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Abstract

:

This study explores the success factors of concrete recycling in construction projects, using Malaysia as a case study. The objectives include (1) identifying the critical success factors for concrete recycling in construction projects, (2) comparing the critical success factors between large enterprises (LEs) and small–medium enterprises (SMEs), and (3) developing constructs that group the critical success factors. First, a list of success factors was identified through semi-structured interviews with fifteen construction industry professionals and a systematic literature review of journal articles. This list was then incorporated into a questionnaire and disseminated to industry professionals. Eighty-nine valid responses were collected and analyzed using mean score ranking, normalization, agreement analysis, and factor analysis techniques. The analyses showed ten critical success factors for concrete recycling. The critical success factors include the availability of uniform standards for concrete recycling, adequate awareness among project stakeholders on concrete recycling, appropriate construction waste management plans, government policies to support concrete recycling, good marketing strategy for concrete recycling, good communication among employees, applications for recycled concrete in sub-industries, provisions in work method statements on concrete recycling, positive legislation toward concrete recycling, and availability of concrete recycling infrastructure. However, the percentage of agreement between SMEs and LEs for the ten critical success factors was only 22%. In other words, there is no consensus on criticality across organizational sizes. Finally, the critical success factors can be categorized into two interrelated groups: external and internal. This study contributes to the literature by analyzing the necessary success factors for concrete recycling. The study findings allow researchers and practitioners to develop strategies to promote concrete recycling.
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1. Introduction


The construction industry often drives a country’s socioeconomic development [1]. Rising living standards, growing demand for construction projects, evolving consumer purchasing patterns, and natural population growth are contributing to the construction industry’s expansion. As a result of this development, the quantity of concrete produced throughout construction projects has increased considerably [2]. Consequently, concrete waste has become a global environmental problem, including global warming, acid rain, air pollution, and climate change, that necessitates rapid action. Untreated concrete waste can potentially harm the environment. Therefore, concrete waste has been identified as a form of pollution that, if allowed to increase unchecked, has the potential to become a serious problem for any nation [3]. As concrete waste has little or no monetary value, organizations in the construction industry may choose to dispose of it at landfills rather than recycling it. To effectively dispose of concrete waste, contractors and project owners may incur additional costs. In this situation, concrete waste treatment is no longer a matter of choice and has become an urgent need.



Concrete recycling, which involves converting unwanted concrete into recyclable aggregates, is one of the most effective concrete waste management solutions [4]. Concrete recycling is imperative for reducing concrete waste as it can considerably reduce the negative environmental impacts of concrete waste [2,3,5]. As a result of the multiple benefits of concrete recycling, several governments, particularly those in developed countries, have taken steps to make it a legal requirement in their jurisdictions. Despite this, the global concrete recycling rate is low, especially in developing nations [5,6]. According to one possible rationale, the use of recycled materials may be prohibited in countries with plentiful natural resources and a considerable number of landfills. Furthermore, the dynamism of construction operations has a major impact on the efficiency with which concrete recycling is carried out in construction projects [7]. As a result, understanding the underlying success factors necessary for efficient concrete recycling in construction projects is crucial.



This study explores the success factors of concrete recycling in construction projects, using Malaysia as a case study. The objectives include (1) identifying the critical success factors for concrete recycling in construction projects, (2) comparing the critical success factors between large enterprises (LEs) and small–medium enterprises (SMEs), and (3) developing constructs that group the critical success factors. To achieve these objectives, first, a list of success factors was identified through semi-structured interviews with construction industry professionals from Malaysia and a systematic literature review of journal articles. This list was then incorporated into a questionnaire and disseminated to Malaysian construction industry professionals. The collected responses were analyzed using mean score ranking, normalization, agreement analysis, and factor analysis techniques. By meeting those objectives, the study hopes to present useful insights, including a list of critical success factors for concrete recycling. Whether there are statistically significant differences in criticality between LEs and SMEs is also noted. Finally, the study findings shed light on the critical success factors that determine the success of concrete recycling. These findings will make crucial contributions to the body of knowledge in the construction and environmental management domains and deepen existing understanding of the critical success factors for concrete recycling in both disciplines.




2. Literature Review


2.1. Concrete Recycling in Construction Projects


Construction and demolition waste generated by construction projects are some of the most demanding issues in developed and developing countries worldwide. Demolished concrete, bricks, masonry, wood, glass, insulation, roofing, wire, pipe, rock, and soil are some examples of construction and demolition wastes [8]. Concrete waste accounts for roughly more than half of construction and demolition waste [9]. Therefore, concrete waste takes up a lot of space in landfills and causes environmental issues. To address that concern, project management researchers and practitioners are looking into concrete recycling.



Concrete recycling provides many advantages to the industry, environment, and others. First, recycling concrete wastes as aggregates will reduce the consumption of natural resources and the use of landfill areas [10]. Concrete recycling can also help prevent environmental harm caused by improper disposal, prolong the life of landfills, and conserve valuable natural resources [11]. In addition, concrete recycling has several economic advantages, including the ability to sell specific recycled items and the removal of other waste from the site for free or at a reduced cost, as well as a decrease in materials going to landfill at a higher cost [12]. As a result, it may boost contractors’ competitiveness by lowering production costs and improving their public image. Furthermore, studies suggest that the technical performance and environmental impact of recycled aggregate concrete are promising when compared to standard concrete [13,14,15,16]. Additionally, other potential benefits of concrete recycling include mitigating greenhouse gas and land-use change [17].




