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Abstract

:

Traditionally, construction and demolition waste (CDW) materials have been considered to be unwanted, surplus, or wastage materials or materials with zero value. Such a conceptualisation only embraces a negative aspect, which underpins the disposal of reusable and recyclable CDW materials in landfills, thus damaging the circular economy and the environment. The scope of this research was to conceptualise the circular economy potential of non-hazardous construction and demolition waste, which can be used as a resource for advancing the circular economy and sustainability in the built environment. Thus, the abbreviation ‘CEPCDR’ is used for this purpose. The study employs an integrative literature review to understand in depth whether the rationale in the existing CDW definitions advocates for the circular economy. Instead, the literature showed that the current definitions mainly support quantitative, economic, or classification needs, respectively. That is because they lack consideration of the dynamic nature of CDW materials, which embraces the spatial and temporal dimensions. The former involves the geographic context in which the CDW phenomenon eventuates, while the latter concerns the lifecycle of materials. This study contributes to the body of knowledge by conceptualising the CEPCDR using a holistic approach that includes five dimensions: the social, economic, environmental, spatial, and temporal perspectives. Furthermore, the study seeks to drive future research in measuring the CEPCDR.
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1. Introduction


Globally, billions of tons of construction and demolition waste (CDW) materials are disposed of annually in landfills, causing severe social, economic, and environmental harm [1,2,3]. In China, around 2.36 billion tons of CDW were generated in 2018 [4], while only 5–10% of this quantity was recycled [5]. In the same year, the European Union (excluding the United Kingdom) produced 835 million tons, where the landfilling rates in Cyprus, France, Slovakia, and Sweden were 43%, 29%, 47%, and 39%, respectively [6,7]. In the United States, more than 600 million tons of CDW materials were produced in 2018, of which approximately 30% ended up in landfills [8]. The landfilling rates are also significantly high in smaller CDW-generating countries, such as India, Brazil, and Australia, at 70–90%, 92%, and 27%, respectively [9,10,11].



Considering that up to 95% of non-hazardous CDW materials are reusable and recyclable [12,13,14], the loss for the circular economy is tremendously high. Despite the magnitude of the problem, CDW materials are not effectively managed around the world [15,16,17,18]. Inconsistencies in definitions and classifications of the CDW stream contribute to this problem [19,20]. Specifically, a plethora of different terms, such as “by-product”, “surplus”, “excess”, “wastage”, “difference”, “substance”, “unwanted material”, “loss”, and “inefficiency”, have been used to describe CDW materials over the years [21,22,23,24,25]. The variation in definitions may lead to vague classifications for the same types of CDW materials, eventually inducing disparities in waste analytics [2,19,26,27,28]. This problem is of great importance as recyclable CDW materials may improperly end up in landfills, damaging the environment, thus supporting the linear economy [20].



The need for a transition from the obsolete linear economic model of “make–use–dispose” to an inclusive circular economy is an emerging theme for the construction industry [29,30,31]. The philosophy of the circular economy is based on the “3Re” policy, which stands for the terms ‘reuse’, ‘recycling’, and ‘recovery’ [32,33]. Thus, the circular economy transforms waste into value, supporting the “3Re” policy and sustainable development [4,29,33,34]. CDW materials can be a key driver of this transformation as most of them can be reused or recycled [8]. Therefore, to advance the circular economy, we need to effectively manage the recycling potential of CDW materials. In other words, we need to accurately define and measure the material potential that results in construction sites and is suitable for reuse, recycling, or recovery.



Recent studies have been conducted regarding the recycling potential of CDW materials. Ginga, Ongpeng, Daly, and Klarissa [4] proposed a framework to overcome the obstacles to promoting the reuse of CDW materials in new construction applications in China. Their framework involves the treatment scenarios of CDW materials (reuse and recycling on-site and off-site, recovery, and landfilling) as well as their transportation and storage phases. Similarly, Ruiz, Ramón, and Domingo [18] developed a theoretical framework in Spain that involves 14 strategies and considers five lifecycle stages of CDW materials to maximise their applications in the industry as secondary materials [18] (p. 11).



Tazi, et al. [35] assessed the circularity of inert building materials for the French dwelling sector by employing Material Flow Analysis (MFA) at a regional level. Their model considers several variables related to location, number of dwellings, total floor area, and end-of-life scenario as well as market variables. Lederer, et al. [36] carried out a case study in Vienna, in Austria, to measure the recycling potential of mineral CDW materials specifically. Their model also embraced the MFA to estimate the flows of four inert building materials: concrete, asphalt, bricks, and gravel.



Although these notable studies have developed frameworks, models, and methodologies to measure the recycling potential of CDW materials accurately, they fail to provide a unique definition for the potential of the circular economy. Specifically, Tazi, Idir, and Ben Fraj [35] defined the recyclability rate of a region as the ratio of the average flows of inert materials (e.g., concrete, bricks, stones, asphalt, and tiles, including mortar) that can be recycled in a year to the average amount of CDW materials generated in a region in the same year [35] (p. 11). In a similar fashion, Lederer, Gassner, Kleemann, and Fellner [36] measured it as the ratio of material mass balance in tonnes produced in a year; the material mass is estimated with the MFA formula as the difference between the output material flow and the stored material. However, they did not state any specific definition for the circular economy potential.



Definitions play a critical role in CDW management, particularly in reporting and recording the resulting recycling potential [37] (p. 317). Therefore, the conceptualisation of the circular economy potential for CDW materials may foster their diversion from landfills, advancing the circular economy. The transformation should involve a multidimensional conceptual approach for the circular economy potential, because the CDW phenomenon has a dynamic nature. Particularly, the resulting materials need to be allocated for treatment or storage across different geographic locations (e.g., construction sites, material banks, resource centres, and landfills) throughout their lifespan.



