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Abstract

:

Waste management and minimization are touted to be two of the key drivers for greening the construction industry and a pathway to a circular economy. This research aims to revisit the attitudes and perceptions of project stakeholders towards construction and demolition (C&D) waste in the Australian construction industry and ascertain if the current state of play in construction would facilitate the transition to a circular economy. Statistical analysis was performed on an online survey dataset collected from 104 professionals within the Australian construction supply chain. The results reveal that construction professionals’ attitudes and perceptions to C&D waste could be classified into normative, regulatory and cultural cognitive drivers. Also, the perceived barriers and strategies of C&D waste management vary across design consultants and principal and sub-contractors. Overall, the evidence is suggestive that the Australian construction industry seems not fully ready for a circular economy. In terms of research implications, clearer guidelines and mandatory approaches to C&D waste management, involving a balance of incentivization and dis-incentivization actions, and close and stronger collaborations between the industry and government, are deemed necessary for better C&D waste management performance and the realization of a greener industry.
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1. Introduction


In Australia, the National Waste Report by the Department of Agriculture, Water and the Environment [1] highlights that Construction and Demolition (C&D) waste has considerably increased by 32% per capita from 2006/2007 to 2018/2019. Around the same time, research has also shown that 834 million and 600 million tonnes of C&D waste were generated across 36 European countries [2] and in the US [3], respectively. Evidence has shown that the amount of C&D waste generated is strongly associated with the social status of the population, the level of urbanization and economic development of countries [4]. This collectively adds weight to the World Bank’s [5] conclusion that, without urgent and appropriate actions taken to minimize the impact of rapid urbanization and growing population on the current environment, the amount of C&D waste generated across the globe will increase considerably, by 70 percent by 2050. As Roche and Hegarty [6] suggested, in the context of the present research, C&D waste is defined as the surplus materials and damaged products, and other wastes that arise, from construction, renovation and demolition, as well as other construction activities.



Admittedly, C&D waste management is not new and has indeed been well researched in the construction domain, with recent research directions linking to the concept of circular economy [7,8,9]. Conceptually, waste management is related to the concept of circular economy in how waste could be recaptured as a form of resource for manufacturing new materials and products, and in how materials, products and services could be designed and reconfigured to be less resource intensive [10]. To this end, Ghaffar et al. [7] argue that an integrated management of C&D waste is an important step to a circular economy and share the views of Dainty and Brooke [11] and Ofori [12] that stronger and more comprehensive collaborations between scientists, policymakers and construction stakeholders are the gateway for effective C&D waste management and resource recovery before a circular economy could be realized. However, this seems an endless conundrum, whether construction stakeholders are culturally, commercially and technically prepared for better waste management effort and performance.



In reality, C&D waste management could be an ongoing issue, which deserves further attention considering the following: (i) the construction industry is one of the cannonading industries that contribute to a nation’s economic and societal development, and it does not stop building projects; (ii) construction projects are increasingly becoming more complicated, involving different materials, products and techniques; (iii) client and governmental requirements, and societal and workforce expectations, are changing; and (iv) the business environment is becoming more volatile, and construction companies are increasing prone to external shocks and disruptions to their operations. Moreover, current research focuses seem relatively fragmented, in which most studies considered C&D waste management as either an isolated problem or the sole responsibility of individual project stakeholders, such as (i) design professionals (e.g., [13]); (ii) construction project managers and operatives (e.g., [14]) (iii) government bodies and authorities (e.g., [15]); and (iv) waste management specialists (e.g., [16]). Little or no empirical study has adopted the institutional and actor network lenses to revisit the attitudes and perceptions of stakeholders towards C&D waste management and if they are ready for a circular economy. Particularly, little is known about subcontractors’ viewpoints. Collectively, these bring about the following questions:




	
How are the attitudes and perceptions towards C&D waste management varied among construction stakeholders?



	
Is the industry, as an institution, doing enough and the current C&D waste management being effective to facilitate the transition to a circular economy?








In addressing the above questions, this research aims to investigate the attitudes and perceptions of construction professionals across the Australian construction supply chain, by: (i) examining their attitudes and perceptions towards C&D waste management and (ii) determining if there are significant differences in the attitudes and perceptions among design consultants, principal contractors and sub-contractors towards C&D waste management. For ease of reference, the term ‘design consultants’ refers to architects and specialist consultants hereafter. These research objectives are particularly important due to the recent direction set by the Department of Climate Change, Energy, the Environment and Water (DCEEW) of the Australian government [9] towards building a circular economy by 2030. The research findings offer a more comprehensive and integrated perception of C&D waste management across the construction project supply chain, hence presenting an overall indicative status of waste management in Australian construction projects and the industry’s progression to creating a circular economy. More importantly, the research helps to inform relevant authorities or professional bodies of the potential gaps and issues between respective stakeholders and, thus, enable them to configure targeted approaches towards bridging the perceived gaps, in turn, continually improving the overall C&D waste management performance in the Australian construction industry.




2. Literature Review


Over the past four decades, there has been ongoing discourse on the root causes of poor C&D waste management and the attitudes and behaviors of project stakeholders towards C&D waste management across Australia [17,18], China [13,19], Singapore [20,21], Malaysia [22], Hong Kong [23,24], the United Kingdom [25,26] and the US [27]. Furthermore, there is a replete list of recommendations for the construction industry to achieve improved C&D waste management for the effective implementation of sustainable construction and realization of a circular economy [7,8] Table 1 summarises a list of relevant factors identified in previous studies.



It is noted that a considerable amount of research has documented the perceptions of clients, principal contractors and recycling companies to C&D waste management processes and the perceived barriers to their implementation in construction projects. Unfortunately, after two decades, little has changed, with most of the recent findings tending to support the conclusions of Teo and Loosemore [14] and Lingard et al. [50], where the overall waste management attitudes among construction operatives were not negative but waste management was often neglected in the initial design and planning phase and lowly prioritized in construction processes, mainly due to human, resources, technology and institutional factors. For example, Kabirifar et al. [51] found that there is a lack of consensus and coordination among stakeholders in C&D waste management, while studies have also shown that the profit- and cost-driven mindset of construction firms has undermined the effective implementation of C&D waste management and overlooked the potential benefits of adopting closed-loop construction and re-using and recycling waste [7,35]. This indeed points to the following rhetorical question: “Are construction stakeholders ready to put aside their principal-agent relationship and fragmented business and project goals for more effective waste management implementation and better performance?” (c.f. [11,52]).



Nevertheless, to tackle some issues identified above, studies have proposed predictive and analytical waste minimization systems and frameworks (e.g., [53,54]), BIM-based tools and collaborative practices (e.g., [48,55]) and design and construction processes (e.g., [7,25]). Also, a considerable amount of research has explored the role of government and the effectiveness of prevailing legal frameworks towards minimizing the amount of C&D waste (e.g., [15]). More recently, Andersson and Buser [8] adopted the institutional perspective in examining the C&D waste management and readiness of the European Union in moving toward a circular economy and found that, despite the implementation of relevant legislations and action plans, little has changed in how the construction industry deals with C&D waste. This, thus, leads to the call for more research to explore the normative associations among construction stakeholders and their attitudes and perceptions towards C&D waste management.



