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Abstract: The global energy demand has been increasing and posing multiple challenges across the
globe, including global warming, environmental pollution, and energy-sustainability issues. Thus,
multiple countries have been adopting renewable-energy (RE) sources to provide clean, reliable,
affordable, and sustainable energy. Previously, a number of renewable energy projects has been
delivered in the form of a public—private partnership (PPP) to take advantage of the private sector’s
investment, technology advancements, and expertise. In general, renewable-energy projects are
considered large-scale universal projects that involve expertise from different countries and require a
clear understanding of the barriers and key success factors (KSFs) across the globe. Thus, this paper
focuses on providing a comprehensive understanding of the main barriers and success factors of
renewable-energy projects across the globe. For that aim, a comprehensive literature review was
first carried out to identify and report on the barriers and KSFs of renewable-energy projects. This
was followed by a questionnaire survey wherein the opinions of 60 experts with wide experience in
RE PPPs in multiple countries were collected and analyzed. The analysis shows that political and
regulatory barriers are the main risks globally. Additionally, well-prepared contract documentations
and skilled and efficient parties are the KSFs. However, these factors change from one continent to
another. Additionally, this paper sheds light on the difference between the public and private sectors’
perceptions on the severity of the risks and the importance of the KSFs to each sector.

Keywords: barriers; continental analysis; key success indicators; key success factors; renewable energy

1. Introduction

Over the past few years, statistics have shown that the reliance and rate of consumption
on the use of the limited reserve of fossil fuels as the main source for energy production
should be reduced. The BP Statistical Review of World Energy has shown that the global
oil and coal reserves can serve the demand for 150 years [1]. Additionally, the use of fossil
fuels for energy production is associated with pollution issues, as it is commonly known
that they are the main source of carbon and greenhouse gas emissions, which lead to global
warming and climate change [2]. Thus, renewable-energy sources have been witnessing
growing attention from both industry and academia with the objective of offering clean,
reliable, affordable, and sustainable energy. In 2000, the global solar PVs installed were able
to generate 1.5 GW, whereas in 2011 the PVs installed were able to generate 71.1 GW with
an average annual growth rate of 44%. In 2013, the global solar PVs installed were able to
generate 106 GW [3]. Figure Al shows the total energy produced from the different sources
of renewable energy by year. It clearly shows a significant increase in the energy produced
over the last two decades. Although there is a linear increase in the energy produced
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from hydropower, the increase in the energy produced from solar and wind powers has
grown exponentially.

On the other hand, the main issue associated with the adoption of renewable energy
is the associated high upfront costs, which create a huge obstacle to governments in
conducting such projects. Thus, over the last few years, governments across the globe have
been trying to attract the private sector into investing in renewable-energy projects. As a
result, the majority of renewable-energy projects involve at least one private sector that
is responsible for supporting the project throughout the different phases of construction
and operation [4]. Traditionally, public-private partnerships (PPPs) have become the most
common delivery method used for renewable-energy projects. The involvement of the
private sector is beneficial because it supports the public sector in three critical areas. Firstly,
PPPs help the public sector in securing the required investment from the private sector.
Secondly, PPPs reduce or transfer risks that governments traditionally face to the private
sector, which reduces the overall costs to governments. These risks include ownership,
implementation, and operation risks. Finally, PPPs allow the public sector to utilize the
technology and innovation provided by the private sector, which can minimize the cost and
duration needed for the construction and operation processes [5]. Thus, proper conditions
and an environment that support PPPs in renewable-energy projects can be beneficial for
society and all parties involved. Although there is a large number of papers in the literature
that discusses the main obstacles and key success factors (KSFs) for infrastructure PPP
projects, the barriers to and KSFs for renewable-energy PPPs are sparse in the literature.
Thus, this paper focuses on identifying the main barriers, risks, and KSFs for renewable-
energy PPPs across continents, with the aim of developing a clear understanding of such
projects across the globe.

According to Zhao et al. (2014) [6], renewable-energy projects involve multiple indus-
tries and, in turn, are affected by a large number of factors. Wu et al. (2016) [7] studied
the status, constraints, and reforms of renewable-energy projects in China. The results
show that technological (poor research and innovation) and technical barriers (imper-
fect technical standards) are the main risks facing renewable-energy projects in China.
Dong et al. (2016) [8] investigated the main barriers to renewable-energy projects in China
as well and showed that market demand is the main factor affecting them. A study by
Goh et al. (2014) [9] that focused on understanding the main challenges and risks for
renewable-energy projects in Malaysia revealed that governmental support, level of invest-
ment or financial support, geographical location, and risk allocation are the main factors.
In the UK, Pantaleo et al. (2014) [10] studied the main obstacles for using biomass as a
source of energy. The analysis showed that social acceptance is the main barrier to biomass
projects. In the United States, Carlisle et al. (2015) [11] studied the barriers to solar-energy
projects and reported that the low level of social and political support are the main barriers
to solar PV power generation. Similarly, other factors have been identified in other research,
such as the construction costs, environmental barriers, and financial barriers [12-15].

Although a few of the previous studies analyzed the barriers to the success of renewable-
energy projects, they have mainly focused on a specific country and/or a specific type
of project, such as solar energy or biomass projects. Thus, these studies lack generaliza-
tion and cannot be used to understand renewable-energy projects across the globe. RE
projects are considered global because of the similarities in project types, lack of experts
in this area, and the urgency to enter the market [9], which forces multiple countries to
rely on the expertise of other countries to aid and provide advice during the project life-
time [12,14,16-21]. However, this poses complex issues regarding the communication and
understanding of the conditions and environment across countries, which necessitates the
need for a comprehensive study that analyzes the main barriers and KSFs across the globe.
Freedman and Katz (2007) [22] stated that accomplishing universal projects is complicated
when compared to domestic projects because of the diversity of the legal, political, cultural,
social, and infrastructural settings. As a result, there is still a lack of research that offers a
comprehensive understanding of the main barriers and success factors of renewable-energy



Buildings 2022, 12, 1511

3o0f34

projects. Thus, this paper focuses on these two issues across the globe and different types
of projects. In other words, whereas previous studies focused on the micro level, this paper
focuses on the macro level in order to offer a better understanding of renewable-energy
PPPs across the different continents and to provide a benchmark for future studies. Addi-
tionally, as PPPs involve both the private and the public sectors, it is essential to understand
both sectors’ perceptions and priorities in order to measure the level of success of a project.
Furthermore, whereas previous papers in the literature focused on either the barriers or
KSFs, none of these papers studied the key indicators that should be used for evaluating
the success of PPPs. Thus, this study analyzes and investigates the main barriers, KSFs,
and key performance indicators for renewable-energy PPPs from the perspective of the
different sectors (public, private, and academia).

2. Methodology

In this study, a systematic process was adopted to understand the main barriers, KSFs,
and key performance indicators used to evaluate the success of renewable-energy projects
globally. This process started with a literature review to identify the barriers and KSFs
for PPP projects in general, including infrastructure projects, construction projects, and
renewable-energy projects. Secondly, a semi-structured questionnaire survey was created
based on the factors identified from the literature-review process. Then, the survey was
sent to eight experts with more than 10 years of experience in PPPs in general and more
than five years of experience in renewable-energy PPPs in particular. The survey was
then updated based on their recommendations. Thirdly, the questionnaire survey was
sent to experts who were involved in renewable-energy PPPs to collect their responses
and rank the main barriers to and KSFs for renewable energy projects. Finally, the results
were analyzed to reveal the barriers and KSFs across different continents. Additionally, the
analysis shed light on the differences between the sectors’ perceptions of the barriers and
their evaluation of the success of projects.

2.1. Literature Review

The literature-review process carried out in this paper consists of five main tasks.
The first task is planning, which involves identifying the keywords that can be used for
the search. It also involves the identification of databases that can be used to find papers
in a specific area or field. The keywords used in this paper are “renewable energy” and
“public—private partnership”, as well as one of the following: “barriers”, or “KSFs”, or
“critical success factors”. The databases and search engines identified in this task were
“Scopus” and “Web of Science”, with a secondary search in “ScienceDirect”, “Springer”,
“IEEE Xplore”, and “ASCE Library” to ensure comprehensiveness of the search and that all
papers had been identified. The second task involves searching the identified keywords in
the databases and search engines. The third task involves the identification of the inclusion
and exclusion criteria in order to filter through the papers using the pre-specified criteria.
In this paper, only studies in English that were published from 2010 onwards were selected
to proceed to the next review stage. The fourth task is called the “screening for relevance”
task, which focuses on reviewing the keywords, abstract, and conclusion of the identified
papers in order to ensure that they are relevant to the research. Finally, the reporting is
conducted and the main barriers and KSFs are identified in order to build the survey and
send it to experts. The literature review tasks are outlined in Figure A2.

