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Abstract: To maximize profits without sacrificing quality, the concept of sustainable construction
must be adopted across a project’s whole lifespan. Although adopting the idea of passive design
in developing countries is incomplete, these studies have focused on the reasons for doing so. In
contrast, there is limited evidence to completely analyze the influence of integrating passive design
on the project sustainable success (PSS) of projects throughout their existence. This study focuses
on the hurdles to passive design adoption in Pakistani building projects. It evaluates the impact
of overcoming passive design (PD) adoption barriers on project sustainability success (PSS) during
the duration of the project. Therefore, a more comprehensive literature assessment is required
for conceptual model construction. Using a survey assessment instrument, Structural Equation
Modeling (SEM) was constructed (i.e., a questionnaire). A total of 156 construction experts in
Pakistan provided information. The result of the model demonstrated that the elimination of PD
implementation obstacles had a moderate to high impact on PSS throughout the building structure’s
lifetime. These results provide the foundation for legislation in a number of Asian nations about the
efficient completion of projects via the removal of obstacles for the use of passive design. Similarly,
the adoption of passive design will increase the success of the construction project.

Keywords: passive design implementation; sustainability; building success; barriers; structural
equation modeling

1. Introduction

As a result of climate change, there is an increasing need for passive climatic design,
and architects must create comfortable structures with little energy use and minimal
environmental effect. Existing structures in locations with a hot climate do not function
well, necessitating the deployment of energy-intensive mechanical systems to provide a
living, pleasant environment. The goal of climatically responsive design is to modify the
environment such that it is always inside or as near to the comfort zone as feasible [1].

E. Li et al. (2013) described sustainable design as the creation of energy-efficient,
healthy, pleasant, adaptable, and long-lasting structures [2]. Chen et al. (2015) highlighted
that climatic architecture has become a worry for many architects, and when most of them
realize the value of working with the environment and not against it, the word will be
renamed architecture [3].

The local climate and renewable energy challenges are seldom considered in con-
temporary Pakistan’s architecture, and these topics are overlooked and hardly explored.
Whereas Pakistan’s vernacular architecture offers passive design solutions for reduced
energy usage and creates buildings that are in tune with the local environment, Ameur et al.
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(2020) verified that present Pakistan’s design prioritizes aesthetics above consideration
of local climatic conditions, and that structures employ bricks with a high thermal mass
value and wide windows, which increases the thermal energy consumption outside the
building [4]. They said that architects are moving away from basic vernacular design,
which is characterized by high energy usage and a culture of upkeep [1].

Heat waves have a significantly greater effect in metropolitan areas due to the world-
wide increase in average temperature as a result of environmental change [4]. Many
man-made buildings in cities, for instance, take longer to cool down at night than their
natural counterparts, which might have negative effects on people’s health. As a result, it
might need more energy to chill the environment [5]. According to Booth et al. (2021), the
solution to this problem is urban passive design building, which utilizes the sun and wind
for heating and cooling while decreasing unwanted heat input and loss via orientation,
thermal mass, insulation, and glass [6]. It predicted heat loss and gain, all of which may
help lessen the severity of UHI’s effects in densely populated areas [7]. Passive design
is known to be significant for handling water demand and also making the construction
aesthetic. It is effectively indicated that the technology can help in creating a positive
impact on the overall construction sector [8]. Variables such as environmental context,
employed design type, and management style affect the extent to which passive design may
be advantageous [9]. Samodra (2017) indicated there were no benefits to a deterministic
design’s use of passive design. As an example, it was suggested that PD may reduce energy
use by 33–66% [10].

Concerning sustainable development characteristics, PD offers high installation po-
tential, whether for refortified or new constructions. PD may be applied to a much larger
surface area and involve less technical complexity [11]. This makes it a viable alternative to
existing structures [12]. Despite the facts, there are several obstacles to PD implementation.
According to the available literature, detailed assessments that scrutinize PD implementa-
tion difficulties are lacking [13]. Furthermore, the existing results of studies on this issue
have limited scopes and have addressed constraints that may not be applicable in other
scenarios, such as climatic and governmental settings [14]. Without admitting that there is a
problem, no solution can be found. Consequently, analyzing these obstacles might establish
the groundwork for future study on how to resolve these challenges, and is ultimately a
step toward increasing the use of PDs. The existing research gap can only be fulfilled by a
new study that is specifically focused on identifying the barriers of implementing passive
design in Pakistan.

With this in mind, we present the following research questions and their correspond-
ing goals, which were developed from scratch for this study based on the existing literature:
What are the current roadblocks to PD’s implementation? Given the Pakistani setting,
how may these obstacles be exhaustively identified and the most critical ones reserved?
Consequently, this research applied the combined SEM-PLS approach, resulting in a com-
prehensive list of obstacles [15]. Following an explanation of the research issue to be
addressed and the resulting aim, the following portions of this article were separated into
three subsections. In Section 2, the literature review is summarized. It refers to the PD
installation research obstacles and identifies the potential barriers. The study’s methodol-
ogy and its applications are detailed in depth in Section 3. The Section 4 elaborates and
interprets the study results. In Section 5, conclusions, limits, and future research directions
are presented.

2. Related Studies
2.1. Overall Sustainable Success

In contrast, it is difficult to modernize the project’s tactical goals and methodologies
for sustainability. Environmental, economic, and public health aspects should be explored
in a balanced manner. The expansion of sustainability principles in the construction sector
has led to the investigation of persuasion tactics for incorporating this view into general
operational settings [16]. Sustainability can be enhanced with the adoption of passive
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design interventions, but it is always dependent on the ability of construction businesses to
implement such interventions [17]. The effect of PD on building projects may be correlated
with three crucial sustainability measurements: environmental, economic, and public
safety [18].

