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Abstract: Construction and demolition (C&D) waste is steadily increasing as both urbanization and
the construction industry advance. Therefore, numerous studies on C&D waste have been conducted.
In this paper, the literature published in the field of C&D waste and sustainable development from
2002 to 2022 was utilized to examine the current state of research and potential future research
hotspots via the bibliometric method. Herein, 3550 studies found in the literature were analyzed
using Citespace and VOSviewer, two efficient visual analysis programs, for the annual quantitative
distribution, contribution and cooperation of authors, influential and productive countries/regions
and institutions, keyword co-occurrence analysis, literature co-citation analysis and identification of
research frontiers. The findings show an exponential rise in publications on construction waste and
sustainable resource development, while the research focus has clearly shifted from recycling and
reduction of C&D waste to harmless and resourceful treatment in the last five years. The keywords
“optimization”, “implementation” and “strategy” also indicate that more emphasis is being placed
on the research of management method realization mechanisms, technological optimization schemes
and policy strategies. The research results of this paper will help participants in the construction
industry to grasp the current research hotspots and development trend in the field of C&D waste
and the sustainable development of resources. It also plays a positive role in formulating relevant
regulations and policies, reducing resource waste and construction project costs.

Keywords: construction and demolition waste; sustainable development; bibliometric study; visualization

1. Introduction

The reduction and recycling of construction and demolition (C&D) waste is crucial
to human society and has a significant impact on sustainable development. Although
C&D waste and sustainable development of the ecological environment were initially
only the concern of local governments, they will eventually pose a threat to regional and
global development [1]. With the rapid urbanization of the world, in order to resolve
the serious conflict between increasing C&D waste and environmental protection, it is
necessary to explore economically attractive sustainable solutions for the reduction and
recycling of C&D waste [2]. The world is currently undergoing profound changes that have
not occurred in a century; it is urgent to solve the problem of the large amount of waste
produced by human construction activities and to develop research on the sustainability of
resources.

C&D waste usually refers to construction waste, decoration waste and demolition
waste generated during the construction, renovation and demolition phases of a project [3].
It is mainly composed of large amounts of inert materials (bricks, concrete, etc.), timber,
asphalt, metals and plastic [4]. Economic, social, health and technical factors jointly af-
fect the development direction of C&D waste research, and its key areas mainly include
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recycling [5–8], reduction [9,10], environmental impact [11–13], and reduction of the envi-
ronmental footprint of C&D waste [14,15].

Existing research results have shown that the process of recycling construction waste
will be accelerated in some developing countries, while the trend of recycling construction
waste in developed countries will gradually change [16]. Recently, the investigation of
greenhouse emissions [17–19], carbon footprint [20,21], human factors [22,23] and waste
treatment policies [24–26] in the research on recycling construction waste have developed
rapidly. It is worth noting that human factors are more likely to appear in research related
to construction waste, indicating that it is one of the important factors for the effective
management of C&D waste. Li et al. further quantitatively studied the impact of construc-
tion waste reduction behavior based on the theory of planned behavior [27]. According
to Udawtt, there were both technical and man-made obstacles to waste management in
Australian construction projects, but the latter were more dominant [28]. Studies have
shown that the development and progress of construction waste management is driven
by social motivation and policies [25]. Therefore, the updating of laws and regulations
on the treatment of construction waste can also reflect the change in research works on
construction waste. Reducing construction waste has always been a hot topic in academia.
Some scholars have explored effective methods from the perspectives of construction tech-
nology [29] and management methods [30]. With the increase in environmental damage,
more and more research has been conducted on the environmental benefits of reduction
management [31]. Recently, some scholars have studied the dynamic trend of construction
waste by using visual analysis software [32]. The results show that extensive research has
been conducted on construction waste reduction, system dynamics analysis and life cycle
assessment over the past decade, while the circular economy, big data, building information
modeling (BIM), environmental impact (carbon footprint), prefabricated buildings, human
factors and logistics planning of construction waste transportation have been vigorously
developed from 2019 to 2021. It can be seen that the effective management of C&D waste
is related to the sustainability of resources, and then affects the ecological environment
and economic development of the whole society [33,34]. Treatment methods are gradu-
ally developing towards the direction of resource sustainability, which mainly refers to
developing the means of recycling and the reduction of construction waste to monitor and
reduce harmful impacts on resources, including the comprehensive application of BIM
technology [35–37], 3D printing technology [38,39] and other information technologies,
as well as the circular economy and other management methods at various stages of the
construction waste life cycle [40].

Since C&D waste has increased steeply and attracted the attention of the industry,
many scholars have conducted hot spots and trends research on C&D waste or the sus-
tainable development of resources. However, resource sustainability is closely linked to
the development and progress of C&D waste management. Unfortunately, there is a gap
in the discussion of the overall hotspots and trends in C&D waste and the sustainable
development of resources. Therefore, this paper adopts a more reliable bibliometric analysis
method to analyze 3550 publications collected from the Web of Science core collection,
including annual quantitative distribution, author cooperation, influential and productive
countries/regions and institutions, keyword co-occurrence analysis, literature co-citation
analysis and identification of research frontiers, so as to further discover emerging tech-
nologies and theories for efficient resource utilization, improve the quality of engineering
projects and reduce costs, and promote a virtuous cycle of resources in the construction
industry. In the second section, the determination process of the research methods and data
collection are expounded. The third section presents the analysis results, and accordingly,
the results are further discussed in the fourth section. The research conclusions on C&D
waste and the sustainable development of resources are shown in the fifth section.
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2. Methods
2.1. Research Method

Knowing the hotspots, frontiers and status of a field can guide further research,
and bibliometrics can achieve this [41]. Manual literature analysis [42] and scientometric
analysis [43] are two methods commonly used in bibliometrics. In order to make the
research results more accurate, scientometric analysis, which can visually present the
quantitative analysis results, is adopted in this paper [44]. Citespace software developed by
Professor Chen Chaomei [45], and VOSviewer, a scientific knowledge mapping software
developed by professors Van Eck and Waltman [46] of Leiden University in the Netherlands,
are both effective tools for visualization analysis. Many researchers have used Citespace
and VOSviewer to research related fields. For example, Zheng et al. summarized the
intellectual structure and evolution model of partnership research in the construction
industry using Citespace [47]. Chellappa et al. analyzed the status of research on the
safety of Indian construction workers through VOSviewer [48]. Therefore, Citespace and
VOSviewer are selected in this paper to conduct author cooperation analysis, analysis of
countries/territories and institutions, keyword co-occurrence and cluster analysis on the
selected literature, in order to study the research status in the field of C&D waste and
sustainable development.

2.2. Data Collection and Collation

Web of Science (WoS) and Scopus are the preferred databases for researchers con-
ducting bibliometric analysis. Since the WoS database contains extensive literature in
engineering, social science, medicine, management, philosophy and other disciplines, it is
chosen as the database to select research data. The search terms in this study are “sustain-
ability OR sustainable development” and “construction waste* OR C&D OR construction
waste management OR demolition waste* OR decoration and renovation waste manage-
ment”, and the literature language in the data was restricted to English at the same time.
By comparing the search results of all databases and core collections of WoS, it is found
that although the former published articles earlier (since 1994), the eight articles published
between 1994 and 2001 are mainly early explorations on the sustainable development of
construction waste and resources, with little impact on the identification of current hot
spots and trends. Meanwhile, the literature in the core collection of WoS is groundbreaking
and of high quality in terms of construction waste [49,50]; therefore, the original data of
3550 publications selected in this study are all from it, including research articles, review
articles, proceedings papers, data papers and early access, and excluding editorial materials,
letters and book reviews.

