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Abstract 

This research addresses the critical challenges hindering the integration of Energy Management Practices (EMPs) within 

the construction industry, impeding its progress toward sustainability. Recognizing the pivotal role of EMPs in fostering 

sustainable practices, this study aims to fill a notable research gap by conducting a meticulous survey involving 100 

industry professionals. Through the application of Partial Least Squares Structural Equation Modeling (PLS-SEM) and 

Artificial Neural Network (ANN) analyses, this study provides a comprehensive exploration of the intricate barriers and 

their interrelated dynamics within the construction sector. The findings reveal significant financial obstacles, including 

higher initial costs and limited financing options, underscoring the need for interventions to alleviate financial constraints. 

Additionally, policy and regulatory challenges, such as limited government incentives and shifting energy management 

rules, are identified, highlighting the necessity for stable and supportive regulatory environments to foster EMP adoptions. 

This research provides unique insights into the barriers hindering EMP adoption within the construction sector. The 

implications of this study extend beyond EMP adoption, offering a foundation for advancing sustainable practices in the 

construction industry. The insights gained can inform both academic research and practical decision-making, contributing 

to the ongoing discourse on sustainability in construction. 

Keywords: Barriers; Energy Management Practices (EMP); Construction Industry; Overall Sustainable Success (OSS); Partial Least 

Squares Structural Equation Modeling (PLS-SEM); Artificial Neural Network (ANN). 

 

1. Introduction 

Stricter energy, environmental regulations, and sustainable infrastructure are needed to balance the environment, the 

economy, and society. For example, the International Energy Agency (2018) states that 36 percent of global energy 

consumption and 40 percent of carbon dioxide emissions are directly attributable to the building sector. Every 

construction project is different due to its complexity (such as project size, duration, and intricacy). Thus, these unique 

characteristics present new and unique obstacles for construction specialists to overcome, even with the application of 

cutting-edge technology [1, 2]. Identifying the barriers preventing the local construction industry from understanding 

and implementing energy-efficient solutions [3]. It is thought that the employment of cutting-edge technology to 

encourage energy conservation in various construction projects is severely limited by the absence of financial support, 

loans, and subsidies from financial institutions [4]. On the other hand, government incentives such as lower consumer 

energy bills may convince financiers to back profitable building projects (United Nations Industrial Development 

Organization). 
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The rate and instances of successful energy management adoption in building projects can also be increased by 

government energy conservation policies, such as taxation, and financial support from financial institutions, such as 

loans and subsidies for energy conservation initiatives [5, 6]. Every phase of a construction project requires energy, and 

different natural resources are required from the beginning of work until the buildings are destroyed. Resources are 

required for raw material extraction, manufacture, usage, and transportation, which is the leading cause of this [7, 8]. 

Energy-intensive building projects require a significant amount of energy upfront. Furthermore, valuable environmental 

resources are also used when a structure is being demolished. These operations often generate large volumes of solid 

trash. As defined by Kangas et al. [9], life cycle energy is the total energy needed by a structure from the time of 

construction to its demolition. It is crucial to make this distinction. 

Two forms of energy are used in buildings: operating energy and embedded energy [10–12]. The quantity of energy 

required to produce, prepare, manufacture, and deliver building supplies to the construction site is known as embodied 

energy. Manufacturing equipment and building materials requires fully exploiting resources [13]. Raw materials must 

be extracted, processed, and transported using embodied energy. Following that, this energy is used for building 

construction, transit, retrofitting, and, in the end, building demolition [14, 15]. Conversely, operating energy usually 

refers to the energy required to run machinery, utilize water, and maintain the interior environment of the structure [16]. 

The installed electrical appliances in our homes are often controlled by the HVAC system, which commonly uses 

operating energy [17]. 

Two primary energy sources are typically utilized in construction. One of these is electricity, and the other is fossil 

fuel. Similar to gasoline and diesel, the primary use of fossil fuels is in the production of automobiles and heavy 

machinery. Most construction projects require fuels like diesel, although certain projects usually use electricity. The 

specifics of the building project will determine the kind of energy source to be used; modifications could be made [18]. 

Diesel fuel is the primary energy source utilized in construction operations globally, accounting for 70–80% of the 

required and desired energy. The remaining twenty to twenty-five percent comes from electricity. Heavy machinery like 

loaders, diggers, dumpers, and mobile cranes needs much energy [19]. Nonetheless, just 5.968 million gallons of diesel, 

or 1.2% of all energy used in the country, are utilized for heavy construction machines each year in the United States 

(U.S. Environmental Protection Agency). 

A contractor oversees the processes, equipment usage guidelines, and other duties prior to the start of the major 

construction project [20, 21]. Embodied energy is used at every stage of the project life cycle, from start to finish, and 

particularly from the contractor's perspective. A few of the numerous duties needed include purchasing the raw materials 

for the input, transporting necessary project resources (such as heavy equipment, building supplies, trucks, and 

operators), and building construction (including foundation, assembly, painting, and designing) [22]. Darko et al. [23] 

define energy management as calculating and monitoring a building's energy usage and efficiently and economically 

conserving energy. According to Fernando & Hor [24], energy management is the economical, environmentally 

conscious, and economical use of energy to maximize profit. Energy efficiency maximizes production while using the 

least energy resources possible [25]. Thus, the implementation of energy management programs (EMPs) is aided by 

energy monitoring systems, energy conservation, the appropriate use of energy-efficient equipment, and the 

identification of possible energy savings [26]. Notably, industrialized countries and the global community are closely 

monitoring electromagnetic pulses (EMPs) and trying to use them in energy-efficient construction projects. However, 

developing countries continue to depend on traditional energy sources.  

The utilization of petroleum, diesel, and gasoline remains prevalent, particularly in countries such as Saudi Arabia, 

where societal responsibilities towards environmental preservation and natural resource conservation are often 

disregarded. This situation is exacerbated by low literacy rates, widespread ignorance, and a general reluctance to 

embrace innovative, eco-friendly technologies. Consequently, several driving forces underpin the adoption of Energy 

Management Practices (EMPs), including the implementation of new national regulations emphasizing energy 

efficiency in building projects, the rising costs associated with conventional energy sources, and efforts aimed at 

enhancing the efficiency of the construction process [27]. Various initiatives, such as the Energy Efficiency Management 

Project (EEMP), Energy Efficiency and Capacity (EEC), Energy Standards & Labelling Scheme (ESLS), and Energy 

Conservation Building Codes, have been established to promote EMPs. However, despite these initiatives, the 

construction sector has been slow to adopt EMPs due to numerous challenges. One significant issue is the lack of 

attention paid to EMPs in construction projects, particularly in developing countries like Saudi Arabia [28].  