2.2. Economic

The economic advantages are one of the most important aspects supporting PD use
in sustainable building practices. Due to its consistent function in estimating the cost
of risk management, it is one of the most widespread applications. The estimation of
project costs and required finances may be segmented into several stages for planning and
budgeting purposes. Four-dimensional models are commonly known to be significant for
the construction industry in the modern world [19]. This constitutes a more professional
approach in construction, as it is also important for adopting new technologies. This
approach may aid the scheme in being stable and lucrative, but it will not be taken seriously
as a methodology until it takes environmental advantages into account and helps advance
the idea of quality of life via tactics that prioritize human well-being and communal
value [20]. Future prediction, for example, stimulates discovery and fosters collaboration
among concerned parties; therefore, PD acceptance of other project components may play
a crucial role in economic feasibility. Additionally, it might speed up the building process,
save costs, and simplify administration [21,22].

2.3. Environmental

In PD, the necessary information for performance financing is established during
the proposal phase, while engineers may use PD to assess construction performance as
early as the planning stages. Therefore, they can swiftly analyze proposal alternatives and
make the optimal selection to reflect an eco-friendly and sustainable design. The value
of sustainability’s social component may be gauged by looking at how it contributes to
sustainability’s other goals: higher living standards, more comfort, and better health [23,24].

Similarly, several types of software, such as Ecotec, Revit, and Autodesk, include con-
ventional tools that analyze data and evaluate the sustainability qualities of a project [25].
Similarly, they assist architects and engineers in monitoring sustainable energy use and
maximizing resource utilization [26,27]. These software tools may include data to accom-
plish a sustainable project by analyzing solar routes, shading strategies, and the heating,
cooling, and orientation of buildings.

2.4. Safety Management

Sustainable safety management occurs “when formal and informal processes, struc-
tures, and relationships actively support the capabilities of current and future generations
to maintain healthy, safe communities”. Equality, diversity, connectivity, democracy, and
a high standard of living are hallmarks of thriving, long-lasting communities. The value
of sustainability’s social component may be gauged by looking at how it contributes to
sustainability’s other goals: higher living standards, more comfort, and better health [28].

Regarding sustainability, safety principles have emphasized a variety of hypotheses
and explanations. Regarding their contact with PD, they may be divided into two groups:
dependent and autonomous characteristics [29,30]. There are additional qualitative aspects
of independent safety and sustainability that may be measured via various dimensions,
and PD may offer such characteristics of the environment, such as energy performance and
lightning [31]. According to research, boosting productivity and health may be achieved by
fortifying certain ecological infrastructure via the use of workable project design [32,33].
However, hazardous conditions may lead to health problems such as pain, stress, and
absenteeism [33,34]. Therefore, the global effects of such assessments benefit the whole
community. Additionally, certain methods of feasible design may increase the public worth
of human life. For instance, it might promote energy efficiency, lessen exposure to toxins
associated with the building’s operation, and improve the natural environment.
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2.5. The Association Concerning PD Implementation on Project Sustainable Success (PSS)

One of the primary goals of passive climatic design is to optimize the built environment
by making use of natural elements, particularly weather patterns. By minimizing the
demand for fossil fuels to heat and cool buildings and the requirement for energy to support
lights, passive solar heating and passive ventilation both contribute to the creation of
sustainable structures [2,35]. An increasing number of books, studies, and research centers
are highlighting the value of passive design in creating comfortable indoor environments
without the need for additional heating and cooling systems [36].

Climate-responsive design is an example of a key component of the “environmental
framework” being created to lessen negative effects on the environment and improve
people’s quality of life. Natural ventilation, which makes use of nighttime air and the
evaporative action of water such as fountains and pools, is the easiest method to keep a
home cool, as discussed by Puri and Khanna (2017) and Randjelovic et al. (2021) [14,16].
Similarly, Q. Zhang and Yu Lau (2017) suggested that there are two ways to create thermal
comfort within a building: first, via the use of passive controls, such as shielding windows
from the sun, installing night vents, and making use of thermal mass [37]. Mechanical
cooling may be utilized to take heat from within and release it outside, while dense and high
heat capacity interior walls and ceilings limit peaks and preserve the lower temperature
reached with night ventilation.

Project Sustainability Success (PSS) refers to the degree to which a building project
achieves its sustainability goals and objectives throughout its entire lifespan, from construc-
tion to operation and eventual decommissioning [38]. The ultimate goal of PSS is to create
buildings that are not only environmentally responsible but also economically viable and
socially equitable, while meeting the needs of the present without compromising the ability
of future generations to meet their own needs [39].

This study addresses a research gap in understanding the correlation between over-
coming obstacles to implementing passive design (PD) and achieving sustainability in
building construction. While previous research has identified barriers to PD implemen-
tation, there is limited empirical evidence on how overcoming these barriers can lead
to successful sustainable building outcomes [40,41]. This lack of literature hinders our
understanding of the factors that contribute to a project’s sustainability success [42,43]. To
bridge this gap, this study aims to provide empirical proof of the relationship between
overcoming obstacles to PD implementation and achieving sustainable building goals. The
objective is to inform industry, government, and academia about the importance of over-
coming barriers to passive design strategies in promoting sustainable building practices
and achieving sustainability objectives.

There are obstacles to PD acceptance, much as there are to the adoption of other
UGI technologies used in buildings, such as PD [44,45]. It is widely believed that the
increased complexity of installing PD is one of the biggest obstacles to their widespread
use. Another major limitation to PD’s wider applicability is the money needed to keep
running maintenance. Planning processes in modern construction can be enhanced with
the implementation of modern interventions such as passive designing. This is because
the technique for maintaining PD is often viewed as complex [46,47]. A further barrier
to PD acceptance is consciousness of energy conservation; however, new technologies
have eliminated this problem. Two further factors that prevent widespread use of PD
are excessive cost and compliance with climatic conditions. Temperature, humidity, and
wind are the three most important criteria in developing PD design [48,49]. On the other
hand, proper climatic attributes are involved with floral growth. To that end, scarcity of
methodological instruments and standardization is considered a significant barrier to the
installation of PD [50].

