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Abstract: The circular economy (CE) concept applied to construction and demolition waste (CDW)
is a developing field of research that entails a large amount of complex and disjointed information;
thus, a comprehensive review of scientific contributions could provide a completed perspective.
This article aims to analyse the existing knowledge of CE research applied to CDW, using a double
integrated analysis, a systematic literature review and a bibliometric analysis. For this purpose,
Science Mapping Analysis Tool (SciMAT), a software for the analysis of performance indicators
and visualisations of scientific maps, has been used, which offers a complete approach to the field
and evaluates the most cited and productive authors and subject areas related to this discipline.
The results obtained from the 1440 bibliographic records from 1993 to 2020 show a still-developing
scientific field, evolving from concerns about economic aspects to the most recent progresses in the
evaluation of sustainable deconstruction. This work will contribute to the existing body of knowledge
by establishing connections, mapping networks of researchers and recommending new trends.

Keywords: buildings; closed loop; SciMAT; sustainability; economic aspect; CDW

1. Introduction

Consumption of natural resources could triple by 2050 [1,2]. This is due to the expo-
nential growth of the world’s population, changing family structures, existing demand
for households and services and the construction industry, among other sectors. Without
urgent action, global waste will increase by 70% over current levels by 2050 [3–6]. Con-
struction waste produced on a typical construction site is estimated to be as much as 30%
of the total weight of building materials delivered to a building site. In the United States,
around 170 million tonnes of construction and demolition waste was generated during
2003, of which 48% was estimated to be recovered [7]. In this context, many countries are
introducing strict environmental policies and regulations to protect fragile ecosystems [8],
making it more difficult and expensive to extract and use specific resources [9]. Thus, in
the construction sector, Level(s) has emerged [10–13]. Level(s) is an information frame-
work proposed by the European Union and developed by the Joint Research Centre for
sustainable buildings. It aims to unite the entire sector value chain around a common
European language for better building performance. The aim is to have an increasingly
resilient building stock within the circular economy framework (CE).

The concept of CE is a sustainable development strategy, which through a regener-
ative model, improves the efficiency of materials and energy use and reduces waste and
emissions [10]. The concept of CE has deep-rooted origins, and it is not easy to recognise a
specific date or a single author [11–15]. Nevertheless, some practical examples applied to
economic systems and industrial processes have been implemented during the late 1970s,
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led by a small number of academics, intellectual leaders and businesses. With the CE comes
a paradigm shift from the existing linear economy model of “take-make-consume-dispose”
to a more sustainable model of “take-make-consume-reuse-recycle” [16]. The circular
economy is based on the three following fundamental principles, each of which addresses
several of the resource and system challenges facing industrial economies [17–19]:

• 1: Conserve and increase the natural capital by saving finite resources and stabilising
renewable resources’ fluxes.

• 2: Optimise resources efficiency always, furnishing materials, components and prod-
ucts at their maximum value and performance levels, in both technical and biological
cycles.

• 3: Promote system efficiency by identifying and eliminating negative externalities
from the design.

Specifically, CE applied to buildings seeks to maintain building components and
resources at their highest intrinsic value for as long as possible. Building components are
kept in a continuous cycle of use, reuse, repair and recycling. It involves reducing waste
and carbon footprint and preventing CO2 emissions [20]. As an example, the ICEhouse is
an experimental prototype built in January 2016 for the attendees of the annual meeting of
the World Economic Forum in Davos (Switzerland), with the aim of discussing the future
of innovation in the circular economy. Due to its recent emergence and the complexity of
the multiple disciplines involved, the concept of CE applied to CDW is a broad, complex
and fragmented field of research. As a result, it is impossible to obtain a single starting
point from which to access this topic because of the huge number of different subjects and
approaches. Furthermore, not having a broad overview of the research area or the evolution
of issues in the field makes it difficult to obtain valuable and unbiased information for
future research. Therefore, there is a need for comprehensive reviews that facilitate the
integration of these contributions and provide a critical perspective.

The bibliometric analysis provides objective criteria to assess the products of re-
searchers [21] and a macroscopic view of a large amount of scholarly literature [22]. Alan
Pritchard introduced the concept of bibliometric analysis in 1969. However, a bibliographic
study in a particular field dates back to the 19th century [23]. There are two main methods
in bibliometric research: performance analysis and scientific mapping. While performance
analysis aims to assess the impact of citations on the scientific output of different scien-
tific agents, scientific mapping shows the structure of conceptual, social and intellectual
scientific research and its evolution and dynamic aspects [24]. These methods provide a
spatial representation of how disciplines, fields, specialisations and individual papers or
authors relate to each other [25], examining bibliographic material from an objective and
quantitative perspective [26].