3. Results
3.1. Analysis of Publications

Quantitative distribution data for articles published on C&D waste and the sustainable
development of resources are analyzed by Citespace, as shown in Figure 1. Among them,
the countries with the highest number of publications are specially shown in stacked
columns. The broken line in the figure represents the cumulative number of publications in
the field, which reflects the development status of research results in this field from 2002
to 2022. It can be found by analyzing the broken line that the first article was published
in 2002, and the number of published articles was less than 25 for six consecutive years,
with slow growth. In 2016, the number of annual publications exceeded 100 for the first
time, and academia became more and more interested in this field. In 2022, more than
700 articles were published, making the research more diversified. Thus, according to the
above research results, the research progress since 2002 can be roughly divided into three
parts: the exploration phase (2002–2007), the initial growth phase (2008–2015) and the rapid
development phase (2016–2022).
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Figure 1. Statistical chart of literature publication.

At the same time, the stacked columns also presented the research status in the field
of C&D waste and the sustainable development of resources among countries. It can be
seen that China’s development in this field shows an exponential growth trend, while
India and Brazil grew very slowly in the early stage, until they became active in 2018.
Related research in the United States and Australia has developed steadily, while studies in
Malaysia, Italy and other countries have shown fluctuating growth.

Table 1 lists the 10 most productive journals. The number of publications of Journal of
Cleaner Production (11.414%) ranks first, which shows its high influential status, followed by
Sustainability (8.012%), Construction and Building Materials (7.787%), Materials (2.952%) and
Resources Conservation and Recycling (2.839%). Obviously, preservation of the environment,
building materials, and sustainable development are the core themes of the top 10 most
productive publications. This shows that researchers’ journal selection is relatively simple,
and we can pay more attention to these journals to track the research frontiers and hot
articles in the field of C&D waste and the sustainable development of resources.

Table 1. The proportion of published journals.

NO. Publication Count Proportion

1 Journal of Cleaner Production 406 11.414%

2 Sustainability 285 8.012%

3 Construction and Building Materials 277 7.787%

4 Materials 105 2.952%

5 Resources Conservation and Recycling 101 2.839%

6 Journal of Building Engineering 67 1.884%

7 Environmental Science and Pollution Research 61 1.715%

8 Buildings 44 1.237%

9 Waste Management 44 1.237%

10 Journal of Materials in Civil Engineering 42 1.181%
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3.2. Co-Author Analysis

Co-author analysis can identify authors who have made significant contributions to
this field, and their changes in research interests also reflect research trends to some extent.
At the same time, the regional or global development of this field can be grasped in a timely
manner by revealing the close relationship between them.

3.2.1. Co-Authorship Analysis

In this bibliometric study, 11,795 authors were included in the research on C&D waste
and the sustainable development of resources. As shown in Figure 2, the network view
and density view of 149 authors with more than 5 articles were drawn by VOSviewer. In
the network view, a node represents an author, and its size is proportional to the number of
articles by each author. The links between nodes intuitively demonstrate the cooperative
relationship between authors. The thicker the line, the closer the connection between
them. The distance between nodes indicates the affinity between them, and different colors
represent different clusters of author collaboration. Accordingly, in the density view, the
more nodes around a node, the brighter the color and the closer the cooperation.
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Figure 2. Co-author network.

As can be seen from Figure 2, 149 authors were labeled as 11 research clusters ac-
cording to their degree of cooperation, and they can be roughly divided into five research
communities. With Vivian W.Y. Tam, an author from the University of Western Sydney, as
the central author, the most connected research community is formed with Jian Zuo from
the University of South Australia and Xiangyu Wang from Curtin University, Australia,
etc. They focused primarily on recycled aggregate concrete and sustainable performance
assessment, while recent research has focused mainly on quality improvement of recycled
concrete and lean construction management. Another closely connected research com-
munity consists of Chi Sun Poon, Lei Wang and Md Uzzal Hossain et al. They mainly
worked on the environmental friendliness and sustainable management of recycled concrete
products.
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3.2.2. Co-Institution Analysis

To discover the important research organizations in the field of C&D waste and the
sustainable development of resources, the collaborative network of institutions with more
than 10 published articles is shown in Figure 3. In this part, 115 nodes represent 115 insti-
tutions, most of which are universities. The size of the node depends on the number of
publications, and the degree of collaboration between the two institutions is indicated by
the thickness of the lines. Colors of institutions represent the clusters to which they belong.
As can be seen from Figure 3, Hong Kong Polytechnic University is the largest node, which
is most closely related to the purple cluster and the blue cluster, such as Tongji University,
Hong Kong University and City University of Hong Kong in the purple cluster, while in
the blue cluster, the China Academy of Science and Shanghai Jiao Tong University are the
main partners, indicating that there are close cooperations between top scientific research
institutions and top universities in China. There are also orange clusters and red clusters
with frequent cooperation. Malaysia Petroleum University is the central institution that
maintains close cooperation with Chongqing University, Melbourne Institute of Technology,
Milan Institute of Technology, Curtin University and Delft University of Technology, etc.
It also shows that global institutions attach greater importance to the areas of C&D waste
and the sustainable development of resources, and are actively expanding cooperation and
exchange of research experiences.
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3.2.3. Co-Country Analysis

The research situation of countries/territories was analyzed using VOSviewer. A total
of 117 countries/territories have contributed to this field, but only 69 countries/territories
with more than or equal to 10 papers are presented in Figure 4. Similarly, the larger the
node, the more articles the country or region has published, and the thicker the line, the
more frequently the two countries/territories communicate. China is the most productive
country (n = 828, 23.32%), followed by India (n = 339, 9.55%), Australia (n = 299, 8.42%), the
United States (n = 285, 8.03%) and England (n = 258, 7.27%).
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Figure 4. Co-country network.

With the development of the construction industry, countries pay more attention to
construction waste. It can be observed that China, which publishes the most articles, has
very frequent cooperation with Australia, the United States and England. These countries
have many partners and have made rapid progress in C&D waste and the sustainable
development of resources through global communication, cooperation and information
sharing. As can be seen from Figure 1, despite India publishing research articles later than
expected, the number of articles on construction waste has increased rapidly in recent years,
indicating that India has gradually realized the importance of the sustainable development
of construction resources.

Analyzing the research cooperation network among individuals, institutions and coun-
tries from the perspective of temporal evolution can better reveal the overall development
trend of this field in recent years [51]. Starting from the year (2003) when the number
of papers was more than 10, longitudinal change charts of nodes, links, and density are
illustrated using Citespace. Among them, the time interval is set to 5 years, nodes represent
authors, links represent cooperation among authors, and the density is the actual number
of relationships in the network divided by the theoretical maximum coefficient. Figure 5
shows the results. Three line charts show changes in relevant parameters for individuals,
institutions and countries, respectively. The horizontal axis represents time, the left side of
the vertical axis represents the counts of nodes and links, while the right side represents
density value.

It can be seen from Figure 5 that the blue line representing the number of authors
continues to grow, indicating that new researchers (individuals, institutions, and nations)
have joined and contributed to the field of C&D waste and sustainable development
as a result of the current environmental deterioration, and the increase has gradually
accelerated since 2018. Another set of green lines indicates a change in the number of
links among researchers, which is also on the rise in general. Although the number of
collaborations between individuals and institutions decreased slightly from 2003 to 2007,
they all resumed their enthusiasm for cooperation in 2008 and continued to increase later,
while cooperation between countries kept increasing throughout the period. The strength
of the nodes’ collaboration is shown by the purple line. According to Figure 5, research
on C&D waste and sustainable development was still in its infancy between 2003 and
2017. Many new researchers were still in the exploratory phase and had not started active
external communication, which led to a downward trend in the overall density line. With
the continuous deepening of research, this field has achieved great results. Therefore,
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researchers have engaged in active experience sharing and academic cooperation to seek
new breakthroughs in the field, making the density curve rise again.
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Figure 5. (a) Longitudinal analysis of co-author networks. (b) Longitudinal analysis of co-institution
networks. (c) Longitudinal analysis of co-country networks.

3.3. Keywords Analysis

Keywords are concise summaries of the research content covered. We can identify the
main hotspots and central trends in the field of C&D waste and the sustainable development
of resources through bibliometric analysis.

