UC=M

UNIVERSITY COLLEGE
OF ESTATE MANAGEMENT

UCEM Institutional Research Repository

Title Examining the Drivers to Support Improved Construction and Demo-
lition Waste Management for a Circular Economy: A Comprehensive
Review Using a Systematic Approach

Author(s) M. Alhawamdeh, J. A. Ferriz-Papi and Angela Lee

ORCID https://orcid.org/; https://orcid.org/; https://orcid.org/0000-0003-0769-
5215

Type Article

Publication title Sustainability

Publisher MDPI

ISSN/ ISBN ISSN: 2071-1050

Publication Date 10 July 2024

Version

DOI https://doi.org/ 10.3390/su16146014

Repository link https://ucem.repository.guildhe.ac.uk/id/eprint/124/
Link to publication | https://www.mdpi.com/2071-1050/16/14/6014

Copyright:

UCEM aims to make research outputs available to a broader audience via its digital Repository.
Where copyright permits, full text material held in the Repository is made freely available. URLs
from GuildHE Research Repositories may be freely distributed and linked to. Please refer to each
manuscript for any further copyright restrictions.

Reuse:

Copies of full items can be used for personal research or study, educational, or not-for-profit
purposes without prior permission or charge provided that the authors, title and full bibliographic
details are credited, a hyperlink and/or URL is given for the original metadata page, and the content
is not changed in any way.

© UCEM, 2023


https://orcid.org/
https://orcid.org/
https://orcid.org/0000-0003-0769-5215
https://orcid.org/0000-0003-0769-5215
https://doi.org/ 10.3390/su16146014
https://ucem.repository.guildhe.ac.uk/id/eprint/124/
https://www.mdpi.com/2071-1050/16/14/6014
https://ucem.repository.guildhe.ac.uk/

<@ sustainability

Review

Examining the Drivers to Support Improved Construction and
Demolition Waste Management for a Circular Economy: A
Comprehensive Review Using a Systematic Approach

Mahmoud Alhawamdeh 1'?*, Juan A. Ferriz-Papi 2

check for
updates

Citation: Alhawamdeh, M.;
Ferriz-Papi, ].A.; Lee, A. Examining
the Drivers to Support Improved
Construction and Demolition Waste
Management for a Circular Economy:
A Comprehensive Review Using a
Systematic Approach. Sustainability
2024, 16, 6014. https://doi.org/
10.3390/5u16146014

Academic Editor: Ioannis

Vardopoulos

Received: 14 May 2024
Revised: 2 July 2024

Accepted: 10 July 2024
Published: 14 July 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Angela Lee 3

Department of Business and Management, Bath Business School, Bath Spa University, Newton St Loe,

Bath BA2 9BN, UK

Department of Sustainable Built and Natural Environments, School of Science, Engineering and Environment,
University of Salford, 43 Crescent, Manchester M5 4WT, UK

School of the Built Environment, University College of Estate Management (UK) Horizons, 60 Queens Rd,
Reading RG1 4BS, UK

Correspondence: m.alhawamdeh@bathspa.ac.uk

Abstract: With the rapid pace of global urbanisation, construction demolition waste (CDW) consti-
tutes roughly 36% of the total solid waste deposited in landfill sites worldwide, thereby posing a
significant challenge to the sustainability of the construction industry. To address this issue, circular
economy strategies are proposed as a solution. This paper systematically analyses 55 research articles
published in leading peer-reviewed English-language scholarly journals over the past decade. It
aims to identify and categorise drivers for enhanced CDW management by synthesising findings
from previous research to support the principles of a circular economy. Utilising a PESTLE model
for classification and analysis provides valuable insights into disparities and distinctions among
categories, regions, and countries. The resulting analysis yields valuable insights into enablers and
trends, with the aim of making a substantial contribution to mitigating the impact of construction
activities and thus fostering the establishment of an efficient circular economy within the sector.

Keywords: construction waste; construction and demolition waste; waste management; driver;
circular economy; sustainability

1. Introduction

The problem of waste is significantly concerning for the construction industry. Con-
struction and demolition waste (CDW) originates from various building and infrastructure
activities, including new construction, renovation, demolition, and land clearance. A total
of 36% of the overall waste produced is attributed to the sector, which equates to between
2.5 and 3.5 billion tonnes on an annual basis [1].

