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Abstract Green walls (GWs), which involve breathing walls and natural facades, are commonly promoted as
ecologically beneficial architectural design elements. GWs may be practical in all aspects of sustainability; they
offer various economic, social, and environmental advantages to inhabitants of buildings. Although this is true, the
popularity rate of GW remains in its early stages, and the extant research on the barriers to GW adoption is minimal.
Accordingly, 17 barriers were determined through a comprehensive review of the available literature, followed by
semi-structured interviews with 13 experts. With the help of 72 field practitioners, the factor analysis approach (EFA)
is used to refine and analyse the correlation among the barriers. A mean and standard deviation scatter plot analysis
followed to prioritize the identified impediments. The most notable obstacles to the implementation of GW are
conservation expenses, high cost of installation, difficulty in maintenance, technical implementation, and the
potential danger of fire. The findings encourage researchers to examine ways to enhance GW installation techniques
and methodologies to eliminate barriers and give lessons to policymakers, therefore promoting the larger-scale
implementation of GW. Given the scarcity of research on barriers to using GWSs, this study presents a complete
overview of the topic, offering knowledge that may be utilized as a foundation for future academics.
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1. Introduction

The rapid expansion of urban areas and population,
combined with rising building practices, has
revolutionized downtown regions' features, substituting
plants with concrete and various building materials. This
has led to the existence of the urban heat island effect
(UHI) [1]. Due to the global increase in temperatures
caused by climate change, the impact of heat waves are
notably more intense in urban areas [2]. For example,
buildings in urban residential areas commonly cool down
much more slowly at night compared to natural
environments, which can have severe implications for
inhabitants' health [3] and result in increased energy needs
for cooling [4]. Urban green infrastructure (UGI),
encompassing green roofs, green walls, and urban tree
covers, can greatly minimize the negative consequences of
UHI in urban regions [5].

Green walls (GWs), defined as vertical structures
covered with vegetation and plant life [6], are applied as
an inactive proposal solution in scenarios where other
forms of UGI are impractical due to spatial or technical
limitations [7,8]. Furthermore, GWSs favorably contribute
to all sustainability aspects by bringing benefits, including
water management, reducing UHI, enhancing air quality,

adding aesthetic appeal, energy savings, and supporting
biodiversity, among others [7,9]. The advantages of GWSs
vary and are determined by elements such as climatic
conditions, plant type, and care style. However, the
advantages of GWs lack a deterministic value [10]. For
example, it has been stated that the extra expenses for
maintenance and repairs differ according to the type used
[11]. Regarding sustainable development, GWs hold great
potential for broad installation in both new structures and
renovated buildings [1]. GWs have a far bigger surface area
and less technological complexity than green roofs, making
them an efficient solution for existing structures [12].
Despite the preceding, GW implementation has some
barriers [13]. An overview of the literature indicated a
scarcity of studies that extensively investigate the barriers
to GW adoption. Furthermore, current research on this
issue has restricted scopes and focused on specific barriers
that may not be relevant in other contexts (e.g., climatic
and governmental settings) [14,15,16,17]. Given the
impact of UHI on the comfort of residents and the
atmosphere, mainly in city areas, as well as the scarcity of
research on the barriers to GW implementation,
identifying and analyzing the barriers to GW
implementation becomes vital. Explanations cannot be
developed unless the challenge is appropriately recognized;
hence, examining these barriers may create the framework
for upcoming studies on how to address them; besides, it
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is a step toward expanding the implementation of GWs.
To address the current gap, this study aims to investigate
and examine the barriers to GW implementation within
the context of Saudi Arabia, which has a proven track
record of accepting GWs, a fortunate climate, and various
tall buildings [13]. The study questions that this research
paper has addressed for the initial time in the figure of
pertinent literature are as follows:

1). What are the current barriers to the implementation
of GWs? How might all these barriers be
recognized entirely, with the most significant ones
retained in the context of Saudi Arabia? To answer
this research question, this study uses the
triangulation approach, which results in a complete
list of deterrents refined with local experts' support.

2). How can identified barriers be prioritized in Saudi
Arabia, considering contextual factors and decision-
maker's subjectivity? To get a sensible response to
this study question, exploratory factor analysis
(EFA) and scatter plot analysis are proposed, which
result in a precise prioritization of the identified
barriers.