For all the above, this article aims to analyse the existing knowledge of CE research
applied to CDW, using a double integrated analysis, a systematic literature review (SRL)
and a bibliometric analysis. The SRL establishes a methodological approach that compiles
all evidence based on pre-specified eligibility criteria [27] and the double integrated analysis
is a performance analysis and a scientific mapping. The performance analysis assesses the
citation impact of the scientific output, and the science mapping shows the conceptual,
social or intellectual structure of the research and its evolution and dynamic aspects.

The following specific objectives were established to meet this objective: (i) a quantita-
tive analysis based on a SLR and (ii) a qualitative review based on performance analysis
and science mapping. This research would like to give a contribution to the actual wealth
of knowledge by highlighting and assessing trends and patterns in CE research applied
to CDW, establishing its research themes, mapping networks of researchers and finally
recommending areas for future studies.

2. Materials and Methods

A double integrated analysis was carried out to achieve the objectives of this study
(Figure 1). This double analysis consists of the following phases: (i) a SRL of biblio-
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graphic records of CE applied to CDWs and (ii) a bibliometric evaluation of the identified
documents. Each of these phases is described in detail in the following sections.
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Figure 1. Materials and methods and example of a strategic diagram (a); thematic networks (b); overlay graph (c); and
evolution map (d).

2.1. Systematic Literature Review

The SRL establishes a methodological approach that compiles all evidence based
on pre-specified eligibility criteria [27]. This methodology identifies gaps, minimises
research bias and provides reliable results from which judgement and conclusions can
be derived [28]. SRL follows a protocol that defines the search string, strategy, exclusion
criteria and methods to extract data by synthesising the results [29]. Thus, many authors
have implemented SLR in their research, by developing several phases useful to perform a
replicable, scientific and transparent research process [30–35]. In this article, SLR is based
on the guidelines contained in Kitchenham et al. [36] (Figure 1), which are collected in the
following stages:



Sustainability 2021, 13, 9416 4 of 21

(i) Planning and Formulation of the Problem. In this first stage, the research questions are
defined based on the objectives set, the exclusion criteria of the relevant bibliographic
records and the definition of the expected results.

(ii) Selection of the database(s), keywords and search string. In this stage, the biblio-
graphic database(s), keywords and search string are identified. Determining the
keywords and a suitable search string is fundamental. The number of keywords
should be large enough not to restrict the number of studies and specific enough to
include only papers related to the topic.

(iii) Selection of the literature. The literature is searched, and relevant papers are selected
according to the guidelines of the PRISMA flowchart [37]. Relevant documents are
those that contain the necessary data to address the research objectives.

(iv) Identification of periods. Finally, periods are identified. The periods are established
according to the number of relevant documents identified, the main items and the
research field’s turning points.

2.2. Bibliometric Analysis: Science Mapping and Performance Analysis

Once the SRL has been applied, a bibliometric analysis is carried out in this second
phase. In this work, SciMAT v1.1.04 (Science Mapping Analysis Software Tool) was used to
perform the bibliometric analysis. SciMAT is based on the analysis of common words [38]
and the h-index [39]. The h-index of a researcher measures the quality of his research
based on the number of his articles in scientific journals and the citations received [40]. The
h-index was defined by Hirsch [40] as “A scientist has index h if h of his or her Np papers
have at least h citations each and the other (Np-h) papers have ≤ h citations each”. SciMAT
incorporates methods, algorithms and measurements for all the general scientific mapping
workflow steps, from pre-processing to visualisation of scientific mapping results [41,42].
Web of Science (WoS) and SCOPUS databases were used in this software. This software
has been successfully applied in many areas, such as building, urban planning, waste
management and IT [43–53]. This tool establishes the following stages:

1. Detention research themes and creation of two-dimensional strategic diagrams. First,
the tool generates the equivalence index to detect the research themes [54]. Then,
SciMAT uses the single-centre algorithm [55] to detect the most relevant topics. Then,
a strategic diagram is generated per set period. The diagrams are based on centrality
and density [56]. Centrality is the degree of interaction of a research topic with other
research topics. Density measures the internal cohesion of all links between keywords
describing the topic and gives an idea of the level of development of that topic [57,58].
The diagrams are thus divided into four quadrants that capture the following four
types of research topics:

(a) Motor themes. They are in the upper right quadrant. Themes that are well
developed and important in the scientific field. Themes essential to building
the research area. They have a strong centrality and high density.

(b) Highly developed and isolated themes. They are in the upper left quadrant.
Themes that are highly developed internally but isolated from the rest of the
themes. These are specialised themes in peripheral areas of the research field.

(c) Emerging or declining themes. In the lower-left quadrant, themes that lack
development and relevance. These themes can evolve and position themselves
as relevant themes or disappear. It will be reflected in the following period.

(d) Basic and transversal themes. In the lower right quadrant. Themes are essential
to the scientific field but are not yet well developed.

