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Abstract. Owed to their enormous impact on the sustainable development of energy security, climate change, and the
economy, multiple renewable-energy projects are carried out around the world, both in developed and in developing
countries. Since the construction of renewable energy project is an entrepreneurial activity, there is a big concern about
the success of such projects. Although pertinent literature suggests several methodologies to enhance the success of
various projects, renewable-energy projects are still overlooked. This study identifies multiple critical success factors (CSFs),
required for renewable-energy projects. Using a sample of 272 firms working on renewable energy projects in Pakistan, a
quantitative and causal study was undertaken to identify the critical success factors (CSFs). Structural equation modeling
(SEM) was applied to test and verify hypothesis. The results show that there is a strong direct dependency of project suc-
cess over the proposed factors, however environmental factors are found to be the only predominant CSFs which show the
significant indirect effect on project success. The study expected to contribute towards and widen up the existing know-
ledge base for the project performance of renewable energy projects by adding on the findings regarding critical success
factors.

Keywords: critical success factors, renewable energy projects, project success, structural equation modeling, environmental

factors.

Introduction

Renewable energy projects are built to provide non-
depletable renewable energy resources, which are natu-
rally replenished on a human timescale, such as sun-
light, wind, rain, tides, waves, and geothermal heat
(Ellabban et al. 2014). These projects often provide energy
in four important areas: electricity generation, air and wa-
ter heating/cooling, transportation, and rural (off-grid)
energy services (REN21 2010). According to Zhao et al.
(2016), in order to meet the energy demands and reduc-
ing greenhouse gas emissions countries should force to
vigorously promote renewable energy power generation.
Renewable energy projects types of wind projects, solar
power projects, bagasse power projects, thermal power
projects and waste heat recovery power projects have been
considered to be part in this research. Based on cost and
benefit analysis, Bergmann et al. (2006) have also found

these projects as most significant renewable energy pro-
jects in their research. Alongside few other factors have
been also taken into account in their research, such as
landscape quality, wildlife, air quality, and welfare impli-
cations of different investment strategies for employment
and electricity prices.

The current study is conducted to identify the effects of
critical success factors (CSFs) and their relevant aspects in
the construction of Pakistani renewable energy projects.
Pakistan is among the energy deficient countries, which
is trying to increase its indigenous energy supplies to deal
with severe energy crises at present. A lot of renewable
energy projects aim to fulfil energy gap in Pakistan are
under construction. Despite the need and importance,
these projects also face many hurdles and challenges
to complete including; political, technical, economic,
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environmental and social aspects. Thus, the current study
is an effort of the researchers to find critical success factors
in the renewable energy projects of Pakistan.

Pakistan has abundance of renewable energy resources,
but these resources have not been exploited properly. The
country’s first policy for renewable energy publicized in
2006; mid-term and long-term targets were settled includ-
ing generation of 9700 MW of electricity from renewable
energy resources by the year 2030, and electrification of
7874 oft-grid and remote villages (AEDB 2010; GoP 2006).
However, in spite of these ambitious targets, there is not
much development made for the utilization of emerging
renewable energy technologies in the country. The renew-
able energy sources like solar energy, wind energy, ocean
energy, biomass energy, fuel cell technology, and geother-
mal energy can be utilized to overcome energy deficit in
Pakistan (Amer, Daim 2011).

Although there are a number of publications on criti-
cal success factors of projects (Ahimbisibwe et al. 2015;
Bayiley, Teklu 2016; Chou, Pramudawardhani 2015;
Cserhati, Szabo 2014; Tka, Donnelly 2017; Osei-Kyei, Chan
2015; Liu et al. 2014; Marzagdo, Carvalho 2016; Mukhtar
et al. 2017; Pal et al. 2017; Ribeiro et al. 2017; Shen et al.
2017; Williams 2016; Xavier et al. 2017; Yalegama et al.
2016; Yamin, Sim 2016; Zou et al. 2014), none of these
studies focus comprehensively on this aspect of renew-
able energy projects, particularly in Pakistan’s renewable
power projects. The main emphasis of present research
is placed on the identification of success factors and then
prioritization of most critical factors contributing towards
the success of renewable energy projects. The potential
of renewable energy resources in Pakistan has been esti-
mated by a number of researchers (Ahmed et al. 2016; Ali
et al. 2015; Arshad, Ahmed 2016; Asif 2009; Awan, Khan
2014; Ghafoor et al. 2016; Gondal, Sahir 2010; Gondal
et al. 2017; Hulio et al. 2017; Mirza et al. 2003; PMD 2004;
Raja et al. 1996; Shahbaz et al. 2015; Shakeel et al. 2016;
Sheikh 2009). However, their assessments were restricted
to potentials and prospects of energy extraction from the
renewable sources and their possible consumption. Very
few studies focused on the possible challenges and barri-
ers to the successful construction of renewable energy pro-
jects. Sahir and Qureshi (2008), for example, identify the
barriers to the significant utilization of new and renewable
energy resources potentials. Mirza et al. (2009) identified
and discussed the major challenges to the development of
renewable energy projects. The study of Chaudhry et al.
(2009), addressed the important factors for the sustaina-
ble development of renewable energy projects in Pakistan,
however these factors were limited to theoretical recom-
mendations. None of these studies have described the sig-
nificant success factors for the construction of renewable
energy projects. Moreover, the critical success factors for
these projects were also not identified. This study aims
to fill the gap of renewable energy resources of Pakistan
by identifying the significant success factors and decid-
ing about most critical success factors for constructing
the successful renewable energy projects. Considering the

rising emphasis on the development of renewable energy
from the Pakistani government and the international com-
munity, this study provides a valuable reference to formu-
late the effective strategies to gain maximum output from
the renewable power industry.

