their reliability, as well as the economic
potential of energy for rural areas. Questions on the environmental dimension (“How is battery
disposal handled in rural electrification?”; “How would you describe the awareness on environmental
issues on a political and social basis?”) focused on the environmental awareness (formal and informal).
Finally, questions on the socio-cultural dimension (“To what extend (and how) are projects adjusted
to local circumstances?”; “Have you found different behaviors related to the ethnical background?”;
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“Do you provide different technological solutions to different communities? If so, what are the criteria
these decisions are based on?”; “Do you remember any cases where PV systems were rejected by
a community?) aimed to address socio-cultural aspects of policies and electrification programs, as
well as their social acceptance and accuracy. Although the questions were previously defined, the
semi-structured interviews allowed us to dive much deeper into specific topics by asking additional
questions according to the background and expertise of the interview partners.

The interviews lasted between 28 and 108 minutes, and all of them but one (as one interviewee
asked to stop the recorder fearing political retaliations) were fully recorded. Two additional statements
were given by email. A representative from a German Bank for Development refused the interview
fearing to fuel diplomatic turbulence between Germany and Ecuador at that time.

The information gathered by the document analysis and the semi-structured interviews allowed
us to assess the sustainability of the rural electrification efforts in Ecuador. The assessment of the
information was based on coding. By using the MAXQDA11®software [67], the codes were clustered
according to a set of indicators (see Table 1) corresponding to the four dimensions of sustainability
considered in this paper: institutional, economic, environmental, and socio-cultural. Our assessments
are presented below.

Table 2. Interview Partners.

Area Sub-Area Division (if applicable)

Government Institutions
Energy Sector

Ministry of Electricity and RE (MEER) Division of Renewable Energy

Division of Energy Distribution

Agency for Regulation and Electricity Control
(ARCONEL, by its Spanish acronym)

Division of Planning

Division of Technical Regulation

Division of Environmental
Management

National Institute for Renewable Energy and
Energy Efficiency Research Line on Solar Energy

Government Institutions
Non- Energy Sector

Coordinating Ministry of Strategic Sectors
(MICSE)

Sub-secretary Coordinating
Ministry

National Planning and Development Secretary
(SENPLADES by its Spanish acronyms)

General Sub-secretary for
Planning of Good Living

Ministry of Environment Third Communication on
Climate Change Mitigation

Academics and Research
Institutes

Universities/Research Centers
Public Policies

Sociologist

Electric Engineer

International Agencies
United Nations Development Program (UNDP) Energy Division

Inter-American Institute for the Cooperation in
Agriculture (IICA by its Spanish acronyms) Division of renewable energies

NPOs

Ecuadorian Foundation for the Proper
Technology (FEDETA)

Rural Development Organization (naming
undesired) Local solar energy initiative

Cooperation for the Investigation on Energy

Energy Companies Electricity Distribution Companies (EDCs) RE Unit

Private RE Companies RE Companies

Independent Energy
Consultant (previously
hired at EDCs)

Energy Rural Energy
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3. Ecuador

3.1. General Background

Ecuador is a former Spanish colony of about 283,500 km2 bordered by Colombia on the north,
Peru on the east and south, and the Pacific Ocean to the west. The Andes act as a transect from north
to south dividing the country into three geographic regions: the coastal lowlands (located between
the Andes and the Pacific coastline and characterized by its tropical climate), the Andean highlands
(mostly temperate and relatively dry), and the Amazon basin (on the eastern side of the Andes and
characterized by a rainforest climate).

Most of the inhabitants of the country (nowadays, about 15.8 million people) traditionally lived
in the coastal lowlands and the Andean highland. In 2015, 63.7% of the total population of the country
was urban [68]. By the mid-1960s, the Amazon basin of about 120,000 km2 was basically disconnected
from the rest of the country, which favored the conservation of the Amazon rainforest. This area was
traditionally inhabited by small and dispersed indigenous communities. However, during the last
decades the central government favored the colonization of the region, which was further accelerated
by the discovering of oil in the early 1970s. To date, still less than 5% of the total population of the
country inhabits this area that stands for nearly 40% of the total territory of the country.

Although Ecuador’s economy was traditionally based on agriculture, during the last decades the
country has been highly dependent on oil revenues that, in 2013, accounted for 56.5% of its incomes
from exports [69]. Mostly driven by oil revenues, between 2007 and 2014, on average GDP grew by
4.3% per year, while the poverty ratio declined from 38% to 23% during that period [70].

The government of the country is organized at different levels: municipalities or cantons (often
including towns, small cities, and also rural areas), provinces (which include several cantons) and,
more recently, political regions (which include several provinces). Ecuador is a presidential republic
and representative democracy. Officials are elected by popular vote at different levels: majors in
municipalities or cantons, prefects in provinces, and the president of the country (which controls
the national government and designates officials in charge of the political regions [71]). Despite
this formal decentralization, oil revenues are controlled by the national government, and there is
a partial redistribution of these funds to municipal and provincial governments. The representatives
(congressmen) are elected by popular vote to the National Assembly (unicameral congress) that acts
as the legislative branch. The current President, Rafael Correa, was elected in January 2007 for the
first time, and reelected in 2013. Since 2008, the national government has been reorganized, currently
accounting for 21 Ministries, six Coordinating Ministries, and 11 State Secretaries [72]. In 2013, Ecuador
ranked 79th on the Democracy Index (compiled by the Economist Intelligence Unit, EIU).