The existing literature highlights several social, economic, and environmental chal-
lenges stemming from CDW. Firstly, there is landfill space depletion. The need for landfill
space is rapidly increasing in numerous countries, especially in developing nations. For in-
stance, the UK generates about 138 million tonnes of CDW annually, constituting two-thirds
of total landfill waste [2]. EU countries produce over 800 million tonnes yearly, comprising
25-30% of total waste [3], while China exceeds 1.5 billion tonnes [4], and the USA reached
569 million tonnes in 2017 [5]. Gulf Cooperation Council countries generate 66 million
tonnes annually, accounting for 55% of the total waste [6]. This growing waste generation
occupies bigger spaces to be disposed of. Secondly, there is resource depletion. CDW plays
a significant role in depleting global natural resources, including non-renewable energy
sources and critical materials such as crushed stone, timber, and metal [7]. Construction
operations alone consume approximately 35% of global resources, comprising 12% of water,
25% of steel, and exceeding 50% of sand, crushed rock, and gravel [8-10]. Additionally,
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the construction industry accounts for approximately 36% of global final energy usage,
encompassing embodied energy [8].

Thirdly, there is contamination and pollution. Increasing CDW volumes pose signif-
icant environmental challenges, with construction activities significantly polluting soil,
water, and air. Globally, approximately 33% of CDW is disposed of without restrictions,
rising to 93% in developing nations where open dumping prevails [11,12]. Moreover, the
construction industry’s energy consumption accounts for 11% of global carbon dioxide
emissions [8]. Lastly, financial losses occur due to waste generation in construction projects,
leading to increased expenses, with approximately 15% of materials (by value) resulting
in waste [13-15]. Estimates suggest that the actual cost of waste in construction activities
is about 20 times the cost of disposal [16]. Nationally, CDW poses significant economic
challenges, with over 20% of municipal budgets and 50% of local government investments
allocated to solid waste management in low- and middle-income nations [12].

As an economic paradigm and approach for resource and waste management, a cir-
cular economy is designed to reduce waste, foster sustainability, and optimise the use of
resources. In a circular economy, to prolong the lifespan of materials and products, they
are reused, refurbished, remanufactured, and recycled [17]. The shift towards a circular
economy aims to establish a more regenerative and sustainable economic framework,
advantageous for both the economy and the environment. A primary challenge is the
significant generation of CDW and the considerable consumption of resources, which
presents a major obstacle to the sustainability of the construction sector, the country’s
economy at large, and the global environment [1]. To tackle this issue and align with
circular economy principles, various waste management strategies have been devised to
reduce waste throughout the lifecycle of construction projects. These strategies include
waste collection, reduction, reuse, recycling (3Rs), low-waste technologies (LWTs), and
landfill disposal charges [18-20]. However, despite these efforts, statistics on CDW dis-
posal indicate that the industry has yet to achieve a closed-loop circular economy. Key
barriers preventing effective CDW management have been identified by a study conducted
by Ferriz-Papi JA et al. [21]. Their paper systematically analysed 54 articles published
over the past decade, identifying and classifying a total of 59 challenges for successfully
attaining circular economy transition in the construction sector. Understanding the drivers
of CDW management is also essential. Comparing both barriers and drivers leads to a
more comprehensive understanding of the factors at play, supports the development of bal-
anced and effective strategies, fosters continuous improvement, engages stakeholders and
decision-makers, and enhances academic research. Analysing existing drivers is therefore
crucial to improving CDW management and achieving zero-waste targets.

Many global publications have attempted to identify key effective CDW management
enablers for a closed-loop circular economy. The construction industry must engage with
a whole variety of stakeholders including regulators responsible for technical standards,
investors, the suppliers of materials and products, and the whole industry at large who
are often sceptic about the quality of recycled products. Thus, this review paper aims to
facilitate the development of appropriate solutions tailored to regional or national levels
for implementing circular economy practices in the construction industry. It categorises
these drivers using the PESTLE model (political, economic, social, technological, legal, and
environmental), exploring their current trends and impacts on aspects like construction
methods, technology access, culture, and country development as a means of identifying
research trends and gaps for future development.

2. Materials and Methods

A systematic literature review is a robust, objective, and replicable method used to
analyse existing research on a specific topic [22]. It serves as a valuable tool aimed at sum-
marising the extant literature to establish the knowledge boundaries of a given subject and
identify areas requiring further research. Given the specific context of CDW management,
the PRISMA statement is a practical approach particularly useful for systematically review-
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ing the literature in social sciences studies and for conducting comprehensive reviews in
this field [23]. It provides a comprehensive methodological framework and specific guid-
ance on statistical techniques for meta-analysis and approaches for qualitative synthesis.
This entails employing systematic literature searches for peer-reviewed material, screening,
critical appraisal, metadata extraction, and content analysis. Figure 1 illustrates a simplified
diagram outlining the methodological steps, following the PRISMA checklist.

S . Information
= z Eligibility inclusion
Review aim and 2 2 sources and .
e e and exdu:lon . e > | Search strategy
e database)
N
Selection process Data collection . Data ltems | Study risk of bias
process assessment
Effect measures .| Synthesis methods Reporting bias Certainty
assessment assessment
Meta synthisis and
Study selection | contenet analysis |

Figure 1. Methodological steps following the PRISMA guidelines for systematic reviews.