1. Literature review

1.1. Critical success factors in construction of
renewable energy projects

This part of the study examines a detailed analysis of
previous empirical researches on critical success factors
(CSFs) domain which assist the present study theoreti-
cally to infer the success factors for the renewable energy
projects. Earlier empirical researches on critical success
factors (CSFs), for instance Baccarini and Collins (2003),
Ika et al. (2012), Standish (1994), Xu et al. (2011) and
Zhao et al. (2010) are considered.

CHAOS report by Standish (1994) suggests the five
critical success factors for construction projects which are;
top management backing, client involvement, well-defined
obligations, realistic expectations and sensible planning.
Baccarini and Collins (2003) have conducted an empirical
research based on a survey of 150 members of Australian
Project Management Institute working in different project
fields such as construction, telecommunications, informa-
tion technology, defense, education etc. A total of 45.3 per-
cent of the survey contributors were from the construction
industry and they have identified 15 critical success factors
necessary for project success. Among these critical success
factors project understanding and competent project team
were identified as predominant factors for project success.
The important point observed in this research is no sub-
stantial abnormalities are noted in the responses collected
from contrasting industries.

Zhao et al. (2010) have conducted a research for finding
the critical success factors (CSFs) in BOT electrical power
projects in China. This is the only empirical research in
the field of renewable energy projects, assessing the criti-
cal success factors for thermal and wind power projects.
Based on the survey results, five categories for critical suc-
cess factors were identified including; project feasibility,
project environment, project company, project contrac-
tor and project suppliers. Ika et al. (2012) have done their
research on the critical success factors for world bank pro-
jects, which involve 2.7 percent of energy projects. The
study was based on empirical findings of 147 different pro-
ject fields, identified five clusters of critical success factors
including; monitoring, coordination, design, training and
institutional environment. Xu et al. (2011) have developed
a set of critical success factors (CSFs) of energy perfor-
mance contracting (EPC) for sustainable building energy
efficiency retrofit (BEER) of hotel buildings in China. They
have used semi-structured interviews and a questionnaire
survey with practitioners and other professionals working
on construction projects. The findings lead to 21 success
factors under 6 clusters of critical success factors. These
categories are: (1) project organization process; (2) EPC
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project financing for hotel retrofit; (3) knowledge and
innovation of EPC, sustainable development (SD), and
M&V; (4) implementation of sustainable development
strategy; (5) contractual arrangement; and (6) external
economic environment.

Researchers have identified different factors to add val-
ue to project success; these areas include Project Manager,
Team Members, Organization, and External Environment
(Prabhakar 2008). Other factors are user participation,
team skills (Wixom, Watson 2001); top management sup-
port, clarity of project mission, availability of technical
resources (Thite 1999); project objectives, resources, and
managerial support (White, Fortune 2002). After exten-
sive literature reviews following factor categories were
identified as success factors for construction of renewable
energy projects.

1.1.1. Communication factors

Effective and concise communication is utmost necessary
in forming an environment that delivers project success.
It should inflate across all levels of project (Jugdev, Ma-
thur 2012) and through all the phases of project life cycle
(Baccarini, Collins 2003). Project success relies upon three
factors and which are communication, communication,
and again communication (Bairi, Manohar 2011). Delay
is bearable if communicated timely and imparts construc-
tive influence upon clients’ psychological satisfaction in
projects (Dvir et al. 1998; Verma 1995).

1.1.2. Team factors

The future of project management is wide open and
requires a diverse geographical and cultural team to set-
tle the challenges of tomorrow (Lewin 2001). Leaders of
international organizations are zealous to identify the
opportunities of collaboration with teams from all over
the world (Globerson, Zwikael 2002). It is widely accept-
ed that flexible management descends the project success
of a minor level project while team behavior diminishes
the set objectives of overall projects whereas documented
discussions and previous project’s reports were helpful for
project team to recognize client’s requirements (Dvir et al.
1998).

1.1.3. Technical factors

A project is successful over achievement of two goals; one
is the extent to which it has attained its technical objec-
tives within the specified parenthesis of costs and time.
Professional and technical expertise and recognition of
the client’s importance amplifies customer satisfaction at
the time of exchange whereas customer loyalty in future
(Buchanan, Badham 2008). Construction projects happen
to be more complex than software projects thus a lot of
technical expertise required for successful outcomes.

1.1.4. Organizational factors

Organizations anticipate projects to be accomplished
within budget, time, and with consumption of least

resources. That is why they fail to spot the right track
and prioritize projects in an inappropriate method
(Gopalasamy, Mansor 2013). An organization must
possess best process, method, or a technique that they
defined as a methodology, more efficient and much effec-
tive, in running towards bigger goals. A best methodology
involves good leadership that conveys clear and concise
message to all stakeholders (Nastase 2009), nurture with-
in organizational culture (Cooper 1998) and results into
competitive advancement for project management (Pfeffer
1994).

1.1.5. Environmental factors

Businesses are getting more and more global with the
swell in volatility of the business environment (Wixom,
Watson 2001). Unpredictable environment makes it dif-
ficult to take decisions whereas a comparatively stable
environment makes it easy to plan in a better way, along
with client involvement, that ultimately leads to project
success (Young, Poon 2013). Political and technological
factors are important ingredients of the environmental
factors to alter the project’s destiny (Westerveld 2003),
whereas environmental factor is identified as a macro
factor (Hayfield 1979).