3.2. Electrification in Ecuador

Generation and distribution of electricity began in Ecuador during the first half of the 20th century
as private initiatives, later supported by local governments (municipalities) of major cities in the
country. This is why municipalities still hold some shares of EDCs serving major cities in the country
(see e.g., [73–75]). These early initiatives were focused on the major urban nucleus and only in the early
1960s did the national government assume a regulation role by creating the Ecuadorian Institute of
Electrification (INECEL, by its Spanish acronym). Since 1961 to 1999, INECEL centralized the sector’s
planning, regulation, tariffs, construction, and operation processes, leading to high electrification
growth rates [76]. INECEL bought most of the shares of existing EDCs, and created new public
companies for generation (including important hydroelectric projects), transmission, and distribution
(aimed at areas beyond major cities) [77,78].

In the 1990s, a liberal administration tried to open the electric sector to private investors [79].
Aimed at the privatization of the public EDCs, this administration decreed the substitution of
INECEL by the Agency for Regulation and Electricity Control (CONELEC, by its Spanish acronyms).
CONELEC assumed the role of strategic planning, control and supervision of the EDCs, as well as
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the tariff regulator [80], while INECEL’s assets were transferred to the “Solidarity Fund” (“Fondo de
Solidaridad”). The latter was an agency created in 1993 and controlled by the National Modernization
Council (CONAM, by its Spanish acronym) that led the privatization processes in Ecuador [81]. The
“Solidarity Fund” became the majority shareholder of six generation companies, one transmission
company, and 20 EDCs [10]. Yet, the planned privatization of the EDCs was never accomplished.

In 2009, the Correa Administration eliminated the “Solidarity Fund”, transferring the assets of the
six generation companies to a new public consortium: the Ecuadorian Electric Corporation (CELEC
E.P. by its Spanish acronym). Assess of the EDCs were transferred to a new ministry: the Ministry of
Electricity and Renewable Energy (MEER by its Spanish acronym) that assumed the role of designing
policies on generation, transmission, and distribution [76].

In 2015, the Correa Administration ordered the merging of the existing EDCs to form a single
company, and reorganized the functions of the MEER and CONELEC (which slightly changed its
name and its Spanish acronym to ARCONEL), giving more power to MEER. MEER assumed the role
of strategic planning, while ARCONEL kept the role of control and supervision of the EDCs, as well as
a tariff regulator [80].

Currently, the share of NCRE in Ecuador accounts for less than 2% of the total power generation,
with PV (0.07%) and Eolic (0.32%) playing still a minor role [82]. The country mainly relies on hydro
and thermal power plants that account for 46% and 49% of the total power generation, respectively [82].
The relative importance of hydropower plants will sharply increase in the upcoming years, as the
government commissioned the construction of several major power plants, accounting for a total
power capacity of about 2.5 GW, which stands for an increment of nearly 50% of the current power
capacity (5.3 GW) [83].

Tariffs in the on-grid sector are highly regulated; all grid-connected residential users in Ecuador
are subjected to the same electricity tariff (US$ 1.4 fixed costs plus US$ 0.08 per kwh consumed), which
is adjusted annually by ARCONEL [84]. However, households that consume less than 130 kwh/month
(in the Amazon basin and the coastal lowlands) and 110 kwh/month (in the Andean highlands) are
subjected to the so-called “dignity tariff” (enacted by Constitutional Mandate No.15 in 2008), which is
half of the regular tariff. On the other hand, the off-grid sector is still mostly unregulated and there is
neither a tariff regulation nor are there service standards.

3.3. Rural Electrification

As compared to its Latin American neighbors, the electrification rate in Ecuador is high, having
increased from 89% of the total population (79% of the rural population) in 2001, to 94.82% (89.03% of
the rural population) in 2010, and up to 96.77% (no rural data available) in December 2013 [6,7].

These notable achievements in rural electrification were fueled by the “Fund for Rural and
Urban-marginal Electrification” (FERUM by its Spanish acronym). From 1998 until 2008, FERUM
received resources from a 10% tax charged to the tariff paid by on-grid commercial and industrial
consumers around the country [85].

In 2008, the Correa administration cancelled this tax, and funds for FERUM have thereinafter
directly been disbursed from the national budget. Although the funds for FERUM increased in the
first years (from US$46 million in 2007 to US$126 million, in 2008), promises of funding FERUM by
US$120 million were not fulfilled in 2009 and in 2011 [6]. More recently, in 2012/2013, FERUM received
about US$ 55 million (US$40 million by the Inter American Development Bank (IADB) and about
USD$15 million by the national government). A new contract (known as FERUM II) was signed with
the IADB in 2014 for a credit of US$30 million [86].

So far, most of the FERUM investments have been focused on the expansion of the grid to rural
areas. From 1998 to 2009, only 1.86% of FERUM was invested in off-grid RE solutions, including
stand-alone PV systems [87]. However, the focus on the grid expansion has begun to change in
recent years as it becomes nonviable in remote areas. Especially the provinces of Pastaza and Napo
in the Northern Ecuadorian Amazon and the province of Esmeraldas in the Northern Ecuadorian
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coastal lowlands present major geographical challenges for the extension of the grid. Moreover, some
communities in these areas are dispersed and isolated [8], which makes the grid expansion too costly.

