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The growth in electricity consumption and the resulting pollution suggests the need to incorporate clean energy
sources. Currently, technological advancement is affected by a series of barriers that prevent the adoption of
wind energy and solar photovoltaic energy. This research identifies the main barriers that affect these two
technologies in the Ecuadorian context. A triangulation approach is applied through a literature review and a

structured survey of expert professionals. The homogeneity in the responses affirms that the lack of an energy
policy, regulations, inadequate financing, fuel subsidies, and investor uncertainty are useful factors that must be
taken into account by various stakeholders to search for mitigating mechanisms that make new projects feasible.
Although several studies have been conducted to identify barriers in other contexts, the characterization of
barriers has been shown to depend on the conditions of the study environment.

1. Introduction

The implications of environmental deterioration, including the ef-
fects of global warming, demand that the energy supply be modified.
Globally, fossil fuels constitute the main source of electricity; therefore,
electricity consumption contributes greatly to the emission of green-
house gases (GHGs) [1]. Given the enormous pressure that electricity
production places on the environment, proposals that promote sustain-
ability and diversification should be considered. Current technology
enables a high proportion of electricity production to be accomplished
through the use of renewable resources. However, the applicability of
various possibilities depends on local characteristics, such as the avail-
ability of resources, costs, policies, and community acceptance.

Solar photovoltaic (PV) energy, wind energy (WE), and other
renewable energy (RE) sources are resources that can supply a sub-
stantial portion of the global energy demand. However, aspects related
to operation, maintenance, and the lack of empathy towards environ-
mental events prevent social acceptance and therefore timely imple-
mentation. On the other hand, the intermittency of renewable sources
requires them to coexist with conventional energy technologies. In this
sense, promoting RE will not eliminate generation based on fossil re-
sources in the short term but will reduce dependence on fossil resources.

* Corresponding author.

The Institute for Energy Diversification and Savings of Spain (Instituto
para la Diversificacion y Ahorro de la Energfa de Espana [2]; established
11 sectors and 22 RE systems; however, some are not in a commercial
condition or widely available. Large-scale hydroelectric plants produce
negative impacts on ecosystems in both their construction and their
operation [3,4]. On the other hand, solar PV energy and WE are
becoming more common in the electricity market and currently
constitute the fastest-growing energy sources in the world [5]. Never-
theless, appropriate dissemination in all countries is necessary to ach-
ieve maximum use.

Energy policies in Ecuador emphasize the need to diversify energy
sources [6]. For this reason, substantive mechanisms have been imple-
mented to introduce new technologies to produce electricity. Despite the
proposed initiatives, the adoption of WE and PV energy is stagnant
compared to that of traditional technologies (hydroelectric and thermal
plants) [6,7].

The definition of barriers that affect the diffusion of technologies has
its roots in the theories of technological innovation, national innovation
systems, and sociotechnical regimes. These theories propose that the
definition of the factors of development and diffusion of new technol-
ogies can be defined by consulting the actors in a particular sector.
Several obstacles of a regulatory, political, environmental, social, or
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technological nature must be identified, but depending on the country or
region where they are analysed, they have different importance. Once
these obstacles are identified, specific policy recommendations can be
made to target those that are considered most important by the
stakeholders.

Eleftheriadis & Anagnostopoulou [1] and Zhang et al. [8] propose
the identification of barriers by applying a questionnaire in which
stakeholders from various entities participate: private companies, the
government, financial institutions, scientists, and NGOs. In this manner,
the different points of view will provide a basis for understanding the
conditions that affect or promote the development of the analysed
sector.

This work identifies barriers that prevent the promotion of WE and
PV energy, since knowledge of these barriers will facilitate the promo-
tion of actions supporting the inclusion of energy alternatives in an
environment dominated by thermal power plants and large hydroelec-
tric plants. By identifying the obstacles preventing the expansion of new
technologies, a more robust electricity sector composed of both con-
ventional technologies and RE can be promoted.

2. Ecuadorian energy context

The Republic of Ecuador is located on the shores of the Pacific Ocean.
The country covers a territory of 283,561 km? and is located between
Colombia and Peru. According to its climate and geography, Ecuador is
divided into the Coast, Mountain region, Amazon region, and Insular
region. As the country is located on the equator, its conditions are
favourable for RE implementation in the field of electricity generation
[6]. Crossed by the Andes mountain range, the country has both
mountainous conditions and coastal regions. Ecuador has a particular
geography and two seasons: rainy and dry. In addition, there is a wide
variety of microclimates, which make characterization of the country
difficult. From December to May, the rainy season, which is character-
ized by a contradictorily warmer climate due to the El Nino current in
the Pacific Ocean, predominates. From June to November, there are low
temperatures and dry conditions. Given the variety of climates and re-
gions, various resources can be exploited as energy sources.

In 2017, the total energy demand in Ecuador was 105 MBOE', and
the total primary production in the same year was 222 MBOE [9]. Of the
total primary demand, 87% was for oil, 5% was for natural gas, and 8%
was for RE (hydropower, firewood, cane products, WE, and PV).
Dependence on fossil fuels has been maintained for over 40 years [10].
In 2017, diesel, gasoline, electricity, and liquefied petroleum gas rep-
resented 32%, 30%, 17%, and 9% of the total energy consumed in the
country, respectively [9]. In 2019, the power production was 26,408
GWh, of which 89.63% was generated by hydroelectric energy, while
thermal plants produced 10.05%. Wind, PV, biomass, and biogas energy
contributed a total of approximately 1.32%. Table 1 shows the installed
power capability of the various technologies. Nonconventional energy
resources such as biomass, wind, and PV have a limited contribution
compared to traditional energy sources.

Fuel consumption (diesel and fuel oil) for power generation has been
reduced, which provides the opportunity for participation by large hy-
droelectric plants with a slight contribution from nonconventional
renewable technologies such as WE and PV energy. Diesel consumption
decreased by 93.5 million gallons in 2018, which is approximately 45%
of the level in 2009. In the same period, fuel oil consumption decreased
by 39 million gallons, and residual fuel oil decreased by 10.34 million
gallons, which represent 17.33% and 26.56%, respectively, of 2009
levels [12]. Large hydroelectric dams are the power plants providing the
main contribution to the Ecuadorian electricity sector, which has
resulted in a vast amount of public spending in addition to the envi-
ronmental impact [14]. This infrastructure does affect the environment,

1 million barrels of oil equivalents.
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Table 1

Installed power by type of source in Ecuador. Source: [11-13].
Nominal Power in Electric Power Generation MW %
Renewable Large hydroelectric” > 50 MW 4462.39 51.48

Small hydroelectric <50 MW 611.26 7.05
Biomass 144.30 1.66

“ PV 27.63 0.32
EE 21.15 0.24
Biogas 7.26 0.08

Renewable Total 5273.99 60.84

Nonrenewable Thermal MCI 2010.92 23.20
Thermal turbogas 921.85 10.63
Thermal turbovapour 461.87 5.33

3394.63 39.16
8668.62 100

Nonrenewable Total
General Total

@ Although a large hydroelectric plant uses a renewable resource, it is not
considered a renewable technology due to the environmental impact it causes in
the construction, operation, and removal of the facility.

which explains why the consideration of these plants as clean technol-
ogy is a subject of debate [15]. In the Ecuadorian case, the use of
installed power is growing, with special attention to large power plants,
as exemplified by the Coca Codo Sinclair project, with 1500 MW [10].
Projects currently at risk of erosion that affect feed flows [16] expose the
fragility of a poorly diversified system.

