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Abstract

:

There is a lack of awareness and knowledge among the Malaysian construction industry about waste management reduction. Numerous nations worldwide have understood and have incorporated the concept of the 3R (reduce, reuse, and recycle) in waste management, and it has worked out well. This study investigated construction waste issues and developed a model for sustainable reduction by applying 3R using a partial least squares structural equation modeling PLS-SEM in Malaysia. The research methodology adopted the quantitative and qualitative approaches by sending a survey questionnaire to the relevant stakeholders to obtain their views or perceptions and interviewing an expert in the related field about waste reduction in the Malaysian construction industry. Three hundred thirty questionnaires were collected within six months of submission. The significant factors are determined using mean ranking for the reduce, reuse and recycle elements. Based on the results, the exploratory power of the study model is considered sustainable with R2 values of 0.83%. At the same time, the results of relationships between improving factors, policy-related factors, construction waste generated, and sustainable construction waste reduction were significant. Also, the findings revealed that the top factors for waste generation on reducing, reusing, and recycling are lack of design and documentation, and lack of guidance for effective construction waste-collecting. The paper will explore different and dynamic practices, such as recycling, reuse of construction waste management cost reduction, enabling stakeholders and managers to estimate and quantify the actual size of CWM costs and benefits for sustainable development goals.
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1. Introduction


The development of the economy in every nation depends on construction projects undertaken through several types of contract. The economy is mainly based on resources, which results in a significant amount of Waste that may violate the sustainable development goals set out in Paris in 2015 [1]. Over 23,000 tonnes of waste are created each day in Malaysia [2]. The problems that construction and demolition waste encounter can largely depend on the project lifecycle. Meadows and Randers [3] reported that construction sites has inappropriate raw material use, poor waste management practices, and a lack of awareness of the importance of waste minimization in the local area. It also contributes to excessive waste production and becomes an increasing problem for clients due to increased costs of this waste. Still, the issue of waste management continues to persist. More than 6 million tonnes of waste were generated from 2018, of which a quarter was produced in the Klang Valley alone [4]. It is estimated that 33% of construction waste directly resulted from the designer’s inability to use waste minimization measures during the design phase [5]. However, waste management costs are often relatively higher than the benefits that the organization would gain more attention being given to it [6]. There is a lack of awareness and knowledge among the Malaysian construction industry about waste management issues [7]. Waste reduction by 3R is one of the most efficient construction industry steps towards sustainable waste management [7]. When reuse and recycling practices are applied to the large amount of construction waste generated at the sites, such practices lead to achieving sustainable development goals and, often, new product development [8].



Construction materials and building operations account for roughly half of overall carbon dioxide (CO2) emissions [9]. According to a recent study, the construction industry exploited 30–40% of natural resources in developing countries [9]. As a result, successfully managing waste by incorporating environmental, social, and economic issues into long-term waste management strategies has become a significant challenge worldwide [10]. Furthermore, The rapid rate of urbanization is responsible not only for the increased use of non-renewable resources but also for the development of significant amounts of C&D waste, as well as the associated environmental concern [11]. More than 6 million tonnes of waste were created in Malaysia, with a quarter of that made in the country’s most prosperous region, the Klang Valley [4]. It is estimated that about 33% of construction waste results from designers’ failure to use waste management measures (WMM) throughout the design process [12]. Only 10% of construction waste is recycled. As a result, in Malaysia, disposing of construction waste remains a major challenge.



The 3R is considered a promising approach that would extend the life of landfills while reducing natural resource exploration. Recycling building wastes can help to recycle natural resources and minimize the cost of waste treatment before disposal, in addition to the environmental benefits of reducing the demand on land for waste disposal [13]. As a result, the general public, companies, developers, contractors, architects, and engineers must be enlightened on waste reduction and the value of recycling construction waste. To guide the construction industry in the right direction in a sustainable way, all relevant parties should ensure that waste is reduced by completing waste material reduction, reuse, and recycling. In other aspects, sustainability consists of a particular investment of advantages and costs of implementation planning, plus a cost-effective redistribution of capital available over time throughout waste management planning [14]. Esa [15] stated that implementing a construction and demolition waste management program begins with the planning and designing stage. The main purpose is to keep costs down in new construction projects, especially when they suffer from ineffective coordination, design errors, lack of activity planning, and bad procurement practices [16]. In due course, optimal planning of construction waste management policy demands deliberation over several issues, ranging from economic developments on emissions, health, and promotion of waste recycling to planning matters such as waste facilities and waste distribution networks to services. The previous study indicates inadequate methods and applications for minimizing construction waste during the construction and procurement phase [17,18]. Nevertheless, it is noticeable that there is a lack of focus on managing waste at the design phase based on an assessment carried out by [18]. The effectiveness of enhancement opportunities in construction can be tackled by embracing waste identification or reduction methods in the flow operations in parallel with value-adding techniques by developing new management tools and appropriate training programs [19].