3.3.1. Keywords Co-Occurrence Analysis

As shown in Figure 6, the co-occurrence network with 528 keywords that have a
frequency of more than 10 was presented by VOSviewer. Each node represents a keyword,
and the frequency of keywords is expressed by the size of the nodes. The thickness of the
connection lines between nodes intuitively reflects the intensity of the connection between
keywords. These keywords are mainly distributed in the first three clusters, respectively by
three colors (red, green and blue).
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As can be seen from Figure 6, except for the keywords “sustainability”, “construction”
and “waste” searched in this research, “performance” (n = 566), “concrete” (n = 516) and
“mechanical properties” (n = 492) are the top 3 keywords frequently used. It demonstrates
that the study of materials’ mechanical properties is especially crucial in the field of C&D
waste and the sustainable development of resources in order to expand the market for
recycled products, enhance participants’ confidence in the use of recycled products in con-
struction projects (especially recycled concrete products), and ensure their bearing capacity
and durability within the design period. How to improve the quality of recycled products
has gradually become a hot point in this field. Some scholars have analyzed the physical
properties of concrete containing recycled aggregate [52]. Other scholars have studied
the mechanical, permeable and physical properties of recycled aggregate by summariz-
ing previous publications, and finally put forward the basic performance classification
mainly used for concrete, which provides a practical method for measuring the quality
of recycled aggregate [53]. As self-compacting concrete has become extremely popular in
recent decades, Aslani et al. evaluated the optimal mix design of recycled concrete and
crumb rubber aggregates in self-compacting concrete to optimize performance [54]. These
are followed by “fly ash” (n = 408), “life cycle assessment” (n = 401) and “management”
(n = 339), indicating that in addition to concentrating on waste treatment technology and
treatment goals, it is equally necessary to explore and innovate new waste management
methods to alleviate the tremendous burden of natural resource consumption and envi-
ronmental degradation. Advanced management tools and methods play an important
role in promoting the economic and environmental benefits of the construction industry.
The introduction of the life cycle assessment (LCA) management method reflects that
current research on construction waste is not just limited to waste reduction and recycling
in the construction stage; BIM, big data, and other technical tools can be used for detailed
planning, error correction, and waste management during the planning and design period
to reduce C&D waste. At the purchasing phase, more green and recycled materials can be
ordered to reduce the environmental impact of construction waste. Hossain et al. compared
the environmental impact of producing recycled aggregate from C&D waste with that of
producing natural aggregate from raw materials using a life cycle assessment approach [55].
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Lu et al. established performance benchmarks for the management of construction waste
in different project categories using big data technology to promote better management
of construction waste [56]. Figure 6 also shows newer high-frequency keywords, such as
“circular economy” (n = 285) and “microstructure” (n = 151). Studies have shown that
about three quarters of the solid waste generated by the construction industry has residual
value [57]. As awareness of sustainable development and resource management improved,
many nations started exploring new models, and researchers gradually paid more attention
to waste reduction, so as to minimize the negative impact of construction waste on the
environment and further realize the sustainable development of resources. This also makes
the circular economy model continue to attract the attention of researchers [58,59].

3.3.2. Keyword Evolution Analysis

In order to more intuitively understand the research work of C&D waste and sustain-
able development, the evolution of keywords in this field was analyzed using Citespace,
as shown in Figures 7 and 8. The time axis in Figure 7 indicates the time point when the
keyword first appeared. The red section in Figure 8 represents a sudden increase in interest
in keywords during this period.

As can be seen, “emission” and “sustainable development” appeared the earliest,
demonstrating that harmful gases produced by the construction industry, particularly CO2,
are responsible for the deterioration of the ecological environment. It is the gradual exposure
of ecological and social issues that promote the sustainable development trend of the
construction industry. Although the issue of emissions was brought up in 2002, little research
has been carried out on it, and it has only recently become active. Some researchers have
started to reduce CO2 emissions by studying environmentally-friendly and cost-competitive
geopolymer concrete to gradually replace ordinary Portland concrete (OPC) that is energy-
dependent and environmentally damaging [60]. There are also scholars who calculated
the carbon emissions of geopolymer recycled aggregate concrete and studied its physical
properties, such as slump and compressive strength, in order to prove its feasibility to
replace OPC-based concretes [61]. From Figure 7, it is also clear that many keywords related
to materials, such as “energy”, “concrete”, “cement”, and “aggregate”, occurred between
2004 and 2006. Among them, “energy” has the highest centrality (centrality = 0.13) and
functions as a bridge. The energy consumption and pollution of the construction industry is
enormous, so scholars have begun to pay attention to the environmental performance of the
construction industry and its materials [62]. The keywords “environmental impact” and
“design” appeared in 2006 and also reflect that researchers have gradually shifted their focus
to other links besides the construction phase, in order to optimize the final disposal process
of waste materials [63]. In the following years, most efforts were devoted to the development
and performance optimization of various recycled materials. Since 2018, the emergence
of “green concrete” and “circular economy” indicates that the construction industry has
been guided by new theories, such as green building and the circular economy [64,65]. It is
necessary to explore new and effective management models to promote resource utilization
of construction waste and the sustainable development of construction resources.

With the development of C&D waste and the sustainable development of resources, al-
though the introduction of new topics has slowed down after 2018, there are still many new
opportunities and challenges. Combined with Figure 8, it can be seen that the keywords
“optimization”, “implementation” and “strategy” have again received great attention from
academia in the recent period (2019–2022). Their respective citation bursts also rank among
the top three. Therefore, these keywords can be identified as recent hot topics in this
field. Identifying and implementing standards for green building materials (GBM) and
assessing their sustainability, breaking down barriers to promoting a circular economy (CE),
integrating life cycle sustainability assessment (LCSA) into the design phase to optimize
building performance, and designing waste minimization strategies are expected to be
future research directions.
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3.4. Documents Co-Citation Analysis

In this paper, a cluster analysis of references, which reflect the knowledge bases and
research frontiers, was carried out using the g-index operation in Citespace (the scale factor
k = 25), and each cluster was labeled by keyword terms. Finally, 13 main clusters were
generated (Cluster 0 was the search keyword, cluster 8 and 21 had little relationship with
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the research topic, and cluster 9 was repeated, so 4 clusters were manually deleted [66]).
Modularity and silhouette values are 0.7877 and 0.8974, indicating the high reliability of
the clustering structure. The result is shown in Figure 9 and Table 2.

 

2 

 

Figure 9. Cluster analysis of documents co-citation.

Table 2. Cluster information.

Cluster ID Cluster Label Size Mean Year

1 Circular economy 84 2018
2 Recycled aggregate concrete 74 2015
3 Life cycle assessment 65 2015
4 Fly ash 54 2012
5 Geopolymer concrete 45 2017
6 Building demolition 44 2009
7 Passive house 42 2009
10 Waste marble powder 31 2014
11 Building information modelling 30 2017
12 Landfill 29 2013
13 3D concrete printing 14 2018
17 Self-compacting mortar 13 2012
23 Prefabricated residential building 7 2018

In Table 2, the cluster size represents the number of co-cited references in the cluster.
The larger the value, the more popular it is in a certain field. The average year can reflect
the development trend of cluster. It can be seen from the results that there were many
studies on the definition, classification and treatment of C&D waste in the early stages,
and then the research direction turned to life cycle assessment and performance research
of recycled aggregate concrete. In recent years, most scholars have begun to discuss the
sustainable development of C&D waste based on some emerging theories, materials and
technologies, such as the circular economy, geopolymer concrete, 3D printing technology
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and prefabricated buildings, in order to further explore the sustainable development mode
of C&D waste resources.

To further understand the recent development status of this research area, the three
clusters with the highest average years are listed in Table 3. Meanwhile, the three most
active cited articles and the three most active citing articles related to the cluster are listed
in order to identify the intellectual bases and research frontiers in this field [67]. Details are
discussed below.

Table 3. The three most active citing and cited papers in the latest three clusters.