As the aim of this paper is to identify drivers for improved CDW management, the
selection criteria used was primarily based on the direct relevance to the subject, while also
considering studies related to the subject due to their substantial importance. To reduce bias
in this process, an objective and transparent approach for research synthesis was adopted,
comprising both quantitative and qualitative research papers including journal articles
and peer-reviewed conference papers ensuring the quality and reliability of the research.
ScienceDirect and Scopus databases, two of the leading citation index organisations, were
used for this study. Approximately 99.11% of the journals indexed in Web of Science are
also indexed in Scopus, indicating the extensive coverage of Scopus [24]. Consequently, the
authors deemed Scopus sufficient for their research due to its significant coverage and its
widespread use in previous studies, particularly in systematic reviews across various fields,
including construction waste management. The terms ‘construction waste management’
(CW) and ‘construction demolition waste management’ (CDW) were used, combined with
the terms ‘drivers’, ‘enablers’, ‘opportunities’, and “practices’ to select any papers where
they were found in the title, abstract and/or keywords. There was no limit on the country
of studies, but only studies written in English were included. This generated 564 papers
(as of January 2023).

Thus, in order to limit this wide scope and to focus closely on the drivers of CDW, the
search was amended to include those with explicit development on drivers and enablers
within the time period of 2013 to 2022. Thus, 196 papers were identified; these were
narrowed down following a rapid screening of the titles and abstracts and excluding any
review papers as a means to ensure relevance to the timeframe and geographic relevance for
the analysis of the metadata. Finally, the full texts of the remaining studies were evaluated
based on the inclusion criteria, and any discrepancies were discussed between the authors
until a consensus was reached. Notably, some papers could not be accessed, despite the
efforts through institutional subscriptions and other available resources, due to restrictions
such as a lack of institutional access or unavailability in public repositories.
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As a result, 55 papers were identified as suitable for inclusion in this systematic review.
A flow diagram illustrating the study selection process is presented in Figure 2.

Database search
based on selected
Keywords

y

Papers after application of inclusion
and exclusion criteria

(n=564)
y Papers excluded (n = 74) with reasons:
Paper screened | *® Notin English language (n =30)
(n = 196) e Inaccessible (n = 15)
* Nonrelevant to the subject (n = 29)
Full text assessed Papers excluded (n = 67) with reasons:
for eligibility »| * Improper methodology (n = 35)
(n=122) * Reviews (n =32)

v

Papers included in
the study
(n =55)

Figure 2. Reporting items diagram for study review process.

3. Results and Discussion

The regression analysis depicted in Figure 3 indicates a low to moderate positive
correlation, suggesting an increasing trend in the number of publications related to this
topic throughout the review period from 2013 to 2022. Although the significance of this
correlation is relatively low, it highlights a growing research interest in this area over time.
Notably, the years 2021 and 2022 exhibit the highest number of published papers. A sub-
stantial surge is observed in 2021, with a notable increase; 27.3% of the 55 articles reviewed
were published in that year alone. In 2020, the European Commission introduced the Con-
struction 2020 strategy and the New Circular Economy Action Plan aimed at stimulating
Europe’s transition towards a circular economy [25]. Additionally, the second edition of the
Global Waste Management Outlook, published by UNEP and the International Solid Waste
Association, assesses global waste management trends and strategies for 2020-2024. It has
shaped global policies, emphasising the transition to a circular economy and zero-waste
strategies [26]. These initiatives collectively created a conducive environment for research
and policy development, leading to a marked increase in publications on CDW manage-
ment by 2021. Another peak is also evident in 2016 and 2017. This surge may be attributed
to new waste reduction targets established in the preceding years, such as those set forth
in the Paris Agreement of 2015 [27] and the European Waste Framework Directive targets
for CDW in 2020, as well as the framework amendment in 2018 [28]. Despite potential
disruptions caused by the global COVID-19 pandemic on research output, the overall
growth in publications persists.
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Figure 3. Annual publications trend on CDW from 2013 to 2022.

However, this does not necessarily indicate a universal increase in concern and imple-
mentation of improved CDW management practices across the global construction industry.
Figure 4 illustrates the distribution of reviewed articles by continent. The geographical
location of the papers reviewed in this study is determined by the focus of each paper,
specifically the case study or the location where the data were collected. The results revealed
that Asia (41%) is the primary source of the reviewed publications. China’s contribution to
Asian research is remarkable, accounting for 48% of the total articles reviewed. In contrast,
no articles were contributed by countries such as India, Indonesia, and Japan despite their
robust economies and substantial impact on the Asian economy, especially Japan’s highly
efficient and innovative construction sector. Consequently, future related research should
consider such countries.

frica

3%
‘Americas

8%

Figure 4. The geographical distribution of the reviewed CDW articles.