Until 2009, few efforts targeted these remote and isolated areas by providing stand-alone PV
solutions. Before disappearing, the CONAM and the “Solidarity Fund” installed off-grid PV systems
in the Ecuadorian Amazon basin [88]. International initiatives in collaboration with MEER, such as the
Euro-Solar program (EUROSOLAR, NA), and the PROMEC program [88] were also relevant efforts,
targeting communities in the Amazon basin and the northern coastal lowlands [89]. Yet, estimations
indicate that only about 10% of the off-grid PV systems installed until 2009 are still in use [90].

In 2009, ARCONEL proposed to the EDCs to form special units focused on rural electrification
based on off-grid RE solutions. Some companies, following this proposal, thereinafter deployed
stand-alone PV systems funded by FERUM. For example, the EDC “Empresa Electrica Quito (EEQ)”
formed a RE unit and has installed 370 stand-alone PV systems (funded by FERUM) in rural areas
surrounding Quito (the capital of the country of nearly two millions inhabitants). EEQ has the
responsibility of providing electricity to Quito, but also to the surrounding rural population (that
includes non-indigenous farmers separated from the grid by dozen of kilometers). EEQ has installed
systems of 390 watts peak (Wp), which translates into approximately 45.81 kwh per month (roughly
twice those provided by the EDC CentroSur) [91]. EEQ set a monthly fix price of US$5. The company
subsidizes the remaining US$14.4 to cover the total O and M costs of US$19.4 per month [91].

Another EDC, “CentroSur”, also formed a RE unit and installed, since 2010, approximately 2900
stand-alone PV systems of 150 Wp in about 70 communities in the Amazon basin. CentroSur is the
EDC in charge of providing electricity to Cuenca (the third most populated city in Ecuador with
nearly half a million inhabitants), but also to a significant part of the Southern Ecuadorian Amazon
basin (inhabited by small indigenous communities—each with a population of less than 60—often
highly dispersed). CentroSur estimates that the minimum energy generated by their PV solutions is
19 kwh per month, which is charged by applying the “dignity tariff” [88]. Montero and Cajamarca [60]
estimate that this tariff only covers about 15% of the related operational costs of the EDC. The rest of
the operational costs are normally absorbed by the EDC, which is facilitated by the size of the company
and the incomes from providing the service to a significant urban population.

Nowadays, rather than stand-alone solutions, MEER is promoting PV-powered microgrids of
up to 10 megawatts peak (MWp) in remote areas. These microgrids should be funded by FERUM
(through the FERUM II contract) and are meant to generate energy not only for households, but also
for schools, public lightning, and small health centers.

4. Results

4.1. Institutional Sustainability

4.1.1. Stability

Institutional sustainability requires strengthened formal institutions, whose strength is determined
by their enforcement and their stability (durability). Both have always been problematic in Ecuador.

As described above, the Correa administration has introduced profound reforms that included
the energy sector [92]. However, institutional changes did not begin with the Correa administration.
In fact, Ecuador has undergone frequent institutional changes in its short history as a free nation. Since
1938, the country has adopted seven different constitutions: in 1938, 1945, 1946, 1967, 1978, 1998, and
2008. The last of these constitutions was promoted by President Rafael Correa after his election in 2006.

Disruptive changes can also be observed in RE policies. For example, in 2011, ARCONEL
introduced a very high Feed-In-Tariff (FIT) of 40 cents per kWh to foster on-grid NCRE; an even higher
tariff of 44 cents per kWh was introduced in Galapagos Islands (which are also Ecuadorian territory).
Despite the fact that it did not reach the goal of 300 MWp, the FIT program was abandoned.

Rural electrification efforts by off-grid PV systems have been affected by these frequent
institutional changes as well. In 2004, the CONAM, decided to run a program to install 620 stand-alone
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PV systems. The systems were acquired and installed by the “Solidarity Fund” in remote areas in the
Ecuadorian Amazon basin. In order to ensure the maintenance of the systems, they were supposed
to be transferred to the EDCs. However, the transfer of the system to the EDCs did not occur and
the “Solidarity Fund” was eliminated in 2009. According to an EDC representative, due to the lack of
a legal transfer, the PV systems did not have an owner and were eventually abandoned, as they were
not maintained by anyone.

Several interviewees considered the continuing changes in the institutional framework and the
changes in authorities to be a significant issue in Ecuador. According to a representative of the UNDP
“one of the big issues of any project is the rotation of authorities in the different Ministries. [ . . . ] So, often the
planning of the projects is affected by these authority changes. And this really affects the projects a lot, and
especially, it affects the transmission of all the generated information”.

4.1.2. Regulations and Standards

The National Planning and Development Secretary (SENPLADES, by its Spanish acronym) was
founded in 2004 as a planning entity that originated from a merger of the CONAM with the National
Secretary of Development of Millennium Goals [93]. It is a branch of the Presidency and is the ultimate
decision-maker on the project approvals of all sectors. SENPLADES generated the “National Plan for
Good Living PNBV 2009–2013”, and more recently, the PNBV 2013–2017 [93].

Allegedly, based on the 2008 Constitution, the PNBV aims to provide a roadmap for developing
the country. However, several interviewees have questioned if the PNBV was conceived according
to the reality of the country’s situation and if its effective execution is possible. According to a social
science researcher.

“ . . . they [SENPLADES] are writing what is the policy or the dream of Good Living. [ . . . .] So
you got persons [ . . . .] who are directly from the middle upper class, especially middle class, who have
a wonderful vision, full stop. From there on it is disconnected from reality.” Furthermore, according to
a political science researcher, objectives in the PNBV are expressed as mere intentions without any
quantifiable indicators.