2.1. Theoretical Perspectives of C&D Waste Management


In this study, three theories were integrated to help explain the attitudes and perceptions of construction stakeholders. These include the following: (i) Latour’s [56] actor network theory; (ii) Jensen and Meckling’s [57] agency theory; and (iii) Powell and DiMaggio’s [58] institutional theory. Collectively, this provides a useful theoretical lens towards examining how project stakeholders’ attitudes and perceptions towards C&D waste management are generated because of the sequential nature of construction activities and their contractual relationships within an ever-changing project environment.



As Cerulo [59] suggests, the actor network theory postulates that the social relations between people and their ideas are treated as agentic entities that form a broad network. Based on this perspective, this means that project stakeholders’ (i.e., actors) attitudes and perceptions to C&D waste management should not be considered in isolation but as a complex web of association and domino effects, characterised by their thought processes, material and technical objects and choices across design consultants, principal contractors and sub-contractors. Particularly, in the light of the planning, design and construction phases, the actions and ideas of design consultants could shape the project design and, in turn, shape the planning and construction processes and ideas of principal contractors, who would outsource most of the construction work to their sub-contractors.



However, as the agency theory underpins, project stakeholders are often contractually involved in a principal–agent relationship and, in some cases, their relationship could be driven by risk management. As Ceric [60] and Eisenhardt [61] conceptualized, moral hazards could take place in construction projects, particularly when agents and principals have different goals, attitudes and perceptions towards particular business matters, and that, in some instances, the agents could focus more on maximizing their benefits and advantages rather than acting in the best interest of their principal and to the overall projects. To this, Ceric [62] and Hendry [63] also added that both the principals and agents could exhibit opportunistic and self-interested behaviors and, in turn, create hold-up and adverse selection problems. For example, in the context of construction, design consultants could have made prior commitments to waste management through their project designs, but principal contractors opted for more economically viable rather than environmental-friendly options and engaged less reliable and experienced sub-contractors to perform the respective tasks. This will eventually create hold-up and adverse selection problems. On the other end, if design consultants were not experienced nor aware of waste management and appropriate techniques, they could create hold-up problems for principal and sub-contractors in their waste management efforts. Regarding this, Beldek et al. [64] found that construction firms were often found to use less environmentally friendly practices and not aware of the consequences of sending C&D waste to landfill, while design consultants were not fully conscious of their design approaches towards influencing the use of more green materials and practices in construction projects.



From the institutional theory perspective, the construction industry could be considered as an institution that involves many actors (including those above-mentioned) whose behaviors and perceptions could be controlled by a set of norms, rules and values embedded in the industry, leading them to behave and perceive matters in certain homogeneous (but perhaps also non-rational) manners to building and maintaining their legitimacy [58,65]. As DiMaggio and Powell [58] highlight, these institutional specific forces are known as isomorphism, which could be further classified into the following: (i) coercive (i.e., regulative) isomorphism, which relates to the pressures exerted from critical project stakeholders such as government and regulatory bodies; (ii) mimetic isomorphism, which refers to the actions and pressures from other project stakeholders (i.e., competitors or counterparts) that force individuals and organisations to imitate; and (iii) normative isomorphism, which relates to the pressures and expectation from social circles and professional and industry bodies to adopt certain institutional practices and perceptions.



Based on the above, the following hypotheses were formulated:



H1. 

Attitudes and perceptions of project stakeholders to C&D waste management could be classified along the dimensions of (i) regulativedrivers; (ii) normativedrivers; and (iii) cultural cognitive drivers.





H2. 

Attitudes and perceptions of C&D waste management could vary among design consultants and principal and sub-contractors.






2.2. Research Method


An online questionnaire survey was undertaken across the Australian construction supply chain, involving design consultants and principal and sub-contractors. The online questionnaire survey was adopted because it removes the physical geographic barriers and increases the width of survey distribution, offers anonymity and is more cost effective to administer. More importantly, it was supposedly the best fit for the targeted respondents, who are busy construction practitioners, to complete the questionnaire based on their availability and preference [66].



However, it is also acknowledged that the online questionnaire survey does have its drawbacks: (i) low reliability and validity of survey data, and low response rate [67]; (ii) possible biases that arise from sampling and individual responses [68]; and (iii) lack of potential richness and insight into certain phenomena [69]. Of these, Tan [68] further adds that a low response rate is not uncommon in construction research and, thus, it is important for researchers to simplify their questionnaire. As such, various measures were adopted in this research to minimize these problems, including: (i) designing and pilot-testing the structured questionnaire to ensure the questions were clear and straightforward and the questionnaire was concise; (ii) including an instructional page on the online questionnaire survey, highlighting the research significance and reminding respondents to answer individual questions based on factual situations; (iii) ensuring them of anonymity and confidentiality of their responses; (iv) including motivational quotes and graphics on each page of the online questionnaire; (v) incorporating a progress bar in the online questionnaire; and (vi) including open-ended questions in the respective section to encourage respondents to share their opinions and experiences on some phenomena. This provided us with richer qualitative data to support our results.



In this study, the structured online survey questionnaire comprised four main sections. In the Section 1, respondents were asked to provide their background information, such as age, gender, role and the number of years of working experience in the current role. Thereafter, for Section 2 and Section 3, they were requested to rate statements, regarding: (i) their attitudes to C&D waste and its management and (ii) perceptions concerning the causes of waste and barriers and strategies for effective waste management, on a 5-point Likert scale, ranging from 1 “Strongly disagree” to 5 “Strongly agree”. Despite being perceived as less reliable and accurate in its predictive capacity (see [70]), a 5-point scale was preferred here over the 7-point scale, mainly due to its ease of understanding and use for industry respondents who might take less time and effort when completing those questions using the former rather than the latter. Finally, the respondents were asked to rate the frequency at which they participated in configuring, implementing and enacting waste management strategies in their project, ranging from 1 ‘Never’ to 5 ‘Always’. Furthermore, three open-ended questions were included to enable respondents to provide feedback and share their thoughts on additional causes of waste, barriers and strategies towards C&D waste and its management that they had experienced. The questionnaire was pre-tested and validated using a pilot study, allowing refinements before an industry-wide survey. See Table 1 for the measurement items used in the structured survey questionnaire.



A simple random sampling method was adopted in this research, whereby respondents were invited from the sample frame generated from the Master Builders Association (MBA) and the New South Wales Architects Registration Board. Initial email invites with the survey link were sent to the members reflected in these two registries, explaining the aim of the research and assuring anonymity and confidentiality. About two weeks after the initial invite, follow-up emails and calls were made to targeted respondents to improve the response rate. Overall, a total of 138 responses were collected. Of these, only 104 were considered valid for analysis. The rest were either incomplete or considered unreliable and biased due to the midpoint responses given by respective respondents across all questions; hence, they were omitted from the database.



Table 2 summarises the background information of the respondents. It is notable that, despite the extra effort by making follow-up phone calls in attempts to increase the response rate from targeted sub-contractor respondents, this group of participants appeared to be more resistant than their counterparts to participating in the questionnaire survey, which could mainly be due to their unavailability, time and resource constraints.



