<@ sustainability

Article

Barriers to the Implementation of On-Grid Photovoltaic Systems

in Ecuador

Mateo Mogrovejo-Narvaez !, Antonio Barragan-Escandén 1'*(%, Esteban Zalamea-Le6n 2

and Xavier Serrano-Guerrero

check for
updates

Citation: Mogrovejo-Narvaez, M.;
Barragan-Escandon, A.; Zalamea-
Leodn, E.; Serrano-Guerrero, X. Barriers
to the Implementation of On-Grid
Photovoltaic Systems in Ecuador.
Sustainability 2024, 16, 9466. https://
doi.org/10.3390/5u16219466

Academic Editors: Kentaka Aruga,
Raymond Li and Honorata

Nyga-Lukaszewska

Received: 21 September 2024
Revised: 29 October 2024
Accepted: 29 October 2024
Published: 31 October 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1

Energy Transaction Group (GITE), Universidad Politécnica Salesiana, Calle Vieja 12-30 y Elia Liut,
Cuenca 010102, Ecuador

Department of Architecture and Urbanism, Universidad de Cuenca, Av. 12 de Abril y Agustin Cueva,
Cuenca 010201, Ecuador; esteban.zalamea@ucuenca.edu.ec

*  Correspondence: ebarragan@ups.edu.ec

Abstract: Ecuador has significant solar potential, and the growing demand calls for sustainable
energy solutions. Photovoltaic (PV) microgeneration in buildings is an ideal alternative. Identi-
fying barriers to the widespread adoption of this technology is based on expert consultation and
multi-criteria analysis, followed by proposals to overcome these challenges. The methodology of this
study includes a systematic literature review (SLR), surveys of industry professionals, and statistical
analysis of the collected data. The results highlight barriers such as the high initial cost, government-
subsidized tariffs, bureaucratic processes and permits, ineffective regulations, limited awareness,
lack of financing, distribution and operational network challenges, and insufficient government
incentives. The proposed solutions suggest developing incentive policies to promote investment in
PV microgeneration, training programs to enhance technical and cultural knowledge of solar energy,
simplifying regulatory processes to facilitate project implementation, and providing accessible financ-
ing to reduce economic barriers. Additionally, the recommendations include the implementation of
demonstration and outreach projects to showcase the feasibility and benefits of PV microgeneration,
thus improving the social and technical acceptance of these systems. These actions aim to foster a
faster and more effective energy transition in Ecuador.

Keywords: barriers; urban environments; photovoltaic generation system

1. Introduction

Currently, energy demand in Ecuador is experiencing a significant increase. According
to the Ministry of Energy and Mines, energy consumption grew by 11.3% compared to 2020
and 8.3% compared to 2021, reaching 93.5 million Barrels of Oil Equivalent (BOE) [1]. In
2024, Ecuador also faced an energy crisis due to its heavy reliance on hydroelectric power,
exacerbated by the impact of droughts caused by climate change, leading to prolonged
blackouts across the country [2]. The distribution of energy sources in Ecuador, start-
ing with the most significant renewable energy sources and ending with thermal energy
sources, is as follows: hydroelectric energy leads with 58.38%, followed by thermal MCI at
22.96%. Biomass contributes 1.62%, wind energy accounts for 0.80%, and biogas makes up
0.09%. On the thermal side, turbogas constitutes 10.62%, and the thermal steam turbine
contributes 5.19%.

Among the potential solutions, photovoltaic generation systems (PV systems) stand
out due to their potential, especially given the country’s favorable climate conditions.
However, their widespread adoption faces economic, technical, environmental, and cultural
challenges [3]. Although the considerable growth in clean and low-cost technologies
achieved by solar and wind technologies is expected to reach 95% by 2030 [4], several
aspects must be addressed to achieve the same growth rates in Ecuador. Research on PVsin
urban environments in Ecuador is highly relevant, given the country’s strong solar potential
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and the urgent need for sustainable energy solutions. This study focuses on identifying
and mitigating the barriers that hinder the implementation of PVs. By understanding and
addressing these obstacles, effective proposals can be developed to promote the adoption
of solar energy in urban areas.

As background, between 2008 and 2018, Ecuador allocated more than twelve billion
dollars to its electric sector, achieving significant improvements in service quality and
system modernization. By the end of this period, the country’s installed capacity reached
8826.89 MW, with a notable 59.84% from renewable sources (hydroelectric energy, mainly,
followed by lesser proportions of wind, biomass, and biogas). In contrast, 40.16% came
from non-renewable sources. Although the growth in solar energy was modest between
2019 and 2023, increasing from 0.32% to 0.33%, it reflects progress toward greater energy
mix diversification with the expansion of PV generation [5,6].

Thanks to its geographic location, Ecuador receives high solar radiation, ranging from
3.12 to 5.82 kWh/m? per day, making it an ideal country for developing PVs. The highest
irradiation places include northern Chile, where the daily average irradiation can reach
9 kWh/m?, and areas similar to Ecuador include Spain, with a 4.7 kWh/m? daily average.
There are also countries with less solar irradiation availability like England and Germany,
where in the most irradiated areas of those countries, less than 3.0 kWh/m? or 3.4 kWh
is expected per day on average [7]. in the Andean mountain range, the main advance
corresponds to irradiation stability throughout the year, since seasonal variations are
relatively low [8]. This potential is distributed across both coastal and mountainous regions,
facilitating the utilization of solar energy. In this global context, PVs emerge as a promising
energy solution, particularly in locations with abundant solar radiation like Ecuador. The
country has significant solar potential due to its advantageous geographic location, which
positions it strategically to lead the adoption of clean energy and reduce its dependence
on fossil fuels. The promotion of solar projects aligns with the Sustainable Development
Goals, contributing to energy security and democratization, economic growth, and climate
change mitigation [9,10].