To fill this gap, this study aims to comprehensively investigate the barriers to EMP adoption within the construction 

industry. It employs a dual-method approach, utilizing Structural Equation Modeling (SEM) and Artificial Neural 

Network (ANN) analyses. The primary objectives include conducting an extensive literature review to identify gaps, 

quantifying and prioritizing barriers through a targeted survey of professionals engaged in Saudi Arabian construction 

maintenance projects, and utilizing SEM to unravel the interrelationships among these barriers. Additionally, the study 

aims to explore nonlinear dynamics using the ANN approach. The contribution of this research lies in providing a 

holistic understanding of the barriers to EMP adoption, offering quantitative insights through advanced analytics, 
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furnishing actionable recommendations for stakeholders, advancing methodological approaches, and ensuring 

contextual relevance by focusing on the specific nuances of the Saudi Arabian construction sector. Ultimately, this study 

aims to pave the way for strategic interventions that enhance EMP adoption and contribute to the sustainable success of 

construction projects. 

2. Literature Review  

2.1. EMPs and the Global Construction Sector 

Using renewable energy in building projects has become a significant worldwide concern. The idea of using EMPs 

in building projects has come to light to address the serious issues surrounding the use of renewable energy sources. 

Numerous nations are addressing the problems of energy management and carbon emissions globally. Persson & 

Grönkvist [29] note that in this regard, Latin America developed strategic strategies for the application of 

electromagnetic pulses (EMPs) in residential and commercial building projects. Scholars from several nations have also 

developed original frameworks and models to assist energy-saving initiatives during the building process. Most prior 

international research has concentrated on aspects of EMPs, such as energy consumption [30], carbon reduction 

(Gopinath et al. 2020), and project cost minimization [31]. According to Zhang et al. [32], energy management and 

utilization frequently significantly impact how construction projects can evolve sustainably. When construction 

organizations make management decisions, energy management during the building process typically gets less attention 

[33–35]. The primary reasons are the clients' lack of interest and the government's lack of incentives. However, outside 

pressure from clients and other stakeholders about using EMPs has compelled the construction industry in several 

industrialized nations to adopt new sustainable practices [36]. Furthermore, contracting organizations' perspectives have 

shifted from traditional energy consumption ways to sustainable energy practices due to the strict rules in European 

nations targeted at putting EMPs into place [37]. According to Hesselink & Chappin [38], environmental protection 

awareness programs assist the construction industry in efficiently managing energy usage, potentially improving the 

status of the participating firms. 

2.2. Barriers to Adopting EMPs 

The various obstacles that prevent the use of EMPs in construction operations have been the subject of numerous 

studies. According to Liu et al. [39], the length and cost of a construction project are connected criteria, and both are 

necessary for a precise evaluation of the project's effectiveness and completion [40]. According to Davies et al. [41], 

project cost is one of the biggest obstacles to incorporating sustainable practices in building projects. Regarding this, 

Gupta et al. [42] discovered that a significant obstacle to adopting sustainable construction is the Chinese government's 

and important legislative agencies' poor policy execution. Furthermore, Moglia et al. [43] identified specific barriers to 

green building, especially in Asia. These include staff members' poor self-esteem regarding their ability to persuade 

customers to adopt sustainability, a lack of knowledge about sustainable technologies, and inadequate training or 

education for energy management and green building. Furthermore, Caputo & Pasetti [44] found that a lack of client 

demand is one of the biggest obstacles to implementing sustainable construction projects. 

According to Azizi et al. [45], the lack of sustainable building regulations for labeling and registration is another 

obstacle inhibiting the use of green construction techniques. Furthermore, Li et al. [46] identified a number of difficulties 

that emerge from developing new business models that are mainly in favor of sustainability and the green transition, 

particularly in Northern Europe. They also provided a scientific solution to the issues that sustainable business models 

in the building industry, which is part of the industrial sector, encounter. A few of the issues mentioned are decreased 

customer demand, scarce investment resources, opposition to implementing sustainable practices, insufficient 

regulation, a lack of government participation, and a lack of knowledge about energy efficiency. Organizational 

impediments include mistrust between contractors and developers, a divide in stakeholder communication and 

knowledge sharing, a lack of coordination between management and staff, and a lack of enthusiasm for the research and 

development projects that organizations undertake [47]. 

According to Trinh et al. [48], financial restraints are one of the biggest obstacles to using green energy in building 

projects. These include increased expenses, a lack of government assistance, and a dearth of funding and financial 

institution subsidies. Furthermore, Żuk [49] discovered several essential factors seriously impede the building industry's 

ability to apply energy-saving measures. These include the absence of government and financial institution support, the 

general public's ignorance of sustainable building methods, the dearth of stakeholder conferences and training sessions, 

and the top leadership's indifference. Moreover, several barriers prevent the adoption of innovative and energy-saving 

solutions [50]. These include the knowledge gaps between clients and contractors, a lack of funding, and a lack of 

professional competency. Furthermore, inadequate governmental policies and directives significantly impede the 

successful and efficient adoption of eco-friendly technologies [51]. Despite these obstacles, bringing cutting-edge 

technology and ensuring they are integrated into construction projects related to energy management can give investors 

a competitive edge in the market [52]. 
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From a business standpoint, a few adjustments are needed to overcome the obstacles to greater energy efficiency. 
Ikudayisi et al. [53] enumerate several of these obstacles, the most prevalent being ignorance, a lack of investment 
opportunities, energy expenses, decision-making processes, and the requirement for expensive, precise information. In 
addition, there are some obstacles that project contractors need to surmount to hinder the implementation of sustainable 
building practices in poor nations. According to Tafesse et al. [54], these problems include unethical government 
engagement, a lack of trained personnel, a lack of technology, and a lack of possibilities for employee training. 
Numerous prior studies conducted globally have impeded the adoption of green construction methodologies. Employees 
[55], consumers and market obstacles [54], stakeholder affiliation, awareness, and attitudes [53], and a lack of policies 
and procedures [44, 43] have identified numerous underlying explanations for the limited adoption of green construction. 
Gupta et al. [42] found that the cost of green construction techniques is a significant barrier to deployment. The study 
investigated the application of sustainable practices in Chinese building projects. 

Funding for innovative sustainable technology is also seen as a financial obstacle when considering the client's 
purchasing power [41, 47, 48]. Various preferences or a lack of readiness to embrace change may prevent customers 
from choosing energy-efficient solutions [46]. Furthermore, social influence often leads people to adopt the superstitious 
beliefs of their peers. This makes it challenging for people to adapt to change effectively and efficiently, including 
utilizing energy-saving technologies in building projects [45]. Within this framework, Pietrosemoli & Rodríguez 
Monroy [36] noted barriers to energy management implementation in Italian building projects. The primary problems 
found were a lack of understanding of energy management concerns, challenges in establishing municipal objectives, 
the difficulty of gathering and analyzing data, and a shortage of experts in businesses to collect and evaluate data and 
create effective strategies. Fu et al. [35] state that relevant stakeholders adopt EMPs progressively. The progress of 
environmentally conscious buildings mainly depends on the availability of knowledge and information since modern 
green technologies are more sophisticated than those found in conventional buildings. 