Prior to the data analysis, the dataset was first examined for normality using histograms, skewness, kurtosis, the Shapiro–Wilk (S-W) and the Kolmogorov–Smirnov (K-S) tests. The test results revealed that the dataset did not fulfil the normal distribution assumption, with the skewness and kurtosis values ranging from −1.471 to 1.558 and −1.069 to 3.959, respectively. Furthermore, the S-W and K-S test results were statistically significant at p < 0.05. It follows that several non-parametric tests were adopted in this study. First, the exploratory factor analyses (EFA) were undertaken to determine the dimensionality of respondents’ perceived barriers, strategies and attitudes towards C&D waste management. Two indices were used to assess the convergent reliability and validity of measurement items within their respective dimensions, namely: (i) factor loading must be at least 0.55 (following Comrey’s [71] definition of a good measurement item), and (ii) the Cronbach’s alpha coefficient must be at least 0.70 [72]. A threshold factor loading of 0.55 was adopted, rather than the commonly accepted value of 0.70, mainly because this research was at its exploratory phase (following the techniques proposed in [21,73]). By doing so, some important measurement items characterising respective key dimensions would not be removed unnecessarily; hence, the convergent validity of those measurement items would not be compromised. To complement the EFA findings, the relative prevalence indexing (RPI) method was adopted to facilitate the relative comparisons of measurement items relating to respondents’ attitudes and perceived causes of C&D waste and its management. The RPI method was used rather than the arithmetic average method because it enables relative comparisons of measurement items under each dimension and across the dimensions, which was not possible by directly comparing the arithmetic average of each item. To compare the prevalence of dimensions, the overall average RPI of each dimension was computed by averaging the RPI of all measurement items of each dimension (see [74,75]).



Next, the one-sample Wilcoxon Signed Rank (WSR) test was performed to determine if the median values of the sample were significantly different to the test median value of 3 (i.e., the midpoint of the 5-point Likert scale). This helps to reveal if there was significant consensus among the respondents about the perceived causes of C&D waste, perceived barriers, attitudes and behaviors towards C&D waste management. Next, to examine if there were significant differences in the attitudes, perceptions, and behaviors across the three groups of respondents reflected in Table 2, the Kruskal–Wallis H (KWH) and post hoc pairwise comparison tests were conducted, for which the Bonferroni correction procedure was adopted to counteract the problem of multiple comparisons by dividing the p-value (i.e., 0.05) over the number of pairwise cases involved (i.e., 3). This, thus, helps inform which pair of respondent groups adopted different stances towards C&D waste management.





3. Results and Discussions


Overall, as summarized in Table 3, it could be seen that perceived barriers and strategies, and attitudes, have Kaiser–Meyer–Olkin (KMO) and χ2 values ranging from 0.625 to 0.780 and 162.71 to 421.68, which are significant at p < 0.05, respectively. These indicate that the dataset is sufficient and useful in explaining the EFA findings. It is found that respondents’ attitudes, perceived barriers and strategies towards C&D waste and its management are multidimensional, whereby each dimension comprises at least two measurement items: (i) factor loadings of ≥0.55, ranging from 0.56 to 0.89; (ii) Cronbach’s alpha value of ≥0.7, ranging from 0.70 to 0.83; and (iii) eigenvalues of >1, ranging from 1.19 to 4.26. These collectively provide confidence of convergent reliability of measurement items within their respective dimensions.



3.1. Perceived Barriers towards C&D Waste Management


Table 4 summarises the perceived barriers of C&D waste management. It is notable from Table 3 that the identified barriers could be classified and contextualized along the following dimensions: (i) culture; (ii) lack of commitment; (iii) lack of market availability and incentive; and (iv) lack of resources. The findings in Table 4 reveal that the industry’s culture (i.e., cultural cognitive drivers) and lack of market availability and incentive (i.e., regulatory drivers) are the key barriers towards waste management, with an overall average RPI of 0.78. These findings are not unexpected but discouraging as the image of the construction industry being one of key contributors to landfill waste and its opportunistic and risk transfer cultures has not changed over the past two decades (see [73,76,77]). As shown in Table 4, the industry’s culture could be characterized by: B3 ‘culture and attitude towards waste’, B2 ‘waste is not receiving enough attention in design’, B6 ‘lack of time’ and B11 ‘reluctance to use recycled materials’, with respective RPIs ranging from 0.73 to 0.82, and the respective median values of 4, significant at p < 0.001. Notably, this bleak phenomenon of perverse waste culture and behaviors is also present in the UK construction industry, as highlighted by Ajayi et al. [78], who point out the need for a cultural shift across five main stumbling blocks before better waste management performance could be realized. These include the following: (i) ‘make-do’ attitude and processes in construction before finalization of design; (ii) non-collaborative culture across project stakeholders; (iii) blame culture and risk transfer between designers and contractors; (iv) waste inevitability attitude and behaviour; and (v) averseness towards innovative approaches. Sadly, after almost two decades, our findings also tend to support the corresponding conclusions of Teo and Loosemore [14] and Osmani et al. [28] that construction operatives still perceive waste as an inevitable by-product of construction activities, and there is little collaboration among project stakeholders to reduce waste during the design process. To this, Lim et al.’s [79] survey of Australian quantity surveyors also shows that the lack of support and commitment from design consultants is one of the key hinderances towards the effective implementation of sustainable procurement and life cycle costing approaches. Collectively, the picture that emerges from here tends to support Ajayi et al.’s [49] claims that the design stage and role of design consultants are important drivers towards implementing an effective overall waste minimization strategy, but they have not been given sufficient attention. Their findings reveal that effective design attributes for waste minimization could be categorised into: (i) standardization and dimensional coordination; (ii) design for modern methods of construction; (iii) flexibility and adaptability; (iv) end-of-life consideration; and (v) BIM coordination. This further points to the above-mentioned importance of considering using prefabricated components, recyclable or recycled materials and products, and ensuring the correctness of dimensions of work components towards preventing off-cuts for improved waste minimization. In accepting this, Kabirifar et al. [51] and Osmani et al. [28] point out that construction stakeholders should embrace proactive rather than reactive approaches towards reducing waste, placing greater emphasis on the planning and design phase of a construction project with careful design detailing, specification and selection of reusable and recyclable materials, rather than implementing waste management and minimization strategies during the construction stage.



Ironically, in this study, stakeholders’ reluctance towards using recycled materials (B11) and their perceived time constraints (B6) are found to be ingrained in the prevailing cultural issues. These phenomena could be partially due to: (i) the lack of specifications, technical, information and quality standards for recycled products [7,80]; (ii) government authority’s disapproval [17]; (iii) higher initial cost of using recycled and green materials than conventional materials [81]; and (iv) lengthier approval process with the use of green materials and technologies [81]. Interestingly, some respondents added that:




“The government wants too much tax levy. They do not want recycling or tax reduction. I had a bad experience with this…”



Respondent 17 (principal contractor)






“Sometimes companies not knowing of opportunities for recycling and re-use of materials to which they ascribe little value but which have value to others; some staff not wanting to bother to stop and think about cutting in ways that lead to least waste, doing anything but dumping all leftover materials in the bin, etc”.



Respondent 49 (waste specialist subcontractor)






“I think architects are keen to reduce waste and use recycled/recyclable materials but perception by clients is that it’s expensive or by builders that if they substitute for something cheaper, they can achieve a larger profit margin… part of the problem with D&C contracts is material substitution and lack of accountability”.



Respondent 98 (design consultant)






“The material specification and detailing are poor, [and there is] very limited information from material suppliers”.