2. Hypotheses and causal model development

The given literature demonstrated five important catego-
ries as the success factors for renewable energy projects
which includes; communication factors, team factors,
technical factors, organizational factors and environmen-
tal factors. Thus, we may draw following hypotheses from
literature to be tested here:

H1. Communication Factors affect Project Success.

H2. Team Factors affect Project Success.

H3. Technical Factors affect Project Success.

H4. Organizational Factors affect Project Success.

H5. Environmental Factors affect Project Success.

It has been said that generally 90% of a project
manager’s time is consumed communicating what is going
to be done. The success of a project mainly relies on the
productivity of its communication network. According to
Rajkumar (2010), project communication is the “Project-
Life Blood” and more effective communication is equal to
better project management. Moreover, he demonstrates the
factors which may have an effect on the communication
plan for project success including; urgency of the informa-
tion, technology, project staffing, project length and pro-
ject environment. So, here while considering the diffusion
innovation theory (Rogers 1976) we may hypothesize the
mediating effect of team factors, technological factors, or-
ganizational factors and environmental factors in between
communication factors and project success. The diffusion
innovation theory analyzes how the project leaders adopt
different ideas and how they made the decision towards
it. The diffusion innovation theory assists the innovation
and entrepreneurship, mainly depends on human capital.
Since the construction of renewable energy project is an
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Figure 1. The research model

entrepreneurial activity, accordingly the development of
a conceptual model determining CSFs for renewable en-
ergy projects is heavily depends on diffusion innovation
theory. According to the theory, innovations should
be widely adopted in order to attain development and
sustainability. Thus:

H6. Team Factors mediates the relationship in between
Communication Factors and Project Success.

H7. Technical Factors mediates the relationship in
between Communication Factors and Project Success.

H8. Organizational Factors mediates the relationship
in between Communication Factors and Project Success.

H9. Environmental Factors mediates the relationship
in between Communication Factors and Project Success.

On the bases of literature review and theories following
causal model in Figure 1 is drawn to be tested in this study.

3. Research methodology

The process suggested by Saunders et al. (2015) was pur-
sued for current research design, which consists of seven
steps. Post-positivism was drawn on as epistemologi-
cal stance, since it intends to objectivity as an ideal, but
is aware of the subjectivity stemming from the subjects
marked for collecting the data. According to Biedenbach
and Miiller (2011), post-positivism recognizes trends as
a substitute of generalizations. A deductive approach was
drawn for a vigorous research design that comprises of
new empirical evidence along-with existing theory. A
questionnaire survey design was used to gather quantita-
tive data in a cross-sectional way from a large range of
respondents, so as to achieve the extensive analysis of the
derived theory. Research method for the current study is
given in Figure 2.

Stage 1

Understand the success factors, critical
success factors (CSFs) from literature.
Select the framework of reference

Significant success factors (SSFs)
and critical success factors (CSFs)

Stage 2

Sample selection of significant
projects. Data collection.

:

Questionnaire survey

4

Stage 3

Analyze finding and make sense of
data. Using structural equation
modeling (SEM).

Significant success factors (SSFs)
and critical success factors (CSFs)
after the analysis

L

Stage 4

Proposals to improve practices for
renewable energy projects.

Recommendations

Figure 2. The research method
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3.1. Questionnaire development

In current study, six variables are being studied which
includes 1 independent variable i.e., communication
factors, one dependent variable i.e., project success and 4
mediating variables, namely: 1) team factors, 2) techni-
cal factors, and 3) organizational factors, and 4) environ-
mental factors. All the items for CSFs (independent and
mediating variables) constructs were identified by previous
studies (Li 1997; Prabhakar 2008; Sudhakar 2012; Zhao
et al. 2010; Fang, Zeng 2007) whereas researchers gave them
definitions according to the literature available. In the later
phase, project success was measured through Muller and
Turner (2010) definition of project success by utilizing the
scale used by Magbool et al. (2017). The questionnaire was
based on five-points Likert Scale, in which 1 being “strongly
disagree” and 5 being “strongly agree”. A five-points Likert
Scale rather than seven-points Likert Scale and nine-points
Likert Scale was chosen for a number of reasons, one being
that it increases response rate and response quality along
with reducing respondents’ “frustration level” (Babakus,
Mangold 1992; Devlin et al. 1993; Hayes 1992).

3.2. Variables and their measure
3.2.1. Measure of Communication factors

For communication factors, the undertaken scales were
from the studies of Li (1997), Prabhakar (2008) and Sudha-
kar (2012). Communication factors has seven dimensions,
namely: 1) communication, 2) leadership, 3) relationship
between client and project leadership, 4) reduce ambigu-
ity, 5) maximize stability, 6) cooperation and 7) balance
flexibility and rigidity. These construct dimensions were
measured through 11 items on five points Likert Scale.

3.2.2. Measure of Team factors

For team factors, seven dimensions include: 1) team ca-
pability/competence, 2) teamwork, 3) select right project
team, 4) project team coordination, 5) task orientation,
6) team commitment, 7) team empowerment (Prabhakar
2008; Sudhakar 2012). These construct dimensions were
measured through 8 items on five points Likert Scale.

