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Abstract: Recent years have experienced an increase in construction and demolition waste (C&DW), which is
the most significant solid waste stream. C&DW is contributing to exceeding all planetary boundaries and
presents a range of other issues. In order to better understand the existing research on C&DW, a global
bibliographic analysis was undertaken through seven groups of keyword searches and the results visualised
using VOCviewer. The results show that C&DW receives only a modest research attention compared to other
areas of waste, and this is despite an exponential increase in C&DW research since 2016. The analyses also
show that concrete is the most researched material in terms of C&DW, and that reuse, recycling, and circular
economy are so far attracting only proportionally modest research attention. This signals a need for further
acceleration of the C&DW research, and specifically for more research on reuse, recycling, and circular
economy for materials other than concrete.
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1. Introduction

In recent years, the generation of construction and demolition waste (C&DW) has been rapidly
increasing due to the population growth and the global acceleration of construction activities [1].
Construction and demolition waste (C&DW) has been defined by the US EPA as 'the waste generated
by all activities carried out during the construction, maintenance, demolition, and deconstruction of
any type of building and civil work, or during natural disasters' [2]. In the 1990s, the UK Construction
Industry Research and Information Association reported that the construction and demolition sites
generated around 70 million metric tons of waste in UK, annually [3]. Around the same time the US
EPA estimated that the US generated around 120 million tons of C&DW, also annually [4]. But these
figures rose two- to five-fold, and by 2018, in the UK, Defra estimated that C&DW had reached 138
million metric tons and, in the US, the US EPA estimated this had reach 600 million tons [2,5]. China
is estimated to produce the most C&DW globally, with 1.13 billion metric tons of waste produced in
2014 [6,7]. Globally, it is estimated that C&DW derived about 1.68kg per person per day in 2018 [8].
It is also estimated that global waste generation will double by 2025 compared to the year 2000, and
that by 2050 it will double, compared to 2016 [1]. Another area of concern is the lack of waste data
from developing regions [9-11].

Despite some variations in waste generation data, and criticism of the data's accuracy, it is
generally agreed that the construction industry accounts for around 30-40% of global solid waste
production, indicating that industry is one of largest sole generators of waste [1,12-16]. However,
C&DW presents a range of other adverse impacts also. Among those, C&DW is usually landfilled
rather than being separated or recycled [14,17]. Illegal dumping also occurs, which contributes to
inability to have accurate waste generation data [9,14]. Landfilling and illegal dumping not only
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consume a large amount of land resources, but also can pose a large risk of environmental pollution
[17]. Human health is also of concern, as the pollutants and gas emissions from the waste risk adverse
health effects [14,18]. It is also estimated that, due to the current levels of solid waste, 2.5 billion people
worldwide do not have adequate sanitation [19]. Combined with these issues of waste disposal, is the
lack of recycling and conservation of resources as a substitute for further raw material extraction [20].
The material extraction and the material processing create various types of emissions and pollutants
which cause serious strain on the environment [21]. Although effort is already invested into these
areas, more needs to be achieved.

This context indicates that C&DW is a rapidly growing and unsustainable problem, and
therefore it is important to understand better the issue and gaps in research in order to support
development of more effective solutions. This article presents results of a global bibliometric review
of research on C&DW, and evaluates if it is possible to identify key high-level patterns in global
C&DW research. Therefore the results can be used to inform and guide future research.

2. Context for C&DW research

There is a range of issues associated with C&DW. Broadly those could be divided into issues
associated with the unsustainable impacts C&DW present on the planet, and issues with managing
and reducing these adverse impacts. This section provides a background for a range of core issues
facing C&DW considerations.

2.1 Planetary boundaries and C&DW

C&DW can be seen to adversely affect all the planetary boundaries, harming a range of fragile
balances. Humans have been identified as the main driver for global environmental change and our
current activities are estimated to disrupt planetary systems, creating an unstable environment with
irregular temperatures, freshwater availability, and biochemical flows [22]. These are described
through the planetary boundary framework [22,23]. Rockstrom et al. introduced the idea in 2009 and
refined the thresholds in 2023. The nine boundaries are: 1) atmospheric CO: concentration; 2) rate of
biodiversity loss; 3) levels of novel anthropogenic introductions to the planetary systems; 4) levels of
ocean acidification; 5) biochemical flows (which currently considers the levels of nitrogen and
phosphorus); 6) percentage of land system change; 7) levels of available fresh water; 8) atmospheric
aerosol loading; and 9) levels of ozone depletion [22,23]. These thresholds can be valuable to
sustainable reviews as they allow a quantifiable analysis of the areas of sustainability.

The most noticeable impacts from the C&DW is through the novel anthropogenic introductions
of synthetic chemicals and substances, radioactive materials, or genetically modified organisms to
the environment [23]. The boundary for this novel anthropogenic introduction, without adequate
safety testing, is zero [23]. Construction and demolition materials include heavy metals, organic
matter and synthetic chemicals (plastics, paints, and glues) which all contaminate soil and
groundwater [17,18]. The anaerobic degradation of C&DW produces CO: and methane which also
leads to soil, water and air pollution and can cause adverse effects to human health [14,18,24]. It is
also currently estimated that C&DW has over 200 different dioxin compounds which alone causes a
range of major impacts to the environment and human health [25].

Another large impact of C&DW to the planetary boundaries can be seen in CO2 concentrations.
The planetary boundary for CO: concentration is 350ppm, which has been set to maintain an
internationally agreed atmospheric temperature of 1.5°C [23]. However, as of 2022, the concentration
is at 417ppm [23]. It is estimated that construction and demolition activities contribute up to 50% of
greenhouse gas emissions, (largely CO:) due to the common use of fossil fuels in material extraction,
processing, construction, demolition, and transportation of C&DW [25-27]. A further creator of CO:
are the landfills from the anaerobic degradation of materials [24]. A follow-on consequence of these
concentrations of COz is an increased level of ocean acidification [23,25]. Landfill waste can also cause
eutrophication, which creates an increase of levels of nitrogen and phosphorus, damaging the natural
balance of biochemical flows [25].
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The boundary for biodiversity loss is 10 species, per million species, per year but unfortunately
as of 2009 this has exceeded loss of 100 species, per million species, per year [19]. It is estimated that
90% of biodiversity loss is associated with the extraction of raw materials and water stress, and a
large proportion of these is estimated used in construction [21,26,28]. The extraction of raw materials,
as well as occupancy of land and dumping, landfilling sites, also affects the boundary of land system
change [17,24,25]. This boundary focuses on the percentage of forest biome cover, which is 15% below
the threshold and is continuing to decrease [23]. The extraction of forest biomes for building materials
or for human use are contributing factors [23,25]. The boundary around freshwater use defines the
level of available clean water for the ecosystem and has been exceeded over a century ago [23].
Buildings are estimated to consume a global average of 30% of fresh water over their entire lifecycle
for use in material extraction, manufacturing, construction, and occupation [25]. Demolition waste is
also a polluter of freshwater [24,26,27]. The final two planetary boundaries are the levels of ozone
depletion and atmospheric aerosol loading [23]. These are mainly affected by construction actives,
rather than demolition, through the use of foam blowing (i.e. spray foam insulation), halons (in fire
suppressants) and bituminous aerosols and polycylic aromatic hydrocarbons from asphalt and fossil
fuel emissions [25].

