

  buildings-14-01242




buildings-14-01242







Buildings 2024, 14(5), 1242; doi:10.3390/buildings14051242




Article



Adoption of Green Mark Criteria toward Construction Management Sustainability



Hai Chien Pham 1, Vu Hong Son Pham 2,* and Trong Kich Than 2





1



Applied Computational Civil and Structural Engineering Research Group, Faculty of Civil Engineering, Ton Duc Thang University, Ho Chi Minh City 700000, Vietnam






2



Department of Construction Engineering and Management, Faculty of Civil Engineering, Ho Chi Minh City University of Technology (HCMUT), VNU-HCM, Ho Chi Minh City 700000, Vietnam









*



Correspondence: pvhson@hcmut.edu.vn







Citation: Pham, H.C.; Pham, V.H.S.; Than, T.K. Adoption of Green Mark Criteria toward Construction Management Sustainability. Buildings 2024, 14, 1242. https://doi.org/10.3390/buildings14051242



Academic Editor: Hongping Yuan



Received: 14 March 2024 / Revised: 12 April 2024 / Accepted: 23 April 2024 / Published: 27 April 2024



Abstract

:

Sustainable construction plays a significant role in developing countries. However, the adoption of sustainable buildings has faced diverse challenges. Therefore, this research investigates the benefits and challenges of adopting the Green Mark in green building projects. After a literature review and a pilot study with construction experts, an industry-wide survey was conducted to collect 148 valid responses. The data were analyzed in depth, with 24 barriers and 10 benefits, using the Statistical Package for the Social Science (SPSS) software. After this, the collected data were analyzed using the analytic hierarchy process (AHP) method to prioritize critical factors. The preliminary findings revealed significant practical implications and offered valuable insights to support the adoption of Green Mark criteria for construction management sustainability. Furthermore, practical solutions were proposed to foster the widespread adoption of green buildings toward sustainable construction in the future.
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1. Introduction


In recent years, green buildings (GBs) have been a global trend that has gained significant momentum, driven by the growing awareness of environmental sustainability and climate change. As a developing nation, Vietnam has seen an increasing demand for housing and infrastructure development to accommodate its growing population and urbanization. This demand poses a unique challenge as it requires sustainable building solutions to address environmental concerns while meeting the country’s economic growth targets. The World Bank’s projection of robust economic growth, reaching 2.91% in 2020, 2.58% in 2021, and a remarkable 8.0% in 2022, has emphasized the urgency to incorporate eco-friendly practices into its construction sector.



Moreover, the government normally has strongly committed to combat climate change by pledging to achieve net-zero emissions in future. To realize this ambitious target, embracing GB practices becomes even more crucial. Besides the numerous advantages GBs offer, their implementation remains various challenges. Past studies have highlighted the general benefits of GBs and the obstacles faced by developing nations. However, there remains to be a noticeable research gap regarding the specific barriers and benefits associated with the application of the Green Mark program in construction.



In the pursuit of sustainable development, the global trend toward green buildings (GBs) has gained remarkable traction, with nations increasingly prioritizing eco-friendly infrastructure. For developing countries, like Vietnam, where rapid urbanization and population growth drive a surge in construction demands, the imperative for sustainable building solutions is particularly pressing. Amidst this backdrop, the Green Mark program emerges as a beacon for environmentally responsible construction practices. Developed by the Building and Construction Authority of Singapore, the program sets stringent standards for green building certification, reflecting Singapore’s leadership in sustainable development. Notably, Singapore has been the top country for Foreign Direct Investment (FDI) in Vietnam in recent years, underscoring the significance of Singapore’s influence on Vietnam’s construction sector. While past research has highlighted the broad advantages of green buildings and the challenges faced by developing nations, a notable gap persists in understanding the nuanced barriers and benefits inherent to implementing programs like Green Mark in construction. This study void underscores the need for a targeted investigation, recognizing the program’s unique standards, requirements, and potential impacts within Vietnam’s construction landscape. By delving into the specific challenges and advantages associated with Green Mark certification, stakeholders can tailor strategies to overcome implementation hurdles and capitalize on its potential benefits. Such insights not only foster evidence-based decision making but also pave the way for a greener, more sustainable future in Vietnam’s construction industry.



This study aims to address this limitation by comprehensively examining the obstacles and benefits of adopting the Green Mark criteria. It provides valuable insights into the challenges and advantages of the Green Mark program’s implementation. This study ultimately paves the way for greener and more sustainable future. This study’s integration of academic rigor and detailed analysis aims to foster evidence-based decision making and policy formulation to accelerate the transition toward a low-carbon and environmentally responsible economy.



This study differentiates itself from the existing literature by considering the influence of project stakeholders on project success with the Green Mark. Factors from previous research were compiled into seven categories. The survey includes listed barriers and benefit factors. It was prepared and distributed to many experts in the construction field for ranking. These factors, along with their respective categories, were used to collect perceptions from owners, contractors, and design, supervision, and project management consultants. The analytic hierarchy process (AHP) method quantified the effect of each category on project barriers and benefits. A prioritized list of factors is presented with the support of AHP. This prioritization enables the efficient allocation of limited project resources, leading to more sustainable Green Mark projects in construction projects. The discussion of results will provide recommendations for promoting the construction of more Green Mark-certified buildings.



This research has meticulously reviewed the relevant literature to underscore the research component. In Section 2, a comprehensive analysis of the critical barriers and benefits of implementing the Green Mark program are presented. Furthermore, a research methodology developed specifically for this research is detailed in Section 3. Section 4 showcases the research findings and offers a comparative analysis. The study’s implications and in-depth discussions are expounded upon in Section 5. Finally, the conclusions drawn from the research findings and potential avenues for future research are presented in Section 6.




2. Literature Review


2.1. Green Rating Systems


After conducting a comprehensive review of various factors, a total of thirteen green rating systems spanning continents such as Asia, Europe, North America, Australia, and South Africa were meticulously identified [1], as shown in Table 1.



These systems include renowned frameworks such as BREEAM in the UK, LEED in the US, and Green Mark in Singapore, each offering different certification levels to denote the environmental performance of buildings. Additionally, regional systems like GRIHA in India and LOTUS in Vietnam provide certification levels tailored to their respective contexts. The diversity of these rating systems reflects the global commitment to sustainable building practices and underscores the importance of environmental certification in construction projects worldwide.




2.2. Main Rating Systems in Vietnam


Regarding the Vietnam Green Building Council (VGBC), there were four main rating systems of GB that were commonly applied in Vietnam, and the main differences among the systems are summarized in Table 2.



These rating systems provide valuable frameworks for assessing and certifying the environmental performance of buildings in Vietnam, each offering specific advantages and considerations tailored to the local context.




2.3. Implementing Green Mark in Developing Countries


The recent literature spanning from 2020 to 2024 underscores the significant advancements in technology that have revolutionized the field of green building. Innovations in sustainable construction materials, energy-efficient systems, and smart building technologies have emerged as key drivers in promoting the adoption of green building practices. These technological advancements not only enhance the environmental performance of buildings but also offer a myriad of benefits such as improved energy efficiency, enhanced occupant comfort, and reduced operational costs. Moreover, the integration of renewable energy sources, digital monitoring and control systems, and Building Information Modeling (BIM) has streamlined the design, construction, and operation phases of green building projects, contributing to their overall sustainability and resilience. As such, the literature highlights technology as a pivotal enabler in advancing the agenda of sustainable development and promoting the widespread adoption of green building practices in the contemporary built environment.



In the context of sustainable construction, the identification and mitigation of barriers to adopting green building practices are critical for fostering widespread implementation. Within the sphere of the Green Mark program, these barriers manifest across distinct categories, each posing unique challenges.