2.2. Questionnaire Survey

The questionnaire survey was developed based on the identified factors from the
literature review. The survey consists of five sections. Section 1 gives the respondents a
brief explanation of the objectives of the survey. Section 2 focuses on the basic information of
the respondents, such as the level of experience with renewable-energy PPPs, the countries
in which the respondent was involved in renewable-energy projects, their position, and
the type of organization (public, private, or academia). Section 3 focuses on identifying
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the main reasons that make the public sector opt for PPPs for renewable-energy projects.
Section 4 focuses on revealing the main barriers to efficient renewable-energy PPPs. The
respondents were asked which barriers they had faced in the projects they were involved
in. Additionally, the respondents were asked to rank every barrier on a Likert scale from
1 to 5 according to the probability of occurrence and their impact on renewable-energy
PPPs. The respondents were then asked to highlight the party that should be responsible
for each barrier in order to guarantee the appropriate allocation of risks. Finally, Section 5
focuses on identifying the KSFs and key indicators that are used to evaluate the success
of renewable-energy projects. The respondents were asked to rank them according to the
level of importance on a Likert scale from 1 to 5.

Before the distribution of the survey, it was pre-tested and sent to eight experts
with more than 10 years of experience with PPPs in general and more than five years of
experience with renewable energy PPPs. The survey questions were then modified based on
the recommendations of the sample experts. From January to April 2022, the questionnaire
survey was sent to experts from across the globe. The selection of experts was conducted
using the purposive-sampling technique, which was adopted because it provides the ability
to send the survey to respondents who meet the goals and aims of the survey [23]. More
importantly, purposive sampling provides the ability to reduce the variations amongst
the respondents [24]. Thus, the majority of the targeted respondents highlighted that they
had experience in a large number of countries and across different continents. In total, the
survey was sent to 134 experts and a total of 60 valid and complete responses were received,
with a response rate of 45%. Table Al (in the Appendix A) summarizes the selected studies
that focus on the barriers and KSFs of PPP projects and shows the response rate in similar
studies, which can be as low as 17%, as highlighted by Xu et al. (2010) [25]. It can be
observed that these studies had similar or lower response rates, as highlighted in Table AT.
According to Luthra et al. (2016) [26], a response rate of 20% is considered acceptable in
similar studies. Additionally, Table A1 shows that the total number of respondents who
have completed similar surveys is usually under 50 responses and might be as low as
10 responses, as highlighted by Kavishe and Chileshe (2019) [27].

2.3. Analysis

The questions in the survey can be categorized into two types of questions: “yes or
no” questions and ranking questions based on a Likert scale from 1 to 5. For the “yes or
no” questions, frequency analysis was used to understand and evaluate the responses. For
the second type, the ranking is calculated based on the average value of the responses,
called the relative importance index (RII), as suggested by Zhao and Chen (2018). The RII
is calculated using Equation (1).

Yo iXi
RIL, = =0 1)
where RII, is the relative importance index for factor n, i is the rating given to each factor
(ranging from 1 to 5), X; is the number of respondents giving a rating i for factor n, and 60
is the total number of respondents.

Additionally, the analysis was conducted for every continent to understand how the
barriers and KSFs vary across the different continents. Furthermore, as PPP projects require
cooperation between the public and private sectors, it is essential to understand how the
different parties perceive the severity of the different barriers and the importance of the
KSFs. Thus, a detailed analysis for every sector was conducted separately and the results
were compared.

3. Identification of the Barriers and Success Factors

The literature review conducted resulted in the identification of multiple barriers
and KSFs. Table A2 (in the Appendix A) summarizes previous studies that focus on the
barriers, whereas Table A3 (in the Appendix A) summarizes those that discuss the KSFs
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of PPPs. In general, the barriers could be classified into 10 topics and the KSFs could be
classified into eight. For the KSFs, it was observed that the geographical location is rarely
discussed in the literature. However, the studies that did analyze the impact of geographical
location show that it is a critical factor. For example, Kamel et al. (2017) [28] analyzed
two transportation PPP case studies (Marsa Alam Airport and El-Alamain Airport) that
are similar, as both are coastal-airport projects announced on the same date, with the
same conditions of bidding, and having gone through the same difficulties with the same
governmental authorities. However, one of these projects is achieving ascending profits,
whereas the other is achieving cumulative losses. A detailed analysis of the two cases
shows that the geographical location is the main reason for this difference. Similarly, for
renewable-energy projects, the geographical location is expected to have a great influence
on the success of the project. Finally, Table A4 (in Appendix A) shows the previous studies
that discuss the KPIs of PPPs and shows that the KPIs are rarely discussed, especially in
the context of renewable-energy PPPs. Most of the previous studies discussed the KPIs for
PPPs in terms of the traditional KPIs, which are cost, time, and money. However, in the
context of renewable-energy PPPs, other KPIs are expected to be more valuable, such as
the impact on emissions and the produced capacity. Thus, six KPIs were tested in order to
understand and reveal the most valuable ones for evaluating renewable-energy projects.

4. Analysis

A total of 60 responses was collected in the questionnaire survey from experts who had
experience in renewable energy projects across the globe. Some of the respondents work
for multiple sectors between public, private, and academia. Specifically, 41 respondents
worked for two sectors, whereas 19 worked for one single sector. Thirty experts highlighted
that they worked for the public sector, 26 worked for the private sector, and 45 worked in
academia. Most of the respondents had extensive experience with PPP projects in general,
as shown in Table 1, which displays the frequency of the years of experience in PPPs in
general and RE PPPs in particular. Table 1b shows the respondents’ experience in terms
of the number of PPPs in general and renewable-energy PPPs that they were involved
in. Furthermore, most of the respondents highlighted that they had been involved in
renewable-energy projects in multiple countries, as shown in Table 1c, which shows the
number of experts who were involved in renewable-energy PPPs on different continents,
with the lowest number of experts observed in Australia.

4.1. Factors Motivating the Public Sector to Opt for PPPs in Renewable-Energy Projects

In this part, the respondents were asked to rank the main factors that motivate the
public sector to seek the support of the private sector. The focus is on understanding the
importance of five main factors that motivate the public sector to cooperate with the private
sector in PPPs, which are transfer of risks, efficiency of the private sector, expertise of the
private sector, utilization of technology, and financial support. A Likert scale from 1 (not
important) to 5 (extremely important) was used and the overall averages were calculated
for every factor. Additionally, in order to understand the perspective of the different
parties, the average value for each factor was calculated separately for the respondents
in the public, private, and academia sectors. Figure 1 summarizes the results and shows
the perspectives of these different parties. It shows that the five factors tested are critical
for renewable-energy projects from the perspective of the three sectors, as the average
importance of every factor across the three sectors was high. For the total average, financial
support, utilization of technology, and expertise of the private sector were indicated as the
main factors that motivate the public sector to opt for renewable-energy PPPs. However,
this rank changed depending on the sector. For the public sector, the efficiency of the
private sector, utilization of the technology, and financial support were indicated as the
main factors that motivate the public towards PPPs in renewable energy. On the other hand,
financial support, expertise of the private sector, and efficiency of the private sector (in
order) were highlighted as the top factors by the private sector. Finally, respondents from
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academia highlighted that financial support, expertise of the private sector, and utilization
of technology consecutively are the main motivating factors.

Table 1. Basic information of the respondents.

