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Abstract

Sustainable treatments of construction and demolition (C&D) wastes have become an
increasingly urgent social, environmental, and economic issue worldwide. Based on a filter of
370 articles related to C&D waste management, this review-based study adopted a science
mapping approach to evaluating the recent decade’s C&D waste management research.
Through a three-step workflow consisting of bibliometric literature search, scientometric
analysis, and qualitative discussion, this study identified the most influential journals, scholars,
articles, and countries that have been active and influential in the C&D waste management
research since 2009. Keyword analysis revealed the emerging research topics, such as BIM,
prefabricated construction, Big Data, and Circular Economy. The follow-up discussion
summarized the mainstream research areas (e.g., qualification of waste generation), discussed
research gaps (e.g., integration of BIM and Big Data into C&D waste management), and
proposed the framework for near-future research, such as a comprehensive evaluation of the
performance of C&D waste diversion, human factors, and design and planning for waste

diversion. By providing the big picture of the latest research in C&D waste management since
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2009, the paper serves as a multi-disciplinary guide for practitioners and researchers to link

current research areas into future trends.

Keywords: Construction and demolition waste; sustainable development; science mapping;

waste management; scientometric analysis; literature review.

1. Introduction

Construction and demolition (C&D) wastes refer to a mixture of surplus materials
generated from construction, renovation, and demolition activities including site clearance,
roadwork, and demolition (Shen et al., 2004). C&D wastes may consist of different sources
such as asphalt, concrete, and wood (Poulikakos et al., 2017). C&D wastes account for 30% to
40% of the total solid wastes (C&D Waste Management Guide, 2016; European Commission,
2011; Rodriguez-Rables et al., 2015). The increasing amount of C&D waste materials due to
urbanization and related C&D activities are causing negative impacts on the environment and
society (Lu and Yuan, 2010; Meng et al., 2018). In many parts of the world, disposing of C&D
wastes to landfills without recycling remains the commonplace treatment method (Duan and
Li, 2016). lillegal dumping still happens (Seror and Portnov, 2018). Due to the limited landfill
spaces, water pollution, energy consumption, and harmful gas emissions, wastes from building
demolition have become a major challenge to sustainable urban development (Ding et al.,
2016). The urgency of reducing, reusing and recycling C&D wastes in order to release the
pressure of landfills and to enhance the waste diversion practice has driven the sustainability
movement from both governmental and industry perspectives (Jin et al., 2017). According to
multiple previous studies (Jin et al., 2017; Marrero et al., 2017; Mastrucci et al., 2017), C&D
waste management is an inter-disciplinary theme involving social, environmental, and
economic aspects, and simultaneously it covers complicated issues from the engineering,

technological, management, and policy perspectives. Thus, a comprehensive review of the



state-of-the-art C&D waste management research would be useful to provide a holistic picture

to multiple stakeholders including practitioners, researchers, and authorities.

An early research by Yuan and Shen (2011) predicted that C&D waste management would
become an emerging research and practical issue in developing countries. (Li et al., 2018b)
performed bibliometric analysis for solid waste reuse and recycling, and further identified the
gap of C&D waste management between developing and developed countries. Although C&D
waste management is considered a key issue in terms of their contribution to Circular Economy
(Li et al., 2018b; Mahpour, 2018; Miatto et al., 2017), there has been insufficient review of
C&D waste management research in the recent decade to follow up the study conducted by
(Yuan and Shen, 2011). Although there have been multiple review-based studies in the domain
of C&D waste treatment, these studies were either limited to C&D recycling technical
perspective (Chen et al., 2016; Evangelista and De Brito, 2014; Umar et al., 2017) or not
covering the state-of-the-art C&D waste treatment practice (Brasileiro and Matos, 2015;
Menegaki and Damigos, 2018). The fast movement of contemporary construction issues,
including digital construction such as BIM (i.e., Building Information Modeling), prefabricated
construction, and sustainability have been applied in C&D waste management, such as BIM in
waste minimization (Won and Cheng, 2017), Big Data approach in waste generation estimate
(Lu etal., 2016), prefabrication approach in reducing waste (Li et al., 2014), and incorporating
the concept of Circular Economy into C&D waste diversion (Esa et al., 2017a). There is a need
to look into the applications of emerging technologies or approaches in C&D waste
management, as well as to investigate the potential of integrating these
technologies/approaches to enhance the C&D waste diversion practices especially in the recent

decade.

Literature review is an expedient approach to gain an in-depth understanding of a research

domain (He etal., 2017). The limitations of some existing review-based studies (Ke et al., 2009;



Tang et al., 2010) in the field of construction engineering and project management are that they
relied on subjective judgements which might be biased or even misguiding (Hosseini et al.,
2018; Song et al., 2016). For example, in these existing review-based studies (Martinez-Aires
et al., 2018), only articles from journals that the scholars perceived influential were included
for literature review. Further, these review-based studies might have only included a limited
literature sample (Martinez-Aires et al., 2018). More definitions of subjective judgements can
be found in Hammersley (2001). To minimize these potential subjectivities, studies including
Zhao (2017), Li et al. (2018b), and Hosseini et al. (2018) introduced the science mapping
approach into the field of construction engineering and management. These existing review-
based studies have adopted the science mapping approach in studying the mainstream
keywords, co-authorship network, citations of journals and articles in the target research theme,
such as BIM (Zhao, 2017), off-site construction (Hosseini et al., 2018), building performance
analysis (Park and Nagy, 2018), and public-private-partnership (Song et al., 2016). It has been
further addressed by Xu et al. (2018) and Jin et al. (2018) that a science mapping approach
could be incorporated in a holistic review method by extending it into a follow-up qualitative
discussion which could lead to a new research framework guiding future scholarly work.
Following these studies, it is believed that a more comprehensive review approach can be
adopted by adding a more in-depth discussion assisted by science mapping. For example, the
study of Li et al. (2018b), which reviewed solid waste management, could be extended with a

further discussion on the research gaps and framework for future research.

The novelty of this research lies in that: 1) it applied the science mapping approach in the
research domain of C&D waste management. The science mapping approach, consisting of
bibliometric literature search and scientometric analysis (Hosseini et al., 2018), could minimize
the subjectivity and biasedness (Song et al., 2016) in performing review-based studies in C&D

waste management (e.g., Brasileiro and Matos, 2015); 2) the research extended the science



mapping approach in waste management review (e.g., Li et al., 2018b) with an in-depth
qualitative discussion, by evaluating the C&D waste management research in the recent decade
with a more holistic approach. The following objectives are targeted: 1) analyzing the main
research topics within C&D waste management; 2) identifying the current research gaps in it;
and 3) proposing a framework to guide future research directions. This study serves as a follow-
up evaluation of Yuan and Shen (2011) who discussed the trend of C&D waste management
research based on the review of literature published between 2000 and 2009. The proposed
research directions by Yuan and Shen (2011) are revisited leading to further discussions and

expectations on both ongoing and newly emerging research topics in C&D waste management.