	
Cost Considerations emerge as a primary hurdle, with perceptions of elevated upfront expenses hindering adoption [2,3]. The initial investment outlay for energy-efficient systems, renewable technologies, and sustainable materials is perceived as prohibitive, particularly for smaller projects or developers with limited financial resources [4,5]. This highlights the need for innovative financing mechanisms and incentives to offset these costs and to incentivize adoption, aligning with the global trends promoting sustainable finance initiatives.



	
Technical Capacity presents another formidable challenge, as the availability of skilled professionals proficient in green building practices is integral to a successful implementation [6,7]. Shortages in qualified architects, engineers, and construction personnel versed in sustainable construction methodologies underscore the need for capacity-building initiatives, educational programs, and knowledge transfer platforms to address skill gaps and ensure competency across the industry [8].



	
The Regulatory Framework and Enforcement dimension underscores the importance of robust governance structures and enforcement mechanisms in driving green building adoption [9,10]. Effective regulation not only mandates compliance but also incentivizes and rewards sustainable practices, creating a conducive environment for industry-wide adoption. Strengthening regulatory frameworks, streamlining permitting processes, and fostering inter-agency collaboration can enhance regulatory effectiveness and facilitate seamless integration of green building standards.



	
Education and Awareness constitute pivotal pillars for advancing green building adoption, as stakeholders must be equipped with comprehensive knowledge and awareness of the benefits and intricacies of sustainable construction practices [11]. Continuous education and outreach efforts targeting all stakeholders, including developers, policymakers, and the public, are imperative for dispelling misconceptions, fostering buy-in and catalyzing behavioral change toward sustainable construction practices.






On the other hand, the adoption of green building practices presents a myriad of benefits, spanning environmental, economic, and social dimensions, contributing to the overall resilience and sustainability of the built environment.



	
Environmental Sustainability stands as a cornerstone benefit, with Green Mark-certified buildings significantly reducing carbon emissions, water consumption, and waste generation through energy-efficient systems, water conservation measures, and sustainable materials [12,13]. This not only mitigates their environmental impact but also fosters ecological stewardship and resource conservation, aligning with the global imperatives for climate action and sustainable development.



	
Energy and Cost Savings emerge as compelling incentives, with Green Mark-certified buildings delivering substantial operational cost reductions and enhanced long-term financial viability [14,15]. By integrating energy-efficient designs, renewable energy sources, and smart building technologies, these buildings not only lower utility expenses but also enhance asset value and market competitiveness, yielding favorable returns on investment over the building’s lifecycle.



	
Health and Wellbeing considerations underscore the pivotal role of green buildings in enhancing occupant health, comfort, and productivity [16,17]. By prioritizing indoor air quality, natural lighting, thermal comfort, and acoustic performance, Green Mark-certified buildings create healthier, more conducive indoor environments, promoting occupants’ wellbeing, satisfaction, and performance.



	
Market Differentiation and Reputation serve as potent catalysts for market adoption, with Green Mark certification enhancing the marketability and reputation of construction projects [18,19]. As a recognized symbol of environmental commitment and sustainability performance, Green Mark certification attracts environmentally conscious investors, tenants, and occupants, positioning projects for enhanced market value and stakeholder recognition [20].






In conclusion, a nuanced understanding of these barriers and benefits is imperative for driving the widespread adoption of the Green Mark program in the Vietnam construction industry. By addressing barriers and leveraging benefits, stakeholders can unlock the full potential of green building practices, fostering a more sustainable and resilient built environment in Vietnam.



With the pre-survey and consultancy conducted by experts in the construction industry, their insights in the industry have highlighted crucial barriers and benefits pertinent to the adoption of the Green Mark program in construction projects.



Firstly, experts point out the limitation that the Green Mark is predominantly utilized in projects of Singaporean investors (BR-SC07), suggesting a need for broader international recognition to enhance its global relevance. Secondly, experts emphasize the challenge in accurately assessing the performance of green buildings (BR-TK05), underscoring the necessity for standardized metrics and assessment methodologies to ensure consistent evaluations across diverse projects. Additionally, experts note the difficulty in selecting subcontractors to provide green building services (BR-TK06), indicating a potential skill gap within the industry that necessitates capacity-building initiatives and specialized training programs.



On the positive side, experts highlight the strong support from the Singaporean government for the Green Mark program (BN-SC02), indicating a conducive environment for its adoption and signaling a commitment to sustainability at the national level.



Based on a literature review from a previous study and a consultation with experts, a summary of 24 barriers and 10 benefits was identified and issued for the first survey in Table 3.





3. Research Methodology


This research was conducted to review previous studies to identify the barriers and benefits of applying the GB criteria Green Mark to construction projects and, simultaneously, consulted the experts to form a preliminary survey questionnaire. After that, this pilot questionnaire was sent to experts and experienced individuals to receive feedback and complete the final questionnaire for an industry-wide survey. The industry-wide questionnaire was divided into three parts: (1) a general introduction to the survey to overview the barriers and benefits of applying the GB criteria Green Mark to construction projects in Vietnam; (2) use of a 5-level Likert scale to assess the barriers and benefits of applying GB criteria Green Mark to construction projects in Vietnam; and (3) information of respondents.



In the research survey process, the authors diligently verified the qualifications of the surveyed experts to ensure the reliability and validity of our findings. We specifically targeted construction professionals and experts actively engaged in the Vietnam construction industry, utilizing various distribution channels to reach our intended audience. To ascertain the expertise of respondents, we incorporated screening questions in our survey, requiring participants to confirm their involvement in green building projects. This step served to filter out individuals who did not meet the criteria of relevant experience in the field.



The questionnaire was sent through direct and indirect (online) survey forms. Participation in the survey was voluntary. The survey was administered from April 2023 to July 2023. After completing the survey, through analysis and evaluation, the authors opted for a non-probability sampling technique, specifically the convenience sampling method, owing to several factors including the accessibility of survey subjects, low implementation costs, and constraints related to time and information availability (such as the number of population units, overall structure, and sampling frame). Although non-probability sampling does not provide a representative sample of the entire population, it is commonly accepted in exploratory research projects aimed at gauging the practical significance of the research problem.



Moreover, in the analysis of research data using SPSS version 20, it is typically recommended that the number of observations (sample size) should be at least four or five times the number of variables in the factor. In line with this criterion, the required sample size for this study, represented by the number of valid questionnaires collected, should be at least five times larger than the number of variables in the factor analysis. In this study, a total of 148 valid responses were collected, meeting this criterion. Satisfying the requirements was based on the number of votes of the respondents, with 34 variables being divided into 2 groups: the benefit group included 10 variables and the challenge group included 24 variables. Hence, the number of votes required had to be greater than or equal to 120 responses to satisfy the requirements of the 2 groups. After survey and data collection, descriptive statistical data analysis software SPSS was used for an in-depth analysis, evaluation, and refinement of data and control. Evidence of the uniformity and objectivity of the data was collected before carrying out the analysis and evaluation of the results. The research procedure is shown in Figure 1.



The second survey was conducted in the form of direct interviews with experts having many years of experience in construction. The analytic hierarchy process (AHP) is evaluated as an effective method and has been popularly applied in recent years to solve multi-criteria decision problems in various fields proposed by Saaty in 1980 [43]. In construction, AHP is used as a powerful support tool for complex issues during project evaluation and planning. Therefore, this study proposed to build an AHP model to identify the most critical barriers and benefit factors of projects applying the Green Mark in Vietnam.



A questionnaire was meticulously devised based on the critical factors identified, and these factors were then assessed by professionals within the construction industry. Through this process, significant critical factors were systematically identified using the analytic hierarchy process (AHP). The diverse perspectives or conflicting viewpoints were captured by ranking the critical factors via the questionnaire. Subsequently, this questionnaire served as the foundation for the AHP analysis, aiding in the determination of critical factors through an integrated approach.