2. Detention of the thematic networks. The relationship of each theme in the strategy
diagrams to the keywords and their interconnections are shown. Each thematic
network is labelled with the name of the most significant keyword of the theme.
Figure 1b shows an example of a thematic network: many keywords relate to each
other, the rings’ magnitude corresponds to the number of documents related to each
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keyword and the thickness of the link between two circles is proportional to the
equivalence index.

3. Detention of conceptual links between research themes. The inclusion index [59]
detects conceptual links between research themes in different periods. The strength
of association between themes is also detected. The following two types of graphs are
used for their representation:

(a) Overlay graph. The number of words is represented by the horizontal arrow
the number of words distributed in the two periods. The input arrow is related
to Period 2’s new words, while the outgoing one reflects disappeared words
in Period 2.

(b) Thematic evolution map. The bold lines connect subjects with the major
element. The dotted outline highlight themes connected to not fundamental
items. The boundary dimension is congruent to the Inclusion Index, while the
balls size corresponds to the number of publications.

4. Performance analysis. The relative contribution of research topics to the entire research
field is measured quantitatively and qualitatively and used to establish the most
prominent, productive and high-impact subfields using bibliometric indicators, such
as the number of published papers and citations and different types of h-indexes.

3. Results

Once the steps of the previous section have been applied, the results are analysed in
Figures 2–6 and Tables 1–5.

3.1. Systematic Literature Review

This section presents the results obtained by applying the SLR methodology. It
includes the definition of the research questions, the search process and the definition of
the PRISMA flowchart (Figure 2).
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3.1.1. Planning and Problem Formulation

The paper’s main objective is to analyse the existing knowledge of the research field
of CE applied to CDW. Therefore, the following research questions (RQ) were determined
based on the objectives of this work.

RQ1: What is the status of this field of study?
RQ2: What are the key concepts that define the field of research?
RQ3: What issues is the field of research evolving towards?
RQ4: What are the most relevant issues and turning points in the field of research?
RQ5: What are the most critical issues in the research field?
RQ6: What are the limitations of current research?
RQ7: What are the most influential works in the research field?
RQ8: Who are the most prolific authors in the research field?

3.1.2. Selection of the Database(s), Keywords and Search String

In terms of database selection, Web of Science (WoS) and SCOPUS databases were
selected in this study. These databases have many high-impact international scientific and
technical publications from all disciplines.

In terms of keywords, this review addressed the evolution of two main themes, EC
and CDW. It is, therefore, essential that the keywords capture both themes from their
origins. Notably, the topic of CE creates controversy among researchers [60–62] because
of its recent development, different definitions and different ways of naming the same
topic. According to Blomsma and Brenna [63], the CE theme is based on conventional
thinking and has its basis in other themes. Lieder and Rashid [64] point out that there
are several possibilities for defining CE. Therefore, for the CE theme to be picked up by
the keywords, the inclusion of these base themes of the CE theme has been determined
according to: (a) the study carried out by Kirchherr et al. [57], where 114 definitions for
CE were conceptualised; (b) the topics with the exact definition of CE; and (c) those topics
from which the term CE emanates. The following keywords were established for each of
the themes (Table 1).

Finally, an advanced search was carried out in ISI WOS and SCOPUS using key-
words from Table 1. Two search strings were used, one for each database. Thus, for
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Scopus, the search performed was: (TITLE-ABS-KEY (“CONSTRUCTION AND DEMO-
LITION WASTE”) AND TITLE-ABS-KEY (“CIRCULAR ECONOMY”) OR TITLE-ABS-
KEY ( “3RD PRINCIPLE”) OR TITLE-ABS-KEY (“CLOSED LOOP”) OR TITLE-ABS-KEY
(“CRADLE TO CRADLE”) OR TITLE-ABS-KEY (“INDUSTRIAL ECOLOGY”) OR TITLE-
ABS-KEY (“INDUSTRIAL ECOLOGY”) OR TITLE- ABS-KEY (“GREEN ECONOMY”) OR
TITLE-ABS-KEY (“INDUSTRIAL SYMBIOSIS”) OR TITLE-ABS-KEY (“CLOSING THE
LOOP”) OR TITLE-ABS-KEY (“DOWNCYCLING”) OR TITLE-ABS-KEY (“RECYCL*”) OR
TITLE-ABS-KEY (“REUS*”) OR TITLE-ABS-KEY (“REDUC*”). For ISIWos, the search was
THEME: (“CONSTRUCTION AND DEMOLITION WASTE”) AND THEME: (“CIRCULAR
ECONOMY” OR “CRADLE TO CRADLE” OR “3RD PRINCIPLE” OR “INDUSTRIAL
ECOLOGY” OR “GREEN ECONOMY” OR “INDUSTRIAL SYMBIOSIS” OR “CLOSED
LOOP” OR “CLOSING THE LOOP” OR “DOWNCYCLING” OR “RECYCL*” OR “REUS*”
OR “REDUC*”).