Cluster ID
Cited Publications Citing Publications

Author Year Author Year

1
Kirchherr, Julian et al. [68]

Geissdoerfer, Martin et al. [69]
Mahpour, Amirreza [70]

2017
2017
2018

Norouzi, Masoud et al. [59]
Yu, Yifei et al. [71]

Rahla, Kamel Mohamed et al. [72]

2021
2022
2021

13
Wong, Chee Lum et al. [73]

Meng, Yazi et al. [74]
Habert, G. et al. [75]

2018
2018
2018

Ahmed, Ghafur H et al. [76]
Sahin, Hatice Gizem et al. [77]

Qian, Hao et al. [78]

2022
2022
2022

23
Hong, Jingke et al. [79]

Teng, Yue et al. [80]
Hao, Jianli et al. [81]

2018
2018
2020

Lopez-Guerrero, Rafael E et al. [82]
Yuan, Mengqi et al. [83]

Zhang, Riqi et al. [84]

2022
2022
2022

Cluster 1 is labeled “circular economy”, which has been a hot topic in the last five
years. The three most active cited papers mainly focus on defining the circular economy and
identifying obstacles to its implementation. Kirchherr et al. [68] summarized 114 definitions
of CE and finally outlined the definition, which refers to an economic system that replaces
the “end-of-life” of waste with reducing, reusing and recycling materials and recycling
in the production/distribution and consumption process. Geissdoerfer et al. [69] provide
conceptual clarity by illustrating similarities and differences between the terms “circular
economy” and “sustainability” to improve the efficiency of the use of these approaches
in research and practice. Mahpour [70], on the other hand, provided direction for further
research by identifying barriers to the transition to CE in C&D waste management. There-
fore, on the basis of intellectual bases, the three papers most actively cited are related to
the promotion of CE. Norouzi et al. [59] further clarified the development process of CE
through bibliometric analysis, and put forward future research topics, such as exploring the
relationship between the smart city and CE, developing the business model of CE, etc. Yu
et al. [71] found the lack of a decision-making framework in CE mainly from the perspective
of policy formulation, and proposed a bi-directional policy-making mechanism based on
two policy models. Rahla et al. [72] proposed strategies to promote the circular economy in
three respects: resource management, architectural design methods, and digitalization of
the construction industry.

Cluster 13, labeled “3D concrete printing”, reflects that researchers have recently paid
particular attention to the combination of waste disposal with 3D printing technology.
In the intellectual bases, Wong et al. [73] found that brick powder is the most practical
form of recycled brick, but it can only be used sparingly as concrete aggregate because it
cannot significantly improve concrete performance. Meng et al. [74] reviewed the published
literature on the use of various wastes in the production of concrete blocks, demonstrating
the good potential of incorporating C&D waste into concrete blocks as aggregates. Habert
et al. [75] provided medium-term and long-term solutions to environmental problems
in concrete production. In the most active citing papers, Ahmed et al. [76] reviewed the
existing 3D concrete printing technology and studied the different application technologies
for structural reinforcement. Sahin et al. [77] showed that the use of geopolymers, recycled
aggregates and waste in the mix design of 3D printed concrete (3DPC) can contribute to the
sustainability of 3DPC. Qian et al. [78] also suggested that using recycled products as 3D
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concrete printing materials can reduce carbon emissions and technology costs, which have
high economic and environmental benefits. In general, 3D concrete printing technology is
worth promoting in the field of C&D waste and the sustainable development of resources.

Cluster 23 is labeled “Prefabricated Residential Building” (PRB), so the top three cited
papers all focus on the topic of prefabricated buildings. Hong et al. [79] established a
framework for cost performance analysis to investigate the basic cost composition of pre-
fabricated buildings, and assess the impact of adopting prefabricated technologies on the
total cost of actual construction projects. Teng et al. [80] systematically examined evidence
of reducing building life cycle carbon through prefabricated technologies. It showed that
prefabrication resulted in a 15.6% reduction in embodied carbon and a 3.2% reduction in
operational carbon. Hao et al. [81] developed a BIM-based approach to evaluating carbon
emission reduction of a prefabricated building project, which showed that prefabrication
has less negative environmental impact compared to traditional building technology. In the
three citing papers, Lopez-Guerrero et al. [82] considered that the sustainability of indus-
trial building systems (IBS) had previously only been examined in terms of environmental
aspects and through qualitative indicators. To fill the gap, IBS sustainability was assessed
using quantitative and qualitative indicators based on economic, social and environmental
aspects. Based on evolutionary game theory, Yuan et al. [83] discussed the evolutionary
decision-making behavior and stabilization strategy of the government, real estate develop-
ers and homebuyers in the PRB industry. They also proposed a promotion mechanism to
help China’s construction industry achieve orderly and sustainable development of the
PRB. Zhang et al. [84] assessed the environmental impact of prefabricated building policies
in Hong Kong SAR and Singapore by comparing these policies. This shows that researchers
are beginning to notice the impact of prefabricated buildings on environmental benefits
and sustainable development.

In general, Cluster 1 discusses the resourceful and sustainable treatment of construc-
tion waste from the perspective of circular economy management methods. Cluster 13
focuses on 3DCP technology for the reuse of construction waste. Cluster 23, on the other
hand, focuses more on prefabricated building policies and regulations, and takes them as a
new engine for reducing waste and carbon footprint and promoting resourceful utilization
of construction waste.

4. Discussion

The research hotspots in the field of C&D waste and sustainable development of
resource can be concluded based on the findings of keyword co-occurrence and cluster
analysis. According to Figure 6, “performance”, “concrete”, “mechanical-properties”, “fly-
ash”, “management”, “life-cycle assessment”, “circular economy” and “microstructure”
have high frequency. At present, concrete is the material most often considered among
recycled products. Geopolymer concrete, steel fiber recycled aggregate concrete, and other
new types of recycled concrete are being developed. Research on the compressive strength,
flexural strength, slump, durability and other mechanical properties of recycled concrete
are also enduring topics in this field. In recent years, construction waste management
methods have been developed and some achievements have been made. Academia has
given the life cycle assessment (LCA) approach a lot of attention, showing that relevant
research on reducing the environmental footprint is a hot topic in this area, as shown in
Table 2. The application of LCA in the resource management of C&D waste places an
emphasis on preventing the overall environmental impact of waste throughout the entire
process. It changes the previous idea of focusing only on economic benefits or technological
development, optimizes the specific steps of some promising technologies, and provides
a new direction for the management of construction waste. There are also proposals to
incorporate Life Cycle Sustainability Assessment (LCSA) into building design. In addition,
the related research on CE and reduction has also become the focus in this field, so as to
further improve the level of resourceful and harmless utilization of construction waste.
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Combined with Figure 8 and Table 3, research frontiers in C&D waste and resource
sustainability can be identified. Although the circular economy has been extensively
promoted in recent years, many countries still face difficulties in implementing it due to a
variety of problems. The development of 3D concrete printing technology conforms to the
current trend of construction informatization. It can realize the recycling of resources when
choosing construction waste as printing materials. Prefabricated buildings can make full
use of their labor-saving and energy-saving advantages in the selection of prefabricated
materials, production process and construction process, but the technical bottleneck of
using construction waste in prefabricated buildings has always existed. Therefore, breaking
the restriction of CE promotion and effective implementation, optimizing the performance
of recycled products to meet the material selection standards of emerging technologies,
such as 3D printing technology and prefabricated technology, using evolutionary game
theory and other methods to study the behavior factors of various stakeholders and making
policy suggestions to the government to encourage the use of the above management
methods and technologies can be regarded as the current research frontiers.

Trends in C&D waste and sustainable development are summarized in Figures 7 and 8
and Table 2. The construction industry has contributed significantly to energy consumption
and environmental damage while advancing economic development, such as resource
shortages, greenhouse gas emissions, land loss, and other issues. The contradiction between
them is becoming increasingly acute. As a result, many countries are gradually realizing
that if construction waste continues to rise in line with the current situation, it will lead to
huge losses. Therefore, the concept of resource sustainability is gradually integrated into
construction waste considering the high residual value of construction waste. First, scholars
started to develop and study recycled products to value construction waste and expand the
market, such as recycled aggregate, recycled blocks and recycled bricks. After that, scholars
began to emphasize the reduction in construction waste, and pay attention to the economic
and environmental benefits of resource recovery to prove its sustainability, such as life
cycle assessment, performance optimization of recycled products, the establishment of an
environmental benefit assessment model, cost compensation model research, etc. BIM, GIS
and big data technology are also constantly evolving. The circular economy and green
building materials have been the focus of C&D waste and sustainable development in
recent years, as the aim is to explore a new management model and fully integrate the idea
of resource sustainability. In general, the evolution process can be summarized as recycling–
reduction–sustainability. It is worth emphasizing that the stages in the evolution process is
not completely separate from each other. For example, in the past five years, in addition
to focusing on sustainability, reduction technologies such as 3D printing technology and
prefabricated construction are constantly advancing.