(a) Frequency of the years of experience of the experts in PPPs and renewable-energy PPPs

Years of Experience PPPs in General Renewable-Energy PPPs
Number Percent Number Percent
0-2 3 5.00 20 33.33
2-5 16 26.67 19 31.67
5-10 13 21.67 12 20.00
10-15 17 28.33 5 8.33
More than 15 11 18.33 4 6.67
(b) Frequency of the number of projects the experts were involved in for PPPs and renewable-energy PPPs
Number of Projects PPPs in General Renewable-Energy PPPs
Involved in Number Percent Number Percent
0-2 24 40.00 34 56.67
2-5 18 30.00 16 26.67
5-10 14 23.33 8 13.33
10-20 1 1.67 1 1.67
More than 20 3 5.00 1 1.67
(c) Number of experts with experience in renewable-energy PPPs by continent
Continent Number of Experts
Africa 30
Asia 28
Europe 15
North America 10
South America 10
Australia 4

4.2. Barriers Facing Renewable-Energy PPPs

In this section, the experts were asked to highlight the barriers faced in the renewable-
energy PPPs they were involved in. They were then asked to rank the barriers according to
their probability of occurrence and impact on a scale of 1 to 5. Finally, the respondents were
asked to highlight the party that should be responsible for each barrier to achieve efficient
renewable-energy PPPs. This section focuses mainly on studying the impact of 10 barriers
(identified through the literature review) to renewable-energy PPPs as follows:

1.  Regulatory barrier (complex bureaucratic procedures, unstable national regulations);

2. Political barrier (lack of governmental support, low political stability);

3. Revenue barrier (fraud/non-payment by users, change in the market demand, foreign-
exchange risk, inflation);

4.  Technical barrier (poor contract documentation, deficiency of design, poor quality
assurance and quality control, lack of supporting infrastructure);

5. Force majeure barrier (certain events of a political nature with low likelihood but
non-measurable effects such as wars, terrorism, and so on);

6.  Financial barrier (foreign-exchange fluctuation, interest-rate fluctuation, inflation);

7. Construction barrier (coordination of risks, land acquisition, unforeseen geotechnical
conditions, physical obstacles that cannot be avoided, access to the site);



Buildings 2022, 12, 1511 7 of 34

Average Rank (Importance)

Average Rank

4.40

4.30

4.20

410

4.00

3.90

3.80

5.00

4.50

4.00

3.50

3.00

2.50

8. Operational barrier (project/operation changes, organizational risk or changes, main-
tenance risks);

9.  Market risks (market competition, unskilled parties, poor coordination, poor
risk allocation);

10. Technological barrier (non-availability of the technology and or machines needed,
non-trained laborers).

(@)

Transfer of risk Private sector Expertise of the Better utilization of Financial support
efficiency private sector the technologies

M Public mPrivate mAcademia [OAverage

(b)

Transfer of risk Private sector Expertise ofthe Better utilization of Financial support
efficiency private sector the technologies

W Africa mAsia mWEurope ™ North America ™ South America W Australia [O—Average

Figure 1. Average level of importance for every factor motivating the adoption of PPPs for renewable-
energy projects (a) by sector, (b) by continent.

Figure 2a shows the results of the question asking respondents which barriers they
had observed in renewable-energy PPPs. It shows that regulatory, political, and technical
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barriers were the main ones observed, with different barriers being highlighted by each
party. Respondents from the public sector highlighted regulatory and political barriers
as the main ones facing renewable-energy PPPs, followed by technical and revenue. On
the other hand, for the private sector, regulatory barriers came first, followed by political,
technical, and financial barriers. Finally, respondents from academia highlighted that
regulatory, political, and technical barriers are the main ones facing renewable-energy
PPPs from their point of view. It must be noted that the responses of the public, private,
and academia sectors were close in some cases except for force majeure, market, financial,
and technical barriers. For force majeure, the public sector put more emphasis on it as a
barrier, with 33% of the responses as opposed to only 23% for the private sector. For the
market risks, respondents from the private sector were exposed to market risks more, as
46% indicated that they had faced this barrier in previous projects, whereas this percentage
dropped to 28% for the public sector. For both financial and technical barriers, the private
sector was observed to have been more exposed to them compared to the public sector.

After identifying the barriers that each party faced, the respondents were asked to
quantify the probability of occurrence and impact for each one on a scale of 1 to 5. Figure 2b
shows the resulting impact of each barrier to renewable-energy PPPs. In general, regulatory,
political, financial, and revenue barriers were the most impactful barriers on renewable-
energy PPPs. Additionally, it was observed that each party perceived the barriers with
different impacts. For the public sector, regulatory, revenue, political, and financial barriers
were the main ones. However, the main barriers for the private sector were regulatory,
political, revenue, and financial. Finally, for the respondents from academia, regulatory,
political, financial, and revenue were the main barriers. Although force majeure had the
lowest impact across all respondents, the public and private sectors ranked it as the sixth
and fifth factor affecting renewable-energy PPPs, respectively. However, since respondents
from academia perceived force majeure as the barrier with the lowest impact, it affected the
overall average, making it the factor with the lowest impact when all the responses were
considered in the calculation of the overall average.

As previously mentioned, risks have two dimensions, which are the probability of
occurrence and the impact. Figure 2c shows the probability of occurrence of each barrier
in renewable-energy PPPs. The barriers with the highest probability of occurrence were,
in order of importance, regulatory, political, financial, and revenue. It must be noted that
these barriers had the highest impact as well, as shown in Figure 2. Additionally, they
were found to have the highest average probability of occurrence for the public, private,
and academia sectors. For force majeure, it is shown that it had the lowest probability of
occurrence for respondents from both the private sector and academia.

The risk severity is a value that is usually calculated in order to understand the
combined effect of both the probability of occurrence and the impact in one parameter. It is
calculated using Equation (2).

Risk severity = severity (or impact)  likelihood (or probability of occurrence)  (2)

The risk severity of each barrier was calculated and is summarized in Table 2. It
shows the barriers ranked in descending order for the overall average, and the cells are
highlighted based on their severity value, from red for high-risk severity barriers to green
for those with low-risk severity. Table 2 shows that regulatory, political, financial, and
revenue barriers were considered the main risks facing renewable-energy PPPs, in order
of importance.
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Figure 2. (a) Observed frequency; (b) impact; (c) probability of energy barrier for renewable-
energy PPPs.
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Table 2. Risk severity for every barrier.
Risk Severity
Overall Average Public Private Academia
Regulatory 17.76 16.52 16.00 19.22
Political 15.54 14.19 14.38 16.64
Financial 14.05 13.84 13.44 14.62
Revenue 13.11 13.32 12.73 14.07
Technical 11.17 10.93 10.82 11.26
Technological 10.77 11.78 10.56 11.37
Operational 9.80 8.56 9.97 9.78
Market risks 9.78 9.49 8.86 9.89
Construction 9.04 8.30 8.39 9.20
Force majeure 8.29 10.25 8.60 7.63

Finally, it was essential to assign the right risks to the right party. Thus, the respon-
dents were asked to specify which party should be responsible for each barrier in order to
guarantee efficient cooperation. Table 3 summarizes the responses and shows the percent-
age of respondents who assigned each barrier to each sector. The cells are highlighted from
green, which indicates that a high percentage of respondents assigned a specific barrier to
this part, to red, which indicates the opposite. The table also summarizes the perception
of respondents from every sector and how the different parties assigned these barriers.
The results show that the public sector should be responsible for regulatory and political
barriers, whereas the private sector should be responsible for technical, construction, oper-
ational, and technological barriers. On the other hand, revenue, force majeure, financial,
and market risks should be assigned to both parties. It can also be seen that respondents
from different parties assigned most barriers to the same party except for the construction
and market-risk barriers. Respondents from the public sector believed that construction
barriers should be assigned to both parties, whereas the public sector should be responsible
for market risks.

Table 3. Percentage of respondents assigning every barrier to the public sector, private sector or both.

Responsible

Force Market

Party Regulatory Political Revenue Technical Majeure Financial Construction Operational Risks Technological
Public 81.5 86.8 11.1 7.7 30.2 13.2 7.5 5.7 24.5 5.7
Total Private 1.9 1.9 29.6 55.8 5.7 20.8 52.8 56.6 17.0 50.9
Both 16.7 11.3 538 36.5 64.2 66.0 39.6 37.7 58.5 434
Public- Public 62.5 81.3 13.3 14.3 40.0 21.4 21.4 14.3 50.0 14.3
sector Private 6.3 6.3 40.0 50.0 6.7 214 35.7 50.0 214 429
respondents Both 31.3 12.5 46.7 35.7 53.3 57.1 429 35.7 28.6 429
Private- Public 75.0 83.3 8.3 8.3 417 16.7 0.0 0.0 16.7 0.0
sector Private 8.3 8.3 33.3 58.3 16.7 25.0 58.3 50.0 16.7 50.0
respondents Both 16.7 8.3 58.3 Bk 41.7 58.3 41.7 50.0 66.7 50.0
Academia Public 84.6 84.6 10.0 5.1 23.1 10.0 5.0 5.0 20.0 5.0
respondents Private 0.0 0.0 25.0 53.8 2.6 17.5 575 57.5 17.5 52.5
Both 15.4 15.4 65.0 41.0 744 72.5 375 37.5 62.5 425
Party Total Public Public Both Private Both Both Private Private Both Private
responsible Public Public Public Both Private Both Both Both Private Public Private
for the Private Public Public Both Private Both Both Private Private Both Private
respondents Academia Public Public Both Private Both Both Private Private Both Private

4.3. KSFs and Key Success Indicators for Renewable-Energy PPPs

In this section, the experts were asked to rank the factors that lead to successful
renewable-energy PPPs on a Likert scale from 1 to 5 according to their importance. Simi-
larly, the experts were asked to rank the parameters that indicate the success of the projects
in terms of their importance in evaluating renewable-energy PPPs. Figure 3a shows the
average level of importance of the factors and their level of importance. In general, skilled
and efficient parties, well-prepared contract documents, technological development, and
effective negotiations were the main factors for the success of renewable-energy projects, in
order of importance. However, Figure 3a shows that each party perceived the importance
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of each factor differently. For the public sector, well-prepared contract documents, skilled
parties, technological development, and desirable conditions were the most important
factors for the success of renewable-energy PPPs. For the private sector, well-prepared doc-
uments, skilled parties, desirable conditions, and effective negotiations between the parties
were the main factors for the success of renewable-energy PPPs, in order of importance.
For respondents from the academic sector, skilled parties, technological development,
well-prepared contract documents, and effective negotiations between different parties
were the main factors for the success of the projects.