2.2. Barriers to Concrete Recycling in Practice


While concrete cycling has undeniable benefits for the environment and other advantages, there are also challenges to overcome during its implementation. The construction environment is difficult to foresee; hence, concrete recycling can be challenging to manage in the real world. Each project has unique characteristics, projects must be completed on time, and there are financial limitations to consider [18]. Owing to inadequate handling and a lack of supervisory attention on the workers’ side, construction activities might generate waste, including hazardous waste. Some core project team members are also more concerned with construction materials than waste management. Contractors who work on construction projects consider concrete recycling unimportant [19]. Efforts to reduce concrete waste have been impeded owing to complacencies toward concrete recycling [19].



In a cross-cultural study conducted in Australia, Hong Kong, and Japan, the most recognized barriers are lack of clients’ support, increase in management cost, and increase in documentation workloads, such as working documents, procedures, and tools [20]. In the United States, the difficulties in concrete recycling are inadequate legislation and regulation regarding construction and demolition waste and a lack of systematic data reporting to measure the progress of construction and demolition waste recycling in general and concrete recycling in particular [21]. For small construction projects, [22] identified nine barriers in concrete recycling implementation that can be associated with facilities, workforce, quality, financial, technologies, and resources. Furthermore, contractors are not investing in concrete recycling equipment due to inadequate regulations that specify and control the use of recyclable materials [23].



In addition, several academics have investigated the fundamental issues of concrete recycling in developing countries [14,15,18]. First, the ambiguity surrounding leadership commitment and support for concrete recycling influences team members’ attitudes toward it in construction projects. As a result, fewer resources, labor, and time are available for concrete recycling activities. Second, it is also difficult to recycle concrete because there are no performance standards. The third impediment to continued growth is the construction industry’s unwillingness to change its longstanding working practices. Finally, the fourth issue for concrete recycling is the lack of economic incentives. In addition to that, another difficulty for concrete recycling is that it requires large storage spaces during the recycling process [16]. In other words, another factor to consider is that concrete waste is bulky, difficult to compress, and requires more space to store throughout the recycling process.




2.3. Factors Affecting Concrete Recycling in Construction Projects


Academics and industry experts are now looking into various aspects of concrete recycling. A recent study revealed many critical factors influencing the adoption of concrete recycling practices. According to the Kuwaiti government, the purity of the recycled material, cost of collection and transportation, cost of sorting, cost of transformation into reusable material, cost of disposal of any residual material in landfills or incineration, and the requirement that recycled materials meet relevant specifications and standards all influence concrete recycling [24]. According to data gathered from various sources and questionnaires of cement manufacturers, contractors, and project managers, the most important factors influencing concrete recycling in Thailand’s construction industry are cement quality, source of the law and regulations, standardization, price, and confidence [25]. Further, it is proposed that the essential aspects to consider when deciding whether to recycle concrete waste are the market and site activities. In addition, there are only a few easily accessible recycling marketplaces, as well as significant industrial competition [18,26]. In addition to the elements previously identified to be influencing concrete recycling, the findings of this investigation indicate many other factors at work. As a result, these variables will need to be investigated further.



Prior studies have identified the factors affecting concrete recycling by interviewing industry specialists to improve concrete recycling implementation in practice [17,22]. The identified factors include the presence of recycling factories, availability of raw materials, quality of recycled concrete, cost of concrete recycling, concrete recycling standards, government support, laws and acts, client acceptance, proper planning, availability of skilled labor, and organizational management [17]. Furthermore, SMEs face additional problems such as the high cost of renting concrete recycling equipment, its inadequacy for small construction projects, and a lack of providers for small-sized concrete recycling equipment [22].




2.4. Positioning This Study


This subsection synthesizes the knowledge gaps that exist in the current literature to support the rationale for conducting the study. In summary, previous research has provided insights into concrete recycling regarding the affecting factors, benefits, and barriers in concrete recycling implementation. However, the present body of knowledge lacks information on success factors in practice. In other words, the critical success factors of concrete recycling in the construction industry have not been comprehensively explored. To address this gap, the critical success factors for concrete recycling among contractors are highlighted in this study.





3. Method


A questionnaire was used to collect quantitative data from a random sample to achieve the objectives of the study [27]. Questionnaires are a prominent method for gathering data in construction management research. They are used to obtain professional viewpoints from the industry. Questionnaires can be distributed via email, normal mail, or other means of communication. In general, participants self-completed and conducted surveys, meaning that the respondents responded to and completed the survey themselves [28]. In construction management research, surveys are utilized in the same manner as structured interviews, and the results are published. Respondents in self-completed surveys, as opposed to those who participate in internet surveys, must read the survey questions personally. Self-completed surveys provide a variety of advantages over structured interviews, including lower costs and faster delivery, better flexibility in the event of an interviewer’s absence, no interviewer variability, and greater convenience for respondents [28]. Rather than using traditional methods, researchers used self-administered computerized questionnaires to investigate the underlying relationships among the critical success factors for concrete recycling in construction projects. Figure 1 shows the study design diagram adapted from [29].



3.1. Developing the Survey


In this study, the systematic literature review (SLR) technique was used to identify a list of potential success factors for concrete recycling in construction projects. Therefore, the research question for the SLR was “What are the success factors for concrete recycling in construction projects?”. Scopus was chosen as the preferred search engine because it has a larger database than other search engines and is frequently used for SLR [30].