It is the primary factor that determines whether a customer will embrace PD. While PD
is seen as a sustainable alternative to traditional construction materials, its broad adoption
is hampered by a lack of rules and incentives specified by knowledgeable policymakers
(such as saleable and residential factors). It is a major challenge in developing countries,
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since stakeholders in the construction industry tend to prioritize short-term gains over
long-term strategic ones when it comes to executing and structuring projects [51]. Investors
are hesitant to use PD because they are unfamiliar with the technology, which is similar to
the resistance to using UGI techniques [52]. This is due in part to the fact that PD is still a
relatively new technology, and it highlights the need for government inducements to sway
investors’ perceptions when weighing the merits of traditional methods against those of
PD [53]. Other factors that have been identified as impediments to PD adoption include
a lack of knowledge and skill among engineers and a lack of local access to operational
apparatuses. Workers may be put in harm’s way because of the intricate methods required
for a functional PD application, i.e., the necessity for elaborate auxiliary structures [54].

The overall research suggests that PD adoption has been understudied. In addition,
the scattered nature of the published research on the uptake of PD includes a wide range
of unique articles and papers. It seems that not enough study has been conducted; it
is difficult to obtain large-scale studies that discover and analyze existing obstructions.
Therefore, it is reasonable and seems incontestable to perform more research in this fruitful
field [55]. These investigations will pave the path for the widespread implementation of
green building practices in the construction industry and strengthen ties between politicians
and significant investors [10,56]. Consequently, based on the preliminary literature research,
the hypotheses of this study are as shown in Figure 1: H1—there is a substantial association
between overcoming obstacles to the adoption of PD and PSS.

Sustainability 2023, 15, x FOR PEER REVIEW 5 of 26 
 

nique for maintaining PD is often viewed as complex [46,47]. A further barrier to PD ac-
ceptance is consciousness of energy conservation; however, new technologies have elimi-
nated this problem. Two further factors that prevent widespread use of PD are excessive 
cost and compliance with climatic conditions. Temperature, humidity, and wind are the 
three most important criteria in developing PD design [48,49]. On the other hand, proper 
climatic attributes are involved with floral growth. To that end, scarcity of methodological 
instruments and standardization is considered a significant barrier to the installation of 
PD [50].  

It is the primary factor that determines whether a customer will embrace PD. While 
PD is seen as a sustainable alternative to traditional construction materials, its broad adop-
tion is hampered by a lack of rules and incentives specified by knowledgeable policymak-
ers (such as saleable and residential factors). It is a major challenge in developing coun-
tries, since stakeholders in the construction industry tend to prioritize short-term gains 
over long-term strategic ones when it comes to executing and structuring projects [51]. 
Investors are hesitant to use PD because they are unfamiliar with the technology, which 
is similar to the resistance to using UGI techniques [52]. This is due in part to the fact that 
PD is still a relatively new technology, and it highlights the need for government induce-
ments to sway investors’ perceptions when weighing the merits of traditional methods 
against those of PD [53]. Other factors that have been identified as impediments to PD 
adoption include a lack of knowledge and skill among engineers and a lack of local access 
to operational apparatuses. Workers may be put in harm’s way because of the intricate 
methods required for a functional PD application, i.e., the necessity for elaborate auxiliary 
structures [54].  

The overall research suggests that PD adoption has been understudied. In addition, 
the scattered nature of the published research on the uptake of PD includes a wide range 
of unique articles and papers. It seems that not enough study has been conducted; it is 
difficult to obtain large-scale studies that discover and analyze existing obstructions. 
Therefore, it is reasonable and seems incontestable to perform more research in this fruit-
ful field [55]. These investigations will pave the path for the widespread implementation 
of green building practices in the construction industry and strengthen ties between poli-
ticians and significant investors [10,56]. Consequently, based on the preliminary literature 
research, the hypotheses of this study are as shown in Figure 1: H1—there is a substantial 
association between overcoming obstacles to the adoption of PD and PSS. 

 
Figure 1. Hypothesis indicating the relationship among obstacles to the adoption of passive design 
construction and project sustainability success. 

3. Methodology 
By identifying the barriers to passive design construction, this research aims to im-

prove the overall success rate of construction projects in Pakistan. Figure 2 shows the 
stages of the analysis used in this research; it was adapted from the works [11,12]. Previous 
research was conducted to determine what factors could be holding back the widespread 
use of passive design. This led to the creation and use of a questionnaire survey instru-
ment to gather information on the passive design barriers. Some things that have been 
easier to gauge obligations to in the questionnaire tool are (i) economic perspectives, 
knowledge, and conventions; (ii) interdependence, especially across cause-and-effect in-
terfaces. The study collected data from builders, designers, architects, and quantity sur-
veyors on their perspectives of their roles in the plan delivery process. The construction 

Obstacles to the Adoption 
of Passive Design (PD) H1 Project Sustainability 

Success (PSS)
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construction and project sustainability success.

3. Methodology

By identifying the barriers to passive design construction, this research aims to im-
prove the overall success rate of construction projects in Pakistan. Figure 2 shows the
stages of the analysis used in this research; it was adapted from the works [11,12]. Previous
research was conducted to determine what factors could be holding back the widespread
use of passive design. This led to the creation and use of a questionnaire survey instrument
to gather information on the passive design barriers. Some things that have been easier to
gauge obligations to in the questionnaire tool are (i) economic perspectives, knowledge,
and conventions; (ii) interdependence, especially across cause-and-effect interfaces. The
study collected data from builders, designers, architects, and quantity surveyors on their
perspectives of their roles in the plan delivery process. The construction business includes
the likes of conventional builders, supervisors, recognizable subcontractors, managers,
employees, and even operators of the construction site. Several obstacles to the widespread
use of PD have been found, and they are summarized in Tables 1 and 2, showing the
sustainability success factors for any construction project.

Table 1. Factors evaluated from literature studies affecting the implementation of passive design
construction within the Pakistani construction industry.

Barriers Code Description References

B1 Lack of climate attributes [13,14]

B2 Lack of support for scientific research [15,16]

B3 Economic cost [17,18]
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Table 1. Cont.