The remainder of this paper is structured on the study
questions that need to be achieved and the related aims.
Section 2 presents the literature on research to investigate
the barriers to GW implementation and highlights potential
barriers. Section 3 thoroughly explains the methodologies
used and their application in this research. Section 4
presents and discusses the results, while Section 5 provides
conclusions, limits, and directions for further study.

2. Literature Review

GWs are methods used to vegetate the vertical exteriors
of a building (such as walls, blind walls, partition walls,
and facade) with a variety of plants [18]. GWs are divided
into green facades and living walls [19]. Traditional green
facades employ plants with roots that raise promptly
against the vertical surface and are classified as green
facades [18]. On the other hand, green facades comprise
persistent controllers and integrated provision structures
like grills or cable nets [20]. Continuous guides have a
single support structure directing plant growth throughout
the surface. In contrast, facades of greenery with modular
trellises include many modular parts (vessels for plant
anchored) and an individual support frame along the
surface [21].

Biological walls are a kind of modern green walls that
allow green surfaces to be integrated into high-rise
structures [22]. The advantages of using biological walls
include quick growth, consistent coverage of huge vertical
surfaces, and the ability to use a more extensive range of
plant types. Biological walls are divided into two
categories based on their application methods: continuous
and modular. Plants are placed in permeable, lightweight
screens to form continuous living walls, often called
vertical gardens [23]. At the same time, modular living
walls are formed from pieces with predefined extents and
an intermediary layer for growing plants. Each component
of the integrated biological wall (griddle, containers,
flowerpot gutters, or plastic bags) is either entirely or
partially tied to the external walls [24].

In relation to supplementary UGI strategies utilized in
structures, such as green roofs [25], various barriers
influence GW implementation. High installation cost is
considered one of the most substantial barriers to GW
adoption [26]. Similarly, the expenses involved with GW
adoption are viewed as a critical obstacle to their
popularity [16] since installed GWs must be watered and
trimmed regularly. The maintenance processes for GWs
are complicated; thus, maintenance personnel and building
managers need to thoroughly grasp GWs to effectively
plan and supervise the process [27]. A lack of regular care
may result in additional severe difficulties, such as
numerous dried leaves, which might put the entire
structure on fire, or degradation of the behind walls of
green facades [19].

Excessive drinking water use is another barrier to using
green facade; however, the application of modern
technologies has alleviated this issue [28]. Weather
conditions and sunlight are two further barriers to the
implementation of GWSs. The previous is linked with three
significant variables in creating buildings’ green walls:
moisture, direction, and airstream, whereas the last
stresses the accessibility of adequate well-lit for plants
[29,30]. Likewise, the presence of flies on green walls of
buildings such as fungus and insects, is regarded as a
noteworthy barrier to GW implementation, significantly
influencing clients' choice to apply them [31]. Although
GW is regarded as a sustainable choice and an alternative
to unadventurous walls in the design of various categories
of structures (e.g., housing, commercial, etc.), the absence
of encouragements and procedures mandated by relevant
policymakers has been conveyed to impede wider
adoption of GWs [8]. This is especially problematic in
unfortunate  nations, as project participants and
governments prioritize short-term concerns above planned
and long-standing goals when developing and
implementing projects.

Stakeholders are hesitant to pick GWs over traditional
ways that they are highly comfortable with, much as
barriers to accepting other UGI approaches [15]. This is
due partly to the challenges pertaining to GW as a new
technology, highlighting the necessity of government
support in changing stakeholder perceptions when
balancing the benefits and drawbacks of traditional
techniques vs. GWSs. On the other side, designers' lack of
competence and practice, as well as restricted access to
practical tools, have been noted as barriers to GW
implementation ~ [14]. Given the  complicated
implementation strategies necessary for a practical GW
application (i.e., supplemental supporting buildings),
workers may be exposed to new potential dangers [32]. A
review of existing research on the barriers to the
implementation of GWs was conducted, and a summary of
significant barriers discovered in the literature review is
shown in Table 1.

