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Abstract: This study provides a comprehensive view of the research field of construction and
demolition waste (CDW) management in the circular economy based on a literature review. The
increased intensity of interest is due to the need to create frameworks, mechanisms, and tools for the
process of mind-shifting towards circularity. Research topics, researched life cycle stages, strategies
for CDW management, sustainability assessment, building stock quantification, assessment tools
and forecast methods, materials with CDW content, waste treatment solutions, and the barriers
and drivers for efficient waste management in the construction industry are identified as the main
concerns in the analyzed research field. The results show that a major concern in the academic
field directs research to the path of innovative strategy elaboration, identifying the enablers and
barriers in CDW management, computational tool creation for design and assessment, building
stock modeling, and circular building material development. The environmental approach prevails,
leaving economic and social assessments in CDW management uncovered. Although stakeholders’
involvement is stressed in most cases, strategies for awareness-raising and education for a sustainable
circular activity in the field are lacking. The circularity of CDW management being a multifaceted
and multi-disciplinary complex challenge, it is approached on different levels. This study introduces
the novelty of structuring the trends of existing knowledge in a holistic view, identifying the research
directions, dimensions, specific aspects, and instruments.

Keywords: circular economy; construction and demolition waste; recycling; recycled materials; sustainability

1. Introduction

Significant global challenges such as depletion of natural resources, pollution, climate
change, and the loss of biodiversity due to intensive raw material extraction, population
explosion, and rapid urbanization have heightened the urgency for a transition towards
more sustainable societies [1,2]. The accelerated economic growth and rise in consumption
patterns have led to a scarcity of resources and an unmanageable accumulation of waste,
posing threats to human health and the environment. Recent instances like the COVID-19
pandemic, the Suez Canal crisis, and the war in Ukraine have underscored the drawbacks
of our excessive reliance on primary natural resources.

The construction sector is the principal consumer of resources and generator of waste in
Europe, making a substantial impact on the economy, local employment, and the standard
of living. It uses large quantities of resources and is accountable for about half of all
extracted material. The sector contributes about 9% to the EU’s GDP, and more than 35% of
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the total waste generation in the EU is attributed to this sector. The processes of extracting
materials, producing construction materials, and building and renovating structures are
estimated to contribute to 5-12% of the total national emissions [3]. The principal element of
total waste production in contemporary society is waste from construction and demolition
(CDW). The three most prominent economies, China, the United States, and the European
Union, are also the leading producers of CDW [4].

CD materials comprise concrete, stone, brick, gypsum, glass, various metals, wood,
asphalt, plastic, asbestos, gravel, and dug-up soil. Approximately 90% of the CDW volume
in the EU is concrete waste [5]. The construction sector produces the largest and heaviest
waste streams [6] and accounts for 25-30% of the total global waste [5]. Thus, the con-
struction sector presents an enormous opportunity to reduce climate change impacts and
enhance material efficiency through a shift towards a circular model.

The traditional linear economy model based on the concept of ‘take-make-use-dispose’
must be replaced with an innovative framework that preserves the value of natural re-
sources within a closed loop. The circular economy (CE) offers a promising alternative
by turning waste into resources and uncoupling economic growth from finite resource
consumption. The concept of a circular economy is characterized as an industrial system
that is intended to be restorative or regenerative, eliminating the ‘end-of-life” concept and
toxic chemical use, and striving for waste elimination through improved material, product,
and system designs [7,8]. This system operates at various levels, from the micro (products,
companies, and consumers) to the macro (cities, regions, and nations), with the goal of
achieving sustainable development while maintaining environmental quality, economic
prosperity, and social equity for current and future generations.

Initially, CE used the 3R strategy (reduce, reuse, recycle), but recent shifts have empha-
sized the 10R strategy (RO-refuse, R1-rethink, R2-reduce, R3 reuse, R4-repair, R5-refurbish,
Ré6-remanufacture, R7-repurpose, R8-recycle, R9-recover, and R10-regenerate), prioritizing
strategies based on their level of circularity [9,10]. The waste management hierarchy indi-
cates a preference list of actions to manage waste in accordance with CE concepts [4,11,12].
The Waste Framework Directive 2008/98/EC (WFD) played a crucial role in modern waste
management by prioritizing prevention and setting a minimum target for EU member states
of achieving 70% by weight by 2020 for the purposes of reuse, recycling, and backfilling.

The text could be restated as follows: The European Commission suggested guide-
lines for the enhancement of waste identification, source separation, collection, logistics,
processing, and quality management as a part of The Construction and Demolition Waste
Protocol in 2018. The European Green Deal framework aspires to position Europe as the
premier continent to achieve climate neutrality. The EU Action Plan’s objective of achieving
zero pollution for air, water, and soil identifies the CDW stream as crucial for executing
circularity, while the Renovation Wave initiative is geared towards doubling renovation
rates in the upcoming decade to boost energy and resource efficiency [13]. The increasing
awareness and financial support from various funding agencies have prompted the devel-
opment of innovative management strategies such as the VEEP, InnoWEE, RE4, HISER,
IRCOW, and C2CA projects to support the transition to a circular economy:.