The remainder of this paper is structured as follows: Section 2 describes the holistic review
methodology incorporating science mapping and a further qualitative discussion; Section 3
presents the results and initial findings through science mapping; Section 4 extends the science
mapping approach to discuss the research topics, gaps, and trends in C&D waste management;

and Section 5 concludes this review-based study.

2. Methodology

This review-based study adopts a holistic approach to evaluating the latest research outputs
(i.e., 2009-2018) in the domain of C&D waste management published in Scopus. The overall
workflow is illustrated in Fig. 1, which contains the science mapping approach consisting of

biblimetric search and scientometric analysis, and qualitative discussion.
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Fig.1. The three-step workflow for reviewing the C&D waste management literature

2.1.Bibliometric search

The bibliometric search of C&D waste management publications was performed in Scopus,
which is one of the main search engines for academic outputs. It is believed that Scopus covers
more journals and more recent publications than other digital sources such as Web of Science
(Aghaei Chadegani et al., 2013). The literature search started from inputting the following

keywords in Scopus:

TITLE-ABS-KEY ("construction and demolition waste" OR "C&D waste" OR "C&D wastes"
OR "CDW" OR "construction waste" OR "demolition waste"
AND

“waste management”)

The keywords search identified related journal articles published in English during 2009-

2018. Conference papers were excluded due to the fact that they did not provide as much



information as journal articles do (Butler and Visser, 2006). As shown in Fig. 1, a total of three
sub-steps were performed in the bibliometric literature search to screen out articles that are

either out of scope or do not focus on C&D waste management.

2.2.Science mapping

VOSViewer, a text-mining tool developed by (van Eck and Waltman, 2010), was adopted
in this study for analyzing and visualizing bibliometric networks. According to (Van Eck and
Waltman, 2014), VOSViewer provides distance-based visualizations of bibliometric networks.
The distance between two nodes approximately indicates the relatedness between them.
VOSViewer is suitable for visualizing larger networks. It also has special text mining features.
More detailed descriptions of the working mechanism of VOSViewer can be found in Van Eck
and Waltman (2014). Some existing studies in the field of construction engineering and project
management has adopted VOSViewer to assist the literature review of various topics, such as
the public-private-partnership (Song et al., 2016), BIM (He et al., 2017), and building
environmental control (Park and Nagy, 2018). This study adopted VOSViewer to achieve the
following objectives: 1) to load the downloaded literature sample from Scopus; 2) to visualize,
compute, and analyze the influence of key journals, scholars, publications, and countries in the
research community of C&D waste management; and 3) to study the mainstream research

keywords and their inter-relationships.

2.3. Qualitative discussion

Qualitative discussion was the last step following bibiometric search and scietometric
analysis. According to Fig.1, three major objectives were to be achieved in the in-depth
qualitative discussion, which include summarizing the currently ongoing main research topics
within C&D waste management, identifying the research limitations or gaps, and proposing

future research directions.



3. Results of scientometric analysis

The keyword-based bibliometric search in Scopus produced a list of 410 related journal
articles. The initial screening performed by researchers screened out articles that studied waste
management out of or extending beyond the C&D sectors. For example, Fagnani and
Guimardes (2017) and Jones et al. (2009), though targeting waste processing and management,
did not focus on the C&D industry. Other studies such as Dong and Lee (2009), Pattnaik and
Reddy (2010), as well as Staley and Barlaz (2009) focused on a larger scope (e.g., solid,
municipal, or industrial wastes), which covered the C&D waste but was not limited to it. Hence,
these studies were removed from the literature sample. The second-round screening verified
the research objectives of the remaining articles. Only those papers that had a focus on waste
management would stay. Studies such as Abanda et al. (2013) and Chau et al. (2012), although
mentioning recycled materials or material usage, aimed to study other sustainability problems
(e.g., carbon footprint of buildings or embodied energy). These articles were also removed

from the sample. Ultimately, 370 articles were included in the review.

3.1. An overview of the literature sample

Fig. 2 displays the number of papers published yearly between 2009-2018 in the selected
literature sample. The data show the overall trend of research outputs in C&D waste
management in the past decade. Excluding the incomplete data for 2018, generally the annual
number of publications has been increasing since 2009, from below 30 total articles published

annually in 2009 and 2010 to over 60 in 2016 and 2017. This indicates that the research



community had increasing interests and outputs in C&D waste management in recent years.
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Fig.2. Yearly publications from 2009 to 2018

3.2. Science mapping of journal sources

Source journals, where the selected C&D waste management journal articles were
published, were identified, visualized, and evaluated in this study. The results are shown in Fig.
3and Table 1. The minimum number of papers published and the minimum number of citations
were set at 3 and 30, respectively, in VOSViewer. In total 12 out of 121 journals met the
threshold. Fig. 3 displays the clusters of journal sources and their inter-relationships through
connection lines. Note that journal names may not be shown fully in VOSViewer. The missing

information can be seen in Table 1.
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Fig.3. Mapping of mainstream journals in the domain of C&D waste management

Table 1. Quantitative measurements of journals publishing C&D waste management research
Ave.

Acronym in Number of Total Average | Norm.
VOSViewer Source publications | citations | citations | Citation?
WM Waste Management 65 1843 28 1.6
RCR Resources, Conservation

and Recycling 48 1094 23 1.8
WMR Waste Management And

Research 28 322 12 0.6
JCP Journal of Cleaner

Production 27 405 15 1.7
CBM Construction and

Building Materials 8 189 24 1.5
Sust Sustainability

(Switzerland) 7 31 4 0.8
OCBTJ Open Construction and

Building Technology

Journal 6 34 6 0.5
RSER Renewable and

Sustainable Energy

Reviews 6 130 22 1.4
WBV Waste and Biomass

Valorization 5 48 10 0.4
IJLCA International Journal of

Life Cycle Assessment 3 57 19 1.8
JHM Journal of Hazardous

Materials 3 46 15 1.6
JIE Journal of Industrial

Ecology 3 35 12 1.6

! The Ave. Norm. Citation represents the normalized number of citations of a journal source, article, scholar, a
country, or an organization. It is calculated from dividing the total number of citations by the average number of
citations published per year. The normalization corrects the misinterpretation that older documents gain more time



to receive citations than more recent publications (van Eck and Waltman, 2017). The Ave. Norm. Citation is also
applied in following tables which measure the influence of keywords, scholars, articles, or countries that are active
in C&D waste management research.