Construction and demolition activities and C&DW are contributing to degradation and the
transgression of the boundaries and this should be seen as part of their high environmental cost. This
signals a high level of urgency for more sustainable construction and demolition practices and
provide a quantifiable level of ‘sustainability’ that needs to be reached for the safety of the
environment and human life on Earth.

2.2. Material flows: extraction, construction, waste

There is a range of reasons why raw material extraction has been increasing, but primarily this
is because of the global population growth, and the rise of consumption and industrialization levels
throughout the world [27,29,30]. The global population has doubled since the 1970s, and the global
gross value of produced goods and services (GDP) has quadrupled [27]. In part, this quadrupling of
the global GDP is explained by the middle-income countries (like China and India) catching up with
the higher-income countries in terms of material consumption [31]. The growth trends in raw material
extraction can also be closely related to GDP, as a growing GDP leads to an increase in infrastructure
and construction requirements [30]. Therefore, the levels of global material extraction have followed
a similar trend, to fuel these growing levels of consumption [29,30]. From 1970 to 2017 the annual
global extraction of raw materials has tripled to reach 97 gigatons [21]. Most reports on material
extraction group materials into biomass, fossil fuels, metal ores, and non-metallic minerals [21,29-31].
Building materials are made from each of these, mostly non-metallic minerals (e.g., gravel, sand,
clay), as well as biomaterials (e.g., wood), fossil fuels (e.g., plastics) and metal ores (e.g., steel,
aluminium). In 2017, half the global extraction was for non-metallic minerals and were primarily used
for building materials [21]. Since building materials feature in all the groups, it is reasonable to
estimate that in 2017, building and construction accounted for around half of all the materials
extracted globally, or perhaps even more. Unfortunately, very few reports are available on the total
global extraction of for building and construction. Some earlier reports have estimated that the
construction industry consumes up to 40% of global raw materials [32]. According to an estimate
from 2014 in Europe, the construction industry consumes more than 50% of total materials [33].

A material flow analysis can be used to form an understanding of the expected levels of end-of-
life waste associated with construction and demolition activities. Material flows, analysed through a
material flow analysis (MFA) is a method that has been growing in interest to predict or estimate
waste beyond what is statistically reported [34]. MFA analyses the materials that are entering the
economy as a way to estimate the amounts that will later come out of use. It is generally expected
that the reported input materials are growing faster than the reported materials output [35], due to
materials which stay in use. This difference is called Net Additions to Stock (NAS) and is used to
estimate the potential future waste [34]. Because buildings last for a long time, and used to be built
to last for centuries [36], construction materials are considered to dominate NAS [34]. However,
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following the principle of MFA, the growth of C&DW should be predicted to continue rising,
following the increasing levels of raw material extraction [37]. Further to that, there are some reports
of practices of buildings lasting only around 50 years [36]. Currently, many building parts and
materials have short lifespan, which leads to the need for refurbishments and can drive the overall
life of the building down [38]. A study in the US found that 30% of demolished buildings were less
than 30 years old and that 27% of the buildings that existed in the year 2000 are expected to be
replaced by 2030 [39].

However, another important problem with these statics is the variations between the definition
and coverage of C&DW for each country [11,40]. For example, in Japan, asphalt concrete and cement
concrete waste data are not placed within the C&DW category [34]. This causes large amounts of
construction and demolition materials to not be accounted for as ‘construction and demolition waste’.
Similar issues occur with recycling data, as it can be difficult to define and quantity [40]. Another
problem is inaccurate estimation of waste data from countries that do not have waste data collection,
processing, and publishing systems in place [11]. Therefore, MFA can be a valuable way to estimate
possible growth, or decline, in quantities of waste, and based on the exponential increases in the
global consumption of materials, further global exponential increases in global C&DW should be
reasonably expected.

2.3. C&DW regulation issues

C&DW management policies and strategies, such as sorting and recycling, have been
implemented in many countries [41]. However, the policies are often found to be insufficient to
combat the management of the levels of waste, due to a range of factors. The expected growth of
C&DW gives an urgency for a deeper understanding of these issues, and the gaps in the current
research to inform appropriate and effective control measures and regulations.

Currently, in Spain, there is a legal obligation to prepare a construction and demolition site waste
management plan (CDSWMP), as well as a legal obligation for sorting and separating waste for
recycling, if it is estimated to be over a certain weight (e.g., 80 metric tons of concrete) [41]. However,
the cost of the recycled materials over new materials, and regulations around the application of the
recycled materials, have negatively impacted the levels of recycling that does occur [42].The
regulations have, therefore, been insufficient to enhance the reuse and recycling of the C&DW [42].
In England, a CDSWMP was compulsory for sites over 300,000 GBP, but this was abolished in 2013
[41,43]. While this was enforced there was a reported lack of engagement and it was eventually
abolished to 'remove unnecessary legislation to free-up business' [43]. Hong Kong has legal policies
around of on-site sorting of inert (e.g., sand, bricks, and concrete) and non-inert materials (e.g., paper,
plastic, wood) before it is sent to the categorised landfills [24,44]. However, much research has shown
that the practical implementation has seen challenges [24,44,45]. For example, Poon et al, completed
a survey on Hong Kong contractors and found that due to the difficult nature and labour-intensive
process of sorting the materials, contractors were often reluctant to carry this out, even when a high
tipping fee was imposed [44]. In Canada, in 1999, the Environment Canada’s office of waste
management proposed a plan to reduce and recycle 50% of C&DW [46]. However, the plan was
unsuccessful as well. They found that the recycling of waste from demolitions sites needed much
more processing than expected and only a few constructions companies managed to successfully
implement this, while most used the incentive as a marketing tool [46].

These policies all deal with construction waste as an end-of-life issue. However, many
researchers have concluded that due to the complexity of construction and waste management it
should not be restrained to the end-of-life management (e.g., onsite waste sorting and landfilling)
[47]. Rather, just as much effort should be placed towards the reduction of waste at its source, i.e., at
the design stage, project planning stage, and avoiding activities that cause waste in construction [47],
but also in reuse and recycling of the materials which are no longer needed in buildings.

2.3. Avoiding C&DW
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Many technical measures to utilise and minimise C&DW have been researched, with some
practices beginning to mature, such as material recycling. It is reported that some European countries
have managed to recycle around 70% of their C&DW [17]. In 2010, it was reported that, globally, 77%
of metal, 20% of biomass materials and 37% of non-metallic minerals were recycled globally [48].
Much of these materials are used in construction. Success in this area can be seen in Japan where 96%
of concrete waste was reported to be recycled already in 2000, and 98% by 2006 [49]. This was after
the enactment of the construction material recycling law [49]. The recycled concrete was used for
road-base materials, backfill materials and in some cases even for structural applications [49,50].
Concrete recycling is also recommended in Australia, but there recycling procedures are still
developing due to its more recent implementation in 2002 [49]. Their recycling rate stands at around
40%, and it is only used for low grade applications [49].