PV solar potential in buildings and cities has been explored in Ecuador also. In Cuenca,
Ecuador, it has been estimated that the solar potential could supply over
3.2 times the estimated entire power demand [11]; in Quito, the capital city also located
in the Andean power range, it has been determined that roof power PV potential could
reach 2.3 times, as a consequence of the reduced energy requirements because of the good
climate conditions throughout the entire year [12]. Building-integrated PV potential and
architectural impact [13], and grid limitations [14], have also already been analyzed locally.
Local stable irradiation combined with the high solar altitude throughout the year makes
the equatorial region especially favorable for PV integration in cities and buildings. As
a consequence, grid restrictions of peak irradiation are less disruptive than in seasonal
places. The transition [13] to a sustainable energy matrix is a global priority in the fight
against climate change and the pursuit of more sustainable and environmentally respectful
development [15]. However, the implementation of grid-connected PVs in Ecuador faces
significant obstacles that limit their widespread and efficient integration [16]. These bar-
riers can be technical, economic, political, or otherwise, posing significant challenges to
the deployment of PV technology [17]. The complexity of the Ecuadorian context, with its
diverse geographic and socioeconomic factors, adds additional layers of challenges that
require tailored and specific solutions [18].

The Ecuadorian government has implemented favorable policies to promote the de-
velopment of solar energy, including incentives such as preferential tariffs and net metering
systems that allow solar energy producers to inject their excess power into the grid. These
measures, supported by a legal and regulatory framework, have encouraged investment
in large-scale solar projects and the adoption of clean technologies, strengthening the di-
versification of the energy matrix and advancing towards a more sustainable and resilient
future [19-21].
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Given all the aforementioned points, the general objective of this research was to iden-
tify the barriers that hinder the effective implementation of grid-connected PV generation
systems in urban environments. To achieve this goal, three specific objectives were set: first,
to identify the most recurrent barriers that impede the adoption of these systems in urban
settings; second, to define detailed perspectives on the current situation through expert
consultation; and third, to develop a proposal that addresses and reduces the identified
barriers, thereby promoting greater integration of solar energy in cities.

To overcome these obstacles, it is recommended to implement tax incentives, direct
subsidies, and tax credits to reduce the initial cost, gradually replace electricity subsidies
with renewable energy incentives, simplify administrative procedures, increase awareness
of the benefits of PV systems, and modernize power grids. Actual power grids must
perform as a Smart Grid concept, which implies that electrical grids must be able to
incorporate thousands of microgenerators of electricity and serve as a virtual battery, so
that those buildings that generate excess electricity at times deliver electricity to those
that require energy [22]. Additionally, it is suggested to establish investment funds and
offer incentives to private investors to address the lack of financing, along with long-term
support policies to ensure stability and promote solar energy investment. On the other hand,
numerous authors focus on the barriers that impact the development of PV generation
systems. Consultations with experts to determine the local situation on technology-related
topics have been widely used in other studies. Since each case is different due to conditions,
techniques, and economic, social, or environmental factors, it is essential to focus the study
on a specific reality. In this regard, Table 1 shows studies that employed surveys, the main
barriers identified, and the sites where they were applied.

Table 1. Background research summary.

Technologies Country #Barriers #Respondents Main Barriers Reference
PV power plants Spain 1 329 Lack of social acceptance [23]
Residential High initial cost, lack of knowledge,
building envelope Egypt 4 20 lack of confidence in the quality of PV [24]
for PVs systems, high maintenance cost.
PVs in residential e High initial cost and lack
buildings Philippines 3 234 of knowledge. 23]
Lack of governmental political
PVs on residential India 4 443 suppo¥t, th<.e ch.alle.nge of changing [26]
areas behaviors, institutional structures,
and high initial cost.
High initial costs, long payback
period, low energy conversion
1 . efficiency of PV systems, difficulty
PVs on Buildings Singapore 18 % integrating PV systems into the grid, (27]
unclear maintenance procedures, and
lack of knowledge.
PV power plants Nigeria 2 740 Lack of awareness and information. [28]

The SLR on barriers to the implementation of PVs in different contexts reveals a
variety of obstacles that vary by country and the type of renewable technology examined.
The actual policies and regulations in Ecuador are supposed to encourage grid-connected
PV systems, but Ecuador remains slow to introduce micro self-supply systems. Thus,
deciphering the main barriers would be very helpful in improving actual policies and
regulations or introducing efficient actions to speed up new grid PV systems.
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2. Methodology
2.1. Research Location

This research was conducted in Ecuador, which is located on the equatorial latitude in
South America. Continental Ecuador is divided into three regions: the Andean highlands,
the eastern forests, and the Pacific coastal lowlands. It has five climate floors: the warm
floor, the temperate floor, the cold floor, the paramo/moor floor, and the glacial floor. The
altitudes range from 0 to 3000 m above sea level, with temperatures ranging from 25 °C to
less than 0 °C, respectively.

However, because it is close to the equator and lacks seasonal changes, solar energy
could be harnessed to mitigate the growing electricity demand. The global radiation in
Ecuador varies from 2.9 to 6.3 kWh/m? per day, with 75% of the country receiving more
than the recommended 3.8 kWh/m? per day for efficient PV generation. However, the
installed capacity represents 0.32% of the total energy generated considering all sources
that produce electricity.