Respondent 67 (design consultant)






“Demolition of buildings [and] lack of recycling of demolition materials [are key causes]… EPA classifications and rules do not enable soils ‘contaminated with ‘solid waste’ or other impurities to be recycled and reclassified. The EPA wants all these materials taken to licensed landfills…”



Respondent 16 (principal contractor)





The findings in Table 4 also suggest that the lack of market availability and incentives (i.e., regulatory drivers) could partially account for the current cultural issues, as the former is characterized by B4 ‘lack of recycling markets’ and B5 ‘lack of government support’, with corresponding RPIs of 0.78 and 0.77. This tends to support the findings of previous studies [82,83,84] that there is a considerable lack of government support and funding towards promoting the development of waste recycling plants. This, thus, makes recycling operations economically unviable and less competitive due to the extensive recycling treatment processes and the operation costs involved. Notably, Thornton’s [85] recent report highlights that the Australian federal government has plans to invest AUD 190 million into new recycling infrastructure and attract about AUD 600 million in private investment for the development of the recycling market. The report further underlines the importance of prioritizing and implementing strategies to promote the culture and best practices of waste avoidance, reducing contamination and creating markets for recycled materials rather than simply having more recycling infrastructure, as the latter is not sufficient to solve the prevailing waste problems. This also tends to add weight to Liu et al.’s [54] conclusions that promoting appropriate waste management behaviors through the implementation of appropriate incentive policies is critical for the successful implementation of waste reduction and that governments play an important role in ensuring procedural fairness, where every firm is given equal access to respective public funding. Shooshtarian and Maqsood’s [86] recent research also supported the latter and showed that the active engagement and collaboration of stakeholders, towards developing a circular economy among waste operators, waste producers, suppliers, communities and governments, are the keys towards achieving optimal waste recycling performance in Australia. In response to this, Respondent 64 (i.e., a principal contractor) interestingly commented that:




“The waste industry seems to be profiteering and not providing practical solutions to reduce waste costs”.





All these collectively point to the opportunistic and moral hazard behaviors of construction supply chain parties and to Ofori’s [12] argument that greening and educating the construction supply chain are essential for effective waste management and so sustainable construction.



Table 4 further reveals that the lack of commitment from management and clients (i.e., normative drivers) is the third group of barriers, which is characterized by B1 ‘Lack of training, awareness and knowledge of waste management’, B8 ‘Lack of client support’ and B9 ‘Lack of managerial support’, with RPIs ranging from 0.73 to 0.81 and the respective median values of 4 significant at p < 0.001. This tends to support Shen and Tam’s [33] findings that a lack of trained staff and expertise was the major barrier to implementing environmental management in the Hong Kong construction industry. Agreeing with this, Tam et al. [44] points out that proper training and education are essential to changing operatives’ attitudes and behaviors towards waste minimization, and Begum et al.’s [87] research has shown that operatives who had training tended to have more positive attitudes toward waste management then their counterparts who did not. The results also support the findings of Park and Tucker [15] and Udawatta et al. [18] that there was a lack of managerial commitment and client interest to waste management in construction projects in Australia. This unfortunately reveals that little has changed in the Australian construction industry over the past two decades, hence pointing to the need for a greater thrust towards educating and mandating the management of construction firms and clients of better waste management commitment and initiatives. To this end, some of our design consultant respondents criticized some aspects:




“[There are] lack of legislation imposed stringent material usage requirements”.



Respondent 5






“[There are] lack of guidelines and government regulations to mandate waste management”.



Respondent 104






“[It is a] cost item to and laziness of contractors…”



Respondent 62





The above could, thus, indicate that the prevailing voluntary approaches of waste management are not effective, as [15] and Ng et al. [88] also suggest, and that relevant mandatory guidelines and regulations should be implemented. For example, the building regulations of Australia and other sustainable rating methodologies or codes should go beyond energy and water efficiencies and focus on the recycling and reuse of construction materials. This is supported by Udawatta et al.’s [18] interview findings, in that there are no provisions for waste management in the National Construction Code (formerly known as Building Code of Australia) in terms of enforcement or as a review policy. It follows that government bodies or authorities could consider adapting and mandating the Green Star construction and demolition waste management credit framework towards promoting and rewarding practices that minimize the amount of C&D waste that will be disposed of as landfill. Like the Commercial Building Disclosure (CBD) program that mandates vendors or lessors of commercial office space to obtain and disclose a Building Energy Efficiency Certificate (BEEC), the government bodies or authorities could also make NABERS waste rating mandatory. Interestingly, as Shooshtarian et al. [89] points out, the non-compliance with international reporting obligations and increases in illegal dumping and administration cost for waste management across different states and territories could collectively hinder the recent thrust for the development of the Australian recycling market that is attractive for private investors.



The last category of barriers in Table 4 is established around the lack of resources, which is characterized by B7 ‘site space constrains’ and B10 ‘financial burden’, with an RPI of 0.72 and respective median values of 4, significant at p < 0.001. This tends to support the findings of previous studies [18,24,88] that the lack of space to segregate waste on site and cost were two of the key limiting factors in construction project waste management. This further points to the short-term profit and cost-driven nature of the construction industry. Particularly, if competitive tendering using the bid price as a key contractor selection criterion is the most common method of procurement in construction projects and there is a lack of client support or interest in project waste management (an item previously discussed), principal and sub-contractors are very likely to be cost conscious and be less motivated towards implementing on-site waste management strategies, unless there are incentives or penalties adhering to waste performance. This is strongly supported by Respondent 73 (i.e., a design consultant), who highlighted that:




“[There is] little financial incentive to minimize waste on site [as] it often costs more to reduce waste than it does to buy new materials. Labor costs in Australia are high and waste minimization tends to take additional labor, e.g., more design time, more construction planning. There probably needs to be financial incentives for minimizing waste, or financial penalties for producing waste, although that could likely add costs to construction which will get passed on to clients…”





Complementing the above findings, out of the 11 barriers shown in Table 4, we found that there were significant differences among different project stakeholders in their perceived lack of training, awareness and knowledge of waste management (i.e., B1), with a KWH test value of 7.35 that is statistically significant at p < 0.05. The post hoc test results interestingly show that designer consultants are more likely to perceive B1 as a key barrier to waste management than principal contractors, with an χ2 value of 14.47, significant at p < 0.05. This, indeed, could help substantiate the finding why B2 (i.e., waste has not received enough attention in design) has been found as the top three barriers of waste management, and there is a considerable amount of project management research focused on the role, importance and knowledge of architects and design consultants towards project waste management (e.g., [13,29,49]). Our findings also tend to support Kpamma and Adjei-Kumi’s [90] survey findings of design consultants in Ghana that there was a generally low recognition of sources of waste in project design processes and little awareness of waste reduction tools and lean design management. In this regard, some of our respondents mentioned, which also showcased the fragmented nature and lack of communication across the construction supply chain, that:




“The siloing of skills between building designers and builders… building designers are not generally aware of proprietary standard supply dimensions of materials on the market; thus, waste is created by the designers’ dimensions…”



Respondent 47 (principal contractor)






“Waste management is considered as the contractor’s issue and therefore is not considered by consultants other than the waste management consultant. This leads to waste management becoming a construction management issue rather than a design issue to be tackled by the design team. The design team is effectively insulated from this issue and therefore has less say on this issue hindering effective implementation of waste management in construction…”



Respondent 65 (design consultant)






“Suppliers always specify minimum quantities, e.g., full boxes of tiles when only half needed; [thus creating unnecessary wastage]”.