Figure 4. Strategic diagrams by (a) period 1, (b) period 2, (c) period 3.
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Figure 5. Thematic networks by (a) period 1, (b) period 2 and (c) period 3.

3.1.3. Selection of the Literature

Once the selected keywords and search strings for searching the Scopus and ISIWoS
databases had been identified, the records obtained were collected and archived. The
PRISMA flowchart guide was then applied (Figure 2), showing the number of relevant
documents identified.
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Figure 6. (a) Overlay graph and (b) thematic evolution map.

A total of 1995 bibliographic records were retrieved from the two selected databases.
After removing 317 duplicates, 154 of the remaining 1678 records were excluded, applying
the exclusion criteria (only documents of article type, complete document, related to
the field of research and documents in English). Next, the remaining 1524 records were
screened for title, abstract and keywords, and 84 additional records were excluded as they
did not cover the topics included in this review. Finally, 1440 relevant documents were
selected for the study.
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Table 1. Keywords related to the research topics.

Theme Keywords Related Definition of the Keyword Ref.

Circular economy

Circular Economy

The circular economy seeks to maintain building components and resources at
their highest intrinsic value for as long as possible. Building components are

kept in a continuous cycle of use, reuse, repair and then recycled, thus reducing
waste and preventing negative externalities such as CO2 emissions.

[20]

Cradle to cradle
The design and production of products of all types in such a way that at the end
of their life, they can be truly recycled (upcycled), imitating nature’s cycle with

everything either recycled or returned to the earth.
[65]

3R principle CDW management based on three key concepts: reuse, recycling and reduction. [66]

Industrial ecology

Industrial Ecology (IE) is a study aimed at understanding the circulation of
materials and energy flows; therefore, IE must first understand how the
industrial ecosystem works, how it is managed and its relations with the

biosphere to determine how the industrial ecosystem can be restructured to
resemble how natural ecosystems function.

[67]

Green economy

Low carbon, resource efficient and socially inclusive [where] growth in income
and employment should be driven by public and private investments that

reduce carbon emissions and pollution, enhance energy and resource efficiency
and prevent the loss of biodiversity and ecosystem services.

[68]

Industrial symbiosis (IS)

Industrial symbiosis falls under the principle of the CE and is recognised as a
useful strategy to support the transition from a linear to a circular economy. IS

involves flows and the cycling of materials and energy, as well as synergic
interactions between firms through which wastes are converted into inputs.

[69,70]

Closed loop An economic model based inter alia on sharing, leasing, reuse, repair,
refurbishment and recycling, in an (almost) closed loop, which aims to retain the

highest utility and value of products, components and materials at all times.
[71]Closing the loop

Downcycling

Recycling
Capturing materials that would otherwise go to waste to save natural resources

and the energy that it used to extract and transform natural resources into
finished products.

[72]

Reuse

Reuse is the action or practice of using an item, whether for its original purpose
or to fulfil a different function (creative reuse or repurposing). Reuse—by

taking, but not reprocessing, previously used items—helps save time, money,
energy and resources.

Reduce

Construction and
demolition waste

(CDW)

Construction and demolition
waste

CDW, come from the construction, renovation, expansion and demolition of all
types of buildings, structures and piping networks and residential decoration
activity. They consist of different materials such as concrete, bricks and blocks,

ceramics, mortar, metal, wood and plastic available in varying fractions
depending on the geographical location of the construction or demolition
project. These materials can be classified into three categories: inert waste,

non-inert waste and contaminated waste.

[73–76]

3.1.4. Identification of Periods

The identification of periods was determined based on the main milestones and
turning points in the evolution of EC and CDW. The time horizon used was from 1993 to
2020, given that the inclusion in the scientific literature of fundamental issues from which
CE stems took place in the 1990s. It was then subdivided into the following three periods,
considering the number of papers selected, as well as relevant milestones to analyse trends
in publication patterns:

First period (1993–2008): 141. The EC concept was implemented through government
policies at local, regional and national levels.

Second period (2009–2015): 392. A relevant milestone that started this period is
Directive 2008/98/EC, which is considered an initial document on implementing best
practice in waste management. Thus, the European Union started to develop strategies that
promote economic growth, prevent the loss of valuable materials and reduce environmental
impact and greenhouse gases emissions. The Chinese government incorporated EC 11019
as a central pillar of its national economic and social development plans. Subsequently,
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in 2009, it established the Circular Economy Promotion Law of the People’s Republic of
China [77].