2.2. Research Focus

Given the diversity of environmental, social, economic, and technical factors, a triangu-
lation methodology is used to validate the data by comparing the SLR with the perspectives
of field experts. This multidisciplinary approach ensures a thorough and accurate assess-
ment of the current situation. The primary objective is to identify the barriers limiting the
development and promotion of PV systems in Ecuador. Through the analysis of the state
of the art and consultations with specialists, the main obstacles to the expansion of PV
technologies are highlighted, providing a deep understanding of the specific challenges
faced by the solar energy sector in the country.

Exploratory research aims to increase familiarity with new or poorly understood topics,
generating initial ideas or hypotheses. In contrast, descriptive research systematically
details and characterizes a specific phenomenon or population, offering a precise and
detailed representation.

2.3. Methodological Process

Figure 1 shows the process followed in carrying out this research. In the first stage,
a literature review was conducted on the current situation in Ecuador, highlighting the
energy balance, solar energy availability, and urban land use. In the second stage, a SLR was
carried out in both global and national contexts to identify recurrent barriers by applying
bibliographic review criteria and expert reviews in the area of interest. This systematic
review allows not only an understanding of the specific challenges of the country, but also
enriches the academic dialogue on the adoption of PV systems in urban environments.

Interviews were conducted with local actors. These surveys were administered both
physically and through Google Forms, using closed-ended questions based on the Likert
scale. This methodology, as used by Nwokocha et al. [28], is designed to systematically
capture and analyze data on these barriers. Quantitative data are collected on participants’
opinions, perceptions, and attitudes regarding PV systems.

The survey was conducted among 85 professionals in the electricity sector, aca-
demic experts (professors and researchers), public workers, and private individuals, with
51 responses validated. A form was designed and distributed to key individuals involved
locally in the development of PV energy in Ecuador. Profiles of people in companies related
to the installation of PV, teachers with knowledge of renewable energies, and professionals
from electric companies were reviewed, and potential collaborators were identified through
recommendations. The selection of the surveyed individuals was based on meeting at least
two of the following characteristics: having knowledge about PV systems, engaging in pro-
fessional activities related to distribution systems, or having academic activity and training
associated with renewable energies. The survey targeted professionals from various fields,
with 98% being engineers (electrical, electronic, mechanical, chemical) and 2% architects, of
which 24% had postgraduate studies. The participants came from the public sector (20%),
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private sector (56%), and academic sector (24%). The participants were from different cities
across the country (Quito, Guayaquil, Cuenca, Ambato, Machala, and Loja). Subsequently,
the data were validated using two statistical tools: mean scoring and Cronbach’s analysis.
The former provides the researcher with a single value that summarizes the responses to
each question in the survey. This generated a discussion on whether or not participants
agree with the absence or presence of certain barriers to PV systems in urban environments.

Development of Solar and Wind Energy in Ecuador

Use information sources to| Current Energy Capacity
identify barriers to PV systems Research Methodologies Applied in Other Countries
Key Factors in the Adoption of New Technologies

81 documents identified in
SCOPUS — Articles removed: 32 for ambiguity and 20 for
being unrelated to the topic

29 documents
reviewed

Synthesis of
findings —> Common barriers are selected from the
reviewed documents

Develop a preliminary
survey guide

Analysis of results

—’{Surveys: physical and virtual

expert review and the reviewed

Identify recurring barriers between
documents

Figure 1. Identification of barriers in the implementation of grid-connected PV systems.

Using Equation (1), a formula is provided to calculate the mean score (Pm), which
depends on the points (i) from the Likert scale, the number of responses (Pi) that gave each
score, and Fi, which is the proportion of responses for each score. Fi is determined as the
ratio between Pi and the total number of responses [29].

ccc=Y | iF )

Cronbach’s « coefficient is applied to observe the reliance by comparing the answers
of related questions through Equation (2), where k represents the number of questions, Si?
is the sum of the variances per question, and St? is calculated as the variance of the sum of
responses per item.

This reliability measure helps determine the consistency of the survey, ensuring that
the set of questions effectively captures the intended data and that the responses are
dependable for further analysis [30].

x< 0.5 ... Unaceptable
" 0.5 <x< 0.6 ... Low
_ K Yig 8P 0.6 <x< 0.7 .. Questionable
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3. Results
3.1. Most Recurrent Barriers to the Implementation of PVs in Urban Environments

This section presents the most frequent barriers hindering the adoption of PV systems
in urban areas, and is divided into two parts. First, barriers are identified based on an SLR,
which provides a comprehensive overview of the common obstacles documented in the
scientific literature. Second, the results of a preliminary survey conducted with industry
experts are included.

3.1.1. Literature Review

To identify the barriers through the SLR, a screening process was conducted, starting
with the collection of 81 documents obtained from various scientific databases. Documents
that were not relevant, such as studies on isolated PV systems or those not focusing on
urban areas, as well as those older than five years, were discarded. After this filtering,
29 articles were selected. In these 29 studies, a total of 16 initial barriers were identified,
represented by the letter B.

Table 2 shows the consulted bibliography and the identified barriers. In this way, the
barriers that are more frequent are identified and, therefore, those that should be analyzed
in the local environment. Each barrier is classified as follows:

B1: Lack of management of PV waste

B2: Impact on biodiversity

B3: Land occupation for PVs

B4: Lack of knowledge among professionals and users
B5: Lack of social acceptance

B6: Absence of specific policies

B7: Lack of effectiveness in regulations

B8: High initial cost of PV systems

B9: Perceived long-term profitability

B10: Lack of financing

B11: Absence of electric rates for PV systems

B12: Aesthetic considerations

B13: Ineffectiveness in design, such as lack of standards and codes
B14: Low eftficiency of solar panels

B15: High maintenance and component replacement costs
B16: Inadequate electrical grid infrastructure.