This research endeavor aimed to address the assessment of critical factors pertinent to implementing Green Mark projects through the utilization of the AHP. What sets this research apart from others in the literature is its incorporation of the impact of project stakeholders on the implementation of Green Mark projects. This distinctive approach enhances the comprehensiveness and relevance of this study’s findings within the field.



The AHP employs a multi-level hierarchical structure consisting of objectives, criteria, and alternatives, termed an analytic hierarchy. This structure facilitates the decomposition of the overarching objective into manageable components, enabling a systematic analysis and decision-making process [44]. The analytic hierarchy process (AHP) is performed according to the following main steps:




	Step 1:

	
Define the priority for the criteria and the alternatives according to each criterion.









The priority level is collected from the expert evaluation on a scale of 1–9, as shown in Table 4.



The comparison is conducted between pairs of criteria, juxtaposing them together and consolidating the assessments into a matrix comprising n rows and n columns, where n represents the number of criteria under consideration. The element    a  i j     represents the priority of the i row criteria over the j column criteria. The relative priority of criteria i over j is calculated in the ratio k (k from 1 to 9), the opposite of criteria j over i is 1/k. Thus,    a  i j   > 0  ,    a  i j   = 1 /  a  j i    , and    a  i i   = 1   (Table 5).



	Step 2:

	
Calculate weight.







The weight of each criterion and the selection alternative according to the corresponding criteria will be equal to the mean of the values in each horizontal row, resulting in a one-column n-row matrix, as shown in Table 6.



Where    w  i j     is defined by the following formula:


   w  i j   =    a  i j       ∑  j = 1  n    a  i j        



(1)







	Step 3:

	
Check Consistency Ratio (CR).







The consistency ratio (CR) is an important aspect of the AHP, showing the consistency and unification of an expert opinion to ensure the scientific power of survey evaluation, as defined by the following formula:


  C R =   C I   R I    



(2)







The appropriate value of the consistency ratio (CR) should be less than or equal to 10%. If the CR is greater than 10%, there is an inconsistency in the expert evaluation and should be reviewed.



Where CI is the consistency index:


  C I =    λ  max   − n   n − 1    



(3)







   λ  max     is the eigenvalue of the comparison matrix:


   λ  max   =   ∑ i n      w i  ×   ∑ j n    a  i j          



(4)







n is the size of the calculation matrix.



RI is a random index, defined according to Table 7.



	Step 4:

	
Calculate scores of alternatives selected.







The primary objective for all stakeholders is the successful completion of the Green Mark project. This paper is chiefly focused on defining, examining, and evaluating the critical factors that can influence Green Mark projects as well as the significant benefits that these projects can yield. The compilation of 30 factors was derived from an extensive review of the pertinent literature, including articles, cases, and studies within the field. An evaluation was conducted through a survey administered to experts from the construction industry. Participants were asked to assess the impact of each factor on a Green Mark project using a 9-point scale. Subsequently, data collected from professionals in the construction industry were analyzed using the analytic hierarchy process (AHP). The findings from these analyses are presented in the subsequent sections.




4. Results/Findings


4.1. Descriptive Analysis


The survey questionnaire was distributed to 179 potential respondents, who were identified as construction professionals and experts working in the Vietnam construction industry, of which 3 did not respond (1.68%) and 176 responded (accounting for 98.32%). The number of satisfactory responses was 148 (accounting for 82.68%) due to 28 responses (15.64%) not passing the main requirement of this survey with regard to the following question: “Have you ever participated in any GB project?”. Those respondents who indicated “No” for this question were rejected. The results for 148 valid responses are shown in Table 8 and Table 9.



The result of 148 valid responses shows that the survey was conducted by individuals with 5–15 years of experience in the construction industry (accounting for 68.9%) and shows a high understanding of GB and the Green Mark. Most respondents were Project Management experts (accounting for 47.3%), and most participating Project Owners (accounting for 39.2%) had a deeply involved and complete understanding of the project comprehensively. The analysis of response data also shows that the interest to participate in GB mainly comes from the project with a private investment (accounting for 52.7%) and big project scale with more than USD 20 million in project investment capital (accounting for 47.3%). This shows that the surveyed data covering the working environment of the construction industry are reliable and suitable to meet the requirements of this research.




4.2. Coefficient Alpha Reliability Test


Coefficient alpha reliability (Cronbach’s alpha) quantifies the extent of both unique and shared variance among items within a scale. However, it is important to note that Cronbach’s alpha does not specify the nature of this shared variance; rather, it measures the overall consistency and reliability of the scale without delineating the specific sources of common variance [45]. Cronbach’s alpha value ≥ 0.60 is still acceptable but not significant; Cronbach’s alpha value ∊ [0.70–0.90] is a good value and Cronbach’s alpha value > 0.90 is acceptable but not significant. Therefore, this study used CR values, and the construct reliability coefficients revealed that the minimum reliability coefficient value was 0.665, which shows that none of the variables exhibited reliability coefficients below 0.60.




4.3. Exploratory Factor Analysis


Factor loading serves as a crucial indicator for assessing the practical significance of Exploratory Factor Analysis (EFA). Factor loading greater than 0.3 is deemed minimal, factor loading surpassing 0.4 is considered important, and a factor loading equal to or exceeding 0.5 signifies practical significance [46]. In determining the appropriate factor loading standard, the research sample size plays a critical role. For instance, if the sample size is approximately 100, then selecting a factor loading standard greater than 0.55 is advisable. Similarly, if the sample size decreases to about 50, factor loading must be raised to greater than 0.75 to maintain robustness in the analysis.



After filtering the data, the sample size in this paper was 148, interpolating factor loading of >0.5 [47]. After exploratory factor analysis, four variables in the barrier factor group did not meet factor loading of >0.5, respectively. The dataset was re-analyzed after removing these four variables. So, they were rejected, as shown in Table 10.



The KMO (Kaiser–Mayer–Olkin) statistic serves as an indicator for assessing the suitability of conducting Exploratory Factor Analysis (EFA), with values falling within the range of 0.5 to 1 considered appropriate. On the other hand, the Bartlett test evaluates the hypothesis of correlation among significant variables within the population. If the Bartlett test yields statistical significance (sig ≤ 0.05), it suggests that the observed variables are indeed correlated with each other in the population. Table 11 and Table 12 present the results of both the KMO and Bartlett’s tests.



The average variance extracted (AVE) and composite reliability coefficients play pivotal roles in assessing the quality of a measure. AVE gauges the proportion of variance captured by a construct in contrast to the variance attributed to a measurement error [48]. Specifically, AVE serves as an indicator for evaluating convergent validity. With values ranging from 0 to 1, a higher AVE signifies greater reliability. An AVE equal to or exceeding 0.5 confirms convergent validity. Eigenvalues indicate the amount of variance explained by each principal component or each factor. In an exploratory analysis, an eigenvalue of >1 criterion is used to consider retaining factors [45]. A discernible disparity between factor loading coefficients of an observed variable among factors of ≥0.3 is utilized to establish a discriminant value between factors. Additionally, it is advisable to retain solely the items with corrected item total correlation ≥ 0.3. To facilitate further differentiation among components, the variables are recategorized into groups. Table 13 and Table 14 present the conclusive EFA analysis, incorporating factor loading values.




4.4. Ranking of Factors


Derived from the mean values of each factor, the ranking of the factors to be analyzed and the results are summarized as shown in Table 15 and Table 16.



Based on the ranking of factors derived from mean values, several key insights emerge regarding both barriers and benefits associated with the Green Mark program in construction.