Methods of reducing C&DW before it becomes waste, has also been a popular research field.
This includes, increasing awareness and training for stakeholders, design accuracy (e.g., BIM
modelling), and proper estimations of waste [10]. The quantity of research within these fields has
been increasing since the 2000's [10,17-19,51,52]. However, despite the growing quantities of research,
it is evaluated that the construction and demolition industry is still in its early phases of reducing its
environmental impact [6] and that the research is still in its early stages of development [10].

Additionally, a reported tendency of the construction industry to give importance to the
economy and productivity over environmental impact [10], reinforces the need for a better
understanding of C&DW research. This could also help improve communication between
stakeholder groups about the C&DW [52].

This sets the scene of a range of complex and compelling reasons for active reductions of C&DW,
but also signals some clear barriers. In order to understand the context better, this article reports on
the results of a global review of research on C&DW.

3. Context of bibliometric research on C&DW

Bibliometric reviews have been used in numerous academic studies to map the evolution of
literature and is gaining polarity with the growing comprehensiveness of modern network
visualising software [52]. This section summarises that field.

3.1. Global increases in research

Alongside the global increases of GDP, population, consumption, industrialization, material
extraction and waste generation, is an increase in the production of research [53]. Fire & Guestrin
published an analysis of academic publishing metrics from the combination of the Microsoft
Academic Graph, AMiner and SCImago Journal Ranking datasets [53]. The study analysed
>120million papers and >20,000 journals and observed that over the last few decades the numbers of
publications have considerably increased. The analysis observed that in 1990 around 200,000 papers
were published, in 2000 around 450,000 papers, in 2010 around 1.1 million papers and by 2014 >7
million papers had been published, no data after 2014 was provided [53]. From 1990 to 2014 a 3400%
increase in publications can be seen. Broken down, this is a 125% increase from 1990-2000, a 144%
increase from 2000-2010 and a steep 530% increase from 2010 to 2014 [53]. Fire & Guestrin's analysis
reported a steady increase from 2000 to 2010 and steep increase from 2010 to 2014 [53].

These increases are comparable to the increases seen in the numbers of C&DW publications.
Existing C&DW bibliometric reviews have already discussed this (Table 1). The numbers of
increasing research were then translated into periods of 'research development' to understand how
the research is proceeding in this field, and as a basis for this bibliometric review. This understanding
was completed by reviewing six previous C&DW related bibliometric reviews.

Table 1. Overview of each of the six reviews, analysing the levels of research growth.
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6
Author Date of Number of  Database  Percentage Periods of Periods of
publication  publications increase in minor to rapid
in review publications moderate development
development
Viswalekshmi 1000% Linear Linear
etal. 2023 4616 Scopus increase development  development
[10] from 1990 to overall overall
2020
Elshaboury et 2300%
al. 2022 895 Scopus increase 2001 - 2015 2015 - 2021
[52] from 2001 -
2021
800%
Li et al. 2022 494 Web of increase 2007-2015 2015 - 2020
[17] Science from 2007 to
2020
Wang & 2200%
Zhong 2022 15,323 Web of increase 1998 - 2013 2013 - 2021
[51] Science from 1998 to
2021
2400%
Wu et al. 2019 1027 Web of increase 1994 - 2013 2013 - 2017
[18] Science from 1994 —
2017
160%
Jin et al. 2019 410 Scopus increase 2009 - 2015 2015 - 2017
[14] from 2009 to
2017

Each of the bibliometric reviews show an increase in the numbers of research produced in the
field (Table 1). Across all the reviews, two general periods of 'research development' from the annual
quantity of published articles could be seen: minor to moderate development from 2000 to around
2013-2015 and rapid development from around 2013-2015 onwards. Each review has slight disparities
in dates and development trends but on average they align, and all show an upwards trend. This
framework of periods of research development was also observed in the bibliometric reviews
completed by Wang & Zhong [51] and Viswalekshmi et al. [10]. Wang & Zhong pulled the conclusion
that the periods of development were: ‘the exploration phase (1998-2009), the initial growth phase
(2009-2013), and the rapid development phase (2013-2021)" [51]. Viswalekshmi et al. stated wider
periods, 1991-2000, 2001-2010, and 2011-2020 [10]. These periods of development translate into
periods of growing recognition of the importance of improving the management of C&DW. An initial
recognition of the issues around C&DW happened around the 2000's and a much larger recognition
can be seen from 2015 onwards.

3.2. Existing previous C&DW bibliometric reviews

Six previous bibliometric reviews have been identified in relation to C&DW. The motivation for
these articles is similar as for this article: to provide a wider perspective of the field and to guide


https://doi.org/10.20944/preprints202312.1069.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 December 2023 doi:10.20944/preprints202312.1069.v1

future engagement with this topic. Therefore, it is valuable to analyse these past reviews to identify
any gaps and guide the engagement from this analysis.

The review from Li et al. [17] was completed in response to previous reviews having subjective
evaluations, with small sample sizes and lacked visual representations. The review concluded that a
large research focus has been placed on the recycling of materials and noted a gap in technical
solutions for the reduction and re-use [17]. It was also noted that analyses should be extended to
include the whole life-cycle process and that more emphasis should be placed on the different kinds
of C&DW. The review by Wang and Zhong [51] focused on the phase of exponential publications that
they observed from 2013 onwards, as they noted that previous reviews had rather investigated the
research before this period. The most relevant guidance provided by this review was that a larger
emphasis should be placed on the disparities between the industrial practices and academic research,
as well as more wholistic views of the lifecycle of C&DW that includes human behaviour and culture
[51]. The Wu et al. [18] review was completed in response to past reviews providing an unclear
evolution of C&DW research and aimed to analyse weather the C&DW discipline was reshaped in
response to past research. The most significant guidance provided from this review was that a deeper
understanding of the interdisciplinary lifecycle flow of C&DW is needed to address the management
of this waste [18]. Jin et al. [14] completed a bibliometric review with similar reasoning to the Wu et
al. [18] review. It concluded that more emphasis should be placed on C&DW during the planning
and design phase and that a more comprehensive understanding of C&DW is needed from a lifecycle
point of view [14]. An emphasis was placed on the need for a comparison of C&DW management
practices between developed and developing countries for a wholistic global understanding [14].
Elshaboury et al. [51] completed a bibliometric review with the aim to provide a robust framework
for future research paths. The review concluded that, a greater understanding of the material life-
cycle flow is needed, combined with a greater understanding of the management programs or
incentives within this flow [52]. The effectiveness of these strategies should be compared, as well as
a deeper understanding of the global social, economic and environmental effects of these strategies
[52].

What is noticeable from this review is a relatively limited overlaps between the objectives and
conclusions of the existing reviews. This signals a need for a high-level review of research activities
signalling the key patterns in the global C&DW. Therefore, this article reports on the findings of such
review.