Although the previous discussion focused mainly on understanding the factors for the
success of renewable-energy projects, it is also crucial to choose the right parameters and
tools for quantifying or evaluating the level of success of these projects. Thus, the experts
were asked to rank the key performance indicators (KPIs) in terms of their importance in
evaluating renewable-energy PPPs on a Likert scale from 1 to 5, as shown in Figure 3b.
In general, the produced energy capacity and reduction in the level of emissions were
considered the main KPIs for evaluating the success of renewable-energy PPPs. Addition-
ally, the results show that each party preferred different KPIs for evaluating their projects.
The public sector reported that the resources saved and traditional KPIs (cost, time, and
money) should be used for the evaluation, whereas the private sector indicated that value
for money achieved and resources saved are the main KPIs. Finally, respondents from
academia preferred using the produced energy capacity and reduction in emissions for
their evaluation.

(a)
Geographical Competitive Appropriate Desirable Effective  Technological Well prepared Skilled and
location of the procurement risk allocation Conditions negotiation development contract efficient
project processes (such as between document parties
weather, wind, parties
etc.)

Public Private Academia O Average

Figure 3. Cont.
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Figure 3. (a) Key success factors and (b) key success indicators of renewable-energy PPPs as perceived
by the different sectors.

5. Continental Analysis

Renewable-energy projects are considered global because of the lack of experts in this
area and the urgency to enter the market [9], which forces multiple countries to rely on the
expertise of other countries to aid and offer advice during the project lifetime [12,14,16-21].
However, this poses complex issues regarding the communication and understanding
of the conditions and environment across countries, which necessitates the need for a
comprehensive study that analyzes the main barriers and KSFs across the globe. Previous
studies focus on analyzing the barriers for a specific country and thus lack generalization
and cannot be used to understand the main barriers for different renewable-energy projects
across the globe. Nevertheless, delivering global projects is complicated when compared
to domestic projects because of the diversity of the legal, political, cultural, social, and
infrastructural settings [22]. As a result, there still is a lack of studies that focus on a
comprehensive understanding of the main barriers and success factors of renewable-energy
projects. To address this gap, this section of the paper focuses on understanding these factors
across the globe based on a continent-by-continent analysis. Hence, whereas previous
studies focus on the micro level, this section of the paper focuses on the macro level in order
to offer a better understanding across the different continents and provide a benchmark for
future studies across the globe.

5.1. Factors to Consider for PPPs

Although the previous section discusses the main factors that motivate the public
sector to adopt PPPs for renewable-energy projects in general, it is also critical to under-
stand the main factors that motivate their adoption on each continent. Thus, Figure 1b
summarizes the average level of importance of each factor for adopting PPPs for renewable-
energy projects on every continent. It shows that the five factors are important and have
a high impact on motivating the adoption of PPPs for renewable-energy projects across
the six continents. However, it also shows that the rank of these factors changes from one
continent to another. For Africa, the financial support provided by the private sector was
the main factor, followed by the expertise of the private sector. For Asia, the utilization of
the technology followed by the efficiency of the private sector were the main factors. For
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Europe, the utilization of technology followed by the transfer of risks were the main factors
observed, whereas for North America it was the transfer of risks followed by the utilization
of technology and expertise of the private sector. For South America and Australia, the
main factors were the transfer of risks followed by financial support.

5.2. Barriers Facing Renewable-Energy PPPs in Every Continent

This section investigates the probability of occurrence and impact of every barrier
based on a continental analysis in order to understand their severity on the efficiency
of renewable-energy projects. Figure 4 shows the average probability of occurrence and
impact across the continents.
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Figure 4. Average (a) impact and (b) probability of occurrence of every barrier on renewable-energy
PPPs across the continents.
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Figure 4a shows the average impact for every continent. In Africa, the top two barriers
were regulatory and financial barriers. These results are consistent with previous published
studies conducted in different African countries across the years. These studies show that
regulatory and financial barriers are among the top three for PPP projects, as evidenced
by Khodeir (2019) [29] in Egypt, Komendantova (2012) [30] in North African counties, and
Ezeldin and Badran (2013) [31] and Fitzpatrick et al. (2014) [32] in Egypt, Morocco, and
Tunisia. In Asia, Europe, and North America, the top two barriers were regulatory barriers
followed by political ones. These results are consistent with the results of previous studies
that concluded that regulatory and political barriers are among the top three barriers
for PPP projects in Asian, European, and North American countries across the different
years, as indicated by Khahro et al. (2021) [33] in Pakistan, Xu et al. (2010) [25] in China,
Gupta et al. (2013) [34] in India, Fitzpatrick et al. (2014) [32] in Jordan, Smith et al. (2018) [35]
in Sweden, Mamine and Fares (2020) [36] in Europe, Thum-Thysen et al. (2019) [37] in
multiple European countries, Cui et al. (2018) [38] in the United States and Europe, Abdel
Aziz (2007) [39] In the USA, and Liu et al. (2016) [40] in Canada. In South America, political
and regulatory barriers were found to be the main barriers. These results comply with
results observed by Furumo and Lambin (2020) [41] in Colombia and Leigland (2018) [42]
in multiple countries in South America. In Australia, financial barriers followed by political,
regulatory, and technological barriers were the main risks, which is consistent with the
results by Liu and Wilkinson (2011) [43] and Liu et al. (2016) [40]. Thus, it can be concluded
that the main barriers across the globe are regulatory, political, and financial. However,
the specific ranking changes from one continent to another. Secondly, for the probability
of occurrence of each barrier, Figure 4b provides a summary across the six continents.
Regulatory and political barriers are most likely to occur in renewable-energy PPPs in Africa,
Asia, Europe, North America, and South America. On the other hand, in Australia, political
barriers followed by financial ones are the main barriers facing renewable-energy PPPs.

Finally, the risk-severity value was calculated for each barrier across the six continents,
as shown in Table 4. In the table, the cells are highlighted from red (which indicates that
the barrier has a high level of severity) to green (which indicates that the barrier has a low
level of severity). Regulatory and political barriers had the highest level of severity in Asia,
Europe, North America, and South America. In Africa, regulatory and financial barriers
had the highest level of severity, whereas in Australia, political and financial barriers were
the most severe. Finally, Figure 5 shows the rank of the barriers in every continent based
on their level of severity. The results are consistent with previous studies that focused on
specific countries within every continent, such as the study by Khodeir (2019) [29] in Egypt;
Komendantova (2012) [30] in North African counties; Ezeldin and Badran (2013) [31] and
Fitzpatrick et al. (2014) [32] in Egypt, Morocco, and Tunisia; Khahro et al. (2021) [33] in
Pakistan; Xu et al. (2010) in China [25]; Gupta et al. (2013) [34] in India; Fitzpatrick et al.
(2014) [32] in Jordan; Smith et al. (2018) [35] in Sweden; Mamine and Fares (2020) [36] in
Europe; Thum-Thysen et al. (2019) [37] in multiple European countries; Cui et al. (2018) [38]
in the USA and Europe; Abdel Aziz (2007) [39] in the USA; Liu et al. (2016) [40] in Canada;
Furumo and Lambin (2020) [41] in Colombia; Leigland (2018) [42] in multiple countries
in South America; Liu and Wilkinson (2011) [43]; and Liu et al. (2016) [40]. As a result, it
can be concluded that the results of the current paper can support the private sector in the
decision-making process in the future and in understanding the nature of renewable-energy
PPPs in every country and continent.
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Table 4. Risk severity of every barrier across the six continents.
Overall Africa Asia Europe Nort.h Sout.h Australia
Average America America