Through the discussion of the above research hotspots, research frontiers and develop-
ment trends, future research directions are also proposed:

1. Promoting innovation in recycling technology. Recycling construction waste is a key
strategy for the sustainable development of resources in the future. More attention
should continue to be paid to the pre-treatment and reproductive phases of construc-
tion waste. First, it can more effectively reduce waste generation at the source and
lower the cost of construction projects, such as material costs, labor costs and man-
agement fees. Second, it may increase the secondary or multiple utilization potential
of different types of construction waste and prolong their life, so as to improve the
utilization rate of construction waste resources, which plays a role in saving resources,
improving the environment and promoting the sustainable development of society.

2. Developing information technology for the reduction in construction waste. The
development of construction waste reduction is the focus of scientific research. It is
not only a scientific problem, but also a common concern of politics, economics and
society. At present, some information technologies, such as BIM, GIS and big data,
have made good achievements in predicting waste generation and reducing waste
output. However, some newly developed technologies, such as 3D concrete printing
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and prefabricated construction, are still only used in projects with simple structure and
small scale. How to combine existing mature information technologies or find new
ones to solve the limitations of emerging technologies deserves further consideration.

3. More research on top-level design. The direction of development in the field of C&D
waste and sustainability is also influenced by policy. Combined with research frontiers
and hotspots, it is clear that current research focuses primarily on environmental
benefits, such as carbon emissions and environmental footprints. Therefore, further
improvement of relevant policies and regulations can enhance the environmental
awareness of participants and provide impetus for the effective operation of the
recycling industry chain. First, it is necessary to establish a comprehensive super-
vision system. BIM, GIM and other technologies can be fully used to supervise the
whole process of the recycled products industry. Second, it is necessary to formulate
effective incentive policies to promote the development of the construction waste
industry. Financial support can be provided to recycling companies in the research
and development of new materials and technologies.

4. More investigation of different project stakeholders. As things stand, it is inefficient
to promote the recycling of C&D waste only through government procurement and
subsidies. The participation of contractors in the reduction in construction waste and
the willingness of recycling companies to engage in the development of production
materials and technology research is not strong. Therefore, establishing a behavior
model to find the motivation to stimulate all stakeholders to actively participate in
the resourceful disposal of construction waste can be taken as the future development
direction in order to guide the market stakeholders’ selection behavior of resourceful
treatment and achieve higher economic, social and environmental benefits.

5. Conclusions

In this paper, 3550 publications related to C&D waste and the sustainable development
of resources are visually analyzed using Citespace and VOSviewer, in order to identify
research hotspots, research fronts, and development trends in this field. The conclusions
are summarized as follows:

1. Research progress on C&D waste and the sustainable development of resources can be
roughly divided into exploration phase (2002–2007), initial growth phase (2008–2015)
and rapid development phase (2016–2022). China is the most active country in this
field, while the United States, India, Australia, Brazil, Spain, the United Kingdom,
Malaysia and Italy contribute a large number of publications. The Journal of Cleaner
Production, Sustainability, Construction and Building Materials, Materials, and Resource
Conservation and Recycling are the most productive journals, which is closely related to
the impact of journals in the field of C&D waste and sustainable development.

2. Based on the author’s contributions and collaboration, it seems that more and more
scholars have begun to devote themselves to research in this field. However, most of
them only communicate with members of small research groups. Among the most
active institutions, they are also more inclined to cooperate with domestic universities
and research institutes. At present, there is still relatively little global cooperation.

3. The results of keyword co-occurrence and cluster analysis indicate that research and
development of recycled products, methods for reducing construction waste, and
sustainable management modes have been current research hotspots. Among them,
the circular economy, life cycle sustainability assessment, and the environmental
benefits of recycled products have attracted much attention.

4. The identification of research trends shows that the evolution process in this field is
summarized as recycling–reduction–sustainability, and future research directions are
also proposed. On the one hand, strengthening the research and development of new
technologies for waste recycling and reduction can optimize the process of C&D waste
management, reduce the waste of resources and construction project costs. On the
other hand, more discussion of top-level design and stakeholder behavior factors is
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conducive to breaking the restriction on the circular economy and other management
modes, changing the inherent thinking of stakeholders, so as to promote the green
development of the construction industry and improve social benefits.

In addition, some constraints on bibliometrics methods have been found. (1) The data
used in bibliometric analysis vary due to the different screening criteria of researchers.
(2) Two types of visualization software may present different results. Therefore, this paper
tries to use one kind of software to analyze a similar set of data. (3) The correlation between
cited papers and citing papers may not be obvious in some clusters, and new technical
methods should be adopted to minimize the occurrence of such problems.

Author Contributions: Conceptualization, L.W.; methodology, L.W.; validation, S.H., Y.L. (Yu Liu)
and X.L.; data curation, S.H. and Y.L. (Yu Liu); writing—original draft preparation, L.W. and Y.L.
(Yanhong Lv); writing—review and editing, S.H., Y.L. (Yu Liu) and X.L.; visualization, L.W. and Y.L.
(Yanhong Lv); project administration, L.W. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by 2022 Project of Development Research Center of Sichuan Old
Revolutionary Base, Sichuan Provincial Key Research Base of Philosophy and Science, grant number
SLQ2022SB-22.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All relevant data generated and analyzed during this research were
collected from the WoS database and are accessible with the help of the search query mentioned in
the Methods section.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Pacheco-Torgal, F.; Jalali, S. Earth construction: Lessons from the past for future eco-efficient construction. Constr. Build. Mater.

2012, 29, 512–519. [CrossRef]
2. Vieira, C.S.; Pereira, P.M. Use of recycled construction and demolition materials in geotechnical applications: A review. Resour.

Conserv. Recycl. 2015, 103, 192–204. [CrossRef]
3. Wu, Z.Z.; Yu, A.T.W.; Shen, L.Y.; Liu, G.W. Quantifying construction and demolition waste: An analytical review. Waste Manag.

2014, 34, 1683–1692. [CrossRef]
4. Wu, H.Y.; Duan, H.B.; Zheng, L.N.; Wang, J.Y.; Niu, Y.N.; Zhang, G.M. Demolition waste generation and recycling potentials in a

rapidly developing flagship megacity of South China: Prospective scenarios and implications. Constr. Build. Mater. 2016, 113,
1007–1016. [CrossRef]

5. Rao, A.; Jha, K.N.; Misra, S. Use of aggregates from recycled construction and demolition waste in concrete. Resour. Conserv.
Recycl. 2007, 50, 71–81. [CrossRef]

6. Siddique, R.; Khatib, J.; Kaur, I. Use of recycled plastic in concrete: A review. Waste Manag. 2008, 28, 1835–1852. [CrossRef]
7. Behera, M.; Bhattacharyya, S.K.; Minocha, A.K.; Deoliya, R.; Maiti, S. Recycled aggregate from C&D waste & its use in concrete—A

breakthrough towards sustainability in construction sector: A review. Constr. Build. Mater. 2014, 68, 501–516.
8. Islam, R.; Nazifa, T.H.; Yuniarto, A.; Uddin, A.S.M.S.; Salmiati, S.; Shahid, S. An empirical study of construction and demolition

waste generation and implication of recycling. Waste Manag. 2019, 95, 10–21. [CrossRef]
9. Esin, T.; Cosgun, N. A study conducted to reduce construction waste generation in Turkey. Build. Environ. 2007, 42, 1667–1674.