The spatial dimension was included in the conceptual definition of the term ‘waste’; the term originates from the old French word “vastum”, which was introduced in the Middle Ages to describe “an empty space or a desolate region” [38] (p. 200). Furthermore, the temporal dimension involves the lifecycle impact of CDW materials. Specifically, it includes the carbon dioxide emissions, which are associated with the transportation and treatment phase of CDW materials [6]. Both phases are related to the circular economy. Apart from that, the social value of CDW materials should be considered in the conceptualisation of the circular economy potential. The latter is inherently related to the development of resilient local communities through the growth of the circular economy.



As a result, the circular economy potential of CDW materials is a multidimensional concept; therefore, it should be conceptualised from a holistic perspective. This is further underpinned by the holistic concept of the circular economy. For instance, Nobre and Tavares [34] defined the circular economy by considering the minimisation of waste and the lifecycle impact of materials as well as the end users and the impacted ecosystems. Consequently, the circular economy potential may integrate five dimensions: social, economic, environmental, spatial, and temporal.



This study aims to conceptualise the circular economy potential of non-hazardous CDW materials to address the gap in the literature with the aim of advancing the circular economy and sustainability in the built environment. For this purpose, an integrative literature review was conducted to understand the rationale in the existing CDW definitions in depth and critically discuss their conceptual approach. Furthermore, the current work seeks to raise awareness about the value of CDW materials for the circular economy with the aim of transforming the industry’s mindset as well as driving future research in the domain of CDW definitions.



The research showed that the current CDW definitions fail to embrace the five dimensions mentioned above, as their scope is mainly limited to quantitative, economic, and classification purposes. In addition, the existing definitions fail to recognise the circular economy potential of CDW materials since they consider them as unwanted, wastage, or surplus materials with minimal value [22,39,40,41]. This kind of conceptual approach embraces only the negative aspect of the CDW materials, which underpins the linear economy rather than the circular economy and environmental sustainability in the construction industry.



In conclusion, the objectives of the present study are as follows:




	
To identify gaps in the literature regarding CDW definitions; and



	
To bridge these gaps by conceptualising the circular economy potential of the non-hazardous CDW materials.









2. Methodology


An integrative literature review was adopted to accomplish the research objectives. This method enables a deeper understanding of the research topic by reviewing both the scholarly and grey literature [42]. Some of the largest and most credible online scientific databases, including Google Scholar, ScienceDirect, Scopus, and Web of Science (WoS), were targeted to retrieve the relevant material [43].



The systematic search of the scholarly literature was initially held by using the keywords “waste” and “definition” in the fields “article title” and “article title/abstract/keywords”, respectively. Furthermore, the Boolean operator “AND” was utilised. The word “waste” was used as CDW materials are a major component of the entire waste stream and the research aims indirectly involve the different aspects of the conceptual waste definitions. Additionally, there was no limitation regarding the year of the targeted published sources to understand the rationale behind the waste definitions in depth.



The first run was held in Scopus and WoS, which resulted in 1065 and 681 sources, respectively. After searching for duplicates, 686 references were removed. The second run was carried out in EndNote management software by using the keywords “construction” and “demolition” in the field “title” of the search panel of the software. The Boolean operators “AND” and “OR” were employed to guide the search. Eventually, 34 peer-reviewed sources were retained after their titles and abstracts were manually reviewed. The third and final run was completed in Google Scholar and ScienceDirect. The same keywords were used, and another 33 scholarly sources were located, of which 4 were irrelevant to this research. Therefore, 67 peer-reviewed sources were finally obtained.



Regarding the grey literature, the data were retrieved from several governmental and organisational websites as well as industry reports through the Google search engine. For this purpose, the keywords “legislation” and “classification” were further used, and, initially, 35 sources were located. However, 6 of them were not related to the scope of this research, and thus 29 non-scholarly sources related to legislative definitions were finally considered.



In summary, 96 sources in total were included in this study, of which 39% originated from the EU-28, 25% from Asia, 21% from the United States, and 15% from Australia. It is worth mentioning that the geographic domain of the grey literature focuses on Australia, China, Europe, India, and the United States, as these countries/continents constitute some of the major waste generators per capita in the world [2,25,44]. The scientific domain of the literature consists of 64% journal papers, 17% industry reports, 8% books/book chapters, 9% conference papers, and 2% governmental websites. Figure 1 illustrates the flow chart of this study.




3. Results


3.1. Scholarly Definitions of CDW Materials


The scholarly literature showed that the definitions regarding CDW materials can be grouped based on their terminology and scope into three main categories: (1) quantitative definitions, (2) descriptive definitions, and (3) economic definitions. Table 1 depicts the scholarly definitions in these categories. The first category involves definitions that have been developed to support the estimation of the generated quantities of CDW materials. The second category usually encompasses descriptive definitions that describe and classify CDW materials, while the third category includes definitions that embrace monetary terminology to support lean construction management.



Regarding the first category, most definitions use words such as “quantity”, “amount”, “percentage”, “surplus”, or “excess”, indicating that the term “CDW” should basically concern something that is tangible and can be measured, such as material wastage. The quantitative definitions focus on the minimisation of the generation of building waste materials in construction projects. As can be seen from Table 1, Skoyles and Hussey [21] were amongst the pioneers who proposed a comprehensive quantitative definition regarding the resultant building waste materials in U.K. construction sites. They defined CDW as “the difference between the quantities of materials ordered and those that are used properly during the installation of a building project” [21].



Based on this concept, several other scholars and government bodies proposed similar definitions for CDW materials. The United Nations developed in 1992, in Rio, in Brazil, the “Agenda 21” to support sustainable development, in which CDW materials are defined as “material wastage that exceeds the scheduled quantity” [45,46]. Shen, et al. [47] additionally introduced the economic dimension into CDW definitions by considering their associated value and cost for the construction industry in Hong Kong [47]. Formoso, Soibelman, De Cesare, and Isatto [39] linked the storage quantities apart from the used material in Brazilian construction sites [39], while Roche and Hegarty [48] and Menegaki and Damigos [25] defined CDW as “the surplus between the material ordered and used in situ” in Ireland and Greece, respectively.