The search was conducted on 5 January 2020 and yielded 193 results. Keywords such as recycl*, concrete, construction, and project were used for the search. The search was limited to engineering, material science, environmental science, business management and accounting, economics, econometrics, financial markets, social sciences, and decision science. The purpose is to focus on the corpus of information associated with construction engineering and management. All selected articles were peer-reviewed publications from well-recognized construction engineering and management journals. Conference papers and thesis dissertations were excluded from this study due to their quality. Finally, the titles, abstracts, and conclusions of each manuscript were visually reviewed during the final stage to determine which publications should be included in the systematic review. Not all articles were related to concrete recycling in the construction industry. Thus, unrelated articles were excluded. Twenty-one articles were collected and analyzed. The complete search query is as follows:



TITLE-ABS-KEY (recycl*) AND (concrete) AND (construction) AND (project)) AND (LIMIT-TO (SRCTYPE “j”)) AND (LIMIT-TO (PUBSTAGE “final”)) AND (LIMIT-TO (SUBJAREA “ENGI”) OR LIMIT-TO (SUBJAREA “MATE”) OR LIMIT-TO (SUBJAREA “ENVI”) OR LIMIT-TO (SUBJAREA “BUSI”) OR LIMIT-TO (SUBJAREA “SOCI”) OR LIM-IT-TO (SUBJAREA “ECON”) OR LIMIT-TO (SUBJAREA “DECI”) AND (LIMIT-TO (LAGE AND “ECON”).



In conjunction with the SLR, a two-step technique was used to ensure that the survey was acceptable and logically designed. First, fifteen semi-structured interviews were conducted with construction industry professionals to identify any missing success factors from the current body of knowledge. Construction project managers were interviewed because these individuals have hands-on experience at construction sites, unlike most other employees. The interview question used for the interview was “What are the success factors for concrete recycling in construction projects?”. After each interview, a summary was made and sent to the participants for validation purposes. The data received from the SLR and interviews were then combined to create a survey. The process of combining features with the same semantic substance made it feasible to create a total of 12 potential success factors for concrete recycling in construction projects (as listed in Appendix A). Second, five university professors reviewed the drafted survey to ensure that the survey did not contain any misleading terminology or incorrect phrases. In addition, a second round of pilot testing with four construction project managers was conducted to identify and remove any additional or irrelevant success factors.



The survey results are organized into two sections. The first section collected individual background information to determine whether the respondents could engage in the study. In the second section, respondents were asked to rate the importance of each of the 12 success factors on a five-point Likert scale (1 = not critical, 2 = slightly critical, 3 = highly critical, 4 = critical, and 5 = extremely important). This scale was adopted owing to its short length and effectiveness in evaluating variables through questionnaire surveys [29,31]. The five-point Likert scale is also popular because of its ability to give clear results [31,32]. Finally, at the end of the twelfth success factor, respondents were allowed to add and rate any additional success factors linked to concrete recycling in construction projects that the respondents thought were important. This process ensures that all potential success factors are considered. Appendix B shows the final form of the survey.




3.2. Collecting Survey Data


The study’s target population was construction industry professionals, including clients, consultants, and contractors, from Malaysia. Respondents were divided into SMEs or LEs as defined by the local government, which are as follows: SMEs are defined as having 5 to 50 full-time employees or an annual sales turnover between USD 50,000 and USD 1.25 million, whereas LEs have more than 50 full-time employees or an annual sales turnover larger than USD 1.25 million.



Due to the lack of a sampling frame, the sample used in this study was nonprobability [33]. When a genuinely random sampling technique cannot be used to choose participants from the total population, nonprobability sampling can be employed to establish a representative sample [34]. In this approach, participants may be selected for the research depending on their willingness to participate [35]. As a result, the overall sample size was determined using the snowball sampling approach. It has also been used in previous construction management projects since it allows for the collecting and sharing of data and responses via referral or social networks [31,36].



The initial step in the data collection procedure is to contact industry professionals actively involved in construction project administration. Subsequently, the initial respondents were requested to send the survey to other potential respondents. The data collection commenced on 1 July 2020 and ended on 15 November 2020. At the end of the data collection, 89 valid responses were gathered and classified. The demographic background of the 89 respondents is illustrated in Table 1.



The sample size ratio to the number of variables method was used to determine the sample size for the factor analysis. Reference [37] recommended that the minimum ratio value should be 5.00. Accordingly, the sample size ratio to the number of variables is 89/12 = 7.42. Therefore, using the aforementioned rules of thumb, the sample size for this study is adequate. Furthermore, rather than representing the population, the objective of this study was to focus on the relative importance of the success factor. This objective has been set per prior works, such as those that identified the most critical elements affecting the adoption of construction innovations [19,38]. As a result, the sample size was deemed sufficient for this study.




3.3. Analyzing Survey Data


3.3.1. Reliability Test


To begin the data analysis, the study first determined the internal consistency of each of the 12 success variables using Cronbach’s alpha method. Cronbach’s alpha coefficients ranged from 0 to 1. When compared to other factors on the scale, high alpha values suggest that a collection of elements on the scale has a high degree of internal consistency and dependability. According to the data, the 12 success factors have internal consistency and reliability coefficients of 0.846, indicating that they are internally consistent and reliable for further analysis.