In Ecuador, hydroelectric plants with a maximum power capacity of
50 MW are considered RE plants [6,7,10]. These systems represent an
installed power of 7.05% [13]. Biomass is ranked second, with 1.66%,
and PV energy and WE contribute smaller amounts, at 0.31% and
0.24%, respectively. Biogas represents 0.08% of the power generated.
While the advantages of nonconventional RE may be notable, their
contribution to the country’s electricity generation is small. This mar-
ginal contribution is attributed to barriers that need to be identified as a
precondition to the establishment of policies that increase the adoption
of these technologies.

2.1. PV potential in Ecuador

The global radiation in Ecuador varies between 2.9 kWh/m? day and
6.3 kWh/m? day [17]. For PV generation, at least 3.8 kWh/m? day is
recommended; the insolation in approximately 75% of the Ecuadorian
territory exceeds this value [18]. This potential for electricity produc-
tion was estimated at 312 GW or 283 MBOE per year, which is com-
parable to 15 times the national potential for hydropower [19]. Despite
this substantial solar potential in Ecuador, PV use remains marginal. The
latest report from the Agency of Electricity Regulation and Control
(Agencia de Regulacién y Control de Electricidad, ARCONEL) indicates
that the current PV energy capacity in Ecuador is 27.63 MW [11]. This
number represents approximately 0.32% of the effective power pro-
duced by renewable and nonrenewable sources. The Ecuadorian solar
market has been developed in rural areas to supply electricity to isolated
areas [19]. Approximately 5000 PV systems have been installed, mainly
in the Amazon region; they provide 0.65 GWh/year [19]. In the case of
the country’s PV energy plants, the capacity ranges between 0.37 MW
and 1 MW.

By 2013, a total of 91 PV projects were under development. In 2019,
only 10% of the planned power was installed [6]. Optimizing the pro-
duction and implementation costs of PV energy systems is a determining
factor for this technology to contribute significantly to the Ecuadorian
energy matrix. Currently, there are expectations for the construction of
the PV solar farm “El Aromo”, which would provide an estimated power
of 200 MW with a CF of 15.9%. In this case, the state seeks private in-
vestment for these projects.
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2.2. WE potential in Ecuador

The gross WE potential in Ecuador has been estimated to be 2870
GWh/year [20]. This resource has not been fully utilized. There are
three WE plants currently operating, which contribute a total of 21.15
MW. The first WE plant to open was the San Cristébal plant in 2007, with
a nominal power of 2.4 MW and an annual production of 3.20 GWh. The
Baltra Wind Farm, generating 2.25 MW, started in 2014, and the Vil-
lonaco Wind Farm has been operating since 2013, with an installed
capacity of 16.50 MW. These power plants generate 0.24% of the
country’s electricity. Phases II and III of the Villonaco Wind Farm, with a
power capacity of 110 MW and an estimated capacity factor exceeding
40%, are currently under development. In 2018, the Villonaco Wind
Farm exhibited a capacity factor (CF) greater than 85% for July and
August [21].

A feasible potential of 1518.17 MW has been estimated for the short
term. There are studies showing an available power capacity of 900 MW
in coastal areas. In addition, at an altitude of 3500 m, wind speeds
greater than 7 m/s have been measured [6,20]. Regarding new projects,
construction of the Huascachaca wind farm began in 2019; it is expected
to be operating by 2022. The project was initially established with 25
wind turbines generating 2 MW of power each, providing a total power
capacity of 50 MW with an annual production of 101 GWh [6]. The
project has plans for future expansion with a maximum power capacity
of 150 MW.

2.3. Regulations to provide incentives for WE and solar PV energy

The United Nations General Assembly adopted the 2030 Agenda for
Sustainable Development in September 2015. The member countries
committed to meeting the objectives related to energy use, the creation
of infrastructure and the maintenance of the city under sustainable
development. This commitment seeks to make cities more resilient with
respect to climate change, promoting the economy and reducing poverty
at the same time [22]. At the United Nations Conference on Housing and
Sustainable Urban Development (Habitat III), held in October 2016 in
the city of Quito, Ecuador, the need to promote energy efficiency and the
use of nonpolluting energy sources was proposed at the urban level [23].
Under these perspectives, the National Government, through the Plan
for the Creation of Opportunities 2021-2025 [24], has established
several axes associated with the provisions of the 2030 Agenda for
Sustainable Development, as well as guidelines specific to the local sit-
uation that seek to create employment, promote energy efficiency pol-
icies, conserve ecosystems, regulate nonrenewable resources, and
reduce GHG emissions. As an alternative to meet these objectives, it
seeks to use renewable resources, which, in addition to being clean and
not producing pollutants, can reduce dependence on fossil resources and
guarantee long-awaited energy sovereignty [7].

From the normative point of view, the use of renewable energy re-
sources is established in the Constitution. Article 15 states that it is up to
the state to promote, in the public and private sectors, the use of envi-
ronmentally clean technologies and nonpolluting and low-impact
alternative energies, as well as energy sovereignty. Likewise, the
Organic Law of the Electric Power Public Service establishes in Art. 26
that the state will promote the use of nonconventional renewable en-
ergies (NCREs) through regulations defined by the regulatory entity. The
Electricity Master Plan, in the chapter related to Sustainable Develop-
ment (Objective 7), describes the necessity of guaranteeing access to
affordable, safe, sustainable, and modern energy for all. In addition, an
energy supply with quality, opportunity, continuity, and security is
stipulated as a requirement, with diversified, efficient, sustainable, and
sovereign energy as the axes of productive and social transformation.

The Organic Code of the Environment and its regulations establish
the principle of precaution and extended responsibility. In the first case,
measures are encouraged to prevent environmental degradation, while
the second principle establishes the responsibility of producers,
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importers or distributors throughout the life cycle of products [25].
Within the National Strategy for Sustainable Production and Con-
sumption, stipulated in the Regulation of the Environmental Code, it is
established that the National Environmental Authority (Ministry of
Environment, Water and Ecological Transition) will prepare the Na-
tional Strategy for Sustainable Production and Consumption, which will
include the guidelines to encourage sustainable production and con-
sumption habits, among which the promotion of energy efficiency and
the use of renewable energies will be contemplated, in accordance with
the national energy policy.

In 2002, the Ecuadorian state implemented a feed-in tariff. Through
this policy mechanism, the regulator sets preferential prices for the
purchase of RE. Preferential prices were initially implemented for
technologies that take advantage of solar, wind, biomass, and
geothermal resources. Fig. 1 shows the preferential prices of solar PV
and wind energy in the various regulations that were promulgated. As a
reference, the prices of conventional technologies vary between 3 and 4
cents/kWh.

However, payment conditions for private projects were not estab-
lished, so investment companies negotiated directly with distributors,
which did not provide payment security due to existing economic
problems. In 2009, the participation of self-generators in the self-supply
of energy was promoted, and any surpluses could be sold. Mini-
hydroelectric power plants (mini hydros) with a maximum power ca-
pacity of 50 MW were considered RE, which is a distinction imple-
mented to encourage the creation of this type of power plant. The
requirements, costs, forms of distribution, and validity of the noncon-
ventional RE connected to the National Interconnected System (NIS)
were established. The scope of this resolution also included projects that
were not connected to the power grid [7,26]. This regulation established
new prices for RE, with the highest preferential price for solar PV en-
ergy. In 2016, the preferential prices were repealed, so the interest in
executing this type of project declined.