According to the list of barriers in Table 1, there has
been relatively little study on this topic. Moreover, current
studies are scattered and consist of individual articles.
There has been a noticeable lack of studies; studies that
entirely detect and examine current barriers are missing.
As a result, additional research into this fertile field
appears justifiable and unquestionable. In practice, such a
study will enable and pave the road for greater use of
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green-based elements in the construction sector, as well as
promote awareness among influential individuals and
policymakers.

Table 1. Ranking of the criteria

ID Barrier Reference
B1 Adaptability of climate [29]
B2 High environmental impact of certain materials [33]
B3 High maintenance cost [16]
B4 High installation cost [4]
B5 Sophisticated implementation [32]
B6 High water and nutrient consumption [34]
B7 Acceptance of novel technology [15]
B8 Lack of policy and standards (such as design- [15]
related standards)
BY Absence of docum_ente_d costs stipulated in [34]
guidelines
B10 Inadequate light for plants [30]
B11 Potential damages to the rear wall [19]
B12 Shortage ofr;cuhir:égaslitrgﬁIlzt(igcar)performmg 35]
B13 The necessity for qualified designers [35]
B14 Inducement to fire [19]
B15 Vulnerability to fungus, insects, etc. [31]
B16 No/limited incentives from governments or 8]
Regulators
B17 Difficulty in maintenance [27, 36]

3. Methodology

Figure 1 shows the phases of the research steps. This

study used exploratory progressive mixed-method analysis.

A diverse study method is significant since no single
methodology is appropriate for all analyses [37]. Mixed
techniques for investigating the same subject have been
shown to assist in the discovery of specific frequent
patterns or consistent links between variables [38]. As a
result, this study was done across two phases: a qualitative
stage, which included a detailed review of the literature
and expert insight into green walls, and a quantitative
phase, which involved surveying industry practitioners via
questionnaires.
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3.1. Qualitative Stage

Green wall barriers were explored through information
obtained from numerous research on green walls in the

building sector. Alongside this, a qualitative technique
comprising 13 interviews with local experts in the field
was executed to determine the barriers that might affect
embracing green walls in Saudi Arabia, employing
purpose sampling [39,40]. This strategy assists researchers
in meeting study objectives and monitoring the degree of
variation among respondents [41]. Although 13 interviews
might be considered modest samples, Mason [42] asserts
that sample size is not critical to qualitative research since
its significance is based on the accuracy of the outcomes.

Given the diverse roles in construction projects, the
questioned individuals demonstrate that several entities
contribute to the research [43]. Furthermore, organizations
are represented equally throughout various building
activities. It was stated that such a talented pool would
contain a wide range of competence, experience, and
significant discrepancies [44]. As a result of interviews
with experts, the GW barriers identified in the previous
study were revised and adjusted.

3.2. Quantitative Stage

To confirm the GW barriers uncovered by previous
research and the experts’ interviews, a survey set was
utilized to examine these stages and their goals using an
EFA technique [45]. The available studies produced a
preliminary list of GW barriers included in the pretested
questionnaire. A pilot study was then carried out with 12
specialists to assess the survey's content [5]. Professionals
were asked to assess the exhaustiveness of all questions,
as well as the sufficiency and suitability of the
impediments limited in the pretested survey, particularly
in the Saudi context. The findings from the research
review, experts’ interviews, and pilot study tests
confirmed that the 17 barriers to GW adoption are
significant in the building sector. A total of three sections
were distributed through the survey. The initial section
gathered respondents' background/demographic
information, as well as their level of comprehension of
GW barriers and frequency of engagement in GW
implementation. The second part assessed the importance
of the determined barriers. The last part of the survey is an
open-ended question that motivates respondents to give
any additional barriers that may impact GW adoption but
are not mentioned in the survey given. The barriers were
assessed employing a Likert scale of one to five (1=least
agree to 5=extremely agree), which has been frequently
utilized in prior research [5].

3.3. Data Collection

The survey respondents desired to be varied to create a
homogeneous and appropriate individual sample. The
convenience sampling technique was used in this study,
which focused on gathering accurate and sufficient data
from specialists in GW implementation, such as
contractors, designers, and architects. The surveys have
been distributed to various firms in Saudi's building sector.
A total of 205 surveys were circulated. A notice was given
to complete the survey to increase responses. Following
the removal of invalid replies, 81 surveys were returned.
The analysis was then conducted using 72 valid replies,
resulting in a 35.1% response rate. As a result, the



American Journal of Civil Engineering and Architecture 109

response rate was acknowledged by most questionnaire
surveys distributed in the building sector, which agreed on
a usual rate of 20% to 30% [38].