3.3.2. Mean Score Ranking Analysis


Statistical approaches such as descriptive means and standardization, rank agreement analysis, and factor analysis were used in tandem to analyze the data. To acquire the normalized values, the mean scores for each of the 12 success variables had to be determined using a similar technique. Only variables with a normalized value of 0.50 or higher were critical [29,39]. Other studies, such as the cost-effectiveness of optimization solutions for water distribution network rehabilitation, used the same data analysis technique [39].




3.3.3. Agreement Analysis


The mean and normalized values of all respondent groups, including SMEs and LEs, were calculated and compared. The degree of agreement among various organizational sizes was investigated to identify areas of agreement or disagreement and the implications of these differences on the utilization of recycled concrete in construction projects. When comparing agreement levels between responder groups, the rank agreement factor (RAF) technique [19] can be used to make quantitative comparisons. The RAF technique can calculate the average absolute difference in component rankings between the two groups. In this study, respondents from LEs and SMEs were grouped into groups one (   R   i 1     ) and two (   R   i 2     ), where N is the number of items (12 success factors), and k denotes the number of judgments. The null hypothesis is that “there is no good agreement in the ranking of success factors between LEs and SMEs”. Therefore, the alternate hypothesis is that “there is good agreement in the ranking of success factors between both groups”. The percentage agreement was calculated using Equations (1)–(5) to test the null hypothesis.



The mean value of the total ranks (R) is given by


  R =  1 N   ∑  i = 1  k   (   R  ij    )     a   



(1)







The RAF is defined as


  RAF =    ∑   i    = 1  N   |   R   i 1    −  R   i 2     |   N   



(2)







The maximum rank agreement factor (RAFmax) is given by


  RAFmax =    ∑   i    = 1  N   |   R   i 1    −  R   j 2     |   N   



(3)







The percentage disagreement (PD) is given by


  PD =    ∑   i    = 1  N   |   R   i 1    −  R   i 2     |     ∑   i    = 1  N   |   R   i 1    −  R   j 2     |    × 10  



(4)







The percentage agreement (PA) is given by


PA = 100 − PD



(5)








3.3.4. Factor Analysis


When studying many variables, factor analysis can identify the underlying variables that explain the same relationship pattern. The Kaiser–Meyer–Olkin (KMO) test and Bartlett’s test of sphericity were used to determine whether the data herein were eligible for factor analysis. The KMO uses a statistical approach to determine sample adequacy by evaluating the size of the partial correlation coefficients. On the other hand, Bartlett’s sphericity test assesses the link between a set of distinct variables [40]. The data were suitable for factor analysis if Bartlett’s test results were statistically significant at p < 0.05, and the KMO value was larger than 0.50. Factor extraction was required to be completed before the factor analysis could be completed in its entirety to discover relevant variables. As employed in probability theory, the eigenvalue is an expression that describes how much a variable contributes to the grouping of variables. Suppose that the importance of a variable is determined using this method. In this case, the variable may be used as a factor in the subsequent analysis. As a result, keeping variables with eigenvalues larger than one in most cases is typically preferable.






4. Results


4.1. Results for Mean Score Ranking Analysis


Table 2 displays the means, standard deviations, and normalized values for each success factor, as well as their related standard deviations. However, the normalization values for ten success factors are less than 0.50, indicating that they are not statistically significant. The following are the top five success factors identified from the list of identified critical success factors: “availability of uniform standards for recycling concrete”, “adequate awareness among project stakeholders on concrete recycling”, “appropriate construction waste management plan”, “government policy to support concrete recycling”, and “good marketing strategy for concrete recycling”. The critical success factors that were least important were “availability of concrete recycling infrastructure” and “positive legislation toward concrete recycling”.




4.2. Results for Agreement Analysis


Table 3 shows the results of an agreement analysis between organizations of various sizes (SMEs and LEs) on the ten critical success factors for concrete recycling in construction projects: The critical success factor “availability of uniform standards for concrete” (SF08) is the most significant for SMEs, although it ranks fourth for LEs. Another aspect to consider is that while the LE rating for “appropriate construction waste management plan” (SF04) is the highest, it is only middlingly ranked for SMEs. Four success factors were ranked equally for SMEs and LEs: “good communication among employees” (SF11), “applications for recycled concrete in sub-industries” (SF02), “positive legislation towards concrete recycling” (SF09), and “availability of concrete recycling infrastructure” (SF06). Nonetheless, the level of agreement between the respondents from different organization sizes was only 22%. In other words, there is a minimal agreement between LEs and SMEs regarding the critical success factors for concrete recycling. According to the agreement analysis, despite several success factors being almost unanimously placed in the same order, the overall agreement was low. Figure 2 displays the respondents’ agreements and disagreements.




4.3. Results for Factor Analysis


The varimax rotation revealed two underlying groups that explained 55.825% of the overall variance in the data for the ten critical success factors (as listed in Table 4). All ten critical success factors were successfully loaded into the two underlying components with factor loading values greater than 0.50 in both. Factor loadings refer to the link between an original variable and an extracted component, as assessed by the correlation coefficient. In most situations, statistically significant factor loadings greater than 0.5 are identified, and these loadings contribute to the group’s interpretation. If the material is not presented in this manner, it is dismissed as unimportant. Figure 3 depicts the percentage contribution of each constituent to the overall success factors for concrete recycling.