Barriers Code Description References

B4 Technical difficulties [19,20]

B5 Lack of consumer reorganization [21,22]

B6 Lack of market share [23,24]

B7 Standardization issue [25,26]

B8 Lack of required policy [27,28]

B9 Lack of publicity for demonstrations [29,30]

B10 Lack of encouragement policy [31,32]

B11 Lack of support for academic research [33,34]

B12 Absence of supervision [2,35]

B13 Consciousness of energy conservation [36,57]

B14 Lack of fundamental research [58,59]

B15 Absence of professional abilities [60,61]

B16 Scarcity of methodological instruments [62,63]

B17 Cost of building [64,65]

B18 Lack of compliance to climate [66,67]

B19 Building components and materials [68,69]

B20 Lack of government support and standards [70,71]

B21 Maintenance difficulties [72,73]

Table 2. Factors evaluated from literature studies that are considered as overall project sustainabil-
ity success.

PSS Factors Code Sub-Factors References

Economic
Management

E1 Profit margin improvement [74,75]

E2 Cash flow enhancement [76,77]

E3 Reduction in variable costs [78,79]

Public Health
and Safety

H1 All the safety specifications were met [80,81]

H2 Increased security and safety, less
dependency on human resources [82,83]

H3

Technology advancements should be
made to increase employees’

protection from harm on the job by
decreasing the number of hazardous

tasks they must do

[3,84]

Environmental
Protection

C1 Limited logistical processes and
having less waste [85,86]

C2 Environmental protection objectives
and standards satisfied [9,87]

C3 Controlled and reduced energy use
and carbon emissions [6,8]
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3.1. EFA Assessment and Construct Design

Among factor analyses, Exploratory Factor Analysis (EFA) and Confirmatory Factor
Analysis (CFA) are the most prevalent. In this investigation, we employed CFA to dissect
a multivariate hypothesis and determine its most important parts. Conversely, EFA has
made use of data about the connections between and the different parts of a number of
fundamental frameworks [7,88]. Principal component analysis (PCA) may be used to find
the first solution inside EFA without the requirement for a hypothesis to be established
beforehand. Research claims that principal component analysis (PCA) is the most-used EFA
form since it is the default form in many statistical software packages [4,89]. Because of
its ability to evenly distribute work, the Varimax rotation method has mostly replaced the
direct method [1,90]. For factor analysis, however, Varimax rotation is superior. Common
but unexplained, this approach reduces parts. The use of separate samples from all of
the relevant collections allows for the evaluation of variables. Thus, the research data for
this study comes from the 21 factors studied and the 156 questionnaires distributed to
respondents, both of which are appropriate for factor analysis.

3.2. Building of a PLS-SEM Model

SEM-PLS, which combines structural equation modeling with partial least squares, has
recently attracted a lot of attention in the academic community, particularly in the fields of
business and social science. Several studies using the SEM-PLS approach have appeared in
recent issues of high-impact SSCI journals. We performed state-of-the-art data analysis by
using SEM for forecasting (SMART-PLS 4). The benefits of SEM PLS over covariance-based
SEM (CB SEM) were first praised. Both methods have their uses, although the distinctions
are subtle. The structural and measurement method was used for the statistical analysis in
this research [5].
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3.2.1. Common Method Bias

Common Method Variance needs to be measured when the independent and depen-
dent variables in the measurement model are evaluated in the main questionnaire survey.
Sometimes, problems arise when field data are overstated or prevent the extent of analyzed
relationships [37,91]. Given that every piece of information included in the analysis comes
from a single person’s perspective, this may be very relevant to the research at hand. As a
result, addressing these concerns is essential for spotting any discrepancy in the data. Re-
searchers described and used a typical one-factor test in this research [38–40]. Component
analysis yielded a specific factor that explained a greater proportion of the variation.

3.2.2. Analytical Model

The relationship between the variables and the underlying framework is represented
in an analytical model. The following sections present the findings leading to development
of structural models.

3.2.3. Convergent Validity (CV)

To what extent do two or more indicators or thresholds for the same concept agree
with one another? That is what we mean when we talk about convergent validity. It is
shown to be a special case of CV. There are three tests that may be used to calculate the CV
of the estimated construct in PLS. The average variance uses, Cronbach’s alpha, Average
Variance Explained (AVE), and Composite Reliability (CR) ratings. Researchers proposed
a Composite Reliability (CR) value of 0.7 as the upper limit of “moderate” composite
dependability [41,42]. Between 0.60 and 0.70, values are generally appropriate for any
kind of experimental investigation. The final test format was AVE. The CV metric is a
standard tool for measuring the reliability of a model’s components. A CV greater than
0.50 is considered exceptional.

3.2.4. Discriminant Validity

Discriminant validity (DV) is the demonstration that no dimension identifies the SEM-
measured oddity and that the assessed occurrence is systematically exclusive. According
to the Research proposal, unusually large correlations between indicators or tools are
necessary for DV to be applied.

3.2.5. Functioning Model

Using the SEM method, the major purpose of this research is to identify impediments
to passive design’s (PD’s) adoption. Path coefficients must be determined and quantified
for this purpose. Therefore, we constructed a causal chain between £, PD adoption hurdles,
and references [43,44]. Therefore, the linear equation may be used to describe the found
structural connection as an internal relationship between the £, µ, and €1 rule in the
operational model.

µ = β£ + €1 (1)

where the route coefficient connecting PD’s adoption obstacles is (β), and (€1) represents the
projected residual variation in the structural strength. Similar to the regression weight in a
multi-regression model (β), the standardized regression weight is β. The indications must
be contemporaneous with the model’s predictions and experientially meaningful. How to
determine the relevance of path coefficient β is the most significant challenge. Regarding
CFA, the SmartPLS 4 software package used bootstrapping techniques to estimate the
standard errors of route coefficients [45,46]. In total, 5000 subsamples were analyzed. In
contrast, the measurements for testing hypotheses are explained in references [47–49].
The suggested structural equations for PD adoption barrier constructs in the PLS model,
which reveal the inherent relationships between the variables, were established. Algebraic
Expression (1).
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4. Results
4.1. EFA Analysis

This study focused on the adoption of passive design (PD) and challenges to im-
plementation, notably in Pakistani construction enterprises. Due to the vast number of
participants in the Pakistani construction business, this research methodology was used.
EFA samples ought to have between 45 and 61 observations. They did well in the evalua-
tion; however, their answers were short [50,51]. In the survey’s preliminary portion, the
participant’s demographic characteristics were recorded (or questionnaire). The ensuing
components were associated with implementation obstacles and Project Sustainable Suc-
cess (PSS). A Likert Scale with five points was employed. Five (excellent), four (good),
three (average), two (fair), and one (poor) were the replies (very low). The literature on
this survey tool is extensive. There have been several uses of a variety of well-defined
correlation factorability constructions.