Construction 9.04 9.59 9.84 9.24 9.95 7.84 12.22
Financial 14.05 15.49 13.39 15.69 12.60 10.20 21.38
Force majeure 8.29 9.32 797 8.99 8.00 7.00 4.67
Market risks 9.78 10.88 8.52 11.30 10.11 8.40 12.50
Operational 9.80 10.72 9.91 10.43 11.84 7.80 17.00
Political 15.54 15.01 14.90 18.40 17.36 20.25 21.78
Regulatory 17.76 17.64 16.78 19.14 18.78 19.00 20.22
Revenue 13.11 12.46 13.59 14.76 13.87 10.20 12.83
Technical 11.17 12.11 11.62 11.67 10.31 7.80 14.00
Technological 10.77 11.55 10.78 12.13 10.27 6.60 18.67

Assigning the responsibility of each barrier to a specific party was also investigated
to understand the differences across the continents, as shown in Table 5. The cells are
highlighted from red (for high percentages) to green (for low percentages). Additionally,
based on these percentages, the table shows which party should be responsible for each
barrier across the six continents according to the responses received. For the regulatory and
political barriers, there was agreement that the public sector should be responsible for it.
For the revenue barrier, there was agreement that both the public and private sector should
be responsible for it, except for South America, as the respondents from this continent
highlighted that it should be the responsibility of the private sector only. For the technical
barriers, it should be assigned to the private sector, as highlighted by respondents from
Africa, Asia, North America, and South America. However, respondents from Europe and
Australia preferred to have both the public and private sectors responsible for it. For the
force majeure, it was indicated that it should be assigned to both parties, as highlighted
by respondents from Africa, Asia, Europe, and North America. However, respondents
from South America preferred to assign it to the private sector, whereas respondents from
Australia preferred to assign it to the public sector. For the financial and market risks, there
was agreement across the six continents that these barriers should be assigned to both
parties. For the construction, operational, and technological barriers, there was agreement
that these barriers should be assigned to the private sector, except for in Europe and South
America, as the respondents assigned these three risks to both parties. Finally, it can be
observed that respondents from Asia, Africa, and North America assigned the different
barriers to the same parties. On the other hand, respondents from Europe did not assign
any barrier to the private sector alone and instead assigned the barriers either to the public
sector or to be shared amongst both parties.
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Figure 5. Rank of the different barriers on every continent according to the risk-severity value.
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Table 5. Percentage of respondents assigning every barrier to the public sector, private sector, or both across the six continents.

Responsible Force Market

party Regulatory Political Revenue Technical Majeure Financial Construction Operational Risks Technological
Public
Total Private 29.63 55.77 20.75 52.83 56.60 50.94
Both 39.62 37.74 58.49 43.40
P
Africa Private
Both 60.00 40.00
Public
Asia Private 30.77 48.00 53.85
Both 53.85 40.00 34.62 50.00
Public
Europe Private 46.15 38.46
Both 53.85 46.15
Public
Aljn(::ilga Private 40.00 55.56 60.00 30.00
Both 60.00 44.44 55.56 40.00 50.00
Public
oouth. Private 60.00 50.00 50.00 20.00 20.00
Both 40.00 50.00 25.00
Public
Australia Private
Both
Overall Average
Africa
. Asia
Responsible Europe
party North America

South America
Australia
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5.3. Continental Analysis of the KSFs and Key Success Indicators for Renewable-Energy PPPs

Although the previous section shed light on the KSFs and key success indicators for
renewable-energy projects from the perspective of multiple sectors, this section provides a
continental approach. Figure 6a summarizes the importance of every key success factor on
the efficiency of renewable-energy PPPs across the six continents. It shows that although
the parameters were of high importance for the success of renewable energy projects across
all continents, respondents from different continents perceived the importance of each
factor differently. For Africa, technological development followed by well-prepared contract
documents were the main KSFs for renewable-energy PPPs. Similar results can be found
in multiple studies that investigated African countries and found lack of technology and
poor documentation to be the main barriers, as evidenced by Sanni (2016) [44] in Nigeria,
Osei-Kyei and Chan (2016) [45] in Ghana, and Sehgal and Dubey (2019) [46]. For Asia,
skilled and efficient parties followed by appropriate risk allocation, desirable conditions, and
well-prepared contract documents were the main factors for efficient renewable-energy PPPs.
Similar results can be found in previous studies that investigated different Asian countries,
such as Hsueh and Chang (2017) [47] in Taiwan, Osei-Kyei and Chan (2017) [48] in multiple
Asian countries, Ismail (2013) [49] in Malaysia, and Zou et al. (2014) [50] in China. For Europe,
skilled and efficient parties followed by technological development were the main factors
for the success of renewable-energy projects, which is consistent with the results of Li et al.
(2005) [51] in the UK, Osei-Kyei and Chan (2015) [45] in multiple European countries, Sehgal
and Dubey (2019) [46], and Chou and Pramudawardhani (2015) [52] in the UK. For North
Anmerica, effective negotiation between parties, skilled and efficient parties, and appropriate
risk allocation were the main success factors for renewable-energy projects. Other studies in
North American countries presented similar results, such as Wibowo and Alfen (2015) [53] in
the United States. For South America, skilled and efficient parties followed by well-prepared
contract documents, technological development, and efficient negotiations between parties
were the main factors for the success of renewable-energy PPPs, which agrees with results of
previous studies in South American countries by Araujo et al. (2019) [54] and Menezes et al.
(2019) [55] in Brazil and Sastoque et al. (2016) [56] in Columbia. For Australia, technological
development followed by well-prepared contract documents were the main factors for the
success of renewable-energy PPPs, which is consistent with the results of the study by
Cheung et al. (2012) [57] in Australia.
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Figure 6. Cont.
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Figure 6. (a) Key success factors and (b) key success indicators for the success of renewable-energy
PPPs across the six continents.

Finally, Figure 6b shows the average rank of each key success indicator in evalu-
ating renewable-energy PPPs across the six continents. It shows that respondents from
the various continents preferred using different parameters for evaluating the success of
renewable-energy PPPs. For Africa, Europe, and South America, the produced energy
capacity followed by the resources saved were the preferred KPIs for evaluation. For Asia
and North America, the choices were reduction of emissions and resources saved, whereas
for Australia, they were produced energy capacity and reduction of emissions.

6. Discussion

This paper presents a holistic review and analysis of renewable-energy PPPs around
the world. A questionnaire survey was used to elicit experts’ opinions, and the responses
of 60 experts were collected and analyzed in order to understand the barriers and KSFs
involved. A detailed analysis of the differences in the perspectives between the public,
private, and academia sectors was conducted, along with an analysis of how the main
barriers and KSFs change from one continent to the other. Results of the risk severity reveal
that respondents from academia always evaluated barriers with a higher risk severity than
other respondents. One exception is force majeure, where the opposite was observed. The
main factor that contributed to this difference was the level of responsibility of every party
for the barriers. Traditionally, the private sector is responsible for the operational, construc-
tion, and the majority of the market risks, whereas both the public and private sectors are
responsible for force-majeure risks. Thus, the level of severity of the force-majeure barrier
should be lower than the other risks for the private sector, whereas it would be the opposite
for the public sector, since the first three barriers are outside of its responsibility. For the
KSFs, the level of importance of all the factors for the success of renewable-energy PPPs
was much higher for the private sector than the public sector. Two exceptions were for the
competitive procurement process and the technological development, as the public-sector
respondents gave them a higher level of importance than the private-sector respondents.
For the competitive procurement process, the public sector is traditionally the party respon-
sible for controlling the procurement process and evaluating the private sectors’ bidding.
Hence, the public sector needs to have a competitive process in order to select the optimum
private sector that can provide the services needed with the minimum costs and best quality.
For the technological development, it has already been found that one of the main factors
that motivate the public sector to opt for PPPs in renewable-energy projects is the utilization
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of the private sector’s technology. Thus, the public-sector respondents perceived the techno-
logical development with a higher level of importance for the success of renewable-energy
PPPs than respondents from the private sector. For the key success indicators, each sector
had different preferences for the best indicator for evaluating projects. Respondents from
academia mainly focused on the environmental impact, reduction of emissions, and the
level of energy produced or project size as the main indicators for evaluating the success
of renewable-energy PPPs. On the other side, the public and private sectors give much
lower importance to the environmental impact and preferred the use of traditional metrics.
The resources saved and value for money achieved were the main indicators preferred by
the private sector, whereas the resources saved and traditional KPIs (time, cost, money)
were the main indicators preferred by the public sector. However, the level of importance
of these traditional factors (value for money and traditional KPIs) was much lower for
the respondents from academia. This difference in the preference shows the gap between
respondents from the different sectors. Whereas respondents from academia focused on the
use of environmental factors, respondents from both the public and private sector focused
more on the practical side and the savings in terms of cost and time. However, the nature
of renewable-energy projects is environment oriented, and all parties should be aware of
that. These results shed light on the need to educate the public and private sectors about
the nature of renewable-energy projects, the vision, and the importance of such projects in
order to promote alignment.