In 2011, a payment priority was implemented for RE. It was expected
that interest in private investment would increase as a result. A prefer-
ential price was established for 15 years after subscription, with the
intention of stimulating project implementation over a shorter period.
Therefore, if a RE project took 3 years to start production, the investor
lost the tariff time. Thus, it was up to the investor to streamline the
generation processes. For approved projects, $800 million in in-
vestments with a power capacity of 355 MW was forecast; however, less
than 30 MW has been installed to date.

RE generation has remained stagnant since 2013 due to the reduction
in private investment. In 2018, the requirements for power grid con-
nections for solar PV microgeneration were established. This process
seeks to promote private self-generation by allowing the sale of
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Fig. 1. Preferential prices for nonconventional renewable energy sources
(repealed).
Source: [7,26].
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surpluses. The regulation establishes a maximum of 100 kW of nominal
capacity to allow the connection of low- and medium-voltage users.
Regulation 03/18 neither offers incentives nor contemplates the pur-
chase of surpluses if they exceed consumption on an annual balance
sheet [27]. Nevertheless, basic technical guidelines were established for
PV energy implementation in buildings. For 2021, Regulation No.
ARCERNNR 001/21, “Regulatory framework for Distributed Generation
for self-supply of regulated electricity consumers”, was enacted. This
regulation is in force and was approved in 2021 with the aim of estab-
lishing the process that distributed generation systems based on
renewable sources must comply with. The regulation is applicable to
consumers who install systems for their self-supply, systems connected
to the network, and distribution companies.

3. Literature review

Several authors have identified the barriers to RE deployment in
different contexts. The literature shows that even when similar meth-
odologies have been used to identify these barriers, the results are
different. It is necessary to establish the particular drawbacks of the
various technologies. To define the barriers, surveys of multiple
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stakeholders were conducted, which explains why these types of studies
were reviewed. This research was based on the identification of barriers
proposed by Zhang et al. [8] and Eleftheriadis and Anagnostopoulou [1].
Therefore, to identify similar investigations with similar methodologies,
several studies were found with the Scopus and Web of Science (WoS)
databases. In the papers presented in Table 2, survey techniques were
applied to establish the main barriers in different countries. The table
shows the total number of barriers studied as well as the main barriers
determined from a certain number of surveys.

Exploring the local situation regarding social, political, institutional,
market, economic, environmental, and technological aspects and the
way they are perceived in different countries is essential to promoting
the expansion of renewable technologies [36]. Even in the same country,
different political and economic systems among regions cause these
factors to differ [34]. As established by Kumar and Pal [36]; there are
general barriers that must be investigated to expand an energy market to
include RE and more specific barriers that depend on each technology.
In the case of PV technology, Karakaya and Sriwannawit [37] state that
although identification must be evaluated in a particular context, for
example, with respect to a country or a type of connection to the power
grid, barriers commonly constitute four interrelated dimensions:

Table 2
Similar studies in various contexts.
Technology Location # Barriers # Surveys Main barriers Source
Solar thermal and PV China 13 52 High initial and repair costs, [8]
Long payback period,
Inadequate installation space and service infrastructure,
Lack of stakeholder participation, legal and regulatory restrictions.
Distributed PV energy Brazil 23 20 Electricity cost, [28]
System cost,
Energy,
Technical parameters,
Incentives,
Interest rate.
Solar PV energy and WE Greece 22 Solar 20 Inadequate financial resources, [1]
Wind 14 Power grid capacity,
Issuance of permits,
Opposition by communities,
Stable institutional framework.
Concentrating solar systems European Union 10 22 Proven technology, [29]
Solar radiation levels,
Cost reductions,
Technology improvement over time,
Dispatch of energy.
Integrated solar PV systems Singapore 18 99 Long-term payback period for BIPV, [30]
High initial capital cost of BIPV,
Low energy conversion efficiency of BIPV systems,
Projects awarded to lower-priced tenders,
Low electricity prices from conventional sources.
PVs in cities China 38 57 Long payback period, [31]
High initial cost,
Limited space on roofs,
Maintenance,
Panel efficiency.
Solar energy Barbados 11 55 Investment challenges and concerns, [32]
Education,
Lack of regulations,
State of the economy,
System costs,
Concentrating solar systems, European Union 8 9 High cost of technology, [33]
Uncertain and retroactive policies.
Geothermal, China 29 39 Capital adequacy, [34]
Solar PV, Quality requirement of customers,
Hydroelectric, Creation of technology and R&D capabilities,
Biomass, Competitive parity with conventional energy.
WE,
Other
Hydroelectric, Chile 18 128 Connection restrictions to the power grid and lack of capacity, [35]
WE, Long procedures and permitting process,
Solar, Space and water,
Biomass, Financing, Contracts.

Geothermal
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sociotechnical, administrative, economic, and political. Since the con-
ditions are dynamic over time, another factor that could influence the
same study context is the period when the research was conducted. In
this sense, technological, market, and regulatory conditions vary;
therefore, even when the same barriers are analysed, the priorities can
change over time [34].

Zhang et al. [8] established 13 barriers that prevent the development
of solar energy (thermal and PV) in Hong Kong, highlighting the high
initial and recovery costs, long payback period, inadequate installation
space and service infrastructure, lack of stakeholder participation, and
legal and regulatory restrictions. In this same region, Mah et al. [31]
established 38 barriers to promoting residential PV energy in cities.
They conducted surveys of stakeholders involved in the institutional,
residential, and commercial sectors. Lam et al. [34] analysed 29 factors
critical for RE development in China and found the lack of capital, the
need to meet customer quality requirements, technology creation,
research and development (R&D) capabilities, and competitive parity
with conventional energy to be the decisive factors in this region.

In the case of Greece, barriers to disseminating PV and WE have been
discussed. The main common drawbacks are the lack of financial re-
sources, delays in issuing construction permits, and lack of a stable en-
ergy policy [1]. Moraes [28] identified factors influencing electricity
distribution companies to adopt distributed PV energy technology in
Brazil. In this case, the cost of electricity, generation capacity, and PV
energy are notable of the 23 barriers analysed. In Chile, among 18
barriers that limit the adoption of solar PV energy, WE, and biomass,
hydroelectric, and geothermal energy, the main barriers are connection
restrictions, permitting delays, and acquisition of land or water leases.

Barriers in Singapore related to the placement of solar PV energy
systems integrated into buildings were identified, and the payback
period and investment were determined to be the most concerning issues
[30]. In the case of Barbados, the limiting factors for solar energy
(thermal and PV) were analysed. It was established that issues related to
investment, education, and the lack of policies and regulations are the
main challenges [32]. Regarding solar systems in Europe, Kiefer and Del
Rio [29] identified 22 barriers, of which the maturity of the technology
and available resources are noteworthy. In another study on the same
technology and in the same regional context, Del Rio et al. [38] analysed
seven techno-economic barriers, of which the high cost of technology
and uncertain and retroactive policies are noteworthy.

In southern Brazil, Garlet et al. [39] identified barriers (technical,
economic, social, and political) to PV electricity in distributed genera-
tion based on interviews with professionals in the sector. In Chile, 16
barriers were identified and classified into financial, market, integra-
tion, and technical barriers [40]. Kar et al. [41] identified barriers to the
expansion of solar PV energy in India: connectivity and distribution
infrastructure, regulatory and policy developments, capacity utilization,
initial capital investment, lack of innovative financing models, and
consumer awareness and acceptance. Although these authors mentioned
particular barriers for each context, they did not establish a hierarchy
according to the importance of these barriers.