3.2.3. Measure of Technical factors

Technical factors was measured using Prabhakar (2008)
and Sudhakar (2012) scales that comprised of eight
dimensions: 1) technical tasks, 2) troubleshooting,
3) technical uncertainty, 4) technical implementations
problems, 5) integration of tasks, 6) technology support,
7) quality testing and 8) removing legacy systems. These
were measured by 9 items on five points Likert Scale that
ranged from strongly disagree to strongly agree.

3.2.4. Measure of Organizational factors

For measuring the organizational factors, developed
scales of Sudhakar (2012) were adopted that are: 1) top
management support, 2) realistic expectations, 3) organi-
zational politics, 4) financial support, 5) power, 6) market

intelligence, 7) personal recruitment, 8) business process
re-engineering, 9) reducing a cost base, 10) increasing
efficiency, and 11) attrition. These were measured (11
items) on five points Likert Scale that ranged from strong-
ly disagree to strongly agree.

3.2.5. Measure of Environmental factors

For environmental factors, scales were adopted from Zhao
et al. (2010), Fang and Zeng (2007), Sudhakar (2012).
Environmental factors has eight dimensions, namely:
1) stability of political situation, 2) continuity of policies,
3) policy of paying foreign currencies, 4) credit man-
agement system, 5) domestic interest rate, 6) domestic
capital markets and credit rating, 7) legal environment,
and 8) community involvement. It was measured by 9
items on five points Likert Scale.

3.2.6. Measure of Project success

To measure project success, scales developed by
Muller and Turner (2010) and Magbool et al. (2017) were
used, which included the dimensions of on scheduled
time, on budgeted cost, desired quality and satisfaction of
stakeholders. Project success was measured by 9 items on
five points Likert Scale that ranged from strongly disagree
to strongly agree.

3.3. Population, sample and sampling technique

The project team members including project managers of
various construction firms working on renewable energy
projects in Pakistan were the “unit of analysis” for this
study. These respondents did not have experience of a sin-
gle project rather every individual responded with respect
to his/her own project experience.

For pilot testing 20 responses were chosen. Nunnally
and Bernstein (1994) suggested that for reliable results
Cronbach’s alpha should be maintained at least 0.7 for each
construct because it means that all the items are measuring
the same phenomenon within the latent construct (Davcik
2014; Hair et al. 2014). Initially, Cronbach’s alpha for the
organizational factors was calculated to be 0.59 which
later on rose to 0.733 with the exclusion of item No. 12,
31 and 35 that reduced total items of the questionnaire to
54 for further data collection. Roughly 450 individuals were
contacted through personal visits to construction organiza-
tions and at project sites to contribute in the study. Over-
all of 277 respondents submitted their views out of which
5 were identified as void (incomplete) and were neglected.
Remaining 272 responses were selected as a sample size that
made a total response rate of 60.44%. Demographic details
of the survey respondents are presented in the Table 1.

4. Results and discussion
4.1. Data analysis techniques

Data analysis involved the data compilation, it’s screen-
ing, descriptive analysis, and respondents’ demographics
statistics, assessing data reliability and analyzing the
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Table 1. Respondents’ demographics

Characteristics Category Frequency | Percentage
Gender Male 218 80.15%
Female 54 19.85%
Educational PhD/Master 77 28.31%
background "5, helor 132 48.53%
< Bachelor 63 23.16%
Experience >15 years 133 48.90%
10-15 years 108 39.71%
5-10 years 31 11.39%
Designation Project director 36 13.24%
Project manager 95 34.93%
Functional 79 29.04%
manager
Team leader 52 19.12%
Other 10 3.68%

correlation. Correlation and regression analysis were
used to test the study hypotheses. Correlations were stud-
ied through SPSS 20 whereas regression and mediation
relations were studied by structural equation modeling
with the help of AMOS 18. Structural equation modeling
(SEM) is maintained, in part, to examine more complex
models in a single analysis as a replacement for testing
isolated regression analyses (Xiong et al. 2015). The tech-
nique of SEM determines indirect effect tests via above
methods for defining significant analysis. Additionally, the
approach of SEM analysis provides model fit information
that offers evidence regarding the uniformity of the hy-
pothesized mediational model. Measurement error could
be another possible apprehension in mediation testing due
to attenuation of relationships and the approach of SEM
can solve this issue by eliminating error from the data of
associations between the variables (Davcik 2014).

4.2. Data screening, normality, and reliability of the
data

Before starting data analysis, the survey data was vigilantly
checked for outliers, missing values, normality, and multi-
collinearity. It was found that not a single value fell beyond
the limits (as of Q1 -1.5IQR, Q3 + 1.5IQR); consequently,
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no outliers were found within the whole data. According
to Tabachnick and Fidell (2012), there are three ways to
deal with missing data including; imputation, list wise
deletion and pair wise deletion. For this study, imputation
method was used to avoid the loss of meaningful data.
Very few missing values were found in the data - hardly
1 or 2 in most of the variables” items. Data non-normality
was also clarified by performing the kurtosis and skew-
ness. The values found were within the range of -2 and 2
as per the suggestion of Tabachnick and Fidell (2012) for
normal data distribution.

Construct validity of the variables was tested by using
the exploratory factor analysis (EFA) via principle compo-
nents. Factor analysis was done through Varimax rotation
for grouping the independent, mediating and depend-
ent constructs. Those items were retained which contain
correlation values between 4-8 within a construct group,
and communalities more than 0.5. Cronbach’s alpha was
performed to check the reliability of the measurement
scales, and the value for each separate construct was found
at minimum 0.7. The reliability analysis performed for
present research remained 0.7 and above, which is fine as
per the suggested guidelines of Nunnally and Bernstein
(1994) and Andertson and Gerbing (1998). For present
research, entire data was within satisfactory range.