Respondent 73 (design consultant)






3.2. Waste Management Strategies


Table 5 summarises the test results regarding respondents’ perceived strategies that could be adopted to improve waste management. Generally, it is found that their perceived strategies could be classified along the following dimensions: (i) compliance and governance; (ii) design and planning; and (iii) education and training (see Table 3). Of these, respondents tend to prioritize the importance of education and training (i.e., cultural cognitive drivers) for better waste management, with an overall average RPI of 0.80, and this is characterized by S2 ‘training and education on waste management’ and S9 ‘reducing the number of design errors via use of advanced technology (i.e., BIM)’, with corresponding RPIs of 0.84 and 0.76 and respective median values of 4, significant at p < 0.001. This tends to support the findings of Udawatta et al. [32] and Yuan [41] that training and education for all project stakeholders are the essential drivers of more effective waste management, as they will help to improve their awareness of resource saving and environmental protection through waste minimization and management, as well as their design, planning, technical and management skills. This was further reinforced by Yu et al. [24], who recommended that there is a need for closer collaboration between government authorities to provide and conduct training classes for construction operatives and stakeholders, particularly on the use of new technologies to facilitate flexibility in design for effective waste reduction and management. To this, Ganiyu et al. [91] points out the importance of developing the BIM competence of project stakeholders for the delivery of waste-efficient building projects, organizing training to develop their abilities to minimize design changes during construction by adhering to the models; generate construction waste-related information from design models; use visualized models to reduce rework; adopt modular construction techniques; and recognise and recommend reusable materials for respective construction activities. On a project level, as Foresight environmental [92] and McDonald and Smithers [93] suggest, project managers should also ensure that site-specific waste management induction and training are provided to all site operatives who will be briefed of relevant waste reduction and recycling initiatives and, in turn, be regularly updated of the project waste management status and performance.



Also, as shown in Table 3 and Table 5, our respondents perceived that greater emphasis should be placed on the design and planning (i.e., normative driver) aspects of waste management (with an overall average RPI of 0.78), characterized by S3 ‘establishing a waste recycling market’, S6 ‘designing out waste’, S7 ‘using prefabrication’ and S8 ‘improving communication amongst stakeholders’, with RPIs ranging from 0.75 to 0.83. This tends to add weight to Yu et al.’s [24] recommendations that promoting stronger collaboration among project stakeholders, developing a more established waste and recycling market, designing and implementing an efficient platform for waste exchange and a comprehensive credit-earning building environmental assessment system could collectively help to provide more avenues for recyclable items at a lower cost and, more importantly, establishing a stronger degree of buy in from key stakeholders, incentivizing good waste practices and behaviors. Particularly, the WRAP’s [94] research report underlined the importance of closer collaboration among key project stakeholders for designing out project waste, considering and implementing different design strategies around the following areas: (i) re-use and recovery; (ii) off-site construction; (iii) material optimization; (iv) waste-efficient procurement; and (v) deconstruction and flexibility. This is further reinforced by two of the respondents:




“The industry needs to be given the opportunity and incentives to create a better system for recycling…not just those people in government offices who have never worked in the industry”.



Respondent 18 (principal contractor)






“Government needs to spend the funds collected through waste on addressing the issues which relate to the amount and cost of waste”.



Respondent 32 (principal contractor)






“Setting waste management as an objective as part of the brief and the tender by the client will push the industry to implement more effective waste management policies”.



Respondent 65 (design consultant)





Lastly, it is notable from Table 3 and Table 5 that compliance and governance (i.e., regulatory drivers) for better waste management performance are essential, with an overall average RPI of 0.76, and could be characterized by S4 ‘implementing a waste management plan’, S5 ‘onsite waste sorting for reuse and recycling’, S10 ‘improving government legislation and compliance requirements’ and S11 ‘implementing just-in-time procurement approach’, with RPIs ranging from 0.68 to 0.81. This indeed reinforces our previous discussion around the lack of government regulations to mandate waste management in Australia and further points to the essential role of government towards driving waste reduction, recycling and reuse of materials. An interesting trend here is that S4 and S5 have been categorised along with S10, thus suggesting that there is a drive for government bodies to consider legalizing the implementation of a site waste management plan (SWMP) and provision of on-site waste-sorting facilities; particularly, there are no such legal requirements hitherto in Australia. Through this, principal contractors are mandated to submit a detailed SWMP for the construction certificate application and implement those waste reduction and recycling practices, which will subsequently be audited by certifiers. This is indeed reinforced by some of our design consultant respondents, who highlighted that:




“Compliance is often not monitored. Waste Management Plans are usually required by Councils at Development Approval stage but should be applied at the Construction Certificate stage. Waste bins should be classified so that sorting could happen on construction sites and be monitored by Certifiers”.



Respondent 82






“There need to be better legislation around packaging of products for manufacturers… the amount of plastic film wrap used in deliveries is insane and, crappy particularly the use of little plastic spacers and cable ties could not be recycled… It’s appalling”.



Respondent 98





Our findings also tend to support Ajayi et al.’s [43] conclusion that the use of a Just-In-Time (JIT) delivery approach is important for mitigating waste through material procurement processes and material handling. However, it is not clear why S11 is the lowest-ranked strategy, as evidenced by its RPI of 0.68. Perhaps, as Ajayi et al. [43] explains, this could be due to the reason of economies of scale, whereby construction companies prefer purchasing and receiving construction materials in bulk rather than obtaining them whenever project teams need them. The authors, however, underline that the JIT arrangement is touted to be a more cost-effective approach than bulk delivery if the cost of waste prevention is considered, but that the main risk is that project teams need to be cautious of the schedule of respective tasks. To this, Respondent 49 (a waste specialist subcontractor) interestingly highlighted that:




“Keeping to schedules requiring doing things the quickest way… even if more waste was generated by some methods or subbies, aka “time is money” orientation of large companies would prefer using them to those generated less waste…Thus, the culture has to change at biggest firms, including some who crow about their recycling records (but who are NOT getting great re-use out of materials, or handling them in the most environmentally efficient manner)… companies that deal with billion dollar projects see a few million dollars of waste as just “noise” that is not worth slowing down their major works for… thus having the client sign off on the site waste management plan may work, but even then, sometimes clients are just after the cheapest solution, rather than the one that is best environmentally…”





Notably, it is found that there are significant differences between design consultants and principal and sub- contractors in terms of the perception towards S6, S7 and S9, with the KWH test values ranging from 6.55 to 13.99, significant at p < 0.05. The respective pairwise comparison results show that design consultants (with mean rank = 60.36) are much more supportive in the designing-out waste concept than sub-contractors (with mean rank = 38.42), with an χ2 value of 21.93, significant at p < 0.05. This is not unexpected, as clients, design consultants and principal contractors are often touted to be the key decision makers at the design stage of construction projects [94,95], and sub-contractors are usually not involved at that early stage and administrated by principal contractors in the subsequent construction phase for respective work packages. Furthermore, our study found that principal contractors (with mean rank = 59.79) tend to place greater significance than design consultants (with mean rank = 43.59) on reducing the number of design errors via the use of advanced technology (e.g., BIM), with an χ2 value of 16.20, significant at p < 0.05. This is an interesting phenomenon, considering that design consultants have shown significant support for S6 over S9 and that a considerable amount of research has documented the benefit and use of BIM for designing out construction waste [48]. The overall picture that emerges from here is that design consultants tend to show reluctance to admit design errors, adding weight to Osmani et al.’s [28] conclusions that architects did not believe nor agree that waste is often generated during the early stages of design or due to design errors, and their strong disinclination was strongly criticized by contractors.