This review of the literature establishes that priorities differ among
countries and even among regions within countries. Technology and
resources play decisive roles, so if clear policies are to be defined, it is
essential to identify the specific critical factors that limit the technology
at the local level. Although several studies have been conducted to
identify barriers in other contexts, the characterization of barriers has
been shown to depend on the conditions of the study environment.

4. Methodology

Zhang et al. [8] and Eleftheriadis et al. [1] showed that technological
innovation in a particular context can be established through the actors
of a particular regime, the networks in which they operate, and local
institutions. In this manner, those who know the local situation can
provide a very sound basis for understanding the penetration status of a
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technology. In the same sense, if the barriers that obstruct a technology
are known, the specific needs for political intervention can be estab-
lished, and consequently, specific political recommendations can be
made.

To determine the critical factors for promoting RE in Ecuador,
related literature was reviewed to identify the background of WE and PV
in Ecuador. This review reveals the literature that analyses factors
involved in the Ecuadorian technological transition. Information about
barriers to promoting WE and PV energy was synthesized. To identify
the importance of each barrier, a survey was designed and administered
to professionals and stakeholders involved in the public, private, and
academic sectors. The last stage analysed the main barriers that were
considered priorities by the survey participants. Fig. 2 shows a flowchart
of the methodology.

4.1. Identification of barriers to the study environment

The bibliographic review focused on collecting information
regarding RE history and current events in Ecuador, specifically for WE
and PV energy. Documents such as government plans and reports, aca-
demic articles, institutional reports, books, articles from research jour-
nals on RE in Ecuador, and studies that were carried out in Latin America
(Colombia, Chile, Brazil, and Argentina) were used. The literature
related to the energy matrix, electricity generation matrix, and the
factors needed to achieve a transition to renewable sources were
reviewed. With a base of established barriers, similar studies were
analysed. The review also facilitated the definition of the methodology
applied in this research. The validity of the barriers proposed for
Ecuador was established through a second review. A set of barriers was
obtained from the reviewed documents, which focused on countries of
the region and barriers considered important for studying the local
electricity sector.

Table 3 shows 40 barriers that could affect the implementation of
solar PV energy and WE in the Ecuadorian electricity sector. In addition,
common barriers identified in the analysed documents were described.

Applying the proposals of Barragan-Escanddn et al. [55] and Al Garni
et al. [56]; barriers that are cited as constituting less than 15% are
discarded. This analysis established 22 matching barriers, which are
classified into economic, technical, social, political, or regulatory bar-
riers [37], as shown in Table 4.

4.2. Survey

The applied survey sought participants to rate the 22 previously
defined factors on a Likert scale (Table 3). A form was designed and
distributed to key stakeholders who are locally involved in the devel-
opment of PV energy and WE in Ecuador. The survey targeted pro-
fessionals in the electricity sector, experts linked to academic
institutions (professors and researchers), public workers, and private
individuals. The surveys were conducted in person and online to
encourage the participation of professionals from all over Ecuador. For
virtual surveys, the Google Drive platform was employed (Google
Forms). The face-to-face survey was directed to teachers and researchers
across the country. One hundred professionals from various institutions
linked to the Ecuadorian electricity sector, regulatory entities, and pri-
vate stakeholders were surveyed. The survey included generalities of the
research (authors, objectives, a brief introduction, and background).

The number of surveys applied in similar studies varies, as shown in
Table 2, so the most appropriate number of participants cannot be
established. To carry out the survey, 182 forms were sent. A total of 102
responses were received between the physical and virtual surveys; of the
total responses obtained, 100 surveys were validated. To establish the
relevance of the different opinions provided by the respondents, the
survey was focused on professionals with knowledge in the field of
renewable energy. The individuals surveyed are from diverse profes-
sional fields: electrical, electronic, mechanical, industrial,
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Fig. 2. Flowchart of the proposed methodology.

environmental, automotive, civil, geology, architecture, public man-
agement and planning, and engineering. Participants work in various
areas and hold various positions. The occupations represented include
company managers, researchers, teachers, and representatives of public
service companies and private companies. The database obtained from
the respondents establishes that 59% of the participants have a master’s
degree, 23% have a doctorate, those with a diploma and specialization
level account for 2%, and finally, 1% and 11% of the respondents hold
postdoctoral and third-level degrees, respectively. Of the work activity
of the respondents, 39% was considered public activity, 21% was
considered private, and 39% was considered academic.

4.3. Data collection

To discriminate professionals who met the characteristics of the
research, analysis of the profiles requested in the surveys was per-
formed. Since the search for professionals was carried out, all the pro-
files were suitable for the study. Characteristics such as experience,
training, and professional activity were considered. To establish the
order of relevance of the barriers, analysis of the average scores was
applied [1,8]. The Likert scale (1-5), where 1 is considered an unim-
portant barrier and 5 is considered a completely important barrier, was
employed. To determine the degree of relevance of the barriers that
influence the low inclusion of WE and PV energy in the Ecuadorian
electricity market, the average score of each barrier was calculated with
Equation (1).

i
(M) =) P*R; Eq. 1

where.P; is the sum of score points on the Likert scale (1-5), Ri is the sum

of scores for barrier i (Pi) divided by the sum of all scores, and M is the
sum of the product of each score point (i ... j) and its corresponding Ri
for each barrier.

To assess the degree of dispersion of the responses, Cronbach’s alpha
was used. The Cronbach coefficient is a form of quantitative measure-
ment that determines the stability or consistency of the results obtained
by the items of the expression (Equation (2)). In this manner, the degree
of reliability of the responses is defined. If the Cronbach coefficient is
less than 0.50, it is unacceptable; if it is between 0.50 and 0.60, the
instrument is poor; if it is between 0.60 and 0.70, it is questionable; if it
is between 0.70 and 0.80, it is acceptable; if it is between 0.80 and 0.90,
it is good; and for values near 1, there is a high degree of reliability.
Equation (2) establishes how the coefficient is calculated.

k 2
o= k 1 7Ei:125i
k-1 s,

Eq. 2
where.k is the number of items.S;? is the variance of the items.and S,? is
the variance of the total observed values.

5. Results

Equation (1) was applied using the survey responses, and then the
barriers were ranked in order of importance, as shown in Table 5 and
Table 6 for WE and PV energy, respectively. The barriers that influence
the expansion of these technologies were arranged so that the barrier
with the highest average score is in the first position. A high score in-
dicates that factors with this rating have a higher influence in promoting
WE and PV energy technologies. On the chosen Likert scale (1-5), an
average score near 4 is considered an important barrier to disseminating
these technologies.



Table 3
Barriers identified in various studies.

Source: Authors.

‘ID 12 UQPUDISH-UDSDLIDY 'Y

Code Reviewed Documents
References [211  [42] [43] [44]  [45] [46]  [47] [71 [48] [49] [8] [1] [50] [511  [40]  [52] [53] [54] [35] [28] No.
CCoinciding

Barriers Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All Al12 A13 Al4 Al15 Al6 Al17 A18 Al9 A20

Bl Financing: lack of access to financing for RE X X X X X X X X X X X X X 13
projects.

B2 High upfront investments (investment costs X X X X X X X X X X X 11
higher than expected).

B3 Problems with access and connection to the X X X X X X X X X X 10
power grid and its limited capacity.

B4 Lack of information or incomplete X X X X X X X X X X 10
information: some consumers do not have
enough information to study investments in
energy conservation and energy efficiency
correctly.