In Fig. 3, the font and node sizes visually represent the number of publications from the
given journals, with larger font and node sizes indicating larger numbers of publications. The
clusters represented by different colors and connection lines indicate the closeness among
journals in terms of mutual citations. Citation is one of the major measurements of influence
of scholarly works, and the use of direct citation is a common measure to identify influential
studies in a domain (Van Eck and Waltman, 2014). It is seen that the following journals have
been contributing significantly to the research community in C&D waste management: Waste
Management (WM), Resources, Conservation, and Recycling, Journal of Cleaner Production
(RCR), and Waste Management and Research (WMR). More quantitative measurements of
journals’ influences are summarized in Table 1.

Four major measurements listed in Table 1, including number of publications, total
citations received, average citation per publication, and average normalized citation quantify
the influence of journals in the domain of C&D waste management. While the former two
measurements are generally highly correlated to each other, the average citation related
measurements, however, could be independent of the former two measurements; i.e., a journal
that is productive in terms of number of publications or total citations may not have the highest
citation or normalized average citation per article. Fig. 3 and Table 1 show the consistent results
regarding the most productive journals, which are WM and RCR. They are also the journals
receiving the highest average citations, indicating their highest influence in terms of both
production and research significance. In terms of the average normalized citation, WM and
RCR were among the journals with the highest average yearly influence, together with a few
other journals including International Journal of Life Cycle Assessment, and Journal of

Cleaner Production. However, WMR, although with higher average citation, did not have high



average yearly citation. Table 1 further displays some journals that are not ranked top in terms
of production, but having significant contributions according to the average citations. These
include Construction and Building Materials, Renewable and Sustainable Energy Reviews,

Journal of Hazardous Materials, and Journal of Industrial Ecology.

3.1.Co-occurrence of keywords

Keywords represent the main contents of existing studies and depict the topics that have
been focused on within a given domain (Su and Lee, 2010). A network of keywords displays
the knowledge among their relationships and intellectual organization of research themes (Van
Eck and Waltman, 2014). Following the recommendations of Oraee et al. (2017) and Hosseini
et al. (2018), the authors of this paper used “Author Keywords” and “Fractional Counting” in
VOSViewer analysis. The minimum occurrence of a keyword was set at 3. Initially 77 out of
992 keywords met the threshold, from which some general items were removed, e.g.,
“construction and demolition waste,” “construction waste,” and “construction.” Some other
keywords with the same semantic meanings, such as “building information modeling” versus
“BIM”, and “recycled aggregate” versus “recycled aggregates,” were combined in the second-
round keyword analysis. Finally, a total of 43 keywords were selected, as shown in Fig. 4 and

Table 2.



langfill
bim -

Eypsum

quantification
legislation
malaysia
indicators reuse

decision sugport system recavery

sustainability regyeling

waste mifimization Ica

estinggtion environmental impact
urbanization
congrete
leachin,
PreroORE”  chine ¢ quality
-
recycled aggregate

= wrmyplan megals flyash
australia = recycled concrete StrEngth
h
‘—k o casestudy density

bigdata

Note: LCA, HK, and WM denote life cycle assessment, Hong Kong, and waste management, respectively.
Fig.4. Co-occurrence of keywords in C&D waste management research

The node sizes, distances among nodes, and connection lines among keywords visualized
in Fig.4 display these most frequently studied terms, including but not limited to sustainability,
recycling, reuse, China, BIM, and prefabrication. The colors of nodes divide these keywords
into different clusters. It can be found from Fig.4 that concrete, recycled aggregate, and strength
are strongly related to each other within the same cluster. Keywords from different clusters
may also be strongly linked, such as BIM and quantification. Generally, the mainstream
research keywords within C&D waste management can be categorized in terms of waste
treatment methods, sustainability impact, waste materials and technical studies, waste
management approach, quantification of waste generation, newly emerging technologies (e.g.,
BIM), as well as research methods and countries active in C&D waste management:

e Waste treatment methods: The waste treatment method hierarchy from disposal, recycling,
reuse, and reduction has been shown in multiple earlier studies (Shen et al., 2004; Yuan
and Shen, 2011). Recycling remains the major method for C&D waste diversion in the

recent decade;



Sustainability impact: The environmental impact has been widely studied within the
research theme of sustainability. Existing studies show that C&D waste treatment methods
have affected sustainability in multiple dimensions, including energy consumption
(Poulikakos et al., 2017), carbon footprint (Coelho and Brito, 2013; Kucukvar et al., 2014),
and other environmental issues (Zhang et al., 2012);

Waste materials and technical studies: One of the main research areas in C&D waste
management is focused on the type of waste materials and technical studies of waste
material properties. The widely studied types of C&D waste materials include concrete
(Matias et al., 2013), brick (Jeli¢ et al., 2018), asphalt (Arm et al., 2017), and ceramics
(Cabrera-Covarrubias et al., 2017). Recycled aggregates (Al-Bayati et al., 2018; Sim and
Park, 2011) are usually the initial forms after the treatment of waste materials generated
from C&D activities. Reuse and recycling of waste concrete or bricks (Zega and Di Maio,
2011) has been an ongoing research area. The properties of recycled products are a key
concern because the lower quality may restrict their applications in engineering practice
(Jin and Chen, 2015; Jin et al., 2017);

Waste management approach: The waste management approach has been widely
incorporated with life cycle assessment (LCA). Specifically, LCA was applied in the levels
of project or building (Zambrana-Vasquez et al., 2016), material or building elements such
as concrete (Mah et al., 2017; Sou et al., 2016), and the C&D waste management system
(Bovea and Powell, 2016). Recovery, as one type of waste treatment method, was strongly
linked to the LCA approach in multiple studies such as Dahlbo et al. (2015), Puskas et al.
(2014), and Arm et al. (2017);

Quantification of waste generation: Quantification and estimation (Ferreira-Sanchez and
Marrero, 2017; Llatas and Osmani, 2016; Mah et al., 2016) of waste generation or waste

generation rate (WGR) has been one of the popular research topics. For example, Mah et



al. (2017) proposed a theoretical method to guide the WGR estimate. Design, modeling,
validation, and implementation of WGR or measurement of waste generation are the main
focuses within these studies (Ding and Xiao, 2014; Parisi Kern et al., 2015);

Newly emerging technologies: The applicability of emerging digital technologies (e.g.,
BIM and big data) in C&D waste management has been studied. For example, Kim et al.
(2017) applied BIM in the building design stage to estimate the amount of demolition waste.
This technology is believed to have large potential for more efficient waste management
throughout the project life cycle based on its functions in design review, 3D coordination,
quantity take-off, and phase planning (Won and Cheng, 2017). Big data analytics was
applied by Chen and Lu (2017) to study the inter-relationships among waste generation and
multiple factors such as demolition cost, demolition duration, and public-private nature of
a building project;

Research methods and countries active in C&D waste management: As predicted by Yuan
and Shen (2011), more C&D waste management research would be conducted in
developing economies. According to Fig. 4., it can be seen that China has become active in
C&D waste management during the past ten years, and the effects of prefabrication (an

emerging construction technique) on waste reduction was studied in China (Li et al., 2014).