Furthermore, we found that that both design consultants (with mean rank = 62.97) and principal contractors (with mean rank = 50.66) show greater support and appreciation for using prefabrication than sub-contractors (with mean rank = 29.38), with corresponding χ2 values of 33.59 and 21.93, significant at p < 0.05. These tend to support Lu and Liska’s [27] findings that both design consultants and principal contractors are very supportive of using prefabrication, as this method could help to reduce the overall project schedule, increasing product quality and safety performance and reducing the number of skilled craft workers as well as the negative environmental impact of construction operations. To the other end, our finding also tends to support Goh and Loosemore’s [96] claim that Australian subcontractors are skeptical of using off-site construction methods and that they perceive the overall industrialization trend towards prefabricated construction components as more of a risk rather than an opportunity due to the potential loss of specialized skills, reduced scope of work that is usually required for conventional builds, increased competition and reduced margins. To this, subcontractors appear to be a victim for the industrialization trend as well as a culprit for hindering the increasing use of prefabrication. It follows that there is a need for certain levels of a balancing act among key project stakeholders, striving to obtain subcontractors’ buy-in towards using prefabrication and involving them as early as possible so that they can share their inputs and concerns. Particularly, as evidenced in the findings above, the role of relevant government bodies is crucial towards educating and motivating all stakeholders to be more waste conscious and environmentally friendly, incentivizing or disincentivizing good and bad waste behaviors and practices. This is further echoed by some respondents:




“More government subsidy should be provided to support the use of prefabrication, and perhaps, more research and product development grants… Furthermore, there should be some forms of reward system to incentivize good waste practices and performance”.



Respondent 28 (principal contractor)






“It is important to incentivize pre-fabrication and create a healthier market of pre-fabrication options… Maybe it should be included as a requirement in some green certification tools”.



Respondent 43 (design consultant)






3.3. Attitudes to C&D Waste Management


Having discussed their perceptions, Table 3 and Table 6 reveal respondents’ attitudes towards waste and its management, which could be classified into the dimensions of values (i.e., normative drivers) and culture (i.e., cultural cognitive drivers). It is notable that respondents’ attitudes are mainly driven by the industry’s culture, with an overall average RPI of 0.60, and that most of them perceived waste as an inevitable by-product of construction activities (A1; RPI = 0.67; WSR = 3.96 at p < 0.001) but believed that it has certain degrees of value (A2; RPI = 0.49; WSR = 7.00 at p < 0.001). Although no consensus was detected, respondents showed tendencies towards pushing the responsibility of waste management or minimization to their peers (A3; RPI = 0.63; WSR = 1.77 at p > 0.05). This, thus, further sheds light on the waste management culture and the opportunistic behaviour and moral hazards that exist within the construction supply chain relationship in Australia.



On the other end, our findings tend to support those of Teo and Loosemore [14] in that respondents’ attitude towards waste management is not negative, as evidenced by an overall average RPI of 0.44 for the ‘value’ dimension. Encouragingly, respondents tend to collectively dispute that waste management practices are only needed for large companies (A6; RI = 0.37; WSR = 8.44 at p < 0.05), time spent on waste management is a loss of production time (A5; RI = 0.47; WSR = 5.69 at p < 0.05) and waste management is less important than profit maximization (A4; RI = 0.49; WSR = 4.37 at p < 0.05). The overall image that emerges from here is that respondents are increasingly seeing the value of waste and waste management, particularly in this prevailing environment, as reflected in Loosemore and Lim [97,98], whose research shows that Australian and New Zealand construction supply chains were increasingly becoming aware of their business impact on the environment and placed top priorities on waste management practices towards showcasing their corporate social responsibility.





4. Summary and Research Implications


In summary, the overall results point to the multi-dimensional perspective of project stakeholders’ attitudes and perceptions of C&D waste management. However, given that there are different dimensionalities across the respective attitudes and perceptions, Hypothesis H1 (‘Attitudes and perceptions of project stakeholders to C&D waste management could be classified along the dimensions of: (i) regulative-drivers; (ii) normative-drivers; and (iii) cultural cognitive- drivers’) is, thus, partially supported. Similarly, H2 (‘Attitudes and perception towards C&D waste management could vary across design consultants and principal and sub-contractors’) is partially supported since there are statistically significant differences among these project stakeholders for only some of the measurement items on their perceived barriers and strategies to C&D waste management (i.e., B1, S6, S7 and S9, see Table 4, Table 5 and Table 6).



Overall, the findings show that the respondents’ attitudes and perceptions towards C&D waste management in the Australin construction industry are still largely driven by the industry’s cultural cognition of risk transfer and opportunistic behaviors of project stakeholders, and that the principal–agent contractual relationship and power hierarchy are still the key barriers to effective C&D waste management. The survey respondents acknowledged and criticized the role and behaviors of respective stakeholders towards managing C&D waste, showcasing the underlying features of the actor network and agency theories and pointing to the fragmented but multi-disciplinary and dependent nature of the construction industry as an institution. Unfortunately, despite the increasing adoption and recent push of relationship-based contracting and procurement [73,77], the present findings tend to suggest that there is a lack of emphasis on how contractual parties could share the risks and benefits of effective implementation of C&D waste management and resource recovery throughout the planning, design and construction phases of a project. Perhaps further research could look at how construction contracts should be better configured to include waste management and minimization as one of the project objectives and setting up mechanisms in policing and benchmarking the waste generated, recycled and reused. Furthermore, we found that there is generally a lack of awareness and knowledge of C&D waste management, recycling and reusing practices, which collectively lead to the call for more training and development to be provided.



To exacerbate the above-mentioned adverse environment, the findings further show that clients and government bodies tend to act as an inhibitor rather than a catalyst to better waste management performance. Lack of interest and support from clients and company management, lack of government support, lack of waste recycling market and attitude towards using recyclable materials could collectively be seen as disincentives towards proactive waste management efforts. Our findings point to the need for clearer guidance and stricter legislation on waste management and minimization and stronger collaborations between industry and government, such as (i) mandating the submission of a detailed site waste management plan in the construction certificate application; (ii) adapting and mandating the Green Star construction and demolition waste management credit framework towards promoting and rewarding effective and innovative waste management practices; (iii) promoting, governing and incentivizing the use of recycled materials and prefabrication in all public sector projects; (iv) establishing a more cost-effective waste recycling market; and (v) promoting and establishing a joint working group between industry and government.




5. Conclusions


The responsibility for more effective C&D waste management should lie across all stakeholders instead of a single specific project stakeholder, starting from the initiation to completion stages of a construction project. This research investigated the attitudes and perceptions of design consultants and principal and sub-contractors towards C&D waste management in Australia. The results demonstrate the multi-dimensional perspective of project stakeholders’ attitudes and perceptions towards C&D waste management, which could be classified along the dimensions of (i) regulative drivers; (ii) normative drivers; and (iii) cultural cognitive drivers. In addition, the attitudes and perception to C&D waste management vary across design consultants and principal and sub-contractors on their perceived barriers and strategies to C&D waste management. Our research offers a useful and integrated theoretical lens of multiple dimensions of C&D waste management and how different dimensions could predominate one another. Collectively, evidence has shown that, although there could be improvements in C&D waste management, the industry seems not fully ready for a circular economy.