Sampling adequacy is an important factor when it comes to determining the validity of
collected data to be used in EFA analysis. The Kaiser–Meyer–Olkin (KMO) test is commonly
conducted for this parameter, while it is also combined with Bartlett’s test of sphericity.
Both of these validation tests were conducted to further strengthen the rationale behind
conducting EFA. It might help you determine whether the data you have collected or the
sample plan you have developed are enough for factor analysis. Using KMO = 0.64, we
determined that 64% of the data obtained fulfilled the requirements for factor analysis. All
considered p-values were less than 0.001, and the results gave a Chi2 score of 751. This
investigation required the use of Bartlett’s test (p < 0.001). Thus, it implies that the data
matrix has a considerable association [52,53].

In addition, it demonstrated that, at a significance level of 5%, the correlation matrix
of all itemized items is strongly associated. Therefore, the EFA was declared suitable, and
these findings were consistent with previous research. The variance explained the areas
of hurdles to the implementation of PD in the construction sector. The PCA found four
elements (or components) with eigenvalues greater than one. These variables explained
17.418%, 17.272%, 11.363%, and 10.708% of the variation, respectively. The scree test clearly
separated after the second component, as seen in Figure 3. Figure 3 indicates the scree plot,
providing a representation of valid constructs. Given the obvious attenuation of the curve’s
slope at the point of contact, the analysis will likely have to provide numerous contributing
components to explain this behavior. Obstacles to PD’s implementation in Pakistan’s
construction sector are shown by a spinning varimax factor matrix [54,55]. This model is
useful for demonstrating the impact of PD on the Pakistani construction industry, and it has
four major obstacles. Table 3 summarizes the component grouping based on alternating
varimax. Every variable has been extensively considered in just one of the collections.
The relevance of addressing these elements is shown by the preceding interpretation of
the four primary categories. In contrast, there is no established procedure for identifying
factors. Consequently, it was determined that identifying these components or elements
meditatively was appropriate for this investigation. Table 4 presents the discovered and
inferred respective factors. These obstacles included resource, technology, policy, and
functional constructs.

Table 3. Exploratory Factor Analysis output.

Variables
Component Cronbach

Alpha1 2 3 4

B14 0.812 0.887

B15 0.801

B3 0.790

B12 0.769

B6 0.757
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Table 3. Cont.

Variables
Component Cronbach

Alpha1 2 3 4

B17

B11 0.770 0.850

B7 0.736

B4 0.729

B13 0.719

B2 0.696

B21 0.686

B19

B16 0.800 0.773

B20 0.760

B18 0.757

B8

B10 0.802 0.763

B9 0.786

B1 0.620

B5 0.601

Eigen Value 3.658 3.627 2.386 2.249

% Variance 17.418 17.272 11.363 10.708

B17, B8, and B19 excluded due to loading less than 0.5 or cross loading error.

Table 4. Categorization of barriers generated from EFA Analysis.

Phases Assigned Code Activities

Resources
Barriers

B14 Lack of fundamental research

B15 Absence of professional abilities

B3 Economic cost

B12 Absence of supervision

B6 Lack of market share

Technology Barriers

B11 Lack of support for academic research

B7 Standardization issue

B4 Technical difficulties

B13 Consciousness of energy conservation

B2 Lack of support for scientific research

B21 Maintenance difficulties

Functional Barriers

B16 Scarcity of methodological instruments

B20 Lack of government support and standards

B18 Lack of compliance to climate

Policy
Barriers

B10 Lack of encouragement policy

B9 Lack of publicity for demonstrations

B1 Lack of climate attributes

B5 Lack of consumer reorganization
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4.2. Common Method Bias

Here, the authors employed the Harman single-factor analysis to examine the variation
in the standard approach. The CMB has no influence on the data if the overall variance
of the factor is less than 50%. The results indicated, shown in Table 5, that the variance
was best described by a single set of factors or components accounting for 29.100% of
the total. The fact that it was below 50% showed that the CMB had no bearing on the
current outcomes.

Table 5. CMV output.

Total % Variance Cumulative %

6.11 29.100% 29.100%

4.3. Analytical Method

Convergent validity, discriminant validity, and internal consistency (IC) were calcu-
lated to examine the theoretical analytical models and instruments used in SEM-PLS (IC).
As a result of this examination, it has been determined that all of the analytic model’s
constructs are within acceptable bounds and limitations. Table 6 further showed that all
analytical structures were AVE-compliant. Greater than 0.5 is preferable for AVE. Table 6
demonstrates that the estimated AVE values were higher than 50%. These findings provide
credence to the idea that the investigative framework is stable and consistent [10,56]. Addi-
tionally, it was shown that the calculated methodical structures are accurate for the specific
model constructions considered. When the external loadings of the model constructs are
high, it means that the variables of interest are strongly linked to that construct. Variables
with external loads <0.4 must be deleted from the measurement scale on a regular basis.
The trend of item loadings, CA, CR, and AVE are indicated in Figures 4 and 5. Probability
curves of Cronbach alpha, Composite Reliability, AVE, and initial loadings are presented in
Figures 6–9. All the results are in the expected range, which further confirmed the validity
of all constructs. Figure 10 indicates the model after SEM analysis.

Discriminant validity (DV) assessments are gaining traction in structural equation
modeling studies and are used to ensure the assessed constructions are indeed unique or
distinct. In this study, the DV was analyzed using the following methodologies: Cross
loading; HTMT; and Fornell-Larcker Criterion.