More quantitative measurements of keywords are summarized in Table 2.

Table 2. Summaries of main keywords in C&D waste management research

Keywords in C&D waste Average Year | Average Ave.
Occurrence . - Norm.
management research Published Citations Citati
itation
Recycling 51 2014 13 0.8
Sustainability 28 2014 12 0.9
LCA 20 2015 12 1.6
Recycled Aggregate 17 2014 14 1.7
China 16 2014 26 1.7
Strength 14 2013 27 1.1
System Dynamics 13 2014 23 1.6
HK 12 2013 14 14
Reuse 11 2014 16 1.0
Concrete 10 2013 24 0.9




Waste Minimization 10 2014 7 0.5
Quantification 9 2014 16 1.3
BIM 8 2016 14 1.5
WM Plan 8 2012 5 0.3
Environmental Impact 6 2014 12 0.7
Estimation 6 2014 9 0.8
Landfill 6 2016 9 1.7
Malaysia 6 2016 2 0.7
Circular Economy 5 2017 1 1.5
Metals 5 2015 8 1.0
Recycled Concrete Aggregate 5 2014 15 1.2
Gypsum 4 2013 7 0.8
Leaching 4 2014 19 1.8
Australia 3 2013 38 2.0
Big Data 3 2016 14 3.6
Case Study 3 2013 11 0.6
Decision Support System 3 2013 16 0.8
Density 3 2013 17 1.0
Factor Analysis 3 2013 19 1.3
Fly Ash 3 2013 17 0.7
Indicators 3 2014 14 0.8
Legislation 3 2013 18 1.0
Prefabrication 3 2013 14 1.1
Quality 3 2012 4 0.1
Recovery 3 2014 11 1.3
Recycled Concrete 3 2014 26 1.4
Urbanization 3 2017 3 1.8
Waste Prevention 3 2016 2 0.6
Waste Sorting 3 2012 44 1.8
Water Absorption 3 2015 3 0.4
Waste Generation Rate 3 2016 6 1.3

Note: keywords in Table 2 are listed according to their occurrences, from highest to lowest.

Table 2 summarizes the quantitative measurements of the identified keywords. According
to their average citations, the following keywords including waste sorting, strength, recycled
concrete, China, and Australia have received more attention in the research community. In
those related articles, strength refers to the quality or properties of recycled products (e.g.,
concrete made from recycled aggregates). It can be seen that balancing quality and
sustainability has become a wide concern in research. The average year of publication indicates
the recentness of a given keyword in the domain of C&D waste management. For example,
studies focusing on the waste management plan and quality of recycled products were largely
published around 2012, showing that these two topics have been studied comparatively early.
In contrast, papers related to BIM, Circular Economy, Big Data, urbanization, waste prevention,

and WGR were published around 2016 or 2017, indicating that these emerging themes caught



researchers’ attention in more recent years and may represent future research directions. The
average normalized citation values also indicate that these keywords have aroused high
attention in the research community of C&D waste management, especially Big Data, which

had significantly higher average normalized citation than any other keywords in Table 2.

3.2.Co-authorship analysis

It is commonplace to see collaborations among scholars in academic research. Awareness
of the existing collaborations in a research domain can prevent researchers from isolation and
improve productivity (Hosseini et al., 2018). For this co-authorship analysis in C&D waste
management research, the minimum number of articles published and the minimum citations
of an author set in VOSviewer are 5 and 30 respectively. Totally 24 out of 919 authors from the
literature sample met the selection criteria. These most influential authors are presented in Fig.
5 and Table 3. It can be seen in Fig. 5 that these authors are divided into three categories,
representing the research network of three groups of scholars in C&D waste management, for

example, the research group of Yuan H., Lu W., Chen X., Shen L., and Zhang X.

chen x.

duap h
zhang x.

luw.
wang j.
200 |. > Wz,
shen I.
RO chengj.c.p
yuan h. yu aitw.
i tam.xfw,y.
ding z.

Fig.5. Co-authorship analysis in C&D waste management research

Table 3. Quantitative measurements of scholars in C&D waste management research

Number Total Average Average Ave.
Scholar Affiliation of s publication | . ". 91 Norm.
- citations citations | ~., ..
articles year Citations
Yuan H. |Southwest Jiaotong University 17 741 2012 44 2.0
LuW. |The University of Hong Kong 16 454 2014 28 2.0




Shen L. |Chongging University 9 310 2013 34 2.4
Tam V.W.Y.|Western Sydney University 14 281 2013 20 1.3
Wang J. [Shenzhen University 10 249 2014 25 2.1
Poon C.S. |Hong Kong Polytechnic University 6 205 2014 34 2.2
Cheng J.C.P. The Hong Kong University of Science 6 119 2016 20 2.3
and Technology
LiJ. Hong Kong Polytechnic University 5 117 2014 23 1.4
Ding Z. |Shen Zhen University 5 109 2015 22 1.5
Yu A.T.W. |Hong Kong Polytechnic University 5 101 2015 20 2.2
Zhang X. |City University of Hong Kong 7 66 2015 9 1.2
ZuoJ. |University of Adelaide 7 65 2016 9 1.4
Wu Z.  [Shenzhen University 5 62 2016 12 2.1
Chen X. [The University of Hong Kong 6 48 2016 8 2.3
Duan H. [Shenzhen University 5 31 2016 6 1.3

Note: Scholars in Table 3 are listed according to the total citations.