The generation of waste from construction projects has had a significant impact on the environment, particularly when it comes to illegal dumping. The rising frequency of illegal dumping activities from Malaysian construction projects indicates that the country’s construction waste management has to be addressed. Nonetheless, there is no clear definition of a comprehensive criterion for construction waste management, particularly in developing nations. As a result, more research on Malaysia’s construction waste management is required [20]. The construction industry is highly unfriendly to the environment [21]. In terms of natural resource exploration, irreversible environmental transformation, and the accumulation of pollutants in the atmosphere, this industry contributes significantly to the environmental crisis [22]. During construction, waste is generated due to site clearing, material damage, material use, material non-use, excess procurement, and human errors. Moreover, statistics show that building and demolition projects account for 10–30% of overall trash [11]. Consequently, the primary objective was to develop a model for achieving sustainable construction waste reduction using PLS-SEM. By doing so, it could minimize the amount of waste generated during the construction processes.




2. Background of the Study


2.1. Overview of Construction and Demolition Waste Management in Malaysia and throughout the World


Based on the research goal, a categorization of C&DW management literature should be constructed to answer two key questions: the elements that affect C&DW management and the offered model for effective C&DW management to achieve sustainability. This study responds to C&DW definitions and generation questions, followed by a review of the research subjects of earlier studies in C&DW management, which paints a clear picture of previous C&DW management research techniques. Based on this study’s research gap, the research questions and objectives are stated in depth at this phase. During the last few decades, industry and scholars worldwide have been increasingly aware of C&DW problems. Despite various efforts over the previous few years, it is estimated that the construction industry is still in its infancy and requires maturation to contribute to reducing environmental burdens [23] effectively. Many countries throughout the world are grappling with how to efficiently and effectively mitigate C&DW generation. Since the 1980s, significant study has been devoted to C&DW minimization to reduce the negative impacts of C&DW on building structures [23].



Researchers must have a thorough understanding of previous C&DW management studies and the C&DW management frameworks produced by other researchers. For example, Kabirifar [24] created a framework to improve C&DW management in Portugal, considering the project life cycle and stakeholders. Lu and Yuan [25] presented another framework in which research boundaries for C&DW management were described; this framework covers the amount, origins, and impacts of C&DW management, as well as C&DW reduction, reuse, and recycle strategies, C&DW tools, humans’ role, performance, and regulatory environment.



Furthermore, Kabirifar [26] created a framework for C&DW environmental management practices in Europe. The author conducted a study to evaluate the effectiveness of C&DW management at three levels: national, regional, and project. At the national level, the effectiveness of techniques in the Malaysian construction industry, for example, was investigated [27]. Villoria Sáez [28] offered a framework for evaluating C&DW efficacy in another study. C&DW management has been studied from a hierarchical perspective, including C&DW reduction strategy; for example, the waste reduction strategy was deemed the most effective waste minimization strategy [25]. However, since some C&DW will be generated in the future, C&DW reuse and recycling should be implemented as feasible waste management methods to reduce waste to landfills. The term ”C&DW reuse” refers to the practice of reusing the same building material for several purposes, even in various functions. If the generated waste cannot be reused, the materials should be transformed into new materials through recycling [24]. In addition, several scholars have investigated other elements that affect C&DW management. Identifying building activities that can accommodate reused construction materials [29], having waste targets for all linked trades [30], and having recycling targets for each construction project are just a few examples [31]. Specific places for cutting and storage of material [32], reuse material scraps [33], waste sorting, reusing, and recycling [34], and making sub-contractors responsible for waste disposal [35]. Although the variables listed above for C&DW management have addressed key essential themes related to C&DW management from both a hierarchical and influencing perspective, previous research has uncovered and categorized these elements in a structured manner. Then, to manage C&DW successfully, practical C&DW contributing elements should be found and classified, and these aspects should be linked with contributing factors to the C&DW management hierarchy.




2.2. Waste Reduction Hierarchy on 3R (Reduce, Reuse and Recycle)


The 3Rs principle of reducing, reusing, and recycling in a hierarchical order, classifying WM strategies as desirable. The 3Rs are intended to be a hierarchy, arranged from low to high in ascending order of their adverse environmental impacts [36]. This section discusses reducing, recycling, and reusing based on their hierarchical order and can be considered.



The summary of 3R factors used from previous research in construction waste management is shown in Table 1. We sought an idea from a professional with at least 20 years of working experience in construction management and who has participated in many construction projects in which he experienced construction first-hand information.





3. Methodology


A conceptual model is the first step in developing a research strategy. In addition, the conceptual model can be a supportive method by identifying a relevant literature review used to form intermediate theories (hypotheses) that can be checked through the empirical evidence [73]. The conceptual modeling method is divided into three stages: (1) identifying the model’s constructs, (2) identifying these constructs, and (3) describing the relationships between these constructs [74,75,76].



This study carried on an in-depth evaluation of reports based on Scopus, Science Direct, Sage, Wiley Library, Emerald-based journal articles, and conference proceedings published on the subject matter to identify the model’s constructs [77,78]. Previous research has only used measurement tools that can only measure a 3R error [79,80]. However, in this study, there is a greater awareness of the need to improve construction waste management 3R, and Malaysia’s current CWM treatment condition is dire. Therefore, a survey was used to discover a new set of sustainable construction waste reduction factors, specifically in Malaysia [81]. The first part of the questionnaire gives a brief introduction to the survey—part two of the survey used a questionnaire to gather demographic information. The third part of the assessment included a semi-structured interview with an expert to obtain his opinion about the research’s identified factors. The questionnaire utilized in this study was developed through focus groups with residential construction professionals, consultants, and other construction experts. Sampling is a process or technique for drawing a characteristic group of individuals or cases from a specific population [82]. For this study, a stratified random sampling technique and simple random sampling technique have been adopted. The sample size for this study has been determined based on Krejcie [83] table. The table indicates that for the population size of 950, the sample size should be 274 as the minimum. Following that, a validation process was carried out on four residential projects in Kuala Lumpur and the Perak Table 2 was used to establish the 3R of waste generated on-site, which was over 60% for high-rise construction and less than 25% for housing project sites. Table 2 depicts a high-level summary of the project under investigation.