3.4. Data Analysis Method

The collected data were evaluated using the Statistics
Package for Social Sciences (SPSS). The validity check
was initially performed by applying the Kaiser approach.
This approach produces a value known as an eigenvalue,
which needs to be above one. The equivalent number of
less than one is insufficient and hence inappropriate for
analysis of factors [46]. After the principal variable
analysis, the varimax rotational approach was used to
determine the linear ratio between the original components
to maximize the loading variance. Cronbach's coefficient
alpha was used to analyze the reliability rating range (1-5)
alternatively. Cronbach's a value ranges from 0 to 1, with
higher values demonstrating more internal coherence.
Lastly, an analysis was performed by plotting mean and
standard deviation values on a scatter plot to determine the
criticality of GW implementation barriers [5].

3.5. Focus Group Discussion

For validation, this study adheres to employing
discussions in focus groups as an effective technique for
determining the feasibility of generalizing the outcomes.
For the sake of simplicity, readers interested in learning
more about the stages involved in focus group discussions
are encouraged to review the next references [47, 48]. One
of the researchers served as a moderator for the discussion
with the invited specialists. To get concrete and sensible
outcomes, five experts from firms other than those that
participated in the main study round were selected based
on their experience to select qualified professionals. The
discussion began with an overview of this subject,
followed by an invitation to the nominated qualified
experts to share their insights and their perceptions of the
barriers given to them.

4. Results and Discussions

4.1. Profile of Respondents

According to the data obtained from this study's
questionnaire survey, most respondents (30%) have 15 to
20 years of experience, 25% have more than twenty years
of experience, and 21% have 5 to 10 years of expertise.
Regarding professions, designers and facilities managers
had the highest percentages, at 36% and 31% respectively.
Master's degrees in construction management and
architecture account for 30% and 26% of their total
education. It is worth noting that each contributor has
completed at least one to two GW projects. Furthermore,
the majority of them are aware of the GW challenges. The
participants' profiles indicate they have extensive
expertise and have played a vital role in GW projects. As a
result, the perspectives of these professionals are both
crucial and reliable in assessing the GW implementation
barriers, refer to Table 2.

Table 2. Respondents’ profile

Variable Category Frequency Percentage
5-10 15 21
Experience 10-15 17 24
(Year) 15-20 22 30
>20 18 25
Total 72 100.0
Designer 26 36
Role FaC|_I|ty manager 22 31
Project manager 11 15
Contractor 13 18
Total 72 100.0
Bachelor’s (architecture) 14 19
et R R
Educati
ueation Master’s (architecture) 19 26
Master’s (construction
management) 21 30
Total 72 100.0
No. of 1-2 15 21
completed 2-3 27 37
GW 3-4 21 29
pI’OjectS >4 9 13
Total 72 100.0

4.2. EFA for GW Adoption Barriers

The Following the expert interviews, an EFA analysis
was performed to affirm the themes, and the measures
were based on the previous research and interviews. The
relationship and order among the GW barriers have been
examined through factor analysis.

Prior to factor analysis, a validity test is executed using
Kaiser's approach to quantify the similarity of factor(s),
and it is often used to determine whether partially
correlated relationships of variables are attainable [49].
This approach considers an eigenvalue less than one
inadequate and inappropriate for factor analysis. A KMO
index value over 0.5 and a spherical check of Bartlett
(p<0.05) indicate suitable data for the factor analysis [7].
The findings revealed that the coefficient KMO sample
sufficiency value was 0.853, more than 0.5. The Bartlett
sphericity test and its related significance level were
8341,392 and 0.000. Accordingly, the EFA appeared
appropriate, and the findings were consistent with
previous studies [7,50]. The analysis identified four latent
groups: environmental, economic, social, and technical
challenges. The latent groupings explained 79.68% of the
overall variance. Cronbach's a values for environmental,
economic, social, and technological categories are 0.897,
0.877, 0.928, and 0.957, respectively. When the a value
approaches one, the internal consistency of accuracy
improves on the scale parameter, as the allowable lower
limit is 0¢=0.7 [51]. It was concluded that all o values are
appropriate, and the consistency of the internal scale is
outstanding. Every variable was significantly given
considerable weight within one of the datasets
independently. The preceding view of the four primary
groups emphasizes the need to mention these limitations.