Table 3 presents the five major quantitative measurements of these scholars, namely total
link strength, number of articles published, total citations in Scopus, the average year of
publication, and average citations per article. The former three measurements display the
production of research outputs and the influence of the given author to the research community.
According to Table 3, Yuan H. is the most productive author in the domain of C&D waste
management, with significantly more total citations than other authors. Yuan H. also ranks the
first in total number of articles and average citations, indicating that Yuan H. is both productive
and influential in this domain. Other scholars with significant contributions to the research
community include Shen L., Poon C.S., and Lu W. These scholars have also been collaborative
as visualized in Fig. 5. The average publication year of scholars provides the information of
emerging scholars including Zuo J., Wu Z., Chen X., and Duan H, whose publications are
generally around 2016. The normalized citation analysis indicates the average yearly influence
of scholars. Shen L., Cheng, J.C.P., and Chen, X., although not with the highest number of
publication nor the average citation, have contributed significantly to the research of C&D
waste management considering their yearly influence. Some other productive scholars,

including Xiao J., and Brito, J. were not identified through text mining in Table 3, due to the



fact that this study focused on the management level of C&D waste, but not on technical

properties of recycled products (e.g., recycled aggregate concrete).

3.3.Citation of articles

The most influential journal publications in the last ten years were also investigated in
VOSViewer, with the minimum citations set at 50. This resulted in a total of 27 out of 370
articles being selected. Among them, the most influential articles measured by citations are
visualized in Fig. 6. Consistent to the findings in Fig. 5 and Table 3, Fig. 6 further illustrates
that Yuan H. has been leading a series of studies that contributed significantly to the research
domain of C&D waste management.

Iu(2011)

wang (2010)

llatas(2011) 1u (2010)
kofoworgla (2009) begum (2009)
cheng(2013)

yuangz013)

Iu(2011) yuan(2012)

yuani2011) yuan (2011)

jaillon (2009)

roussat (2009)

Note: only the first author of each article is displayed in VOSViewer, more details of each article can be found in
Table 4. Yuan (2011a) is the same as Yuan and Shen (2011); Yuan (2011b) refers to Yuan et al. (2011).

Fig.6. Science mapping of most influential publications in C&D waste management
research
More details of these articles, including their full tile, number of links and total citations

are summarized in Table 4.

Table 4. List of publications with the highest impact in C&D waste management

Ave.
Title Number of Norm.
Article citations Citations




Jaillon et al. Quantifying the waste reduction potential of using 124 3.3
(2009) prefabrication in building construction in Hong Kong
Yuan and Shen | Trend of the research on construction and demolition waste 4.6
120
(2011) management
Begum et al., Attitude and behavioral factors in waste management in the 97 2.6
(2009) construction industry of Malaysia
Kofoworola and | Estimation of construction waste generation and 2.5
Gheewala management in Thailand 94
(2009)
Wang et al., Critical success factors for on-site sorting of construction 84 2.9
(2010) waste: A china study
Lu and Yuan A framework for understanding waste management studies 2.7
. . 72
(2011) in construction
Roussat et al. Choosing a sustainable demolition waste management 1.7
. S L . 66
(2009) strategy using multicriteria decision analysis
Cheng and Ma A BIM-based system for demolition and renovation waste 3.2
R . 65
(2013) estimation and planning
L latas (2011) A moqlel for quantifying construction waste in projects 63 2.4
according to the European waste list
An empirical investigation of construction and demolition 2.4
Luetal. (2011) waste generation rates in Shenzhen city, South China 62
Lu and Yuan Exploring critical success factors for waste management in 60 2.1
(2010) construction projects of China
yuan et al A dynamic model for assessing the effects of management 3.4
' strategies on the reduction of construction and demolition 57
(2012)
waste
Yuan et al. A model for cost-benefit analysis of construction and 59 2.0
(2011b) demolition waste management throughout the waste chain
Yuan (2013) A SWOT analysis of successful construction waste 51 2.5
management

Note: the articles in Table 4 are listed according to the number of citations.

The article that has received the highest number of citations in the recent decade is Jaillon
et al. (2009), one of the earliest studies to link prefabricated construction to waste reduction.
Prefabricated or off-site construction is a new construction technique that moves the building
construction process away from the site into a controlled factory environment (Jiang et al.,
2018). Although prefabricated construction is still at its early stage of implementation in some
developing countries such as China (Hong et al., 2018), it is gaining increasing application in
the construction market. Two of main benefits of using prefabricated construction are waste
reduction and being lean (Hong et al., 2016). The review-based research of Yuan and Shen
(2011) has received the second-highest citation rate and in the recent decade. Some of the trends
they proposed, including evaluation of the effectiveness of waste recycling from a sustainable
perspective and improvement of practitioners’ attitudes towards C&D waste recycling and

reuse, are still ongoing research topics. The third-highest-cited article by Begum et al. (2009)




focused on the human attitudes and behavior issues. The main themes in other highly cited
articles include: 1) estimate of waste generation (Kofoworola and Gheewala, 2009; Lu et al.,
2011); 2) strategies and framework in waste management (Lu and Yuan, 2011; Roussat et al.,
2009); 3) a modeling approach to evaluate strategies or quantify waste generation (Llatas, 2011,
Yuan et al., 2011b; Yuan et al., 2012); 4) critical success factors and SWOT analysis (i.e.,
strength, weakness, opportunity, and threat) in C&D waste management (Lu and Yuan, 2010;
Yuan, 2013); and 5) application of the newly emerging digital technologies (i.e., BIM) (Cheng
and Ma, 2013). In terms of the average normalized citation, Yuan and Shen (2011) who
provided review of C&D waste management studies, Yuan et al (2012) in developing
assessment models, and Cheng and Ma (2013) introducing BIM have received the highest

yearly-based attention in the academic community.

3.4. Countries active in C&D waste management research

Keyword analysis in Fig. 4 and Table 2 indicates several countries that are active in the
research of C&D waste management. These include both developed and developing economies
such as China and Australia. VOSViewer was used in this study to further identify and evaluate
these countries’ contributions to the global research community, with the minimum numbers
of documents and citations of a country set at 3 and 30, respectively. This resulted in totally 25
out of 60 countries short-listed. Fig. 7 and Table 5 present the findings of countries that have

been active in C&D waste management research in the recent decade.
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Fig.7. Mapping of countries active in C&D waste management research

The connection lines in Fig. 7 show the mutual citations of studies among different
countries, which can be further measured by the total link strength in Table 5. It can be seen in
Fig. 7 that the following countries or regions have been contributing to the research community
according to their node sizes and connection lines with other countries: mainland China, Hong
Kong, U.K., Spain, Brazil, U.S., and Malaysia. Especially, as predicted by Yuan et al. (2011a),
more developing countries have become active in C&D waste diversion. Insufficient landfill
spacing, lack of legislation, and various other concerns have been identified in countries, such
as Vietnam (Ling and Nguyen, 2013), Malaysia (Lachimpadi et al., 2012), Nigeria (Yusuf et
al., 2016), and Brazil (Ferreira-Sanchez and Marrero, 2017). More guantitative measurements
including number of articles published, total and average citations, and the average year of

publication are provided in Table 5.