Implementing CE principles in the construction sector entails preserving the maximum
value of building components and resources for an extended duration through continuous
use, reutilization, mending, and recycling. Essential tactics for advancing the industry’s
shift towards a circular economy involve the use of sustainable and long-lasting materials,
embracing designs intended for disassembly, employing modular and prefabricated com-
ponents, and devising recovery plans [1]. Achieving circularity in managing CDW calls
for a collaborative effort from public authorities, academia, stakeholders, and society, as
well as a shift in thinking from linear to circular. This study aims to contribute to the body
of knowledge by offering a structured holistic view of the findings, referring to research
trends, development directions, pivotal interest points, reference frames, and the evolution
and improvement of instruments and circular construction materials up until 2021. As a
multi-disciplinary emerging field, CDW management and its research have a large variety
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of perspectives, focusing on very specifically delineated technical aspects, universally
manageable visions, and integrated strategies and solutions. Specific to CDW sustainable
management is also the necessity to create clear-cut, locally applicable circular projects
based on national and international directives and regulations, raising the complexity of
the circular transition challenge. Although reviews in this field have intensified recently,
most of them approach specific aspects of CDW management. This study structures and
integrates in a comprehensive manner the existing major concerns, their approaches, and
assessment methods, highlighting the directive lines of the existing academic research of
the CDW.

Efficient handling of CDW is crucial in concurrently striving for environmental sustain-
ability, economic progress, and social fairness, not only for the present but also for future
generations. As a field in development, it focuses on standardizing innovative procedures
while adapting to specific local and contextual conditions. The objective of this study
is to offer an in-depth perspective on the domain of construction and demolition waste
management within the context of a circular economy by conducting a thorough review of
the literature. It explores the main research topics and approaches, creating a framework
that captures the state of the art in relation to strategies, methods, assessment tools, circular
materials, and the drivers and barriers to implementing circularity principles. Thus, the
key objectives are to analyze the research field’s context, identify focal points of interest,
and characterize the current leading-edge developments in the field of construction and
demolition waste management research, considered within the framework of the circular
economy, for a comprehensive method.

2. Materials and Methods

In order to deeply understand the transition from a linear to a circular economy in
handling construction and demolition waste and achieve the set objectives, an extensive
literature review was carried out. As a starting point (refer to Figure 1), the terms “circular
economy” and “construction and demolition waste management” were used to explore the
Web of Science’s electronic database for relevant literature. The Boolean operator “AND”
was applied in the “topic” field to study how the pressing issue of waste management in
the construction industry is being tackled from the comparatively new perspective of the
circular economy. This initial search yielded 316 documents. We fine-tuned the search by
only including open-access publications and restricting it to peer-reviewed articles. Most of
the retrieved publications were in English, with only one being excluded based on language.
The search was limited to documents published up until 2021, inclusive. Once articles
published in 2022 were excluded, 72 articles remained for a thorough review and analysis.

After the systematic literature review, to present a more comprehensive understanding
of the need for a shift towards integrating circularity at the heart of CDW management,
the gathered information was organized based on the necessary parameters of a context
and content analysis. The context analysis covered temporal, spatial, and source-related
examinations to illustrate the escalating interest in the research field of CDW management.
The content analysis was structured around variables linked to research topics and explored
life cycle stages, strategies for CDW management, sustainability assessment, quantification
of building stock, assessment tools and forecasting methods, materials containing CDW,
waste treatment solutions, and the recognized obstacles and resolutions for efficient waste
management in the construction sector transitioning to a circular economy.
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Figure 1. Methodology.

3. Results
3.1. Context Analysis

By linking the concept of CE to CDW management, the selected articles reveal a
complex view of the evolution of the transition phenomenon. The context in which the
academic studies were published describes the way in which the scientific community
approaches the topic, disseminates relevant information and findings, and suggests further
research directions. The context analysis was performed on the temporal, spatial, and data
source criteria.

As shown in Figure 2, there’s been a rising interest in recent years in CDW management
within the framework of the CE, as evidenced by the increasing number of articles published
on the topic, particularly from 2018 onward. There could be several reasons for this trend.
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It is worth noting the specific waste regulations that have been implemented in recent
years at the global, European, national, and, in many cases, even local or corporate levels.
Simultaneously, waste management is becoming an increasingly complex issue, despite the
innovative solutions presented by circular strategies.

Annual apearances of articles
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0.4

R?=0.8577 L
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Figure 2. Annual appearances of articles.

The predominance of primary data from research articles (Figure 3) suggests that
this multidimensional and interdisciplinary research field is in its early stages, with a
crucial need to provide practical and persuasive solutions for construction efficiency and
sustainability in the built environment. Advancements in technologies that offer data,
impact assessment methodologies, and quantification tools, as well as the development of
materials containing recycled CDW, could enhance resource efficiency and the effectiveness
of waste management strategies.
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Article type
~conference proportion in the

10.00% report analyzed periOd
5.00% /
\

15.00% -

0.00%

2016 2017 2018 2019 2020 2021

Figure 3. Reviewed articles by type number of the document or the authors h-index.

Following the time-based and source analysis (Figure 4), a mapping process was
conducted to pinpoint the system level at which the research in the sample articles was
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carried out. Additionally, an overview of the countries most active in researching CDW
management in the context of the CE was developed.
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Figure 4. Number of articles in scientific journals.
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As depicted in Figure 5, excluding research articles that are agnostic to specific ge-
ographic or administrative regions, the majority of studies, over 30%, are focused at the
national system level. This is followed by studies conducted at regional and then European
levels. The definition of regional system level includes areas within national borders, such
as the Campania Region in Italy [14], Baden-Wuttemberg in Germany [15], or Flanders in
Belgium [16], but also extends to research across transnational geographical zones, like the
Mediterranean area, which includes parts of Italy, France, and Spain [17], or the western
Balkans [18].

Comparative study  City level 0 Regional level

v

Number )

of Theoretic framework/
sample Technical assessment
studies

a a European level @ National level

Project level
Figure 5. System level approach of CDW management in the circular economy.