However, we acknowledge that our findings are not conclusive but indicative. It follows that the findings could be interpreted with care and within the research limitations. The sample size was relatively small, and the majority of the respondents were design consultants and principal contractors. Future studies should, thus, place more emphasis on increasing the overall responses, collecting the perception and attitude of sub-contractors and bringing in the perspective of project clients and government bodies. Also, this study did not attempt to model the effects of attitudes and perceptions on the behaviors or intention of project stakeholders, nor empirically examine the interrelationships between regulative, normative and cultural cognitive drivers towards implementing C&D waste management. These limitations could be potential areas for future research.
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Table 1. List of factors identified in the literature.
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	Item Code
	Description
	Authors





	
	Attitudes
	



	A1
	Waste is an inevitable by-product of construction activities
	Teo and Loosemore [14], Osmani et al. [28,29]



	A2
	Waste has no value
	Osmani et al. [28,29]



	A3
	My peers are responsible for waste management/minimization
	Yuan et al. [30], Yuan [19]



	A4
	Waste management is less important than profit maximization
	Kulatunga et al. [31], Udawatta [32]



	A5
	Time spent on waste management is a loss of production time
	Kulatunga et al. [31], Osmani et al. [28,29]



	A6
	Waste management practices are only needed in large companies
	Kulatunga et al. [31], Osmani et al. [28,29]



	
	Barriers
	



	B1
	Lack of training, awareness and knowledge of C&D waste management
	Shen and Tam [33], Osmani et al. [28,29], Lu et al. [34], Poon et al. [35], Park and Tucker [15], Mahpour [36]



	B2
	Waste is not receiving enough attention in design process
	Osmani et al. [29], Yuan et al. [30], Yuan [37], Ajayi et al. [16], Udawatta et al. [32], Mahpour [36]



	B3
	Poor culture and attitude towards waste
	Teo and Loosemore [14], Osmani et al. [28,29], Yuan et al. [30], Yuan [37], Ling [38], Mahpour [36], Udawatta et al. [18]



	B4
	Lack of recycling market
	Yuan et al. [30], Poon et al. [35], Park and Tucker [15], Udawatta et al. [18], Mahpour [36]



	B5
	Lack of government support
	Shen and Tam [33], Tam et al. [17], Yuan et al. [30], Yuan [37], Ling [38], Udawatta et al. [32], Park and Tucker [15], Mahpour [36]



	B6
	Lack of time
	Teo and Loosemore [14], Poon et al. [39], Shen and Tam [33], Kulatunga et al. [31], Ling [38], Udawatta et al. [40], Mahpour [36]



	B7
	Site space constraint
	Poon et al. [39], Yuan et al. [30], Yuan [37], Poon et al. [35], Udawatta et al. [18]



	B8
	Lack of client support and interest
	Shen and Tam [33], Osmani et al. [28,29], Yuan et al. [30], Ling [38], Park and Tucker [15]



	B9
	Lack of managerial support and commitment
	Teo and Loosemore [14], Shen and Tam [33], Yuan et al. [30], Poon et al. [35], Udawatta et al. [18], Mahpour [36]



	B10
	Financial burden
	Teo and Loosemore [14], Shen and Tam [33], Kulatunga et al. [31], Tam et al. [17], Yuan et al. [30], Yuan [37], Poon et al. [35], Ajayi et al. [16], Udawatta et al. [18,40]



	B11
	Reluctance to use recycled materials
	Teo and Loosemore [14], Tam et al. [17], Mahpour [36]



	
	Strategies
	



	S1
	Promoting financial incentives
	Dainty and Brooke [11], Osmani et al. [29], Tam et al. [17], Yuan et al. [30], Ling [38], Park and Tucker [15],



	S2
	Providing training and education on C&D waste management
	Teo and Loosemore [14], Shen and Tam [33], Dainty and Brooke [11], Osmani et al. [29], Yuan et al. [30], Yuan [41], Poon et al. [35], Ling [38], Udawatta et al. [32], Park and Tucker [15]



	S3
	Establishing a waste recycling market
	Yuan et al. [30], Yuan [19], Udawatta et al. [40], Park and Tucker [15]



	S4
	Implementing a waste management plan
	Shen and Tam [33], Lu and Yuan [42], Ajayi et al. [16]



	S5
	Promoting onsite waste sorting for reuse and recycling
	Shen and Tam [33], Dainty and Brooke [11], Poon et al. [23], Osmani [26], Yuan [19], Poon et al. [35], Ajayi et al. [43]



	S6
	Designing out waste
	Dainty and Brooke [11], Osmani [26], Yuan [19], Poon et al. [35], Ajayi et al. [16],



	S7
	Using prefabrication
	Dainty and Brooke [11], Tam et al. [44], Jaillon et al. [45], Li et al. [46], Ajayi et al. [43]



	S8
	Improving communication among project stakeholders
	Shen and Tam [33], Poon et al. [23], Yuan [41]



	S9
	Reducing the number of design errors via the use of advanced technologies, e.g., BIM
	Ajayi et al. [16], Udawatta et al. [40], Akinade et al. [47,48]



	S10
	Strengthening government legislation
	Teo and Loosemore [14], Shen and Tam [33], Osmani et al. [28], Osmani [26], Ajayi et al. [16], Udawatta et al. [32,40], Park and Tucker [15]



	S11
	Implementing just in time procurement (JIT)
	Poon et al. [23], Dainty and Brooke [11], Ajayi et al. [16], Ajayi et al. [49]










 





Table 2. Data sample structure.
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Demographic Information

	
Frequency

	
Percentage






	
Role

	

	

	




	

	
Principal contractors

	
53

	
51%




	

	
Subcontractors

	
13

	
12.5%




	

	
Design consultants

	
38

	
36.5%




	
Gender

	

	

	




	

	
Male

	
87

	
84%




	

	
Female

	
17

	
16%




	
Experience

	

	

	




	

	
<5 years

	
20

	
19.2%




	

	
5–10 years

	
17

	
16.4%




	

	
11–15 years

	
15

	
14.4%




	

	
16–20 years

	
8

	
7.7%




	

	
>20 years

	
44

	
42.3%











 





Table 3. Exploratory factor analysis results on perceived barriers, attitudes and strategies towards C&D waste management.
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Item Code

	
Factor Loading

	
Eigen-Values

	
% of Variance Explained

	
Cronbach’s Alpha (α)






	
Perceived Barriers [KMO = 0.682; χ2 = 281.850, p = 0.000]

	

	




	
Culture

	

	
3.13

	
28.43

	
0.70




	
B2

	
0.70

	

	

	




	
B3

	
0.69

	

	

	




	
B6

	
0.73

	

	

	




	
B11

	
0.68

	

	

	




	
Lack of commitment

	

	
1.63

	
14.83

	
0.72




	
B1

	
0.78

	

	

	




	
B8

	
0.69

	

	

	




	
B9

	
0.84

	

	

	




	
Lack of market availability and incentives

	
1.49

	
13.57

	
0.76




	
B4

	
0.86

	