Third period (2016–2020): 974. The European Union delivered the Communications
“Towards a circular economy: a zero-waste agenda for Europe” (COM 398, 2014) in 2014,
and in 2015, “Closing the loop. An EU Action Plan for the Circular Economy” (COM 614,
2015). Both communications are part of the “Circular Economy Package”, which consists
of multiple action plans and legislative proposals focusing on each step of the value
chain (production, consumption, waste management and secondary raw materials) in five
priority sectors: plastics, food waste, critical raw materials, construction and demolition
and biomass and bio-based products.

Finally, in 2020, “The new Circular Economy Action Plan” [78] was established as a
fundamental pillar supporting the European Green Deal to achieve the expected European
climate neutrality by 2050.

Figure 3 shows the distribution of 1440 publications per year. It is observed that
circular economy applied to CDW is generally a new global sustainable development
trend that has started to gain momentum in the construction industry. The assessment
showed a gradual building of awareness in the field, which is evident from the number
of publications since 2016. Most of the papers in this systematic review were published
between 2016 and 2020, which is a clear indication of growing research interest, and the
projection of this analysis indicates that this number will continue to increase.

3.2. Bibliometric Analysis: Science Mapping and Performance Analysis
3.2.1. Science Mapping

In this section, the following graphs are analysed and discussed: strategic diagrams,
one for each period; thematic networks of the critical themes; overlay graph and the
thematic evolution map. The evolution of the time horizon of the documents, the number
of citations of the documents and the most cited authors and publications are analysed
quantitatively and qualitatively.

Strategic Diagrams

Three strategic diagrams (shown in Figure 4) were generated to analyse changes
over time in the research field for the four periods considered (1993–2008, 2009–2015
and 2016–2020), where the spheres’ magnitude is related to the number of publications
associated with each research topic. Table 2 shows the performance measures that have
been acquired, in relation with each topic and time, based on the number of documents,
h-index and centrality and density values. In the following, the outcomes of the study are
described, according to each period.

First period (1993–2008). The strategic diagram in Figure 4a shows five research themes
can be observed in the 141 papers selected in this period. Of these, two were considered
driving themes (economic aspect and building operation), one a highly developed and
isolated theme (cradle to cradle), one emerging or declining (linear economy) and finally,
one considered essential (building end of life).

The performance analysis for each theme, as shown in Table 2, complements the
information provided by the diagram, which highlights how the two themes with the
highest performance measures are “economic aspect” and “Building-end of life”. These
themes have more than 5000 citations between them, obtaining a higher h-index than the
rest of the themes.

Second period (2009–2015). Based on the diagram shown in Figure 5b, eight themes
can be observed in the 392 papers selected in this period. Four of these themes were consid-
ered as driving themes (Design for Recycling, Circular Economy, Review and Urban Area),
one highly developed and isolated theme (Leaching Behaviour), two emerging or declining
themes (Reuse and Greenhouse Effect) and finally, one basic theme (Economic Aspect).
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According to the performance measures (Table 2), the following three themes can
be highlighted: “Circular Economy”, “Economic Aspect” and “Review”. These research
topics had a high impact rate and achieved a higher h-index than the other topics.

Third period (2016–2020). According to the strategic outline presented in Figure 5c,
nine research themes can be observed in the 974 selected papers in this period. Four of
these are considered driving themes (CDW, Parameters, Characterisation and Urban Area),
two highly developed and isolated themes (Standards and Management Practice), three
emerging or declining (Soils and Design for Recycling) and finally, one theme is considered
essential, Economic Assessments.

According to the performance measures (Table 2), the following two themes can be
highlighted: CDW and Economic Assessments. These research themes scored high impact
and achieved a higher h-index than the other themes.

Table 2. Performance measures of the themes.

Name No. of Documents No. of Citations h-Index Centrality Density

Period 1 (1993–2008)

Economic-Aspect 122 4905 39 74.23 50.8

Building-End-of-Life 16 735 10 37.02 19.46

Building-Operation 8 630 5 33.54 46.59

Linear-Economy 10 497 6 27.17 3.78

Cradle-to-Cradle 1 31 1 3.77 306.25

Period 2 (2009–2015)

Design-for-Recycling 11 312 6 132.93 31.71

Circular-Economy 371 11,910 60 90.39 48.78

Economic-Aspect 9 527 7 70.18 16.78

Review 8 610 8 37.17 19.99

Urban-Area 3 160 3 93.23 44.52

Reuse 4 158 4 27.69 9.75

Leaching-Behaviour 3 101 3 10.04 18.75

Greenhouse-Effect 3 160 3 19.57 8.33

Period 3 (2016–2020)

CDW 883 8928 44 59.53 50.52

Parameters 7 67 5 57.08 22.39

Characterisation 10 156 7 40.3 25.58

Economic-Assessments 19 267 8 34.67 6.65

Soils 13 29 3 26.55 10.38

Urban-Area 11 147 4 32.53 21.86

Design-for-Recycling 10 76 4 15.9 12.92

Standards 5 14 2 7.14 22.55

Management-Practice 2 51 2 9.69 32.54

Thematic Networks

In this section, to further explore relevant themes and future trends, three thematic
networks, one per period, were selected based on their saliency, which captures developed,
basic and emerging research over time. The interconnections between the themes (circles)
are represented in Figure 5. The circle size indicates the number of documents, and the
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thickness of the line corresponds to the strength of the correlation between the two nodes.
An analysis of the results obtained for each period is shown below.