3.1. Pilot Study


To ensure the validity of the data, we conducted a pilot study and evaluated the reliability of the data before distributing the questionnaire survey. Respondents’ clarity and relevance were reviewed by an industry-experienced professor and some academics lectures of Malaysia’s public and private university’s construction industry. Following the recommendation of [84,85], a minimum Cronbach’s alpha achieved acceptable values of 0.882 and 0.815, respectively. The value of the variables under the construction waste generation factors was 0.889. The Cronbach Alpha values obtained indicate an excellent internal consistency for the scale. A study sample should be between 150 and 300 for the study’s EFA research [86,87].



Nonetheless [88], as previously reported, the researchers disagree about the size of a factor analysis sample, but the assumption is that a larger sample should be used. When it comes to the number of variables [89,90,91], statistical theory holds that working with 20–50 variables is more effective than individual factors because various factors fail to return the correct results variables exceeds that range. According to a study, reducing the number of variables is possible if the sample size is large enough [92]. For this study, the sample size was 330, which was considered a valid representation of the population as a whole within appropriate ranges [92,93,94].




3.2. Main Survey Design


The questionnaire survey was developed to collect data about Malaysia’s sustainable construction waste reduction. First, a conceptual model is used to lay the groundwork for a research strategy. Then, a conceptual framework is used to investigate the topic literature to produce intermediate theories (hypotheses) that can be subjected to scientific investigation [95,96]. A questionnaire was created to gather cross-sections of all existing literature to undergo a comprehensive review. For the questionnaire, three main categories were chosen: contractors, consultants, and clients. Architects, electrical engineers, quantity surveyors, structural and mechanical engineers fall under these categories. The majority (32.0%) and 26.2% of survey respondents, respectively, have between 10 and 15 years and 15–20 years of industry experience. Just 7.5% of respondents have less than five years of experience [97].



However, this segment gives the results of the characteristics of respondents of this study. These findings show that the respondents possessed the required expertise and information to comment on the 3Rs (reduce, reuse, and recycle) for sustainable construction waste reduction, which led to them obtaining a significant amount of trust in their input and the validity of the findings. In addition, the results indicate that site engineers accounted for the majority (43.5%) of the participants’ employment, followed by construction engineers (24.3%). For Bachelors (BSc), Masters (MS), and PhD degrees, the respondents’ academic qualifications were 81%, 53%, and 35% [97], respectively. As shown in Table 3.




3.3. Assessing Goodness-of-Fit (GoF)


The goodness of fit provides a global criterion for assessing the overall quality of the (PLS-SEM) model. However, unlike the covariance-based structural equation modeling (SEM), there is no generally accepted goodness of fit measure to evaluate PLS models. However, ref. [98] proposed a global criterion of the goodness of fit called the “GoF” index.



It can be determined using the formula below:


  GoF =      R 2   ¯  ×   AVE  ¯     



(1)







Choshin and Ghaffari [99] succumbed to a law of thumb for examining GoF. It is considered small, medium, and large if the values are 0.1, 0.25, and 0.36. Accordingly, the GoF of the structural research model is calculated as shown.


  GoF =   0.5226    ×    0.283      










  GoF =   0.148      










  GoF = 0.39  











Based on Behl [100] the model GoF of 0.39 is considered significant. Therefore, the research model fitted very well. The structural model is, consequently, good.





4. Results and Discussion


The survey data were analyzed using a combination of SPSS, Microsoft Excel, and partial structural equation modeling (PLS-SEM) software to determine the causal relationship between the exogenous (independent) constructs and the endogenous (dependent) construct. This study included measurement of individual item reliability, and these models have Cronbach’s alpha, convergence, discriminant validity, path coefficients, coefficient of determination (R2), effect size (f2), system predictive relevance (Q2), and goodness-of-fit (GoF), PLS-SEM moderation results, and correlation. Out of 481 questionnaires, 330 were returned, resulting in an overall response rate of 69% of the sample size within 6 months of submission. This is deemed to be satisfactory for questionnaires compared to other related surveys in engineering and construction management. The findings of the Cronbach alpha for the main constructs are presented as follows. The field data indicated that (construction waste generation factors), (improving factors) achieved acceptable values of 0.882 and 0.815, respectively; the variables under the (sustainable construction waste generation) have a value of 0.889. The Cronbach’s alpha values indicate an excellent internal consistency for the scale with the sample values above 0.7 considered acceptable [101]. In this study, hypotheses would contribute immensely to the established knowledge of the study’s subject matter for kinds of material and what amount are waste, and how much is produced and classified as waste are explained in the following section.