As can be seen from Table 1, quantitative definitions place emphasis on the material nature of the term “CDW”, which can be mathematically measured either as a mass balance or as a volume. Furthermore, the dominance of the term “material” in quantitative definitions is evident through the frequent use of that word. Thereby, such definitions may enhance the production of robust CDW analytics regarding the recycling potential of CDW materials, underpinning the circular economy. Apart from that, they can help construction managers to control the material wastage in a tangible way, thus saving project costs, while the environment can be eventually protected. Consequently, CDW definitions may embrace both the economic and environmental dimensions.



The literature shows that quantitative and monetary terms have been used interchangeably. Table 1 lists such mixed CDW definitions [23,25,39,48,49]. However, most of these definitions employ terms with an identical or overlapping meaning, thus leading to a vague interpretation. For instance, the definition given by the Hong Kong Polytechnic University in 1993 embraces the terminology “amount of by-product”, which presents generality as it does not clarify the type of the by-product. Additionally, the word “amount” may refer to the volume or mass of the generated CDW materials.



Similarly, the term “any losses” in the definition proposed by Formoso, Isatto, and Hirota [23] could refer to the resultant quantity of CDW materials or to the associated costs with the relevant construction activities. Even if the definitions imply that the words “amount” and “losses” may refer to the quantity of the generated CDW materials, they do not specify the units in which they should be measured. For example, these units could be in cubic meters or in kilograms for the resulting volume or mass of CDW materials, respectively.



Apart from the vague embracement of the economic and environmental dimensions, the literature discloses that CDW definitions may also integrate the spatial dimension in an unclear manner. For example, Skoyles and Skoyles [49] include in their definition the word “elsewhere”, which does not determine a specific area in which the CDW materials should be transported. Perhaps a phrase such as “within the regional boundaries” or “to the nearest authorised treatment facility” could support the CE. As a result, CDW definitions may encompass the spatial dimension.



Regarding the “descriptive definitions”, CDW materials are mainly defined based on their composition, the type of activities (construction, demolition, etc.), or the type of projects in which the materials are produced [25,47,50,51,52,53]. Such types of definitions have been widely adopted in most waste management strategies to support classification systems rather than for quantitative purposes. Usually, the resulting materials are analytically described and categorised into relevant classes for monitoring. The classification is primarily based on the substances that comprise the relevant CDW materials, facilitating in that way the separation of non-hazardous CDW materials from hazardous materials. From this perspective, the descriptive definitions play a critical role in decision-making with the aim of protecting the environment.



The definition proposed by Shen, et al. [54] can be considered to be representative of the descriptive definitions, as it clearly describes the basic types of building materials that constitute the CDW stream. This definition is listed in Table 1 along with other descriptive definitions. Although such definitions accurately describe the composition of the CDW stream, most of them are characterised by a high degree of generality and heterogeneity due to the different natures of materials’ substances. For instance, Poon [55] defined CDW as a “mixture of inert and non-inert materials”, including excavation waste [55], while Wang, Wu, Tam, and Zuo [53] exclude excavation soil from their CDW definition [53]. Furthermore, Tchobanoglous, et al. [56] defined CDW materials by including the words “relatively”, “heterogeneous”, and “various”, which all etymologically refer to something that is not consistent [57] (p. 262).



Such generalities in definitions may lead to the formation of vague classes in the CDW stream with overlapping terminologies and eventually may cause a misinterpretation of the released waste data. For instance, variations regarding the definition of CDW materials have been found to be associated with poor waste data in Europe [58]. This problem is also evident in the United States and Australia and is related to the different perspectives based on which the local waste legislation and classification systems are generally developed [2,19]. As can be concluded, inconsistent CDW analytics and vague classification groups adversely impact the CEP as not all CDW materials are properly recorded for reuse, recycling, or recovery.



The third category involves CDW definitions that have been stated from an economic perspective. Table 1 also includes such definitions, and, as can be seen, it is a quite popular category [22,39,40,41,50,59,60,61,62]. These definitions consider CDW as unwanted materials after their first use on sites that do not have any added value for clients or for projects. Such a conceptual approach mainly supports the linear economic model rather than the CE [63]. Thus, the economic definitions usually embrace monetary terminology such as “material/equipment/labour wastage”, “no residual value”, non-added value”, or “indirect costs”, and other similar terms.



A plethora of different terms also exist in the economic CDW definitions. For instance, Skoyles [62] categorised CDW materials as “direct and indirect waste”, which refer to material wastage and monetary loss, respectively. Koskela [22] also employed the term “indirect waste” to measure the inefficiency in the production and operation processes [22]. However, the terminology “non-value-adding activity” was introduced to underpin the measurement and minimisation of time delays and extra costs due to the storage and transportation of CDW materials. Conversely, the definitions stated by Alarcon [64] and Formoso, Isatto, and Hirota [23] focus on the minimisation both of “direct” and “indirect” waste in order to add value to the final product [23,64].



Apart from “direct” and “indirect” waste, Nagapan, Rahman, and Asmi [60] defined CDW materials as “physical waste” derived from human or industrial activities that have zero added value [60]. Denzel et al. (2015) argued that waste in construction can be defined based on three attributes: “object, “effort”, and “value”. In particular, waste can be related to construction activities and the relevant outcome (“object of contemplation”), while the “effort” and “value” terms refer to the wasted time and value loss for the client/company/project, respectively [40].



As can be concluded, the economic definitions highlight that waste is mainly related to the inefficient use of resources during the implementation of a construction project. From that perspective, they solely embrace the economic dimension to support lean construction management, as stated by Denzer, Muenzl, Sonnabend, and Haghsheno [40]. Despite that, the economic definitions promote the disposal of CDW materials rather than their circularity. Even if the definition stated by Koskela [22] embraces the word “space”, which has a spatial dimension, it is not used with the meaning of “proximity” to foster the circular economy; i.e., by limiting the transportation of CDW materials only within local areas.