The theme “Building End of Life” is defined as building end of life programs and loop
systems. Interventions to either restore, reuse or recycle a building’s components are worth
mentioning as one of the most characteristic themes of the first period if analysed from the
point of view of its thematic network. Thus, in Figure 5a, we can see that issues related to
the final stage of the life cycle of buildings are considered essential in the early years of the
field where research was heading. This theme is closely linked to other essential themes
such as “Decision Support System”, “Closed Loop” and “Environmental Impact”, of which
have been numerous studies. The opportunity presented by CDW is already emerging.
It reflects the emphasis on recovering and reusing building construction products at the
end of their useful life, rather than destructive demolition and recycling. While there is
now a trade in the recovery and reuse of non-structural and heritage products, in the early
days of the research, the most significant volume, mass and value of buildings comprised
structural elements (concrete, brick and masonry and steel), which still present many
challenges today.

The “Circular Economy” theme is considered one of the most relevant themes of the
second period. As can be seen in Figure 5b, this theme is closely linked to other essential
themes such as “CDW”, “Building” and “Green Economy”. Furthermore, we can see that
the issues of closing the loop and the environmental impact of building sustainability and
decision support systems are consolidated after implementing the first CDW regulations to
give way to the definition of the circular economy concept in CDW. It becomes clear that
the transition from the linear to the circular economy (Figure 4a,b) was not realised until the
principles of the circular economy were applied in the life cycle stages of buildings, which
constitutes a proactive design approach to manage buildings from cradle to cradle [79].

Finally, in the last one, the theme of “CDW” is considered vital today. As can be seen
in Figure 5c, this theme is closely linked to other essential themes such as “Sustainable
Development”, “Building Operation” and “Circular Economy”. In this sense, as an inno-
vative economic and productive model, the CE in building principal implies a change in
mentality that considers waste as potentially valuable resources rather than as a problem
of management and disposal in landfills, as in the past linear economy [80].

Overlay Graph and Thematic Evolution Map

The strategic outlines and thematic networks reflect scientists’ involvement and inter-
est in some topics corresponding to a growing awareness of sustainability issues. During
the first few years, a robust concern for the economic impact of waste has been revealed. In
the 1990s and early years of the 21st century, the concept of linear economy starts to disap-
pear based on cradle-to-cradle principles, giving way to relevant topics such as building
operation. Since 2009, there has been a great interest in topics such as design for recycling
and urban area, the latter reflecting new lines of research in the field of sustainable and
resilient cities. In addition, following the introduction of regulations, the concept of circular
economy was linked to the concept of DRC. More recently, interest has focused, in parallel
to sustainable development, on issues related to the assessment and parameterisation of
CDM in order to manage it and introduce it into regulations, based on the consolidation of
sustainable building assessment methods (SBAMs). In SBAMs, the assessment of CDW
management has a very significant burden.

Finally, to analyse the evolution of topics over time, Figure 6a,b represents the key-
words based on the period and their evolution, the incoming and outgoing keywords and
the number and percentage of keywords maintained from one period to the next. As shown
in Figure 6a, the number of keywords increases over the periods, parallel with the increase
in the number of documents over the years. The number of keywords increases from 71 to
185 between the first and the last period, a growth rate of 123%. Specifically, of 71 keywords
that appeared in the first period, 86% (61) remain in the second period and 97 new words
are added, giving a total of 158 words. Finally, in the third period, 130 (82%) keywords
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remain from the second period, while new 55 appear, for a total amount of 185, resulting in
a high number of new and transitional keywords and a growing level in shared keywords
in subsequent times. Consequently, the rising variety of subjects in CE research applied to
DCRs and the fact that keywords reappear more strongly in the following periods could
indicate that this relatively new research field is gradually consolidating.

Finally, Figure 6b shows the thematic evolution of the research field by analysing the
topics sources and correlations. The lines sizes are proportional to the robustness of the
relationship as estimated according to the inclusion index. In terms of publications number,
“Economic Aspects” appeared as the topic with the highest number of documents between
1993 and 2008 and evolved towards the themes of “Design for Recycling”, “Circular
Economy” and “Review” in the second period (2009–2015). Between the second and
third period, the theme of “Economic Aspects” was decreasing and evolving towards
themes such as “Evaluation and Standards”, “Urban Areas” and “Management Practices”.
Similarly, in the early years, the “Cradle-to-Cradle” theme laid the foundation for themes
such as “Design for Recycling” and “Circular Economy”.