4.3. Descriptive

Table 2 demonstrates the descriptive statistics of the con-
structs. Among all the constructs, project success exhibited
the maximum uniformity amongst the items (o = 0.902),
showing that it can be run as a sole index. The Mean score
(M =4.25, SD = 1.03) indicates that project success is the
most important concern for the stakeholders, i.e. pro-
ject success can be well guaranteed if stakeholders work
collected as a team with substantiated mutual objectives
and established procedures for collective problem solving
(Larson 1995). Moreover, dependent variable, communi-
cation factors also found within range with (o = 0.0886,
M = 4.22, SD = 1.06). Furthermore, mediation factors
were also found to be in the acceptable ranges: team
factors (oo = 0.837, M = 4.01, SD = 1.17), technical
factors (a0 = 0.813, M = 3.72, SD = 1.39), organizational
factors (o0 = 0.46, M = 4.02, SD = 1.01), and environmen-
tal factors (o = 0.897, M = 4.19, SD = 1.056), showed good
reliability.

Table 2. Descriptive statistics

Variable Mean S.D Skewness | Kurtosis | Cronbach’s a Items
Project success 4.2534 1.03268 0.176 1.035 0.902 9
Communication factors 4.2163 1.06324 -0.276 -0.183 0.886 11
Team factors 4.0116 1.17443 -0.157 -0.545 0.837 8
Technical factors 3.7164 1.39165 -0.052 -0.721 0.813 9
Organizational factors 4.0211 1.01461 -0.237 0.387 0.746 11
Environmental factors 4.1945 1.05635 -0.204 0.368 0.897 9
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Hence, the subsequent scales for all constructs
exhibited satisfactory reliability, and scales’ composites
can be calculated by averaging the respective scales items.
Moreover, the kurtosis and skewness were also found with-
in the acceptable range. Consequently, survey data is fairly
normal as suggested by Xiong et al. (2015).

4.4. Construct validity

Construct validity of the study variables was tested by
using the exploratory factor analysis (EFA) via principle
components. Factor analysis of the grouping of constructs
was determined by Varimax rotation. The factor loadings
for most of the constructs could not load on construct
dimensions rather items loaded on the study construct
itself precisely. Only those variables were extracted which
presented the factor loading values greater than 0.5 (Hair
et al. 1995). Moreover, the factors with Eigen values more
than one were extracted, which were only 2 to 3. The
factor loadings for the project success items found within
the range of 0.714 to 0.930 which depicts a prominent
internal consistency between the items of project success.
Likewise, factor analysis was performed to group 11 items
of communication factors construct. Only one item was
excluded due to low factors loading, however other 10
items were found within the range from 0.706 to 0.913.
Factor analysis employed to group 8 items construct of
team factors results in all the items acceptable range from
0.694 to 0.902. The factor loading for technical factors was
found within the range of 0.684 to 0.896 for 7 items, how-
ever 2 times were dropped because of little factor loading
values. Additionally, the factor loading values for organi-
zational factors and environmental factors were also found
within the acceptable ranges of 0.691 to 0.915 and 0.713
to 0.924 respectively. None of the item of organizational
factors and environmental factors was found with less
factors loading value.

4.5. Confirmatory factor analysis

Model measurement was confirmed by employing the
Confirmatory Factor Analysis (CFA) (Andertson, Gerbing
1998). Prior to Confirmatory Factor Analysis (CFA), the
model refinement was employed by using SPSS statistical
package to enhance fit to suggested levels. Several trials

were performed to exclude some items and to meet all
the scales to recommended levels. Furthermore, all the
constructs were determined with the composite reliabil-
ity more than 0.7 levels, as recommended by Hair et al.
(2006), depicting fair reliability of each construct variable.

Factor loadings for constructs’ items were exceeded the
0.5 standard (Fornell, Larcker 1981) and determined at the
5% of statistically significant level. Adequate convergent
validity was demonstrated by all the constructs. Discrimi-
nant validity determines the different measuring concepts
of variable constructs (Hair et al. 2006; Hazen et al. 2015).
The discriminant validity of all the variable constructs was
assessed. First of all, each group of variable findings was
paired with another group of findings. Then, every model
analyzed twice by following suggestions of Li and Cavusgil
(2000) once by running the correlations among the two
variable constructs to unity and once through freeing this
criterion. Discriminant validity of the variable constructs
was determined from the given results. Likewise, the
study adopted a multi-approach to model fit assessment as
recommended by literature (Hair et al. 2014; Hazen et al.
2015; Schreiber et al. 2006). According to Hazen et al.
(2015), it is important to check the goodness-of-fit (GOF)
measures that demonstrate an adequate model fit to the
data. Fitness indicators of CFA and final models are given
in the Table 3.

Campbell and Fiske (1959) introduced the concept of
discriminant and convergent validity. They highlighted the
importance of testing discriminant and convergent valid-
ity for conducting new tests. Discriminant validity shows
that concepts which are supposed to be discriminant;
unrelated are unrelated. It signifies the degree to which the
construct is empirically different from other constructs. In
other words, the construct measures what it is intended
to measure (Hair ef al. 2014). There is no rule of thumb
regarding considering any value to be standard to confirm
the discriminant validity present in the data.