For barriers, the analysis reveals that the lack of expressed interest from clients (BR-SC02) is identified as the primary obstacle, followed by challenges such as the lack of well-known sources of information (BR-SC06) and insufficient brand recognition and competitive advantage (BR-SC05). Interestingly, factors related to technical knowledge and understanding, such as the lack of technical understanding among designers, builders, and project teams (BR-TK02), are also significant barriers. Moreover, financial considerations, including longer construction time and payback periods (BR-EC01) and high initial costs (BR-EC02), are prominent concerns, alongside challenges in seeking certification and reluctance to adopt changes.



Conversely, the analysis of benefits highlights several positive outcomes associated with green building practices. Leading the list is the potential for reducing operating and maintenance costs (BN-EC01), followed closely by benefits, such as reducing waste, pollution, and negative environmental impacts (BN-EN02), and improving work and study productivity (BN-EC02). Additionally, the reliability of green certification in ensuring project quality (BN-EC04) as well as the support of the Singaporean government for Green Mark initiatives (BN-SC02) are recognized as significant advantages.



In summary, the analysis underscores a range of barriers and benefits influencing the adoption of the Green Mark program in construction. These findings provide valuable insights for stakeholders seeking to promote sustainable building practices, highlighting areas of opportunity for addressing barriers and leveraging benefits to drive greater adoption of green building initiatives in the future. A further discussion of these findings will be provided in Section 5.




4.5. Analysis Results of AHP Model


In response to this challenge, an extensive literature review was conducted to capture diverse perspectives from various researchers. The authors conducted comprehensive investigations to discern the critical factors and subsequently evaluated and ranked them through factor analysis. This rigorous review culminated in the formulation of an exhaustive checklist comprising seven distinct categories encompassing thirty critical factors, which are all meticulously documented in Table 17 and Table 18. The categorization of these seven groups was informed by their inherent characteristics and extensive consultations with professionals within the field of construction management. Following this, a meticulously crafted questionnaire was designed, incorporating the critical factors distilled from this comprehensive review. These factors underwent a rigorous evaluation by experts within the construction industry.



The initial step in the AHP was to construct a hierarchical structure for the analysis, as illustrated in Figure 2. The hierarchical structure comprises multiple levels, with the first level focusing on the Critical Factors under study. The second level encompasses seven categories, as previously listed.



The subsequent stage in the AHP involved generating matrices of comparisons on a pairwise basis, which constitute a crucial component of AHP research. The gathered data comprised the levels assigned to each factor by each participant, adhering to the suggested 9-point scale as per the theory outlined in Section 3. Subsequently, average values were computed for utilization in the pairwise comparison procedure, as depicted in Table 19 and Table 20.



The subsequent procedure involved dividing each value in every column by the total sum of each column to determine the normalized weight. Subsequently, the average value of each row was computed, representing the priority weight. Moreover, the consistency ratio for the pairwise comparison was assessed, resulting in values of 0.091 and 0.067 for barrier and benefit factors respectively, both falling below the acceptable threshold of 0.1. The next phase entails replicating the same process across seven groups, with each success factor listed under each group. This necessitates the creation of multiple matrices. As an example, Table 21 and Table 22 present the normalized weights and priority weights.



The results obtained from the application of the analytic hierarchy process (AHP) method offer valuable insights into the relative importance of various factors influencing the adoption of the Green Mark program in construction. Firstly, the consistency ratios for pairwise comparisons of both barrier and benefit factors were found to be within acceptable limits, indicating the reliability of the results derived from the AHP analysis.



In terms of barrier factors, the priority weights calculated for economic (BR-EC), legislative (BR-LI), social (BR-SC), and technical (BR-TK) categories shed light on the most significant obstacles hindering the adoption of green building practices. Economic factors emerged as the most critical, followed by legislative, social, and technical considerations.



Conversely, the analysis of benefit factors revealed the relative importance of economic (BN-EC), environmental (BN-EN), and social (BN-SC) benefits associated with the Green Mark program. Economic benefits were deemed the most influential, followed by environmental and social advantages.



These findings provide stakeholders with a clear understanding of the key barriers to overcome and the most significant benefits to leverage in promoting the adoption of green building practices. By strategically addressing identified barriers and capitalizing on recognized benefits, stakeholders can enhance the effectiveness and impact of the Green Mark program, ultimately advancing sustainable development goals in the construction industry. Further discussion of these findings will be provided in Section 5.





5. Discussion


From the analysis results, four variables in the barrier factor group were rejected due to failure in EFA. The remaining factors met the requirements of testing and factor analysis. The results of the EFA have identified distinct groupings for both the barrier and benefit factors. The barrier factors are categorized into four groups, as follows:



The social and cognitive group comprises factors that stem from stakeholders’ perceptions, attitudes, and awareness toward GB practices. Vietnam’s cultural context and traditional building practices may influence the reluctance of project owners and developers to embrace sustainable building technologies (BR-SC02). Addressing this barrier necessitates targeted efforts to raise awareness and educate stakeholders about the advantages of the Green Mark. Furthermore, the lack of well-known sources of information related to GB practices (BR-SC06) may be attributed to inadequate knowledge dissemination channels. Collaborating with local industry associations, academic institutions, and government agencies can bridge this knowledge gap and promote technical guidance.



The economic and cost group of barrier factors highlights challenges related to financial considerations. These factors include reluctance to adopt changes (BR-SC04), long payback periods, and high initial costs (BR-EC01, BR-EC02). In Vietnam, developers may hesitate to invest in GB practices due to concerns about return on investment and higher upfront expenses. To overcome these barriers, government support in the form of financial incentives, tax breaks, and grants can alleviate the financial burden and provide incentives for long-term investment in sustainable projects.



Technical and knowledge barriers encompass challenges associated with limited technical understanding and expertise among designers, builders, and project teams (BR-TK02). Addressing this barrier requires investments in comprehensive training programs and workshops to educate professionals on sustainable building principles and cutting-edge construction techniques. Building local capacity in green design and technology can empower stakeholders to embrace and implement GB practices effectively.



Legislative and institutional barriers pertain to the challenges arising from the regulatory and policy framework (BR-LI01). While Vietnam has made strides in implementing GB regulations, further alignment with international standards and best practices is crucial. Strengthening and enforcing clear regulations, including energy efficiency standards, renewable energy mandates, and GB certifications, can enable developers to invest in sustainable projects confidently. Moreover, fostering collaborations between government agencies, private sector developers, and non-governmental organizations can enhance the effectiveness of GB policies and facilitate streamlined processes for Green Mark certification in Vietnam.



On the other hand, the benefit factors are grouped into three groups:



Economic and cost benefits (BN-EC01) reflect the potential for GBs to reduce operating and maintenance costs, providing a strong incentive for stakeholders in the Vietnam market to pursue sustainable building practices.



Furthermore, environmental benefits (BN-EN02) underscore the significant positive impact of GBs on minimizing waste, pollution, and negative environmental effects, aligning with Vietnam’s commitment to sustainable development and environmental protection.



Social and cognitive benefits (BN-EC02) highlight the positive effects of GBs on occupant productivity, creating healthy and comfortable indoor environments that enhance both work and educational productivity in Vietnam.