Research conducted at the city level often centers around urban mining, a strategy
that is seen as key to the transition to a circular economy [12,19]. Urban mining is the
process of reclaiming materials and parts from discarded buildings, infrastructure, or
waste, considering the built environment as a unified system functioning as a storage
for materials. It perceives waste (irrespective of its origin) as an intermediary stage to
produce new materials [12,19-21]. Although the concept “urban mining” doesn’t have a
definitive explanation, it is commonly understood as the procedure of retrieving materials
from artificial sources and could include elements such as energy reclamation and product
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design [21]. Gassner et al. suggest that recycling of construction materials should be
addressed at a local level due to their relatively low value and high mass, which limit their
economic and environmental transport distances [22].

In terms of country-based activity (Figure 6), it is evident that researchers from all
around the globe are interested in practices for managing CDW within the context of the CE.
The Netherlands leads the pack, followed closely by Belgium and Germany. The level of
interest expressed within or for a specific geographical region indicates existing conditions
that favor sustainable solutions, either due to a lack of resources or as a result of potential
future benefits being explored.

Data collection for research activities

research intensity

I 13.04%

2.17%

6.52% 2.17% 2.17%

2.17%

4.35%

Figure 6. Countries where the case studies and research were conducted.

3.2. Content Analysis

Research topics

As awareness around sustainability increases and concerns regarding the economic,
social, and environmental consequences of CDW generation intensify, attention is shifting
towards repurposing waste into valuable resources. To achieve this, the primary aim is
to embed circular strategies within CDW management practices, necessitating a multi-
faceted and interdisciplinary approach that bolsters the decision-making process [23,24].
Research directions are diverse and include a range of assessment methodologies, subjects,
geographical regions, and management levels, examined either broadly or in specific
combinations. The primary themes identified from the reviewed articles are illustrated in
Table 1.

Table 1. Main topics in the research field of CDW management in the CE.

Topics References
Development of circular building materials [25-31]
Building material stock modeling [5,21,32-36]
Computational tools for design and assessment [37-43]

Strategies, enablers, and interventions for achieving sustainability in

CDW management [44-49]

It is possible to minimize and manage the production of CDW at every stage: pre-
construction, construction, building renovation, waste collection and distribution (the end-



Recycling 2023, 8, 69

8 of 24

of-life stage), as well as material recovery and manufacturing, more effectively. Recycling
is often the main topic of CDW management, with recovery and reuse gaining momentum
as frameworks for the implementation of various recycling and recovery procedures are
developed and backed by case studies. Concepts such as design for deconstruction [2,37],
urban mining [12,21,47], selective demolition [6,44], adaptive reuse [50,51], reverse logis-
tics [6,36,52], and closed-loop systems are increasingly being explored. Generally, research
tends to focus on the analysis of CDW generation, CDW treatment methods, enhancing the
technical properties of products with recycled material content, and the human aspect of
CDW management.

CDW consists of waste produced throughout all phases of a building’s life cycle,
leading to significant environmental consequences. Certain scholars also incorporate waste
management from transport infrastructure into their investigations, acknowledging its
capacity for utilizing recycled construction materials and its essential function in promoting
a more circular method in the industry. As for research that deals with the management
of CDW in the built environment from a life cycle viewpoint, full life cycle analyses are
frequently employed, as illustrated in Figure 7.

Buildings life cycle stages in CDW

management
infrastructure
30
25
20
. . 15 . .
built environment 10 5 built environment
whole cifecycle 21 design
5
12
built environment end- built environment
of-life 30 construction - materials

== Re search focus regarding building life-cycle stage analysis

Figure 7. Buildings life cycle stages in CDW management research according to the number of
occurrences in the analyzed sample.

A large number of academic papers concentrate on the cradle-to-grave strategy for
CDW management, investigating every phase of a structure’s lifespan. Adopting this
viewpoint can benefit all stakeholders and society at large, as it provides a blueprint
for deconstruction or demolition with an extended lifespan for recycled materials in the
design phase. It also enables planning for construction and maintenance that minimizes
resource consumption, ensuring the preservation of the value and quality of materials
during operation.

Most of the research is concentrated on the end-of-life strategy, primarily because
most construction components are not designed with deconstruction in mind. In order to
prevent the growing accumulation of CDW, it is crucial to discover strategies, technologies,
and regulations and gain stakeholder support to manage the reduction, reuse, recovery,
and recycling of waste in a sustainable manner.

CDW Management Strategies and Treatment Solutions
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The primary objective of CDW management strategies within the Circular Economy
(CE) is to divert CDW from landfills, thus preserving the inherent value of materials
and products, keeping them within a closed loop, and transforming waste into valuable
resources. These strategies are based on the waste hierarchy endorsed by the Waste Frame-
work Directive and follow the 3R, 4R, 6R, or 9R strategies in line with a whole life cycle
approach. CE and waste hierarchy advocate for waste management through reimagining,
reengineering, and repurposing to amplify resource efficiency and mitigate waste produc-
tion and its detrimental consequences. The subtle discrepancy is that the waste hierarchy
still allows for disposal, while the circular economy model does not [53]. According to
the waste hierarchy, the least preferable method of waste treatment is disposal, commonly
through landfilling in the construction and demolition sectors. This is followed by the
recovery phase, which manages residues through burning and, occasionally, backfilling.
The best CDW management strategy is prevention, followed by waste reduction, reuse, and
recycling. An efficient CDW management strategy must prioritize according to the waste
hierarchy, the building’s life cycle stage, and available economic, regulatory, technical, and
educational tools. The CE framework consists of four key elements: 1. sustainable business
model innovation, 2. closed-loop systems, 3. product-service system, and 4. innovative
sustainable business models aim to significantly diminish the adverse environmental effects
of construction waste. The focus of closed-loop systems is on resource preservation during
product design and creation, whereas product-service systems tend towards providing a
service rather than products as their primary business strategy [54].

The waste hierarchy’s five layers merely provide general guidelines for CDW manage-
ment. Strategy development and policy formulation must consider the specific situation to
which they apply, guiding increased circularity in CDW management in the future.