For the second period, the theme “Circular Economy” appeared with the highest
number of documents and evolved into the themes of “RCD” and “Economic Assessment”
in 2016–2020. Furthermore, in this period, the theme “Reuse” replaced the importance
of the theme “Design for Recycling”, as recycling is no longer considered as necessary
as reuse.

3.2.2. Performance Analysis

The 1440 documents analysed received 24,591 citations. Table 3 shows the ten pub-
lications with the highest number of citations, 2820, or 23% of the total. The most cited
papers focus on different aspects of the thematic field analysed, revealing its diversity.
These papers deal with the substitution of various recycled materials for aggregates to
reduce the need to extract virgin aggregates; the need for comprehensive and integrated
CDW management mechanisms, technologies, sorting systems and policies; the scarcity of
landfills and the long-term adverse environmental, economic and social impacts of CDW;
the sustainable management of CDW, among others. These are based on the increasing
pressure on the construction industry to reduce costs and improve the quality of our envi-
ronment, looking for alternative solutions to manage and control this critical type of waste
in an economically efficient and environmentally safe way.

On the other hand, concerning the journals presenting the largest number of pub-
lications, Table 4 shows the ten prominent ones out of the 121 collected in this review.
These ten publications account for 24.1% of the analysed documents, listed in descending
order according to the number of citations. Most of them are research journals focusing
on construction and building materials and new construction and repair practices, on
environmental and sustainability issues in corporations, governments, regions and soci-
eties, among others. Table 4 also includes the most frequently cited paper in each journal.
As shown, the number of publications and citations is not closely related because only
four of the top journals are also among the top five in several citations in terms of several
articles. In other words, the most prolific sources have not necessarily been those with
the highest research impact. A systematic literature review allowed the identification of
4567 authors who have published articles dealing with the topic of the study. Table 5 shows
those authors with more than ten published studies, sorted by total number of documents
published; it also incorporates the number of citations received, as well as the h-index
(Hirsch index), a measure of the authors’ professional quality according to the number of
times that their scientific articles have been cited. According to the analysis, J De Brito,
J. [81] has published the most articles on the topic of CE and CDW and has the highest
index for the number of citations, thus, the highest h-index.
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Table 3. Most-cited documents.

Title Authors Year No. Citations Ref.

The greening of the concrete industry Meyer, C. 2009 604 [82]

Use of aggregates from recycled construction and
demolition waste in concrete Rao, A., Jha, K.N., Misra, S. 2007 390 [83]

Properties and composition of recycled aggregates
from construction and demolition waste suitable for

concrete production
Silva, R.V., Dhir, R.K., De Brito, J. 2014 382 [81]

Recycled aggregate from C&D waste & its use in
concrete—A breakthrough towards sustainability in

construction sector: A review

Bhattacharyya, S.K., Behera, M.,
Minocha, A.K., Deoliya, R., Maiti, S. 2014 346 [33]

Trend of the research on construction and demolition
waste management Yuan, H., Shen, L. 2011 235 [84]

Energy indices and ratios for sustainable material
cycles and recycle options Brown, M.T., Buranakarn, V. 2003 215 [85]

Estimation of construction waste generation and
management in Thailand Kofoworola, O.F., Gheewala, S.H. 2009 171 [86]

An overview of construction and demolition waste
management in Canada: A lifecycle analysis

ap-proach to sustainability

Yeheyis, M., Hewage, K., Alam, M.S.,
Eskicioglu, C., Sadiq, R. 2013 171 [87]

Strategies for successful construction and demolition
waste recycling operations Peng, C.-L., Scorpio, D.E., Kibert, C.J. 1997 154 [88]

Environmental management of construction and
demolition waste in Kuwait

Kartam, N., Al-Mutairi, N.,
Al-Ghusain, I., Al-Humoud, J. 2004 152 [89]

Table 4. Main journals contributing to the research field.

Name
No. of Documents
Citation Indexes of

the Journal

No. of Citation
Indexes of the

Journal
Most Cited Document Number of Citations

in the Document Ref.