Europe is the second primary source of the reviewed publications (31%), with the UK
leading with the highest number of reviewed articles, accounting for 35% of European
research output in this field. The European Union is recognised for establishing the
Waste Framework Directive, which sets the basic concepts and definitions related to waste
management, such as recovery and recycling [28]. Meanwhile, Oceania and the Americas
show relatively modest research contributions, representing only 10% and 8% of the total,
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respectively. Four articles were identified from the USA (i.e., [29-32]), despite the enormous
CDW volumes generated by the country, which reached 569 million tonnes in 2017 [5],
highlighting an urgent need for CDW management. This is in addition to the United States
Environmental Protection Agency’s initiatives towards CDW management [33]. Finally,
Africa has the least reviewed articles, with 3%. This calls for increased research efforts in
these underrepresented countries and continents.

3.1. PESTLE Drivers Classification

A frequency count was conducted for each driver, during the review process, and
referenced to the source article. In total, 200 references to drivers were identified across
the 55 reviewed papers. These references were categorised into 29 drivers, summarised
in Table 1. The drivers were then ranked in ascending order of frequency and categorised
using the PESTLE analysis approach (political, economic, social, technological, legal, and
environmental). Professor Francis Aguilar is credited with creating the ETPS analysis
in 1967 [34]. This strategic tool helps identify the key external factors influencing an
organisation and can be applied across various scenarios to assist professionals and senior
managers in making strategic decisions. In this study, political and legal drivers were
grouped together to streamline the discussion.

Table 1. Classification of drivers based on PESTLE analysis.

Code Drivers Article ID ggtseg;fy Frequency Rank
Adequate formulation and application of - .
b1 governmental CDW regulations and policies [32,35-51] Political/legal 18 !
Training and education about CDW
D2 management aspects (causes, types, LWTs, [19,30-32,36,39,40,42,46,49,52-56] Social 15 2
cost savings, environmental impact)
Provision of innovative low-waste ) , .
D3 technologies (LWTs) [29,36,39,42,51,52,54,57-60] Technological 11 3
D4 Adequate formulation and application of [32,39,48,53,59—64] Political /legal 10 4
CDW protocols, programmes, and strategies A &
Commitment of client and contractor by
D5 allocating time and money for [36,37,39,40,42,43,51,54,65,66] Economic 10 4
CDW management
Attitude and behaviour towards CDW ) .
D6 management [35,36,41,42,49,63,65,67,68] Social 9 6
D7 Data availability about CDW management [32,37,57,60,62,65,69-71] Technological 9 6
D8 Adequate and efficient CDW recycling [19,37,42,53,63,65,72,73] Technological 8 8
infrastructure
D9 CDW landfilling volume restrictions and [19,36,44,50,53,68,74] Political /legal 7 9
increased fees Economic
D10 Mature market for reused and recycled CDW  [19,30-32,42,52] %ocial : 6 10
conomic
Mandatory requirement for site waste - "
D11 management plans (SWMPs) [45,66,70,75-77] Political /legal 6 10
D12 Cooperation a.md integration between [31,56,68,77,78] Social 5 12
stakeholders in value chain
D13 Governmental funding and financial support  [35,38,42,50,56] llg(c)(l)irt‘i(;{ar}i/clegal 5 12
D14 Use of waste prediction tools [66,71,79-81] Technological 5 12
D15 Adoption of offsite construction [43,45,53,76] Technological 4 15
D16 Adoption of waste traceability system [29,47,55,60] Technological 4 15
D17 Standardisation of design [19,59,66,77] Technological 4 15
D18 dDe\{elopment of gnv1r0nmental Tc,t.andarc.ls.ff)r [35,50,59,76] Poh"ncal /legal 4 15
esign, construction, and demolition activities Environmental
D19 Municipality acting as facilitator [38,42,50,56] Political/legal 4 15
Establishing business module for Economic
D20 CWM practices 29,52,53,82] Technological 4 15
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Table 1. Cont.