Table 7 displays the calculated DVs of the PSS and constructs using Fornell and
Larker’s criteria, where the AVE is a more focused measurement as compared with the
obtained results. However, it also helped in the cross validation of components and all its
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associated factors. The Heterotrait-Monotrait Criterion Ratio was used as the second tech-
nique for this study (HTMT). Different binary components are involved in the results and,
therefore, the evaluation of discriminant validity was carried out further to compute the
results and also incorporate variance measurements related to SEM [11,12]. The researchers
proposed using p-values between 0.85 and 0.90 to verify the two-way nature of the data. It
is hypothesized that the model’s structures are conceptually and strikingly similar; if this
is not the case, then the HTMT values should be lower than 0.90 and 0.85. HTMT found
sufficient DV for all constructs and variables it analyzed (Table 8).

Table 6. Constructed with Cronbach alpha, Composite Reliability, and AVE.

Construct Assigned
Code

Initial
Loadings

Cronbach
Alpha

Composite
Reliability AVE

Resource

B14 0.846 0.849 0.898 0.688

B15 0.855 - - -

B3 0.801 - - -

B12 Deleted - - -

B6 0.815 - - -

Technology

B11 0.849 0.786 0.863 0.613

B7 Deleted - - -

B4 Deleted - - -

B13 0.835 - - -

B2 0.753 - - -

B21 0.684 - - -

Functional

B16 0.855 0.806 0.885 0.72

B20 0.865 - - -

B18 0.824 - - -

Policy

B10 0.887 0.91 0.936 0.786

B9 0.889 - - -

B1 0.886 - - -

B5 0.883 - - -

Environmental
Protection

C1 0.755 0.735 0.761 0.616

C2 0.851 - - -

C3 0.746 - - -

Public Health
and Safety

H1 0.636 0.773 0.774 0.635

H2 0.807 - - -

H3 0.742 - - -

Economic

E1 0.668 0.791 0.828 0.717

E2 0.754 - - -

E3 0.730 - - -
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Figure 10. PLS-SEM algorithm analysis.

Table 7. Fornell larker criterion for the determination of discriminant validity.

Constructs Economic Environment Functional Policy Resource Safety Technology

Economic 0.785

Environment 0.541 0.718

Functional 0.259 0.313 0.848

Policy 0.189 0.597 0.252 0.886

Resource 0.396 0.53 0.378 0.32 0.83

Safety 0.351 0.353 0.568 0.283 0.402 0.732

Technology 0.672 0.544 0.277 0.176 0.4 0.345 0.783

Table 8. HTMT Analysis for discriminant validity.

Construct Economic Environment Functional Policy Resource Safety Technology

Economic

Environment 0.86

Functional 0.33 0.498

Policy 0.26 0.841 0.292

Resource 0.512 0.128 0.45 0.35

Safety 0.547 0.643 0.716 0.379 0.535

Technology 0.318 0.812 0.339 0.219 0.486 0.493

In addition, a cross-loading criterion study was performed to assess the PD adoption
obstacles and PSS components. It was used to compare the latent construct’s variable
loading to the sum of all other cross-loadings obtained from previous models. All the
construct indicator loadings are larger than the cross-loadings of the other hidden variables
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by row, as seen in Table 9. Therefore, each model’s construct’s unidimensionality may be
analyzed. Path analysis for formative constructs is indicated in Table 10.

Table 9. Cross-loading analysis for discriminant validity.

Variable Economic Environment Functional Policy Resource Safety Technology

E1 0.755 0.415 0.195 0.037 0.32 0.192 0.372

E2 0.851 0.437 0.254 0.184 0.324 0.293 0.636

E3 0.746 0.428 0.145 0.245 0.288 0.364 0.411

C1 0.194 0.668 0.245 0.287 0.364 0.235 0.189

C2 0.6 0.754 0.114 0.139 0.44 0.171 0.608

C3 0.333 0.73 0.355 0.261 0.246 0.394 0.338

B16 0.157 0.206 0.855 0.179 0.272 0.372 0.189

B18 0.281 0.28 0.824 0.237 0.384 0.636 0.286

B20 0.208 0.302 0.865 0.219 0.295 0.411 0.221

B9 0.135 0.437 0.217 0.889 0.205 0.251 0.131

B10 0.194 0.668 0.245 0.887 0.364 0.235 0.189

B1 0.117 0.43 0.238 0.886 0.179 0.276 0.1

B5 0.209 0.55 0.197 0.883 0.356 0.244 0.191

B6 0.335 0.545 0.27 0.236 0.815 0.298 0.334

B14 0.333 0.73 0.355 0.261 0.846 0.394 0.338

B15 0.372 0.609 0.329 0.341 0.855 0.391 0.368

B3 0.266 0.531 0.297 0.213 0.801 0.233 0.28

H1 0.281 0.28 0.824 0.237 0.384 0.636 0.286

H2 0.273 0.253 0.151 0.186 0.244 0.807 0.265

H3 0.182 0.219 0.117 0.177 0.206 0.742 0.168

B11 0.255 0.415 0.195 0.037 0.32 0.192 0.849

B13 0.372 0.424 0.262 0.096 0.316 0.241 0.835

B2 0.636 0.437 0.254 0.184 0.324 0.293 0.753

B21 0.411 0.428 0.145 0.245 0.288 0.364 0.684

Table 10. Path analysis using bootstrapping analysis for the determination of obstacle constructs and
implementation constructs for PD.