4.1. The Amount Types of Construction Waste Generated


Many scholars lament the difficulties in obtaining reliable data on the amounts of construction waste generated, owing to the difficulty in determining the waste’s precise quantity and composition. However, studies disclose some statistics and facts, such as that many contractors have waste percentage guidelines that they use when estimating bills of quantities. These proportions mainly depend on their labor force experience [102]. However, the contractor will likely engage with several subcontractors on various projects, and the subcontractors’ labor will be motivated to complete the work as quickly as possible. As a result, waste levels will most likely differ from those anticipated [103]. Saunders and Wynn in the United Kingdom found that a waste level of roughly 10% is acceptable [104]. However, according to Harper, the typical waste allowance is 5% of the net measurements [105]. As a result, after a careful examination of different estimation approaches, estimates for construction waste for a Malaysian residential project have been completed.



4.1.1. Built-Up Projects Assessment


This study is the first step in estimating the waste generated by residential construction projects in Malaysia. According to the overall findings, the built-up area of the entire project (179 projects) under evaluation was around 7,895,147.461m2 throughout all states and across the three project categories based on the findings: high-rise, terrace, and bungalow. The high-rise project accounts for 41% of the total project, while the terrace and bungalow projects account for 51% and 8%, respectively. Furthermore, it reveals that most of these projects were located in Selangor (25%) and Johor Bahru (15%), respectively, and were located across the 12 states. Figure 1 depicts the summary of all the project locations and build-up areas under investigation.




4.1.2. Estimated Waste for a Residential Project


The waste indicator approach was introduced to estimate the construction waste generated, defined as the quantity of construction waste generated in a unit of volume or weight per m2 of gross floor area or area of activity [106]. Moreover, the estimated waste generated rate from Malaysian residential projects was determined by calculating the total gross floor area of the project’s WGR of Singapore (30.2 kg/m2 [64,65] and Thailand (21.38 kg/m2) for residential construction.


  WGR =   30.2   kg /  m 2  + 21.38   kg /  m 2    2   = 25.79   kg /  m 2   



(2)







Moreover, the approximate waste generated rate from Malaysia residential project was determined by calculating the total GFA of the project (7,895,147.461 m2) as adopted by numerous researchers [107,108,109]. This can be calculated as Equation (3).


EWG = GFA × WGR



(3)







EWG is the total expected waste generated by the project (m2), GFA denotes the gross floor area per m2 (based on CIDB data), and WGR indicates the waste rate generated per m2.


EWG = 25.79 kg/m2 × 7,895,147.461 m2 = 203,616 tons











Consequently, based on the findings throughout the research period, from March to May 2018, the total estimated wastes accumulated by Malaysian residential buildings were 203,615 tonnes, as illustrated in Figure 2.




4.1.3. Mean Ranking for Waste Minimization Strategies


Following this finding, the respondent ranked 10 waste minimization strategies, with the reuse, reduction, and recycling of waste material on-site receiving the highest mean of 0.908, consistent with numerous writers [110]. Suppose improved material handling management is adopted on construction sites. In that case, the amount of waste that needs to be disposed of should be considerably decreased [111]. As a result, the respondent agrees that proper storage and material handling at a building site with a mean score of 0.874 will significantly reduce waste. A mean of 0.857 was followed by a list of recovered, reused, reduced, and recycled waste products. Poon, et al. [53], discovered that many materials are lost on construction sites due to poor material control. Due to improper storage and handling, this material wastage is not isolated on building sites since many resources can be spared. The respondent ranked the following factors as the least important: issuing waste segregation guidelines (mean = 0.829); and minimizing design changes (mean = 0.752), which is not surprising given that this factor was identified by Faniran and Cabanas as one of the major sources of waste generation [112]. Mean = 0.749 for analyzing site waste to be generated, 0.728 for minimizing waste at the source of origin, and 0.723 for organizing waste management meetings and training construction personnel; and designating waste disposal ranks last in the waste minimization strategies, with a mean score of 0.689, as shown in Table 4.



According to the findings of this study, approximately 4–6% of the concrete used will be lost to waste. Dry concrete was separated from other waste in some projects and repurposed to provide aggregate for road sub-bases. Wooden boards are used for falsework and formwork for concrete constructions and the erection of site boundaries and bamboo scaffolding. Some wooden boards were reused on the work site multiple times until the boards’ quality degenerated, so they could no longer be used. Wood boards should be reused at least five times, resulting in a waste rate of about 20% [113].





4.2. Structure Equation Modeling PLS-SEM


The two-stage evaluation criteria in PLS-SEM modeling include assessing the structural model after evaluation of the measurement model. The measuring model must meet all the quality evaluation requirements before running the structural model [114]. Accordingly, the structural model is run after confirming the reliability and validity of the measurement models. The structural model established the causal relationships between the measurement models in the structural model [70]. The interrelationships identified are meant to address the research questions and test the research hypotheses. Results showed that all outer loads were related to the information phase of 3R (reduce, reuse, and recycle) for sustainable construction waste reduction from the initial measurement model because the loading factor was less than 0.5. The majority of these loads did not influence the related construct. All the models were examined using the model report with cr = 0.70 and, as a result, were proven to be accurate and valid [115,116].