[CrossRef]
10. Jaillon, L.; Poon, C.S.; Chiang, Y.H. Quantifying the waste reduction potential of using prefabrication in building construction in

Hong Kong. Waste Manag. 2009, 29, 309–320. [CrossRef]
11. Ortiz, O.; Pasqualino, J.C.; Castells, F. Environmental performance of construction waste: Comparing three scenarios from a case

study in Catalonia, Spain. Waste Manag. 2010, 30, 646–654. [CrossRef] [PubMed]
12. Yu, D.; Duan, H.; Song, Q.; Li, X.; Zhang, H.; Zhang, H.; Liu, Y.; Shen, W.; Wang, J. Characterizing the environmental impact of

metals in construction and demolition waste. Environ. Sci. Pollut. Res. 2018, 25, 13823–13832. [CrossRef]
13. Chen, K.; Wang, J.; Yu, B.; Wu, H.; Zhang, J. Critical evaluation of construction and demolition waste and associated environmental

impacts: A scientometric analysis. J. Clean. Prod. 2021, 287, 125071. [CrossRef]
14. Kucukvar, M.; Egilmez, G.; Tatari, O. Evaluating environmental impacts of alternative construction waste management approaches

using supply-chain-linked life-cycle analysis. Waste Manag. Res. 2014, 32, 500–508. [CrossRef]

https://doi.org/10.1016/j.conbuildmat.2011.10.054
https://doi.org/10.1016/j.resconrec.2015.07.023
https://doi.org/10.1016/j.wasman.2014.05.010
https://doi.org/10.1016/j.conbuildmat.2016.03.130
https://doi.org/10.1016/j.resconrec.2006.05.010
https://doi.org/10.1016/j.wasman.2007.09.011
https://doi.org/10.1016/j.wasman.2019.05.049
https://doi.org/10.1016/j.buildenv.2006.02.008
https://doi.org/10.1016/j.wasman.2008.02.015
https://doi.org/10.1016/j.wasman.2009.11.013
https://www.ncbi.nlm.nih.gov/pubmed/20005694
https://doi.org/10.1007/s11356-018-1632-z
https://doi.org/10.1016/j.jclepro.2020.125071
https://doi.org/10.1177/0734242X14536457


Sustainability 2023, 15, 9141 18 of 20

15. Marrero, M.; Puerto, M.; Rivero-Camacho, C.; Freire-Guerrero, A.; Solis-Guzman, J. Assessing the economic impact and ecological
footprint of construction and demolition waste during the urbanization of rural land. Resour. Conserv. Recycl. 2017, 117, 160–174.
[CrossRef]

16. Duan, H.; Miller, T.R.; Liu, G.; Tam, V.W.Y. Construction debris becomes growing concern of growing cities. Waste Manag. 2019,
83, 1–5. [CrossRef] [PubMed]

17. Wang, J.; Wu, H.; Duan, H.; Zillante, G.; Zuo, J.; Yuan, H. Combining life cycle assessment and Building Information Modelling to
account for carbon emission of building demolition waste: A case study. J. Clean. Prod. 2018, 172, 3154–3166. [CrossRef]

18. Zhang, C.; Hu, M.; Dong, L.; Xiang, P.; Zhang, Q.; Wu, J.; Li, B.; Shi, S. Co-benefits of urban concrete recycling on the mitigation
of greenhouse gas emissions and land use change: A case in Chongqing metropolis, China. J. Clean. Prod. 2018, 201, 481–498.
[CrossRef]

19. Xu, J.; Shi, Y.; Xie, Y.; Zhao, S. A BIM-Based construction and demolition waste information management system for greenhouse
gas quantification and reduction. J. Clean. Prod. 2019, 229, 308–324. [CrossRef]

20. Xiao, J.; Wang, C.; Ding, T.; Akbarnezhad, A. A recycled aggregate concrete high-rise building: Structural performance and
embodied carbon footprint. J. Clean. Prod. 2018, 199, 868–881. [CrossRef]

21. Jimenez, L.F.; Dominguez, J.A.; Enrique Vega-Azamar, R. Carbon Footprint of Recycled Aggregate Concrete. Adv. Civ. Eng. 2018,
2018, 7949741. [CrossRef]

22. Li, J.; Zuo, J.; Cai, H.; Zillante, G. Construction waste reduction behavior of contractor employees: An extended theory of planned
behavior model approach. J. Clean. Prod. 2018, 172, 1399–1408. [CrossRef]

23. Shen, H.; Peng, Y.; Guo, C. Analysis of the Evolution Game of Construction and Demolition Waste Recycling Behavior Based on
Prospect Theory under Environmental Regulation. Int. J. Environ. Res. Public Health 2018, 15, 1518. [CrossRef] [PubMed]

24. Lu, W.; Tam, V.W.Y. Construction waste management policies and their effectiveness in Hong Kong: A longitudinal review. Renew.
Sust. Energ. Rev. 2013, 23, 214–223. [CrossRef]

25. Ajayi, S.O.; Oyedele, L.O. Policy imperatives for diverting construction waste from landfill: Experts’ recommendations for UK
policy expansion. J. Clean. Prod. 2017, 147, 57–65. [CrossRef]

26. Li, J.; Yao, Y.; Zuo, J.; Li, J. Key policies to the development of construction and demolition waste recycling industry in China.
Waste Manag. 2020, 108, 137–143. [CrossRef]

27. Li, J.; Tam, V.W.Y.; Zuo, J.; Zhu, J. Designers’ attitude and behaviour towards construction waste minimization by design: A study
in Shenzhen, China. Resour. Conserv. Recycl. 2015, 105, 29–35. [CrossRef]

28. Udawatta, N.; Zuo, J.; Chiveralls, K.; Zillante, G. Improving waste management in construction projects: An Australian study.
Resour. Conserv. Recycl. 2015, 101, 73–83. [CrossRef]

29. Lachimpadi, S.K.; Pereira, J.J.; Taha, M.R.; Mokhtar, M. Construction waste minimisation comparing conventional and precast
construction (Mixed System and IBS) methods in high-rise buildings: A Malaysia case study. Resour. Conserv. Recycl. 2012, 68,
96–103. [CrossRef]

30. Yuan, H.; Chini, A.R.; Lu, Y.; Shen, L. A dynamic model for assessing the effects of management strategies on the reduction of
construction and demolition waste. Waste Manag. 2012, 32, 521–531. [CrossRef]

31. Ding, Z.; Yi, G.; Tam, V.W.Y.; Huang, T. A system dynamics-based environmental performance simulation of construction waste
reduction management in China. Waste Manag. 2016, 51, 130–141. [CrossRef]

32. Li, Y.; Li, M.; Sang, P. A bibliometric review of studies on construction and demolition waste management by using CiteSpace.
Energy Build. 2022, 258, 111822. [CrossRef]

33. Alsheyab, M.A.T. Recycling of construction and demolition waste and its impact on climate change and sustainable development.
Int. J. Environ. Sci. Technol. 2022, 19, 2129–2138. [CrossRef]

34. Mostert, C.; Sameer, H.; Glanz, D.; Bringezu, S. Climate and resource footprint assessment and visualization of recycled concrete
for circular economy. Resour. Conserv. Recycl. 2021, 174, 105767. [CrossRef]

35. Won, J.; Cheng, J.C.P.; Lee, G. Quantification of construction waste prevented by BIM-based design validation: Case studies in
South Korea. Waste Manag. 2016, 49, 170–180. [CrossRef] [PubMed]

36. Won, J.; Cheng, J.C.P. Identifying potential opportunities of building information modeling for construction and demolition waste
management and minimization. Autom. Constr. 2017, 79, 3–18. [CrossRef]

37. Akinade, O.O.; Oyedele, L.O.; Ajayi, S.O.; Bilal, M.; Alaka, H.A.; Owolabi, H.A.; Arawomo, O.O. Designing out construction
waste using BIM technology: Stakeholders’ expectations for industry deployment. J. Clean. Prod. 2018, 180, 375–385. [CrossRef]