. . PESTLE
Code Drivers Article ID Category Frequency Rank
Communication and collaboration platforms
D21 for development/implementation of circular [29,56,61] Technological 3 21
economy value chains
D22 Incentivising project teams by offering benefits [39,54,66] Economic 3 21
and awards
D23 Skills and experience in construction [36,77,83] Social 21
D24 R&D in circular economy [39,41,53] Technological 21
D25 Efficient procurement system [66,74,77] Tecgl?li)cl;rll(l)cgi cal 3 21
D26 Pressure from env.ir'onmental [38,40] Environmental 2 26
organisations/activists
D27 Availability of waste-sharing platforms [29,73] Technological 2 26
Mandatory requirement for ) o
D28 selective demolition [56,84] Political/legal 2 26
D29 Development of integrated environmental and Environmental
. [59] : 1 29
economic management model Economic
TOTAL 200

Based on the frequency of the drivers in each category, it is evident that technological
drivers are the most cited, accounting for nearly one-third of all references (30.0%), while
environmental drivers are represented by just 3.5%. This indicates a remarkable emphasis
on technological factors with minimal attention to environmental factors, even though the
primary aim of the circular economy is to reduce environmental impact. While all other
driver categories share the common goal of improving the transition towards a circular
economy, environmental aspects alone do not appear to be strong enough to incentivise the
adoption of CDW management among stakeholders.

Notably, in the paper by Ferriz-Papi et al. [21], the environmental parameters included
a limited number of barriers. This is expected and natural because the main purpose
of the circular economy concept is to reduce the environmental impact of construction
industry activities. Therefore, environmental factors are more likely to act as drivers to
achieve these concepts rather than as barriers. Nonetheless, certain challenges, such as
the risk of increasing the volume of hazardous waste through recycling and the energy
consumption required for recycling treatments, can inhibit the willingness to adopt certain
CDW management methods. Regarding the technological parameter, it was also identified
as the primary category containing the highest number of barriers and was emphasised the
most by the papers reviewed according to Ferriz-Papi et al. [21]. Although technological
advancements can largely incentivise stakeholders to adopt CDW management methods,
challenges such as the availability of technological infrastructure and the complexity or
inadequacy of regulatory frameworks and standardised processes can undermine the value
and potential of this category in CDW management. This is similar to other categories,
including political, legal, economic, and social aspects. Therefore, it is vital that both barriers
and drivers are considered when assessing the current uptake of CDW management in the
circular economy in order to support the development of balanced and effective strategies
and foster continuous improvement.

3.1.1. Political /Legal Drivers

Government regulations and policies, typically utilising a top-down strategy, are cen-
tral to this category of drivers. Political decisions play a crucial role in creating frameworks
for waste production and management by establishing and implementing targets and
policies at a broader level. In this regard, the most significant driver (D1) featured in 18
articles [32,35-51] called for ‘adequate” governmental CDW regulations and policies. This
need was identified in articles whose research was based primarily in developed nations
that have national CDW targets (mainly Italy, the UK, China, and Australia) that cited
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confusion between what is to be considered mandatory and what the guidelines are, partic-
ularly in regional and national contexts—and in countries where gaps in regulation need to
be addressed such as Pakistan [43], Saudi Arabia [44], South Africa [36], and Vietnam [41].
The need for ‘adequate’ regulations and policies (D1) is perpetuated in D4, which
heralded the need for ‘adequate” CDW protocols, programmes, and strategies that could
support organisations to conform to any regulatory requirements [32,39,48,53,59-64], as it
was often left to individuals/organisations to develop their own implementation solutions.
This was deemed a priority in the review papers covering China [(48,59,61,63)]. Notably,
‘solutions’ that were identified to be essential to support improved management of CDW
included site waste management plans (SWMPs) (D11) [45,66,70,75-77] and establishing
a business module for CWM practices (D20) [29,52,53,82]. Seven articles went further
and stipulated the need for CDW landfilling volume restrictions and increased fees (D9),
primarily in China and the UK where landfill space is at a premium [19,36,44,50,53,68,74].
Finally, regulations governing selective demolition (D28) were advocated to increase the
lifespan of buildings whereby retrofit or building reuse is favoured over land tenure.

3.1.2. Economical Drivers

Economic drivers are linked to business profitability, highlighting the benefits of
adopting CDW management over traditional construction practices and implementing
more economical solutions. The most frequently mentioned driver in this category pertains
to the commitment of clients and contractors to allocate time and resources for CDW man-
agement (D5). Decision-makers involved in construction projects need to ensure adequate
provisions for waste management, including the allocation of sufficient time and resources.
Specific operations necessary for waste management include supervision and monitor-
ing [45], the segregation of waste [59,66], transportation [37,42], processing/treatment, and
disposal [59,64,65]. Financial support was noted as a relevant driver, through national
government (D13) and regional government/municipality schemes (D19). These drivers
intensify efforts to reduce CDW costs [36,54] and improve recycling rates [71], thereby
fostering greater confidence in recovery initiatives and positioning them at the core of
numerous case studies [82]. For instance, Adams et al. [52] stress the importance of fi-
nancial support for considering end-of-life aspects during the design phase, which would
significantly contribute to enhanced reuse and recycling activities, especially given the high
cost of landfilling in many countries. Indeed, incentivisation at the project level (D22) was
deemed critical [39,54,60] as it was noted that the success of any CDW intervention was
largely reliant on individual workers” perception of sustainability, particularly as CDW
contributes to cost overruns in projects; the client and contractor were noted for the need to
make firm resource commitment for CDW management (D5).