4. Methodology

VOSviewer was used for the analysis due to the comprehensiveness of the software. It provides
immediate digital 2D bibliometric graphs with the distance-based approach. According to
Viswalekshmi et al. [10] this is the most used network mapping tool within the field of C&DW studies.
It has also been widely used to assist in the review of topics such as system dynamic applications,
building information modelling (BIM) and construction safety management and technologies [52].
More generally, VOSviewer is one of the software systems that help navigate emerging area of
bibliometric research as a way of navigating the significant increase in publication and availability of
information [54-56]. VOSviewer is optimised for larger quantities of articles and performs well when
processing more than 1,000 articles in an area.

VOSviewer was used to analyse seven searches from the Scopus database. The results of these
searches were imported into the software to create a bibliographic visualisation of nodes, links and
clusters. This allowed for the analysis of a large quantity of biometric networks from each search.
VOSviewer displays the nodes, links and clusters as 2D graphs with a distance-based approach; this
is a tradition that has been used for visualising bibliographic networks since 1974 by Griffith et al.
[57,58]. Nodes appear as different sized circles with labels; links appear and lines between these
nodes; and clusters are the colours of the node groups [59]. The nodes are highly occurring elements
extracted from the publications in the search, such as the keywords, publication country, author
details. The size of the nodes depict the frequency with which these elements occur, larger nodes are
more frequent occurrences. The distance between the nodes indicates their relatedness, with a smaller
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distance between nodes indicating the elements are more closely related, and more commonly found
in the same articles, than nodes at larger distances between these. As well as distance, the nodes are
clustered by colour, indicating sets of closely related nodes. The links indicate the relationships
between these nodes, with a thicker line indicating a stronger relationship than a thinner line.

4.1. Search strategies

Multiple searches were used in order to avoid the main limitation of a singular search of overly
narrow focus, and rather enable a deeper analysis of more than one possible body of literature on
C&DW. When preparing these the aim was to approach C&DW from a reasonably broad range of
perspectives in order to potentially identify some differences or overlaps between these. This
approach should result in a more accurate overview of the available research and allows for
comparisons between specific subfields and the prominent topics or trends which are present within
them. The undertaken review focused on seven searches defined through groups of keywords. The
specific focus for each is defined at the start of the section reporting the results.

VOSviewer has been designed for three general scientific databases: Scopus and Web of science
and the PubMed biomedical database [59]. PubMed was ruled out because it is a biomedical database
therefore it is less likely to contain articles about C&DW. The Scopus database was chosen over the
Web of Science because Scopus has a wider global range of articles than Web of Science [60], and
Scopus is the largest citation database for multidisciplinary scientific literature [61,62].

All searches were completed during the first half of 2023, and no set date limits were used.

4.2. Visualisations

For each search, a set of four visualisations (A-D) was prepared showing: (A) the quantity of
publications per year; (B) overlay visusationsation of the publication countries over time; (C) co-
occurrence of keywords; and (D) overlay visusationsation of the co-occurrence of keywords over
time. The overlay visualisations show chronological patterns in publications [59]. This is where the
colour of the nodes represents the year when these elements occurred the most. The patterns
visualised through the 2D network maps produced by VOSviewer are reported, discussed, and
linked to other research in the area.

4.3. Opportunities and limitations

By tapping into the noted characteristics, this analysis will achieve a higher-level perspective of
the current state of research within the field of C&DW than what has been previously provided. This
will produce a more comprehensive high-level map of the current research to measure progress
within the field, identify emerging trends and identify research gaps. This will allow future
researchers to gain insight into the conceptual, social, and intellectual structure of the research to
inform their steps forward. However, it is also relevant to acknowledge that a global approach could
lead to averaging of smaller and more localised trends, and the results from this analysis should not
be taken as directly applicable to local contexts.

Any analysis using bibliometric software such as VOSviewer can be seen as vulnerable to
quantitative biases, especially language and size bias. It is designed to use databases which are
dominated by scholarship in English (92.64% for Scopus, and 95.37% for Web of Science), and it is
estimated that these exclude 19-38% of non-English articles [63]. Further to that, larger countries or
countries with better research support could quantitatively stand out. Therefore, in the results which
follow it is reasonable to expect that research from English speaking countries, more populous
countries, and those with better research funding will stand quantitatively out. Finally, because the
searches were not limited in terms of time, it is possible that some of the more established, but older,
areas of research will come through more compared to more emerging areas.

Because the search was undertaken early in 2023, in all graphs that year is only partially
recorded, creating a false appearance of a drop in publications in (A) figures.

5. Results and findings
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5.1. Search 1: C&DW management

C&DW management is one commonly used term which is why the first search focused on it.
This search should enable a good general overview of the themes and patterns in publications about
C&DW. The search was completed on the Scopus database using the keywords: ‘construction AND
demolition AND waste AND management.” This resulted in 1,821 results, with publication dates
ranging from 1966-2023 (Figure 1A).
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Figure 1. A: Quantity of publications per year from the search of ‘construction AND demolition AND
waste AND management’ on the Scopus database. Search and graph completed on the 13th of March
2023. B: Overlay visualisation for the publication countries over time for the search of ‘construction
AND demolition AND waste AND management.” Search and visualisation created on the 13th of
March 2023. C: Bibliographic visualisation of the co-occurrence of keywords within the 1,821
publications from the search of ‘construction AND demolition AND waste AND management.” Search
and visualisation completed on the 13th of March 2023. D: Overlay visualisation for the co-occurrence
of keywords over time within the 1,821 publications from the search of ‘construction AND demolition
AND waste AND management.” Search and visualisation completed on the 13th of March 2023.

Figure 1A shows an exponential growth in research activity in this area from around 2015. Figure
1B shows that the US, the UK, Germany, and the Netherlands appear to have lead the research in this
area around 2015, with many other developed European countries, and Hong Kong, following close
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behind. However, nearing 2020, China, India and Australia dominate research outputs, with more
accelerated research only starting to emerge in countries like Russian Federation, Egypt and Poland
(Figure 1B).

Comparing the node sizes in Figure 1C shows the most researched areas are C&DW, waste
management, recycled aggregate and lifecycle assessments (LCA). ‘LCA” and ‘waste management’
are the most discussed keywords in C&DW research and have the strongest links to C&DW. The
green and red clusters dominate Figure 1C visualisation. The nodes in the green cluster are more
spread out in comparison to the nodes in the red cluster, which is indicative of lesser focus and
overlaps in the green cluster, and higher homogeneity of discussion in the red cluster (Figure 1C).
The node of ‘recycled aggregate’ has the third strongest link to C&DW, a strong link with the waste
management, and lies in the centre of the green cluster. Some of the other nodes in this cluster include
fly ash, aggregate, mechanical properties, strength. Although concrete is not explicitly mentioned that
is the primary use of recycled aggregate, and a range of other nodes appear to relate to practices
associated with recycling concrete or other waste into concrete. This suggests that concrete recycling
dominates C&DW research. These concrete recycling nodes have also formed subclusters, which can
be summarised by the nodes of ‘mechanical properties’ and ‘environmental sustainability’. This
suggests that a range of recycled concrete topics have been explored, but the research generally lies
around the physical properties or the sustainability around recycled aggregate. Nevertheless, some
of the other nodes in the green cluster discuss a range of considerations which might not be fully
about concrete, such as disposal, material flow analysis, urban planning, environmental impact,
carbon emissions, and some specific materials like gypsum and copper (Figure 1C).