3.2. Legislative Definitions of CDW Materials


This subsection presents the results regarding the legal definitions associated with CDW materials in Europe, the United States, Asia, and Australia. The literature shows that the legislative definitions in the targeted continents/countries are similar to the descriptive scholarly definitions discussed previously. That means that they describe the components that make up the CDW stream to support the developed classification systems. However, there are many discrepancies that exist in the jurisdictional definitions, which are mainly related to the different waste management legislation approaches. Such discrepancies prevent the growth of the CE.



In 2008, the European Commission (EC) launched the Directive 2008/98/EC (Directive) to overcome the inconsistencies in definitions and underpin the circular economy within the E.U. member countries [65,66]. The Directive constitutes the overarching waste legislative framework in the European Union, which defines the waste stream, determines the end of life of waste materials, and sets recycling targets [67]. In particular, Article 3 of the Directive defines waste as “any substance or object which the holder discards or intends or is required to discard” [66].



As can be seen, the definition has been stated from a general rather than a holistic perspective through which the socio-economic and environmental impacts of the waste stream can be controlled [65]. Due to this generality and vagueness of the existing definition, bulky CDW materials—e.g., asphalt and track ballast—are not included in waste analytics [68]. To address the definition gap and improve the CDW logistics, the European Commission (EU Commission) launched the “European CDW Management Protocol” (Protocol) in 2016 [69].



Specifically, the Protocol defines CDW materials as “any waste generated in the activities of companies belonging to the construction sector and included in category 17 of the European List of Waste” [69]. The definition is linked to the European Waste Catalogue (EWC) or otherwise stated as the List of Waste (LoW). The latter is a hierarchical taxonomy system established by the EU Commission (Decision 2000/532/EC), in which CDW materials are included in Chapter 17 [69,70]. In doing so, a transparent and standard definitional terminology regarding CDW materials is achieved.



The Directive 2008/98/EC was amended in 2018 to further clarify the existing waste definitions and promote the sustainable use of resources by introducing new terminology such as “material recovery” and “backfilling” [71]. Although the new Directive 2018/851/EC promotes the CE, it lacks a definition of the recycling potential of the entire CDW stream. In particular, the amendments mainly involve the embracement of the “do-it-yourself” category, which may include materials from construction and demolition waste activities [71].



In the United States, the Resource Conservation and Recovery Act 1975 manages both hazardous and non-hazardous waste [20]. CDW materials belong to the non-hazardous solid waste stream. They are defined as “waste that is generated from the construction, renovation, repair, and demolition of structures such as residential and commercial buildings, roads, and bridges” [72] (p. 169). They are also defined in “Title 40 of the Code of Federal Regulations”, in particular in Part 243, Section 243.101 as follows: “CDW means the waste building materials, packaging, and rubble resulting from construction, remodelling, repair, and demolition operations on pavements, houses, commercial buildings, and other structures” [73]. Both definitions are developed in the same fashion with the descriptive scholarly definitions, which lack a conceptualisation of the CEP.



CDW materials are also not defined in a comprehensive way in Asia. In Japan, they are described as “construction by-products”, consisting of construction aggregates and construction waste; the former can be directly reused without any further procedure, while the latter concerns waste that can be recycled or may be hazardous [74]. In China, the Ministry of Housing and Urban–Rural Development classifies CDW materials as “urban solid waste” and defines them according to the type of project and based on the “Regulation of Urban Construction Waste” [75]. Furthermore, in India, the Ministry of Environment, Forest, and Climate Change defines CDW based on the Solid Waste Management Rules 2015 as “waste consisting of building materials, debris, and rubble resulting from construction, remodelling, restoration, and destruction of any civil construction” [76].



Despite the fact that most Asian countries have set high recycling targets (80–90%) in their waste management strategies [37] (p. 317), such general definitions are not suitable to foster sustainable waste management within the Asian continent. That is because they do not distinguish waste from recyclable materials. Furthermore, they do not define the non-hazardous materials as resources; therefore, they cannot advance the circular economy. This gap needs to be bridged urgently, as more than 1 billion tons of CDW materials are disposed of annually in landfills in China alone [5].



Definitions from a common and holistic approach regarding CDW materials are also absent in Australia. In particular, CDW materials are defined in Australia at a national level according to the “2018 National Waste Policy (NWP)” [77]. Table 2 lists the relevant legislative definitions of CDW materials that exist at a national level in Australia along with the other definitions in China and India as well as in the European Union and the United States that were mentioned previously. As can be seen from Table 2, they are defined in a general fashion like the United States. This simplicity in definitions at a national level does not correspond to the significance of the CDW material in Australia, as the country generates more than 20 million tons annually [9,78].



It is worth mentioning that the 2018 NWP is an updated version of the initial 2009 Australian NWP, “Less Waste More Resources”, that ameliorates the data inconsistencies in the waste stream and reinforces resource recovery in Australia [79]. Despite the fact that the Australian states and territories have not yet adopted a uniform definition regarding the CDW stream, as Strategy 4 of the 2018 NWP advocates [19], Ramsay and Associates [80] argued that there is a degree of subjectivity in the interpretation of the term “CDW”, which depends on the needs of each local government. The existing dissimilarities in the jurisdictional definitions may lead to different classification groups, harming the circular economy significantly [19].



Table 3 presents the key concepts of the jurisdictional definitions for CDW materials in Australia, where the disparities are evident. For instance, in South Australia, the definitional term “Foreign Material” is used to classify CDW materials such as timber, plastic, and insulation. The same types of building waste can be found as “Solid Inert Waste” in other Australian states; however, in Tasmania, the treated timber is not defined as “Solid Inert Waste” [81]. Other examples of definitional variations concern the “excavated soil” and “stockpile materials” as a different terminology is used among the Australian jurisdictions, such as “Clean Fill”, “Fill”, or “Daily Cover” [19,80,81]. However, in Tasmania and Western Australia, these types of materials are not recorded as waste at all [77].