3.1.3. Social Drivers

Social drivers pertain to behavioural and cultural aspects, covering a range of human
factors within the construction industry. These include training and education (D2) on
the causes, types, technologies, and financial/environmental impacts of CDW, which are
considered major drivers in the sector [19,30-32,36,39,40,42,46,49,52-56]. This is affirmed in
D23, whereby skills and experience were also listed as pertinent to minimising waste from
the design, construction, and demolition stages of a project [36,77,83]. Additionally, public
awareness and attitudes play a significant role in shaping cultural perspectives towards
waste, such as changing perceptions concerning the inevitability of waste generation and
providing adequate education on waste recovery [35,36,51,52,68,85].

In social psychology research, it is suggested that an individual’s reaction to related
situations and objects is influenced by their attitude, which is a neutral and mental state of
willingness organised through experience. This state exerts an influence on their behaviour,
either directive or dynamic [86]. Of significance, the attitudes of construction stakeholders
were identified as the sixth highest ranked driver (D6) and critical for any CDW manage-
ment practice to be successfully implemented. The acceptance of secondary materials is
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influenced by the perceived quality, whether low or high, of recycled products [50,63,65],
as well as the preference for virgin materials over recycled ones [41,42,59]. Oke et al. [36]
emphasise the necessity for citizens’ behaviours to change towards consumption patterns.
Additionally, it is acknowledged that a willingness to change acts as a significant driver
for the adoption of CDW management methods. According to Tirado et al. [55] and
Galvez-Martos et al. [84], improvements in waste management in construction are highly
achieved through the utilisation of existing technology, coupled with a commitment to
waste reduction.

A marketplace for reused and recycled CDW is needed to mature (D10) as, unfor-
tunately, the construction industry is lagging, and stigma still prevails in the use of
recycled materials in buildings, largely due to health and safety, and the lack of relia-
bility / predictability [and costs] involved. Finally, cooperation and integration among
stakeholders (D12) are crucial, potentially facilitated by an efficient corporation among
governmental bodies, policymakers, and enterprises [38,77,78], communication and collab-
oration platforms across the entire circular economy value chain (D21; [56]), or through a
waste-sharing platform (D27; [29]).

3.1.4. Technological Drivers

Technological drivers relate to the accessibility of infrastructure, tools, and innovative
processes for CDW management. A number of modern methods of construction (MMC)
were identified as drivers in the review articles; MMC is a term used to describe innovative
construction processes, techniques, and technologies that differ from traditional onsite
construction methods, typically including offsite and /or digital solutions to design and
construct buildings in a more efficient, sustainable, and cost-effective manner. Low-waste
technologies (LWTs) were identified as the third highest-ranked factor (D3) with 11 arti-
cles [29,36,39,42,51,52,54,57-60]; LWTs are seen to optimise resource consumption to ensure
waste minimisation [20]. However, authors are yet to agree if MMC is a component of LWTs
or vice versa (see Table 2). A key MMC technology listed as a driver was offsite construction
(D15; [43,45,53,76]), particularly in countries such as Ethiopia [76] and Pakistan [43] where
uptake is limited.

Table 2. Types of LWTs.

Types of LWTs References

Soft technologies

(i.e., information and communication technologies) [87-90]

Hard technologies

S . . . 20,91,92
(i.e., innovative construction tools and equipment) [2091,92]

Modern methods of construction

(MMC, i.e., offsite construction, BIM, 3D printing) [91,93,94]

A waste traceability system was also put forward (D16), and whilst clearly not a
novel idea, there is an inherent need in the construction sector to ensure accountability
and responsibility as well as data availability on CDW management (D7); a waste sharing
platform (D27); and/or waste prediction tools (D14). These approaches could perhaps be
encapsulated in the need for more R&D in the circular economy (D24), which was only
featured in articles published from Australia, Spain, and Vietnam [39,41,53], a surprising
fact given the global need for improved practice. Adequate and efficient CDW recycling
infrastructure (D8), coupled with a marketplace for reused and recycled CDW materials
(D10) were identified as other technological drivers (see also social factors). Improved access
to waste treatment facilities equipped with modern innovative technologies, especially in
remote areas, could significantly enhance waste recovery targets and divert CDW from
landfills. Additionally, in situations where waste disposal as an end-of-pipe solution is the
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only available option, the presence of engineered landfill infrastructure allows for secure
final waste disposal, thereby minimising environmental impacts [29,42,44,64].