A professor of electrical engineering argued that another reason why PNBV objectives are hardly
achievable is that “many of these things are in the constitution, but from the constitution it needs to
be passed on to laws, and from there to regulations”. However, at different government levels, some
public agencies have not produced the regulations needed to deliver the vision expressed in the PNBV.
Reasons are manifold, but some interviewees pointed to the lack of consensus on some of the PNBV
objectives. According to a social science researcher, there is a gap “between the political decision and
the technical criteria, and hence the applicability of the policy”.

The lack of coherence between the constitution and the regulations has affected the rural
electrification in Ecuador. According to a representative of ARCONEL, although the 2008 constitution
declares that energy is a basic right, it is not anchored in the law, such that the lack of provision of
service is not penalized. An energy consultant added: “in fact, one of the managers [of an EDC] who is
a very good friend of mine, said ‘Listen, I already have enough with the grids. Don’t put me any more activities,
because I don’t even get along with what I have. It is irresponsible to compromise to attend more people when I
can’t attend the current ones well’”.

Constitutional rights regarding energy have also lacked enforcement in Ecuador. This lack of
enforcement has inhibited the development of strengthened and sustainable formal institutions which,
in turn, may avoid further efforts on improving regulations or setting new standards.

4.1.3. Decentralization and Openness to Participation

In addition to a decentralization process (understood as redistribution of the funds to elected
local governments), the Correa administration adopted a “deconcentration” approach (understood
as the delocalization of the central government aimed at the efficient provision of services). Indeed,
several services have undergone delocalization/deconcentration in recent years. However, the energy
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sector, in particular the distribution of electricity, takes the reverse strategy, being subject to a process
of recentralization.

Law 418 issued in 2015 stipulates that the 11 EDCs in the country will be merged to one single
company, whose ownership will be transferred to the central government by the end of 2016. This
decision was mainly motivated by the prospect of economies of scale. The interviewees partly
welcomed the initiative, since it may facilitate the compensation of eventual losses of one EDC by
other EDCs. Indeed, losses are frequent in the case of EDCs serving rural areas, while they are less
frequent in the case of companies serving urban populations. Moreover, EDCs show considerable
differences in their efficiency, and pay different attention to rural electrification. One single EDC could
phase out these differences. The same is true for technical and quality standards, as there are currently
differences between the standards adopted by different EDCs.

Recentralization may lead to short-term benefits to the Ecuadorian energy sector (by facilitating
the adoption of coherent technical and quality standards of service). However, some interviewees
pointed to the loss of adaptability (i.e., the ability to meet the changing needs of the rural population in
remote areas of the country). The central government planning may further restrict local participation,
while empowering its own position. According to a representative of a NPO: “On top is the Ministry of
Electricity. In theory, with the new electricity law, the [ . . . ] national energy operator, the one which would
basically be the generation, transmission, and distribution, would all be below this organism. So, basically this is
a very high concentration of power in the electricity sector.” and “the EDC, in this case [referring to an example]
the CentroSur, does not have the independence from the MEER to take decisions in the area, in the local sector.”

4.2. Economic Sustainability

4.2.1. Cost Effectiveness and Reliability

In the case of the remote areas (inhabited by small communities—each with a population less
than 60 and often very dispersed), Ecuadorian officials appear to recognize that off-grid RE systems
are a cost-effective solution (since grid expansion is too costly in the Northern Ecuadorian Amazon as
well as in the province of Esmeraldas, in the Northern Ecuadorian coastal lowlands). This may explain
why, in 2009, ARCONEL proposed to the EDCs to form RE units focused on rural electrification based
on off-grid RE solutions. As described above, following ARCONEL’s advice, some companies (such
as EEQ and Centro Sur) established RE units and have deployed stand-alone PV systems funded by
FERUM in rural areas of the country.

The cost-effectiveness of off-grid PV solutions in remote areas is also favored by the geographical
location of Ecuador. Indeed, the adoption of solar energy technologies has the potential to yield
long-term benefits for the country in terms of reliability (through reliance on an inexhaustible and
import-independent resource). However, assuring a reliable energy supply further demands for local
access to spare parts, which entails not only the know-how, but also funding for O and M. Yet, missing
spare parts and a lack of know-how of the communities on how to do small maintenance repairs has
been one of the reasons for the damage of PV systems from the FERUM 2008–2010 program [94]; in the
case of CentroSur, on the other hand, despite the fact that costs are not covered by the government,
the communities all have a stock of spare parts and receive training (all users get trained on basic
maintenance, and a technical operator is trained in-depth) on how to maintain the systems [88].
As explained below, O and M funding is still an open issue in Ecuador, which may compromise the
reliability of off-grid PV solutions in remote areas.

4.2.2. Initial Investment

Economic sustainability of rural electrification efforts requires ensuring the affordability of the
systems and their O and M. In Ecuador, policy intervention is inevitable because rural populations are
poor and cannot afford the initial investment by themselves.
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The initial investment (either for grid extension or for off-grid PV solutions) is provided by
FERUM. The high rate of rural electrification reached in Ecuador in recent decades is a consequence
of FERUM that funded initial investments associated with rural electrification efforts. Although
FERUM is still the main source of resources for initial investments aimed at rural electrification, it is
no longer funded by on-grid commercial and industrial consumers, but by the central government.
In other words, the budget of FERUM depends on political priorities of the central government. The
change in the funding mechanism for FERUM has resulted in great variability of funds aimed at
rural electrification.