The red cluster has a focus on methodical planning within C&DW, such as building information
modelling (BIM), waste minimisation, zero waste, selective demolition and cost benefit analysis
(Figure 1C). It also includes important nodes about separation and material recovery.

It is almost possible to talk about a light green cluster, which transverses across the Figure 1C
and includes waste management, LCA, green building, waste generation developing countries, and
some smaller nodes. This could be seen as capturing a range of efforts to consider C&DW more
broadly and generally do better.

Figure 1D shows that all of the key topics in C&DW management literature became pronounced
research terms since 2016, and that LCA emerged as a strong focus of discussion after C&DW and
waste minimisation. It also shows that the terms such as renovation, separation, waste generation,
strength and copper waste were among some of the topics which peaked in interest early in 2000s,
while zero waste, green building and, building information modelling, all appear as the most recently
discussed topics.

This reasonably general first search shows is that concrete is the most examined building
material when considering C&DW, with all of the other building materials being significantly less
researched, mainly absent as nodes. It also shows that much of the research effort is about how to
manage C&DW either through design or at the end of life. However, absence of nodes about
recycling, reuse, and circular economy suggests that, by comparison, such aspects need more
research.

5.2. Search 2: Green evaluations

The second search was completed to overview of a reasonably broad range of terminology used
when evaluating if a particular approach can be seen green or sustainable in built environment,
against construction and demolition practices. This search should capture the research about the way
the range of existing evaluation tools are approaching C&DW. The search used the keywords of: ‘Life
Cycle assessment OR embodied energy OR carbon footprint OR green building OR living building
challenge AND construction AND demolition.” This resulted in 1003 results, with publication dates
ranging from 1995-2023 (Figure 2A).
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Green evaluations: Quantity of publications per year
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Figure 2. A: Quantity of publications per year from the search of ‘Life Cycle assessment OR embodied
energy OR carbon footprint OR green building OR living building challenge AND construction AND
demolition” on the Scopus database. Search and graph completed on the 6th of April 2023. B: Overlay
visualisation for the publication countries over time, from the 1003 publications from the search of
‘Life Cycle assessment OR embodied energy OR carbon footprint OR green building OR living
building challenge AND construction AND demolition.” Search and visualisation completed on the
6th of April 2023. C: Bibliographic visualisation of the co-occurrence of keywords within the 1003
publications from the search of ‘Life Cycle assessment OR embodied energy OR carbon footprint OR
green building OR living building challenge AND construction AND demolition.” Search and
visualisation completed on the 6th of April 2023. D: Overlay visualisation for the co-occurrence of
keywords over time within the 1003 publications from the search of ‘Life Cycle assessment OR
embodied energy OR carbon footprint OR green building OR living building challenge AND
construction AND demolition.” Search and visualisation completed on the 6th of April 2023.

Figure 2A shows there has been an exponential increase in research since 2016, with a take-off
phase around the early 2000s. Comparing this with Figure 2B, this exponential increase seems to be
led by publications produced in US, in 2016, with small numbers of publications coming from
Sweden, Japan, Canada, South Korea, and Hong Kong. The UK, Australia, Italy, and Spain are
prominent countries that followed the research trend from 2017-19, with China following very soon
after. India is the largest contributor of the most recent publications since around 2020, with a range
of other Asian countries making a weaker presence also most recently.

When evaluating for keyword co-occurrences, three clusters can be seen in Figure 2C. The red
cluster is the largest, takes up about half of the visualisation, and focuses on the environmental impact
of buildings. The cluster’s largest nodes are ‘LCA’ and ‘environmental impact’ which both have
strong links to global warming. The nodes in the cluster are related energy use and emissions, with
the prominent nodes of ‘energy utilization ‘greenhouse gasses’ and ‘carbon dioxide’. Because the
word ‘waste” was not included in this search, this cluster is probably reflective of the considerations
related to green assessments which do not explicitly deal with it. The green cluster focuses on C&DW,
waste management, waste disposal, landfill, and similar considerations which can all be seen as the
most common themes in the C&DW research. The blue cluster appears to capture the same focus on
concrete, concrete aggregate, and recycling strategies possible with those as discussed with the first
search.

Figure 2D shows that research in the red cluster has occurred first, around 2017, which is to be
expected. The other half of the visualisation, centred around C&DW, has occurred later, with
recycling of concrete being the most recent addition, and possibly taking place in two waves.
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However, the whole timeline captured in Figure 2D is only four years, not making it possible to draw
many conclusions from this timeline.

The second search examined how the existing green evaluation tools are approaching C&DW,
and it shows that because of the absence of nodes for reuse, recycling, and circular economy more is
still to be desired in the area also. Similarly to the first search, concrete is the only specific material
which appears as a set of nodes, so recycling paths for other materials is an area of need for further
research.

5.3. Search 3: Reuse and recycling

Given the gaps noted in the first two searches, the third search was completed to examine the
patterns with discussions of reuse and recycling of materials within construction and demolition
process. The keywords used in the search were: ‘Reuse OR recycle OR reclaim OR (salvaged AND
material) OR upcycle AND construction AND demolition.” This resulted in 1081 results, with
publication dates ranging from 1976-2023 (Figure 3A).

Reuse and recycling: quantity of publications per year
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Figure 3. A: Quantity of publications per year from the search of “‘Reuse OR recycle OR reclaim OR
(salvaged AND material) OR upcycle AND construction AND demolition” on the Scopus database.
Search and graph completed on the 29th May 2023. B: Overlay visualisation for the publication
countries over time, from the 1081 publications from the search of ‘Reuse OR recycle OR reclaim OR
(salvaged AND material) OR upcycle AND construction AND demolition.” Search and visualisation
completed on the 29th of May 2023. C: Bibliographic visualisation of the co-occurrence of keywords
within the 1081 publications from the search of ‘Reuse OR recycle OR reclaim OR (salvaged AND
material) OR upcycle AND construction AND demolition.” Search and visualisation completed on the
29th of May 2023. D: Overlay visualisation for the co-occurrence of keywords over time within the
1081 publications from the search of ‘Reuse OR recycle OR reclaim OR (salvaged AND material) OR
upcycle AND construction AND demolition.” Search and visualisation completed on the 29th of May
2023.

Research around the reuse and recycling of materials within construction and demolition
processes saw moderate development from 2000 onwards and a rapid development from 2016
(Figure 3A). Figure 3B shows that the research in this area first matured in the US, the Netherlands,
Japan, UK, and Hong Kong around 2014-1016. China, Italy and India are the more recently emerging
significant contributors.
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Visualisation of keyword co-occurrence in Figure 3C shows that concrete related research is also
here a dominating cluster, shown as the green cluster. The largest node in this green cluster is
‘concrete aggregate’. Concrete is the only material mentioned suggesting that the recycling and
salvaging of concrete aggregate is the most researched recycled building material. This takes up just
over a third of the research produced in the field of reuse and recycling.