Convergent validity focuses on two measures of
constructs that are supposed to be related with each other.
Without confirming about validity and reliability of data,
it is not appropriate to move further; as, final results can be
affected, and results may be biased as well. Average Vari-
ance Extracted (AVE), Average Shared Squared Variance
(ASV) and Maximum Shared Squared Variance (MSV)
are the established measures for measuring validity. Hair

Table 3. Fitness indicators of CFA and the final model

GOF CFA model Final model GOF range Threshold
CMIN/DF 2.71 2.67 0 or above 1.00 to 3.00
P-Value 0.00 0.00 0 (no fit) to 1 (perfect fit) 0.9 or above
TLI 0.96 0.97 0 (no fit) to 1 (perfect fit) 0.9 or above
GFI 0.94 0.95 0 (no fit) to 1 (perfect fit) 0.9 or above
CFI 0.84 0.90 0 (no fit) to 1 (perfect fit) 0.9 or above
RMSEA 0.096 0.091 0 (perfect fit) to 1 (no fit) 0.1 or below
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Table 4. Convergent and discriminant validity

Latent variable | CR | AVE | MsV | Asv Project | Communication | Team | Technical | Organizational | Environmental
success factors factors | factors factors factors
Project success | 0.893 | 0.710 | 0.602 | 0.457 | 0.786
Communication | 0.954 | 0.863 | 0.715 | 0.528 | 0.730 0.736
factors
Team factors 0.902 | 0.814 | 0.790 | 0.656 | 0.618 0.591 0.673
Technical 0.825 | 0.792 | 0.626 | 0.514 | 0.586 0.457 0.538 0.592
factors
Organizational 0.862 | 0.801 | 0.739 | 0.626 | 0.615 0.592 0.597 0.478 0.654
factors
Environmental | 0.968 | 0.905 | 0.798 | 0.692 | 0.723 0.651 0.603 0.569 0.536 0.735
factors
Table 5. Correlation analysis
Correlation
Variable
1 2 3 4 5 6

1 Project success 1

2 Communication Factors 0.547** 1

3 Team factors 0.513** 0.324** 1

4 Technical factors 0.217*% 0.072 0.145* 1

5 Organizational factors 0.234* 0.192% 0.279** 1 0.205%* |1

6 Environmental factors 0.532* 0.351*% 0.406** | 0.303*%¢ | 0.408%* |1

et al. (2006) gave the threshold points of the said valid-
ity measures, according to which there will be convergent
validity if CR > AVE > 0.5, and discriminant validity will be
observe if MSV < AVE > ASV.

Confirmatory factory analysis was used to check the
discriminant and convergent validity of the scale. Valid-
ity of the dimensions was measured by construct validity
(Cavana et al. 2001), however validity of constructs was
determined by utilizing factor analysis. According to Mal-
hotra (2008), once the KMO (Kasier Meyer Olkin) value
stands between 0.5 and 1.0, then the factor analysis reflects
to be suitable. The KMO value of the data found to be well
within range; between 0.5 and 1.0, so the factor analysis is
pertinent for present study. Furthermore, “statistical test for
Bartlett test of sphericity was found significant (p = 0.000;
d.f =93) for all the correlations within a correlation matrix
(at least for some of the constructs)” (Kwek et al. 2010).
Results of Varimax rotation and principle components
analysis demonstrated that the Eigen values for all the
study constructs are higher than level 1. Factor loadings
for all the study constructs were also found above the level
of 0.50. Items of each particular measuring construct were
loaded together and found to be with factor loading values
above the 0.5 level. Hence, a higher degree of convergent
validity is found in all the studied measurement scales. It
was determined by outcome of the discriminant validity
that items were not cross-loading and rather supported
the respective variable constructs, as all the items were

assigned rendering to the different study constructs.
Results in Table 4 show that there are no issues of conver-
gent and discriminant validity in the final model.

4.6. Correlation

The bivariate correlations between all the observed
variables are shown in under mentioned Table 5. All cor-
relations were found to be within the expected directions
and statistically at significant level (p < 0.05), except the
correlations between technical factors and communica-
tion factors (y = 0.072, p > 0.05). Highest correlation was
found between communication factors and project success
(y =0.547, p < 0.05).

4.7. Hypotheses testing and discussion

During data analysis, none of the variables had multi
co-linearity problem. Maximum co-relation was observed
in between communication factors and project success
which was 0.547. Apart from technical factors and commu-
nication factors, all the factors were positively co-related.
This study was an effort to investigate the relations among
communication factors, technical factors, environmen-
tal factors, team factors, and organizational factors
(independent variables) over project success (dependent
variables). Literature suggests that there is an affirmative
relation of constructive communication with enhance-
ment in technical abilities, smooth flow of organizational
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Figure 3. Final SEM of interrelationship framework between critical success factors and project success

factors, and firm’s external environment (Allen 2000;
Olasupo et al. 2012; Varona 1996). Figure 3 presents the
path analysis between critical success factors (CSFs) and
project success. According to Schreiber et al. (2006), a
path model is usually developed to provide a pictorial
representation of hypothesized relationships among the
variables.

For hypothesis 1 the sig value was 0.000 which deter-
mines a significant direct effect of communication factor
over project success. The bivariate correlation between
communication factors and project success is positive-
ly significant. Its beta value at 0.284 represents that one
unit change in team factors has 28.4% impact on project
success.