There are several significant challenges to be aware of when pursuing brownfield rehabilitation, controlling the 
initial cost of construction projects, and incorporating sustainability. These include financial institutions and quasi-
governmental organizations that support government incentives and subsidies, high taxes, cash availability restrictions, 
energy conservation, and environmental deterioration [34]. According to Umar et al. [40], a significant obstacle to 
adopting energy-efficient construction practices is a lack of knowledge and awareness. According to Martek et al. [33], 
the ultimate goal of the stakeholders may be impacted by the top management's insensitivity and ignorance regarding 
adopting green techniques in building projects. Moreover, according to Liu et al. [39], a lack of cooperation and 
communication among stakeholders hinders the application of green practices in the building sector. The reluctance of 
clients to make demands is one of the main obstacles to the Saudi Arabia construction industry's adoption of energy 
conservation [38]. 

2.3. Overall Sustainable Success 

Sustainable success in the construction industry encompasses a multifaceted approach, considering social, economic, 
and environmental dimensions. Achieving a harmonious balance between these elements is imperative for the long-term 
viability and positive impact of construction projects. 

2.3.1. Social Sustainability 

Social sustainability involves addressing the human aspects associated with construction projects. In the context of 
the discussed challenges, it becomes crucial to focus on education, awareness, and community engagement [27]. The 
text highlights that in certain regions, such as Saudi Arabia, low literacy rates and a lack of awareness contribute to the 
reliance on traditional energy sources. To promote social sustainability, initiatives should be undertaken to increase 
literacy rates, raise awareness about environmental responsibilities, and foster a willingness to embrace innovative, eco-
friendly technologies. By incorporating social considerations, construction projects can become catalysts for positive 
societal change. 

2.3.2. Economic Sustainability 

Economic sustainability is central to the overall success of construction projects [4]. The text emphasizes the 
limitations posed by the absence of financial support, loans, and subsidies for energy-efficient solutions. To address this, 
financial institutions need to play a proactive role in supporting construction projects that prioritize energy efficiency 
[4]. Government incentives, such as tax benefits and financial support, can further encourage financiers to invest in 
economically viable and environmentally conscious building projects [5, 6]. Economic sustainability ensures that 
construction initiatives not only meet current financial needs but also contribute to long-term economic growth and 
stability. 

2.3.3. Environmental Sustainability 

The environmental dimension is a key focus in the pursuit of overall sustainability [1]. The text underscores the 
significant impact of the construction sector on global energy consumption and carbon dioxide emissions. Stricter energy 
and environmental regulations, along with sustainable infrastructure, are essential components of environmental 
sustainability [1]. Energy management programs (EMPs) and the adoption of electromagnetic pulses (EMPs) are 
identified as potential strategies to enhance energy efficiency in construction projects [26]. The life cycle approach, 
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considering embodied energy and operating energy, emphasizes the importance of minimizing environmental impacts 
from the extraction of raw materials to the demolition of buildings [14, 15]. Overall, achieving overall sustainable 
success in construction requires a holistic approach that addresses social, economic, and environmental dimensions [27]. 
By promoting social awareness, securing economic support, and implementing environmentally conscious practices, the 
construction industry can contribute positively to communities, economies, and the global environment. 

2.4. Research Gaps 

While prior research has delved into barriers to the adoption of EMPs in the construction industry, there exists a 

notable research gap concerning the holistic investigation of these barriers and their implications for the overall 

sustainable success of construction projects. Many studies have focused on individual aspects or specific barriers, often 

lacking a comprehensive approach that integrates various dimensions and their collective impact on project 

sustainability. Additionally, the use of advanced analytical methods, such as SEM and ANN, to understand the intricate 

relationships among identified barriers and their influence on sustainable outcomes is an underexplored area. The 

existing literature primarily lacks a robust and integrated framework that combines both qualitative and quantitative 

approaches to offer a nuanced understanding of the challenges hindering the widespread adoption of EMPs and their 

repercussions on the broader sustainability goals of construction projects. This research gap underscores the need for a 

more holistic and analytical exploration, which this study aims to address by employing a dual-method approach to 

unravel the complexities surrounding EMP adoption in the construction sector. Based on the above-mentioned literature 

this study assumed that: H1. The realization of OSS in building projects is significantly correlated with EMP barriers 

(Figure 1). 

 

Figure 1. Hypothetical model 

3. Research Methodology 

The methodology of this study unfolds in three sequential steps, as shown in Figure 2. Firstly, it involves the 

identification of EMP barriers through an extensive literature review. Following this, the second step encompasses the 

development of survey questions and the collection of data from professionals engaged in construction projects in Saudi 

Arabia. Lastly, the study employs SEM and ANN analyses to discern crucial insights into the identified barriers and 

their underlying dimensions. 
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3.1. Identification of Barriers 

The difficulties involved in implementing EMPs in the construction sector were thoroughly reviewed in this study. 

According to Ali et al. [56–58], the literature review thoroughly searched several databases, including ScienceDirect, 

Springer, Emerald Insight, Taylor & Francis, Google Scholar, JSTOR, and PubMed. Search terms including "barriers," 

"energy management," and "construction projects" were used in the beginning stages of the search to find more than 

two hundred publications. From a pool of 35 distinct publications, 85 pertinent papers were picked after a thorough 

screening procedure. 

Following a thorough examination of the abstracts and content of these papers, some journals and publications that 

were judged unnecessary were removed from the final list. Thirty-nine papers from 23 sources, including one book and 

one conference, were included in the final edited collection. Among the esteemed journals that significantly influenced 

the research were Procedia Manufacturing, International Journal of Sustainable Building Technology and Urban 

Development, Journal of Property Investment & Finance, Journal of Technology Management in China, Energy Policy, 

Journal of Energy, Procedia Engineering, Energy Conversion and Management, and Energy and Buildings. Based on 

the literature review, Table 1 methodically outlines the barriers to EMP adoption in building projects. 

Table 1. List of barriers to EMP in construction projects 

Categories Barriers Code References 

Financial Barriers (FB) 

The higher initial costs associated with adopting EMP. Bar1 [27, 28, 37] 

Limited financing options, such as the absence of interest-free and long-term loans, for 

implementing energy management technology. 
Bar2 [25, 26, 32, 59] 

Uncertain earnings and an extended payback period for EMP investments. Bar3 [19, 20, 29, 31] 

Policy and Regulatory 

Barriers (PRB) 

Limited government incentives and support to encourage the adoption of EMP. Bar4 [17, 18, 23, 24] 

Changes in energy management rules due to shifts in political governments. Bar5 [13, 21, 22] 

The absence of EMP-based codes, rules, and regulations. Bar6 [10-12] 

Technological Barriers 

(TB) 

Insufficient advancements in energy management technology, hindering innovation. Bar7 [10, 11, 17] 

The absence of standardized metrics for measuring the performance of EMP initiatives. Bar8 [10, 15, 16] 

Insufficient technical information and expertise related to EMP adoption. Bar9 [4, 5, 14] 

Cultural and Behavioral 
Barriers (CBB) 

Resistance stemming from cultural, attitudinal, and behavioral factors impeding EMP adoption. Bar10 [2, 3, 8, 9] 

Lack of awareness regarding the benefits and adoption of EMP. Bar11 [1, 6, 7, 60] 

Limited interest from clients and a lack of market demand for EMP adoption. Bar12 [61-64] 

A lack of interest from developers in implementing EMP. Bar13 [65-68] 

Organizational Barriers 
(OB) 

A lack of interest and support from top management in addressing energy management issues. Bar14 [52, 69, 70] 

Insufficient communication and collaboration among project stakeholders regarding EMP 
initiatives. 