Nevertheless, the largest cluster in the Figure 3C visualisation is red, which focuses on waste
management, disposal, and landfills, taking up around half of the research. The node of ‘waste
management’ is the largest in the red cluster. Two very small clusters are also evident: blue and
yellow. The blue cluster is about research around environmental impacts, lifecycle assessments and
greenhouse gasses, while yellow cluster is associated with specific discussions of the C&DW.

Comparing this to Figure 3D, the nodes of ‘landfill’, ‘solid waste’” and ‘project management’ are
the leading keywords used in salvaging/reuse research, with average publishing dates around 2012.
The nodes of ‘waste disposal” occur around 2013-14 and the node of ‘waste management’ occurs in
2015. Research related to concrete in this group seems to have been generally published around 2015-
2018, and possibly in waves. The most recent clustering of keywords seems to be about C&DW,
greenhouse gasses and some specific aspects related to recycling of concrete.

The third search specifically examined the reuse and recycling of construction and demolition
materials and this is the first time a small node about reuse and recycling appeared around 2015
(Figure 3D). However, circular economy was still not found as a large enough node to show. Also,
just as with the earlier searches, no material stood out apart from concrete. Therefore, more research
is needed about reuse, recycling, and circular economy, just as more should be known about better
management of C&DW from materials other than concrete.

5.4. Search 4: Reusing buildings

The fourth search considered the body of literature discussing reusing buildings as a whole
because retaining the buildings in use for a long time could have a beneficial impact on the C&DW
levels. The keywords used in the search were: ‘Refurbishment OR renovation OR (heritage AND
restoration) AND building AND construction.” This resulted in 4665 results, with publication dates
ranging from 1960-2023 (Figure 4A).

Reusing buildings: quantity of publications per year
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Figure 4. A: Quantity of publications per year from the search of ‘Refurbishment OR renovation OR
(heritage AND restoration) AND building AND construction” on the Scopus database. Search and
graph completed on the 29th May 2023. B: Overlay visualisation for the publication countries over
time, from the 4665 publications from the search of ‘Refurbishment OR renovation OR (heritage AND
restoration) AND building AND construction.” Search and visualisation completed on the 29th of May
2023. C: Bibliographic visualisation of the co-occurrence of keywords within the 4665 publications
from the search of ‘Refurbishment OR renovation OR (heritage AND restoration) AND building AND
construction.” Search and visualisation completed on the 29th of May 2023. D: Overlay visualisation
for the co-occurrence of keywords over time within the 4665 publications from the search of
‘Refurbishment OR renovation OR (heritage AND restoration) AND building AND construction.’
Search and visualisation completed on the 29th of May 2023.

Refurbishment, renovation, and restoration research has seen rapid development much earlier
than the other searches, starting in the 2000s (Figure 4A). Figure 4B shows that the US and larger
European countries as leaders in this area, with Italy standing out as one of the key leaders in research
in this area.

The visualisation of keyword co-occurrences in Figure 4C, shows three main clusters: green, red,
and blue, each taking up around a third of the research. None of these clusters are centred around
concrete, despite its dominance in the previous searches, and both reinforced concrete and concrete
construction appearing as part of the red cluster. Green is the most prominent cluster with a focus on
heating and energy. The nodes of ‘energy efficiency’ and ‘energy utilization” are largest and the nodes
of ‘housing’ and retrofitting’ are also prominent. The research from this cluster appears to have a
focus on renovation or restoration of buildings to improve their warmth and energy use, and possibly
more so to achieve this for housing. Within this cluster there is a node of ‘Investment’” and there is no
mention of the environment or sustainability, suggesting that this cluster of research is mainly around
improvements of buildings towards cost savings.

The red cluster, has a focus on the architectural and structural design side of renovations,
including heritage restoration, structure, and maintenance. This research appears to focus on
restoration or renovations to save the architecture of the building. No nodes in this cluster mention
of sustainably either.

The third blue cluster has a focus on environmental impacts and LCA but also mentions
intelligent buildings. The nodes of ‘environmental impacts” and ‘life cycle assessment” have strong
links to the ‘energy efficiency’ node in the green cluster.

Comparing this analysis against the timeline overlay in Figure 4D, it seems that the red cluster
might be the earliest research comparatively to the other clusters, which makes sense given
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maintenance a heritage significance has been discussed for a very long time. Consequently, this
search has a much longer timeline analysed in Figure 4D. In addition, some aspects of the energy
efficiency cluster, such as ventilation, seem to appear as early as in 2012. Heating and energy
conservation became prominent around 2015 and energy efficiency became prominent in 2017.
Within this context, environmental impacts and especially LCA appear only more recently, around
2018.

The fourth search examined the research on reusing buildings as a whole, which could
significantly reduce the overall need for new material extraction and C&DW levels. Unfortunately,
this search did not record common terminology associated with C&DW. This signals that reuse of
buildings as a whole is currently not seen as a way of reducing C&DW. As before, reuse, recycling,
and circular economy also did not appear as recorded nodes.

5.5. Search 5: Circularity

The fifth search was completed to explore the trends in discussion of a range of terms associated
with circularity in relation to C&DW. This search used some of the popular terminology when
discussing efforts to decrease the total material flow by keeping materials in use for longer. The
keywords used in the search were: ‘Circular economy OR closing the loop OR zero waste OR
narrowing the loop AND construction OR demolition.” This resulted in 3235 results, with publication
dates ranging from 1973-2023 (Figure 5A).

Circularity: Quantity of publications per year
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Figure 5. A: Quantity of publications per year from the search of ‘Circular economy OR closing the
loop OR zero waste OR narrowing the loop AND construction OR demolition” on the Scopus
database. Search and graph completed on the 29th May 2023. B: Overlay visualisation for the
publication countries over time, from the 3235 publications from the search of ‘Circular economy OR
closing the loop OR zero waste OR narrowing the loop AND construction OR demolition.” Search and
visualisation completed on the 29th of May 2023. C: Bibliographic visualisation of the co-occurrence
of keywords within the 3235 publications from the search of ‘Circular economy OR closing the loop
OR zero waste OR narrowing the loop AND construction OR demolition.” Search and visualisation
completed on the 29th of May 2023. D: Overlay visualisation for the co-occurrence of keywords over
time within the 3235 publications from the search of ‘Circular economy OR closing the loop OR zero
waste OR narrowing the loop AND construction OR demolition.” Search and visualisation completed
on the 29th of May 2023.

Although the early publications in this field appeared in the early 1970s, overall the exponential
development occurred since 2016, and especially since 2018 (Figure 5A), making this one of the more
recent areas of research focus. Figure 5B shows that the US was an early prominent leader for research
published in this field, with a cluster of larger European countries. Virtual absence of China, a modest
node for India, and low levels of representation of non-European countries are also noteworthy.