For the continental analysis, the results reveal that every continent had its own barri-
ers, and the level of severity of every barrier changed significantly across the continents.
Additionally, the KSFs and the preferred key success indicators changed from one continent
to another. For Australia, the severity of all risks was perceived as significantly higher than
the other five continents, except for force majeure, which they perceived as much lower
than other continents. For South America, the respondents perceived the level of severity
of the risks as much lower than other continents, except for regulatory and political risks,
which were perceived with a higher level of severity. For the remaining four continents,
the level of severity of the different barriers was perceived in a similar way, with minor
changes in the risk-severity value of the barriers across the four continents. Thus, for Africa,
Asia, Europe, and North America, it can be concluded that although there are significant
variabilities between the markets and conditions, the projects face similar barriers and
with similar levels of severity. In other words, the renewable-energy market faces similar
challenges across these four continents. Finally, regulatory, political, and financial barriers
were the most common barriers facing renewable-energy projects on the six continents
but with different orders. Additionally, analyzing the responses on which party should
be responsible for each barrier confirmed the premise that the renewable-energy market
has similarities across the continents. Respondents from Africa, Asia, and North America
provided similar responses and assigned each barrier to the same party, which confirmed
the similarity of the market conditions across these three continents. On the other hand,
respondents from Europe assigned most of the barriers to both sectors, whereas only reg-
ulatory and political barriers were assigned to the public sector, as they are out of the
private sector’s control. Finally, the results of this survey were compared with those of
previous studies that were conducted in different years and regions/countries in order
to understand the generalizability of the survey. Since the results were consistent with
those of previous surveys, it can be concluded that the survey can support all sectors in
understanding the nature of renewable-energy PPPs in different countries and on different
continents for the decision-making process. Hence, this survey can aid the public sector in
understanding the main barriers facing the private sector and the factors that attract them
to invest. Additionally, the results can help the private sector in understanding the barriers
and conditions associated with renewable-energy projects at a global scale so that they can
choose to invest in areas with their preferred conditions.
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7. Conclusions

This paper presents an analysis of the barriers and KSFs for renewable-energy projects
across the globe. A questionnaire survey was first conducted in order to understand the
perspectives of the public, private, and academia sectors on these factors. The results of this
study pave the way towards building a framework between the different parties involved
in renewable-energy PPPs to help them understand the environment and how other market
players or parties are affected by the barriers and KSFs, which can further contribute to
added efficiency and the success of these projects. Additionally, the results can help the
public sector in understanding the main barriers that discourage the private sector from
investing in renewable-energy PPPs, which include regulatory and political barriers, in
order to take action and minimize these barriers in the future. Similarly, these results can
help the private sector in understanding the surrounding environment, the experience of
the sectors in prior renewable-energy PPP projects in an area, and how the public sector
perceives the barriers and success factors. This can aid them in the proper selection and
planning of a project. Secondly, a continental analysis was conducted in order to understand
renewable-energy PPPs across the globe. The results show that the main barriers and KSFs
change from one continent to another, although there are some similarities. These results
can help the sectors in understanding the nature of the renewable-energy market on every
continent, which can help them in the selection of projects to undertake. Additionally,
the results help the public sector in understanding the main barriers and KSFs in their
market in order to take the appropriate corrective actions in the direction that attracts the
investment of the private sector.

8. Limitations and Future Research Directions

Although this study provides multiple insights about renewable-energy projects
across the globe, further studies are needed to analyze the barriers and KSFs for renewable-
energy projects in every continent separately to validate the results of the current survey
and capture the differences across the different countries on one continent. Additionally,
although a questionnaire survey was adopted in this study, in-person interviews are
encouraged in order to give the experts the flexibility to mention their experience in the
different projects and collect further information that cannot be done through traditional
surveys. Finally, as the focus on renewable-energy projects is increasing with time and
governments are working on attracting private-sector capital in these projects, it is expected
that the barriers and KSFs will change in the future. Thus, this survey should be conducted
periodically in order to capture the dynamics of barriers and KSFs over time across the
different continents.
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Appendix A

Table Al. Summary of the selected studies that focus on understanding the barriers and key success

factors of PPP projects.
Study Scope Country Number of Methodology Results
Respondents
This study starts with a review The analysis revealed
of the literature to identify the that governmental
. Evaluate the impact The survey was sent to risks. Then, the survey was support, constructional
Ahmadabadi - ) . .
. of the risks on the 51 experts and 48 built and sent to experts to barriers, competitive
and Heravi Iran . . 1 .
(2019) [58] success of responses were received collect responses. Finally, the bidding, and appropriate
PPP projects. (94% response rate). responses were analyzed using risk allocations are the
factor analysis (FA) and partial main factors affecting
least squares techniques. PPPs in Iran.
The results showed that
Babonea Analyze the main regulatory and financial
and risks for PPPs in Romania ) Discussion and review of barriers are the main
Gherman renewable- the literature. risks facing PPPs for
(2014) [59] energy projects. renewable-
energy projects.
A review of the literature was
conducted to identify the
barriers. Then, a questionnaire
. The survey was sent to survey was built and sent to The results revealed that
Investigate the . "
. . 85 experts and 52 experts. Finally, the mean political, regulatory, and
Debela impact of the barriers L . . : .
Ethiopia responses were score ranking technique, t-Test, ~market risks are the main
(2019) [60] on the success of o o , . .
. responded (61% reliability rest, Kendall’s barriers for PPP projects
road PPP projects. . : .
response rate). Concordance analysis, and the in Pakistan.
Relative Importance Index
were conducted to analyze the
data.
The study started with a
. review of the literature to The results revealed that
Investigate the . . ) . .
. identify the key success factors  financial, technical, and
Donastorg impact of the key . . .
Dominican A total of 25 experts of renewable-energy projects. regulatory barriers are
etal. success factors on . . - L2 -
Republic responded to the survey. Then, a questionnaire survey the main risks affecting
(2020) [61] renewable .
ener roiects was built and sent to the renewable-
8Y projects. experts to collect response for energy projects.
the analysis process.
Firstly, a literature review was
carried out to identify the
Ezeldin and . . barriers. Then, a questionnaire The results showed that
Identify the impact . . . e
Badran e survey was built and sent to financial, political, and
. and probability of A total of 25 experts . . :
(2013) [31]; . : Egypt experts in the area of PPPs in regulatory barriers are
different barriers responded to the survey. . . .
Badran for PPPs Egypt. The survey adopted a the main barriers facing
(2013) [62] ’ Likert scale to allow the PPPs in Egypt.
respondents to rank the
barriers from 1 to 5.
The study started with a
workshop for experts in the .
This study was area of PPPs in the MENA The analysis showed that
. . . . regulatory, and
conducted by the A total of 125 experts region to identify the barriers operational risks are the
OECD to identify the MENA PEItS 6 the success of PPPs. The pe ; ‘
. . . . responded to the survey: . e . main barriers to PPPs in
Fitzpatrick barriers to PPPs in (Egypt, OECD identified the main PPP .
N 50 experts from Egypt, 19 . . K the MENA region.
etal. the MENA region. Jordan, from Jordan, 36 from projects in the countries However, the analvsis b
(2014) [32] The study focuses on Morocco, i’ involved in this study in the ¢ Y y

Morocco, and 20

and Tunisia) from Tunisia

transportation and
renewable-

energy PPPs.

last decade, with a total of 69
projects identified. Then, the
authors of this study sent the
survey to the experts involved
in the identified projects.

country showed that the
ranking of the barriers
changes from one country
to another.
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Table Al. Cont.