These changes in the funding system of FERUM were sharply criticized by interviewees who
were also skeptical on the perspectives of FERUM. According to a NPO representative, as “lean periods
that may come next year because of a lack of oil revenues, what are you going to do? Cut the budget.”

4.2.3. Operation and Maintenance

There are no public funds specifically allocated to O and M of rural electrification programs.
In the case of grid-connected users, the costs of O and M are covered by the tariff (also in rural areas).
However, in the case of off-grid PV solutions, these costs are significantly greater than what poor
inhabitants in remote areas can afford. Although, in the latter case, the IADB has suggested MEER to
allocate funds for O and M, the interviewees from MEER and from ARCONEL confirmed that, up to
now, it is not clear how to fund the O and M of the off-grid rural electrification programs. The costs of
O and M of rural solutions could be included in the tariff of urban users or be covered by FERUM.
However, no solution has been implemented yet.

As FERUM only funds the initial investments, the O and M of off-grid systems must currently be
assumed by EDCs. However, according to the interviewees, companies are reluctant to assume these
costs (especially in the case of remote areas), since it generates a financial gap for EDCs. Although this
gap is supposed to be covered by the Ministry of Finance, according to an interviewed consultant (and
confirmed by a representative of an EDC), the reimbursement to EDCs for O and M expenses is not
met in practice.

The need of allocating funds aimed at O and M is well known by the Ecuadorian officials.
However, a representative of MEER declared that the country is still searching for a model to ensure
the economic sustainability of rural off-grid electrification.

4.2.4. Contribution to Income of Users

As a higher access to energy is usually correlated with higher income, for energy solutions to
be sustainable they are expected to contribute to income-generating opportunities for inhabitants of
remote areas. This idea seems to drive the new policy adopted by MEER that promotes PV-powered
microgrids of up to 10 (MWp) for remote areas. A pilot project based on microgrids at Zancudococha
(Orellana Province) has benefitted 29 families [10]; the new microgrids will be funded by FERUM
(through the FERUM II contract) and are meant to generate energy not only for households, but also
for schools, public lighting, and small health centers. However, for the user’s productive outcome
to be increased, the electrification programs need to be coupled with complementary infrastructure
including training and education which, according to the interviewees, is currently not the case.

Moreover, several projects based on productive uses have been implemented in Ecuador by
NPOs. These projects range from handcrafts, to corn dryers powered by PV energy, solar boats for
transportation, and energy for milk collection centers. All of these solutions are only pilot projects so
far. A representative of a NPO involved in the development and implementation of these solutions
stressed that “in order to be sustainable, it needs to originate right there. From the profitability of the proper
system, which need to be sufficiently profitable to be attractive.” Similarly, another NPO representative
agreed on the importance of “ . . . not creating a project from outside and imposing it on the community so
much, but rather talk about what is solar energy capable of, and what would be helpful to them.”.
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4.3. Environmental Sustainability

4.3.1. Environmental Awareness

Interviewees considered especially the middle and upper class in Ecuador to be aware of the need
for environmental protection. Indeed, the country was one of the first Latin American countries in
creating a Ministry of Environment (in 1996) [95]. Moreover, the concept of environmental protection
was included in the 2008 Constitution. The 2008 Constitution also states the need of consulting the
communities affected by any major economic activity (such as oil drilling or mining). However, these
rules are usually not complied in practice, which may indicate that environmental awareness is not
widespread in Ecuador.

A representative of a NPO explained that communities in the Amazon basin, where most of the oil
drilling takes place, are mostly opposed to these activities since “they know that their lives economically,
as well as socially, but economically, that they depend on the health of the forests.” Despite the opposition
of some communities, drilling in the Amazon basin and major mining in the Andean highlands
are currently flourishing in the country. Indeed, recently the Correa administration authorized oil
drilling in the Yasuni National Park, located in the Amazon basin and considered to be one of the most
biologically-diverse forests in the world [96]. This authorization was issued despite the fact that the
area was a protected National Park hosting uncontacted indigenous communities [97].

The high dependence of the country on oil revenues accounted for 56.5% of its incomes from
exports in 2013 [69], and appears to be driving decisions of the central government. Notwithstanding
what is written in the constitution, environmental issues seem to be having a minor role in
policy-making.

4.3.2. Environmental Impacts

In general terms, the adoption of solar energy technologies yields long-term benefits in terms of
pollution abatement and climate change mitigation. In the Amazon basin, which hosts the greatest
biodiversity on Earth, the benefits are particularly clear in the short term; the adoption of solar
energy technologies for electrification in these areas may contribute to protect the biodiversity, reduce
deforestation, moderate land degradation, and avoid noise (that may disturb uncontacted indigenous
communities inhabiting some areas in the Amazon basin; [98,99]). Despite these benefits, rural
electrification policies in Ecuador continue to favor grid expansion. Off-grid solutions have been
adopted only in areas that present major geographical challenges for the extension of the grid, or that
are inhabited by dispersed and isolated communities.

Regarding the prevention of negative environmental impacts, environmental considerations seem
to rank behind economic or political motivations of electrification efforts. One example has been in
San Lorenzo (a town in the province of Esmeraldas, in the Northern Ecuadorian coastal lowlands),
where the grid extension was only possible by clearing part of the mangrove forest. The alternative
would have been a minigrid, but as stated by an NPO manager, “ . . . because on Saturday I [the president
during his TV-aired weekly “report of activities”] say ‘they will put it [the grid] in this part [in San Lorenzo].’
So everybody [the public agencies] ran and in two months they cleared the mangrove forest and put the things.”