Shooshtarian, Maqsood, Khalfan, Wong, and Yang [78] argued that only New South Wales (NSW) and Western Australia (WA) have established comprehensive definitions for CDW materials so far [78]. Although both definitions are highly descriptive and technically detailed, they differ from each other significantly. This variation is also evident among the other Australian jurisdictions, as mentioned previously. Therefore, it is of paramount importance to establish a uniform definition for the CDW stream across Australian jurisdictions to ameliorate the disparities in classification groups and support the circular economy [77] (p. 101).



Recently, the 2020 NWP developed seven circular economy indicators based on the MFA [77]. The “Recycled Content (RC)”, “Collection Efficiency (CE)”, and “Sorting Efficiency (SE)” [77] (p. 35) indicators are related in this study. In particular, the RC is defined as the “secondary sourced material divided by consumption”, the CE as “discarded materials collected for recovery divided by total discarded materials entering the waste system”, and the SE is defined as “materials collected for sorting divided by materials sent to reprocessing” [77] (p. 35). This is a positive step to support the circular economy strategies set by Australian local governments.



However, the current definitions for CDW materials across the Australian jurisdictions cannot support these metric indicators as their scope is not related to the circular economy. Therefore, conceptualising the circular economy potential of CDW materials is of great importance for the Australian construction industry as it may help to divert millions of tons of material resources from landfills, which then can be sorted and measured accordingly to support the circular economy indicators. The significance of this concept is underpinned by the high landfilling rate in Australia (27%), which means that approximately 5.5 million tons of material resource potential is wasted annually, threatening the space in the major Australian landfills [9,82].
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Table 3. CDW definitions 1 in the Australian jurisdictions.






Table 3. CDW definitions 1 in the Australian jurisdictions.





	Jurisdiction
	Key Concepts of the CDW Definition





	Australian Capital

Territory (ACT)
	The “non-mixed and free-from-asbestos resulting materials” (i.e., bricks, concrete, paper, plastics, glass, metal, and timber) in different types of projects such as roads, bridges, dams, tunnels, railways, and airports. Not related to the circular economy.



	New South Wales (NSW)
	The “unsegregated material”, which is free from asbestos and excludes soil and timber treated with chemicals. CDW may result from

(i) demolition, erection, construction, refurbishment, or alteration of buildings other than chemical works, mineral processing works, container reconditioning works, or waste treatment facilities; or

(ii) the construction, replacement, repair, or alteration of infrastructure development such as roads, tunnels, sewage, water, electricity, telecommunications, and airports



	Northern Territory

(NT)
	The solid waste sourced from construction and demolition works, which may include excavated natural soil and asphalt waste



	Queensland

(QLD)
	The “non-putrescible waste material” such as timber, clean soil, concrete, asphalt, plasterboard, steel, bricks, ceramic and clay tiles, and aluminium which may derive from any building, refurbishing, renovating, or demolishing infrastructure works (e.g., roads, bridges, and docks).



	South Australia

(SA) 1
	The “solid inert component of the waste stream” (e.g., bricks, concrete, tiles and ceramics, steel, and inert soils) arising from the construction, demolition, or refurbishment of buildings or infrastructure. The definition distinguishes CDW from Municipal Solid Waste, Commercial and Industrial Waste, Listed Waste, Hazardous Waste, and Radioactive Waste. It also defines plastics, electrical wiring, timber, paper, insulation, tins, packaging, and green waste as foreign material.



	Tasmania

(TAS)
	The “solid inert materials” such as bricks, concrete, glass, plastics, metal, and timber that result from building and demolition works. However, treated timber is excluded.



	Victoria

(VIC)
	The “solid inert waste from an industrial source” (i.e., concrete, bricks, dry timber, plastic, glass, metals, bitumen). However, soil, sand and rock are defined as “Clean fill”.



	Western Australia

(WA)
	Materials that are not mixed with green and food waste and are free of asbestos. Such materials are bricks, concrete, plastics, glass, metal, and timber that should be recovered from the CDW as well as small quantities of paper. CDW may arise from the construction, refurbishment, or demolition of buildings, or infrastructure-type development such as roads, bridges, dams, tunnels, railways, and airports.







1 Sources: [80,81,83,84,85,86].













4. Discussions


4.1. The Lack of a Holistic Conceptual Approach Regarding CDW Materials Hampers the Circular Economy


The majority of the existing CDW definitions in the scholarly literature integrate different terminologies, which mainly depend on the scope for which the definition is developed. As a result, definitions can be grouped into three categories: (i) quantitative definitions, which aim to address the need for estimating the amount of material wastage; (ii) descriptive definitions, which seek to clarify the origin and types of building materials to support the relevant CDW classification systems; and (iii) economic definitions, which embrace monetary terms to define CDW either as material, labour, or equipment wastage.



From an overall perspective, the discussed definitions encapsulate a common but also a negative conceptual approach regarding CDW materials. In particular, the adverse intent of the current definitions is generally related to the inefficient use of materials, equipment, and labour. This approach aligns with the conceptual definition of the waste stream, as the term “wastum” was also used to describe a “refuse material” or “expenditure” during the Industrial Revolution [38] (p. 200). Therefore, they agree with the themes that historical definitions put in place 500 years ago.



The literature shows that the rationale in the current CDW definition hampers, rather than supports, the circular economy. The dominant role of the obsolete linear economic model of “make–consume–waste” [87] is evident in the construction industry as the industry is responsible for the consumption of vast quantities of materials and the generation of billions of tons of CDW materials annually [37]. Therefore, it is essential to reconsider CDW materials as valuable resources that can advance the circular economy and promote the environmental sustainability of construction projects [6,88,89].