3.1.5. Environmental Drivers

Whilst the authors have only categorised three primary environmental drivers in this
review, D18, D26, and D29, it must be noted that the premises of all drivers stem from the
need to address environmental sustainability. CDW generates several significant environ-
mental issues, including reduced landfill capacity due to the growing volume of disposed
waste, substantial consumption of resources, contamination and pollution leading to severe
health problems, and an increased consumption of energy for the transportation of waste
and the production of new materials to replace the discarded ones [11,95,96]. Consequently,
the effective management of CDW is becoming increasingly crucial to safeguard the natural
ecosystem and public health. Two articles noted the increasing pressure from environmen-
tal organisations/activists (D26) as a strong driver [38,40], particularly from a diminishing
landfill space, the overmining of raw materials, and general pollution and contamination
perspectives. Many construction stakeholders do not prioritise environmental issues in the
management of CDW. According to Serpell et al. [85], small- and medium-sized enterprises
focus solely on cost considerations, neglecting the social and environmental pillars of
sustainability in waste reduction. In contrast, large organisations address all three pillars of
sustainability due to the requirement for sustainable projects by clients and the necessity of
accountability reporting.

Notably, it was suggested by article [59] that an integrated environmental and eco-
nomic management model was needed to address CDW globally so as to make any inroads
on the circular economy challenge (D29). Whilst this was only cited by one review arti-
cle [59], it is reasonable to suggest a clear link between this driver and D18 and D17 which
call for design environmental standards.

3.2. Drivers Analysis by Geographic Region

It can be observed that some of the identified drivers (Table 1) appear more frequently
in articles published in particular continents and countries than in others (Figure 5). Drivers
focusing on the improvement of waste management regulations, policies, and environmen-
tal performance are pressuring issues in Europe (D1, D9, D11, D13, D19, D26, D28). This
can be attributed to the fact that the foundation and basic fundamentals of managing CDW
are well developed in most European countries; therefore, the focus would be stronger
to ensure an adequate and efficient application of these fundamentals to achieve better
performance in CDW management. This is in addition to seeking further advancement in
the application of offsite construction (D15) and selective demolition techniques (D28).

On the other hand, personal factors including construction skills, experience, and
behaviour towards CDW management are more dominant in Asia (D5, D6, D23), with
China alone covering around 20% of the total number of selected articles for this review.
Enhancing the construction practices of the supply chain (D17, D25), the development of
efficient recycling infrastructures (D8), and improvements in CDW management practices
from basic waste classification, sorting, and quantification [37] to further developments of
waste data management (D7) are also identified as a major concern in Asia.

Low representativity in the articles reviewed was noticeable from the Americas, for
which reason they are analysed together. The most relevant drivers for this continent are
D2, D10, D16, D26, and D27. The only published papers found are from the USA, Columbia,
and Costa Rica. The need for training and education on CDW (D2) aspects is evident in
all previous countries [30-32,40]. However, the papers published in the USA also reflect
on other drivers such as establishing business models and sharing platforms for CWM
practices (D21, D27). These drivers are considered significant to countries that are advanced
in solid waste management like the USA [29].
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Figure 5. Distribution of drivers per continent.

Regarding Oceania, and considering their small continent size, their representativity in
this analysis is substantial. The most relevant drivers that can be identified for this continent
are D1-D5, and D8, although other drivers are present as well but with less frequency of
occurrence. Making a comparison between Europe and Oceania, it can be observed that
they largely follow a similar pattern, with many repeated drivers identified. The notable
exception is the need to establish adequate recycling infrastructure (D8) which has a higher
relevance than in Oceania; other drivers involving LWTs, stakeholders” commitment in
CDW, collaboration platforms, benefits and incentives, and R&D in CDW management
(D3, D5, D21, D22, D24) are at the same level of urgency in both continents. Finally, Africa
has the shortest representation in this analysis, with only 5%. This continent is present
in D1, D2, D3, D5, D6, D9, D11, D15, D18 and D23. The drivers identified are about
adequate policies and regulation, innovation, training, stakeholders’ commitment, and
skills and behaviours.

3.3. Drivers Analysis by Timeframe

Figure 6 demonstrates the nature of the identified drivers in this systematic review
during the past decade, from 2013 to 2022. This figure enables the ease of comparison
between the article survey years for each of the drivers: the warmer colours (i.e., red,
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orange, and yellow) represent articles published from 2013, and the colder colours (i.e.,
green, blue, and black) highlight publications that were published more recently. Thus,
it can be observed that in the last 5 years of this analysis timeframe, an increased focus
has been placed on the majority of drivers, with a larger prevalence in 2021 and 2022
publications. This matches the growing concern with regard to the need for a circular
economy in the construction industry and improved CDW management and recovery
during the past few years.
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Figure 6. Distribution of drivers per year of publication.