Even in those cases within which off-grid solutions have been adopted, potential negative
environmental impacts have not been taken into account. In the particular case of stand-alone PV
systems, the major issue is the battery disposal. Although some EDCs collect the batteries after
replacement, there is no regulation on what to do with the old batteries. According to a senior official
of the MEER, “the whole amount of batteries is extremely heavy. So it sums up. So, the battery is sometimes
buried, or they are really taken out to be processed here in the urban regions. There are companies that take
care of that, but the costs are not yet made transparent. So, we are still in the discussions”. Although, in the
main cities of the country, there are companies that buy the old batteries and, thus, in theory facilitate
a cleaner disposal, it is not clear what is currently occurring with the batteries of stand-alone PV
systems after replacement.
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4.4. Socio-Cultural Sustainability

4.4.1. Accessibility (Disparity/Equity)

Based on the interviews, we found especially the middle and upper class in Ecuador to have
a notion of social justice concerning distribution of economic resources (which includes the access to
electricity). This may partially explain the notable achievements in rural electrification of the country
as compared to its Latin American neighbors. The rural electrification rate in Ecuador reached 89.03%
in 2010 [6,7] and the 2008 constitution states that electricity is a basic right.

Despite the apparent consensus regarding the accessibility (access to electricity) for everybody,
different redistribution approaches coexist in the country. These approaches are relevant when
deciding who is provided with electricity, and the amount of energy to be provided to each person.
The most recent approach adopted by the current administration is nowadays promoting PV-powered
microgrids of up to 10 MWp for remote areas, rather than the stand-alone solutions. A microgrid can
have a positive socio-economic impact in terms of productivity by delivering significantly more energy
per inhabitant than stand-alone solutions.

However, several interviewees criticized this microgrid policy because it leads to a disparity of
resources, which may be unfair. According to a representative of a private company, the microgrid is “
. . . a project which they have and want to take out quickly, because it is a good image for them, because it is a big
system and it will look very nicely on the picture [ . . . ]. We are providing the solution to 20 families, and that’s
fine, but what happens to the rest?” Regardless of the motivation of MEER, the issue is that microgrids
are significantly more expensive, such that few communities receive a complete solution, while others
have to wait until new funds are available.

These critics favor policies based on the principle of equity, which claims that all citizens should
be secured a minimum standard. Hence, the EDCs should provide a minimum level of energy
for everybody (including rural areas). Although it is not clear what this minimum would be, the
interviewees have some suggestions. For example, according to a representative of a private company,
“they [the government] should put a real goal, and say ‘I can eliminate the darkness’, right? I won’t give them
a TV, nor a fridge [ . . . ] But I do take them out of the darkness, I will give them light. And that could be done.
They could do so very rapidly. In six years we could leave the country completely free from matches.”.

4.4.2. Social Acceptance and Accuracy

Social acceptance requires a participatory and inclusive approach in which the local community
is engaged. Efforts to promote social acceptance are necessary, because often political differences
between indigenous leaders and the government have led to the rejection of electrification programs
in Ecuador [88]. Although social acceptance of electricity appears to be still an issue in remote
areas of the country, some EDCs have addressed the topic. For example, CentroSur has carried out
significant efforts aimed at getting its consumers involved in the Amazon basin (often small and
isolates communities). The RE unit of this EDC reaches the community and gets them involved
by creating an Electrification Committee (formed by the heads of each beneficiary household) and
a Steering Committee (formed by member of the community that act as the local representative of the
EDC). Another elected local official is in charge of collecting the monthly payments and presents the
monthly reports and accounting to the EDC. This engagement strategy is actually aimed at gaining the
social acceptance of the technology, and at least in the case of CentroSur, has proven to be appropriate.
Indeed, this engagement strategy may explain the success of CentroSur; according to Urdiales [88],
more the 95% of the stand-alone systems installed by this EDC are still operating.

Although they argue that it was determined according to the consumption habits of the local
population, CentroSur provides to its consumers in the Amazon basin stand-alone PV systems of
150 Watts peak (Wp). The lack of accuracy (the capability of meeting local consumer demand) of this flat
solution has been criticized since it was not defined according to gender-specific or community-specific
requirements [94]. The same type of criticism applies for the microgrids promoted by MEER since, for
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example, in Esmeraldas, Leid [62] reported that they were oversized for the electricity consumption of
the area. The sophistication of microgrids may also be inaccurate for rural population if the system is
expected to be locally managed [62].

4.4.3. Cultural Justice

The 2008 Constitution in Ecuador as well as the PNBV emphasize that Ecuador is a plurinational
and intercultural State, with all ethnic groups having rights. Yet, the culture of small indigenous
communities is often not considered in the execution of public policies. Referring to the situation of
small isolated indigenous communities in the Amazon basin, a representative of a NPO provided
an example: “they [government] are building them [indigenous] a house of 40 meters, of 50 meters, with bricks,
with cement, with these, and stairs. [But] they don’t live with stairs [ . . . ] they start to close down the lower
part, because they don’t want to live downstairs. Or they put the animals downstairs”.