This search resulted in three clusters (Figure 5C). The largest cluster is red with the focus on the
environmental impact and necessity to close the loop, such as climate change and environmental
management. This cluster also has a prominent node of ‘economics’. Overall, the largest nodes are
‘LCA’, ‘environmental impact’, “‘waste management’, ‘C&DW’ and ‘environmental impacts.” The
green cluster on waste management contained nodes already seen in earlier searches but also
‘environmental protection’, ‘environmental economics’ and ‘industrial waste’ signalling that this
search included a different body of literature. However, the blue cluster reiterated the already seen
concerns related to C&DW of concrete (Figure 5C).

Figure 5D shows that in this search topics of landfill, waste disposal, concrete, and economics
are among the early discussions from 2018, while the environmental impact comes later, and the most
recently discussed topics are LCA, greenhouses gasses and climate change.

The fifth search evaluated if discussions about circularity and retaining materials in use for
longer offer new approaches to C&DW, but showed that even when the search terms included
‘circular economy,” ‘closing the loop,” and ‘zero waste’ none of those were among the nodes based on
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the identified literature, which possibly signals that these areas of study are still in their infancy. This
is supported by the Figure 5D which covers only the range between 2018 and 2021.

5.6. Search 6: Waste minimisation of C6DW

The sixth search was completed to look for patterns in the ways waste minimisation was
discussed in relation to construction and demolition, because waste minimisation can be a useful
planned activity to reduce C&DW. The keywords used in the search were: “Waste minimization OR
waste minimisation OR zero waste AND construction.” This resulted in 1,356 results, with publication
dates ranging from 1973-2023 (Figure 6A).

Waste minimization of C&DW: Quantity of publications per year
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minimisation OR zero waste AND construction” on the Scopus database. Search and graph completed

on the 29th of May 2023. B: Overlay visualisation for the publication countries over time, from the

1356 publications from the search of “Waste minimization OR waste minimisation OR zero waste AND

construction.” Search and visualisation completed on the 29th of May 2023. C: Bibliographic

visualisation of the co-occurrence of keywords within the 1356 publications from the search of “Waste

minimization OR waste minimisation OR zero waste AND construction.” Search and visualisation

completed on the 29th of May 2023. D: Overlay visualisation for the co-occurrence of keywords over

time within the 1356 publications from the search of ‘Waste minimization OR waste minimisation OR

zero waste AND construction.” Search and visualisation completed on the 29th of May 2023.

Figure 6A shows that discussions on waste minimisation in relation to construction and

demolition started in the early 1970s and sustained a decent level of interest since. The rapid increase
in research in this area started from 2018, but based on an already established pattern of steady and
somewhat linear increase and some of those characteristics have been since retained. The US has been
a leader in the field of waste minimisation since before 2012, and dominates the research produced


https://doi.org/10.20944/preprints202312.1069.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 December 2023 doi:10.20944/preprints202312.1069.v1

24

in this area (Figure 6B). Japan, Germany and Canada formed smaller research nodes around the same
time. This has then been followed by the UK around 2014 which is the other significant contributor
to research in this area. Post-2018 research has seen prominent contributions from India with a range
of smaller nodes emerging.

Figure 6C does not show concrete as a cluster. This is the second search where concrete did not
emerge as a cluster, suggesting that concrete recycling research is more commonly associated with
waste disposal strategies and the end of the material flow, rather than a pre-planned waste
minimisation strategy. Nevertheless, small nodes of ‘fly ash’, ‘slags’” and ‘cement’ are present within
the red cluster, which is where concrete absorbs waste from other industrial processes helping their
waste minimisation (Figure 6C). The research on waste minimisation appears to be grouped in three
clusters. The green cluster is the largest, and includes the nodes of ‘conservation’, ‘architectural
design’, ‘project management’ and ‘surveys’. The cluster seems to have a focus on design, planning,
and conservation strategies to minimise C&DW before it is created. The blue cluster is second largest
and has focused on C&DW disposal and landfill, with a focus on waste once it is created. These two
clusters have many links between them, with the strongest links between the nodes of ‘waste
disposal’, ‘landfill’ and ‘waste management’. Finally the third, red, cluster is much smaller and more
dispersed and focused on environmental impacts, LCA, energy and carbon. The green and blue
clusters both focus on solid C&DW while the red can be seen as focused on energy waste, carbon,
and emissions.

Figure 6D shows a reasonably clear progression in development of research topics overtime,
with waste minimisation, waste disposal and landfills are the first topics discussed around 2012.
Then, environmental impact, waste minimisation, conservation and project management are
discussed around 2014-2015. This means that generally, the topics captured within the green and blue
clusters in Figure 6C were discussed between 2012-2015, while the red cluster shows more recently
researched topics, with publication dates from around 2015 (pale green to yellow in Figure 6D). The
keywords of ‘environmental impact’ were discussed around 2015, and the keywords of ‘lifecycle
assessment’, ‘energy utilisation” and ‘waste heat” were discussed around 2017 (Figure 6D). The most
recently discussed topics within waste minimisation are ‘zero waste’, ‘carbon’, and ‘greenhouse
gasses’ (Figure 6D).

The sixth search evaluated literature on C&DW minimisation and showed similar trends as
already noted in previous searches of absence of nodes for specific building materials other than
concrete, and no nodes about reuse, recycling, or circular economy.

5.7. Search 7: Waste minimization generally

The seventh search was completed to overview trends of waste minimisation efforts more
generally, and without a specific focus on construction and demolition. However, this search also
would have included all research analysed in the sixth search, and therefore this search can examine
how the research on C&DW compares against other waste minimisation efforts. This is the most
voluminous search undertaken in this series. The keywords used in the search were: “Waste
minimization OR waste minimisation OR zero waste.” This resulted in 19693 results, with publication
dates ranging from 1943-2024 (Figure 7A).
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Figure 7. A: Quantity of publications per year from the search of ‘Waste minimization OR waste

minimisation OR zero waste’ on the Scopus database. Search and graph completed on the 29th of May

2023. B: Overlay visualisation for the publication countries over time, from the 19693 publications

from the search of ‘Waste minimization OR waste minimisation OR zero waste.” Search and

visualisation completed on the 29th of May 2023. C: Bibliographic visualisation of the co-occurrence

of keywords within the 19693 publications from the search of ‘Waste minimization OR waste

minimisation OR zero waste.” Search and visualisation completed on the 29th of May 2023. D: Overlay

visualisation for the co-occurrence of keywords over time within the 19693 publications from the

search of “Waste minimization OR waste minimisation OR zero waste.” Search and visualisation

completed on the 29th of May 2023.

Figure 7A shows that the levels of waste minimisation research have followed an exponential
trend, which started in the 1970s and 1980s and saw rapid development from the 2000s onwards.
Figure 7B shows that the US, UK, Germany, Japan, France, and Canada have all been leading and
early producers of research in this broad area. Later, in 2014-16, many other European countries

doi:10.20944/preprints202312.1069.v1


https://doi.org/10.20944/preprints202312.1069.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 December 2023 doi:10.20944/preprints202312.1069.v1

27

accelerated their research, with countries like India, Egypt, and Saudi Arabia joining the efforts more
recently.