38. Zhang, J.; Wang, J.; Dong, S.; Yu, X.; Han, B. A review of the current progress and application of 3D printed concrete. Compos. Pt.
A-Appl. Sci. Manuf. 2019, 125, 105533. [CrossRef]

39. Lin, A.; Tan, Y.K.; Wang, C.-H.; Kua, H.W.; Taylor, H. Utilization of waste materials in a novel mortar-polymer laminar composite
to be applied in construction 3D-printing. Compos. Struct. 2020, 253, 112764. [CrossRef]

40. Hossain, M.U.; Ng, S.T. Influence of waste materials on buildings’ life cycle environmental impacts: Adopting resource recovery
principle. Resour. Conserv. Recycl. 2019, 142, 10–23. [CrossRef]

41. Wang, M.-H.; Ho, Y.-S.; Fu, H.-Z. Global performance and development on sustainable city based on natural science and social
science research: A bibliometric analysis. Sci. Total Environ. 2019, 666, 1245–1254. [CrossRef]

42. Lehtiranta, L. Risk perceptions and approaches in multi-organizations: A research review 2000–2012. Int. J. Proj. Manag. 2014, 32,
640–653. [CrossRef]

https://doi.org/10.1016/j.resconrec.2016.10.020
https://doi.org/10.1016/j.wasman.2018.10.044
https://www.ncbi.nlm.nih.gov/pubmed/30514455
https://doi.org/10.1016/j.jclepro.2017.11.087
https://doi.org/10.1016/j.jclepro.2018.07.238
https://doi.org/10.1016/j.jclepro.2019.04.158
https://doi.org/10.1016/j.jclepro.2018.07.210
https://doi.org/10.1155/2018/7949741
https://doi.org/10.1016/j.jclepro.2017.10.138
https://doi.org/10.3390/ijerph15071518
https://www.ncbi.nlm.nih.gov/pubmed/30021981
https://doi.org/10.1016/j.rser.2013.03.007
https://doi.org/10.1016/j.jclepro.2017.01.075
https://doi.org/10.1016/j.wasman.2020.04.016
https://doi.org/10.1016/j.resconrec.2015.10.009
https://doi.org/10.1016/j.resconrec.2015.05.003
https://doi.org/10.1016/j.resconrec.2012.08.011
https://doi.org/10.1016/j.wasman.2011.11.006
https://doi.org/10.1016/j.wasman.2016.03.001
https://doi.org/10.1016/j.enbuild.2021.111822
https://doi.org/10.1007/s13762-021-03217-1
https://doi.org/10.1016/j.resconrec.2021.105767
https://doi.org/10.1016/j.wasman.2015.12.026
https://www.ncbi.nlm.nih.gov/pubmed/26754615
https://doi.org/10.1016/j.autcon.2017.02.002
https://doi.org/10.1016/j.jclepro.2018.01.022
https://doi.org/10.1016/j.compositesa.2019.105533
https://doi.org/10.1016/j.compstruct.2020.112764
https://doi.org/10.1016/j.resconrec.2018.11.010
https://doi.org/10.1016/j.scitotenv.2019.02.139
https://doi.org/10.1016/j.ijproman.2013.09.002


Sustainability 2023, 15, 9141 19 of 20

43. Oraee, M.; Hosseini, M.R.; Papadonikolaki, E.; Palliyaguru, R.; Arashpour, M. Collaboration in BIM-based construction networks:
A bibliometric-qualitative literature review. Int. J. Proj. Manag. 2017, 35, 1288–1301. [CrossRef]

44. Hood, W.W.; Wilson, C.S. The Literature of Bibliometrics, Scientometrics, and Informetrics. Scientometrics 2001, 52, 291–314.
[CrossRef]

45. Chen, C.M. CiteSpace II: Detecting and visualizing emerging trends and transient patterns in scientific literature. J. Am. Soc. Inf.
Sci. Technol. 2006, 57, 359–377. [CrossRef]

46. van Eck, N.J.; Waltman, L. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 2010, 84,
523–538. [CrossRef] [PubMed]

47. Zheng, C.; Ning, Y.; Yuan, J.; Zhao, X.; Zhang, Y. Partnering research within the construction industry (1990–2018): A scientometric
review. Int. J. Technol. Manag. 2020, 82, 97–131. [CrossRef]

48. Chellappa, V.; Srivastava, V.; Salve, U.R. A systematic review of construction workers’ health and safety research in India. J. Eng.
Des. Technol. 2021, 19, 1488–1504. [CrossRef]

49. Mongeon, P.; Paul-Hus, A. The journal coverage of Web of Science and Scopus: A comparative analysis. Scientometrics 2016, 106,
213–228. [CrossRef]

50. Zhao, X.; Zuo, J.; Wu, G.; Huang, C. A bibliometric review of green building research 2000–2016. Archit. Sci. Rev. 2019, 62, 74–88.
[CrossRef]

51. Xu, J.; Lu, W.; Xue, F.; Chen, K.; Ye, M.; Wang, J.; Chen, X. Cross-boundary collaboration in waste management research: A
network analysis. Environ. Impact Assess. Rev. 2018, 73, 128–141. [CrossRef]

52. Thomas, C.; Setien, J.; Polanco, J.A.; Alaejos, P.; Sdnchez de Juan, M. Durability of recycled aggregate concrete. Constr. Build.
Mater. 2013, 40, 1054–1065. [CrossRef]

53. Silva, R.V.; de Brito, J.; Dhir, R.K. Properties and composition of recycled aggregates from construction and demolition waste
suitable for concrete production. Constr. Build. Mater. 2014, 65, 201–217. [CrossRef]

54. Aslani, F.; Ma, G.; Wan, D.L.Y.; Muselin, G. Development of high-performance self-compacting concrete using waste recycled
concrete aggregates and rubber granules. J. Clean. Prod. 2018, 182, 553–566. [CrossRef]

55. Hossain, M.U.; Poon, C.S.; Lo, I.M.C.; Cheng, J.C.P. Comparative environmental evaluation of aggregate production from recycled
waste materials and virgin sources by LCA. Resour. Conserv. Recycl. 2016, 109, 67–77. [CrossRef]

56. Lu, W.; Chen, X.; Peng, Y.; Shen, L. Benchmarking construction waste management performance using big data. Resour. Conserv.
Recycl. 2015, 105, 49–58. [CrossRef]

57. Purchase, C.K.; Al Zulayq, D.M.; O’Brien, B.T.; Kowalewski, M.J.; Berenjian, A.; Tarighaleslami, A.H.; Seifan, M. Circular
Economy of Construction and Demolition Waste: A Literature Review on Lessons, Challenges, and Benefits. Materials 2022, 15,
76. [CrossRef]

58. Diaz-Lopez, C.; Bonoli, A.; Martin-Morales, M.; Zamorano, M. Analysis of the Scientific Evolution of the Circular Economy
Applied to Construction and Demolition Waste. Sustainability 2021, 13, 9416. [CrossRef]

59. Norouzi, M.; Chafer, M.; Cabeza, L.F.; Jimenez, L.; Boer, D. Circular economy in the building and construction sector: A scientific
evolution analysis. J. Build. Eng. 2021, 44, 102704. [CrossRef]

60. Assi, L.; Carter, K.; Deaver, E.; Anay, R.; Ziehl, P. Sustainable concrete: Building a greener future. J. Clean. Prod. 2018, 198,
1641–1651. [CrossRef]

61. Xie, J.; Chen, W.; Wang, J.; Fang, C.; Zhang, B.; Liu, F. Coupling effects of recycled aggregate and GGBS/metakaolin on
physicochemical properties of geopolymer concrete. Constr. Build. Mater. 2019, 226, 345–359. [CrossRef]

62. Horvath, A. Construction materials and the environment. Annu. Rev. Environ. Resour 2004, 29, 181–204. [CrossRef]
63. Ortiz, O.; Castells, F.; Sonnemann, G. Sustainability in the construction industry: A review of recent developments based on LCA.