Construction and
Building Materials 141 5446

Properties and composition of
recycled aggregates from construction

and demolition waste suitable for
concrete production

382 [81]

Journal of Cleaner
Production 121 3297

Mechanical performance of concrete
made with aggregates from

construction and demolition waste
recycling plants

152 [90]

Waste Management 87 2668 Trend of the research on construction
and demolition waste management 235 [84]

Resources,
Conservation and

Recycling
69 3394

Evaluation of the economic feasibility
for the recycling of construction and
demolition waste in China—The case

of Chongqing

145 [91]

Waste Management
and Research 50 647

Sustainable construction:
Construction and demolition waste

reconsidered
81 [92]

Sustainability
(Switzerland) 33 116

A dynamic model for construction
and demolition (C&D) waste

management in Spain: Driving
policies based on economic incentives

and tax penalties

35 [93]

Materials 27 165 Life Cycle Assessment of Completely
Recyclable Concrete [94]

Journal of Materials
in Civil Engineering 20 402

Recycled red-clay ceramic
construction and demolition waste for

mortars production
[95]



Sustainability 2021, 13, 9416 16 of 21

Table 4. Cont.

Name
No. of Documents
Citation Indexes of

the Journal

No. of Citation
Indexes of the

Journal
Most Cited Document Number of Citations

in the Document Ref.

Environmental
Science and Pollution

Research
19 9

An environmental assessment model
of construction and demolition waste

based on system dynamics: a case
study in Guangzhou

90 [96]

Cement and Concrete
Composites 16 1475 The greening of the concrete industry 604 [82]

Table 5. Authors with more than twenty published studies in the research field.

Name No. of
Documents

Total Citations
in This Work h-Index Most Cited Document

Number of
Citations in

the Document
Ref.

De Brito, J. 36 2984 64

Properties and composition of
recycled aggregates from

construction and demolition waste
suitable for concrete production

382 [81]

Tam, V.W.Y. 27 760 54 A review of recycled aggregate in
concrete applications (2000–2017) 149 [97]

Ayuso, J. 24 711 18

Maximum feasible use of recycled
sand from construction and

demolition waste for eco-mortar
production—Part-I: Ceramic

masonry waste

54 [98]

Wang, J. 20 418 25
Characterizing the generation and

flows of construction and
demolition waste in China

86 [99]

4. Discussions

From the above results, it can be inferred that the circular economy paradigm has the
potential to overcome the problems resulting from the adoption of the linear economic
model by the construction sector. Although environmental sustainability in construction is
a broad research topic, the results show that academic studies and reviews of the literature
on circular economy applied to CDWs are limited, although they have increased rapidly
in recent years; however, still, all stakeholders in the construction sector require serious
measures to improve the adoption of the circular economy. Furthermore, the lack of
environmental regulations and laws is found to be driving significant barriers to the
circular economy. Likewise, critical is the lack of public awareness and support from
public institutions.

The above results show that CDWs are considered necessary resources for social
development and that they provide economic and environmental benefits. CDW manage-
ment practices also varied in developed and developing countries and are influenced by
population, urbanisation, GDP, CDW policies and standards. However, CDW management
is not fully employed due to economic and legal barriers due to the profit-driven and
change-resistant nature of the construction industry. Barriers against the use of CDW
included insufficient design standards, low cost of waste disposal over recycling, inade-
quate urban planning, immature recycled waste market, lack of CDW processing, lack of
performance measurements, human factors and integration with technological advances,
ineffective management of CDW, transportation issues, CDW ownership and uncertainty
after implementing CDW, among others.

However, official policies and regulations, smart deconstruction, government in-
centives, a collaboration of key stakeholders, improving the quality of CDW material,
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certification of recycled products and advanced recycling technologies are key to improv-
ing the sector. On the other hand, due to increased urbanisation in developing countries,
construction activity is increasing. Therefore, there is great potential to implement CE in
the construction sector.

5. Conclusions

In this work, a systematic review of the literature and bibliometric analysis of
1440 bibliographic records on CE applied to CDW was carried out using the SciMAT
software. The main themes and their development in this field from 1993 to 2020 were
identified.

The results show a dynamic research field in continuous development. In particular,
one of the aspects of the study that reaffirms the thematic richness of the circular economy
and construction, and demolition waste is the large number of keywords used in the
studies consulted. Specifically, the evolution of the study topics over time shows that in
each period, the subject has focused on different aspects, from its first point of view on
concepts “Cradle-To-Cradle” and “Economic Aspects” to the inclusion of thematic and
thematic indicators of the research field in different periods, until the gradual inclusion of
social and economic aspects.

In the first period, the authors focused on the problem of the management of construc-
tion and demolition waste derived from the activity of the sector. In the second period, the
characterisation of the different types of recycled aggregates and their possible applications
in the substitution of natural ones was studied in depth. The third period shows the
influence of government policies on the recovery of construction and demolition waste to
achieve circularity and environmental sustainability in the sector.

This study highlights in the field of research the relevant turning points, the obligation
to manage waste, standardise it and enable its reuse. It highlights the trends aimed at
characterising waste, parameterising them to incorporate them into technical standards
within the framework of the strategic lines of smart cities.

This study aims to contribute to the body of knowledge by highlighting trends and pat-
terns in the research field, establishing its research topics, mapping researchers’ networks
and recommending areas for future study.
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