B5 Prices and subsidies (costs associated with X X X X X X X X X X 10
renewable energy production are generally
higher than those from fossil resources, not
considering pollution costs).

B6 Technology: limited access to efficient X X X X X X X X X 9
technology.

B7 Ephemeral, revoked, or unclear regulations. X X X X X X X X 8

B8 Local opposition to the development of NCRE X X X X X X X X 8
projects.

B9 Lack of specialized training for designers, X X X X X X X X 8
professionals, installers, and maintainers.

B10  The country’s hydroelectric potential and the X X X X X X X 7
durability of this technology give priority to
large-scale hydroelectric energy and displace
nonconventional RE.

B11  Lack of a stable national energy policy. X X X X X X 6

B12  Lack of government support. X X X X X X 6

B13  Energy efficiency and environmental actions X X X X X X 6

are not usually a priority, disregarding the use
of clean energy.

B14  Lack of institutional consolidation: the X X X X X 5
promotion of RE responds to an institutional
change in the electricity sector and should be
considered a change in energy policy.

B15  Delays and withdrawals in construction X X X X X 5
permits: withdrawal of permits due to lack of
environmental studies, feasibility, and final
designs.

B16 Energy illiteracy: ignorance or inadequate X X X X 4
knowledge about RE technologies that can be
offered in Ecuador.

B17  The capacity factor in WE and solar PV X X X X 4
installations compared to conventional
generation units is relatively low.

B18  Lack of sale guarantees in the electricity X X X X 4
production sector can be considered a barrier
for investors seeking involvement in this new
activity.

(continued on next page)
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Table 3 (continued)

Source: Authors.

Reviewed Documents

[21] [42] [43]

No.
CCoinciding

Code

References

B19  Low involvement of key stakeholders.

B20  Uncertainty in investments by entrepreneurs
who can verify potential profits according to
the predicted future price of energy.

B21  Long payback period.

B22  Shortage of renewable resources for electricity
generation.

B23  Economic: investment costs, energy prices,
etc.

B24  Legal and regulatory restrictions.

B25  Need for effective administration.

B26  Legislation on energy conservation and energy
efficiency is usually scattered and still has
development potential.

B27  Difficulty quantifying and measuring the
benefits associated with energy efficiency.

B28  Structural problems in installation in existing
buildings.

B29  Lack of national manufacturing industry for
NCRE.

B30  Inaccessibility to areas with renewable
resources.

B31  Lack of social and end-consumer acceptance.

B32  Difficulty in negotiations in energy purchases.

B33  Mindset of megaprojects versus small-scale
energy projects.

B34  Idiosyncrasy and scepticism of local
stakeholders towards RE.

B35  Unfavourable aesthetic considerations for
implementing renewable technologies.

B36  Environmental benefits not recognized by
energy authorities.

B37  Tendency to privilege the extension of power
grids over RE installation.

B38  Inability to determine strategic sites with
renewable resource.

B39  Noise pollution produced by wind turbines.

B40  Difficulty implementing nonconventional RE

in cities.

3
3
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Table 4
Main barriers in the analysis for the Ecuadorian case Source: Authors.
Type of barrier Code Barrier
Economic Bl Financing: Lack of access to adequate financing for WE and PV projects.
B2 Investment cost: The initial investment cost for WE and PV technology is high, since there are no guarantees from the state.
/A B5 Fuel subsidy: The low price of fuel facilitates the use of thermal power plants, which weakens the implementation of new technologies, such as
WE and PV energy.
E B18 Lack of guarantees in the sale of energy in the electricity sector: Investors who wish to get involved in this activity have no guarantees for the
sale of energy.
B20 Uncertainty from entrepreneurs: Investors experience legal insecurity that prevents them from having confidence about future energy prices.
B21 Long payback period: As there are no guarantees, the delay in obtaining profits is long.
Technical B3 Problems with permissions to access and connect to the power grid: Given the locations of the sites where resources are available, connecting
to the power grid is difficult, or the regulations for connection are missing.
ﬂ B6 Limited access to efficient technologies for electricity generation: As new technologies, there is a lack of equipment availability for WE and
' PV energy technologies at the local level.
B9 Lack of specialized training for designers, professionals, installers, and maintainers: The country still does not have professionals for the
h‘ correct implementation and expansion of this technology.
B10 Hydroelectric potential: The great potential of the country based on this resource and the durability of its facilities prioritizes large hydroelectric
plants and displaces WE and solar PV energy.
B15 Delays and withdrawals in construction permits: Delays in permits for the construction of WE and PV energy farms due to a lack of
environmental studies, feasibility, and final designs.
B17 Capacity factor (CF): In WE and PV energy facilities, the CF is relatively low compared to those of conventional generation units, which attracts
minimal interest in generating electricity from renewable resources.
B22 Shortage of renewable resources necessary for electricity generation: The real potential of the resources is unknown due to the lack of
specific studies.
Social B4 Lack of information or incomplete information: Consumers and investors do not have the information for these technologies and their
. . application.
‘ B8 Local opposition to the development of nonconventional RE projects (WE and PV energy): This opposition is due to a lack of knowledge
- - about the advantages of these new technologies.
- B13 Environmental awareness: Energy efficiency actions and concerns about environmental pollution are not usually priority actions.
Bl6 Energy illiteracy: This illiteracy is due to ignorance or inadequate knowledge about the potential and benefits that WE and PV energy can offer in
Ecuador.
B19 Low involvement of key stakeholders: The lack of RE projects that benefit the electricity sector is caused by the lack of negotiations between
the public sector and private sector.
Policies and B7 Ephemeral, revoked, or unclear regulations for WE and PV: Lack of regulations that encourage the use of these RE sources.
Regulations B11 Lack of a stable national energy efficiency policy: The energy policy must include tariff and tax measures, preferential prices to promote the
use of RE, and regulations mandating compliance.
B12 Lack of government support: The government does not consider the expansion of these new technologies a priority, which leads to a lack of
interest in project proposals.
B14 Lack of institutional consolidation: Lack of institutes or centres of study focused on RE and energy efficiency.
Table 5
Main barriers that influence the expansion of WE in Ecuador. Source: Authors.
Type of barrier” Code Unimportant Slightly Important Neutral Somewhat Important Completely Important Sum o) Rank
1 2 3 4 5
P; R; P; R; P; R P; R; P; R;
PB B11 1 0.01 4 0.04 6 0.06 28 0.28 61 0.61 100 4.44 1
EB Bl 2 0.02 4 0.04 4 0.04 31 0.31 59 0.59 100 4.41 2
PB B7 1 0.01 4 0.04 7 0.07 33 0.33 55 0.55 100 4.37 3
EB B20 2 0.02 8 0.08 12 0.12 26 0.27 50 0.51 98 4.16 4
EB B5 4 0.04 8 0.08 11 0.11 23 0.23 53 0.54 99 4.14 5
SB B13 0 0.00 8 0.08 17 0.17 36 0.36 38 0.38 99 4.05 6
EB B18 4 0.04 10 0.10 10 0.10 31 0.31 45 0.45 100 4.03 7
PB B12 2 0.02 8 0.08 17 0.17 31 0.31 42 0.42 100 4.03 8
TB B10 2 0.02 10 0.10 12 0.12 35 0.35 41 0.41 100 4.03 9
TB B3 3 0.03 10 0.10 12 0.12 35 0.35 40 0.40 100 3.99 10
EB B21 4 0.04 5 0.05 16 0.16 37 0.37 37 0.37 99 3.99 11
PB B14 5 0.05 8 0.08 16 0.16 33 0.33 38 0.38 100 3.91 12
EB B2 5 0.05 7 0.07 19 0.19 32 0.32 37 0.37 100 3.89 13
SB B19 4 0.04 9 0.09 15 0.15 39 0.39 32 0.32 99 3.87 14
SB B4 7 0.07 4 0.04 19 0.19 34 0.34 35 0.35 99 3.87 15
SB Bl6 4 0.04 7 0.07 20 0.20 37 0.37 32 0.32 100 3.86 16
TB B15 5 0.05 12 0.12 14 0.14 33 0.33 35 0.35 99 3.82 17
TB B9 5 0.05 8 0.08 18 0.18 36 0.37 31 0.32 98 3.82 18
TB B6 8 0.08 12 0.12 18 0.18 23 0.23 39 0.39 100 3.73 19
TB B22 5 0.05 12 0.12 24 0.24 30 0.30 29 0.29 100 3.66 20
TB B17 7 0.07 15 0.15 21 0.21 35 0.35 22 0.22 100 3.50 21
SB B8 11 0.11 14 0.14 20 0.20 31 0.31 24 0.24 100 3.43 22