The first strategy to avoid waste generation and preserve natural raw materials is
prevention. This strategy primarily refers to the pre-use phase of buildings, i.e., the design,
construction, and production stages. From the 9R strategy, it involves refusing, rethinking,
and reducing potential waste generation. Minimizing construction waste during the design
stage and construction operation could be a more cost-effective approach compared to
remedial actions. For the design stage, the main methods and tools developed and analyzed
in the sample articles refer to design out waste, design for disassembly or deconstruction,
pre-cast construction, and modular construction design. In terms of operations before
construction begins, scholars highlight the importance of a site waste management plan.
This involves identifying waste streams and establishing tools for monitoring, collection,
and the promotion of appropriate waste management practices, complete with quantifiable
indicators and objectives. Roughly one-third of waste production at a typical construction
site is due to the designers’ failure to incorporate waste prevention methods during the
design phase [55]. Material use reduction is enhanced both by the design of circular
buildings and by the site waste management plan, accompanied by efficient construction
material procurement.

The emphasis of reuse is on prolonging the life of structures and incorporates the
strategies of reusing, repairing, refurbishing, remanufacturing, and repurposing from the
9R methodologies. The best option for CDW management is to reuse the entire building. In
many cases, the first end-of-life (EoL) strategy is demolition, as most of the buildings were
not designed for disassembly. However, selective building deconstruction or adaptive reuse
is an alternative to demolition. Reusing materials encompasses the continual application of
materials in similar construction operations or their incorporation as new components in
alternative processes. Typical uses for repurposed demolition waste materials include land
restoration, road construction, and replacing concrete aggregates [2,50,51,56].

Recycling is the most studied strategy, and it covers the post-use phase of the building
stock, implying the useful application of materials. The objective of recycling is to convert
CDW into new products suitable for reuse in the construction industry or other economic
sectors. By preventing the wasteful disposal of potentially useful materials that would
otherwise be discarded in an environmentally harmful or costly manner, recycling simul-
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taneously reduces the demand for new, unprocessed resources [28]. Recycling involves
the on-site sorting of materials and their reprocessing to convert them into new products.
Down-cycling and up-cycling differentiate between recycled materials with lower or higher
quality or functionality compared to the original product. The expenses associated with
handling and recycling construction and demolition waste (CDW) for the secondary pro-
duction of value-added items can be substantial, given steps like material screening and
reprocessing. This places a significant financial burden on companies specializing in CDW
treatment, pressuring them to generate profit [48]. The most recycled material in the con-
struction and demolition sectors is concrete for concrete recycled aggregates. The revised
WED introduced the end-of-waste (EoW) criteria to promote recycling and transform waste
into valuable resources. EoW criteria fix a set of conditions that, when fulfilled, make waste
cease to be waste and can be regarded as a freely marketable material. After a recovery
process, if waste has a useful purpose and there is demand for it, complies with the specific
technical requirements and standards applicable for similar raw materials, and does not
impose risks on human health or the environment, it can be considered that it has reached
EoW status. The main objectives of the EOW criteria are to remove bureaucratic burdens,
encourage recycling, promote the quality of recycled materials, and develop secondary
material markets.

CDW management has a complex task for which the mentioned strategies and meth-
ods must be applied contextually and in combination to create a circular use of materials
and support the goal of sustainability. To achieve this, efforts need to be made to develop
the entire value chain: firstly, reusing or recycling resources in such a manner that most of
the material value is conserved and recovered at the end of the building’s life; and secondly,
designing components and using various construction methods for reuse [57].

In creating a strategy for efficient waste management in the construction and demo-
lition sectors, other aspects need to be considered, such as transport, regulations, issues
about the quality of recycled material, disposal costs, innovative recycling technologies,
or economic incentives [58]. All these aspects need to be created in such a way that they
support each other and enhance circularity and sustainability. The key to an effective waste
management system is the involvement of stakeholders at all levels and phases of the
process of creating a sustainable development strategy. The importance of stakeholder
involvement and behavioral patterns to identify suitable solutions for identified barriers in
the implementation of circularity principles in CDW management has been analyzed and
stated by the authors in the reviewed sample.

Table 2 presents the involvement of stakeholders in research to provide efficient solutions.

Table 2. Studies based on stakeholders’ involvement.

Method for Stakeholder Involvement in

Delivering Solutions Nr. of Occurrence References
interview and questionnaire 2 [48,59]
group and questionnaire 1 [54]
interview and workshop 1 [44]
expert consultation in framework design 1 [60]
mentioning as an enabler for CDW 6 [14,16,55,61-65]

management improvement

Sustainability assessment

In order to meet the goals of the circular economy, the effectiveness of construction
and demolition waste (CDW) management strategies must be evaluated. The significance
of sustainability in current and future endeavors, guided by principles of design-led
circularity—the eradication of waste and pollution, the sustained circulation of products
and materials, and the regeneration of natural systems—cannot be overstated. Many
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studies have explored the impacts of CDW management, often utilizing the life cycle
assessment (LCA) methodology, which is established by the ISO 14040 standard.

The LCA approach is designed to assess the economic, social, and environmental
impacts of a product, service, or activity. It involves four stages: setting the goal and
scope, conducting a life cycle inventory (LCI), executing a life cycle impact assessment
(LCIA), and interpreting the results. Underpinning LCA is a cradle-to-grave framework,
encompassing the entire lifecycle of a product—from the extraction of raw materials
through its production and use to its final disposal at the end of its lifespan. The LCA
method provides a valuable resource for gauging the environmental influence of a product,
not just during its production phase but throughout its entire life cycle. In the context of
CDW management, LCA allows for a comparative evaluation between recycled and virgin
materials, thereby substantiating its environmental sustainability.