Further detailed analysis with a ranking based on the mean values of the factors, with the factors having large mean values, shows that experts appreciate the influence of the factors. The influence of factors on the main criteria is specific: the most critical barrier factor is “Social and cognitive,” with the variable BR-SC02—“Lack of expressed interest from clients”—being ranked the highest (ranked 1st) with a mean value of 4.175, emphasizing the need to address the reluctance of project owners and developers in adopting sustainable building practices. From the perspective of actual research, the lack of interest of project owners and developers, as well as the lack of information sources and insufficient brand recognition and competitive advantage, are the biggest barriers. To overcome this challenge, targeted efforts must be made to raise awareness and educate stakeholders about the advantages of the Green Mark. The following two ranking variables are BR-SC06 (“Lack of well-known sources of information” (ranked 2nd)) and BR-SC05 (“Insufficient brand recognition and competitive advantage” (ranked 3rd)), reaching a mean value from 3.972 to 3.959, showing that these two barrier variables also play a vital role in causing barriers affecting the implementation of the Green Mark in Vietnam. BR-SC06 reflects the scarcity of easily accessible and reliable information sources related to GB practices. To tackle this barrier, collaboration with local industry associations, academic institutions, and government agencies can be instrumental in providing technical guidance and knowledge dissemination. The factor BR-SC05 highlights the importance of establishing brand recognition and a competitive advantage for GB practices in Vietnam. Promoting successful case studies and recognition through media coverage and awards can help increase awareness and build confidence in the Green Mark.



Similarly, the critical factor of benefits is the “Economic and cost” factor with the variable BN-EC01 “Reducing operating and maintenance costs” (1st ranked) with a mean value of 3.702, which is ranked the highest. To continuously encourage this mentioned benefit, some actions should be proposed and implemented, such as the following. Incentives and Support: These provide financial incentives, tax breaks, and grants to developers and building owners who pursue Green Mark certification. Moreover, these encompass offering technical support and guidance to developers throughout the certification process. Collaboration and Partnership: Foster collaboration between the Singapore BCA and Vietnamese government agencies, industry associations, and academic institutions to jointly develop and implement the Green Mark in Vietnam. This collaboration can help customize the certification criteria and streamline the certification process. Capacity Building: Invest in training programs and workshops to build local capacity in sustainable building practices. This includes training architects, engineers, contractors, and building professionals on green design principles, construction techniques, and energy-efficient systems. Industry Recognition and Promotion: Recognize and promote Green Mark-certified projects through media coverage, awards, and case studies. This will raise awareness among industry professionals and the public and encourage more projects to pursue green certification. Environmental Impact Reduction: BN-EN02 (ranked 2nd) emphasizes the potential for GB practices to minimize waste, pollution, and negative environmental impacts. This benefit aligns with Vietnam’s commitment to sustainable development and environmental protection. Improved Work and Study Productivity: BN-EC02 (ranked 3rd) highlights the positive effects of GBs on occupant productivity. Creating healthy and comfortable indoor environments can boost productivity in both work and educational settings.



Addressing new factors in Vietnam, the Vietnamese market presents unique challenges and opportunities for implementing the Green Mark. To address the specific barriers identified, it is crucial to engage in the following actions. Collaborative Education and Awareness: Conduct workshops, seminars, and training programs to educate stakeholders about the benefits of the Green Mark. Partner with local industry associations, universities, and government agencies to raise awareness and provide technical guidance on sustainable building practices. Local Capacity Building: Invest in training programs for architects, engineers, contractors, and building professionals on green design principles, construction techniques, and energy-efficient systems. Building local capacity will support the adoption of GB practices in Vietnam. Customized Criteria and Support: Foster collaboration between the Singapore BCA and Vietnamese government agencies, industry associations, and academic institutions. This partnership can lead to customized certification criteria and streamlined processes tailored to Vietnam’s unique market conditions. Incentives and Recognition: Provide financial incentives, tax breaks, and grants to developers and building owners pursuing Green Mark certification. Recognize and promote certified projects through media coverage, awards, and case studies to encourage further adoption.



The results highlight the key barriers and benefits of implementing the Green Mark in Vietnam. Addressing barriers is essential to promote the widespread adoption of sustainable building practices. On the other hand, leveraging economic and cost advantages, environmental benefits, and social and cognitive enhancements can drive demand and incentivize stakeholders to invest in GB projects in Vietnam. By understanding these factors and tailoring strategies accordingly, Vietnam can accelerate its progress toward a greener and more sustainable built environment.



Based on AHP analysis results, this research has revealed a significant finding: economic and cost factors emerge as the most critical elements affecting both the barriers and benefits of construction projects when applying the Green Mark certification. This finding underscores the intricate relationship between financial considerations and the implementation of sustainable practices in the construction industry, which merits a comprehensive discussion.



Economic and cost factors, as identified in this study, play a pivotal role in shaping the dynamics of Green Mark-certified projects in Vietnam. The prominence of economic considerations as critical barriers suggests that the financial burden associated with adopting sustainable practices can pose substantial challenges to project stakeholders. These challenges may encompass increased initial capital investments, higher construction costs, and uncertainties regarding the long-term return on investment. It is essential to recognize that in a competitive economic environment, project stakeholders may be reluctant to commit to environmentally friendly technologies and practices that potentially threaten a project’s profitability.



On the other hand, the identification of economic and cost factors as critical benefits highlights the potential for economic advantages associated with Green Mark certification. Sustainable building practices can lead to operational cost savings through reduced energy consumption, enhanced building efficiency, and decreased maintenance and operating expenses. Moreover, as global awareness of sustainability issues continues to rise, and properties with Green Mark certification may experience increased market value and demand, which could translate into higher property values and rental rates.



The coexistence of economic and cost factors as both barriers and benefits raise essential questions regarding the optimization of construction projects under Green Mark certification. These findings emphasize the need for a more nuanced and strategic approach to sustainable construction practices. While the up-front costs may be daunting, the long-term benefits and competitive advantages associated with Green Mark certification need to be carefully weighed against the initial financial challenges. Therefore, it is imperative that project stakeholders, including owners, contractors, and design consultants engage in a holistic analysis of the lifecycle costs and benefits of sustainable construction. This analysis should include not only the construction phase but also the post-construction operation and maintenance phases of the project.



In light of this study’s findings, it is also essential for policymakers, industry regulators, and Green Mark program administrators to consider the economic implications of sustainability initiatives. There may be opportunities to incentivize the adoption of green building practices through financial mechanisms, such as tax incentives or subsidies, which can help mitigate the initial financial barriers and promote the long-term economic benefits.



In conclusion, the identification of economic and cost factors as both critical barriers and benefits in Green Mark-certified construction projects underscores the complex interplay between economic considerations and sustainable building practices. To advance the adoption of sustainable construction in Vietnam and elsewhere, stakeholders must engage in a thorough cost–benefit analysis that accounts for both the immediate costs and the long-term economic advantages of environmentally responsible construction. This approach can facilitate a more informed and strategic decision-making process, ultimately contributing to the promotion of sustainable and environmentally responsible construction practices.




6. Conclusions


This study has effectively fulfilled its objective of furnishing comprehensive insights into the applicability of the Green Mark program within the sustainable construction context of Vietnam. The research findings offer valuable guidance for clients in the construction industry, empowering them to make informed decisions regarding the adoption of a Green Mark certification for their projects. By delineating both the benefits to be gained and the barriers to be addressed, this study equips clients with the necessary information to assess the viability and potential impacts of integrating the Green Mark program into their projects. Ultimately, the results serve as a practical tool for clients to navigate implementation challenges effectively and capitalize on the program’s benefits, thus facilitating the pursuit of sustainable development objectives in Vietnam’s construction industry.



The research results show the relative importance of the criteria affecting the implementation of the BCA Green Mark in Vietnam through two main groups of factors, barriers and benefits, based on mean weights, with factors having a large mean proving to be highly appreciated by and interesting for survey experts in the industry. However, it is important to acknowledge the limitations of this research. This study’s generalizability may be limited due to the potential constraints in the size of the surveyed pool of experts, which could impact the representation of diverse perspectives and project types. Additionally, relying on expert opinions through surveys may introduce inherent subjectivity, with individual biases potentially influencing respondents’ interpretations of the importance of criteria. Moreover, the BCA Green Mark system is multifaceted, encompassing numerous criteria and considerations. This study’s focus on mean weights may oversimplify the intricate interplay between factors, potentially overlooking critical nuances.