Table 2. Identified barriers based on various studies.

§ § Barriers Analyzed
< v
(%) =
A
~ é B1 B2 B3 B4 B5 Bé6 B7 B8 B9 B10 B11 B12 B13 Bl4 B15 B16
Al [31] X X X
A2 [32] X
A3 [23] X
A4 [33] X
A5 [34] X X
A6 [24] X X X X
A7 [35] X X X
A8 [36] X X X X
A9 [37] X X
A10 [38] X X X
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Table 2. Cont.

'§ g Barriers Analyzed
b 5
] -
) &
~ é B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 Bl4 Bi15 B16
All  [39] X X X X X
A12  [40] X X X
A13  [41] X X X X X
Ald [42] X X X X X
Al5  [43] X X X
Al6  [17] X X X X X X
Al7  [44] X X
A18  [45] X X X X X
A19  [46] X X X
A20  [47] X X X
A21  [48] X X
A2 [26] X X X X
A3 [27] X X X X X X X
A24  [49] X X
A25  [50] X X X
A26  [51] X X X
A27  [52] X X
A28 [53] X X
A29  [54] X X X
Total 3 1 1 10 3 7 10 19 10 5 2 1 9 5 4 2
As shown in Table 3, some barriers appear more frequently in the studies compared
to others. In particular, barriers B4, B6, B7, BS, B9, and B13 have a significant number of
occurrences: 10,7, 10, 19, 10, and 9, respectively. Conversely, certain barriers, such as B2,
B3, and B12, were identified only once, which necessitated the establishment of a selection
criterion to ensure the relevance of the identified barriers. The criterion applied was to
discard barriers with a frequency less than 15% of the total number of all incidences.
Table 3. Classification of PV system barriers for Ecuador.
Type Code Barriers Description Reference
It refers to the need to develop and implement
. Lack of management of . . .
Environmental B1 PV waste strategies for the recycling or proper disposal of [32]
solar panels at the end of their useful life.
Lack of knowledge It points tf) the need f.or specialized 'tralpmg for
professionals who install and maintain PV
B4 among . . [24,25]
. systems, as well as informing end-users on how
professionals o .
Social to maximize the benefits of these systems.
ocia

. It indicates the resistance of communities or
Lack of social . .
B5 acceptance individuals to adopt PV systems due to various [23]
P concerns or negative perceptions.
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Table 3. Cont.
Type Code Barriers Description Reference
It refers to the absence of government
B6 Lack of policies guidelines to [38]
Policies and support the implementation of PV systems.
regulations B7 Absence of government Existing regulations that do not adequately [34]
guidelines promote the adoption of PVs
It represents the initial investment required
B8 High initial cost for the [31]
acquisition and installation of PV systems
o B9 Percelvefi lop'g—term Expectation of sustainable profits over time [36]
Profitability profitability
barriers B10 Financial restrictions ~ Limited financial resources for projects or needs [41]
High maintenance It involves associated costs with regular
and/or . .
B15 maintenance and replacement required [42]
replacement costs for .
throughout the system’s lifespan.
PV system components
B13 Ineffectiveness of PVs PV design that fails to meet objectives or satisfy [34]
design operational or strategic needs
Techr'lical It points to the current limitations in PV
barriers Bl4 Low efficiency of PV technology that affect the amount of electrical [27]
panels energy that can be

generated from solar radiation

After applying this selection process, the number of barriers was reduced to a total of
eleven, which were classified into five categories: environmental, social, policy or regulatory,
economic, and technical. This approach allowed for a focus on the most significant and
recurrent barriers, providing a better understanding of the challenges in implementing PV
systems in urban environments.

3.1.2. Preliminary Survey

In addition to the findings mentioned, a preliminary survey was conducted on the
barriers to the adoption of PV systems in Ecuador, targeting experts in the field. A prelimi-
nary survey identifies the factors that are most important in the Ecuadorian environment.
In Table 4, the repeatability of each is shown, allowing the identification of those that
may influence the local environment. The barriers identified through this survey were
categorized under the letter “R”.

The main barriers found include the absence of government incentives (R1), financing
difficulties (R2), and high costs and scarcity of components (R3). Additionally, subsidized
electricity rates (R4) and regulatory instability (R5) also affect the adoption of PV systems.
Other obstacles include lengthy bureaucratic processes to obtain permits (R6), lack of clear
regulations for waste recycling (R7), design and operational issues (R8), and insufficient
electrical distribution network infrastructure (R9). Furthermore, high maintenance costs
(R10), the visual impact of PV systems (R11), technical barriers (R12), lack of training (R13),
and limited dissemination of the benefits of these systems (R14) contribute to the limited
implementation of PV systems in the country.

When analyzing the barriers identified by experts, it was observed that some barriers
appeared more frequently, such as R1 and R6, which were mentioned six times each,
and R14, which was mentioned five times. Barriers R4, R5, R9, R12, and R13 were also
highlighted, each with four mentions. In contrast, some barriers, such as R2, R7, and R10,
were mentioned only once. Therefore, a selection criterion was established, eliminating
barriers with fewer than four mentions. This process identified six key barriers that were
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the most recurrent and were integrated with the barriers obtained from the systematic
literature review:

R1: Government Incentives

R4: Government-Subsidized Rates

R6: Permitting and Administrative Processes
R9: Distribution and Operational Power Grids
R12: Technical Issues

R14: Dissemination.