Very few of the developed definitions directly advocate for the circular economy. Such definitions were given by Skoyles and Skoyles [49], The Hong Kong Polytechnic School in 1993, and by Muhwezi, et al. [90], which are analytically listed in Table 1. In particular, the last two definitions strongly support the circular economy as they clearly promote the reuse and recycling process. However, they both lack a holistic approach as they do not embrace the five dimensions of the CDW phenomenon, as mentioned in the Introduction section.



In particular, they lack an integration of the spatial and temporal dimensions, such as the proximity factor of “location” and the “materials’ lifecycle”, respectively. As a result, these definitions cannot foster or force the transportation of the generated CDW materials to the nearest facilities for treatment in order to mitigate their transportation impact. By doing so, the carbon footprint of CDW materials can be reduced significantly throughout their lifecycle.



This gap is evident in CDW definitions as most of them mainly deal with the CDW material within project boundaries, ignoring the spatial dimension. The latter is not only associated with the conceptual definition of waste as explained in the Introduction section but also inherently related to CDW management as the resulting materials need to be transported across different venues. Despite this, it has rarely been integrated into the contemporary definitions. Those definitions that have already embraced it are not related to the circular economy. For instance, Koskela’s definition [22] encompasses the word “space”, but that word is used to support lean construction management as it is considered to be another type of resource along with time and cost [40].



Furthermore, the temporal dimension is absent from the current CDW definitions as they do not involve any terminology that considers the carbon footprint of CDW materials throughout their lifespan. This lifecycle impact comprises the carbon dioxide emissions released from the transportation and treatment phases of CDW materials, apart from their materially embodied carbon [91]. Therefore, a modern conceptualisation of the circular economy potential of CDW materials should aim to mitigate their carbon impact throughout their lifespan. This can be achieved by fostering the allocation of the resulting materials to the closest resource centres for recycling/recovery or to any proxy construction sites, material banks, and transfer stations for reuse and storage, respectively [6].



On the other hand, the legislative definitions are mainly related to the category of the “descriptive definitions” as they describe in detail the composition and origin of CDW materials. However, most of them are characterised by generalities and a complicated description with an overlapping terminology. In particular, the jurisdictional definitions in Australia present such inconsistencies, which prevent the comprehensive classification of CDW materials, thus impacting the waste analytics at a national level [19,77]. Furthermore, their scope lacks the consideration of the circular economy; thus, they cannot support the circular economy indicators recently established by the Australian Government.



Similarly, in the United States, discrepancies in the definitions exist among states, which are mainly related to the dominant role of the local waste management laws [92,93]. Furthermore, the definitions in China and India are established in a general manner that urges the use of a complex legislative framework to directly manage the CDW stream and support the circular economy [20,94]. Conversely, the definition included in the “EU CDW Management Protocol” promotes the circularity of materials in a more effective way than the aforementioned countries, as it is directly related to the European taxonomy system (LoW).



Although the definition included in the Protocol enables the consistent classification of CDW materials within the E.U. member states, eventually underpinning the circular economy, it solely depends on the technicality of the pre-defined CDW categories of the LoW. This technicality relates to the coding of the categories in which CDW materials are classified. It also reflects the scope of the LoW, which is effectively used to classify the CDW stream according to the types of the resulting materials rather than to foster the circular economy. Additionally, the LoW does not consider the lifecycle of materials; therefore, the Protocol’s definition still lacks a holistic conceptual perspective for CDW materials.



In summary, the current CDW definitions do not advance the circular economy and environmental sustainability in the construction industry as they were not developed based on a multidimensional approach (a holistic perspective) that considers the potential of CDW materials in the circular economy. There are three main reasons for this gap in the literature:




	(a)

	
The extant definitions do not take into account the dynamic nature of CDW material. Thus, they fail to embrace the spatial and temporal dimensions to control materials’ lifecycle impacts. They mainly consider a one-dimensional conceptual approach for CDW materials that supports quantitative, economic, or classification needs. However, this is a linear conceptual approach that does not match with the dynamic nature of CDW materials and their potential for circularity throughout their lifespan.




	(b)

	
Most of the current definitions highlight the negative aspect of CDW materials as they define them as “unwanted materials” or “materials with nil value” rather than as a material resource for the circular economy. Such a conceptual approach promotes the landfilling of materials with the aim of advocating the linear economy instead of environmental sustainability in the construction industry.




	(c)

	
No standard terminology has yet been set for the concept of the circular economy potential in the CDW management literature. Additionally, both scholarly and legislative definitions are highly descriptive, presenting generalities, disparities, or an overlapping terminology. Such inconsistencies affect the circular economy and require robust data.









Therefore, there is an urgent need to conceptualise the circular economy potential of CDW materials with the aim of advocating for the circular economy and sustainability in the built environment.




4.2. Towards Conceptualising the Circular Economy Potential of CDW Materials


As mentioned previously, the existing CDW definitions were mainly developed from an environmental or economic perspective. However, CDW is a dynamic phenomenon that eventuates over time and across various locations. Therefore, the spatial and temporal dimensions should be considered in the conceptualisation of the circular economy potential of CDW materials to help the local economy maximise the socio-economic and environmental benefits of this new concept. The importance of embracing the spatial dimension in CDW management can also be seen in the “EU CDW management protocol”, as the term “location” constitutes the sixth of its eight principles [69]. The Protocol considers the distance travelled of the allocated CDW quantities in order to improve CDW logistics within member countries.



By improving CDW logistics with the aim of supporting the “3Re” policy (reuse, recycling, recovery), green domestic businesses can further benefit or other new benefits can be developed from this intense interaction. To support such “3Re” interactions, we need to conceptualise the circular economy potential of CDW materials from a holistic perspective, which is based on a multidimensional approach. The latter may include spatial and temporal terms such as “geographical proximity” and “lifecycle”, or other key words such as “material”, “3Re policy”, or “circular economy”. In this way, the gap in the literature can be bridged, leading to a possible transformation of the current mindset in the industry regarding CDW materials.