The microgrid policy from MEER has also been mentioned as an example of the disengagement
between public policies and culture of indigenous communities. For instance, although in the Amazon
basin an EDC discarded microgrids for semi-nomad indigenous communities, this technology was
ultimately imposed by MEER. According to a NPO representative, “the argument of the MEER is that
[ . . . ] you couldn’t say that you don’t like pizza, if you haven’t been given pizza. So I will give you pizza, and
let’s see if you like it”.

The major issue is not necessary the lack of awareness of the cultural particularities of small
indigenous communities, but the lack of respect for them. According to a representative of a NPO, “so
I told them [the MEER] ‘this [nomadism] is part of their culture as an identification term of their behavior.’ So
they said ‘change their culture’.”

5. Discussion

Institutional sustainability requires durable and strengthened formal institutions. We found that
disruptive changes have affected the electrification policies in Ecuador during decades of avoiding the
development of strengthened institutions. New ministries, regulators, and EDCs have been created and
later disappeared, often after changes in the central government administration. This lack of stability
or durability in formal institutions has, in turn, prevented further efforts on enforcing regulations,
ensuring the coherence of the legal frame, and setting better standards. The absence of strengthened
and sustainable formal institutions is a major drawback in Ecuador that, by inhibiting law enforcement,
also compromises the environmental and socio-cultural sustainability of rural electrification efforts,
particularly in the Ecuadorian Amazon.

Despite the frequent changes in policies and in the institutional framework, we found that,
in Ecuador, there is an apparent consensus on granting access to energy for all. This partially
explains the steady national efforts aimed at funding rural electrification. Favored by its size, the
notable achievements of the country regarding electrification have been based on the extension of the
grid. Since 1998, efforts targeting small indigenous communities in the Ecuadorian Amazon basin
also included off-grid PV systems. Although this type of solution may be particularly suitable for
semi-nomad indigenous communities in the Amazon Basin (which hosts the greatest biodiversity
on Earth), we found that environmental and socio-cultural aspects appear to have a minor role in
explaining the choice for RE solutions. Indeed, rural electrification policies in Ecuador continue to
favor grid expansion. Off-grid solutions have been adopted only in areas within which grid expansion
is too costly. Although throughout different administrations, Ecuadorian officials declared to favor
off-grid PV systems for rural populations, they have consistently avoided allocating funds aimed at the
O and M of the systems compromising the sustainability of the systems. Granting funds specifically to
O and M is required for ensuring the economic sustainability of off-grid PV solutions in Ecuador.

Environmental sustainability entails the prevention of negative environmental impacts. Although
Ecuador was one of the first Latin-American countries in creating a Ministry of Environment (in 1996),
the environmental regulation are usually not complied with in practice, which may be a consequence
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of the lack of strengthened and sustainable institutions, but also of the absence of widespread
environmental awareness of civil society. We found that environmental impact seems to rank behind
the economic and political motivation in Ecuador, such that environmental issues seem to still play
a minor role in policy-making. Even in those cases within which stand-alone PV systems have been
adopted, potential negative environmental impacts (for example, the battery disposal) are not taken
into account. Improvements regarding the impact assessment, but also in environmental awareness and
understanding, are required for ensuring the environmental sustainability of rural electrification efforts.

The whole legal framework emphasizes that Ecuador is a plurinational and intercultural State,
with all ethnic groups having full rights. Yet, the culture and opinion of small indigenous communities
are often not considered in public policies. The proposal aimed at providing energy to semi-nomad
indigenous communities in the Amazon deploying microgrids is a clear example. Although their rights
are explicitly recognized by the constitution, once again, the lack of strengthened and sustainable formal
institutions frustrates the enforcement of rights, laws, and regulations. The lack of inclusive approaches
in the policy-making also indicates that, despite the awareness of their cultural particularities, there
is no widespread respect for small indigenous communities in the country. Progress regarding
social acceptance, accuracy, and cultural justice is urgently needed for ensuring the socio-cultural
sustainability of rural electrification efforts in the Ecuadorian Amazon.

6. Conclusions and Recommendations

In this paper, we assess the sustainability of rural electrification programs in Ecuador, paying
special attention to programs targeting small indigenous communities in the Amazon basin.
Our assessment was based on a set of indicators (Table 1) corresponding to the four dimensions
of sustainability considered in this paper: institutional, economic, environmental, and socio-cultural.

Disruptive changes in electrification policies in Ecuador are too frequent. This lack of stability
in the institutional framework needs to be addressed if the country aims to build up strengthened
and sustainable formal institutions. Since these frequent disruptive changes have often occurred
after political changes, it is advisable for the central administration to promote a broader political
compromise aimed at building up strengthened and sustainable formal institutions.

Furthermore, the enforcement of the constitutional rights regarding energy is still weak in Ecuador
and the coherence of the legal frame regarding rural electrification is currently feeble. Since the
off-grid sector remains mostly unregulated, the MEER should consider reviewing the current legal
frame (including regulations and standards), paying particular attention to the consistency with the
constitutional rights. Moreover, ARCONEL should set technical and service standards that are binding
for all EDCs. Sponsored by ARCONEL, it is advisable for the EDCs to also define billing models,
which may differ from one community to the other.

Ecuador exhibits an incomplete decentralization, since decision-making rests on the central
government, not only regarding policies, but also concerning specific solutions (minigrids, stand-alone
systems, etc.). Therefore, ARCONEL should study the possibility of granting the faculties to the existing
RE units to decide on specific solution among the possible alternatives (minigrids, stand-alone systems,
etc.) and the power capacity of the systems. Granting these faculties to RE units (which are normally
in closer contact with the communities) will also address the likely loss of adaptability (i.e., the ability
to meet the changing needs) expected as a consequence of the ongoing administrative recentralization
process (all EDCs are merging on a single EDC). In order to address the alleged weak openness to
participation of locally-elected authorities or community representatives, it is advisable for ARCONEL
to enforce a consulting mechanism between the existing RE units, locally-elected authorities, and
native community representatives.