Table 4. Recurrent barriers to PV systems in urban environments in Ecuador.

Barriers
Survey
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14
E1-A X X
E2-P X X
E3-Pr X X
E4-A X X
E5-Pr X X X X X
E6-P X X X X
E7-Pr X X X X X
E8-Pr X X X
E9-Pr X X X X
E10-P X X X X
E11-A X X X X
E12-Pr X X X X X
E13-A X X X
E14-Pr X X X
E15-P X X X
Total 6 1 3 4 4 6 1 2 4 1 3 4 4 5

Note. E1 to E15 correspond to each expert-related answer: (A) Academic personal, (P) Public sector personal, (Pr)
Private sector personal.

3.2. Statistical Analysis

Cronbach’s « coefficient, both overall and in each sector (private, public, and aca-
demic), indicates levels of reliability that range from good to acceptable. Values above 0.8 in
the general, private, and public sectors suggest high internal consistency, meaning that the
items on the questionnaire are appropriate and reliably measure the construct in question.
As seen in Table 5, in the academic sector, although the coefficient of 0.714 is slightly lower,
it remains acceptable, indicating adequate internal consistency but with potentially higher
variability in responses. In this case, the low rating may be because those consulted in the
academic sector have training but not practice in the sector; therefore, some perceptions are
not necessarily a result of the local situation but rather of international experiences.

Table 5. Indicators obtained with the Cronbach’s alpha algorithm.

Parameters Overall Private Personal  Public Personal Academic Personal
k 17 17 17 17
i S2 16.4 18.78 16.6 11.29

Si? 68.37 77.55 67.49 34.41
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Table 5. Cont.
Parameters Overall Private Personal  Public Personal Academic Personal
1o 0.808 0.805 0.800 0.714
Grade Good Good Good Acceptable

Average Score

Table 6 presents the results of the barriers in urban environments in Ecuador, evaluated
using a Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). Each barrier was
assessed by the respondents, and the average scores (Pm) reflect the perceived importance
of each barrier. Additionally, they provide a clear view of the respondents’ perceptions
of the challenges in urban environments in Ecuador. Barriers with higher scores require
priority attention to improve the urban environment, while barriers with lower scores,
although important, may be considered less urgent.

Table 6. Average agreement with PV barriers in urban environments for Ecuador.

Strongly Disagree Disagree Neutral Agree Strongly Agree
Likert Scale
1 2 3 4 5

Barriers Pi Fi Pi Fi Pi Fi Pi Fi Pi Fi x Pm
Bl 4 0.08 6 0.12 8 0.16 13 0.26 19 0.38 50 3.7
B4 2 0.04 6 0.12 9 0.18 20 0.40 13 0.26 50 3.7
B5 6 0.12 6 0.12 11 0.22 17 0.34 10 0.2 50 3.4
B6 2 0.04 6 0.12 11 0.22 14 0.28 17 0.34 50 3.8
B7 1 0.02 3 0.06 8 0.16 18 0.36 20 0.4 50 4.1
B8 0 0.00 4 0.08 7 0.14 14 0.28 25 0.5 50 4.2
B9 1 0.02 8 0.16 9 0.18 19 0.38 13 0.26 50 3.7
B10 0 0.00 3 0.06 6 0.12 22 0.44 19 0.38 50 41
B15 3 0.06 14 0.28 16 0.32 11 0.22 6 0.12 50 3.1
B13 6 0.12 9 0.18 17 0.34 11 0.22 7 0.14 50 3.1
B14 7 0.14 12 0.24 16 0.32 10 0.20 5 0.1 50 2.9
R1 1 0.02 3 0.06 11 0.22 16 0.32 19 0.38 50 4
R4 1 0.02 2 0.04 9 0.18 13 0.26 25 0.5 50 4.2
R6 1 0.02 0 0.00 8 0.16 22 0.44 19 0.38 50 4.2
R9 1 0.02 3 0.06 7 0.14 23 0.46 16 0.32 50 4
R12 6 0.12 15 0.30 13 0.26 8 0.16 8 0.16 50 2.9
R14 0 0.00 4 0.08 9 0.18 15 0.30 22 0.44 50 4.1

Barrier B8 (high initial cost), with an average score of 4.2, stands out as the most
significant according to the respondents’ perception. This score suggests a strong con-
sensus that this barrier has a critical impact on the urban environment, requiring priority
attention. Similarly, barrier R4 (government-subsidized rates) also has an average score
of 4.2, indicating it is perceived as an important barrier that needs to be addressed, as
well as R6 (processing and permits), with an average score of 4.2. The same applies to B7
(ineffectiveness of regulations) and R14 (dissemination), both with an average score of 4.1.
These barriers reflect a perception that there are significant issues in the implementation
and operation of PV due to bureaucracy, ineffective regulation, and inadequate information.