Table 5. Countries active in C&D waste management research

Number of Number of Average Average Ave.
Country L e L L Norm.
publications citations | publication year | citation -
Citation
China. P.R. 69 1178 2014 17 15
Hong Kong 48 1225 2013 26 1.8
Spain 46 798 2014 17 1.2




United Kingdom 40 315 2015 8 1.1
Australia 37 406 2014 11 1.1
Brazil 33 187 2014 6 0.4
Malaysia 25 180 2015 7 0.6
Italy 15 192 2015 13 1.2
Canada 12 329 2012 27 1.1
Portugal 12 245 2014 20 1.6
Japan 10 53 2014 5 0.7
Germany 9 223 2013 25 1.6
Nigeria 9 74 2015 8 1.2
United States 9 120 2012 13 1.0
South Korea 8 87 2016 11 0.9
France 6 83 2014 14 1.3
Adustria 5 38 2016 8 1.7
Denmark 5 58 2016 12 14
Greece 5 96 2012 19 1.6
Netherlands 5 132 2012 26 1.0
Argentina 4 98 2012 25 1.1
Finland 4 50 2015 13 15
Pakistan 4 30 2015 8 0.9
Switzerland 4 64 2013 16 1.7
Thailand 4 99 2014 25 0.9

Scholars from mainland China and Hong Kong rank the top in terms of number of
publications and and total citations, followed by Spain, U.K., and Australia. Mainland China
is facing a shortage of landfilling space in handling the tremendous amount of C&D wastes
(Duan and Li, 2016). In Hong Kong, due to its relatively limited land resources and high density
of population, C&D waste management has become a major environmental issue (Poon et al.,
2004). Developed countries, such as Japan, Australia, and U.K, although not having as many
publications as mainland China, Hong Kong, and Malaysia do, started their research in C&D
waste diversion in earlier years. Some of them (e.g., Japan) have already developed more
advanced technologies and legislations to encourage or mandate sustainable C&D waste reuse
(Jin and Chen, 2015; Jin and Chen, 2018). The average normalized citation measurement
indicates that developed countries or regions including Hong Kong, Austria, Switzerland,
Portugal, and Germany have created higher yearly impact in the research community. A

comprehensive analysis of these multiple quantitative measurements listed in Table 5 indicate



potential correlation between a country’s scholarly publication and its influencing factors that
affect C&D waste diversion. These influencing factors include but are not limited to lack of
landfilling space (Yuan et al., 2011b), insufficient legislation or policy (Ajayi and Oyedele,
2017), immature recycling market (Huang et al., 2018), and high population density (Jin et al.,
2017). These factors could drive the scholarly research in some developing countries such as
China and Brazil in terms of number of publications. However, there is limited evidence to
show causal relationships between these influencing factors and and the scholarly outputs for
a certain country or region. Further research work is needed to analyze the relationship between

a country’s influencing factors to C&D waste diversion and its scholarly outputs.

4. Qualitative Discussions

Following the scientometric analysis, this study carried on an in-depth discussion to
summarize the contemporary mainstream research topics, identify research limitations, and
propose the framework for future research directions. The findings are reported below.
4.1. Research topics within C&D waste management

C&D waste management is a multi-disciplinary domain, covering various subjects,
including construction and project management, civil engineering, environmental science, and
others (e.g., social science). Depending on the research objectives, different research methods
could be adopted, for example, review of existing guidelines or literature (Rose and Stegemann,
2018; Yuan, 2017), interview (Akinade et al., 2018), questionnaire survey (Li et al., 2018a),
case study (Xue et al., 2017), computer simulation (Zanna et al., 2017), method development
in estimating wastes (Zheng et al., 2017), modeling (Rahimi and Ghezavati, 2018), and site
investigation (Kleemann et al., 2016). This study divides the mainstream research topics in
C&D waste management into the following major categories.

4.1.1. Estimate and quantification of waste generation



Estimate and quantification of C&D waste generation is needed across project delivery
stages, including the design, construction, and operation. Counting the amounts of C&D waste
generation is still in need of benchmarking criteria or established framework and methods.
Kleemann et al. (2017) provided a statistical approach to estimate waste generated from
building demolition in the case of lack of data. More data analytics approaches, as tried by
Cheng et al. (2018), could be applied in C&D waste generation. S&ez et al. (2015) extended the
estimation method from solely total project floor area based to also incorporating the number
of dwellings. Compared to the more traditional approach, this method reduces the estimate
error. It was expected to serve as a guide for stakeholders to estimate the amount of construction
wastes. Also, multiple statistical, data mining, and modeling approaches have been applied to
estimate the construction waste. For example, Parisi Kern et al. (2015) applied the regression
analysis by adopting the design and product system as independent variables. The best
regression model identified in their work achieved nearly 70% accuracy. Ding and Xiao (2014)
considered more factors that affect waste generation, such as building design and structure
codes. Furthermore, more advanced information technology or automation have been tried in
assisting the waste estimate. For example, the web-based construction waste estimation system
developed by Li and Zhang (2013) incorporates work breakdown structure, material quantity
takeoff, material classification, material conversion ratios, material wastage levels, and the
mass balance principle. It was indicated by these studies that the quality, size, and reliability
of database is critical to develop, validate, and apply the waste estimation method. Based on
existing studies (Maria et al., 2016; Masudi et al., 2012; Mercader-Moyano and Ramirez-De-
Arellano-Agudo, 2013), ways to enhance the database of waste generation include but are not
limited to: incorporating the geographic location and waste material factors in the waste
estimation model; comparing the primary and secondary data in waste generation; as well as

classification of building types (e.g., new or renovation). Last but not least, BIM, as an



emerging digital technology, has been examined for its potential use in waste management
from design to demolition, including the estimate of waste generation in the early design stage
(Kim et al., 2017).
4.1.2. C&D waste diversion research in developing economies

In the recent decade, more studies in C&D waste diversion have been carried out in
developing economies with an emphasis on the external and internal factors that may affect the
C&D waste diversion practice. Governmental support was considered one of the main external
factors, together with the local market and availability of urban space for landfilling (Nikmehr
etal., 2017; Yuan, 2013). The key internal factors related to sustainable use of waste or waste
efficiency include material procurement in the project delivery process (Ajayi et al., 2017a),
waste management system (Lu and Yuan, 2010), human factors (Bakshan et al., 2017; Lu and
Yuan, 2010), research and development (Yuan, 2013), design management (Ajayi et al., 2017b),
waste sorting strategies (Wang et al., 2010), and low-waste technologies (Bilal et al., 2015).
Researchers have identified some key barriers to promoting C&D waste recycling, reuse, and
reduction, such as quality of recycled products (Revathi et al., 2013), lack of awareness or
culture in waste minimization (Ling and Nguyen, 2013), immature recycling market and
regulation (Yuan et al., 2011a), and extra costs for recycling and reuse (da Rocha and Sattler,
2009).
4.1.3. Design and planning for waste diversion