In the literature review, most LCA studies contrasted the environmental impact of
natural aggregates with recycled aggregates. However, some studies also evaluated the
effect of waste management strategies in different scenarios. For example, [14] performed an
LCA for three scenarios in Italy’s Campania Region, assessing economic and environmental
impacts as well as land use impacts for the landfilling case, the status quo case, and the
best-case scenario, where advanced selective demolition and treatment techniques were
implemented. The LCA studies with impact categories and the goal and scope definitions
are illustrated in Table 3.

Table 3. Studies based on LCA.

Goal and Scope Reference
Assessing the energy conservation achieved by executing recycling scenarios for the various segments of

non-hazardous construction and demolition waste (C&DW) generated in the Metropolitan City of Naples in the [27]
year 2017

Analyzing the life cycle assessment (LCA) of concrete mixtures with recycled aggregates and Portland cement [30]

(PC) versus ground granulated blast furnace slag (GGBFS)-based mixtures

Evaluating the sustainability of a novel noise barrier manufactured from porous concrete made from seashell
waste (PCSW) in comparison to a traditional noise barrier constructed from concrete produced with natural [66]
aggregates from a quarry (PCNA)

Investigating the environmental consequences of circularity-focused buildings (timber-based) and comparing

these with those of conventionally built structures (concrete-based) of similar shapes and sizes [20]
Assessment of the environmental impacts of the nine asphalt road pavement mixtures (binder course: HM Ay, ger,
HMAypindercow, HMApindergow, HMApinderra and base layer: HM Ay a5, HMApasejaw, HMApasera, CMRARAP, [26]
CMRARapjcw) during their life cycles

Performing a comparative footprint analysis to measure the climate and resource footprints of recycled concrete [25]
(RC)-concrete versus business as usual (BAU)-concrete

Investigating the impact of substituting natural aggregates (NA) with recycled concrete aggregates (RCA) from [67]
precast concrete block waste to manufacture precast concrete building blocks

Analyzing the life cycle of gypsum plasterboard consumed in the EU-27 in 2013 and using scenario-based

modeling to assess the greenhouse gas emissions and primary energy implications of varying levels of [68]
plasterboard recycling in the EU-27

Calculating and evaluating the environmental impacts of manufacturing, using, and disposing of pallets made [69]
from different materials such as wood, plastic, and wood-plastic composite

Comparing the environmental and economic impacts of natural aggregates (NAs) and recycled aggregates (RAs) [70]
Evaluating the sustainability of three scenarios: 1. A linear economy scenario highlighting the benefits of avoiding

landfilling; 2. A status quo scenario; 3. A best practice scenario based on the systematic application of selective [14]

demolition and increased production of high-quality recycled aggregates (RAs)

Quantification tools and forecast methods

To assess the efficiency of CDW management, a framework incorporating meth-
ods, tools, and instruments is required, which can underscore the progression of efforts.
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Decision-making about recycling, material reuse, or recovery gets obstructed and can result
in errors due to the imprecise quantification of CDW. The unavailability of precise data on
building materials and components is a global issue.

The majority of studies use calculation methods like the “waste index” and the material
flow analysis (MFA), which are based on data gathered from registries and field research.
MEFA is a method extensively utilized in CDW management for building stock and flow
accounting. This is based on the principle of mass conservation, which asserts that the
sum of material inputs always equals the sum of material outputs plus the material stored
within a system, defined within a specific spatial and temporal context [21]. The bottom-up
MFA approach uses the material intensity coefficient (MIC) [67]. The building inventory is
segmented into distinct material sections according to their application, and the volume
of materials in these sections is determined by multiplying the physical parameters of
the specific section size by the material intensity per capita (MIC). However, as MIC data
is typically site-specific and not easily accessible, researchers must infer this data from a
variety of sources, such as site surveys, architectural data, construction norms, blueprints,
cadastral maps, energy requirements, or corporate data. This results in a procedure that is
both laborious and time-consuming [21]. Data availability plays a crucial role in reducing
uncertainties and preventing inaccurate stock estimations.

The analysis of building stock and flow delivers critical quantitative information for
predicting future CDW generation and modeling estimated stock and flows for scenario-
based circular waste management. MFA is an essential model for formulating circular
economy strategies and provides an ideal tool for a thorough assessment of material flows
and inventories, as well as their potential for recovering value from waste [33]. Table 4
illustrates the usage of MFA in the reviewed literature.

Table 4. Quantification of building material stock and MFA.

Quantification of Building Material Stock and MFA References
MFA performed [22,34-36,43,47,60]
MFA—literature review [21]

New assessment models have been developed using MFA and geographic informa-
tion systems (GIS). The combination of MFA with GIS has evolved into a potent tool for
analyzing and interpreting material building stocks and CDW flows to create circular
strategies [33].

The quantification models using GIS are presented in Table 5.

Table 5. Quantification models with integrated GIS.

Quantification Models with Integrated GIS Reference

StAR model (an analysis tool for strategic decision-making in CDW
management using MFA and GIS)

ABM (agent based modeling integrating GIS) [39]
BTFlux model (using data mining, BIM, MFA and GIS) [33]

The creation of a sustainable and circular scenario needs dependable and error-free
data, which can be fulfilled through digital models of buildings. Building information mod-
eling (BIM) allows for the creation of a 3D digital model of a structure, encapsulating both
geometric and non-geometric properties of all components. BIM facilitates the automatic
acquisition of the total volume of materials, their attributes, and the dimensions of the
object. BIM is a smart, object-oriented model where any quantitative or qualitative change
to an object is reflected throughout the model’s views and sections [71].