Due to the much larger number of publications found in this search, Figure 7C shows more
complex web of keyword co-occurrences. Two main groups of research efforts stand out. In the
visualisation these coloured as minor red cluster and a major green/blue/yellow cluster. The minor
red cluster focuses mainly on solid waste, with a small focus waste energy. Overall, the red cluster is
significantly smaller than the major green/blue/yellow cluster. Waste management, disposal and
landfills is the dominating focus of this cluster. The major cluster has been broken into three colour
clusters, which focus on pollution (green), wastewater treatment (blue) and a water purification
(yellow). These three subclusters are all strongly linked together suggesting that these areas tend to
have strong crossovers in research. The larger nodes of ‘water pollutants, chemical’, ‘iron’,
‘wastewater treatment’, ‘water purification” summarise the green, blue, and yellow clusters. The size
of this major cluster group, and numbers of nodes and links within it, show that majority of waste
research has been this in this interrelated area.

However, Figure 7D shows that research on solid waste was generally produced earlier than the
research in the group of interrelated clusters, with some strong nodes of activity from 2010-2012.
Within the interrelated group of clusters there is also a clear progression through time of moving
from water treatment to purification, and more recently more articulated consideration of pollution
(Figure 7D). Another trend worth observing is that energy and heat waste can be seen in this analysis
as emerging fields of research, with majority produced after 2017, and even more recently, since 2018,
research on zero waste and nanoparticles appear as nodes (Figure 7D).

From the perspective of the C&DW it is important to observe that C&DW did not emerge as a
node in this analysis despite all research on C&DW being included in this general search. This is
showing the relatively small size of the C&DW area of research compared to other considerations of
waste. Further to that, C&DW would be primarily part of the smaller, red, cluster, rather than the
group of densely interrelated clusters, which again reinforces the relatively small size of the research
on C&DW compared to other areas of waste consideration.

6. Discussion

6.1. Research development phases

Through all of the C&DW undertaken searches, the quantity of publications follows a similar
three-phase trend to what was found by the previous bibliometric reviews completed by Elshaboury
et al. [52], Li et al. [17], Wu et al. [18], Wang & Zhong [51], and Jin et al. [14]. Figure 8 shows that
despite some variations between examined searches, a general trend in this area can be observed of
a minor level of research development observed before 2002, a moderate level from 2002 to 2016, and
a rapid development from 2016-2022. The most research produced within the ‘moderate’ phase
appears to be generally centred around the topics of C&DW management and minimisation, and
somewhat about the reuse of buildings (Figure 8). After 2016, the topics around circularity become
increasingly popular, seen through a considerable development in levels of research (Figure 8). A
rapid development can be seen in most of the C&DW research just at a lesser extent.

However, this general exponential increase in research publications about C&DW also correlates
with the exponential increases in publications generally and on C&DW discussed (see sections 3.1
and 5). This makes it challenging to be certain to what extent these factors are influencing the patterns
observed here.
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Figure 8. Quantity of publications per year from all searches showing the shared three-phase trend.

6.2. Geographical distribution of C&DW publications

Taking note of the limitations noted in section 3.1, it is unsurprising that the US and China
appear as the main producers of research. The US is a leader for across all the searches, with research
evident well before 2015, while the research from China generally appears from around 2016-2018.
However, China does not appear in all searches signalling some specialisation of the research
interests. UK is one of the other countries which appear in all the searches, especially from around
2016 and could be said to stand out in the volume of research compared to its size, and it covers the
full range of topics examined here. Other countries that stand out in terms of volume of produced
research are Australia, India, Italy, and Spain. India can also be seen to be an emerging producer of
research across all searches, with majority of articles published after 2018. The minor emerging
producers of research in this area are Malaysia, Egypt, Switzerland, South Africa, and South Korea.

6.3. Overall patterns

As the last search about waste minimisation generally showed, the C&DW receives a
proportionally modest level of research attention compared to general discussions about waste
minimisation research. This is despite its sizable contribution to the solid waste globally, and the
range of issues associated with it. This in itself signals one area that needs improvement.

Considering all reviewed searches, it is possible to observe three general clusters which
dominate C&DW research: i) C&DW management, ii) concrete C&DW, and iii) life cycle assessment.
The waste management cluster mainly focuses on landfilling and waste disposal and with a minor
focus on waste minimisation and economics. The overlay visualisations show that this cluster has led
the C&DW research. The concrete recycling cluster has a general focus on the physical or mechanical
properties of the recycled concrete or recycling into concrete and the research appears an emerging
in waves of focus. The LCA has a focus towards economics, cost effectiveness and sustainable topics
such as environmental impacts and energy efficiency. This cluster varies in its publication dates, but
it can be seen as generally emerging after the C&DW management research.

Three areas of focus appear the most. The LCA cluster appears in every search, which makes it
clear that this method is commonly used within C&DW research either for environmental or
economic purposes. The concrete cluster appears in all searches wither as a full cluster or a handful
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of nodes. Similarly, the waste minimisation cluster appears in all searches apart from the search on
reusing buildings research.

The undertaken searches clear signal that the management of concrete C&DW has been
significantly more researched in comparison to other building materials, and consequently, as
discussed in section 2.3, come countries are already achieving high recycling rate of concrete. From
around 2015-2019, the recycled aggregates were the commonly occurring keyword nods, and this was
often one of the larger nods. Most of the other keywords were around the physical and mechanical
properties of the concrete. This is likely to support regulating of recycled material in concrete. Other
materials generally did not appear as nodes. This high level of interest in concrete is expected because
concrete is estimated to be the most used material in the construction [64]. However, timber and steel
are also significant construction materials, yet the visualisations make it apparent that these have not
received the same level of research.

Across many of the searches, the earliest keywords are centred around the topics of waste
disposal, waste management and waste minimisation, which generally peak around 2010. Disposal
by landfilling appears to be the first discussed topic across most of the searches. Waste management
and minimisation comes later around 2014-15 and the topics around recycling, reuse, and selective
demolition peak around 2014-2016. Around 2016 the conversation shifts towards more holistic
research approaches such as ‘circular economy’ and ‘life cycle assessments’ (LCA). LCA is a
prominent research field that appears as its own cluster all C&DW searches. Zero waste, energy
efficiency, green building and the discussions around greenhouse gasses are the most recently
occurring keywords, occurring from 2018 onwards.

However, this analysis also revealed some important absences. Reuse and recycling node
appeared only once, as a very small node when the search specifically focused on this area. Further
to that, despite demonstrated recent steep increase in publications on circularity, circular economy
does not appear in any of the searches. Jointly these absences suggest that more research is needed
about reusing, recycling, and keeping materials in use for longer. This is especially the case for
materials other that concrete, because of the current relative underrepresentation of all other
materials in the C&DW research.
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