This transformation should involve a shift from the use of the term “waste” to the adoption of the term “material” and from the meaning of “zero added value” to establishing a “resource” meaning instead. Even though the word “material” is included in the majority of waste definitions, it has widely been used in an adverse manner; e.g., “material wastage”, “unwanted material”, “damaged material”, or “materials with no added value”. Such terminologies in CDW definitions support the linear economic model rather than the circular economy.



This study conceptualises the circular economy potential of the non-hazardous CDW materials by considering five dimensions (in a holistic approach)—social, economic, environmental, spatial, and temporal—to maximise their diversion from landfills with the aim of advancing the circular economy and mitigating their lifecycle carbon footprint. The statement below highlights this conceptualisation:



“The circular economy potential of construction and demolition resources (CEPCDR) is the resulting mass of non-hazardous building materials that are generated due to construction and demolition activities and can be potentially used as by-products to promote environmental sustainability considering the geographical proximity of resource facilities and the lifecycle carbon footprint of making and transporting the by-products”.



As can be seen, by employing terms such as “resulting mass” and “resource”, the aforementioned statement emphasises that non-hazardous CDW materials are still valuable resources for the circular economy after their first usage on-site. Thereby, the CEPCDR contributes to the diversion of CDW materials from landfills. As a result, the CEPCDR should be measured in kilograms or tons to standardise the measurement units, thus addressing inconsistencies in CDW analytics. The current variations in definitions and classifications of CDW materials have led to poor CDW analytics that cannot empower the circular economy [6]. Conversely, the concept of the CEPCDR can prevent losses for the circular economy by recording any reusable/recyclable CDW materials as CEPCDRs in a consistent way with the aim of enhancing CDW analytics. This would be highly valued, as providing robust data from the CDW stream is vital to advancing the circular economy effectively.



Furthermore, by conceptualising the CEPCDR from a holistic perspective, the lifecycle impact of materials (cradle-to-cradle boundaries or C2C) can be mitigated. The latter is comprised of the materially embodied carbon and the carbon dioxide emissions from transportation and treatment [53,95]. To mitigate the C2C emissions—specifically, those related to the transportation and treatment phase of CDW materials—the CEPCDR integrates the spatial dimension of “geographical proximity”. This dimension refers to the location of construction sites with regard to the recycling facilities, resource recovery centres, material banks, or transfer stations. In doing so, stakeholders are forced to transport the CEPCDR to the closest facilities for treatment or storage by finding the optimal distance between the site and the relevant facilities each time. As a result, the transportation impact can be reduced significantly.



Apart from that, the proposed CEPCDR advocates for the mitigation of the CO2 emissions associated with the treatment of materials. In particular, by excluding the landfilling option from the treatment scenarios, the proposed concept fosters the diversion of the CEPCDR from landfills, thus promoting reuse, recycling, and recovery. Thereby, the CO2 emissions released from the 3Re process are significantly lower than that those from landfilling, thus contributing to the mitigation of global warming, which affects the construction industry. The latter is of great importance to the Australian government, which must reduce the carbon footprint of its major industrial sectors, including the construction sector, by 26% to 28% by 2030 compared to 2005 levels [95].





5. Conclusions


This study examined the scholarly and legislative definitions of CDW materials and whether or not their conceptual approach may advance the circular economy and sustainability in the built environment. It was found that CDW definitions can be categorised based on their embraced terminology and scope into three main groups: quantitative, descriptive, and economic definitions. The quantitative definitions usually address quantitative needs; e.g., the need to estimate the volume or mass of the generated CDW materials on sites. The descriptive CDW definitions were mainly developed to support waste classification systems, while the economic definitions are generally related to lean production management.



Most of the definitions do not conceptualise CDW materials as having valuable recycling potential for the circular economy. Although the quantitative and descriptive definitions can be used to accurately measure and classify the resultant amount of CDW materials to eventually support the circular economy, they present inconsistencies. In particular, the quantitative definitions do not standardise the metric units of measurements (e.g., cubic meters or kilograms), while the descriptive definitions present generalities or dissimilar terminologies, which may lead to vague classification groups. Such inconsistencies adversely impact the circular economy, which requires robust data.



On the other hand, most of the economic definitions describe CDW as unwanted materials with zero added value for projects and clients. This conceptual approach promotes the disposal of reusable or recyclable CDW materials into landfills with the aim of supporting the linear economy. Therefore, the extant definitions mainly focus on the negative aspect of CDW materials, which reflects their social, economic, and environmental impacts. However, these impacts can be ameliorated if we consider the spatial and temporal dimensions, which are associated with the dynamic nature of CDW materials.



Specifically, these two dimensions are related to the CO2 emissions released from the transportation and treatment phases of CDW materials. The current definitions fail to embrace these dimensions to mitigate these impacts with the aim of supporting environmental sustainability in the construction industry. Furthermore, the discussed definitions do not emphasise that CDW materials remain materials after their first use on-site, which would promote the “3Re” policy. As a result, they cannot promote a holistic managerial approach for the CDW stream in waste legislation and support the relevant CDW management strategies.



In summary, this study conceptualises the circular economy potential of CDW materials (CEPCDRs) from a holistic perspective, which encompasses five dimensions—social, economic, environmental, spatial, and temporal—with the aim of enhancing the circular economy and sustainability in the built environment. In doing so, the study bridges the relevant gap in the literature in a novel way, advancing the theories of CDW management.



Understanding the circular economy potential of CDW materials has important implications for societies and governmental practices. This new concept establishes that CDW materials are a valuable resource for the circular economy and enables the maximisation of their diversion from landfills. The landfilling option may be excluded to maximise the benefits for the local community by creating new jobs through the growth of recycling and other types of green businesses. The environment can be improved by mitigating the carbon footprint of the CDW stream, thus enhancing social justice and the resilience of local communities. This work may also contribute to transforming the mindset in the industry as it promotes the socio-economic and environmental benefits associated with CDW materials instead of focusing on their negative impacts. Lastly, the study seeks to drive future research in measuring the CEPCDR.