4.2.1. Measurement Model


The factor loadings, cross-loadings, Alpha, Rho_A C.R value in structural equation model (PLS-SEM), and the average variance extracted (AVE) were used to discover any problem with an item and evaluate a framework for achieving sustainable construction waste reduction the application of 3R. All items loaded effectively on their related constructs in the analysis were above 0.5 as the recommended threshold measures [117]. As displayed in Table 4, Table 5 and Table 6, all the items packed on factor loadings, cross-loadings, Alpha, Rho_A C.R, and AVE are in a lower range of 0.5278 upper range 0.9244. According to Bhandari and Naudeer [118], the AVE must be at least 0.5 for convergence constructs. However, both AVE interpretations are 0.5, with is the lowest acceptable value. This gave a relatively satisfactory result with adequate item loadings, composite reliability, higher-order constructs (HOC), as well as lower-order constructs (LOCs) such as Alpha Rho A, C.R, and AVE. As far as the individual items go, there are sufficient grounds to prove the indicators. The entire modified final model AVEs are above the recommended minimum of 0.5. The table shows that the minimum factor loading is above 0.6 and is significant (t-stat > 1.96; p-value < 0.005). The factors for improving waste management for sustainable development with applying 3R practical are 0.579, 0.761, 0.508, 0.736, 0.627, 0.564, 0.522, 0.717, 0.503, 0.591, 0.320, 0.551 and 0.563, respectively. Table 5 illustrates the final model for significant variables for sustainable construction waste reduction. The study used PLS-SEM, including various new methodological innovations to the current body. Previous literature mainly centered on the conceptualization and assessment of CWM in general.



Assessment of Discriminant Validity


Discriminant validity is the degree of measurement of the model compared with other model constructs of the study. Voorhees, et al. [77,78] introduced criteria for evaluating validity. The idea that the variance items share with their measurement model is more significant than they associate in the research with other measurement models. Therefore, the AVE square root, which is the average correlation between the measurement models’ indicator variables, should be greater than the correlation between the construct and any other structural model constructs. Since the square root of the correlation coefficient of each outer model is significantly higher than the square root of the AVE of each outer model [119,120]. Table 6 shows discriminant validity using heterotrait-monotrait (HTMT).



The HTMT ratio, Fornell used to assess the measurement models’ discriminant validity as presented in Table 6, respectively. The assessment of discriminant validity using the HTMT ratio shown in the result indicates that the highest HTMT rate among the measurement models is 0.965 between C and CD. The highest value is below the recommended maximum conservative value of 0.85 [79]. This outcome shows that discriminant validity was achieved using the HTMT ratio criterion.





4.2.2. Assessment of Structural Model (Path Analysis)


The second-order constructs for their lower-order constructs are often recognized as the relative importance of construction waste generation. The factor with high path coefficients displays the relative strength of each element on the specific construct base on the developed model for achieving sustainability. Table 7 below demonstrates the necessary items on second-order constructs for their lower-order constructs for the relative strength for their particular construct.



This study is the first stage of estimating the second-order constructs on their lower-order constructs for relative strength for their particular construct by anticipated waste generated base on 3R in Malaysia. The estimated wastes generated from Malaysian projects under the constructs of C -> CD with high path coefficients of 0.965 and T statistics of 219.955 have p-values of 0.000, which is very significant as shown in Table 7. Thus, the result revealed that I -> ISCF is the second factor leading to tremendous growth. They improve for waste generation with path coefficients of 0.803, 30.982 as t statistics and p- values of 0.000, as illustrated in Table 7.



The PLS-SEM research model on achieving sustainable construction waste reduction was used to investigate the impact of 3R (reduce, reuse, and recycle). The model is presented in (Figure 3 and Figure 4). After reviewing the Bootstrapping approach, it was discovered that the hypothesis was of significance to the model. Bootstrapping is a random re-sampling of the original dataset used, in addition to the re-sampling process to generate new samples of the same size as the original dataset. The first approach tests the data set to determine correct path coefficients’ statistical significance. It serves to determine whether the calculated path coefficients are accurate [121,122]. As seen in Figure 3, the pathway significance, pathway coefficients (β), and p-values (the P-value for the standardized pathway coefficient), as well as R2 for each endogenous construct, were all tested. The result of the bootstrapping method showcases the p-values for every possible path. According to these results, the effect of 3R for sustainable construction waste reduction was positive and significant (β = 0.743, p < 0.001).



Impact of CDW Generation, Improving Factors, and Policy-Related Factors on Sustainable Construction Waste


A group of constructs agreed by respondents achieves the objectives/hypothesis of this study in a model using Smart-PLS 20 software [123]. The constructs presented in Table 8 identify the significant relationship of each group in improving design-out waste for sustainable development goals. Present causes for waste generation and policy-related factors significantly affect sustainable construction waste, as illustrated in Table 8.




Assessment of R2 (Coefficient of Determination)


The determination coefficient (R2) measures how the exogenous constructs describe or predict the endogenous construct. It measures the inner model predictive accuracy by stating the model percentage of construct variance [124]. Although there is no generally acceptable level of R2 value, an R2 value of 0.2 is considered high in the construction waste management area. The R2 of the endogenous construct of the study is shown in Table 9. The R2 level of the endogenous constructs.