Path β SE t-Values p-Values VIF

Functional→ Passive Design
Implementation Barriers 0.213 0.02 12.892 <0.001 1.218

Policy→ Passive Design
Implementation Barriers 0.352 0.053 8.741 <0.001 1.141

Resource→ Passive Design
Implementation Barriers 0.263 0.027 10.264 <0.001 1.383

Technology→ Passive Design
Implementation Barriers 0.588 0.039 15.858 <0.001 1.22
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4.4. Second Order Analysis

In this work, the components for PD barriers were formative, and large correlations be-
tween the assessments of formative analytical models were often unanticipated. Likewise,
the substantial link between determinative factors showed collinearity and was conse-
quently seen as difficult. Because this research is concerned with the reflective-definitive
form of the first-order concept, the value of the variable inflation factor (VIF) was calcu-
lated to establish the degree of collinearity between the formative variables in the model’s
construct. The findings showed that absolute VIF values were much lower than 3.5. It was
expected that the model’s components each had a unique contribution to the problems
associated with PD adoption [13,14]. However, there was a statistically significant route
coefficient for four first-order PD barrier sub-scales: resources, technologies, policies, and
functional processes (β). It seems that each component of the model constructs added
something unique to the problems with PD’s actual implementation [15,16]. Figure 11
shows that the four first-order PD subscales—resource, technology, policy, and functional
process—each exhibited a substantial route coefficient (β), indicating that they had a high
outer weight.

Figure 11. Bootstrapping analysis for path coefficient determination.

4.5. Analysis of the Structural Model

An extra crucial part of this research was verifying the working hypothesis. Within
the framework and from the vantage point of the bootstrapping technique, the implications
of the model’s premise were confirmed. A data set’s statistical credibility and validity may
be evaluated with the use of the bootstrapping method. As such, the path coefficient (i.e.,
the outer weight and p-value) was evaluated using a 95% confidence interval (CI0.95). By
randomly resampling the original data, a large number of identical replication samples may
be generated using the bootstrapping method [17,18]. As a result, the route coefficient’s
correctness may be evaluated to ensure that the data set is credible. The path coefficient
is the numerical difference between the several possible routes. It measures the amount
of effect one variable has on another. As indicated in Figure 11, the natural connection
between PSS and £ (overcoming PD adoption hurdles construct) was proposed. The
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structural connection between the µ, £, and €1 equations in the structural model has been
designated as the inner connection. This is represented by a linear equation:

µ = β £ + ∈ 1

One way to depict the expected cumulative residual variance is with the symbol,
where one is an illustration of the route coefficient linking the PD adoption obstacles. As a
result, multiple regression analysis has the same significance as standardized regression.
Its imprint has to be statistically significant and in line with the model’s forecast. Therefore,
the question of how to weigh the route coefficient’s influence remained (β). Regarding CFA,
the SmartPLS 4 package used a bootstrapping approach to obtain the route coefficient error.
Based on studies, 5000 sun samples were used in this investigation. Path analysis for a
reflective construct is indicated in Table 11. Consequently, it was used to develop the t-test
statistics for hypothesis testing. For the PLS model, a single structural equation was created
to solve the difficulties of PD acceptance. The equation’s relationship to the structure
was elucidated (1). Internal variable and path significant p-values were also determined
using standard deviations. Figure 11 presents the statistical findings of the bootstrapping
technique. There were positive and statistically significant outcomes after overcoming
barriers to PD acceptance and implementing PSS (β = 0.5, ρ = 0.0005). Therefore, the two
fundamental focuses of this investigation—PSS and removing barriers to PD adoption—are
consistent with one another [19,20].

Table 11. Path analysis results for reflective constructs.

Path β SE t-Values p-Values

PSS→ Safety 0.724 0.062 21.066 <0.001

PSS→ Environment 0.818 0.045 27.012 <0.001

PSS→ Economic 0.463 0.013 5.806 <0.001

4.5.1. Structural Model’s Exploratory Strength

Calculating the value of R2 for the internal factors is one of the most crucial PLS-SEM
evaluations. PSS was identified as the primary conditional variable in this investigation, and
the model results showed that its adjusted R2 and R2 values were 0.53. This investigation
revealed that the internal dependent variable (barriers to PD adoption) may be responsible
for half of PSS, as indicated in Table 12. This suggests that the size range proposed by PD
barriers (which is moderate to high) is adequate.

Table 12. R2 strength.

Endogenous Latent Variable R2 Adjusted R2 Explained Size

Project Sustainability Success 0.53 0.50 Highly Predictive

4.5.2. Predictive Relevance Analysis

The PLS-SEM approach analyzes the structural model’s forecasting capability. Blind-
folding was used to create the cross-validated redundancy metrics for each of the dependent
components. The data suggested that the Q2 figures of a project’s success had a statistically
significant value of 0.264, as indicated in Table 13. IVs were shown to be a major predictor
of DV.

Table 13. Endogenous latent variable Q2.

Endogenous Latent Variable SS0 SSE Predict-Q2

Project Sustainability Success 856.000 543.455 0.365



Sustainability 2023, 15, 8954 20 of 26

4.5.3. Analysis of Importance and Performance Matrix (IPMA)

By showing how the independent construct influences the dependent construct, the
SEM-PLS method demonstrates that the independent construct is essential to the model’s
explanatory capacity. As a consequence of accurately representing the variable’s perfor-
mance, IPMA improves the SEM-PLS outcome, as indicated in Table 14. Two parts of
the IPMA outcomes—performance and relevance—need to be understood for successful
supervision planning. Together, the variable rankings of the optimum value constructions
and the effects (or importance) of the overall structural model bring attention to the most
important factors for boosting management operations [21,22]. The IPMA was utilized as a
conditional framework for problems with PD’s widespread implementation. The proposed
model demonstrates the efficacy and significance of the internal variable (obstacles to PD
adoption). As a result, we found that every single one of the variables was very significant
(1.334) and had excellent relative performance (52.626).

Table 14. IPMA analysis.

Predictor Importance Performance

Passive design construction implementation 1.334 52.626

5. Discussion

A partial least squares structural equation model was used to examine the associa-
tion between the constructs (overcoming PD and PSS). Resource, Technology, Policy, and
functional barriers in that sequence of influence was not surprising in overcoming the PD
obstacles. Our study shows that eliminating just 50% of these PD barriers may greatly
boost PSS. Improving PSS is critically dependent on overcoming PD barriers. However,
the statistics indicated that β = 0.90% is necessary to surpass the 1 DP barrier [23]. Due
to this, the PSS enhancement level will also increase. However, the suggested paradigm
highlights the fundamental issues of passive design that must be addressed. According
to Nguanso et al. (2020) and Pajek et al. (2022), buildings are expensive to construct in
developing nations; it becomes highly uncertain when no modern approach for design and
construction is used. This relates to the indication of significant issues with passive design,
which may increase in future construction work [20,23].