Decision making in project design and planning stages has been identified with key
impacts on waste minimization and prevention (de Magalh@es et al., 2017; Esa et al., 2017b;
Ghose et al., 2017). Existing studies have focused on incorporating waste management into
design, planning, or tendering stages. (Oladiran, 2009) found that a waste management plan
(WMP) could be effective in minimizing material wastes in construction projects. (Laquatra

and Pierce, 2009) described the key elements within a WMP, including waste sorting. In



addition, proper design and construction management was estimated to reduce around 40% of
waste according to (Ding et al., 2018). Design for construction projects is not limited to
conventional site-cast concrete, but also includes the newly emerging prefabricated
construction or precast concrete. (Baldwin et al., 2009) emphasized that the adoption of
prefabrication required the adaption of design to reduce waste and also contractors’
involvement in the design stage. (Akinade et al., 2018) listed the waste-driven design process
and solutions as one of the major expectations when applying BIM in C&D waste management.
4.2. Current research gaps within C&D waste management
4.2.1. Differences in C&D waste diversion practice among regions and countries

Tam (2009) compared the concrete recycling practice between two developed countries
(i.e., Japan and Australia). Jin and Chen (2015) continued the comparison among developed
countries by adding the U.S. Increasing studies have focused on the movement and practice in
developing countries such as Vietnam and Pakistan (Doan and Chinda, 2016; Lockrey et al.,
2016). However, there can be pitfalls when developing countries try to learn from the
experience or to import the C&D waste treatment technologies from developed countries. How
the management, policy, and technological practice from developed countries could be
effectively applied in developing countries remains to be studied. There are cultural, economic,
and practical differences between developed economies and their developing counterparts. As
analyzed by Jin et al. (2017), developing countries may rely more on the governmental policy
to drive the industry practice of C&D waste diversion. According to Wu et al. (2017), Chinese
government played a key role in guiding and promoting contractors’ practice in C&D waste
management. Without incentives from governmental bodies, practitioners in C&D waste
management (e.g., supplier of recycled products) may not be able to survive. In comparison,
developed countries such as Japan have developed their own market demand and production

of recycled products with relevant industry standards, for example, Japanese Industrial



Standards (2005) on concrete using recycled aggregate. Currently, there have not been
sufficient studies to bridge the gaps between developing and developed countries. The
systematic comparison of the social, economic, and management aspects in C&D waste
diversion practice would enhance the research and practice worldwide in finding proper C&D
waste management programs in the context of a certain country or region.
4.2.2. Performance of C&D waste management

Although there have been some commonly adopted management programs or incentive
policies aiming to enhance the practice of C&D waste diversion, the effectiveness of these
programs or policies, including the landfilling charging rate studied by Coelho and De Brito
(2013) and Yuan and Wang (2014), has not been widely addressed. The effectiveness of waste
management has not been well benchmarked. One of the adopted criteria in benchmarking
C&D waste management is WGR. According to Lu et al. (2015), a larger database would be
needed to develop the WGR benchmarking. Besides waste generation estimate, other
measurements have been considered in evaluating the effectiveness of C&D waste
management practice, including cost-efficiency (Lu et al., 2009) or economic performance
(Oliveira Neto et al., 2017), environmental impact (Hao and Larney, 2017), or a more
comprehensive measurement covering more than one performance indicator (Zanna et al.,
2017). The performance measurement for evaluating C&D waste management can be more
comprehensive, for example, how practitioners’ attitudes have been changed by a management
program or incentive policy as indicated by Yuan and Shen (2011). Currently there are still
needs of developing a more comprehensive performance measurement mechanism for C&D
waste management, or a suitable C&D waste management guide adapted in a certain

organizational or local context.

4.2.3. Human factors in C&D waste diversion practice



Human factors covering perceptions, attitudes, behaviors, and expectations could be
studied in their relationship to the C&D waste management program, either in the
organizational or local context. More research is needed on human factors involving multiple
stakeholders, such as the perceptions, attitudes, and behaviors of the client, contractors,
engineers, and facility managers (Wu et al., 2017). These factors may be further studied to form
the concept of C&D waste diversion climate and culture, like the safety climate (Chen and Jin,
2015) and safety culture (Molenaar et al., 2009) in the construction industry. This proposed
waste diversion climate and culture could be developed from waste behavioral culture as
indicated by Ajayi et al. (2015) and Bakshan et al. (2017). It may involve sub-climate and
subculture, depending on multiple subgroup factors, including but not limited to practitioners’
occupations and experience studied by Jin et al. (2017). Currently there have been limited
studies that investigate individual or organizational human factors’ effects on C&D waste
practice. The concept of climate and culture in C&D waste management remains rare,
compared to their presence in construction safety management.

4.2.4. Emerging technologies and concepts

Newly emerging digital technologies and data analytics, such as BIM and big data, have
been researched in how they could be applied in C&D waste quantification and overall project
management for waste control. Big data technologies are inherently suitable for BIM due to
their support of storing and processing large datasets (Bilal et al., 2015). However, according
to Fig. 4, big data has so far not been closely integrated with BIM to assist C&D waste
management. At present, the applications of these new data or digital technologies in C&D
waste quantification, control, monitoring, and overall management are still in the early stage.
There can be a more integrated approach to adopt multiple technologies for enhancing the

practice of C&D waste diversion.



Circular economy is becoming an emerging concept that aims to replace the current
production and consumption model based on continuous growth and increasing resource
throughput (Ghisellini et al., 2016). It is seen as a new business model leading to a more
sustainable development (Naustdalslid, 2014). Circular economy requires a balanced and
simultaneous consideration of economic, environmental, technological and social perspectives
of an investigated economy, sector, or individual industrial process as well as the interaction
among all these perspectives (Ren et al., 2013). It is more than just the approach of appropriate
waste management. It might fail in its application in recycling, reuse, or recovery options
(Ghisellini et al., 2016). So far there has been limited established body of knowledge or
framework for applying circular economy in the context of C&D waste management. If not
properly addressed, applying circular economy may lead to a more expensive solution
compared to the conventional approach, or it may be applied in the inappropriate context
(Ghisellini et al., 2016), such as resource recovery in certain developing economies. Adopting
circular economy in C&D management would be a big challenge when the related research is

still limited (Huang et al., 2018).