Hypothesis 2 was also significant and there existed a
strong relation between team factors and the overall pro-
ject success, their sig value was 0.000. The correlation
between team factors and project success is also found
positively significant, whereas the beta value between both
variables found at 0.147.

Hypothesis 3 was also significant with sig value 0.000
that confirms a significant effect of technical factors on
project success. The correlation between technical factors
and project success was also found positively significant.
The beta value is 0.124 between technical factors and pro-
ject success, representing that one unit change in technical
factors has 12.4% impact on project success.

Hypothesis 4 presented a statistically significant as-
sociation between organizational factors and dependent

variable of project success. The sig value was 0.000
and organizational factors were significantly affecting
project success. Its beta value 0.141 represents that one
unit change organizational factors has 14.1% impact on
project success.

Hypothesis 5 was accepted there was a significant
relation between environmental factors and project
success. Sig value for their relationship was P = 0.000. The
correlation between environmental factors and project
success was also found positively significant. Its beta value
was found at 0.298.

All the five factors, namely; communication factors,
team factors, technical factors, organizational factors and
environmental factors were found to be significantly con-
tributing towards project success in their capacity. These
findings are also in line with the outcomes of one recent
research empirically conducted by Zhao and Chen (2018)
on the renewable energy power generation of China.
However, they have chosen 33 critical factors affecting the
development of renewable energy power generation which
are further condensed into 12 principal components (PCs)
by using principal component analysis (PCA).

Jugdev and Mathur (2012) stated that communica-
tion was a significant factor in promising success for pro-
ject success. Similar result was confirmed from Pakistani
construction project industry. Similarly, project success
was also delivered internationally by Technical (Buchanan,
Badham 2008), Organizational (Kamal 2006), Environ-
mental (Young, Poon 2013), and Team factors (Globerson,
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Table 6. Regression weights

Hypothesis | Estimate | S.E. | CR. | P
Hypothesis 1
Project-Success <---  Communication-Factors | 0.284 | 0.042 | 4.669 | ***
Hypothesis 2
Project-Success < Team-Factors l0147  [o0a42 [7508 |+
Hypothesis 3
Project-Success <---  Technical-Factors 0.124 0.045 |2.742 | ***
Hypothesis 4
Project-Success <---  Organizational-Factors 0.141 0.044 | 3.631 e
Hypothesis 5
Project-Success <---  Environmental-Factors | 0.298 | 0.085 | 5.882 | e
Hypothesis 6
Team-Factors <--- Communication-Factors | 0.086 0.038 |0.787 | .231
Project-Success <--- Communication-Factors | 0.103 0.029 |3.506 |.056
Project-Success <---  Team-Factors 0.089 0.056 |8.521 |.193
Hypothesis 7
Technical-Factors <---  Communication-Factors | 0.316 0.085 | 14.618 | ***
Project-Success <--- Communication-Factors | 0.186 0.087 |0.684 |.064
Project-Success <--- Technical-Factors 0.109 0.050 |0.910 |.060
Hypothesis 8
Organizational-Factors <--- Communication-Factors | 0.615 0.068 | 13.380 | ***
Project-Success <--- Communication-Factors | 0.131 0.072 | 1.49 |.074
Project-Success <---  Organizational-Factors 0.083 0.047 |0.474 |.083
Hypothesis 9
Environmental-Factors <--- Communication-Factors | 0.587 0.053 | 12.225 |
Project-Success <--- Communication-Factors | 0.043 0.014 |0.672 | ***
Project-Success <---  Environmental-Factors 0.154 0.045 |2.820 |

Zwikael 2002). The study expended the generalizability of
these factors in the Pakistani renewable energy projects
and it can be argued that to ensure construction of renew-
able energy projects these five factors must be taken into
account as they were immensely related to stakeholder
management. Regression weights of all the hypotheses are
given in the Table 6.

Hypothesis 6 failed to show any mediating part of
team factors in between communication and dependent
variable of project success, as the indirect relationship
between team factorsand communication factors was found
insignificant i.e. P = 0.231. Contrary to literature, team
factors did not affect communication among project team
for project success. H6 was rejected there was no rela-
tionship found in between communication factors and
enhanced team cohesiveness and performance in renew-
able energy projects. There may be multiple reasons one
may be nature of work, as construction engineers and
experts tend to work alone they prefer loneliness and
maximum attention is focused on their own decisions.
While being talkative to other colleagues may be destruc-
tive for workability for them. Other reason may be the
cultural impacts and should be exposed. Hence relation
in between communication and team abilities cannot be
generalized to renewable energy projects.

Hypothesis 7 was also rejected as the indirect relation
between technical factors and project success possessed no
significant relation with sig value as 0.060.

Hypothesis 8 was also rejected and there existed no
mediating role of organizational factors between commu-
nication and project success. The indirect relation of or-
ganizational factors with project success was identified to
be insignificant with sig value = 0.083.

Hypothesis 9 was accepted and there was a signifi-
cant complete mediating effect of environmental factors
between communication factors and project success with
t statistic at 3.27. The direct relation after the addition of
mediating factors was insignificant between communica-
tion factors and project success which was P = 0.003. Also,
the indirect relations were significant for communication
and environmental factors the sig value was 0.000 whereas
for environmental factors and project success the sig value
was 0.001.