Barriers B10 (lack of funding) and R9 (distribution and operation power grids), with
average scores of 4.1, and R1 (government incentives), with a score of 4.0, are considered to
be almost as significant. The high average scores for these barriers indicate that respondents
agree they represent important obstacles in the urban context of Ecuador. Other barriers,
such as B6 (lack of policies), B1 (lack of management of PV waste), B4 (lack of professional
knowledge), and B9 (perceived long-term profitability), with average scores of 3.8 and 3.7,
indicate that, while relevant, they are not considered as critical as those with higher scores,
but still require attention.
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Average scores of 3.4 for B5 (lack of social acceptance), and 3.1 for B15 (high costs for
maintenance and replacement of PV components) and B13 (ineffectiveness of PV design),
suggest these barriers are seen as moderately important. This implies that, while relevant,
they are not considered as critical as those with higher scores. At the lower end of the
spectrum are barriers B14 (low efficiency of solar panels) and R12 (technicians), both with
an average score of 2.9. These barriers are perceived as less significant compared to others,
but still represent challenges that need to be considered. The lowest average score indicates
that, although a barrier, it is not seen as a major obstacle by the respondents.

3.3. Proposal for Reducing Identified Barriers

Table 7 presents a detailed analysis of the identified barriers and proposed improve-
ments to promote the implementation of PV in Ecuador. The barriers include economic,
regulatory, technical, and dissemination aspects, among others, that hinder the adoption of
these systems in urban environments. To address these barriers, the proposals include tax
incentives, direct subsidies, simplification of procedures, training for officials and techni-
cians, modernization of distribution power grids, and long-term support policies. Together,
these strategies aim to reduce the high initial cost, improve regulation and financing, and
increase public awareness to create a more favorable environment for solar energy and
accelerate the transition to a more sustainable energy matrix.

Table 7. Improvement proposals by an identified barrier.

Barriers

Improve Proposals

Higher initial costs (B8)

Implement tax incentives such as deductions for the installation of PVs.
Offer direct subsidies that cover a significant portion of the initial cost.

Subsidized tariffs (R4)

Gradually replace electricity subsidies with renewable energy incentives, such as tax credits and
feed-in tariffs specifically for solar energy.

Implement campaign awareness on the benefits of PV energy and the need to transition to
sustainable energy sources.

Processing and permits
(R6)

Create a one-stop system for obtaining permits and handling procedures related to the
installation of PVs using online platforms to streamline the process.
Train officials and develop clear and uniform regulations to facilitate the installation of PVs.

Lack of effectiveness of
regulations (B7)

Involve all relevant stakeholders (government, private sector, academia, and civil society) in the
development and review of regulations to ensure their effectiveness.

Implement educational campaigns and mass dissemination about the benefits of PVs through
traditional and digital media.

Develop pilot programs and demonstrative projects in urban areas to show the feasibility and
benefits of PVs.

Diffusion (R14)

Implement educational and mass dissemination campaigns about the benefits of PVs through
traditional and digital media.

Develop pilot programs and demonstrative projects in urban areas to showcase the feasibility
and benefits of PVs.

Financial restrictions (B10)

Create specific investment funds and grant programs to finance PV projects, in collaboration
with national and international entities.

Offer tax incentives and guarantees to private investors to reduce associated risks and
encourage investment in PVs.

Distribution and operation
power grids (R9)

Invest in the modernization of power grids to allow bidirectional energy flows, using advanced
management and storage technologies.

Develop training programs for technical personnel responsible for operating electrical grids and
ensuring the efficient integration of PVs.

Government incentives
(R1)

Introduce financial incentives such as tax credits, feed-in tariffs, and subsidies.
Develop long-term support policies to ensure the stability and continuity of government
incentives.
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The subsidized cost of electricity in Ecuador hinders the growth of urban PV systems.
The average subsidized electricity price is around 0.04 USD/kWh, compared to the costs
of PV technology, which can reach up to 0.12 USD/kWh. This suggests that for these
technologies to be adopted by communities as a viable option, real market prices must be
applied. However, implementing such reforms inevitably depends on political decisions
that affect Ecuadorian society.

To promote solar PV systems in cities, urban planning must integrate energy con-
siderations as a cross-cutting issue. This includes demand management through energy
efficiency and the use of renewable energy sources. Targeted incentives and regulations
encouraging new constructions to incorporate designs that include PV systems are recom-
mended measures that could succeed at the local level. Incentives could also come from the
financial sector, as green loans for small users might provide a solution for those without
the initial capital. Still, this option must be accompanied by adjustments to final energy
prices to ensure a return on investment.

Although Ecuador’s solar resources are high compared to other regions with seasonal
variability (capacity factors between 14% to 19%), the technology is not widely known.
Its use and associated benefits should form part of a comprehensive energy efficiency
plan, enabling the community to opt for this or other solutions that lower energy bills and
reduce dependence on external energy sources. The productive sector must also participate
in reducing the carbon footprint of products through the use of clean technologies. Not
only should citizens choose products manufactured with clean energy, but governmental
regulations must also require companies to follow guidelines that shift the local energy
model toward sustainability.

As of this article’s publication, three regulations have been enacted concerning the
interconnection of PV systems to the grid. Although improvements have been made,
especially regarding connection requirements, timelines and standards vary depending on
local distributors. Understanding these standards by both users and regulators is essential
for the design and implementation of these technologies. Unnecessary requirements or
demands misaligned with the scale of small projects can hinder the deployment of these
systems. Therefore, proper training and consistent application of standards are necessary.

To foster public trust, regulations should include standardization of the equipment
used in projects. Poor-quality inverters or panels can tarnish the reputation of the technol-
ogy. Universities in Ecuador, along with regulators, should promote the use of equipment
tested locally. Likewise, qualified personnel who design, inspect, and approve projects
can instill confidence among end-users. Electrical grids were originally designed for uni-
directional power flow. So far, the limited adoption of distributed generation has had
little impact on the distribution network, but this is due to its marginal incorporation. A
significant increase in PV technology is expected to raise the thermal capacity of networks
and increase voltage levels. To prevent issues, current policy limits generation based on its
potential impact on the grid and neighboring users. Any scenario involving a substantial
increase in PV generation and the adoption of new loads, such as electric vehicles, should be
incorporated into the distributors’ expansion plans. However, this must also be formulated
as a mandatory national policy to address future challenges for the grid.