One of the biggest problems, according to research conducted in Malaysia, is the lack
of financial incentives to help with the high cost of initial investment. Researchers came to
a similar conclusion, saying that the high upfront costs caused by passive design buildings’
distinctive construction methods are the biggest obstacle to their widespread adoption in
the United States. Data from Analytics, according to McGraw Hill Construction, show that
there are four major obstacles that limit widespread implementation of PD [24,25]. For
starters, becoming green is seen as something only for large-scale projects that can afford
the higher start-up costs, public ignorance, and lack of government backing or incentives.
According to a number of studies, many property managers and owners are put off by the
hefty price tag associated with using passive design construction techniques.

Economic viability is prioritized above other considerations. Passive design buildings
are known to incur higher construction costs than conventional structures. Moreover,
according to Elzeyadi and Batool (2017) and Puri and Khanna (2017), significant issues exist
in terms of implementing passive design in construction that relate to a creating negative
impact on construction projects [16,76]. The initial investment was also determined to be
the most important factor of green implementations in a study that focused on the United
States and Hong Kong. Because PD buildings have a longer payback time, developers often
opt for conventional structures. High continuing maintenance costs are a further obstacle.
For example, the need for periodic maintenance may increase the cost of a PD work.

It is vital to develop and implement crucial project management concepts, tools, and
processes for the successful implementation of passive design structures. The intricacy of
the technology involved in PD applications is one of the greatest hurdles. (Kaboré et al.
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(2018) and Zahiri and Altan (2020) confirmed this notion by emphasizing the difficulty of
the building processes and procedures necessitated by the usage of PD technology [39,63].
As a result, it is crucial to train and educate all personnel involved in the administration
of the project. Financial and other incentives provided by the government have a signif-
icant impact in fostering PD traits. The lack of government and other responsible party
support for environmentally friendly initiatives, such as financial incentives and education
programs, is a major barrier to the growth of such projects.

6. Conclusions

Analysis suggests that underdeveloped countries, in particular, should prioritize de-
creasing barriers to PD adoption. However, this tactic seldom appears in the developing
world’s building sector. The quantitative method used in this research was administering
a questionnaire throughout the country of Pakistan. This study employed the SEM-PLS
approach to generate a model that is supported by real-world data from the Pakistani con-
struction sector. The model’s findings will help those in the building sector remove barriers
that prevent more widespread use of passive design, which ultimately help the project
managers to greatly adopt passive design in construction projects in Pakistan. Although
the analysis of barriers to PD adoption in Pakistan’s construction sector is the exclusive
subject of this research, the results may be applied to other developing nations with simi-
lar circumstances to Pakistan where equivalent analyses are missing. The outcomes are
presented below.

6.1. Implications

Overall, this study contributes to the reduction in passive design implementation
barriers for developing or underdeveloped countries. The model demonstrates the com-
plexity and difficulty in enacting strategies to decrease GHG emissions. If policymakers
and appropriate authorities can come up with a strategy to address these PD barriers, it
might facilitate their use in the AECO industry. The research also assessed the chemistry
between PSS and PD adoption hurdles in the Malaysian construction sector. All of the
primary obstacles to implementing PD in the construction industry were first analyzed in
this study. Future research into the challenges the AECO has in adopting PD has a firm
grounding in the findings of this study.

Thus, the hypothesized theories in this research provided a statistical framework for
identifying the barriers to PD acceptance that need to be addressed in order to promote
sustained deployment in Pakistan and other developing countries. The same is true of our
investigation, which contributes to the literature via both empirical and theoretical means:

• New ideas are proposed by this study that can be highly useful for future studies
focusing on increasing the theoretical research gap. Throughout the project’s duration,
the findings can be used to take timely actions in mitigating the barriers.

• Developed countries are already adopting passive designing at a large scale and the
barriers are low, which does not come under the future relation with this study. In
contrast, strong literature from emerging countries, such as Pakistan, is scarce. This
research has narrowed the gap by analyzing the most significant challenges to PD
deployment using PSS.

• The study’s recommendations, a novel estimation methodology developed for the
construction industry, allow for foresight into how PD adoption barriers may affect
PSS over the whole scope of a project’s lifespan in the AECO sector.

• According to experts, this idea will help speed up the spread of PD in underdeveloped
nations. This practical input examines the theoretical ties between PD adoption
barriers and PSS throughout the building project’s lifespan. Not a lot of research has
been conducted on this in the past; thus, there is room for more information.
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6.2. Managerial Suggestions

Using the derived inferences about decision-making, building professionals may ex-
amine the impact of PD adoption hurdles on PSS across the construction project’s lifecycle.

• For AECO businesses, this presents a number of obstacles to PD adoption that may be
overcome with the right tools and strategies, ultimately leading to happier customers
as a result of improved quality visualization.

• It facilitates decision-making in the analysis of PD adoption hurdles on PSS throughout
the lifespan of a building project.

6.3. Limitations and Future Implications

Despite its merits, this study has several caveats that need to be taken into account
while planning for the next step in the field. This study was restricted at first in its scope due
to its location-based parameters. Since this is the case, it might be tough to extrapolate from
the current results. Pakistani building industry experts participated in this research. For a
more reliable generalization of research findings, it would be necessary for future research
to increase the geographical scope of this study by integrating more locations in Pakistan
and other developing countries with comparable characteristics. Second, there was a lack
of context on the acceptance of PD in this study’s background and methodology. As a
result, future research should be longitudinal to offer a complete picture of the connection
between PD adoption barriers and PSS over the whole construction project’s lifespan.
Third, the PLS-SEM method was used to conceptually conceive the connection between
PD implementation barriers and PSS in the building project’s lifecycle. Therefore, future
studies should focus on identifying the level of sustainable implementation through theory
adoption, such as the technology acceptance model (TAM), the technology organization
and environment model (TOEM), and the innovation diffusion theory (IDT).
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