5. Discussions


5.1. Group 1: External Factors


Group 1 comprises six critical success factors: positive legislation toward concrete recycling, government policy to support concrete recycling, availability of concrete recycling infrastructure, provisions in the work method statement on concrete recycling, availability of uniform standards for recycling concrete, and applications for recycled concrete in sub-industries. Therefore, this group is named external factors.



5.1.1. Positive Legislation toward Concrete Recycling


The advancement of legislation is projected to result in an improvement in human behavior over time. Concrete recycling as a waste management strategy and a source of raw materials for the market may become necessary in the future under regulation. For example, if concrete recycling is mandatory in the manufacture of precast concrete, the market will respond positively. This approach is an innovative way to increase demand, which is required for success [31]. On the other hand, if concrete recycling is mandatory, with government inspections undertaken to ensure site compliance, all locations will have appropriate concrete waste management systems, and concrete recycling will only be seen as a necessary requirement rather than just an option. Market-based interest in concrete recycling will increase if a competitive offering of quality or price is established. As a result, firms will grow faster to fulfill demand, increasing the demand for recycled concrete. In view of this, the efficiency of the industry in collecting and recycling concrete waste is predicted to improve [19]. The emphasis should be on developing smoothly, moving from newer approaches to more established ones. This will ensure that there is less resistance to change, less requirement for training, and a more rapid transition [38].




5.1.2. Government Policy to Support Concrete Recycling


Actions deemed undesirable are subject to government scrutiny. The advantage of regulating projects as a policy intervention is that it ensures that all projects are held to high standards. In the instances where supply and demand are uncertain, regulation can help create more stable market conditions. Organizations that would ordinarily be excused from compliance would be unable to do so owing to the new regulations. Regulation, however, has some drawbacks. When it comes to obtaining compliance, regulators are frequently associated with a lack of flexibility, hindering the development of innovative methods. In addition, the cost of implementing regulations on their own can be excessively high, especially if no mechanisms to support them are in place. In the absence of supportive programs, regulations can raise prices while restricting the industry’s expansion [17,19].




5.1.3. Availability of Concrete Recycling Infrastructure


Concrete recycling can only be effective if performed in specialized separation and processing facilities [17,19]. Without these facilities, it would be impossible to carry out one-of-a-kind projects such as demonstrating alternate disposal methods or preparing landfills that sort materials. As a result, municipalities interested in concrete recycling must conduct a regional infrastructure study before proceeding. Existing recycling programs and separation facilities are the available options, as are limits and existing recycling programs. The distances between facilities, fees, and maximum capacity are vital details to consider. In addition, extensive cataloging of municipal constraints on forbidden materials, authorized disposal locations and methods, and any other policy or program governing construction, disposal, or repurposing are required. Finally, existing concrete recycling business opportunities must be identified. Surveys are required to identify whether there is widespread interest in concrete recycling, whether there are any common facilities or infrastructure in place, and whether there are any program components that have proven to be particularly beneficial. The United States Environmental Protection Agency’s “Municipal Solid Waste Recycling: A Guide for State and Local Governments” guides local governments through the process of evaluating waste recycling programs. This procedure can be altered to allow for concrete waste recycling.




5.1.4. Provisions in Work Method Statements on Concrete Recycling


Concrete recycling is frequently not related to a specific job and is part of basic site etiquette. Concrete recycling is commonly included in a contractor’s work method statement, allowing for more formal operation handling. Subcontractors and suppliers should be held to the same standards as principal contractors. A work process statement should be included as part of the overall agreement in the contract. It is believed that the formalization of concrete recycling will result in a more serious attitude toward the work and increased compliance and enforcement of legally necessary sanctions.




5.1.5. Availability of Uniform Standards for Concrete Recycling


Obtaining specified goals through concrete recycling requires clearance and faith in the usefulness of recycled materials. Regulations and certification requirements can aid in the development of trust and acceptance [38]. Currently, there is no formal legislation or criteria for producing recycled concrete. Users may be hesitant to use the information accessible to them if there are no clearly defined standards or norms. In addition, the traditional method for selecting materials involves selecting natural, high-quality materials that have undergone extensive testing before being employed. On the other hand, recycled concrete has a bad reputation, making it difficult to accept or approve it as an environmentally responsible, high-quality construction material in the first place. As a result of this, recycled concrete for construction work has lost a considerable amount of trust, particularly for large-scale projects requiring tight quality control methods. Recycled concrete is rapidly gaining popularity in low-quality construction projects such as reclamation and sub-base, where it can help save money while maintaining or improving the quality of the completed product. In other words, even though recycled concrete is commonly available, people remain cautious about using it. It is crucial to recognize that the lack of standards and testing for the approval of recycled construction materials is a critical success factor in the recycling industry. As previously mentioned, forming national standards that define acceptable norms while avoiding misunderstandings is critical.




5.1.6. Applications for Recycled Concrete in Sub-Industries


A wide strategy is likely to fall short of meeting the numerous specific quality standards observed in the construction industry. The prospect of investing in research and development becomes unappealing when the economy is facing a slump that affects everyone. As a result, raising the concept’s profile and enhancing the likelihood of securing funding are challenging jobs. A more appealing method would be to pool resources from numerous organizations for research and development goals, rather than just one. This might be accomplished by forming a sub-industry consortium of organizations with comparable levels of expertise and experience. Construction organizations, for example, may work together with research methods to improve recycling. As a result, newly discovered recycling technologies have become more segmented and tailored to the specific sub-industries in which they have been deployed.