4. Discussion

According to the results obtained, it is observed that the eight barriers requiring the
most attention are B8 (high initial cost), R4 (government-subsidized rates), R6 (processing
and permits), B7 (lack of effectiveness of regulations), R14 (dissemination), B10 (lack of
financing), R9 (distribution and operation power grids), and R1 (government incentives).
The high initial cost of grid-connected PVs in urban environments remains a significant
barrier to their adoption [24]. In the Philippines and Hong Kong, the initial cost is a
considerable barrier, exacerbated by limited supporting infrastructure and high technology
import costs. Singapore, with its high level of development and favorable government
policies, faces a high initial cost, but this is partially offset by financial incentives and
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support schemes [27]. In India, although the initial cost remains high, the drop in solar
panel prices and government support through subsidies and feed-in tariffs have made the
adoption of PVs more accessible [26].

Based on the research of various authors, the main challenge remains the significant
initial investment in PVs, which must be balanced through support policies or by the long-
term profitability of these systems. In Ecuador, the initial investment is also considerable;
that is, the capital required for the purchase and installation of PVs in the country presents
a similar challenge to that of other countries.

Barrier R4, related to subsidized tariffs, poses an obstacle to the implementation
of PVs in urban environments as it distorts the energy market and disincentivizes the
adoption of emerging technologies. By keeping electricity prices artificially low through
subsidies, consumers do not perceive the economic need to invest in alternative solutions,
such as solar energy, since potential savings do not justify the initial installation cost of
these systems.

Moreover, subsidies hinder fair competition in the energy market, which can stifle
innovation and the development of more sustainable infrastructures. To overcome this
barrier, the government must reevaluate its subsidy policy and consider a gradual tran-
sition strategy toward a pricing model that reflects the true cost of electricity, thereby
encouraging the adoption of renewable energy sources and contributing to long-term
urban sustainability.

Barrier R6, which refers to the processing and permits necessary for the implementa-
tion of PVs in urban environments, represents a significant obstacle to their development.
This issue is particularly relevant in private and academic sectors, as evidenced by the
responses of respondents P.S. and X.C., as well as the company Airis. The complexity and
time required to obtain the necessary permits disincentivize investment and slow down
the adoption of PV technologies, especially in urban areas where regulations may be more
restrictive and administrative procedures more complicated. The need to simplify and
expedite these processes is crucial to fostering the transition toward more sustainable and
accessible energy sources.

The lack of effectiveness of regulation (B7) presents itself as a significant barrier to the
implementation of PVs in various urban environments around the world. In California,
it has been shown that more efficient and less bureaucratic local permitting processes
significantly increase the rate of residential solar installations, underscoring the need for
clear and effective regulations [49]. Similarly, in Chile, regulatory barriers such as the
lack of clear incentives and the complexity of regulations have hindered the growth in
the residential prosumer segment; however, identifying these barriers has allowed for
the development of opportunities to improve policies and encourage active consumer
participation in solar energy generation [51].

In Sweden, the implementation of PVs in buildings has revealed that the lack of clear
regulations (B7) and the need to adapt existing standards to emerging technologies are
critical barriers, highlighting the importance of developing specific and updated regula-
tions [34]. The situation is similar in the European Union, where regulatory barriers to the
integration of PV and wind energy into the distribution grid are prominent due to the lack
of harmonization between national policies and European regulations, complicating the
adoption of PVs [36].

Similarly, other studies based on communities employing PVs have noted that the
lack of clear support policies (B7) and regulatory complexity are significant barriers, un-
derscoring the need for regulatory frameworks that facilitate community participation in
renewable energy generation [41].

To mitigate these challenges, various specific strategies have been implemented that
have proven to be effective in different contexts. In California, the permitting process
has been simplified through the implementation of online platforms that streamline the
review and approval of solar projects, significantly reducing the time and bureaucracy
involved [49]. This measure has allowed PV installers to obtain permits more quickly and
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efficiently, contributing to an increase in the adoption rate of residential solar technologies.
In Chile, identifying regulatory barriers has led to the creation of pilot programs aimed at
simplifying and clarifying existing regulations. These programs include the development of
practical guides for consumers and prosumers, as well as training municipal and regional
officials on the new regulations, thereby facilitating a more favorable environment for PV
installation [51]. In Sweden, efforts have been made to adapt existing regulations to be more
inclusive of emerging technologies. This includes updating building codes and creating
specific standards for the integration of PVs in buildings, allowing developers and builders
to follow clear and standardized procedures for the installation of PVs. These strategies can
prove effective by providing a clearer and more accessible regulatory framework, reducing
the complexity of barriers and facilitating the adoption of PVs in urban environments.

Barrier R14, related to dissemination, refers to the limited outreach and awareness
about the benefits and possibilities of PV generation systems in urban environments. The
lack of adequate and accessible information can lead to ignorance or distrust among
potential users and decision-makers. This, in turn, hinders the adoption and growth of this
technology in urban areas. The situation is worsened by the absence of effective educational
campaigns and the lack of visible and successful implementation examples that can serve
as references. This barrier is particularly relevant in the context of respondents from the
private sector, as three out of five respondents identified it, underscoring the need for more
robust and targeted dissemination strategies to promote PV energy in cities.