@ EB, economic barriers; PB, political barriers; SB, social barriers; TB, technical barriers.
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Table 6
Main barriers that influence the expansion of PV energy in Ecuador. Source: Authors.
Type of barrier” Code Unimportant Slightly Important Neutral Somewhat Important Completely Important Sum o)
1 2 3 4 5 Rank
P; Ri P; Ri P; Ri P; Ri P; Ri

PB B11 1 0.01 5 0.05 7 0.07 27 0.27 60 0.60 100 4.40 1
PB B7 1 0.01 4 0.04 7 0.07 35 0.35 52 0.53 929 4.34 2
EB B1 2 0.02 6 0.06 5 0.05 30 0.30 56 0.57 99 4.33 3
EB B5 3 0.03 6 0.06 10 0.10 25 0.26 54 0.55 98 4.23 4
EB B20 2 0.02 8 0.08 11 0.11 26 0.27 51 0.52 98 4.18 5
TB B10 2 0.02 10 0.10 10 0.10 35 0.35 42 0.42 929 4.06 6
SB B13 0 0.00 8 0.08 17 0.17 36 0.37 37 0.38 98 4.04 7
PB B12 2 0.02 8 0.08 17 0.17 31 0.31 42 0.42 100 4.03 8
TB B3 3 0.03 9 0.09 12 0.12 34 0.35 40 0.41 98 4.01 9
EB B18 4 0.04 11 0.11 9 0.09 33 0.34 41 0.42 98 3.98 10
EB B21 4 0.04 6 0.06 17 0.17 35 0.35 38 0.38 100 3.97 11
SB B16 3 0.03 7 0.07 19 0.19 38 0.39 31 0.32 98 3.89 12
PB B14 5 0.05 8 0.08 16 0.16 35 0.35 35 0.35 929 3.88 13
SB B19 4 0.04 8 0.08 18 0.18 37 0.37 33 0.33 100 3.87 14
EB B2 5 0.05 5 0.05 20 0.20 36 0.37 32 0.33 98 3.87 15
SB B4 7 0.07 4 0.04 20 0.20 34 0.34 35 0.35 100 3.86 16
TB B15 6 0.06 11 0.11 14 0.14 33 0.33 35 0.35 99 3.81 17
TB B9 5 0.05 12 0.12 16 0.16 35 0.36 29 0.30 97 3.73 18
TB B6 8 0.08 11 0.11 17 0.17 29 0.29 35 0.35 100 3.72 19
TB B22 5 0.05 14 0.14 25 0.25 32 0.32 23 0.23 99 3.55 20
TB B17 7 0.07 15 0.15 18 0.18 35 0.35 24 0.24 929 3.55 21
SB B8 11 0.11 14 0.14 21 0.21 31 0.31 23 0.23 100 3.41 22

2 EB, economic barriers; PB, political barriers; SB, social barriers; TB, technical barriers.

Cronbach’s alpha () values applied to the items related to WE and
PV energy were 0.87 and 0.86, respectively, which establishes that the
responses of the participants were homogeneous. The degree of homo-
geneity according to the segmentation by sector was a = 0.95 for the
public sector, a = 0.92 for the private sector, and a = 0.89 for the ac-
ademic sector. However, the results obtained regarding the relative
importance of each barrier differ among sectors due to the specific
perception of each involved sector. Table 7 shows the values obtained
for a. However, note that the results of the surveys are reliable.

6. Discussion

New clean technologies typically developed in first-world countries
must be transferred to developing regions to promote economic growth.
Zhao et al. [57] showed that in China, this strategy is valid for achieving
sustainable development with important political implications, which
can be extended to developing countries such as the Ecuadorian case.

The political decision is essential, and the technologies are initially
expensive in comparison to the traditional technologies; therefore, for
the diffusion and proliferation of RE, an initial stage is required that
promotes their promotion through subsidies or credits until the industry
develops on its own. The cost per kW is influenced by the diffusion and
maturity of the technology, so the highest energy costs are usually for
small systems. However, there are technologies, such as PV, that could
be expanded throughout the city in domestic systems. Since there is no
expectation that the energy in the city will be produced in large power
plants, an economy of scale related to large production centres is not
expected; in fact, this is an advantage of multi-MW projects [58]. In this
case, it is understood that an economy of scale can be achieved with the
possibility of expanding the manufacturing and assembly of renewable

Table 7
Indicators obtained by calculating Cronbach’s coefficient. Source: Authors.

Criterion Cronbach’s Coefficient (&)
All Participants ~ Public Sector ~ Private Sector ~ Academic
General Survey  0.93 0.95 0.92 0.89
WE 0.87 0.91 0.83 0.79
PV 0.86 0.89 0.85 0.81
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energy devices, which in the long run will cause a decrease in the cost of
the equipment [59], promoting its use and economic convenience.

To put the above into practice, it is necessary to establish strategies
that aim at a sustainable energy system based on indigenous resources
[60]. In this sense, Haberl [61] states that the knowledge of the analyses
derived from studies of energy flows is one of the first steps to increase
the efficiency of the resources used, promoting that the countries, and in
particular the cities, stop being receptors and achieve a certain energy
independence and democratization [62-64]. Similarly, Carlisle et al.
[65] suggest that planners should determine energy uses and then pro-
pose milestones to promote autonomous communities.

Zhao et al. [57] consider that emerging countries do not define how
to achieve sustainable development (that is, reconcile economic growth,
environmental protection, and social development), but the gradual
adoption of these mechanisms is a basic strategy for the transformation
and development of the local economy in line with global objectives. A
“green” economy must lean towards projects such as green technology,
clean energy, and environmental protection. In fact, there is evidence
that environmental regulations positively affect green finance through
short- or long-term external financing [66]. Regulations associated with
compliance with sustainability principles are necessary in developing
countries since they force companies to assume environmental re-
sponsibilities [66].

What is interesting about the results obtained is that levels of ho-
mogeneity of responses of both academics and stakeholders from the
public and private sectors can be considered acceptable (a > 0.80).
Although there are different values if each group of respondents is taken
individually, it is appropriate to conclude that there is a convergence.
This homogeneity in the responses makes it possible to affirm that for
both PW and WE, the lack of an energy policy (B11), lack of regulations
(B7), inadequate financing (B1), fuel subsidies (B5), and investor un-
certainty (B20) are useful barriers that must be taken into account by the
various actors to search for mitigating mechanisms that make new
projects feasible.