The results show that sustainable construction waste reduction R2 value is 0.841 and adjusted R square 0.835, respectively, with the main endogenous construct, CD having the highest value. Thus, based on the evaluation criteria, the R2 values in this study are within the acceptable moderate levels. However, the study is exploratory; its R2 values can be considered high [125].




Predictive Relevance (Q2) of the Structural Model


Q2 assessed using the predictive relevance of Stone-Geisser (Q2), which tested that all indicators’ data points are predicted accurately in the outer model of endogenous constructs [126]. This quality evaluation criterion required the cross-validated redundancy (Q2) value to be a positive integer above 0 to have sufficient predictive relevance [127]. According to the above submission, the study’s final model was evaluated to determine the cross-validated redundancy (Q2) using the blindfolding procedure with the aid of Smart-PLS 3 software [128]. This indicates the cross-validated redundancy of the models of the current waste practices and the factors for improving waste management. All the endogenous constructs have Q2 values greater than 0. The Q2 indicated that all the research models have good predictive relevance [129]. Therefore, the model is good.






4.3. Discussion


A comparative study was very useful because each instance served as a guideline or structure for understanding the others. The waste-generated rates from the three projects under evaluation are explained. The construction waste generated from various building materials is shown in Figure 1 and Figure 2. Furthermore, with an overall mean of 0.908, the data analysis suggests that the participants have a high level of agreement. The results indicate that a greater percentage of respondents believed that their criteria were a significant sign for efficient waste reduction, reuse, and recycling. The 5% trimmed-mean is tested once more to see if the data set’s extreme values have changed the mean [130].



In this study, the mean (6.6714) and the 5% trimmed mean (7.9603) are quite close, showing that extreme values did not affect the data’s analysis. Because of the requirement to complete construction work in Malaysia, the construction industry produces much waste. As a result, mitigating the environmental impact is a major concern in a construction project’s implementation. It is also an essential aspect of the commitment to addressing global sustainability issues. Construction waste like demolition waste, which is mostly combined, can cause sorting, transforming, and disposal obstacles.



Furthermore, since these activities require many personnel, sorting and crushing might demand a high price in the recycling strategy. The predicted weight of waste generated per day for construction on the site was modified according to the data collection and analysis. For example, less than 1 tonne produces 43%, 1–5 tonnes produce 55%, and more than 5 tonnes produce only 3%. This signifies that a lot of waste is produced without regard for the project’s environmental impact. In contrast to the high-rise building, which generated a lot of construction waste but had a very high rate of reducing, reusable, and recyclability, the mass housing (semi-detached and bungalow) had a level of reduction, reuse, and recycling of about 16% to 32% from projects three and four, respectively. It was found that concrete and aggregate generated the most waste in projects one and two, accounting for approximately 71% and 72% of total waste generated, respectively. This was because the two projects created less wood waste, as illustrated in Figure 1. However, the most significant proportion of waste came from wood in projects 2 and 3, accounting for around 87% and 82%, respectively. Moreover, all the three constructs that have a significant impact on sustainable construction waste are discussed in the following sections: identify the impact of construction waste generation on sustainability; identify the impact of improving factors on sustainable construction waste management; and identify the impact of policy-related factors on sustainability.





5. Conclusions and Implications


Based on the results and discussion above, this study investigated the modeling of 3R (reduce, reuse and recycle) for sustainable construction waste reduction. A questionnaire was used to analyze the perspective and comprehension of Malaysian construction industry experts regarding construction waste management. The majority of respondents believed that 20% of the construction trash generated at their site might be repurposed in their project while the minority of respondents reported that more than 50% of the waste produced on-site could be repurposed. Furthermore, the results revealed that the amount of waste generated at a construction site in Malaysia is an estimated average of 5 tonnes per day. The construction waste generated from high-rise building construction was calculated to be 4.4 tons/day. However, it was estimated to be 2.47 tons/day for housing projects, which was in line with the predicted amount.



On the other hand, the results of SEM-PLS indicated that the exploratory power of the study model is considered sustainable with R2 values 0.83%. At the same time, the results of relationships between improving factors, policy-related factors, construction waste generated, and sustainable construction waste reduction were significant. Therefore, the results of this study demonstrated that all hypotheses were supported.



Regarding its theoretical contribution, this study will extend the body of knowledge regarding construction waste management strategies. This paper contributes to the literature to be a foundation for future researchers interested in construction waste management strategies. The results may also be helpful to many construction companies, particularly those in developing countries where there is a lot of construction waste with low awareness. Practically, the results will be beneficial to many construction companies, particularly those in developing countries where construction waste awareness is low. Furthermore, they can assist small and medium construction companies to use technologies for practical and efficient training toward sustainable development goals. Finally, this study has established a basis for improved specifications that could be critical for evaluating and removing waste. Construction waste prevention is significant, leading to the avoidance of design errors contributing to waste generation. The construction waste is identified chiefly through processes that involve conventional construction.