5.2. Group 2: Internal Factors


Group 2 comprises four critical success factors: appropriate construction waste management plan, good communication among employees, good marketing strategy for concrete recycling, and adequate awareness among project stakeholders on concrete recycling. Therefore, this group is named internal factors.



5.2.1. Appropriate Construction Waste Management Plan


Waste management should be considered from the perspective of the planning process. Many variables might be set up, simulated, and altered in this manner before any financial consequences become apparent. This method is more cost-effective and faster in terms of production and distribution. When it comes to concrete waste, it is more beneficial to consider the first two higher levels in the hierarchy, “avoid” and “reduce”, earlier rather than later in the process. As the design specifies the materials to be used, potential waste can be minimized, and more efficient methods are used when available. Standard, modular, or prefabricated components could help reduce waste while also reducing construction costs. Another approach to consider is the specification of materials with higher recycling qualities and those that retain material homogeneity throughout and after a structure’s life span. The emphasis would be on waste prevention and reduction, followed by building the groundwork for easier and more successful recycling throughout the construction phase and implementing established routines and operational processes in the enterprises.




5.2.2. Good Communication among Employees


According to the study’s findings, although individuals engage in recycling practices, their supervisors do not convey these practices to their subordinates or employees. As a result, boosting employee communication is critical when discussing recycling processes. In addition, organizations may conduct seminars to demonstrate the recycling processes used by various people in their various communities.




5.2.3. Good Marketing Strategy for Concrete Recycling


To begin, construction organizations must first understand the nature of the recycling market to provide the most accurate assessment of the local conditions for concrete recycling. Local governments must access information on collectors, transporters, processors, brokers, and converters, and demand materials for construction projects to perform efficiently. All concrete recycling procedures should be meticulously documented to minimize legal liability. Concrete recycling information can be obtained from the following sources: local contractors, private landfill operations, brokers, for-profit organizations, and non-profit organizations that specialize in the resale of old construction materials. As different operators frequently cover large geographic areas, this research should be conducted at the regional rather than the national level.




5.2.4. Adequate Awareness among Project Stakeholders on Concrete Recycling


To make educated judgments about improving concrete waste disposal management, examining how communities involved in the construction industry, local governments, and citizens view and respond to this issue is also necessary. Everyone is invited to participate, from the construction industry to municipal governments to the public. Positive attitudes toward subordinates, disparities in attitudes between working groups, and a lack of training to emphasize the need for waste minimization have made it difficult for the industry to execute efficient waste management methods. Dealing with this issue has become even more challenging in recent years owing to the low cost of raw materials for construction projects. In contrast, providing players with the required knowledge about good practices and reinforcing vital messages through training programs can cultivate positive attitudes.





5.3. Implications


This study addresses a gap in the current body of information on concrete recycling in construction projects. This study has both theoretical and practical implications. First, it helps fill the knowledge gap with the critical success factors for concrete recycling in construction projects. A clear understanding of the critical success factors could significantly influence the implementation of concrete recycling in construction. Malaysia is a developing country; hence, scholars in the developing countries can use the list of the identified critical success factors for concrete recycling research. Next, the methodology derived from this study can also be used by other scholars to identify critical success factors in their respective countries. Finally, future work can make a comparison between not only LEs and SMEs but also urban and rural areas.



With respect to practical implications, industry practitioners could refer to the list of critical success factors when implementing concrete recycling in their construction projects. Furthermore, construction organizations could develop company policies based on these findings to encourage the industry to implement concrete recycling. The developed policies aim to ensure that all construction projects comply. Consequently, construction waste management in developing countries could be improved.





6. Conclusions and Future Directions


This study explores the success factors of concrete recycling among industry professionals. The objectives are (1) identifying the critical success factors for concrete recycling, (2) comparing the critical success factors between LEs and SMEs, and (3) grouping the critical success factors. The authors collected semi-structured interview data from 15 industry practitioners and systematically reviewed the existing literature associated with concrete recycling to accomplish these objectives, identifying 12 potential success factors. Subsequently, the criticality of the potential success factors was evaluated by 89 industry practitioners through questionnaires. Finally, the survey data were analyzed using mean ranking analysis, normalization, agreement analysis, and factor analysis techniques.



The analyses show ten critical success factors for concrete recycling out of the 12 potential success factors. External success factors comprise positive legislation for concrete recycling, government policy to support concrete recycling, availability of concrete recycling infrastructure, availability of uniform standards for concrete recycling, provisions in work method statements on concrete recycling, and applications for recycled concrete in sub-industries. Internal success factors for concrete recycling include appropriate construction waste management plans, good communication among employees, good marketing strategy for concrete recycling, and adequate awareness among project stakeholders on concrete recycling.



The results shed light on factors that could affect the success of concrete recycling. In addition to providing additional insights into concrete recycling, researchers and practitioners can benefit from this study in promoting concrete recycling. The key theoretical contribution of this study is that it provides a better understanding of the factors affecting concrete recycling. In most countries, reuse and recycling are still not common practices. Therefore, recycled construction waste has considerable potential to contribute to the market by helping countries cut down on landfill sites and reduce construction material expenses. Finally, the contractors in every construction industry should practice concrete recycling and provide appropriate training regarding the efficiency of concrete recycling.