In contrast, there is no set technique for factor
identification. As a result, the meditative classification of
these categories or groups was judged appropriate for this
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research. Table 3 shows the discovered and inferred
barriers.

Table 3. Factor loadings of GW implementation barriers

Groups

Barriers

Environment Economic Social Technical

B1 0.783
B2 0.665
B3 0.695
B4 0.802
B5 0.753
B6 0.842
B7 0.689
B8 0.808
B9 0.782
B10 0.873
B11 0.854
B12 0.689
B13 0.796
B14 0.792
B15 0.836
B16 0.699
B17 0.892

The following part discusses the images of these hidden
sets:

Environmental group: The first category addressed
barriers which directly influence the atmosphere, such as
climatic adaptation, the substantial environmental impact
of particular materials, excessive nutrients and water use,
and insufficient plant illumination. The building industry
has a significant impact on the atmosphere [52]. Because
building materials affect the environment, GW
implementation is becoming progressively vital. The
building sector is trying to embrace sustainable practices
like GW installation and is looking for innovative
approaches [53]. As a result, addressing environmental
obstacles is essential for guiding design decisions and
selecting the appropriate building materials for GW
utilization.

Economic group: The second category presented
barriers directly related to costs associated with
implementation, such as costly repairs, high installation
costs, and a lack of published costs stipulated in
guidelines that assist stakeholders in making decisions
when choosing materials, taking into account the concept
of life cycle expenses and the projected cost of the project.
In light of the rising demand for green buildings,
stakeholders are concentrating on the initial valuation of
the economic viability of building projects. Enlightening
building cost efficiency is deemed to be of crucial
relevance to all stakeholders [54]. The building industry's
sustainability philosophy promotes optimal output at the
lowest possible financial cost [55]. The building project
budget is regarded as a key factor [56]. However, it is
crucial to remember that green building evaluation
prioritizes quality of life, which leads to long-term
economic development [57]. Comfort and convenience are
two life-quality concepts characterized by pleasant bonds
to nature. As a result, to accomplish economically viable
targets, the life quality of materials shall be considered.
This component's elements are involved in satisfying
stakeholder demands and material lifespan.

Social group: The third category covers ambiguity in
the acceptability of novel technology, absence of
regulation and standards (such as design ideals), and
no/limited encouragement from regulators. A single
element of building design is the pursuit of balance while
meeting several performance goals. The social variables
provide a rational context for planning, building, being
dynamic, and adapting to changes [58]. A building
disregarding the relevance of scheme interface and
performance capabilities may result in  system
unsuitability, failures, and obsolescence hazards. As a
result, overcoming social barriers is a necessary step
toward GW installation.

Technical group: This group considered the technical
challenges of GW execution, such as sophisticated
implementation, potential harm to the back wall, a scarcity
of technical tools, and difficulties in maintenance. Losing
tenants harms the building's liquidity, leading to
maintenance costs and potential future faults [16].
Therefore, it is crucial to evaluate these challenges to GW
implementation. Considering these constraints during the
design phase helps stakeholders reach the aim of
maximizing functionality.

4.3. The Relative Importance of GW
Adoption Barriers

The scatter plot of mean and standard deviation values
is utilized to evaluate the GW implementation barriers and
assess their relative priority level [5]. The mean score
shows the relevance of the GW obstacles, whereas the
standard deviation denotes the amount of agreement
among individuals. The research indicates that standard
deviation ratings are less than or close to one, indicating
that participants are in mutual agreement. Figure 2 and
Table 4 show the statistical averages, standard deviations,
and rankings of the barriers to green wall implementation
across the building sector.
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Figure 2. Scatter plot analysis for GW adoption barriers

The scatter plot analysis showed that the most vital
barriers to GW implementation are economically
associated barriers (B3 and B4), tailed by the technical
challenges and difficulty in upkeep and fixing (B17 and
B5). These outcomes compare to prior research on GW
and green roofing implementation. Although these extra
expenses are most likely offset by the long-term economic
advantages of their adoption, the total present value and
return on investment are associated with uncertainties,
resulting in the lack of GW adoption by clients/developers.
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In terms of installation and maintenance challenges,
since there are several kinds of GWs with unique features
and specifications, specific proficiency is necessary for
implementation. Furthermore, owing to GWSs' extended
lifetime, continuous maintenance is necessary, which has
been viewed as a further duty during their entire life. The
performance of GWs is influenced by the condition and
quality of the plants and their arrangement, emphasizing
the significance of frequent and effective maintenance.