A study limitation is insufficient data on the amount of C&D waste reuse and recycling in Malaysia. However, the results revealed numerous concerns and problems contributing to the low percentage of reuse and recycling waste. Contamination, waste quality, collecting and transportation challenges, and difficulty sorting, converting, and disposing waste are the most pressing concerns. The model predicts waste generation, the 3R-produced waste, CO2, and waste assessment model for residential buildings. These elements of the CDW management model may guide how to handle construction waste more sustainably. Future researchers need to address the international standards in the construction industry, waste management, and construction demolition waste.
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Figure 1. Build-up area (m2). 
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Figure 2. Waste generated in tonnes. 
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Figure 3. Study model. 
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Figure 4. Model t-statistics and bootstrapping. 
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Table 1. Causes of 3R (reduce, reuse and recycle) application in building construction projects.






Table 1. Causes of 3R (reduce, reuse and recycle) application in building construction projects.





	S/N0
	Reduce Factors
	References
	Reused Factors
	References
	Reused Factors
	References





	1
	Lack of design and documentation
	[37,38]
	Time pressure
	[39,40]
	Difficulties for delivery vehicles accessing construction sites
	[41,42]



	2
	Transportation problem
	[43,44]
	Lack of supervision
	[45]
	Inefficient method of unloading
	[46,47]



	3
	Incorrect Procurement
	[48,49]
	Lack of on-site waste management plans
	[50,51]
	Insufficient protections during unloading
	[50,52]



	4
	Lack of design standards for reducing construction waste
	[53,54]
	Use of incorrect material requiring replacement
	[54,55]
	Waste resulting from cutting uneconomical shapes
	[56,57]



	5
	Low cost for construction waste disposal
	[58,59]
	Poor craftsmanship
	[60,61]
	Damage to materials on-site
	[62]



	6
	Poor Site operation
	[63]
	Improper planning for required quantities
	[63]
	Poor method of storage on-site
	[64]



	7
	On-site management and planning
	[62]
	Delays in passing information on types and sizes of materials
	[64]
	Unnecessary inventories on site leading to waste
	[65]



	8
	Poor Material storage and handling
	[66]
	Waste resulting from cutting uneconomical shapes
	[67]
	Materials supplied in loose form
	[68]



	9
	Lack of Information about the 3R
	[69]
	Damage to materials on-site
	[62]
	Under-developed market for recycled construction waste products
	[70]



	10
	Inappropriate urban planning
	[54]
	Poor method of storage on-site
	[71]
	Immature recycling market operation
	[72]
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Table 2. Overview of the project investigated.
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	Project Name
	Location
	Project Types
	Build-Up (M2)





	Green residential
	Kuala Lumpur
	High-rise
	73,271



	D’eco lake housing
	Perak
	Bungalow/terrace
	45,213



	Ridgewood
	Perak
	Bungalow/terrace
	24,992
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Table 3. Survey responds.
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	S/N
	Professional Background
	Years of Experience
	Qualification
	Percent





	1
	Site engineers
	10 and 15 years
	Bachelors (BSc) 18%
	43.5%



	2
	Construction engineers
	15–20 years
	Masters (MS) 53%
	24.35



	3
	Project managers
	Less than 5 years
	PhD degrees 35%
	7.5%
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Table 4. Ranking for waste minimization strategies.
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	Waste Minimization Strategies
	Mean
	Rank





	Reusing or recycling some of the waste materials on site
	0.908
	1



	Proper storage and handling of materials on-site
	0.874
	2



	Prepare a list of each waste material to be salvaged, reduce, reused, or recycled
	0.857
	3



	Issuing guidelines for waste segregation
	0.829
	4



	Minimizing design changes
	0.752
	5



	Analyzing site waste to be generated
	0.749
	6



	Minimizing Waste at the source of origin
	0.728
	7



	Organizing waste management meetings
	0.723
	8



	Training of construction personnel
	0.723
	9



	Designating waste disposal operators
	0.689
	10
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Table 5. Measurement model.
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	Higher-Order Constructs (HOC)
	Lower Order Constructs (LOCs)
	Items
	Factor Loading
	Alpha
	Rho_A
	C.R
	AVE





	Policy Related Factors (P)
	
	C
	0.733
	
	
	
	0.537



	
	Waste Management Policy
	PWM
	0.808
	0.887
	0.892
	0.911
	0.562



	
	
	WM1
	0.772
	
	
	
	



	
	
	WM12
	0.570
	
	
	
	



	
	
	WM13
	0.777
	
	
	
	



	
	
	WM3
	0.778
	
	
	
	



	
	
	WM4
	0.760
	
	
	
	



	
	
	WM5
	0.766
	
	
	
	



	
	
	WM7
	0.769
	
	
	
	



	
	
	WM9
	0.780
	
	
	
	



	
	Industry Policy
	PPF
	0.832
	0.867
	0.885
	0.898
	0.504



	
	
	PF1
	0.855
	
	
	
	



	
	
	PF2
	0.851
	
	
	
	



	
	
	PF3
	0.837
	
	
	
	



	
	
	PF4
	0.849
	
	
	
	



	
	
	PF5
	0.530
	
	
	
	



	
	
	PF6
	0.616
	
	
	
	



	Sustainable Construction Waste Management (S)
	
	S
	0.766
	
	
	
	0.587



	
	Environmental Factor
	SEE
	0.811
	0.778
	0.778
	0.833
	0.500



	
	
	EE1
	0.719
	
	
	
	



	
	
	EE2
	0.684
	
	
	
	



	
	
	EE3
	0.736
	
	
	
	



	
	
	EE4
	0.653
	
	
	
	



	
	