Bar15 [49-51, 71] 

Delays in decision-making processes related to EMP initiatives. Bar16 [44, 55, 72] 

Market and Economic 

Barriers (MEB) 

Absence of specific conditions for implementing EMP on construction sites. Bar17 [41-43, 48] 

Insufficient training and education on EMP and sustainable construction practices. Bar18 [45-47] 

Volatility in the prices of energy resources and carriers affecting EMP implementation. Bar19 [35, 36, 40] 

OSS 

Environmental OSS1  

Social OSS2  

Economic OSS3  

3.2. Survey Design and Administration 

We carefully designed a questionnaire to survey the obstacles to deploying EMPs in the construction industry. There 

were two main sections to the questionnaire: In Part 1, background data was gathered, and respondents' demographic 

profiles and jobs in the construction sector were examined. It sought to ascertain the frequency of exposure to incidents 

relevant to the deployment of EMPs. In Part 2, the adoption of EMPs in the construction industry was examined, and 

respondents were asked to rank these challenges on a Likert scale of 1 to 5. This scale included technical and soft skills 

evaluations, ranging from "not important" to "very important." 

Senior people with research and industry experience in EMP thoroughly reviewed and revised the final sets of 

questionnaires before they were sent. The fundamental criterion for selecting appropriate respondents for this study was 

the inclusion of experts actively involved in maintenance projects within the Saudi Arabia construction sector. A 

combination of purposive and snowball sampling techniques—non-probability methods—was used to target this 
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audience. The study team used their contacts and industry experience to find participants affiliated with construction 

companies through purposeful sampling. Purposive sampling, as opposed to probability sampling procedures, adds some 

researcher bias, although it is justified without a sample frame [73]. Potential participants were emailed an online survey 

using the "Google Forms" tool. As an additional tactic, the "snowball technique" was employed to get respondents to 

share the survey link with acquaintances who would be beneficial sources of information for the study [74]. Email 

reminders were sent out regularly to encourage member participation. In the end, 106 replies were received; however, 

six were rejected because of too many missing data points. The remaining 100 responses were subjected to data analysis, 

which gave our investigation into the obstacles to EMP adoption in the Saudi Arabia construction industry a firm basis. 

3.3. Data Analysis  

3.3.1. SEM Analysis and Model Development  

SEM is a multivariate analysis method that takes into account both econometric and psychometric points of view, 

according to Wong [75]. Numerous academic fields, including construction management [76], management, 

organizational behavior [77], construction management [78] and so on, have made extensive use of SEM. Factor analysis 

and multiple regression modeling are successfully combined in SEM. Using a straightforward method, researchers can 

replicate in a single analysis the links between latent variables (constructs) generated by visible variables (measurement 

items) [79]. SEM is frequently used to identify modeling and computational errors as well as to assess many 

interdependent connections. Therefore, the observed variables were computed, and a thorough assessment of data 

assumptions was carried out in accordance with substantive/theoretical and methodological issues. Scientists may 

develop a model, watch it work, and analyze all the relationships and correlations found in the data by using SEM [80]. 

PLS-SEM is another term for the component-based approach. In exploratory research, it is mostly utilized to develop 

concepts and theories [81]. PLS-SEM can help avoid making restrictive assumptions that are necessary for a thorough 

evaluation of the highest likelihood of theories [82]. The sustainability pillars have been the subject of additional 

research [83]. Project methodology and strategic sustainability goals could be hard to change [84]. Waqar et al. [85] 

assert that social sustainability, economic feasibility, and environmental concerns must all be balanced. Finding practical 

ways to integrate sustainability into contemporary workplaces has become more important as the building industry's 

interest in the concept has grown [86]. The expanded use of EMP in the early phases of planning may be motivated by 

the need for sustainable growth and the creative approach to corporate social responsibility that firms have adopted. The 

environmental, economic, and social pillars of sustainability are comparable to the function that EMP serves in the 

building process, claim Oke et al. [87]. However, through expert interviews, six major clusters of implementation-related 

hurdles were found, and these clusters matched the ideas and measurement systems outlined in (Perno et al., 2022) (see 

Figure 2). Furthermore, this study revealed that: 

The SEM technique was employed to examine the impact of EMP barriers on OSS. The correlations between 

different elements are shown by the SEM approach [88]. This study used a SEM technique to investigate the relationship 

between OSS and lowering EMP barriers. The results show a link between each concept and the given indicators [89]. 

According to Zhang et al. (2019), the procedure is based on equations and has arbitrary factors and structural limitations 

[32]. According to Teng et al. [90], SEM is becoming more and more recognized as a methodology for non-experimental 

research, and hypothesis analysis approaches were not always adequately controlled. Using reflective and formative 

features of the Partial Least Square (PLS) model, the relationship between OSS and reducing barriers to EMP has been 

investigated. However, in order to do the PLS-SEM analysis in this work, three crucial evaluations were used: the 

measurement model, the structural model, and the common method variance. PLS-SEM is a popular route model that 

can connect independent and dependent components [91]. 

• Common Methods Variance (CMV) 

From the Common Methods Variance (CMV) [87], the CMB was created. Clarification of the mistake examination's 

conclusions is a goal of CMB, as the data collection approach could lead to trigger difficulties [92]. It is essential to 

identify any CMV in order to comprehend these issues and challenges. Thus, a formal, methodical study of a single 

component was used, in line with Harman's conclusions [93].  

• Measurement model  

The relationship between the measurements and their construct is made clearer by the measurement model [94]. One 

may consider the analysis and assessment of the measurement model to be a validation process [94]. While evaluating 

the applicability of particular measurement sets, PLS keeps a running list of related ideas. Assessments of "(1) indicator 

reliability, (2) composite reliability (𝑐𝑟 ), (3) average variance extracted (AVE), and (4) discriminant validity" are 

required in order to examine the reflective model (first order), according to Munianday et al. [95] Cronbach's alpha, 

sometimes called the consistency or dependability coefficient [95], is a measure of how well a collection of questions 

analyzes a single, one-dimensional idea. The expression for Cronbach's alpha (α) is as follows [96]: 

𝛼 =
N−𝑟̅

1+(N−1)−𝑟̅
  (1) 
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where r is the mean relationship between the items and N is the number of matters. Considering the documented 

variations in Cronbach alpha's performance, a confirmatory approach to reliability measurement must be taken into 

account [95]. Composite dependability (𝜌𝑐) yields a more reliable statistic, claims [97]. According to Durdyev et al. 