The values ordered by the average scores for PV energy indicate that
the factors with the greatest influence on the low level of implementa-
tion of this technology are political. The lack of a stable national energy
policy (B11) and regulations that encourage the use of these technolo-
gies (B7) are ranked first and second. From an economic point of view,
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the inability to access adequate financing (B1) and the existing subsidy
for fossil fuels (B5) are the economic barriers with the highest scores;
they occupy the third and fourth positions, respectively, for this tech-
nology. It is also established that the low densities of PV energy projects
are due to investor uncertainty about future energy prices (B20), as this
barrier is the fifth most influential for PV energy.

For the WE case study, the factors with the greatest influence are
political and economic. The lack of a stable national energy policy (B11)
and the difficulty in accessing adequate financing (B1) are in first place
and second place, respectively, followed by a lack of regulations that
encourage the use of this technology (B7). Investor uncertainty about
future energy prices (B20) occupies fourth place. Of the five factors
mentioned, fuel subsidies (B5) have the smallest effect on the imple-
mentation of WE plants.

The barrier (B11) exhibited the highest score for WE, similar to the
case with PV energy, which shows that both technologies need policies
and regulations that help to promote them. These results coincide with
the analysis by OLADE [67]; which suggests that in most South Amer-
ican countries, an insufficient number of energy efficiency policies (B11)
focused on RE are in place. It is evident that these technologies require
regulations (B7) and long-term objectives to provide these new tech-
nologies with an adequate maturation time. In the Ecuadorian case,
stable regulations are needed to guarantee payment for electricity gen-
eration projects. International agencies are seeking speculative markets,
and their funds go to countries such as Brazil and Chile with better
regulatory frameworks or areas of Africa, which rules out other coun-
tries in the region, including Ecuador.

The Director of the Ecuadorian Association of RE and Energy Effi-
ciency indicated that in previous years, there were better conditions,
such as preferential prices; however, administrative barriers made it
difficult to effectively implement these technologies [68]. Several pro-
jects, mostly based on biomass or PV, continue to operate under pref-
erential rates. However, since 2013, these prices have been phased out
for both WE and PV. Mena [69] considers not only that public policy
should guide decisions on RE integration but also that private capital is
needed to achieve a successful energy transition. The promotion of hy-
droelectric plants was largely financed with public funds, which
constituted an aggressive subsidy for this technology that can cause
substantial environmental impacts. Allocating similar levels of funding
to other sources would be a logical approach for achieving more reliable
power grids that would minimize the risk of unexpected natural events
such as a lack of rainfall that reduce individual types of resources.
Furthermore, distributed generation not only contributes to RE
self-sufficiency but also promotes local employment in developing
countries [70].

Norms are needed to establish rates that support a safe investment
for 15-20 years and account for generation costs and adequate capi-
talization time [68]. An energy policy must include tariff and tax mea-
sures, preferential prices, and mandatory technical regulations to
promote the use of alternative renewable technologies. The financing
(B1) of a project in the field of electricity generation is essential. In some
cases, excellent projects or technology initiatives have been stagnant
due to a lack of funding. In other words, a regulatory framework that
involves financing helps investors have greater confidence.

Regarding WE, barrier (B1) is in second position, while it is in third
position for PV energy. The high cost of wind turbines compared to PVs
makes the necessary financing higher for WE, which affects the adoption
of this technology. The investment required for PV energy can vary
depending on the number of panels used, while for a single wind turbine,
the required capital is high, and even the transport of this infrastructure
is more difficult.

In Ecuador, the real cost of electricity production and distribution is
USD 0.09/kWh and is reduced to USD 0.04 USD/kWh after the public
subsidy [6]. However, the calculated electricity prices for PV and wind
technologies are 0.12 USD/KWh and 0.15 USD/KWHh, respectively [71].
Investment and energy costs are decisive factors; if these technologies
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are not financially attractive to implement, it is very difficult to establish
them, especially when considering that REs are small distributed sources
[7]. Citizens will assume that it is preferable to pay an electricity tariff
instead of paying for their own installations and maintaining them with
respect to the energy received from the network. As a consequence,
targeted subsidies are needed to allow sales of microgeneration to the
grid. Likewise, policies are required to allow technologies such as solar
PV to be incorporated into urban infrastructures and buildings as well as
in intelligent networks. The very high availability of hydroelectric en-
ergy at the country level may continue to condition the implementation
of these technologies on a small and even large scale [72].

These factors show that it is necessary to promote guarantees and
financial services for medium- and small-sized companies. Distribution
companies are required to capture energy generated from RE; however,
they prioritize other contracts and their economic costs. The lack of
guarantees causes investors to perceive the sector as a risky environment
(B20). Currently, there is a regulatory framework (PV microgeneration
for self-consumption); nevertheless, the distributors are initially not
prepared to accept this type of project given their lack of experience. The
uncertain market (B20) is seen as less influential for PV (fifth place) than
for WE energy (fourth place) according to the average score scale. This
finding is perhaps due to the accessibility of small-scale PV projects that
can be installed in homes and connected to the power grid.

Prices and subsidies (B5) form one of the most influential barriers to
the successful promotion of nonconventional RE. This factor may be
particularly important in the Ecuadorian electricity sector, which makes
technologies based on fossil fuels more attractive than renewable tech-
nologies. Subsidized fuel has also led to the use of thermal power plants
[731, which have the second-highest contribution to electricity genera-
tion in the country and have detracted from the implementation of RE
plants [11,74,]. In 2007, electricity was also subsidized by the “Dignity
Rate” of 4.0 USc/kWh for residential and low-consumption customers
[75]. Approximately 2.1 million residential customers benefited from
this policy . As a result, polluting sources were subsidized, which
rendered micro- and self-generation noncompetitive.

Customers in the industrial sector pay a value closer to the real value
($0.09 USD per kWh) to partially finance the electricity subsidy [74,76].
In Ecuador, it is not considered important to rely on fuels for electricity
generation since there is a stable guarantee for sustainable energy;
however, it cannot be ruled out that cost is an obstacle for RE [43]. The
price of fossil fuels does not include external factors, such as the cost of
remediation for environmental pollution, health, and visual pollution.
According to the average scores, fuel subsidies affect the two technol-
ogies, but the score is slightly higher for PV energy.

Ultimately, high oil prices are critical to the economies of exporting
countries; however, such prices conflict with the incentive to promote
the use of RE. The Organization of Petroleum Exporting Countries
(OPEC) has established that Ecuador has 8300 million barrels of oil in
proven reserves. These considerable reserves increase the interest in oil
exporting and capital investment. Nevertheless, a large portion of this
capital must be invested in the purchase of fuels [74,77]. In this sense,
Castro [77] noted the inconsistency of promoting incentives for
renewable technologies while strongly subsidising the price of fuels. The
operating cost of fuel-based technologies reaches minimum values for
which any alternative is unattractive to the population.

Regarding social and technical barriers, factors such as environ-
mental awareness (B13) and hydroelectric potential (B10) have values
greater than 4 on the average score scale. This difference is considered
unrepresentative compared to the aforementioned barriers. In relation
to this criterion, the importance of analysing these factors is recognized
since they show a degree of relevance in the implementation of WE and
PV energy.