The lack of financing presents itself as a significant barrier to the implementation of
PVs in various urban environments around the world. This issue manifests in different
ways across regions, negatively influencing the adoption of solar technologies due to the
high initial investment and lack of access to suitable financing sources.

In Brazil and Latvia, the lack of financial incentives (B10) has been identified as a key
barrier to the dissemination of grid-connected PVs in urban environments [41,45]. The
analysis of PV green roofs in cities like New York and Hong Kong highlights that, although
these systems offer multiple benefits, they face significant limitations due to high initial
costs (B8) and installation complexity [43].

To mitigate these challenges, various specific strategies have been implemented that
have proven effective in different contexts. In Brazil, government programs providing
financial support and the creation of collaboration networks among different stakeholders
in the sector have facilitated access to the necessary financing [45]. In Latvia, the creation of
financial frameworks and the simplification of regulatory procedures have improved access
to financing for consumers and prosumers. In PV green roof projects in cities like New
York and Hong Kong, the creation of policies that facilitate access to financial resources
and the implementation of specific incentives have been essential to overcome current
limitations [43]. Finally, in Poland, the flexibility and integration capacity of PVs have been
supported by specific programs aimed at facilitating the necessary financing [39].

These strategies have proven effective by providing a clearer and more accessible
financial framework, reducing economic barriers and facilitating the adoption of PVs in
urban environments.

Barrier R9, related to the distribution and operation of power grids, represents a
significant challenge for the implementation of PVs in urban settings. This obstacle pri-
marily manifests in the integration and adaptation of existing infrastructure to manage the
grid distribution of solar energy. Traditional distribution power grids are not designed to
handle bidirectional energy flows, which can lead to stability and efficiency problems in
the operation of the electrical system.

Furthermore, upgrading these power grids requires substantial investments in tech-
nology and equipment, as well as training technical personnel to ensure proper operation.
Public sector actors, recognize this barrier and emphasize the need for policies and regula-
tions that facilitate the modernization of distribution power grids, promoting a favorable
environment for the integration of PV energy and ensuring an efficient and sustainable
energy transition in urban areas.
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Barrier R1, referring to the lack of government incentives, is a critical obstacle to the
implementation of PVs in urban environments. The absence of adequate incentives can
disincentivize both individuals and businesses from investing in PV technology due to
the high initial costs associated with installation. This is reflected in the responses from
respondents, where several from both the academic and private sectors acknowledge this
barrier. In urban environments, where space costs and competition for land use are high,
the lack of government support can significantly limit the deployment of these sustainable
technologies. Government incentives, such as subsidies, tax credits, and feed-in tariffs, are
essential to reduce the payback period and make investment in PV more attractive and
viable in the long term.

5. Conclusions

Specialists in the field identified several recurrent barriers that significantly hinder the
adoption and expansion of PV systems in urban environments in Ecuador. These barriers
include high initial costs, government-subsidized fuel tariffs, complex administrative
procedures and permitting, ineffective regulations, challenges in information dissemination,
lack of financing, distribution and operation limitations of power grids, and insufficient
governmental incentives.

Surveys conducted with professionals in the sector revealed a widespread perception
that the primary barriers are economic and regulatory. The results of Cronbach’s analysis
indicated a high level of internal consistency (« > 0.8) among respondents, suggesting the
reliability of their opinions. Furthermore, the mean scores from the survey underscored
that professionals particularly emphasized barriers with mean scores of 4.0 or higher as
critical priorities for addressing.

To promote the adoption of grid-connected PV systems in Ecuadorian urban areas,
fiscal incentives are essential. Ecuador has historically allocated more public expenditure
toward fuel and energy subsidies than health and education, with USD 34,458 million spent
on fossil fuel subsidies between 2010 and 2019. A redirection of these subsidies, combined
with tax credits to reduce high initial costs for PV systems, could help shift the energy
landscape while creating local jobs. Phasing out electricity subsidies in favor of renewable
energy incentives, along with awareness campaigns, would further support this transition.

Streamlining administrative procedures by implementing a one-stop system, coupled
with the training of officials and engagement of relevant stakeholders in developing ef-
fective regulations, is also crucial. Additionally, the dissemination of PV through public
education campaigns, demonstration programs, the establishment of investment funds,
and offering tax incentives to private investors could help overcome the financing gap.
Modernizing the distribution grids and training technical personnel to manage bidirectional
energy flows are key steps toward integrating distributed PV systems into the existing
energy infrastructure.

Financial incentives and long-term support policies are necessary to sustain mo-
mentum and address current barriers. Countries such as Germany and Spain, which
implemented substantial subsidies in the early development of distributed PV systems,
demonstrate the success of such approaches. Globally, the proportion of distributed PV
systems is expected to grow significantly between 2023 and 2028, with distributed PVs
already accounting for half of utility-scale PV installations over the past decade.

In Ecuador, where high population density, rich biodiversity, and limited land for
PV farms pose challenges, alternative solutions such as agrovoltaics present a promising
option. This approach could enhance both energy production and agricultural productivity,
but current restrictions on private investment in the power sector hinder its development.
Future research should focus on assessing the feasibility of agrovoltaics and reforming local
regulations to allow for private sector participation.

Finally, further studies are required to explore the technical grid limitations, as well
as the economic and societal acceptance of PV technologies, given their low current pene-
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tration in Ecuador. Addressing these challenges will be crucial to advancing the country’s
renewable energy agenda.
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