4.3. Research trends within C&D waste management
Based on the discussion of mainstream research topics and gaps, the framework of near-

future directions in C&D waste management is proposed and shown in Fig. 8.



Current Research Areas

Research Themes

1.Quantification and estimate of
WGR; 2. Design, modeling,
simulation, and validation of
waste generation

«—— C&D waste generation

1. Recovery; 2. Recycling; 3.
Reduce; 4. Waste prevention; 5.
Reuse

«—— C&D waste treatment
method

1. Properties of recycled
aggregate concrete; 2.
Application  of recycled

aggregate; 3. Waste sources

Products containing
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1.  Policy, guideline, and
standards; 2. Movement of C&D
waste diversion in developing
economies; 3. SWOT analysis

C&D waste management
practice

1. Perceptions, attitudes, and
behaviors of practitioners and
stakeholders  towards  waste
diversion; 2. Waste management
program (e.g., incentives)

Human Factors in C&D

4_
waste management

1. BIM
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Research Directions
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Evaluation of the performance of C&D
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1. Studying the C&D waste diversion
climate and culture; 2. studying the impacts
of waste management program on human
perceptions, attitudes, and behaviors

1. Integration of emerging technologies,

Economy as waste diversion approach

Fig.8. Framework linking current research topics to future research directions

Comparing the framework in Fig. 8 and the trend analysis initiated by Yuan and Shen

(2011), more promising future research directions can be summarized below:

A benchmarked or comprehensive quantification system needs to be developed to

accurately predict the waste generation in the project design or planning stage. Multiple

factors need to be considered in waste estimate, including but not limited to building

structural type, project location, and product system, etc. Benchmarking WGR is still a

research gap in need of more research together with benchmarking the environmental

impacts (e.g., carbon footprint) associated with C&D wastes;



A more comprehensive decision-making system can be incorporated in the project planning
and design stage. LCA would be implemented in the design stage by considering multiple
factors such as waste treatment methods and waste sorting strategies;

Investigations of waste generation in developing economies expected by Yuan and Shen
(2011) have been carried out in China (Ding and Xiao, 2014; Zheng et al., 2017), Vietnam
(Lockrey et al., 2018), and Malaysia (Mahayuddin and Pereira, 2014). The C&D waste
management practice needs to be compared between developing and developed economies
to bridge the gap between them;

Studies integrating different research domains could raise more attention and lead to
significant contributions to the research community. Examples include prefabricated
construction and waste reduction by Jaillon et al. (2009), BIM in waste estimate explored
by Kim et al. (2017), applying GIS (i.e., Geographic Information System) to identify the
potential C&D waste illegal dumping areas (Seror and Portnov, 2018), and Big Data to
study the C&D waste practice (Lu et al., 2016). It is anticipated that these new information
techniques plus the approach of circular economy would be more widely applied in the
future research of C&D waste management throughout the project life cycle, from waste
estimate in the design stage, monitoring in the construction or demolition stage, to the
application of recycled products;

Developing the body of knowledge in C&D waste diversion climate and culture in the
organizational, project, and industry level. Climate and culture in C&D waste diversion are
reflected in individuals’ perceptions, attitudes, and behaviors. Dimensions for measuring
the climate and culture can be developed, similar to what Chen and Jin (2013) performed
for construction safety. More demographic or subgroup factors, such as practitioners’
professions stressed by Jin et al. (2017), can be studied to build the framework of C&D

waste diversion climate and culture.



5. Conclusion

This review-based study in C&D waste management adopted a holistic approach

incorporating bibiometric literature search, scientometric analysis, and in-depth qualitative

discussion. A total of 370 journal articles published since 2009 were selected as the literature

sample. The generally increasing trend of studies in C&D waste management was confirmed

according to the yearly number of publications. The scientometric analysis revealed the

following findings:

Influential journals that have been publishing research outputs in C&D waste management
include Waste Management, Resources, Conservation, and Recycling, and Journal of
Cleaner Production.

Keyword analysis and science mapping identified main clusters of keywords as waste
treatment methods (e.g., recycling), sustainability impact (e.g., carbon footprint), technical
properties of recycled products, waste management approach (e.g., life cycle assessment),
quantification of waste generation, and newly emerging technologies (e.g., BIM);
Co-author analysis identified productive and influential analysis of scholars in the research
community of C&D waste management. The scholar of Yuan H. was identified with the
highest number of publications and with the highest average citation per personal
publication;

Articles receiving the highest citations since 2009 were identified and main research topics
of these influential articles were discussed, such as prefabricated construction and BIM in
enhancing waste reduction;

Countries that have been active in the research of C&D waste management were identified
and discussed. More C&D waste management research has been conducted in developing

economies, such as China, Vietnam, Thailand, and Brazil.



Following the scientometric analysis, a follow-up qualitative analysis was performed to

summarize the mainstream research topics in C&D waste management, and simultaneously to

identify the research gaps and propose future research directions. The main research topics

were categorized into practice and research of properties of products containing recycled

contents, quantification methods to estimate waste generation, C&D waste diversion practice

in developing countries, and design for waste diversion. Gaps identified from existing studies

included the difference of C&D waste diversion practice between developing and developed

economies, standardized performance measurements for C&D waste management, human

factors, as well as applications of emerging technologies and concepts (e.g., BIM, Big Data,

and Circular Economy). The study further contributes to the domain of C&D waste

management for proposing the framework and directions for near-future research, including:

Benchmarking of waste generation rate and decision making in the project planning and
design stages for waste management;

A comprehensive evaluation of the performance of C&D waste management from the life
cycle assessment perspective;

Application of recycled contents in prefabricated building components;

Comparison of C&D waste management practice between developing and developed
economies;

Building the body of knowledge of Circular Economy (as an emerging approach and new
business model) for its proper application in C&D waste management;

Integration of newly emerging technologies in waste management, including BIM, GIS,
Big Data, and prefabricated construction;

Continuing development of the human-factor-related framework in C&D waste

management, such as waste diversion climate and culture.



This review-based study in C&D waste management was limited to its literature sample.
Firstly, it only recruited journal articles and was more focusing on the academic research
movement of C&D waste management. Other publication sources, including trade magazines
or conference proceedings were excluded. There would be a further need to identify the
uncertainty between the latest industry practice and the scholarly research. Secondly, the
literature sample only included articles published in English. Research or practical outputs in
other languages were not reported in this study.
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