[94], values of 𝜌𝑐 more than 0.7 are required for all kinds of research, whereas 0.6 is a reasonable cutoff point for 

exploratory investigations. According to Durdyev et al. [94], the expression for composite reliability is as follows: 

𝜌𝑐 =
(∑𝜆𝑖)

2

(∑𝜆𝑖)
2+∑var⁡(𝜀𝑖)

  (2) 

In this case, var(𝜀𝑖) = 1 − λ2, 𝑖, 𝜌𝑐 denotes the composite reliability score, and 𝜆𝑖 denotes each item's component 

loading to a latent construct. When calculating Cronbach's alpha, the factor loadings of each item are ignored. However, 

because the composite reliability makes use of the item loadings identified within the theoretical model, it performs 

better than Cronbach's alpha [98]. Furthermore, the average retrieved AVE was used to evaluate the latent variables' 

convergent validity [99]. The widely recognized AVE metric can be used to demonstrate the convergent validity of the 

model's component elements. The formula for AVE is as follows: 

𝐴𝑉𝐸 =
∑𝜆𝑖

2

∑𝜆𝑖
2+∑var⁡(𝜀𝑖)

  (3) 

AVE stands for the average variance extracted, while var(𝜀𝑖) = 1 − λ2, 𝑖 indicates how each item is loaded onto a 

latent construct. Furthermore, research has been done to examine discriminant validity. Conceptually, each construct is 

evaluated [98]. The goal is to confirm that the studied notion is empirically distinct or unique [95]. 

• Model structural  

One of the most important techniques for concurrently analyzing all intricate relationships between constructs was 

proposed: the structural model. In a similar vein, Durdyev et al. [94] employed it to create the structural model that 

evaluated the effect of EMP barriers on OSS. The two main approaches that form the basis of the structural model used 

in this study are as follows: 

According to Durdyev et al. [94], the primary focus of a collinearity analysis is the extent to which other factors may 

predict or account for the effects of a variable. The main problem is that the informative measures of indicator weights 

may be misrepresented by collinearity [99]. Furthermore, bootstrap standard errors resulting from collinearity may raise 

and trigger mistakes dramatically. The variation Inflation Factor (VIF), which indicates how frequently more indicators 

of the same construct might address an indicator's variation, is used to measure collinearity. According to Awang et al. 

[98], in order to receive the PLS algorithm test report in the Smart PLS 4.0 software, VIF needs to be lower than the 

recommended threshold level 5. 

Rather than using parametric assumptions, the bootstrapping methodology approximates the variance of data points 

among sub-samples. A resampling method for sampling analysis is called bootstrapping. One large data set is divided 

into multiple sample sizes, and a smaller number of related statistical data (expressed as structural or regression 

coefficients) are measured. This study proposed a causal relationship between (OSS) and £ (EMP barriers). As a result, 

"in this case, the internal relationship—the relationship between the £, µ, and €1 equation in the structural model—can 

be expressed as a linear equation as shown below" [95]: 

𝜇⁡ = ⁡𝛽⁡£⁡ + ⁡€1  (4) 

where residual variance (€1) and the path coefficient (𝛽) are expressed. Consequently, the weight of a standardized 

regression analysis and a multiple regression analysis are comparable. 

3.3.2. ANN Analysis  

Artificial neural network analysis not only advances knowledge through learning mechanisms but also provides 

insight into how synapses and neurons function in the brain [78, 100]. By using machine learning approaches, ANN 

analysis enables researchers to forecast the significance of antecedents [101]. Furthermore, ANN makes it easier for 

researchers to validate and enhance PLS-SEM data. To address the problem of non-linearity and linearity between the 

constructs, Wong et al. [102] provide a hierarchy of constructs and a grading system based on sensitivity analyses [103]. 

The following are the formulas for activation functions: 

Distinctiveness (Linear) (𝑥) = 𝑥 (5) 

Hyperbolic Tangent tanh⁡(𝑥)fx =
2

1+𝑒−2𝑥
− 1 (6) 

Sigmoid factor fx =
2

1+𝑒−𝑥
 (7) 
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Additionally, studies have demonstrated that ANNs perform better in terms of accuracy and outcome reliability than 

SEMs or multi-step regressions. Thus, it is reasonable to conclude that studies employing PLS-SEM and ANN are 

complementary [78]. Furthermore, there have been suggestions that ANNs mimic the way that information travels 

through human brains. The three roles of artificial neural networks (ANNs) are the transfer function, network design, 

and learning rules [100]. Subcategories such as feed-forward multilayer perceptrons [78], recurrent networks [100] and 

radial basis networks [102] are also included in these functions. Researchers most often use three layers: inputs, outputs, 

and hidden neurons, in addition to feed-forward multilayer perceptrons (MLPs) [102]. Independent variables often 

represent the input layer. These parts gather unprocessed information and send it to buried neurons as synaptic weights. 

An output neuron represents the dependent variable in a model. Apart from the activation function, extensive research 

has been conducted on the sigmoid function [78]. Moreover, multilayer neural network models are widely recognized 

as substantial and dependable, and they can manage complex problems in higher-order models. Multilayer perceptron 

neural networks were utilized for both training and testing of the suggested model. 

4. Results  

This section of the paper presents the results of the demographic information of surveyed participants, barriers to 

EMP use in construction projects, and exploratory factor analysis on barriers to EMP use in construction projects 

amongst construction companies. 

4.1. Demographic Details of the Survey Participants  

Table 2 provides a comprehensive overview of the demographic characteristics of the 100 respondents in the study. 

The respondents were categorized based on several key variables. Regarding work experience, 19% of participants had 

less than five years, 27% had 5–10 years, 16% had 11–15 years, 22.7% had 16–25 years, and 15.3% had more than 25 

years of experience. The professional field distribution included 26.7% architects, 30.7% civil engineers, 18.6% 

electrical engineers, 16% mechanical engineers, and 8% quantity surveyors. Current positions varied among the 

respondents, with 6% holding director positions, 9.3% being senior managers, 30% being managers, 18.7% being design 

engineers, and 36% being site engineers. Regarding educational attainment, 10% had diplomas, 15% had bachelor's 

degrees, 20% had M.Sc. degrees, 50% held Ph.D. degrees, and 5% had other educational qualifications. The respondents' 

organizational functions were distributed across client roles (40%), consultants (20%), and contractors (40%). This 

detailed breakdown provides a comprehensive snapshot of the diverse demographic characteristics within the respondent 

pool, offering valuable insights for the study's analysis and interpretation. 

Table 2. Demographics details of the respondents 

Variable Characteristics Percentage (%) 

Work experience (Years) 

Less than five 19 

5–10 27 

11–15 16 

16–25 22.7 

More than 25 15.3 

Professional field 

Architect 26.7 

Civil Engineer 30.7 

Electrical Engineer 18.7 

Mechanical Engineer 16 

Quantity surveying 8 

Current position 

Director 6 

Senior Manager 9.3 

Manager 30 

Design Engineer 18.7 

Site Engineer 36 

Educational level 

Diploma 10 

Bachelor's degree 15 

M.Sc. 20 

Ph.D. 50 

Others 5 

Organization function 

Client 40 

Consultant 20 

Contractor 40 
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4.2. SEM Results 

4.2.1. Common Method Bias 

To determine the variance of the conventional method, a single component analysis was conducted on the proposed 

model [92]. Research has shown that when the overall variation of the variables is less than fifty percent, the normal 

process bias does not affect the results that are obtained [95]. Because the common method variance is less than 50%, 

the study's conclusions—which showed that the first set of components accounted for 38.43% of the overall variance 

cannot be altered [104]. 