Constr. Build. Mater. 2009, 23, 28–39. [CrossRef]
64. Kazmi, S.M.S.; Munir, M.J.; Wu, Y.-F. Application of waste tire rubber and recycled aggregates in concrete products: A new

compression casting approach. Resour. Conserv. Recycl. 2021, 167, 105353. [CrossRef]
65. Ghisellini, P.; Ripa, M.; Ulgiati, S. Exploring environmental and economic costs and benefits of a circular economy approach to

the construction and demolition sector. A literature review. J. Clean. Prod. 2018, 178, 618–643. [CrossRef]
66. Rousseeuw, P.J. Silhouettes: A graphical aid to the interpretation and validation of cluster analysis. J. Comput. Appl. Math. 1987,

20, 53–65. [CrossRef]
67. Chen, H.; Yang, Y.; Yang, Y.; Jiang, W.; Zhou, J. A bibliometric investigation of life cycle assessment research in the web of science

databases. Int. J. Life Cycle Assess. 2014, 19, 1674–1685. [CrossRef]
68. Kirchherr, J.; Reike, D.; Hekkert, M. Conceptualizing the circular economy: An analysis of 114 definitions. Resour. Conserv. Recycl.

2017, 127, 221–232. [CrossRef]
69. Geissdoerfer, M.; Savaget, P.; Bocken, N.M.P.; Hultink, E.J. The Circular Economy A new sustainability paradigm? J. Clean. Prod.

2017, 143, 757–768. [CrossRef]
70. Mahpour, A. Prioritizing barriers to adopt circular economy in construction and demolition waste management. Resour. Conserv.

Recycl. 2018, 134, 216–227. [CrossRef]
71. Yu, Y.; Junjan, V.; Yazan, D.M.; Iacob, M.-E. A systematic literature review on Circular Economy implementation in the construction

industry: A policy-making perspective. Resour. Conserv. Recycl. 2022, 183, 106359. [CrossRef]

https://doi.org/10.1016/j.ijproman.2017.07.001
https://doi.org/10.1023/A:1017919924342
https://doi.org/10.1002/asi.20317
https://doi.org/10.1007/s11192-009-0146-3
https://www.ncbi.nlm.nih.gov/pubmed/20585380
https://doi.org/10.1504/IJTM.2020.107858
https://doi.org/10.1108/JEDT-08-2020-0345
https://doi.org/10.1007/s11192-015-1765-5
https://doi.org/10.1080/00038628.2018.1485548
https://doi.org/10.1016/j.eiar.2018.08.005
https://doi.org/10.1016/j.conbuildmat.2012.11.106
https://doi.org/10.1016/j.conbuildmat.2014.04.117
https://doi.org/10.1016/j.jclepro.2018.02.074
https://doi.org/10.1016/j.resconrec.2016.02.009
https://doi.org/10.1016/j.resconrec.2015.10.013
https://doi.org/10.3390/ma15010076
https://doi.org/10.3390/su13169416
https://doi.org/10.1016/j.jobe.2021.102704
https://doi.org/10.1016/j.jclepro.2018.07.123
https://doi.org/10.1016/j.conbuildmat.2019.07.311
https://doi.org/10.1146/annurev.energy.29.062403.102215
https://doi.org/10.1016/j.conbuildmat.2007.11.012
https://doi.org/10.1016/j.resconrec.2020.105353
https://doi.org/10.1016/j.jclepro.2017.11.207
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1007/s11367-014-0777-3
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1016/j.jclepro.2016.12.048
https://doi.org/10.1016/j.resconrec.2018.01.026
https://doi.org/10.1016/j.resconrec.2022.106359


Sustainability 2023, 15, 9141 20 of 20

72. Rahla, K.M.; Mateus, R.; Braganca, L. Implementing Circular Economy Strategies in Buildings-From Theory to Practice. Appl.
Syst. Innov. 2021, 4, 26. [CrossRef]

73. Wong, C.L.; Mo, K.H.; Yap, S.P.; Alengaram, U.J.; Ling, T.-C. Potential use of brick waste as alternate concrete-making materials:
A review. J. Clean. Prod. 2018, 195, 226–239. [CrossRef]

74. Meng, Y.; Ling, T.-C.; Mo, K.H. Recycling of wastes for value-added applications in concrete blocks: An overview. Resour. Conserv.
Recycl. 2018, 138, 298–312. [CrossRef]

75. Habert, G.; Miller, S.A.; John, V.M.; Provis, J.L.; Favier, A.; Horvath, A.; Scrivener, K.L. Environmental impacts and decarbonization
strategies in the cement and concrete industries. Nat. Rev. Earth Environ. 2020, 1, 559–573. [CrossRef]

76. Ahmed, G.H.; Askandar, N.H.; Jumaa, G.B. A review of largescale 3DCP: Material characteristics, mix design, printing process,
and reinforcement strategies. Structures 2022, 43, 508–532. [CrossRef]

77. Sahin, H.G.; Mardani-Aghabaglou, A. Assessment of materials, design parameters and some properties of 3D concrete a
state-of-the-art review. Constr. Build. Mater. 2022, 316, 125865. [CrossRef]

78. Qian, H.; Hua, S.; Yue, H.; Feng, G.; Qian, L.; Jiang, W.; Zhang, L. Utilization of recycled construction powder in 3D concrete
printable materials through particle packing optimization. J. Build. Eng. 2022, 61, 105236. [CrossRef]

79. Hong, J.; Shen, G.Q.; Li, Z.; Zhang, B.; Zhang, W. Barriers to promoting prefabricated construction in China: A cost-benefit
analysis. J. Clean. Prod. 2018, 172, 649–660. [CrossRef]

80. Teng, Y.; Li, K.; Pan, W.; Ng, T. Reducing building life cycle carbon emissions through prefabrication: Evidence from and gaps in
empirical studies. Build. Environ. 2018, 132, 125–136. [CrossRef]

81. Hao, J.L.; Cheng, B.; Lu, W.; Xu, J.; Wang, J.; Bu, W.; Guo, Z. Carbon emission reduction in prefabrication construction during
materialization stage: A BIM-based life-cycle assessment approach. Sci. Total Environ. 2020, 723, 137870. [CrossRef]

82. Lopez-Guerrero, R.E.; Vera, S.; Carpio, M. A quantitative and qualitative evaluation of the sustainability of industrialised building
systems: A bibliographic review and analysis of case studies. Renew. Sust. Energ. Rev. 2022, 157, 112034. [CrossRef]

83. Yuan, M.; Li, Z.; Li, X.; Li, L.; Zhang, S.; Luo, X. How to promote the sustainable development of prefabricated residential
buildings in China: A tripartite evolutionary game analysis. J. Clean. Prod. 2022, 349, 131423. [CrossRef]

84. Zhang, R.; Xu, Y. The Air Quality Impact Evaluation of Modular Construction Practices in Hong Kong and Singapore. Sustainability
2022, 14, 1016. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/asi4020026
https://doi.org/10.1016/j.jclepro.2018.05.193
https://doi.org/10.1016/j.resconrec.2018.07.029
https://doi.org/10.1038/s43017-020-0093-3
https://doi.org/10.1016/j.istruc.2022.06.068
https://doi.org/10.1016/j.conbuildmat.2021.125865
https://doi.org/10.1016/j.jobe.2022.105236
https://doi.org/10.1016/j.jclepro.2017.10.171
https://doi.org/10.1016/j.buildenv.2018.01.026
https://doi.org/10.1016/j.scitotenv.2020.137870
https://doi.org/10.1016/j.rser.2021.112034
https://doi.org/10.1016/j.jclepro.2022.131423
https://doi.org/10.3390/su14021016

	Introduction 
	Methods 
	Research Method 
	Data Collection and Collation 

	Results 
	Analysis of Publications 
	Co-Author Analysis 
	Co-Authorship Analysis 
	Co-Institution Analysis 
	Co-Country Analysis 

	Keywords Analysis 
	Keywords Co-Occurrence Analysis 
	Keyword Evolution Analysis 

	Documents Co-Citation Analysis 

	Discussion 
	Conclusions 
	References