Building information can be efficiently exchanged and conveyed via a unified platform
across the lifespan of a project. This makes it well-suited for design synchronization,
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material quantity evaluation, 4D planning, and cost projection, all of which are crucial
for CDW management. Through accurate forecasting of waste output, the order of waste
creation, and disposal expenses, BIM can assist in making informed decisions regarding
CDW management planning [2].

The BIM method fosters a collaborative environment in construction by using a digital
representation of the building. It amplifies circularity in the CD sector by aiding decision-
making in waste reduction and prevention through BIM-based deconstruction frameworks,
BIM-assisted waste management, material and component banks, BIM-based LCA, and
BIM-based DfD, as well as through visualization and simulation of waste performances and
waste management reporting [54]. Table 6 presents the BIM literature and the development
of BIM tools found in the review sample.

Table 6. BIM tools.

BIM Tools Reference
Material and Component Bank [37]
A-WAS (ANFIS based waste analytics) [38]
Quantification model based on European Waste List for 3 BIM platforms [40]
BIM based Whole Life Performance Estimator [41]
D-DAS (Deconstruction and Disassembly Analytics Systems) [42]
BIM modeling for visualization of climate and resource footprint result [25]
Benefits and challenges for BIM in Australia—descriptive analysis [2]

Recycled materials

Waste from construction can be sorted either by its source or its characteristics. When
sorting by characteristics, researchers have divided waste into physical waste (remaining
debris) and non-physical waste (cost and time overruns). As for the source, the waste
could be anthropogenic (public construction and maintenance work, building construction,
renovation, and demolition) or natural (earthquakes, floods, hurricanes, and tsunamis).

Concerning materials, academic research often focuses on the recycling of concrete and
enhancing the mechanical properties of recycled concrete aggregates for use in mixtures of
cement, mortar, and recycled concrete. Every component of construction and demolition
waste (CDW)—from concrete [10,46,55], bricks [34,72], tiles, timber [73], glass, gypsum,
asbestos [74,75], plastic, and cardboard [68]—is the subject of numerous studies. There’s
also interest in exploring the potential for recovery and recycling of materials like wood [76],
bricks, and insulation [44,77], and the use of mineral waste fractions for water filtration [78].

Concrete forms the largest fraction of CDW, ranging from 32% to 75% depending on
the source [79]. It constitutes 40 to 80% of total on-site waste. New buildings can generate
18 to 33 kg of waste concrete per m? of built area when utilizing concrete structures.
Residential building demolition can result in up to 840 kg of waste concrete per square
meter demolished. Concrete is widely used globally, making it the most popular building
material, excluding excavated materials [25,55].

In The European List of Waste, concrete waste falls under code 17 01 01. As per the waste
hierarchy, end-of-life (EoL) concrete treatment levels are ranked [47]:

Preventing EoL concrete;

Reusing concrete components;

Recycling waste into aggregates for use in concrete production;
Recycling waste into aggregates for road construction or backfilling;
Landfilling.

Despite landfilling being the least preferable waste treatment method, a significant
fraction of concrete ends up in landfills. Repurposed concrete aggregates (RCA) are applica-
ble for uses such as filling in road sub-bases, in hydraulically or bitumen-bound formations,
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rigid pavement construction, and as a component in concrete manufacturing [25,55,80].
The most common recycling process is crushing CDW to create secondary aggregates
based on required mechanical properties and strict standards (like EN 12,620 aggregates
for concrete or EN 13,242—aggregates for unbound and hydraulically bound materials for
civil engineering work and roads).

For inert waste containing concrete, recycling CDW into RCA to produce recycled
concrete (RC) is a key strategy for reducing the environmental impact of the construction
and demolition sectors. While RCA is of high quality, its cost and purity requirements can
limit the feasibility of recycling. RCA, usually derived from pulverized pre-used concrete
structures, is required to adhere to particular quality criteria. They should be devoid of
impurities such as sulphates (originating from plaster), clays (coming from bricks or tiles),
or an overabundance of fine materials [10,46].

Portland cement, a principal ingredient in concrete and various cement-based materi-
als, is frequently employed. Nevertheless, its manufacture is both energy-demanding and
environmentally detrimental, given the substantial use of natural resources during clinker
production and rotary kiln operation, accounting for around 6-7% of total CO, emissions.

Prior studies [46,80,81] have indicated that compared to natural aggregates (NAs),
recycled aggregates (RAs) tend to have increased porosity, decreased density, reduced
mechanical strength, and lessened durability owing to the presence of sulphates and
chlorides. They also exhibit reduced workability because of their porous nature, contain
a higher percentage of fine particles, absorb more water, and possess a greater friability
coefficient. Several studies [46] have discovered that combining recycled aggregates (RAs)
with other industrial by-products such as fly ash, coal bottom ash, blast slag, silica fume,
plastics, and rubber tires can have advantageous effects in certain situations.

Moroén et al. [81] carried out lab experiments to assess the physical and mechani-
cal characteristics of cement mortars made with recycled concrete aggregate (RCA) and
strengthened with aramid fiber. They tested six mixtures, with results indicating that
the inclusion of aramid fibers in mortars created with RA increased the flexural strength,
albeit not to the level of mortars made with natural aggregate (NA). The experiment also
showed a reduction in capillary water absorption, while the aggregate’s density and surface
hardness remained the same. The research concluded that adding aramid fibers to RA
reduced the adhesion of mortars, increased resistance to freeze-thaw cycles, and lessened
shrinkage of mortars prepared from RA with aramid fibers compared to recycled mortars
without fibers.

Jesus et al. [31] evaluated the decrease in cement content in render mortars with
RCA and recycled mix aggregate at three different ratios. The findings indicated that
mortars with a lower cement ratio and a concurrent incorporation of 20% RCA performed
quite satisfactorily.