Number of
Study Scope Country Respondents Methodology Results
The results revealed that
This research included three ﬁnan?lfﬂ’ regulatory, and
. . political risks are the
main phases. Firstly, a L.
. . main risks for PPPs.
literature review was Additionally, the analysis
conducted to identify the risks. Y ok
. The survey was sent to : ; showed that the project
G Assess the impact of Secondly, a questionnaire MR R
upta et al. . . . 30 experts and only duration is a major risk,
risks on highway India o survey was conducted to . - .
(2013) [34] . ; 8 responded to it, with a and risks rise as a project
PPP-project life span. o collect expert responses. .
response rate of 27%. . - progresses, reaching the
Finally, data analysis was hi .
ighest level during the
conducted to plot the changes .
. . . construction phase.
in the impact of risks over the . .
life span of the projects Finally, risks drop to less
’ than half after the
construction phase.
This was a three-stage study.
Stage one was a literature
Assess the ke review for the identification of ~ The results showed that
y the factors. Then, a semi operational factors are
success factors for the o
Helmy et al. success of PPP Eovpt A total of 13 experts structured survey was the most significant
(2020) [63] roiects in the 8YP completed the survey. conducted to collect responses factors, followed by
o dic a]tional sector. for analysis. Finally, regulatory, political, and
’ hypothesis testing was used to financial factors.
test the impact of the tested
factors on the success of PPPs.
This study involved three
stages of research. Firstly, a
literate review was conducted  The results showed that
Explore the ke The survey was sent to to identify the factors. operational,
Ika et al succiss factors f}; " 1421 experts and Secondly, a questionnaire constructional, and
. orldwide responded to the survey was built and sent to technical factors are the
(2012) [64] World Bank projects Worldwid 178 responded to th Y built and hnical £ h
around the }‘:/)voi‘ 1d survey, with a response experts to collect responses. main factors affecting
’ rate of 12.5%. Finally, regression analysis renewable-
was used to test the impact of energy projects.
every factor on the success of
the projects.
The study started with a
literature review to identify
Kavishe Identify the impact of the risks. Then, interviews The resqlts revealeq that
. . operational, technical,
and the risks on the . were conducted with experts or
. . Tanzania 10 experts . . and political factors are
Chileshe success of PPPs in from the public and private the main risks affectin
(2019) [27] housing projects. sectors. Finally, the data were . cHng
. PPPs in Tanzania.
analyzed using the standard
qualitative-analysis technique.
This was a two-stage study
that started with a literature The results highlighted
Understand the The survey was sent to review for the identification of  that public sector should
. . 203 experts and a total of the risks. Then, a be responsible for
Keetal. appropriate risk . - ) .
(2010) [65]  allocation for PPPs in China 47 responses were questionnaire survey was government-related risk,
China collected, with a response  conducted between December =~ whereas the private sector
’ rate of 23%. 2008 and February 2009 to should be responsible for
collect information for the project-level risks.
analysis.
This study adopted two
research phases. The first
phase was a literature review
Understand the main that was conducted to identify ~ The results revealed that
) . Pakistan, the barriers facing PPPs. The finical, political, and
Khahro etal.  barriers facing PPPs - . A total of 42 experts .
(2021) [33] in India, China, responded to the surve second phase was the survey, regulatory barriers are
. and Egypt P Y- and during the survey the the main barriers to PPPs

developing countries.

respondents were asked to
rank the barriers in a Likert
scale from 1 to 5 according to
their impact and probability.

in developing countries.
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Number of
Study Scope Country Respondents Methodology Results
The paper started with a
literature review for
identifying the main barriers
The survey was sent to to PPP.S - Then, a fie’[aﬂ?d The analysis showed that
analysis of PPPs in India, i
. . . 80 experts and 55 full . . political, regulatory, and
Khodier Identify the barriers R China, Nigeria, and Egypt was . i .
R Egypt responses were received, . . L financial barriers are the
(2019) [29] to PPPs in Egypt. . carried out to help identify the o .
with a response rate in barriers in oth main risks facing PPPs
of 69% main barriers in other in Bgypt
’ developing countries. Then, ’
the survey was built using a
Likert scale to rank the barriers
from 1 to 5.
This study involved
three-stages of interviews.
Firstly, unstructured
1n.terV1ews were conducted The analysis shows that
with experts (23 experts) to e
. - . . regulatory, political, and
identify the main barriers for f . .
orce-majeure barriers are
renewable-energy PPPs. S .
. the main risks facing
Secondly, semi-structured
. . renewable-energy PPPs
Understand the interviews were conducted to . :
. in North Africa.
Komendantova barriers for allow the experts to rank the "
. A total of 18 experts . o Additionally, regulatory
etal. (2012) solar-power North Africa impact and probability of . .
responded to the survey. . risks are the most likely
[30] renewable- occurrence of each barrier, and
. to occur. Thus, the
energy projects. a total of 18 experts responded development of sound
to the survey. Finally, a case prient o
. regulations in a
study from a single country .
. . transparent manner is
was analyzed in depth in order essential to promotin
to confirm the results. For the P &
renewable energy.
case study, Morocco was
selected, and experts were
interviewed to acquire their
responses.
This study started with a
literature review for the
identification of risks. Then,
the questionnaire survey was  The analysis showed that
Korayem . : .
Develop a risk model built and sent to experts to operational and
and A total of 53 experts . . .
for Egypt collect responses for analysis.  maintenance risks are the
Ogunlana ific PPP completed the survey. Finall Analvtical Network in risks f
(2019) [66] water-specific s. inally, an Analytical Networ main risks for
Process (ANP) structure was wastewater PPPs.
constructed comprising the
project objective, risk
categories, and elements.
Firstly, a literature review was
conducted to identify the key
success factors for The results showed that
Identify the key A total of 273 employees renewable-energy projects. political, regulatory,
success factors and who were involved in Then, a questionnaire survey financial, and force
Magbool L .
their influence on Pakistan

(2018) [67]

renewable-
energy projects.

renewable-energy
projects completed
the survey.

was built and sent to experts in
the area. Finally, hypothesis
testing was used to
understand the Impact of each
factor on the success of
renewable-energy projects.

majeure factors are the
main factors affecting
renewable-
energy projects.
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Number of
Respondents

Methodology

Results

The survey was sent to a

total of 450 experts and a

total of 272 responses was
received (60%
response rate).

Firstly, a literature review was
conducted to identify the
factors affecting
renewable-energy projects.
Secondly, a questionnaire
survey was carried out and
sent to experts to collect
responses for the analysis
phase. Finally, regression
analysis was used to test the
impact of each factor on the
success of
renewable-energy projects.

The results revealed that
political, regulatory,
financial, and force

majeure factors are the
main factors affecting
renewable-energy
projects in Pakistan.

The survey was sent to
769 employees and
263 responded to the
survey, with a response
rate of 34%.

In this study, the authors
investigated the barriers to the
success of geothermal
renewable-energy projects
using a survey that was sent to
the employees of one project
(KenGen project) in Kenya.
Finally, hypothesis testing was
used to understand the impact
of each barrier on the success
renewable-energy projects.

The results showed that
market risks are the main
factors affecting
geothermal renewable-
energy projects.

This is a literature-review
paper that focused on
identifying the main barriers
and key success factors for
PPPs across the globe.

The analysis showed that
appropriate risk
allocation and political
support are the
most-identified barriers
in the literature.
Additionally, the analysis
showed that China and
UK are the countries of
focus of most papers in
the period studied.

Previous studies and reports
published between 2010 and
2021 were reviewed. The paper
identified the lessons learned
from previous studies and set
a group factor for the success
of PPPs in renewable energy.

The results showed that
governmental support,
efficient and competitive
bidding, political stability,
and supportive
regulations are the main
factors that contribute to
the success of PPPs.

A total of 23 experts
responded to the survey.

This study followed two-stage
research starting with a
literature review. Then, a
questionnaire survey using a
Likert scale from 1 to 5 was
conducted to rank the barriers.

The analysis showed that
financial, political, and
regulatory barriers are
the main risks for PPPs

in Egypt.

Study Scope Country
Magbool Stu}clly kthe impact of
and Sudong the key success Pakistan
factors on renewable-
(2018) [68] .
energy projects.
Odhiambo Identify the barriers
et al. to geothermal Kenya
(2020) [4] enz‘;“ewab.le'
gy projects.
Ouiig e the
and Chan Worldwide
(2015) [45] between 1990
and 2013.
Develop a detailed
understanding of
renewable-energy .
Othman PPPs with the ISr?L;lith ﬁfﬂca’
and Khallaf  objective of revealing M?),r ocecoya,
(2022) [69] the key success nd Jord ;1
factors of previous andJorda
projects in
developing countries.
Rady Assess the barriers Eovpt
(2012) {70] to PPPs. &YP
Study the factors that
influence the
Smirnova governmental China. India
etal. support of and Iéussia !