	

	




	
B5

	
0.88

	

	

	




	
Lack of resources

	

	
1.19

	
10.77

	
0.71




	
B7

	
0.87

	

	

	




	
B10

	
0.85

	

	

	




	
Attitude [KMO = 0.704; χ2 = 162.71, p = 0.000]

	

	




	
Value

	

	
2.55

	
42.53

	
0.70




	
A4

	
0.82

	

	

	




	
A5

	
0.82

	

	

	




	
A6

	
0.85

	

	

	




	
Culture 

	

	
1.49

	
24.80

	
0.76




	
A1

	
0.80

	

	

	




	
A2

	
0.80

	

	

	




	
A3

	
0.79

	

	

	




	
Strategies [KMO = 0.625; χ2 = 282.34, p = 0.000]

	

	

	




	
Design and planning

	

	
3.17

	
31.68

	
0.70




	
S3

	
0.66

(0.63)

	

	

	




	
S6

	
0.70

(0.67)

	

	

	




	
S7

	
0.77

(0.76)

	

	

	




	
S8

	
0.68

(0.58)

	

	

	




	
Compliance and governance

	

	
1.50

	
15.00

	
0.71




	
S4

	
0.77

(0.76)

	

	

	




	
S5

	
0.60

(0.62)

	

	

	




	
S10

	
0.78

(0.78)

	

	

	




	
S11

	
0.70

(0.70)

	

	

	




	
S1

	
(0.50)

	

	

	




	
Education and training

	

	
1.46

	
14.63

	
0.72




	
S2

	
0.89

(0.89)

	

	

	




	
S9

	
0.83

(0.83)

	

	

	








NB: Values in parentheses are the original factor loadings of respective items before the trimming process due to low factor loading of less than 0.55.













 





Table 4. Perceived barriers of C&D waste management and their differences perception across design consultants, principal contractors and subcontractors.






Table 4. Perceived barriers of C&D waste management and their differences perception across design consultants, principal contractors and subcontractors.





	
Code

	
RPI

	
Overall Average RPI of Respective Dimensions

	
WSR Test

Median Value = 3

	
KWH Test




	
Median

	
Test Statistic

	
Mean Rank for D.C.

	
Mean Rank for P.C.

	
Mean Rank for S.C.

	
Test Statistic

	
Pairwise Comparison






	
B2

	
0.80

	
0.78

	
4

	
8.01 **

	
58.21

	
51.16

	
41.27

	
4.09

	




	
B3

	
0.82

	
4

	
8.30 **

	
56.70

	
51.82

	
43.00

	
2.86

	




	
B6

	
0.76

	
4

	
6.89 **

	
52.11

	
53.87

	
48.08

	
0.46

	




	
B11

	
0.73

	
4

	
6.52 **

	
58.67

	
51.46

	
38.69

	
5.64

	




	
B1

	
0.81

	
0.76

	
4

	
7.78 **

	
61.97

	
47.50

	
45.19

	
7.34 *

	
D.C. − P.C.

= 14.47 *




	
B8

	
0.73

	
4

	
5.98 **

	
60.54

	
49.80

	
40.00

	
6.26

	




	
B9

	
0.73

	
4

	
6.20 **

	
58.91

	
48.10

	
51.69

	
3.54

	




	
B4

	
0.78

	
0.78

	
4

	
7.18 **

	
51.37

	
56.82

	
38.19

	
4.84

	




	
B5

	
0.77

	
4

	
6.82 **

	
46.72

	
57.82

	
47.69

	
3.82

	




	
B7

	
0.72

	
0.72

	
4

	
5.63 **

	
45.79

	
56.41

	
56.19

	
3.59

	




	
B10

	
0.72

	
4

	
5.31 **

	
49.04

	
54.92

	
52.73

	
0.99

	








NB: D.C., P.C. and S.C. denote design consultants, principal contractors, and sub-contractors, respectively. ** and * denote statistically significant at p < 0.05 and p < 0.001, respectively.













 





Table 5. C&D waste management strategies and their differences across design consultants, principal contractors and sub-contractors.
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Code

	
RPI

	
Overall Average RPI of Respective Dimensions

	
WSR Test

Median Value = 3

	
KWH Test




	
Median

	
Test Statistic

	
Mean Rank for D.C.

	
Mean Rank for P.C.

	
Mean Rank for S.C.

	
Test Statistic

	
Pairwise Comparison






	
S3

	
0.83

	
0.78

	
4

	
7.69 **

	
54.05

	
55.02

	
37.69

	
4.25

	




	
S6

	
0.78

	
4

	
7.04 **

	
60.36

	
50.32

	
38.42

	
6.55 *

	
D.C. − S.C = 21.93 *




	
S7

	
0.77

	
4

	
6.72 **

	
62.97

	
50.66

	
29.38

	
13.99 **

	
P.C. − S.C.

= 21.28 *

D.C. − S.C = 33.59 **




	
S8

	
0.75

	
4

	
7.21 **

	
55.63

	
53.08

	
40.96

	
3.32

	




	
S4

	
0.81

	
0.76

	
4

	
8.34 **

	
53.74

	
51.68

	
52.23

	
0.14

	




	
S5

	
0.79

	
4

	
7.85 **

	
56.74

	
50.21

	
49.46

	
1.69

	




	
S10

	
0.76

	
4

	
7.12 **

	
54.76

	
53.09

	
43.46

	
1.77

	




	
S11

	
0.68

	
4

	
4.63 **

	
52.46

	
51.58

	
56.38

	
0.32

	




	
S2

	
0.84

	
0.80

	
4

	
8.56 **

	
49.99

	
54.33

	
52.38

	
0.58

	




	
S9

	
0.76

	
4

	
6.53 **

	
43.59

	
59.79

	
48.81

	
7.46 *

	
P.C. − D.C.

= 16.20 *








NB: D.C., P.C. and S.C. denote design consultants, principal contractors, and sub-contractors, respectively. ** and * denote statistically significant at p < 0.05 and p < 0.001, respectively.













 





Table 6. Attitudes to C&D waste management and their differences across design consultants, principal contractors and sub-contractors.
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Code

	
RPI

	
Overall Average RPI of Respective Dimensions

	
WSR Test

Median Value = 3

	
KWH Test




	
Median

	
Test Statistic

	
Mean Rank for D.C.

	
Mean Rank for P.C.

	
Mean Rank for S.C.

	
Test Statistic






	
A1

	
0.67

	
0.60

	
4

	
3.96 **

	
54.13

	
50.60

	
55.46

	
0.57




	
A2

	
0.49

	
2

	
7.00 **

	
51.83

	
51.65

	
57.92

	
0.63




	
A3

	
0.63

	
3

	
1.77

	
54.36

	
49.92

	
57.58

	
1.02




	
A4

	
0.49

	
0.44

	
2

	
4.37 **

	
43.79

	
56.92

	
59.92

	
5.62




	
A5

	
0.47

	
2

	
5.69 **

	
47.34

	
55.99

	
53.35

	
2.22




	
A6

	
0.37

	
2

	
8.44 **

	
47.91

	
53.93

	
60.08

	
2.31








NB: D.C., P.C. and S.C. denote design consultants, principal contractors, and subcontractors, respectively. ** and * denote statistically significant at p < 0.05 and p < 0.001, respectively.
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