6. Limitations


Three major limitations governing the current study should be noted: the first concerns the absence of primary research data; the second is related to the scarcity of the secondary data retrieved from the literature regarding CDW materials; and, finally, the third refers to the geographical domain of the current research, which focuses on Australia, China, Europe, India, and the United States.
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Figure 1. Research flow diagram. 
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Table 1. Descriptive, economic, and quantitative CDW definitions.
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	Author & Year
	CDW

Definition
	CDW

Category





	Skoyles and Hussey

1974
	“The surplus between materials ordered, delivered, and accepted and those used properly for the execution of the building project”
	Quantitative



	Skoyles

1976
	“Direct waste” refers to material wastage, while “indirect waste” to monetary loss
	Quantitative and Economic



	Skoyles, E. and Skoyles, J.

1987
	“A material which needed to be transported elsewhere from a construction site or used on the site itself other than the intended purpose of the project due to damage, excess, or non-use or which cannot be used due to non-compliance with the project’s specifications, or which is a ‘by-product’ of the construction process”
	Quantitative and Economic



	Agenda 21 (UN)

1992
	“The material wastage can be defined as the amount consumed in addition to the planned material”
	Quantitative



	Koskela

1992
	“Any inefficiency that results in the use of equipment, materials, labour, or capital in larger quantities than those considered as necessary in the production of a building. Also, any activity that takes time, resources, or space but does not add value”
	Economic



	HK Polytechnic School

1993
	“The amount of by-product removed from construction sites for a recycling, reusing, or disposing of purpose”
	Quantitative and Economic



	Tchobanoglous et al.,

1993
	“The relatively clean, heterogeneous building materials generated from the various construction activities”
	Descriptive



	Alarcon

1997
	“Anything different from the absolute minimum number of resources of materials, equipment, and manpower necessary to add value to the product”
	Economic



	Formoso et al.,

1999
	“Any losses produced by activities that generate direct or indirect costs, but do not add value to the product from the point of view of the client”
	Economic



	Ekanayaka and Ofori

2000
	“Construction waste can be divided into three principal categories: material, labour, and machinery waste, and they derive from non-renewable resources”
	Economic



	Shen et al.,

2000
	“The difference between the value of materials delivered and accepted on site and those properly used as specified and accurately measured in the work, after deducting the cost saving of substituted materials transferred elsewhere, in which unnecessary cost and time may be incurred by materials wastage”
	Quantitative and Economic



	Formoso et al.,

2002
	“The difference between the number of materials effectively purchased by the company less the number of existing inventories in relation to the amount of materials defined by the measurement of work done”
	Quantitative



	Shen et al.,

2004
	“The form of building debris, rubble, earth, concrete, steel, timber, and mixed site clearance materials, arising from various construction activities including land excavation, site clearance, demolition activities, roadwork, and building renovation”
	Descriptive



	The UK WRAP

2006
	“The excess or damaged or temporarily used products during construction, renovation, and demolition work”
	Descriptive



	Roche and Hegarty

2006
	“The surplus and damaged products and materials that arise from construction, renovation, demolition, and other construction activities”
	Quantitative and Descriptive



	Poon

2007
	“As a mixture of inert and non-inert materials arising from construction, excavation, renovation, demolition, roadwork, and other construction-related activities”
	Descriptive



	Tam et al.,

2007
	“Any unwanted product from the construction, renovation, and demolition activities”
	Descriptive



	Kofoworola and Gheewala

2009
	“The solid waste that arises from construction, renovation, and demolition activities”
	Descriptive



	Lu and Yuan

2011
	“Any waste or damaged materials generated by site clearance, excavation, construction, refurbishment, renovation, demolition, and road works”
	Descriptive



	Jain

2012
	“Activities such as construction, renovation, or demolition of structures generating an inert and non-inert material defined as construction waste”
	Descriptive



	Nagapan et al.,

2012
	“Physical waste; any material by-product of human and industrial activity that has no residual value”
	Economic



	Rajendran

2012
	“Any waste related to design changes, unused material, packaging waste, and errors in designs”
	Economic



	Muhwezi et al.,

2012
	“Any material that needs to be recycled; reused other than for a particular purpose because of damage, excess, non-use, or non-compliance with the specifications needed”
	Economic



	Denzer et al.

2015
	“CDW materials can be defined as (i) object waste (activities and outcomes), (ii) effort waste (resource efficiency), and (iii) value waste (value loss for clients)”
	Economic



	Martos

2018
	“The waste generated by the economic activities involving the construction, maintenance, demolition, and deconstruction of buildings and civil works”
	Descriptive and Economic



	Menegaki and Damigos

2018
	“The surplus between materials ordered, delivered, and accepted and those used properly for the execution of the building project”
	Quantitative



	Wang et al.,

2019
	“The waste material generated from the construction of residential buildings, commercial buildings, public buildings, and industrial buildings, excluding excavated soil”
	Descriptive
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Table 2. Legislative definitions 1 for CDW in Australia, China, the European Union, India, the United Nations, and the United States.
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	Country
	CDW

Definition





	Australia
	“Waste produced by demolition and building activities, including road and rail construction and maintenance, and land excavation associated with construction activities”



	China
	“Waste soil, waste material, and other waste generated during construction, reconstruction, expansion works, and demolition of various types of buildings, building structures, and pipe networks by building units and construction contractors”



	European Union
	“Any waste generated in the activities of companies belonging to the construction sector and included in category 17 of the LoW (Decision 2000/532/EC)”



	India
	“Waste consisting of building materials, debris, and rubble resulting from construction, re-modelling, restoration, and destruction of any civil construction”



	UN

(Rio Agenda 1992)
	“Solid wastes including all domestic refuse and non-hazardous wastes such as commercial and institutional wastes, street sweepings, and construction debris”



	USA
	“Waste that is generated from the construction, renovation, repair, and demolition of structures such as residential and commercial buildings, roads, and bridges”







1 Sources: [45,69,72,75,76,79].
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