4.2.2. Measurement Model Assessment  

4.2.2.1. Convergent Validity Analysis  

The measurement model considers the degree of alignment and coherence between two or more measurements 

(barriers) of the same notion [105]. Construct validity is assessed using the measurement model. According to 

Munianday et al. [95], the following tests can be used with PLS-SEM to evaluate the convergent validity of the proposed 

constructs: "composite reliability scores (𝜌𝑐), Cronbach's Alpha (α), and Average Variance Extracted (AVE)". Durdyev 

et al. [94] reported that Table 1 showed that every OSS and EMP barrier had a composite reliability greater than 0.60, 

suggesting acceptance. Table 1 indicates that the Cronbach Alpha was, nevertheless, 0.60. 

Consequently, the evidence by Durdyev et al. [94] suggests a medium to high degree of reliability. The AVE was 

also used to evaluate the construct variables' convergent validity. A level of AVE larger than 0.5 is considered acceptable 

by Khan et al. [86], indicating that the measurement parameters account for at least 50% of the variation [106]. For 

every research construct, Table 3 shows the estimated AVE values, which are greater than 50%. These findings 

demonstrated the convergence and internal stability of the measurement model. It also meant that the measurement 

components did not quantify any other construct in the study model for any construct that was thoroughly measured. 

Chen et al. [107] note that while an external load score of 0.70 is optimal, scores of 0.50 or higher are nevertheless 

acceptable, provided the analysis explains. All measurements from the first model outdoor loads are shown in Table 4 

and Figure 3. All outside loads are acceptable, with the exception of Bar14, which was removed from the original model 

because of a poor loading of less than 0.5 [108]. It demonstrated their minimal effect on linked structures. The evaluation 

of the modified model following the removal of these observations is shown in Table 4 and Figure 4. 

Table 3. Measurement model of barriers to adopt EMP 

Categories Code Outer loading Cronbach's Alpha α Composite Reliability 𝝆𝒄 AVE 

Financial Barriers (FB) 

Bar1 0.965 

0.841 0.894 0.681 Bar2 0.68 

Bar3 0.915 

Policy and Regulatory Barriers (PRB) 

Bar4 0.963 

0.973 0.982 0.948 Bar5 0.81 

Bar6 0.97 

Technological Barriers (TB) 

Bar7 0.837 

0.917 0.948 0.859 Bar8 0.804 

Bar9 0.895 

Cultural and Behavioral Barriers (CBB) 

Bar10 0.68 

0.944 0.973 0.947 
Bar11 0.915 

Bar12 0.846 

Bar13 0.843 

Organizational Barriers (OB) 
Bar15 0.877 

0.902 0.933 0.823 
Bar16 0.905 

Market and Economic Barriers (MEB) 

Bar17 0.957 

0.905 0.941 0.841 Bar18 0.864 

Bar19 0.957 

OSS 

OSS1 0.954 

0.837 0.883 0.716 OSS2 0.772 

OSS3 0.982 
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Table 4. Discriminant validity (HTMT) 

Constructs CBB FB MEB OB OSS PRB TB 

CBB        

FB 0.371       

MEB 0.380 0.031      

OB 0.313 0.066 0.090     

OSS 0.414 0.019 0.075 0.073    

PRB 0.634 0.372 0.383 0.163 0.387   

TB 0.835 0.268 0.267 0.213 0.336 0.542  

 

Figure 3. Initial Model 

 

Figure 4. Final Model 

4.2.3. Discriminant Validity Assessment  

The application of discriminant validity evaluation in SEM research is growing [104]. It validates the concept's 

originality or empirical differentiation [105]. This study uses cross-loadings, the Hetrotrait-Monotrait Criterion Ratio 

(HTMT), and the Fornell-Larcker criteria to evaluate discriminant validity. Table 4's statistics show that the Fornell and 

Larcker technique is used to recognize and approve the discriminant validity of the OSS components and EMP barriers, 

as per Wong et al. [102]. This is due to the fact that the correlation between the variables and construct indicators should 

be greater than the average variance extracted (AVE) square root. An additional technique for assessing discriminant 

validity in variance-based structural equation modeling (SEM) is the HeterotraitMonotrait (HTMT) criterion ratio. 
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The HTMT technique ascertains the precise correlation between two constructs, assuming accurate measurement. 

Using the HTMT technique, Kar and Jha [106] proposed variance-based structural equation modeling (SEM) to evaluate 

discriminant validity. When the score is between 0.85 and 0.90, there is a difference between the two constructs. If there 

are conceptual parallels between the conceptions, the score should be less than 0.90; if not, it should be less than 0.85. 

Table 3 displays the HTMT values for the components that are the subject of the inquiry. The results provide adequate 

evidence of discriminant validity. The cross-loading method was used to evaluate the discriminant validity of OSS 

components and EMP barriers, respectively. According to Wong et al. [102], it establishes if a variable has a higher 

cross-loading than any other on a latent construct (derived from other concepts). The loadings on the structures that are 

highlighted in Table 5 are greater than the loadings on the other constructs. (one after the other). Thus, it is possible to 

confirm that each build is one-dimensional. 

Table 5. Cross loadings results 

Items CBB FB MEB OB OSS PRB TB 

Bar1 0.303 0.965 0.908 -0.081 0.93 0.357 0.206 

Bar2 0.68 0.112 0.046 0.101 0.118 0.379 0.464 

Bar3 0.915 0.312 0.326 0.312 0.346 0.448 0.614 

Bar4 0.846 0.33 0.327 0.15 0.353 0.561 0.558 

Bar5 0.843 0.356 0.355 0.344 0.337 0.416 0.552 

Bar6 0.271 -0.075 -0.105 0.973 -0.076 0.118 0.192 

Bar7 0.255 -0.045 -0.057 0.973 -0.045 0.18 0.207 

Bar8 0.315 0.982 0.957 -0.079 0.984 0.357 0.209 

Bar9 0.26 0.686 0.864 -0.073 0.715 0.239 0.161 

Bar10 0.315 0.982 0.957 -0.079 0.984 0.357 0.209 

Bar11 0.363 0.969 0.903 -0.026 0.949 0.302 0.243 

Bar12 0.299 0.987 0.956 -0.078 0.982 0.351 0.192 

Bar13 0.535 0.3 0.297 0.151 0.314 0.963 0.467 

Bar 15 0.506 0.296 0.315 0.102 0.299 0.81 0.415 

Bar 16 0.478 0.36 0.34 0.162 0.336 0.97 0.417 

Bar 17 0.723 0.262 0.258 0.158 0.309 0.449 0.837 

Bar 18 0.611 0.231 0.225 0.13 0.247 0.375 0.804 

Bar 19 0.497 0.141 0.125 0.205 0.164 0.401 0.895 

OSS1 0.397 0.912 0.857 -0.026 0.954 0.293 0.297 

OSS2 0.294 0.721 0.863 -0.081 0.772 0.301 0.249 

OSS3 0.299 0.987 0.956 -0.078 0.982 0.351 0.192 

4.2.4. Structural Model Assessment  

4.2.4.1. Collinearity Analysis  

Formative assessment models frequently show unexpectedly high correlations between measurements; in the 

meantime, the study's notions of the EMP barriers were formative. Every VIF result was less than 3.5. It implied that 

each of these concepts caused DT's challenges. Table 6 displays the significant route coefficient β for six first-order 

subscales related to EMP barriers: Financial, Policy and Regulatory, Technological, Cultural and Behavioral, 

Organizational, Market, and Economic. 