The fifth primary barrier is connected to the
environmental division ‘inducement to fire’ (B14); since
vegetation is fragile and can bring fire, professionals feel
that placing GWs in a structure increases the fire
probability, which entails well-being and economic risk. It
may be demanded that the maintenance complexity could
lead to B14 because adequate care (such as frequently
cleaning fallen leaves and irrigation) could considerably
minimize the fire dangers associated with GWs.
Regarding needed irrigation for GWs (B6), considering
Saudi Arabia is a seasonal place, there would be a
significant demand for water to cure the facade plants.

Governments often provide financial incentives for
adopting UGIs, such as tax exemptions and incentives
covering some installation expenses. Although GW

implementation helps to achieve green building
credentials, which bring economic advantages to
developers, GW builders are not fit for financial

incentives when a certificate of green building is not
obtained. Consequently, B16 might be viewed as a
hindrance to GW implementation. It is important to note
that GWs may have a detrimental influence on the
atmosphere, particularly when polyethene is applied in the
vessels that house the vegetation. If these polymers are
disposed of after the GW's lifespan, they have a variety of
detrimental environmental consequences (similar to green
roofs, as researched by Perini, et al. [4].

Table 4. Relative importance level of GW barriers

In regards to the acceptance of new technology barriers,
innovation and authorization processes for green
technologies are loaded with dangers and ambiguities and
need a substantial buffer in the given budget [59].
Similarly, research conducted in the United States and
Hong Kong found that the early cost remained the greatest
critical determinant in green projects [1]. Typically,
investors decide on traditional structures since green
projects have a more extended return on investment [60].

Table 4 shows that certain additional deterrents are
listed as the least important, including B11, B15, B8, and
B13. Damage to the rear wall may occur because of
waterproofing concerns and moistness absorption; roots
and branches may negatively damage the structure, and
the wall is susceptible to unwanted insects. Nevertheless,
harms are avoidable if the GW is frequently cured; their
low priority compared to other barriers is understandable.
Regarding the skill required for engineers to include GW
in their projects, the widespread accessibility of advice
and instructions has remained a minor impediment.

As stated in the method part, once the findings were
acquired, a virtual conference with skilled specialists
utilizing a focus group discussion mode was organized to
ensure that the outcomes obtained are generalizable. Table
5 demonstrates the engaged specialists' viewpoints on the
relevance of the indicated barriers. As shown in the related
tabulation, there is an acceptable agreement among the
primary findings achieved as well as those of validation; a
majority of the selected specialists agreed that B3, B4, and
B14 are critical to the implementation of GWSs, which is
consistent with the outcomes obtained through the
collaboration of 72 professionals who participated in the
primary survey.

Table 5. Findings from the focus group discussion

Specialists’ viewpoints

. Analysis of mean and standard deviation scores
Implementation

Barrier

1 2 3 4 5
(B1) *
(BZ) * *
(B3) * * * *
(B4) * * * *
(B5) * * *
(B6)
(B7) * *
(BS) * * *
(B9)
(B10) *
(B11)
(B12) * *
(B13) * *
(814) * * * *
(B15) * *
(B16) * *
(Bl?) * * *

* Relevant specialist acknowledges the significance of the corresponding
barrier.

barriers for GW Mean Star_ld;flrd Ranking Over_aII
deviation by group  ranking
Environmental
B14 3.603 0.829 1 5
B6 3.671 0.851 2 6
B2 3.918 0.878 3 9
B15 3.658 0.885 4 11
B10 3.589 0.925 5 14
B1 3.548 0.929 6 16
Economic
B3 3.890 0.774 1 1
B4 3.890 0.792 2 2
B9 3.671 0.929 3 15
Social
B16 3.795 0.865 1 7
B7 3.616 0.876 2 8
B8 3.904 0.900 3 12
Technical
B17 3.740 0.800 1 3
B5 4.288 0.823 2 4
B11 3.493 0.884 3 10
B13 3.603 0.909 4 13
B12 3.726 0.932 5 17