Despite the relevance of these results, there are limitations to the study, which should be addressed in future endeavors. First, the results were derived from consolidating data from the three main construction project stakeholders (i.e., client, contractor, and consultant). Different stakeholders have different goals and definitions of success, including concrete recycling. Therefore, future works may consider a concurrent evaluation of the internal and external influences among clients, contractors, and consultants to identify symmetries and asymmetries on critical success factors for concrete recycling. The critical success factors were primarily interpreted within the context of Malaysia. The findings are very much tied to the local context from one country to another. Therefore, the findings should be applied to other countries with caution and appropriate adjustments. Thus, a wider scope of data collection across different countries and regions can provide opportunities for comparing and contrasting the findings, providing insights on the impact of applying and applicable reach of the results. However, the results of this study still provide valuable insights into the critical success factors for concrete recycling in construction projects. Future work can build roadmaps based on the study’s results while tailoring to local demands.
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Table A1. List of potential success factors for concrete recycling in construction projects.
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	Code
	Success Factors
	Refs.





	SF01
	Availability of technology for concrete recycling
	[41,42,43,44]



	SF02
	Applications for recycled concrete in sub-industries
	[5,45]



	SF03
	Accessibility of project location
	[33,46,47]



	SF04
	Appropriate construction waste management plan
	[47]



	SF05
	Good marketing strategy for concrete recycling
	[48,49]



	SF06
	Availability of concrete recycling infrastructure
	[49]



	SF07
	Government policy to support concrete recycling
	[49]



	SF08
	Availability of uniform standards for concrete recycling
	[45,46,49,50,51,52,53,54]



	SF09
	Positive legislation towards concrete recycling
	[46,49]



	SF10
	Provisions in work method statements on concrete recycling
	[49]



	SF11
	Good communication among employees
	[47]



	SF12
	Adequate awareness among project stakeholders on concrete recycling
	[3,55]









Appendix B. The Questionnaire Survey Used in This Study


Factors affecting concrete recycling implementation in construction projects in Malaysia.



Appendix B.1. Respondent’s Profile


Instruction: Please provide the following information.



	
Your type of organization:




	○

	
Owner (e.g., government, developers)




	○

	
Consultant




	○

	
Contractor




	○

	
Others: _____________









	
Your years of experience in the construction industry:




	○

	
Less than 2 years




	○

	
2–5 years




	○

	
6–9 years




	○

	
More than 10 years









	
Numbers of projects you have experienced:




	○

	
1 project




	○

	
2–5 projects




	○

	
6–9 projects




	○

	
More than 10 projects









	
Most of your construction projects are located at:




	○

	
Northern Region (Perlis, Kedah, Penang, Perak)




	○

	
East Coast Region (Kelantan, Terengganu, Pahang)




	○

	
Central Region (Selangor, Kuala Lumpur, Putrajaya)




	○

	
Southern Region (Negeri Sembilan, Melaka, Johor)




	○

	
East Malaysia (Sabah, Sarawak, Labuan)









	
What is your company CIDB grade according to the tendering capacity?




	○

	
Not applicable




	○

	
G1—Not exceeding RM 200,000




	○

	
G2—Not exceeding RM 500,000




	○

	
G3—Not exceeding RM 1 Million




	○

	
G4—Not exceeding RM 3 Million




	○

	
G5—Not exceeding RM 5 Million




	○

	
G6—Not exceeding RM 10 Million




	○

	
G7—No Limit













Appendix B.2. Success Factors for Implementing Concrete Recycling in Malaysia
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Table A2. Please rate the criticality of the following success factors in implementing concrete recycling in Malaysia.






Table A2. Please rate the criticality of the following success factors in implementing concrete recycling in Malaysia.





	
Success Factor (In Random Order Using Online Survey Platform)

	
Criticality






	
Availability of Technology for Concrete Recycling

	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	

	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Adequate awareness among project stakeholders on concrete recycling

	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical
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Table A3. Please indicate and rate any additional success factors in implementing concrete recycling in Malaysia.






Table A3. Please indicate and rate any additional success factors in implementing concrete recycling in Malaysia.





	
Additional Success Factor

	
Criticality






	

	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical




	
Not Critical

	
Slightly Critical

	
Moderately Critical

	
Critical

	
Very Critical
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Figure 1. Study design (adapted from [29]). 
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Figure 2. Agreement analysis between organization sizes (SMEs and LEs). 
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Figure 3. Percentage of each group. 
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Table 1. Respondent profile.






Table 1. Respondent profile.