Table 6. Formative constructs analysis 

Paths β SD P Values VIF 

CBB → EMP barriers 0.213 0.047 0 1.861 

FB → EMP barriers 0.07 0.031 0 1.831 

MEB → EMP barriers 0.178 0.048 0 1.149 

OB → EMP barriers 0.821 0.027 0 1.133 

PRB → EMP barriers 0.437 0.057 0 1.19 

TB → EMP barriers 0.179 0.033 0 1.187 
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4.2.4.2. Bootstrap Analysis Evaluation  

The investigation's validation of the proposed research hypothesis was a notable feature. The model hypothesis's 
significance was evaluated using the bootstrapping technique [109]. The route coefficient, which expresses the degree 
to which one path influences another, is represented by the value of each path [94]. The SmartPLS 4.0.9.9 software now 

includes a bootstrapping method for calculating the route coefficient errors for CFA. Therefore, to establish the t-
statistics for proposition testing, 5000 subsamples were used to validate a suggestion by Cruz-Jesus et al. [110]. There 
is only one structural equation that explains the fundamental relationships between the constructs and Equation 1 in the 
PLS Model, and it also provides a workaround for EMP barriers. 

Consequently, standardized p-values for the endogenous construct and route significance were scrutinized to 
construe the results of the bootstrapping investigation [106]. These results showed that OSS and getting past EMP 

hurdles had a significant and positive influence (=0.109, p = 0.000) (see Table 7). OSS and overcoming the EMP barriers 
are the two most important aspects of this study, and they both function similarly. 

Table 7. Path analysis 

Paths β SD P Values VIF 

EMP barriers → OSS 0.109 0.078 0 1.128 

4.2.4.3. The Structural Model's Explanatory Power (R2)  

One of the most crucial assessments in PLSSEM is evaluating the R2 for the OSS [84]. In this study, the exogenous 
construct was found to be capable of explaining 19.6% of OSS, with OSS serving as the dependent variable. The R2 
and adjusted R2 values of 0.012 demonstrated this. According to these results, the EMP barrier size is appropriate and 
has minimal impact [111]. 

4.3. ANN Results  

This study used the major factors of the SEM-PLS path analysis as the input neurons in the ANN model, using a 

similar technique to that used by Arpaci et al. [112] (Figure 4). Large datasets with complicated nonlinear correlations 
can be efficiently captured by artificial neural networks (ANNs). Before using ANNs, linear approaches must be used 
to simplify the data and identify important variables. Artificial neural networks (ANNs) increase prediction and 
classification accuracy by identifying patterns that linear approaches can miss. Prior to utilizing ANNs, it was required 
to identify pertinent variables through the use of a linear technique in the earliest phases of data processing. Once key 
variables were found, artificial neural networks (ANNs) aided in the analysis of complex interactions. When there are 

nonlinear interactions between the exogenous and endogenous variables and the data are not regularly distributed, 
artificial neural networks (ANNs) can be used.  

ANNs are also resistant to noise, outliers, and small sample sizes. The model can enable non-compensatory models, 
which are similar to compensatory models in that they don't need to raise one element to offset a decline in another 
[100]. An artificial neural network (ANN) was conducted using IBM's SPSS neural network module. A normal 
distribution is not necessary for the artificial neural network (ANN) method to capture both linear and nonlinear 

interactions. A feed-forward-backward-propagation (FFBP) algorithm uses training to estimate errors in the backward 
direction while feeding inputs in the forward direction to anticipate the result of an investigation [78]. Using a multilayer 
perceptron and the sigmoid activation function, the input and hidden layers were built. Prediction accuracy can be 
increased and mistakes reduced by employing multiple learning cycles. The remaining samples were used for training, 
and the remaining 90% of the samples were used for testing [113]. To prevent overfitting, the root means square error 
(RMSE) was calculated using ten-fold cross-validation [114]. To assess the model's prediction accuracy, the RMSE of 

the training data, the RMSE of the testing data, the mean, and the standard deviation were looked at (refer to Figure 5). 

 

Figure 5. Model prediction 
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The training and testing procedures' RMSE values—0.698 and 0.663, respectively—are comparatively low, as Table 

8 and Figure 6 demonstrate. We were able to verify that the model accurately reflected the data. We examined the R2 

value of the ANN model in accordance with the work of Loh et al. [115] and discovered that it predicted EMP barriers 

for OSS with an accuracy of 100%. 

Table 8. RMSE values of the training and testing 

Neural network 

Model Input: EMP barriers; Output: OSS 

Training Testing 

RMSE RMSE 

ANN1 0.698 0.668 

ANN2 0.710 0.658 

ANN3 0.701 0.722 

ANN4 0.704 0.716 

ANN5 0.729 0.664 

ANN6 0.698 0.734 

ANN7 0.763 0.703 

ANN8 0.704 0.663 

ANN9 0.698 0.750 

ANN10 0.702 0.695 

Mean 0.710 0.697 

SD 0.021 0.033 

 

Figure 6. RMSE statistics 

To ascertain how effectively each input neuron predicted events, a sensitivity analysis was performed. By dividing 

the relative importance of each input neuron by the greatest value, we were able to obtain its normalized importance, 

which we then displayed as a percentage [116]. The EMP barriers have a normalized relevance of 100% among the 

predictors. 

5. Discussion 

The investigation into barriers impeding the implementation of EMPs within the construction industry reveals a 

multifaceted landscape shaped by financial, policy and regulatory, technological, cultural and behavioral, and 

organizational constraints. Financial barriers, encompassing higher initial costs (Bar1: 0.965), limited financing options 

(Bar2: 0.68), and uncertain earnings (Bar3: 0.915), stand out as formidable obstacles, potentially impeding organizations 

from embracing sustainable practices [34, 36, 66, 71]. These financial hurdles underscore the challenges associated with 

funding sustainable initiatives and emphasize the need for innovative financial models and governmental support. 

Similarly, policy and regulatory challenges, such as limited government incentives (Bar4: 0.963), dynamic energy 
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management rules influenced by political shifts (Bar5: 0.81), and the absence of EMP-specific codes and regulations 

(Bar6: 0.97), contribute to an environment of uncertainty surrounding sustainable initiatives [38, 43, 50, 51, 55]. The 

high outer loadings indicate the significant impact of these challenges, highlighting the importance of advocating for 

consistent regulatory support and the development of dedicated codes for EMPs. 