5. Conclusion

Although some research efforts have considered
barriers to GW implementation, the work reported here is
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the initial holistic attempt to determine the barriers to the
general implementation of GWSs. More precisely, the
present body of literature requires a cohesive method for
determining and evaluating the influence of barriers to
future GW implementation, especially in Saudi Arabia,
where this critical subject field has yet to be examined.
The EFA was first utilized to determine the link between
the obstacles investigated in the literature review and
expert interviews. The refined barriers were then ranked
using the scatter plot. In addition, the group discussion
process was employed to verify the findings. Considering
this, the uniqueness of the current study is three-fold: it
identifies a comprehensive list of barriers to the
implementation of GW and refines it by considering the
context of Saudi Arabia, resulting in the first empirically
verified list of its kind; second, it examines these refined
barriers and identifies the most prioritized barriers to
implementing GW,; and third, it employs a blend of
methods that boosts the effectiveness and precision of the
outcomes. The research discovered that cost-related
barriers and challenges with GW maintenance and
installation are among the most crucial. These barriers
deserve to be given priority since their presence can breed
additional barriers, and omitting them has the potential to
eliminate other substantial impediments. The simple point
of view is to propose a way forward that addresses the
difficulties of implementation, maintenance, and cost
uncertainties by focusing on new technologies that will
transform the present procedures of implementing and
upkeeping GWs, making people eager to incorporate them
into their buildings.

6. Research Implication

This study has several kinds of theoretical and practical
applications. Given the scarcity of studies on
discouragements of GWSs’ implementation, this research
offers a thorough list of barriers identified in the previous
literature that may be valuable to other researchers.
Furthermore, this study indicates the current status in
Saudi Arabia and might serve as a foundation for further
studies. Across light of practical implications, the research
presented provides significant information for investors in
the building sector regarding the barriers to the
implementation of GWs, allowing them to focus their
efforts on improving their adoption. The findings of this
study also suggest that researchers should devote
resources to improving GW installation and maintenance
techniques, as well as strategies for overcoming key
stakeholders' hesitation to utilize them. This includes
prioritizing the use of improved technologies to address
these concerns.

Furthermore, the study's findings will aid officials in
permitting the large-scale deployment of GWs by
introducing new regulations and promotions in Saudi
Arabia to promote environmentally friendly growth.
Finally, the findings of this research benefit other
construction team members (i.e., people who contributed
to the planning, construction, and maintenance) since it
clarifies the barriers in practice, supporting them with
understanding and establishing novel strategies in the
design, maintenance, and operation of GW-equipped

buildings. These novel ideas might be targeted at relieving
operating and maintenance loads while lowering the cost
and difficulty of building and maintaining them.

7. Limitations and Future Work

This Regardless of the contributions, the research's
results are needed to be interpreted in light of some
significant limitations. The main point is that the direct
applicability of findings across nations other than Saudi
Arabia should be approached with care owing to
contextual variations. It is worth noting that this study
approach may be used to rank the barriers to GW adoption
in any country/region; however, the efforts should be
reassessed based on expert perspectives in their related
environments. Furthermore, the conclusions are based on
the opinions of verified specialists in the area within Saudi
Avrabia rather than an examination of effectiveness figures
or a numerical evaluation of GW endpoints and numerous
influences. However, this opens up potential for future
studies on the topic. Further research can be directed
towards the following streams:

- Examine the findings' suitability for other nations
and circumstances, particularly in places/regions
with climates distinct from those previously studied.
Thus, the outcomes of the findings may be
compared to one another.

- Investigate the causal relationships between the
determined barriers to provide creative ways for
tackling them and their core causes.

- Figure out potential values of the possible causes of
GW failures using simulation-based techniques.

Test the reliability of GWs using complex figures and
analytical techniques, such as utilizing artificial
intelligence-based algorithms to anticipate the efficiency
of made structures on building facades.
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