	Characteristics
	Frequency (n)
	Percent
	
	Years of
	Experience
	





	Organization size
	
	
	<2
	2–5
	6–9
	>10



	Large enterprises
	53
	59.55%
	4
	18
	24
	7



	Small–medium enterprises
	36
	40.45%
	9
	17
	9
	1



	Subtotal
	89
	100.00%
	13
	35
	33
	8



	% by year
	−
	−
	14.61%
	39.33%
	37.08%
	8.99%



	Organization type
	
	
	
	
	
	



	Client
	10
	11.24%
	3
	5
	2
	0



	Consultant
	9
	10.11%
	1
	7
	0
	1



	Contractor
	70
	78.65%
	9
	23
	31
	7



	Subtotal
	89
	100.00%
	13
	35
	33
	8



	% by year
	−
	−
	14.61%
	39.33%
	37.08%
	8.99%



	Number of projects involved
	
	
	
	
	
	



	1 to 5 projects
	52
	58.43%
	13
	28
	9
	2



	6 to 10 projects
	31
	34.83%
	0
	5
	22
	4



	More than 10 projects
	6
	6.74%
	0
	2
	2
	2



	Subtotal
	89
	100.00%
	13
	35
	33
	8



	% by year
	−
	−
	14.61%
	39.33%
	37.08%
	8.99%
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Table 2. Ranking of success factors to concrete recycling.
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	Code
	Success Factor
	Mean
	SD
	NV
	Rank





	SF08
	Availability of uniform standards for recycling concrete
	3.844
	0.741
	1.00 a
	1



	SF12
	Adequate awareness among project stakeholders on concrete recycling
	3.844
	0.786
	1.00 a
	2



	SF04
	Appropriate construction waste management plan
	3.819
	0.890
	0.90 a
	3



	SF07
	Government policy to support concrete recycling
	3.793
	0.849
	0.88 a
	4



	SF05
	Good marketing strategy for concrete recycling
	3.724
	0.928
	0.80 a
	5



	SF11
	Good communication among employees
	3.758
	0.840
	0.79 a
	6



	SF02
	Applications for recycled concrete in sub-industries
	3.732
	0.858
	0.75 a
	7



	SF10
	Provisions in work method statements on concrete recycling
	3.724
	0.850
	0.72 a
	8



	SF09
	Positive legislation towards concrete recycling
	3.715
	0.939
	0.70 a
	9



	SF06
	Availability of concrete recycling infrastructure
	3.672
	0.984
	0.61 a
	10



	SF03
	Accessibility of project location
	3.603
	0.863
	0.45
	11



	SF01
	Availability of technology for concrete recycling
	3.405
	0.884
	0.00
	12







Note: SD = Standard deviation; NV = Normalized value = (mean −minimum mean)/(maximum mean − minimum mean); a Indicates the success factor is a critical success factor (normalized value ≥ 0.50).
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Table 3. Agreement analysis on the ranking of critical success factors to concrete recycling.
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Code

	
Success Factor

	
SMEs

	
LEs

	
Agreement Analysis




	
Mean

	
SD

	
Rank

	
Mean

	
SD

	
Rank

	
      R   i      

	
     |    R    i 1    −   R    i 2     |       

	
     |    R   i   −  R   |       






	
SF08

	
Availability of uniform standards for recycling concrete

	
3.928

	
0.777

	
1

	
3.797

	
0.721

	
4

	
5

	
3

	
6




	
SF07

	
Government policy to support concrete recycling

	
3.881

	
0.889

	
2

	
3.743

	
0.828

	
7

	
9

	
5

	
2




	
SF12

	
Adequate awareness among project stakeholders on concrete recycling

	
3.881

	
0.802

	
3

	
3.824

	
0.782

	
2

	
5

	
1

	
6




	
SF10

	
Provisions in work method statements on concrete recycling

	
3.857

	
0.871

	
4

	
3.648

	
0.834

	
10

	
14

	
6

	
3




	
SF11

	
Good communication among employees

	
3.690

	
0.811

	
5

	
3.797

	
0.859

	
5

	
10

	
0

	
1




	
SF02

	
Applications for recycled concrete in sub-industries

	
3.690

	
0.680

	
6

	
3.756

	
0.948

	
6

	
12

	
0

	
1




	
SF04

	
Appropriate construction waste management plan

	
3.690

	
0.840

	
7

	
3.891

	
0.915

	
1

	
8

	
6

	
3




	
SF09

	
Positive legislation towards concrete recycling

	
3.666

	
0.901

	
8

	
3.743

	
0.966

	
8

	
16

	
0

	
5




	
SF06

	
Availability of concrete recycling infrastructure

	
3.666

	
1.004

	
9

	
3.675

	
0.980

	
9

	
18

	
0

	
7




	
SF05

	
Good marketing strategy for concrete recycling

	
3.547

	
1.016

	
10

	
3.824

	
0.865

	
3

	
13

	
7

	
2




	

	
Sum

	
110

	
28

	
36
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Table 4. Results of the factor analysis.






Table 4. Results of the factor analysis.





	
Code

	
Success Factors to Concrete Recycling

	
Group




	
1

	
2






	
Group 1: External Factors




	
SF09

	
Positive legislation towards concrete recycling

	
0.851

	
–




	
SF07

	
Government policy to support concrete recycling

	
0.742

	
–




	
SF06

	
Availability of concrete recycling infrastructure

	
0.739

	
–




	
SF10

	
Provisions in work method statements on concrete recycling

	
0.561

	
–




	
SF08

	
Availability of uniform standards for recycling concrete

	
0.495

	
–




	
SF02

	
Applications for recycled concrete in sub-industries

	
0.546

	
–




	
Group 2: Internal Factors




	
SF04

	
Appropriate construction waste management plan

	
–

	
0.771




	
SF11

	
Good communication among employees

	
–

	
0.735




	
SF05

	
Good marketing strategy for concrete recycling

	
–

	
0.717




	
SF12

	
Adequate awareness among project stakeholders on concrete recycling

	
–

	
0.735




	
Variance (%)

	
31.319

	
24.506




	
Cumulative variance (%)

	
31.319

	
55.825
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