This research also aimed at assessing and prioritizing the critical barrier and benefit factors of projects applying the Green Mark in the Vietnam construction industry. A list of 30 factors was generated by reviewing the literature and related studies to. The variables were grouped under seven major groups. The results indicate that the majority of the significant factors stemmed from various economic and cost factors; this applies for both the barrier and benefit factor groups.



Despite these limitations, this research presents a valuable starting point for understanding the relative importance of criteria influencing the implementation of the Green Mark in Vietnam. Based on this initial research, the authors wish to carry out a further study, such as combining two or more multiple-criteria decision making or other methods (i.e., fuzzy AHP, etc.) for the validation and ranking of alternatives, which will enable us to gain more robust results.
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Figure 1. Research procedure for analysis of construction projects using Green Mark. 
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Figure 2. AHP hierarchy figure of criteria for Green Mark project’s critical factors. 
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Table 1. World GB rating systems.
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	No.
	Rating System
	Country
	Certification Level





	1
	BREEAM
	UK
	Pass, Good, Very Good, Excellent



	2
	LEED
	US
	Certified, Silver, Gold, Platinum



	3
	HK-BEAM
	Hong Kong
	Bronze, Silver, Gold, Platinum



	4
	Green Star-AUS
	Australia
	Best Practice, Australian Excellence, World Leadership



	5
	Green Mark
	Singapore
	Certified, Gold, Gold Plus, Platinum



	6
	GRIHA
	India
	1 Star, 2 Stars, 3 Stars, 4 Stars, 5 Stars



	7
	Green Star-SA
	South Africa
	Best Practice, South African Excellence, World Leadership



	8
	GBI
	Malaysia
	Certified, Silver, Gold, Platinum



	9
	Green Star-NZ
	New Zealand
	Good Practice, Best Practice, NZ Practice, World Excellence



	10
	GreenSL
	Sir Lanka
	Certified, Silver, Gold, Platinum



	11
	LOTUS
	Vietnam
	Certified, Silver, Gold, Platinum



	12
	Pearl-BRS
	Abu-Dhabi
	1 Pearl, 2 Pearls, 3 Pearls, 4 Pearls, 5 Pearls



	13
	EDGE
	UK
	Certified, Advanced, Zero Carbon










 





Table 2. Main rating systems in Vietnam.
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	No.
	Rating System
	Brief Description of the System





	1
	Leadership in Energy and Environmental Design

(LEED)
	“A holistic GB certification system, developed in the US, is particularly suitable for projects seeking international recognition. LEED requirements are more adapted to developed GB markets than to developing markets”.



	2
	LOTUS
	“A holistic GB certification system developed in Vietnam, LOTUS requirements are tailored to adapt to Vietnamese construction practices, regulations, and climatic conditions, making LOTUS easier to implement”.



	3
	Excellence in Design for Greater Efficiencies

(EDGE)
	“A certification system focusing only on Energy, Water, and Embodied Energy of Materials, particularly suitable for projects that want to minimize their use of resources”.



	4
	Green Mark
	“The GB certification system was developed in Singapore. Green Mark requirements are more adapted to developed GB markets than to developing markets”.










 





Table 3. Barriers and benefits to implementing the Green Mark.
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No.

	
Category

	
Benefits and Barriers

	
Code

	
References






	
A

	

	
Barriers (BR)

	

	




	
1

	
Social and cognitive

(SC)

	
Lack of public awareness about GBs

	
BR-SC01

	
[11]




	
2

	
Lack of expressed interest from clients

	
BR-SC02

	
[21]




	
3

	
The behavior of occupants (e.g., occupants consume more electricity when using energy-saving equipment)

	
BR-SC03

	
[22]




	
4

	
Reluctant to adopt changes (e.g., new concepts, new construction technologies)

	
BR-SC04

	
[23,24]




	
5

	
Insufficient brand recognition and competitive advantage

	
BR-SC05

	
[25]




	
6

	
Lack of well-known sources of information

	
BR-SC06

	
[6,7]




	
7

	
The Green Mark is mainly applied in some projects of Singaporean investors

	
BR-SC07

	
Experts’ opinions




	
8

	
The Green Mark takes into account the characteristics of the country (especially in terms of energy) in the hot and humid climate near the equator

	
BR-SC08

	
[26,27]




	
9

	
Economic and cost (EC)

	
Longer time for construction and a long payback period

	
BR-EC01

	
[24,28]




	
10

	
High initial costs

	
BR-EC02

	
[2,3,29]




	
11

	
High risks associated with investment (e.g., no guarantee in being certified after registration, uncertainty in higher return on investment)

	
BR-EC03

	
[30]




	
12

	
Incurred cost in seeking certification (e.g., registration and assessment fee)

	
BR-EC04

	
[31,32]




	
13

	
High cost of green materials and difficulty in sourcing locally

	
BR-EC05

	
[33]




	
14

	
High costs for investment in equipment, materials, and green construction activities

	
BR-EC06

	
[4,5]




	
15

	
Legislative and institutional (LI)

	
Weak enforcement of legislation; not established yet Government Department of Green Buildings

	
BR-LI01

	
[9,10]




	
16

	
Delays in approval and licensing of green projects

	
BR-LI02

	
[34]




	
17

	
Lack of encouragement from government and financial support programs

	
BR-LI03

	
[35]




	
18

	
Technical and knowledge (TK)

	
Insufficient cost–benefit data from interdisciplinary research

	
BR-TK01

	
[36]




	
19

	
Lack of technical understanding of designers, builders, and project teams

	
BR-TK02

	
[6,7]




	
20

	
Requires modern and high-tech components (building control technology, solar energy, heating, heat recovery, etc.)

	
BR-TK03

	
[37,38]




	
21

	
Not mandatory yet to apply the standards for energy-efficient construction projects

	
BR-TK04

	
[39]




	
22

	
Difficulty in measuring, defining, and accurately assessing the performance of green buildings

	
BR-TK05

	
Experts’ opinion




	
23

	
Difficulty in choosing subcontractors to provide green building services

	
BR-TK06

	
Experts’ opinion




	
24

	
Contractors lack of experience, skills, and knowledge of correct construction methods and procedures

	
BR-TK07

	
[34]




	
B

	

	
Benefits (BN)

	

	




	
1

	
Environment (EN)

	
Avoid wasting energy, clean water, and other resources

	
BN-EN01

	
[12,13]




	
2

	
Reducing waste, pollution, and negative impacts on the environment

	
BN-EN02

	
[6,28]




	
3

	
Protecting, and restoring the ecosystem, reducing emissions, regulating the temperature

	
BN-EN03

	
[40]




	
4

	
Economic and cost (EC)

	
Reducing operating and maintenance costs

	
BN-EC01

	
[14,15]




	
5

	
Improve work and study productivity

	
BN-EC02

	
[37,38]




	
6

	
Adding value to the projects

	
BN-EC03

	
[41]




	
7

	
Green Certificate provides more reliable quality assurance of project

	
BN-EC04

	
[18,19]




	
8

	
Higher rental rate

	
BN-EC05

	
[42]




	
9

	
Social and cognitive

(SC)

	
Improve the quality of the indoor living environment and improve public health

	
BN-SC01

	
[20]




	
10

	
BCA Green Mark is supported by the Singaporean Government and encouraged to be applied in projects invested by Singaporean companies

	
BN-SC02

	
Experts’ opinion











 





Table 4. Classification of criteria’s relative importance.
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	Priority
	Numeric Value