¢ Lack of environmental awareness (B13) and low societal partici-
pation in energy efficiency actions are aggravating the low level of in-
clusion of WE and PV energy. The low demand for new technologies that
help to conserve the environment appears to be due to minimal
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environmental culture. The lack of environmental empathy and the
strong support for subsidies have made political attempts to withdraw
subsidies impossible, even by environmental political leaders. Inade-
quate knowledge of the new forms of electricity generation becomes an
obstacle to the participation of new technologies. Based on these
criteria, it is inferred that the population perceives new technologies as
luxuries that are only available to developed countries, which discour-
ages their implementation. Disregarding the environmental impact
produced by thermal power plants or omitting the risk of relying on
hydroelectric power limits the introduction of new options [7,43,78].

With reference to hydroelectric potential (B10), Ecuador possesses a
considerable number of water reserves. Most of these reserves are
concentrated in the Amazon region, which is why resources have been
focused on the construction of large-scale projects. The literature in-
dicates that the hydroelectric potential and durability of hydroelectric
facilities are not direct barriers to implementing new technologies.
While the hydroelectric potential has not been considered a barrier, the
centralized approach to the construction of large hydroelectric plants is
considered a barrier. The analysis concludes that hydroelectric potential
(B10) has a greater influence on the low implementation of PV tech-
nology than on the implementation of WE plants.

Another technical barrier that specifically affects PV energy is the
problem of connecting to the power grid (B3). This barrier is considered
to be influenced by the lack of a regulation that facilitates the connection
points and the lack of approval for the environmental studies required
for construction. During water shortages, the flow of rivers declines due
to reduced cloud formation, and as a result, a low cloud density in-
creases the solar potential, which illustrates a complementarity between
water and solar sources.

The least influential factor hindering the implementation of WE and
PV technology is local opposition to project development (B8). Simi-
larly, the scarcity of adequate resources (B22) and capacity factor (B17)
are established as the technical barriers that have the least influence on
the low implementation of these technologies.

It is noted that in each country analysed, there are different barriers.
However, another variable that can make comparisons difficult is the
time the study was carried out, since the prices on the markets, the
maturity of the technology, or the international interest in adopting
policies that promote energy sustainability may differ. In the cases
studied, it is noted that the lack of clear policies (B11) and regulations
(B7) represent an obstacle in China, Brazil, and Chile [8,28,35]. Like-
wise, inadequate financing (B7) is common in Chile [28]. In the case of
China and Greece, as in the present research, among the main barriers is
the uncertainty of investments (B20) [1,8]. In the Ecuadorian case, the
fuel subsidy for energy production [28,32] is reported by the re-
spondents as an aggravating factor that prevents the penetration of re-
newables. Although there have been attempts to reduce or remove these
subsidies, an important sector of Ecuadorian society opposes this elim-
ination, despite the fact that the subsidies exceed 1900 million dollars.

7. Conclusions and policy implications

Since society inevitably causes changes in the environment, it is
necessary to anticipate the adverse effects that could be caused. There
are several possibilities and technologies that must be considered based
on the evaluation of local resources and needs. As a first step, several
available renewable resources need to be evaluated, and in-depth
knowledge of the flows of energy carriers is necessary. On the other
hand, financing mechanisms must be identified, adequate regulations
must be created, and the commitment to and acceptability of RE by
citizens must be encouraged, in addition to establishing a solid munic-
ipal structure that includes energy as one of its development axes.

The research carried out determined that while there are several
complex factors in the development and promotion of WE and PV energy
technologies, some factors have a greater influence on the expansion of
new projects via renewable technologies. From the bibliographic

12

Energy Strategy Reviews 43 (2022) 100903

review, 40 blocking barriers were established for the promotion of RD,
of which 22 are the most common in the Latin American context. To
identify the blocking mechanisms that hinder the implementation of
wind energy in Ecuador, a methodology based on consulting experts
about the national situation was used. The validation of the results
applying Cronbach’s alpha establishes that the perception is homoge-
neous in the different interest groups consulted. The five barriers that
WE and PV energy face to increase their participation in the power
supply to the electrical system have been established: i) the lack of an
energy policy, ii) lack of regulations, iii) inadequate financing, iv) fuel
subsidies, and v) investor uncertainty, are useful barriers that must be
taken into account by the various actors to search for mitigating
mechanisms that make new projects feasible.

The momentum of these technologies is stagnant; thus, these tech-
nologies must be more effectively promoted for a successful develop-
ment stage to begin. Although there are laws that indicate the need to
promote the use of unconventional energy sources, in practice, there are
no clear mechanisms to accelerate the construction and subsequent
initiation of processes. Ecuador has transformed from a market mo-
nopoly model to a model with generation, transmission, and distribution
in separate companies; however, it continues to feature a majority
participation. Moreover, any initiative must be within the National
Electrification Plans, and if a project falls outside of these plans, the
processes to promote new projects discourage private investment, for
example. In this sense, the state still favours traditional technologies.
Hence, it is necessary for the state to promote private initiatives in a way
that minimizes obstacles for large consumers or local promoters to
introduce projects. The government could thus focus resources on other
sectors while promoting a robust, integrated, and more diversified
electricity sector.

Inadequate financing influences the ability of private companies to
obtain local loans with competitive interest rates. In fact, the lack of
knowledge and experience prevents PV or WE projects from being
analysed as profitable businesses. As a result, these projects are
considered risky and highly capital intensive. The regulated tariff was in
force for several years, and, as noted, it did not provide the desired re-
sults. It is clear then that even when WE and PV energy provided obvious
price advantages over traditional sources of electricity, there was a lack
of interest in the country to promote this type of project. In this sense,
credit agencies must consider costs, maturity of technologies, and the
local context so that financial indicators provide knowledge of the
profitability and recovery periods of RE projects.

Subsidies associated with energy prevent the entry of renewable
energies into the energy mix. Hence, subsidies should not only be tar-
geted to sectors that need them to avoid inefficiency in their use; to
avoid social opposition, it is necessary to empower citizens, since the
increase in demand for energy will cause the amounts allocated to en-
ergy to increase over time. Undoubtedly, for Ecuador, the decisions
made are political and require dialogue among the various sectors of
society. The inclusion of renewable energy certificates and renewable
energy standards when applied in a developing context could increase
investment in renewable energy to a certain extent, but it would be
important to control the price of green labels that are too expensive,
which could imply an adverse effect [79].

To avoid legal uncertainty, it is necessary that medium- and long-
term planning not change significantly, as such change would raise
uncertainty in the private sector and prevent domestic and foreign
capital from promoting the construction of PV and WE projects. This
effect may occur because the main promoter of projects continues to be
the state, which prevents the participation of other agents. From the
perspective of Ecuadorian society, there is an inadequate or nonexistent
perception among the inhabitants of nonconventional RE. Associated
with a lack of environmental awareness, it is argued that there is little
sustainable development culture in the population, which impairs ef-
forts to press political entities to act on this issue. The lack of a sus-
tainable development culture influences the low acceptance of new
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renewable technologies that could be part of a system based on hydro-
electric and thermal power plants. Another aspect that has not been
considered in this research corresponds to city population and industrial
aspects [80]; thus, further research should take into account the char-
acteristics of different cities in Ecuador.

From a perspective focused on social barriers, promoting self-
generation in the population is considered relevant. Self-generation
must be seen and prioritized as a means of energy savings. Communi-
cation, advertising, and training campaigns are necessary to raise
awareness among the population of environmental issues and WE. While
self-generation does not cause noticeable changes in the energy matrix
in the short term, its promotion generates changes in the environmental
awareness of the population, which induces a conscious use of energy
and promotes the use of renewable technologies in residential and
commercial buildings. The population does not know or consider other
alternatives that, in addition to being clean, could promote employment
and reduce fossil resource consumption.
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