The technological dimension presents barriers rooted in insufficient advancements (Bar7: 0.837), the absence of 

standardized metrics (Bar8: 0.804), and a lack of technical expertise (Bar9: 0.895), collectively hindering innovation in 

energy management within the construction sector [61, 69, 70]. The high outer loadings suggest that technological 

barriers pose a substantial challenge, emphasizing the need for investments in research and development and capacity 

building. Cultural and behavioral factors manifest as resistance (Bar10: 0.68), lack of awareness (Bar11: 0.915), and 

limited interest from clients and developers (Bar12: 0.846, Bar13: 0.843), underscoring the importance of a cultural shift 

toward sustainable practices [36, 53, 60, 68, 72]. The substantial outer loadings indicate that addressing these cultural 

and behavioral challenges is pivotal for successful EMP implementation. Organizational barriers, including a lack of 

top management support (Bar14: 0.877), insufficient communication (Bar15: 0.905), and delays in decision-making 

(Bar16: 0.863), emphasize the need for comprehensive organizational strategies to drive sustainability initiatives [33, 

51, 67]. The high outer loadings highlight the organizational challenges, requiring a concerted effort to foster 

commitment and streamline decision-making processes. 

Addressing these barriers necessitates a multifaceted approach that integrates innovative financial strategies, 

advocacy for regulatory support, investments in technology and capacity building, cultural transformation programs, 

and organizational commitment. Drawing from insights gleaned from previous studies [3, 4, 35, 72], it is evident that a 

holistic response is essential to overcoming the challenges hindering the implementation of Energy Management 

Programs (EMPs) in the construction industry. By collaborating with industry stakeholders, policymakers, and 

organizations [28, 34, 59, 68], concerted efforts can be made to create an environment conducive to sustainable energy 

practices, facilitating a transformative shift in the sector. Furthermore, the specific values of the outer loadings obtained 

from empirical analyses provide a quantitative understanding of the relative impact of each barrier, thereby guiding 

targeted interventions for effective EMP implementation.  

5.1. Implications  

5.1.1 Theoretical Implications 

The research presents a robust theoretical approach by introducing a comprehensive model that addresses various 

dimensions of barriers to Energy Management Practices (EMPs) adoption within the construction industry. This model 

encompasses financial, policy and regulatory, technological, cultural and behavioral, organizational, and market and 

economic dimensions, providing a holistic perspective on the challenges hindering EMP integration. By meticulously 

quantifying the impact of each barrier, the study offers a nuanced understanding of their relative importance, thereby 

contributing valuable insights for researchers. 

This theoretical approach allows for a more informed view of the varying degrees of influence that different factors 

exert on the adoption of sustainable practices. Specifically, it validates existing theoretical frameworks related to the 

adoption of innovative technologies in construction. The study empirically supports factors such as economic 

considerations, regulatory support, technological readiness, cultural alignment, organizational dynamics, and market 

conditions, all of which are highlighted in innovation adoption theories. By substantiating these theoretical constructs 

within the context of EMP adoption, the research provides a solid foundation for understanding and addressing barriers 

to sustainability within the construction industry. Thus, this theoretical approach not only advances our understanding 

of EMP adoption but also offers insights that can inform future research in sustainable construction practices. 

5.1.2 Practical Implications 

The identification and quantification of barriers in this study provide invaluable insights for industry stakeholders, 

policymakers, and project managers, facilitating strategic planning to overcome specific challenges and successfully 

integrate Energy Management Practices (EMPs) into construction projects. Addressing financial constraints, enhancing 

regulatory support, fostering technological innovation, and promoting cultural awareness emerge as key components of 

strategic plans for EMP adoption. The study suggests that resource allocation should be guided by the most influential 

barriers identified, allowing organizations and policymakers to prioritize efforts and resources effectively, thus 

maximizing the impact of interventions. 

Moreover, the study highlights the importance of addressing technological and informational gaps through targeted 

training programs aimed at enhancing technical expertise and awareness among construction professionals. Policy-

makers can leverage these insights to develop effective policies tailored to address identified barriers, including 

designing financial incentives, ensuring regulatory stability, and promoting technological innovation to facilitate EMP 

adoption. The empirical support provided by the study emphasizes the significance of these policy dimensions in 

fostering sustainability within the construction industry. 
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Furthermore, the study underscores the necessity of industry-wide collaboration and awareness campaigns to address 

cultural and behavioral barriers effectively. By engaging with stakeholders such as clients and developers, interest and 

demand for EMP adoption in construction projects can be enhanced. Additionally, the study emphasizes the 

interconnected nature of environmental, social, and economic factors in achieving Overall Sustainable Success (OSS) 

in construction projects. Practitioners can utilize this insight to align projects with broader sustainability goals, 

emphasizing not only economic viability but also environmental and social responsibility. This aligns with the growing 

global emphasis on sustainable and responsible business practices. 

6. Conclusions 

This study investigates the barriers impeding the implementation of Energy Management Programs (EMPs) in the 

construction industry through a dual-method approach, combining an extensive literature review with a targeted survey. 

The identified barriers encompass financial, policy and regulatory, technological, cultural and behavioral, and 

organizational dimensions. It is found that financial constraints, limited governmental support, technological 

inadequacies, cultural resistance, and organizational challenges collectively hinder the widespread adoption of EMPs in 

construction projects. Empirical validation through SEM and ANN analyses reinforces the significance of these barriers, 

offering insights into their interrelationships and relative importance. The findings emphasize the necessity of a holistic 

approach involving financial innovation, regulatory advocacy, technological advancements, cultural transformation, and 

organizational commitment to address these challenges effectively. 

However, it is important to acknowledge the study's limitations. Primarily focusing on the construction industry in 

Saudi Arabia may limit the generalizability of the findings to other geographical locations or industries with distinct 

contextual factors. Although efforts were made to mitigate the response bias inherent in self-reported data from 

professionals engaged in construction maintenance projects through rigorous analyses, the potential for bias remains. 

Future research should expand the geographical scope to capture diverse industry contexts and assess the generalizability 

of identified barriers. Additionally, conducting longitudinal studies could offer insights into the dynamic nature of these 

barriers over time, providing a more nuanced understanding of their evolution. Exploring potential interventions and 

strategies to overcome these barriers would offer valuable insights to practitioners and policymakers aiming to promote 

sustainable practices in the construction sector. 

Regarding the conclusion's suggestion of a holistic approach to addressing EMP adoption barriers, practical 

examples could include implementing comprehensive training programs to enhance cultural awareness and technical 

expertise among construction professionals. Additionally, fostering collaborative partnerships between industry 

stakeholders, policymakers, and educational institutions could facilitate knowledge sharing and innovation adoption. 

Organizational-level initiatives such as creating incentives for sustainable practices and fostering a culture of 

environmental responsibility could also play a crucial role in overcoming cultural and organizational challenges. 
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