	Equal priority
	1



	Prioritize with a little superiority
	3



	More priority
	5



	Very priority
	7



	Extremely priority
	9



	Intermediate level between the above levels
	2, 4, 6, 8










 





Table 5. Priority of criteria according to experts’ opinions.
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	Criteria
	1
	2
	…
	n





	1
	    a  11     
	    a  12     
	…
	    a  1 n     



	2
	    a  21     
	    a  22     
	…
	    a  2 n     



	…
	…
	…
	…
	…



	n
	    a  n 1     
	    a  n 2     
	…
	    a  n n     










 





Table 6. Weighted mean matrix.
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	Criteria
	1
	2
	…
	n
	Weight





	1
	    w  11     
	    w  12     
	…
	    w  1 n     
	    w 1    



	2
	    w  21     
	    w  22     
	…
	    w  2 n     
	    w 2    



	…
	…
	…
	…
	…
	…



	n
	    w  n 1     
	    w  n 2     
	…
	    w  n n     
	    w n    










 





Table 7. Random index (RI) corresponding to number of factors.
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	n
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10



	RI
	0
	0
	0.58
	0.9
	1.12
	1.24
	1.32
	1.41
	1.45
	1.49










 





Table 8. Background of respondents.
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Characteristics

	
Frequency

	
Valid Percent (%)






	
Expertise

	
Architect

	
16

	
10.8




	
Project Management

	
70

	
47.3




	
Engineer

	
52

	
35.1




	
Others

	
10

	
6.8




	
Total

	
148

	
100




	
Project investment

	
Public Sector

	
14

	
9.5




	
Private Sector

	
78

	
52.7




	
Public–Private Partnership (PPP)

	
4

	
2.7




	
Foreign Sector (FDI/ODA)

	
52

	
35.1




	
Total

	
148

	
100




	
Project stakeholder

	
Client/Owner

	
58

	
39.2




	
Supervision Consultant

	
16

	
10.8




	
Designer

	
18

	
12.2




	
Project Management

	
16

	
10.8




	
General Contractor

	
34

	
23.0




	
Others

	
6

	
4.1




	
Total

	
148

	
100











 





Table 9. The characteristics of project respondents involved.
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Characteristics

	
Frequency

	
Valid Percent (%)






	
Experience

	
Less than 5 years

	
12

	
8.1




	
From 5 to 10 years

	
52

	
35.1




	
From 10 to 15 years

	
50

	
33.8




	
More than 15 years

	
34

	
23.0




	
Total

	
148

	
100.0




	
Project scale

	
Less than USD 2 million

	
34

	
23.0




	
From USD 2 to 4 million

	
8

	
5.4




	
From USD 4 to 20 million

	
36

	
24.3




	
More than USD 20 million

	
70

	
47.3




	
Total

	
148

	
100.0











 





Table 10. Summary of rejected variables.
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	Code
	References
	Rejected Variables





	BR-TK03
	[37,38]
	Requires modern and high-tech components (building control technology, solar energy, heating, heat recovery, etc.)



	BR-TK04
	[39]
	Not mandatory yet to apply the standards for energy-efficient construction projects



	BR-LI02
	[34]
	Delays in approval and licensing of green projects



	BR-SC03
	[22]
	The behavior of occupants (e.g., occupants consume more electricity when using energy-saving equipment)










 





Table 11. KMO and Bartlett’s tests—barrier factor.
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KMO and Bartlett’s Tests






	
Kaiser-Meyer-Olkin Measure…

	
0.891




	
Bartlett’s test of sphericity

	
Approx. chi-squared value

	
2244.561




	
df

	
276




	
Sig.Bartlett

	
0.000











 





Table 12. KMO and Bartlett’s tests—benefit factor.
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KMO and Bartlett’s Tests






	
Kaiser–Meyer–Olkin Measure…

	
0.694




	
Bartlett’s test of sphericity

	
Approx. chi-squared value

	
943.797




	
df

	
45




	
Sig.Bartlett

	
0.000











 





Table 13. EFA analysis of barrier factors (factors reduced).
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Factor

	
Component

	
Reliability Statistics




	
1

	
2

	
3

	
4

	
Cronbach’s Alpha

	
No. of Items






	
Social and cognitive




	
BR-SC07

	
0.789

	

	

	

	
0.907

	
7




	
BR-SC02

	
0.761

	

	

	




	
BR-SC05

	
0.730

	

	

	




	
BR-SC01

	
0.726

	

	

	




	
BR-SC04

	
0.702

	

	

	




	
BR-SC06

	
0.695

	

	

	




	
BR-SC08

	
0.617

	

	

	




	
Economic and cost




	
BR-EC01

	

	
0.843

	

	

	
0.907

	
6




	
BR-EC05

	

	
0.836

	

	




	
BR-EC06

	

	
0.822

	

	




	
BR-EC04

	

	
0.749

	

	




	
BR-EC03

	

	
0.689

	

	




	
BR-EC02

	

	
0.605

	

	




	
Technical and knowledge




	
BR-TK01

	

	

	
0.744

	

	
0.814

	
5




	
BR-TK06

	

	

	
0.698

	




	
BR-TK04

	

	

	
0.696

	




	
BR-TK07

	

	

	
0.661

	




	
BR-TK02

	

	

	
0.621

	




	
Legislative and institutional




	
BR-LI01

	

	

	

	
0.833

	
0.665

	
2




	
BR-LI03

	

	

	

	
0.638











 





Table 14. EFA analysis of benefit factors.






Table 14. EFA analysis of benefit factors.





	
Factor

	
Component

	
Reliability Statistics




	
1

	
2

	
3

	
Cronbach’s Alpha

	
No. of Items






	
Economic and cost




	
BN-EC01

	
0.862

	

	

	
0.919

	
5




	
BN-EC02

	
0.847

	

	




	
BN-EC03

	
0.810

	

	




	
BN-EC04

	
0.782

	

	




	
BN-EC05

	
0.781

	

	




	
Environment




	
BN-EN03

	

	
0.862

	

	
0.723

	
3




	
BN-EN02

	

	
0.776

	




	
BN-EN01

	

	
0.694

	




	
Social and cognitive




	
BN-SC01

	

	

	
0.880

	
0.848

	
2




	
BN-SC02

	

	

	
0.869











 





Table 15. Summary table of barrier factors ranking.






Table 15. Summary table of barrier factors ranking.





	Code
	Barriers
	References
	Mean
	Std. Dev
	Rank





	BR-SC02
	Lack of expressed interest from clients
	[21]
	4.175
	1.086
	1



	BR-SC06
	Lack of well-known sources of information
	[6,7]
	3.972
	1.106
	2



	BR-SC05
	Insufficient brand recognition and competitive advantage
	[25]
	3.959
	1.159
	3



	BR-TK04
	Not mandatory yet to apply the standards for energy-efficient construction projects
	[39]
	3.851
	0.971
	4



	BR-TK02
	Lack of technical understanding of designers, builders, and project teams
	[6,7]
	3.729
	0.966
	5



	BR-EC01
	Longer time for construction and a long payback period
	[24,28]
	3.702
	1.013
	6



	BR-EC02
	High initial costs
	[2,3,29]
	3.662
	0.845
	7



	BR-EC04
	Incurred cost in seeking certification
	[31,32]
	3.648
	1.009
	8



	BR-SC04
	Reluctant to adopt changes
	[23,24]
	3.648
	1.009
	9



	BR-TK06
	Difficulty in choosing subcontractors to provide GB services
	Experts’ opinion
	3.621
	1.012
	10



	BR-TK07
	Contractor lacks experience, skills, and knowledge of correct construction methods and procedures
	[34]
	3.621
	1.077
	11



	BR-SC01
	Lack of public awareness about GB
	[11]
	3.608
	1.091
	12



	BR-EC05
	High cost of green materials and difficulty in sourcing them locally
	[33]
	3.608
	1.000
	13



	BR-EC06
	High costs for investment in equipment, materials, and green construction activities
	[4,5]
	3.581
	0.925
	14



	BR-TK01
	Insufficient cost–benefit data from interdisciplinary research
	[36]
	3.513
	0.892
	15



	BR-LI03
	Lack of encouragement from government and financial support programs
	[35]
	3.513
	0.922
	16



	BR-SC07
	The Green Mark is mainly applied in some projects of Singaporean investors
	Experts’ opinion
	3.472
	1.133
	17



	BR-SC08
	The Green Mark takes into account the characteristics of the country (especially in terms of energy) in the hot and humid climate near the equator
	[26,27]
	3.445
	0.935
	18



	BR-LI01
	Weak enforcement of legislation; not established yet by the governing department of GBs
	[9,10]
	3.445
	1.005
	19



	BR-EC03
	High risks associated with investment
	[30]
	3.445
	0.963
	20










 





Table 16. Summary table of benefit factors ranking.