Although off-grid RE systems appear to be a cost-effective solution in rural areas of Ecuador, few
EDCs have conducted detailed cost analyses of off-grid solutions. Therefore, sponsored by ARCONEL,
the EDCs ought to carry out such detailed cost analyses for installation cost (per Wp) of off-grid RE
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solutions, the cost of O and M, recycling and proper disposal, as well as the spending capacity of the
inhabitants of remote areas. These analyses are also useful for defining billing models.

Moreover, the FERUM funds the initial investment, but its annual budget depends on political
priorities. O and M costs are covered neither by users, nor the existing funding mechanism (i.e.,
FERUM). Currently, these costs are borne by EDCs, which makes them reluctant to deploy off-grid RE
systems. Thus, it is recommendable for the central administration to restore the prior model based
on cross-subsidies (from users connected to the grid). A scheme based on cross-subsidies would also
address the uncertainty related to the funds allocated to the FERUM, whose annual budget would no
longer depend on political priorities. The MEER should, thereby, ensure that this cross- subsidy will
cover O and M costs of off-grid systems used to power low-income inhabitants of rural communities.

Several NPOs have installed PV-powered prototypes of productive systems (e.g., handicraft, corn
dryers, solar boats, milk collection centers). A government-sponsored program including microgrids
(for households, schools, and health centers) has also been initiated recently, aiming to contribute
to the income of users. However, no program exists for complementary infrastructure (training and
education, telecommunication, and transport). The MEER should, therefore, consider strengthening
transdisciplinary relations with other sectors, as well as identifying and replicating successful pilot
projects (in collaboration with NPOs).

Environmental protection is anchored in the Ecuadorian constitution, but rules are often not
complied with in practice, which may indicate that environmental awareness is not widespread.
In this regard, the MEER and the EDCs ought to include environmental experts in the design and
implementation of programs in sensitive zones, such as the Amazon. Moreover, environmental impacts
(positive or negative) are currently not included in the evaluation of small-scale electrification projects.
Therefore, the MEER and ARCONEL may want to consider including environmental impacts (positive
or negative) in the evaluation of small-scale electrification projects. In case of off-grid PV projects,
it is also recommendable for the RE units to ensure recycling and proper disposal of PV modules
and batteries after the end of their service life. ARCONEL should, therefore, explicitly regulate the
battery disposal.

In Ecuador there is consensus regarding accessibility to electricity for everybody, but
disagreements persist on who is provided with electricity first and the amount of energy to be provided
to each person. Recent programs based on microgrids provide sufficient power to households, but
will favor a limited number of people leaving thousands waiting for solutions. In this context, the
MEER may want to consider promoting a policy aimed at getting rid of dangerous energy sources, like
matches/candles, by granting access to electricity with a minimum capacity to all citizens first. In this
regard, pre-electrification via pico-solar PV systems could be an option.

Additionally, few EDCs, through their RE units, apply a participatory and inclusive approach
aimed at gaining social acceptance of the technology. Following the example of the successful program
applied by CentroSur, it is advisable for ARCONEL to enforce a participatory and inclusive approach,
particularly important in the case of indigenous communities.

As far as the EDCs are concerned, they apply one-size PV solutions that do not necessarily
fit all needs and that have not been determined based on gender-specific and community-specific
requirements. In order to improve the accuracy of their solutions, they should take gender-and
community-specific requirements in their project designs into account.

In general terms, cultural justice criteria and the opinion of small indigenous communities are
not considered in public policies (e.g., microgrids for semi-nomad indigenous communities in the
Amazon). In this regard, the MEER may want to consider including sociologists or social experts in
the design of programs for indigenous communities.

Even if not comprehensive or sufficient, these recommendations may be the first step in further
improving the sustainability of rural electrification programs in Ecuador. As the qualitative approach
can do justice to the complexity of such energy policies in the national context, additional qualitative
approaches to evaluate the sustainability of off-grid PV systems in different countries would be
insightful; these studies could then be used for an intercomparison between countries.
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Abbreviations

The following abbreviations are used in this manuscript:

ARCONEL Agency for Regulation and Electricity Control
CELEC Ecuadorian Electric Corporation
CONELEC Agency for Regulation and Electricity Control
CONAM National Modernization Council
EDC Electricity Distribution Company
EIU Economist Intelligence Unit
EEQ Electric Compnay Quito
FEDETA Ecuadorian Foundation of Appropriate Technology
FERUM Fund for Rural and Urban-marginal Electrification
IADB Inter American Development Bank
IICA Inter-American Institute for the Cooperation in Agriculture
INECEL Ecuadorian Institute of Electrification
MEER Ministry of Electricity and Renewable Energy
MICSE Coordinating Ministry of Strategic Sectors
MWp Mega Watts peak
NCRE Non-conventional renewable energy
NPO Non-profit-organization
O&M Operation and maintenance
PNBV National Plan for Good Living
PV Photovoltaic
RE Renewable Energy
SENPLADES National Planning and Development Secretary
UN United Nations
UNDP United Nations Development Program
Wp Watts peak
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