Arguably, there have been different published regulations and policies that have
influenced the implementation of a circular economy worldwide in the last decade. This
includes, but is not limited to, the Paris Agreement in 2015 [27]; the amendment of the
European Waste Framework Directive in 2019 [28]; the new European Circular Economy
Action Plan in 2020 [25]; and the zero-waste targets and strategies arising in different
countries. These events have largely contributed to the increased attention to a circular
economy in the construction sector as in other sectors, by bringing new climate change
agreements and goals to the regional and international plane.

Notably, following these policy milestones, three main period intervals can be iden-
tified according to the data in Figure 6. The first interval (2013-2015) involved drivers
focusing on the establishment of strategies, plans, and protocols as a baseline for attaining
a circular economy in construction (D4, D11, D14, D15). The second interval (2016-2019)
required advanced solutions such as the creation of new business models, collaboration
platforms, and waste prediction tools and putting more emphasis on the development of
circular product markets and recycling infrastructure (D8, D10, D14, D20, D21). The final
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interval (2020-2022), however, involved most of the drivers identified in this paper indi-
cating a globalisation of the circular economy concern. Many waste management aspects
are now being considered from a multi-lateral and multi-disciplinary perspective, with
evidence of clear interaction and collaboration between countries of different backgrounds
and development levels [47,60,61,69,72,84]. More concern is placed on aspects such as the
innovation and improvement of existing infrastructure and management procedures, the
development of policies and regulations, collaboration and communication, government
support, etc.

4. Conclusions

A structured review and meta-analysis of drivers were performed to support circular
economy improvements in the construction industry. A total of 55 scientific articles were
selected from all countries corresponding to the period of 2013-2022. The analysis of the
annual publications trend showed a growing interest in this matter, with 27.3% of articles
published in 2021 alone despite any impact the COVID-19 pandemic may have had on the
number of articles published during that year.

Most of the articles reviewed were from Europe (31.0%) and Asia (41.0%), with China,
the UK, and Australia being the most prolific countries. On the other hand, there were
very few articles published on studies in Africa and South America. This suggests many
possibilities for that reason such as a lack of priority of CDW in that continent, or even the
reduced amount of research in general developed in those countries. Many other factors
can have an impact on this, like less urbanised areas, or even the selection criteria for this
study (e.g., this research could be written in other languages). Further analysis would be
needed to understand these factors and the impact they can have in the development of
research around CDW management.

In total, 29 drivers were identified through a frequency analysis of the selected articles
and were classified and grouped according to PESTLE analysis (political, economic, social,
technological, legal, and environmental), discussing similarities and differences between
continents, regions, and countries. The five most repeated drivers were the following:

Dl—adequate formulation and application of government CDW regulations and policies
D2—training and education about CDW management aspects (causes, types, LWTs,
cost savings, environmental impact)

D3—provision of innovative low-waste technologies (LWTs)

D4—adequate formulation and application of CDW protocols, programmes, and strategies
D5—commitment of client and contractor by allocating time and money for CDW
management

Different drivers could be recognised as associated with the CDW management prac-
tices of some countries and regions and also associated with different levels of development.
For example, an improvement of awareness, behaviours, and skills are more considered
in Asia together with efficient recycling infrastructures, whereas in Europe there are more
considerations about the improvement of political strategies and legal aspects, management
procedures, and pressure from environmental organisations. An evolution of the circular
economy in construction was distinguished in the period of 2013-2022: initial steps identi-
fying inadequacies, needs, and potential solutions, demanding more guidance and tools for
CDW management (2013-2015); the requirement of specialism, the creation of new business
models, and the consideration of the full supply chain (2016-2019); and the globalisation of
the circular economy concern, involving a multi-lateral and interdisciplinary perspective
(2020-2022).

It is evident of the need to move forward towards a more circular and sustainable
production system. The construction industry’s contribution is paramount to achieving
zero-waste targets by 2050. A more regulated, (digitally) connected, collaborative, and
skilled sector is demanded, considering the full supply chain in the whole life cycle of
construction projects and the waste value chain, which seem to be the steps that will be
able to transform the construction industry towards a circular system.
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A limitation of this systematic review was the exclusion of papers not written in
English. This language restriction might have led to the omission of some relevant research
conducted in non-English-speaking regions. Additionally, the review was limited to studies
published between 2013 and 2022. While this timeframe captures recent developments, as
this past decade has seen increased attention to the circular economy in construction (as
discussed in the Section 1), it might have excluded important earlier research; therefore,
future research could extend the timeframe of the review. Furthermore, the process of
reading, analysing, and abstracting data from the selected papers, despite following a
systematic approach, inherently involves some degree of subjective interpretation.
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