Numerous researchers have investigated the environmental impact and potential
energy savings of different mixtures of recycled concrete using the comparative life cycle
assessment (LCA) approach. For example, Colangelo et al. [30] studied the environmental
impact of concrete with recycled aggregates and geopolymer mixtures, concluding that
producing concrete with 25% recycled aggregates was the best environmental choice.

In a 2021 study, Mostert and his colleagues [25] assessed the greenhouse gas emissions
associated with the use of recycled aggregates. They used data from a project in Kornbach,
Germany, and a building information modeling (BIM) application to illustrate their findings.
Their research covered three scenarios related to the life cycle of concrete and examined
four different mixtures of varying strengths and exposure classes. The results suggested
that a mixture with 43% recycled aggregates could yield up to 37% savings in raw material,
though the reductions in climate and water footprints were less significant.

Ghisellini et al. [27] investigated potential energy savings from various waste manage-
ment scenarios in the Metropolitan City of Naples. Using the LCA method, they compared
concrete made with natural aggregates, recycled aggregates, and green aggregates. Their
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study indicated that both recycled and green concrete required significantly less energy
than their conventional alternatives.

In the same year, [14] also studied the socio-economic and environmental impact of
managing construction and demolition waste in Italy’s Campania Region. Their study
suggested the potential for significant carbon savings and job creation with a best practice
scenario, though economic challenges could be a barrier.

Lederer et al.’s [34] study utilized material flow analysis for a case study in Vienna,
demonstrating a potential 32% reduction in the annual consumption of construction miner-
als through waste hierarchy implementation. The study considered various reuse scenarios
involving materials such as concrete, brick, asphalt, and gravel.

Zhang et al. [47] looked at two EU-funded projects, the VEEP and C2CA, to analyze
the recovery of end-of-life concrete and predict the future of construction and demolition
waste management in the Netherlands. The results pointed to a promising increase in
recycling rates from 5% in 2015 to as much as 32% in 2025.

Kioupis et al.’s [72] research investigated the use of waste from construction and
demolition sites, specifically glass and brick, in the production of alkali-activated binders.
Their findings suggest that these binders have properties competitive with conventional
building materials and are compliant with EU regulations.

Ramirez et al. [77] explored the possibility of using recycled fibers from mineral wool
insulation panels in the production of mortars for coating. Their results indicated that these
recycled-fiber mortars showed similar performance to those made with commercial fibers,
suggesting potential applications in external coatings.

Superti et al. [10] examined the entire value chain of insulation materials, identifying
the requirements for recycling thermal insulation materials.

Rose et al. [73] discussed the possibility of using reclaimed timber to make cross-
laminated timber, a process that avoids the downcycling common in conventional timber
recycling. Their testing suggested that secondary timber could be used effectively in
structural applications without significant differences in performance.

Rivero et al. [68] looked at the environmental impact of plasterboard recycling, using
life cycle assessment to examine three potential scenarios. They found that while energy
usage did not vary significantly between the scenarios, there was a noticeable decrease in
greenhouse gas emissions.

Finally, a 2021 study developed by da Silva et al. [82] presented a method for recycling
polyethylene terephthalate waste into soil-cement brick production. Their results showed
that adding up to 30% PET waste to the brick mixture could be a viable option for non-
structural applications.

Barriers and drivers in implementation of CE in CDW management

There is a growing interest in the academic community to identify and tackle hurdles
in applying circular principles to the management of construction and demolition waste.
Enhancing and identifying key processes in CDW management is essential, as it informs
future research and assists stakeholders in crafting effective strategies for resource efficiency
and sustainability.

Purchase et al. [1] analyzed components of the circular economy to integrate into
construction projects. They categorized the primary challenges into six groups: policy and
governance, quality and performance, information, cost/capital, perception and culture,
knowledge, education and lack of technology, and permits and specifications.

Concurrently, another study [48] pointed out logistics as the foremost obstacle to
recycling and reuse, followed by cost and time /health and safety regulations.

Han et al. [2] segmented the barriers to effective CDW management into three cate-
gories: technological, policy-related, and human barriers.

Further, researchers like Charef et al. [63] and Cetin et al. [83], through a literature
review and using the Delphi method, categorized the obstacles under environmental,
economic, sociological, organizational, technical, and political challenges.
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These various classifications of impediments faced in the execution of CDW manage-
ment principles were collected and summarized in Table 7.

Table 7. Barriers in implementation of circularity in CDW management.

Category Barriers

lack of storage space in reverse logistics, adaptive reuse, and deconstruction

. site access limitations
environmental

health and safety risks from contaminated materials

emissions from transport and reconditioning for 3R and prefabrication

underdeveloped market for recycled materials

high or equivalent cost of secondary material compared to primary materials

high purchasing costs for circular materials

. low cost of landfilling
Economic

costs of labor and time-intensive nature of deconstruction and reuse

high upfront investment costs

limited funding for circular projects

Profit-driven decision-making

lack of awareness and demand

cultural resistance of the stakeholders

cultural lack of systemic vision regarding sustainable buildings, revers logistics, DfD

uncertainty regarding quality of recycled materials

lack of awareness about the benefits

lack of information, experience, and skills

lack of partnership networks between stakeholders

operating in a linear system

Organizational
limited top management commitment and support for circularity

lack of time and human resources

poor partnership with the supply chain

high costs for new technology

lack of tools for material recovery

technical
lack of circular design guidelines

lack of an information exchange system

lack of standardization

lack of global consensus about CE

regulatory
limited circular procurement

uncertainty regarding future legislation

The underdeveloped market for secondary materials appears to be a considerable
hindrance in all facets of the subject under scrutiny and is frequently highlighted as a press-
ing need. Concurrently, the call for effective legislative and financial incentives frequently
emerges as a challenge. While these obstacles fall into various categories, their intercon-
nections make it more difficult to address them individually. As a result, a comprehensive
strategy should be developed by considering these barriers collectively [2,35,52].