Table 16. Summary table of benefit factors ranking.





	Code
	Benefits
	References
	Mean
	Std. Dev
	Rank





	BN-EC01
	Reducing operating and maintenance costs
	[14]
	3.702
	1.013
	1



	BN-EN02
	Reducing waste, pollution, and negative impacts on the environment
	[6,28]
	3.675
	0.934
	2



	BN-EC02
	Improve work and study productivity
	[37,38]
	3.668
	0.978
	3



	BN-EC04
	Green Certificate provides more reliable quality assurance of project
	[18]
	3.648
	1.009
	4



	BN-SC02
	The Green Mark is supported by the Singaporean government and encouraged to be applied in projects invested by Singaporean companies
	Experts’ opinion
	3.635
	0.834
	5



	BN-EC05
	Higher rental rate
	[42]
	3.608
	1.000
	6



	BN-SC01
	Improve the quality of the indoor living environment and improve public health
	[20]
	3.587
	0.815
	7



	BN-EN03
	Protecting and restoring the ecosystem, reducing emissions, and regulating the temperature
	[40]
	3.479
	1.020
	8



	BN-EN01
	Avoids wasting energy, clean water, and other resources
	[12]
	3.445
	1.005
	9



	BN-EC03
	Adding value to the projects
	[41]
	3.445
	0.963
	10










 





Table 17. Four categories and twenty critical barrier factors with relevant references.






Table 17. Four categories and twenty critical barrier factors with relevant references.





	
No.

	
Code

	
Barrier Factors

	
Key Reference






	
I

	
Social and cognitive




	
1

	
BR-SC01

	
Lack of public awareness about GB

	
[11]




	
2

	
BR-SC02

	
Lack of expressed interest from clients

	
[21]




	
3

	
BR-SC03

	
Reluctant to adopt changes

	
[23,24]




	
4

	
BR-SC04

	
Insufficient brand recognition and competitive advantage

	
[25]




	
5

	
BR-SC05

	
Lack of well-known sources of information

	
[6,7]




	
6

	
BR-SC06

	
The Green Mark is mainly applied in some projects of Singaporean investors

	
Experts’ opinions




	
7

	
BR-SC07

	
The Green Mark considers the characteristics of the country

	
[26,27]




	
II

	
Economic and cost




	
8

	
BR-EC01

	
Longer time for construction and a long payback period

	
[24,28]




	
9

	
BR-EC02

	
High initial costs

	
[2,3,29]




	
10

	
BR-EC03

	
High risks associated with investment

	
[30]




	
11

	
BR-EC04

	
Incurred cost in seeking certification

	
[31,32]




	
12

	
BR-EC05

	
High cost of green materials and difficulty in sourcing locally

	
[33]




	
13

	
BR-EC06

	
High costs for investment in equipment, materials, and green construction activities

	
[4,5]




	
III

	
Technical and knowledge




	
14

	
BR-TK01

	
Insufficient cost–benefit data from interdisciplinary research

	
[36]




	
15

	
BR-TK02

	
Lack of technical understanding of designers, builders, and project teams

	
[6,7]




	
16

	
BR-TK03

	
Not mandatory yet to apply the standards for energy-efficient construction projects

	
[39]




	
17

	
BR-TK04

	
Difficulty in choosing subcontractors to provide GB services

	
Experts’ opinions




	
18

	
BR-TK05

	
Contractor lack of experience, skills, and knowledge of correct construction methods and procedures

	
[34]




	
IV

	
Legislative and institutional




	
19

	
BR-LI01

	
Weak enforcement of legislation; not established yet by the government department of GBs

	
[9,10]




	
20

	
BR-LI02

	
Lack of encouragement from government and financial support programs

	
[35]











 





Table 18. Three categories and ten critical benefit factors with relevant references.






Table 18. Three categories and ten critical benefit factors with relevant references.





	
No.

	
Code

	
Benefit Factors

	
Key Reference






	
I

	
Economic and cost




	
1

	
BN-EC01

	
Reducing operating and maintenance costs

	
[14,15]




	
2

	
BN-EC02

	
Improve work and study productivity

	
[37,38]




	
3

	
BN-EC03

	
Adding value to the projects

	
[41]




	
4

	
BN-EC04

	
Green Certificate provides more reliable quality assurance of project

	
[18,19]




	
5

	
BN-EC05

	
Higher rental rate

	
[42]




	
II

	
Environment




	
6

	
BN-EN01

	
Avoid wasting energy, clean water, and other resources

	
[12,13]




	
7

	
BN-EN02

	
Reducing waste, pollution, and negative impacts on the environment

	
[6,28]




	
8

	
BN-EN03

	
Protecting, and restoring the ecosystem, reducing emissions, regulating the temperature

	
[40]




	
III

	
Social and cognitive




	
9

	
BN-SC01

	
Improve the quality of the indoor living environment and improve public health

	
[20]




	
10

	
BN-SC02

	
The Green Mark is supported by the Singaporean government and encouraged to be applied in projects invested by Singaporean companies

	
Experts’ opinions











 





Table 19. Summary of priority evaluation among pairs of barrier factors of experts’ opinions.






Table 19. Summary of priority evaluation among pairs of barrier factors of experts’ opinions.





	
Level 1

	
Criteria

	
BR-EC

	
BR-LI

	
BR-SC

	
BR-TK






	
Barrier

	
BR-EC

	
1.00

	
4.00

	
3.00

	
4.00




	
BR-LI

	
0.25

	
1.00

	
3.00

	
3.00




	
BR-SC

	
0.33

	
0.33

	
1.00

	
2.00




	
BR-TK

	
0.25

	
0.33

	
0.50

	
1.00




	
Sum

	
1.83

	
5.67

	
7.50

	
10.00











 





Table 20. Summary of priority evaluation among pairs of benefit factors of experts’ opinions.






Table 20. Summary of priority evaluation among pairs of benefit factors of experts’ opinions.





	
Level 1

	
Criteria

	
BN-EC

	
BN-EN

	
BN-SC






	
Benefit

	
BN-EC

	
1.00

	
3.00

	
4.00




	
BN-EN

	
0.33

	
1.00

	
3.00




	
BN-SC

	
0.25

	
0.33

	
1.00




	
Sum

	
1.58

	
4.33

	
8.00











 





Table 21. Criteria weight when pairwise comparison of barrier factors.






Table 21. Criteria weight when pairwise comparison of barrier factors.





	
Level 1

	
Criteria

	
BR-EC

	
BR-LI

	
BR-SC

	
BR-TK

	
Priority Weight






	
Barrier

	
BR-EC

	
0.55

	
0.71

	
0.40

	
0.40

	
0.513




	