	EE9
	0.741
	
	
	
	



	
	Economic Factor
	SEC
	0.647
	0.888
	0.933
	0.915
	0.551



	
	
	EC1
	0.833
	
	
	
	



	
	
	EC10
	0.063
	
	
	
	



	
	
	EC2
	0.893
	
	
	
	



	
	
	EC3
	0.652
	
	
	
	



	
	
	EC4
	0.821
	
	
	
	



	
	
	EC5
	0.833
	
	
	
	



	
	
	EC6
	0.063
	
	
	
	



	
	
	EC7
	0.893
	
	
	
	



	
	Social Factors
	SSC
	0.840
	0.874
	0.931
	0.909
	0.563



	
	
	SC1
	0.885
	
	
	
	



	
	
	SC2
	0.893
	
	
	
	



	
	
	SC3
	0.833
	
	
	
	



	
	
	SC4
	0.063
	
	
	
	



	
	
	SC5
	0.893
	
	
	
	



	
	
	SC6
	0.652
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Table 6. Discriminant validity using Fornell.
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	C
	CD
	CESM
	CM
	CW
	I
	IDM
	ILC
	IME
	ISCF
	P
	PPF
	PWM
	S
	SEC
	SEE
	SSC





	C
	0.616
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	CD
	0.965
	0.761
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	CESM
	0.187
	0.145
	0.734
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	CM
	0.932
	0.754
	0.121
	0.729
	
	
	
	
	
	
	
	
	
	
	
	
	



	CW
	0.847
	0.745
	0.077
	0.716
	0.733
	
	
	
	
	
	
	
	
	
	
	
	



	I
	0.136
	0.115
	−0.003
	0.162
	0.106
	0.542
	
	
	
	
	
	
	
	
	
	
	



	IDM
	0.054
	0.025
	−0.013
	0.065
	0.092
	0.722
	0.707
	
	
	
	
	
	
	
	
	
	



	ILC
	0.174
	0.153
	0.052
	0.207
	0.114
	0.630
	0.206
	0.792
	
	
	
	
	
	
	
	
	



	IME
	0.077
	0.075
	−0.054
	0.105
	0.031
	0.847
	0.630
	0.228
	0.722
	
	
	
	
	
	
	
	



	ISCF
	0.094
	0.069
	0.009
	0.102
	0.101
	0.803
	0.467
	0.477
	0.572
	0.757
	
	
	
	
	
	
	



	P
	0.152
	0.142
	0.019
	0.140
	0.143
	0.409
	0.325
	0.179
	0.415
	0.242
	0.595
	
	
	
	
	
	



	PPF
	0.207
	0.191
	0.093
	0.179
	0.206
	0.285
	0.214
	0.097
	0.309
	0.182
	0.832
	0.710
	
	
	
	
	



	PWM
	0.035
	0.037
	−0.065
	0.046
	0.022
	0.377
	0.315
	0.192
	0.365
	0.206
	0.808
	0.345
	0.750
	
	
	
	



	S
	0.409
	0.389
	0.142
	0.313
	0.422
	0.362
	0.363
	0.178
	0.303
	0.262
	0.567
	0.555
	0.367
	0.552
	
	
	



	SEC
	0.143
	0.130
	0.081
	0.042
	0.245
	0.128
	0.232
	0.085
	0.052
	0.047
	0.275
	0.150
	0.306
	0.647
	0.743
	
	



	SEE
	0.689
	0.656
	0.158
	0.613
	0.609
	0.364
	0.267
	0.263
	0.249
	0.362
	0.329
	0.411
	0.117
	0.811
	0.361
	0.707
	



	SSC
	0.207
	0.202
	0.100
	0.155
	0.205
	0.342
	0.319
	0.104
	0.354
	0.238
	0.601
	0.640
	0.335
	0.840
	0.202
	0.614
	0.751
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Table 7. Second-order constructs for their lower order constructs.
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	Path Coefficients
	T Statistics
	P Values
	Remark





	C -> CD
	0.965
	219.955
	0.000
	Significant



	C -> CESM
	0.187
	2.677
	0.008
	Significant



	C -> CM
	0.932
	109.719
	0.000
	Significant



	I -> IDM
	0.722
	16.569
	0.000
	Significant



	I -> ILC
	0.630
	9.570
	0.000
	Significant



	I -> IME
	0.847
	31.893
	0.000
	Significant



	P -> PPF
	0.831
	30.291
	0.000
	Significant



	P -> PWM
	0.809
	25.539
	0.000
	Significant



	S -> SEC
	0.658
	10.573
	0.000
	Significant



	S -> SEE
	0.808
	40.817
	0.000
	Significant



	S -> SSC
	0.835
	28.652
	0.000
	Significant
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Table 8. Effects of C, I, and P on S.
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	Relationships
	Path Coefficients
	T Statistics
	P Values
	Remark





	Construction waste generated -> S
	0.316
	5.374
	0.000
	Significant



	Improving factors -> S
	0.124
	2.065
	0.039
	Significant



	Policy related factors -> S
	0.466
	8.191
	0.000
	Significant
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Table 9. R2 assessment.






Table 9. R2 assessment.





	S/N
	R Square
	R Square Adjusted



	Sustainable construction waste Reduction
	0.841
	0.835
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