The relation of communication factors and project
success was constructed by Holland and Light (1999)
and Shenhar et al. (1997). This relation was tested in the
construction industry of Pakistan and was found correct
henceitsgeneralizabilitycanbepromotedtotheconstruction
industry as well. Other part was the testing of mediations
if they cause any alteration in the effects. It was noted that
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only environmental factors were significant in mediating
the effect of communication factors over project success.
Internal as well as the external environment of the con-
struction organizations arose to be an imperative factor
for the accomplishment of the final product and the pro-
ject management processes. Wiiste and Schmuck (2012)
and Rajkumar (2010) also discussed that environmen-
tal factors influence communication factors for attaining
project success. Other than environmental factors rest of
all, which are team, technical, and organizational factors,
were not mediating the communication effect on project
success. The results are unique to Pakistani context and
may also be discovered in other parts as well if are tried to
dig out. The failure rate of renewable projects worldwide
is alarming, and these results of no mediation might also
be a continuation to that. As these projects mainly fail due
to their poor quality of the final product which is not as
was promised or due to the failure of project management
which mainly go beyond the boundary of cost, time, and
scope.

All the five CSFs categories were concluded to be
imminent for successful construction of renewable en-
ergy projects. However, this study does not offer support
to the hypotheses that three CSFs categories, namely;
team factors, technical factors, and organizational factors
contribute to mediate the relationship between commu-
nication factors project success. As the communication
factors were vital for project management of the construc-
tion of renewable energy project so as the environmental
factors were important gear to enhance the relationship
between communication factors and project success. Fur-
thermore, environmental factors were found to be pre-
dominant critical success factors category which can me-
diate between communication factors and project success.
The environmental factors which influence the project
while mediating the communication factors are; political
situation, legal environment, credit management system,
peace situation and local community influence. The role
of the Pakistani government and legislation bodies is most
important to formulate such policies which could help the
project investors, moreover ensure about its safe capital
and assets in the country. Government should formulate
such kind of incentive policies for the industry which can
help to lower the project construction and power gen-
eration cost. According to Zhao et al. (2017), incentive
policies such as preferential loans, tax support and zero
land cost for power stations play significant role for
constructing renewable energy projects. Firms should also
consider the internal as well as the external environment,
which can play an important role in the success or fail-
ure of the renewable project. Similarly, the project success
depends upon the cohesiveness and support for each other
among the project organizations and the level of support
and cooperation between government and legislation de-
partments. Resultantly; this paves its way towards friend-
ly atmosphere among project stakeholders; which can

further contribute towards added efficiency to the success
of renewable energy projects in the country

Conclusion and recommendations

This paper has presented the relationship and impact
of critical success factors vis-a-vis project success in
construction of renewable energy projects. The present
study is the very first attempt in research to present a
causal model for determining CSFs in renewable energy
projects. Clustering the critical success factors (CSFs) for
renewable energy projects and determining significant
sub-factors in all the relevant categories is the significant
contribution of the present study. Several success factors
have been identified via literature review and earlier case
studies, and correspondence and survey interviews with
professionals and experts of renewable energy projects.
Further, these success factors are evaluated, refined, cod-
ed, and lastly classified into five major CSFs categories:
1) communication factors, 2) team factors, 3) technical
factors, 4) organizational factors, and 5) environmental
factors.

A significantly positive association was verified through
correlation values and SEM among project CSFs and pro-
ject success of renewable energy projects. Additionally,
the mediating relation of four CSFs (team factors, techni-
cal factors, organizational factors, and environmental fac-
tors) was also observed between communication factors
(independent variable) and project success (dependent
variable). The proposed model conceptualized the theory
that project success in renewable energy projects are due
to five major types of critical success factors (CSFs) name-
ly; communication factors, team factors, technical factors,
organizational factors, and environmental factors; how-
ever, it is also observed that only environmental factors
significantly mediates the connections between project
success and project communication factors. The presented
model claims a contribution to further extend the concept
of project development with the help of CSFs in renewable
energy projects, which have hardly been studied in the ex-
isting academic works of literature. Moreover, the analysis
and comparison with earlier researches purport worthy
contribution in the present study.

The present study will not only contribute to fill up the
literary gap as discussed above, nevertheless will also as-
sist project firms in weighing the CSFs from a different
perspective that has not been touched up till now. The
present study will help towards widening up the current
knowledge base for the critical success factors (CSFs) by
adorning the research findings vis-a-vis their impact on the
success of the renewable energy projects. Since the
renewable project is at a developing stage of germinate in
Pakistan, a study of the CSFs should lead a better perspec-
tive of the factors persuading the success or otherwise of
renewable projects. This can pave the way for effective
decision making in opting the suitable projects (for which
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the CSFs can be guaranteed or managed in some way)
and in the enhanced administration of those already
embarked upon. Conforming effective approaches based
on those identified CSFs can also be made for successfully
resulting future renewable energy projects for accelerated
excellence. It is believed that this study has helped to
describe the perspectives of Pakistani renewable energy
experts in their estimation of CSFs for renewable energy
projects in Pakistan.

Nevertheless, readers must take into account that there
will be the consistent development of CSFs for renew-
able energy projects from the time of data gathering till
the time of paper publication. The present study will also
lay the first stone for new direction to upcoming schol-
ars in executing the research at the international level with
an intent to find out concrete recommendations for war-
ranting performance in sustainable as well as renewable
projects. Though the CSFs are determined for renewable
energy projects and their relationship is analyzed with
project success, still the study is not without limitations.
Future researches are expected to be carried out across the
industries and countries in order to identify differences
in between different industrial settings and in different
cultural implications upon these success factors. So that
results may be generalized in multiple countries.
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