(2021) [71] renewable-energy
projects in China,

India, and Russia.

A total of 57 experts
responded to the survey,
with 19 experts from
every country.

This paper followed a
three-phase research plan.
Firstly, a literature review was
conducted to identify the main
barriers to PPPs. Secondly, a
questionnaire survey was
conducted and sent to experts
to collect responses. Finally,
regression analysis was used
to understand the impact of
each factor on the success of
renewable-energy projects.

The results showed that
regulatory, financial, risk
allocation, and political
support are the main
factors affecting the
success of renewable-
energy projects.




Buildings 2022, 12, 1511

26 of 34

Table Al. Cont.

Study Scope Country Rf:;:)]r’::ll;e?js Methodology Results

Vx?:}lldryolfee Political stability and
Analyze and evaluate focus on supporting regulations

Somma, PPPs for Morocco The World Bank database from are the main factors

and Rubino renewable-energy Jordan ! - between 2013 and 2015 was attracting the investment
(2016) [72] projects in the Aloeri ¢ analyzed. of the private sector in
MENA region. send, renewable-
Egypt,

and Tunisia

energy projects.

Investigate the
impact of the risks of

The survey was sent to

A literature review was

conducted to identify the risks.

Then, a questionnaire survey
was conducted and sent to

The analysis revealed that
technical and operation

Wang et al. the success of Pakistan 750 experts and a total of ~ experts to F:ollect responses for factors are the main risks
(2022) [73] 516 responses was the analysis phase. Finally, the .
renewable- . 5 : facing renewable-energy
energy projects received (69%). partial-least-squares projects in Pakistan
’ structural-equation-modeling ’
technique was used to analyze
the responses.
Three phases of research were
adopted in this study. Firstly, a
literature review was carried The results revealed that
Develop a The survey was sent to out to identify the main risks governmental support,
Xu et al. risk-assessment 580 experts and 98 facing PPPs. Secondly, a financial support, market
(2010) [25] model for China responded to the survey, questionnaire survey was risks, and construction
highway PPPs with a response rate distributed to experts involved ~ and operational barriers
ghway ’ of 17%. in PPP. Finally, A fuzzy are the main risks for
synthetic-evaluation technique ~ highway PPPs in China.
was adopted in order to model
PPP risks.
The study started with a
literature review to identify
Understand the Th the key success factors of The results showed that
. e survey was sent to . . .
impact of the key 408 experts and a total of renewable-energy projects. operational and technical
Zamanetal.  success factor on the Pakistan 37 6I;es onses were Then, a questionnaire survey are the main factors
(2022) [74] efficiency of P o was built and sent to experts. affecting the success of
received (92% . .
renewable- response rate) Finally, the partial-least-square renewable-
energy projects. P ’ structural-equation-modeling energy projects.
technique was used to analyze
the responses.
Firstly, a literature review was
conducted to identify the
barriers to the success of
Investigate the renewable-energy projects. The analysis revealed that
Zhao and impact of the risks on The survey was sent to Secondly, a questionnaire market, technological,
Chen the success of China 369 experts and 216 survey was distributed to and financial barriers are
(2018) [75] renewable- responses were received collect responses. Finally, a the main factors affecting
energy projects (59% response rate). driving-force model renewable-
’ illustrating the influence energy projects.
mechanisms of
renewable-energy
development was established.
A literature review was
Analyze the factors conducted to identify the The analysis revealed
affecting BOT The survey was sent to factors affecting that financial, operational,
Zhao et al. ble-ener Chin 105 experts and 73 renewable-energy projects. and political factors are
(2010) [16] renevzzealeciriec crey a responses were received Then, a questionnaire survey the main parameters

power) projects.

(70% response rate).

was sent to experts to test the
relative importance of
each factor.

affecting renewable-
energy projects.
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Table A2. Main barriers investigated in the different studies in the literature.

Force Market

Study Regulatory Political Revenue Technical Majeure Financial Construction Operational Risks Technological
Almarrl( ;SS )B[o;gsabame v v v v
Badran (2013) [62] v v v v v v v v v v
Baxter (2017) [77] v
Carpintero and Siemiatycki v v
(2016) [78]
Chen et al. (2017) [79] v v v
Debela (2019) [60] v v v v v v v
Diba (2012) [80] v v v v v v
Donastorg et al. (2020) [61] v v v
Estache et al. (2007) [81] v v v v v v
Ezeldin and Badran (2013) [31] v v v v v v v v v v
Fitzpatrick et al. (2014) [32] v v v v v v
Grimsey and Lewis (2002) [82] v v v v v v v v
Ismail (2013) [49] v v v v v
Kang et al. (2018) [83] v v v
Kavishe and Chileshe (2018) [27] v v v v
Ke et al. (2010) [65] v v v v v v v v
Khahro et al. (2021) [33] v v v v v v v v v v
Khodier (2019) [29] v v v v v v v
Komendantova et al. (2010) [30] v v v v v v v v
Kumara?;\(;a(a)rllsy[ g-/ﬁd Zhang v v v v v v
Kwofie et al. (2016) [85] v v v v v
Lam et al. (2007) [86] v v v
Li et al. (2005) [51] v v v v v v v v v
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Table A2. Cont.

. . Force . . . . Market
Study Regulatory Political Revenue Technical Majeure Financial Construction Operational Risks

Magbool and Sudong (2018) [68] v v v v v v v v

Maslyukivska and Sohail
(2007) [87]

Medda (2007) [88]

Muhammad and Johar
(2019) [24]

Ng and Loosemore (2007) [89]

NTSA (2004) [90] v
Odhiambo et al. (2020) [4]
Osei-Kyei and Chan (2015) [45]
Osei-Kyei and Chan (2017) [48]
Rady (2012) [70]

Shen et al. (2006) [91]
Smirnova et al. (2021) [71]
Somma, and Rubino (2016) [72]
VDTF (2001) [92]
Verhoest et al. (2015) [93]
Wang and Tiong (2000) [94]
Warburton and Baker (2005) [95]
Xu et al. (2010) [25]

Yang et al. (2013) [96]

Yun et al. (2015) [97]

Zhao and Chen (2018) [75]
Zhao et al. (2010) [16]

Zou et al. (2008) [98]

Technological

v
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Table A3. Key success factors investigated in the different studies in the literature.

Towoogil  Gugpiie  Desvie PR Heive T Sledind compeite el bepared
pmen ocation onditions Allocation between Parties Parties Processes Document
Almarrl( ;(1)11d7 ;3[()7%isabame v v v v
Debela (2019) [60] v v v v v
Diba (2012) [80] v v
Donastorg et al. (2020) [61] v v
Fitzpatrick et al. (2014) [32] v v v
Gordon et al. (2013) [99] v v
Ismail (2013) [49] v v v v v
Kamel et al. (2017) [28] v v
Kavishe and Chileshe (2018) [27] v v v
Khodier (2019) [29] v v v v v v
Kwofie et al. (2016) v v v v v
Lam et al. (2007) [85] v
Muhammad and Johar (2019) [24] v v v
Osei-Kyei and Chan (2017) [48] v v v v
Smirnova et al. (2021) [71] v v v v
Yun et al. (2015) [97] v v v v
Zhao et al. (2010) [16] v
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Table A4. Key performance indicators investigated in the different studies in the literature.

Reduction of Produced Resources Traditional Value for Risk-Sharing
Study Emissions Energy Saved KPls: Cost, Money Allocation
Capacity Time, Money Achieved
Debela (2019) [60] v
Magbool and Sudong v v
(2018) [68]
Magbool et al. (2017) [100] v v
Muller and Turner
(2010) [101] v v
Osei-Kyei et al. (2017) [48] v v
Zhao and Chen (2018) [75] v v v
Hydropower
4000 Twh
3000 TWh
2000 TWh
Wind
1000 TwWh Solar
Other renewables, including
bioenergy
h
1965 1980 1990 2000 2010 2021

Figure A1. Total renewable-energy generation by source across the years.

Planning Task

& %
\b .

Databases and

e search engines
Searching Task
Inclusion Criteria — Initial List of papers
Screening Task — Updated List of papers

l

Final List of papers

|

Identification of the barriers and
key success factors

<

To Survey

Figure A2. Literature review process followed in the current study.
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