On the other hand, researchers have identified certain enablers that could significantly
boost initiatives aiming to promote circularity in the construction and demolition (CD)
sector. The effectiveness of any sustainability-enhancing initiative in the building sector
largely depends on technical viability (like durability), legal enforcement (minimum perfor-
mance standards set by laws), and the competence and preparedness of the organizations
involved (in terms of knowledge, skills, infrastructure, and innovation) [84]. The drivers
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identified by the authors of the reviewed studies are illustrated in Table 8, using a similar
categorization approach as used for the barriers.

Table 8. Drivers for implementation of circularity in CDW management.

Category Drivers

scarcity of landfill sites

environmental reduction in use of virgin material

energy and carbon footprint reduction

funding for circular projects

circular business model

. financial incentive to use circular or secondary materials
economic

lower costs for recovery actions

development of secondary material market

increased landfilling costs

social awareness

education, training, workshops

cultural
awareness-raising event and projects

increased awareness of the benefits of the CE in CDW management

commitment and support from the management

high priority on circularity within the organization

collaboration between stakeholders

Organizational - - -
promoting the green image of the companies

integrating CE principles in the design phase

availability of storage space

development of tools and guidelines (collection and separation)

development of enabling technologies

Technical
development of digital marketplace for secondary materials

development of circular procurement system

global agreement on regulations

waste management directives

Regulator
& Y policy support

circular economy legislation

Prioritizing the barriers and drivers should be tailored to the specific application,
considering factors such as national or regional legislation, the degree of circularity incorpo-
rated in construction and demolition waste (CDW) management, the availability of natural
raw materials, and the waste treatment technology integrated into the waste management
system, all of which can vary significantly depending on the local or regional context. The
construction sector tends to be traditional in nature, heavily reliant on standards, and
primarily driven by economic factors. Moreover, the multitude of stakeholders involved in
the CDW value chain contributes to a complex network of responsibilities, characterized
by a range of differing decision-making processes [55].

4. Discussion

The challenge associated with the underdevelopment of a secondary material mar-
ket and quality assurance systems is multifaceted and rooted in both technological and
systemic issues. The secondary material market for CDW has faced apprehensions due to
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concerns over the quality, durability, and performance of recycled materials compared to
their primary counterparts [85-88]. Quality assurance is paramount in addressing these
concerns. An efficient quality assurance system not only validates the quality of recycled
materials but also instills confidence among end-users. From an economic perspective, a
thriving secondary market reduces the dependency on primary raw materials, thus reduc-
ing extraction pressures and associated environmental impacts. There have been successful
precedents in other industries. For instance, the automotive industry has managed to
establish a viable market for recycled metals, plastics, and rubber by investing heavily
in quality assurance mechanisms. Similarly, the electronics industry, through Extended
Producer Responsibility (EPR) frameworks, has made significant strides in reclaiming
precious metals from e-waste. Adopting analogous strategies, tailored to the specifics of
the CDW sector, could accelerate the development and acceptance of secondary materials
in construction [89].

The review of the literature suggests that the circular economy may offer solutions to
contemporary global problems like environmental degradation by fostering a system where
resource consumption is uncoupled from economic growth and social equity is promoted.
To achieve sustainability and circularity goals, the optimization of construction and demoli-
tion waste (CDW) management is crucial. The assessment of academic research on CDW
management helps to identify development trends, key research interests, and the spread
of research influence according to geographical areas, research centers, timeframes, areas of
concern, and methods of performance evaluation. Scholars have focused on creating strate-
gic development frameworks, developing environmentally friendly and circular materials,
and enhancing quantification and assessment methods with advanced computational tools.
The novelty of this study consists of structuring the various researched aspects of CDW
management and identifying the main trends representing interest, methodology, tools,
strategies, and secondary materials related to the CDW.

From the analyses, it is evident that due to thorough studies and increased attention
towards various aspects of CDW management, rapid progress is being made towards
finding practical technical, economical, and environmental solutions. However, the lack
of studies on the harmonization of legislative, technical, and organizational solutions for
their synergistic use to improve CDW management is noticeable. To efficiently implement
these solutions, addressing the specific application context is required, considering legal,
economic, and technical aspects on sectorial and local levels, and defining clear conditions
for expected outcomes and best practices. Active involvement of stakeholders at all stages
of the CDW management strategy is essential to align the realities on the ground with the
chosen management plan’s requirements and to leverage expert consultation.

For instance, the recycling of CDW is influenced by proximity factors, and CO, emis-
sions from transportation should be included in the total environmental impact assessment
of the process. Yet to ensure feasibility, on-site sorting and processing technology is required,
which involves additional financial investments and legislative support.

In the reviewed sample, proposed improvements for CDW management are largely
assessed from an environmental perspective. Few authors have focused on economic
performance assessments, and social impact evaluations are almost non-existent. The
current CDW management operates under the principle of linear thinking in a profit-driven
system. In creating a circular, climate-neutral, and resilient economy, the environmental
focus needs to be embedded in a coherent economic framework. The real-life economic
sphere is a growth- and profit-driven one; thus, innovations for sustainability require not
just value-added, disruptive refitting actions but also economic returns. The premise of
the survival of private-sector companies in the capitalist system is profit generation. The
economic enablers and barriers to implementing a circular strategy in CDW management
stress the need to develop circular business models based on high upfront investment
costs and long-term projection plans and turn-outs in a developing and unstable secondary
material market. In assessing the economic impact of the CDW management strategies,
economic indicators for profitability, stability, autonomy, productivity, and economic inno-
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vation must strengthen the environmental benefits [90]. Cost-effectiveness and a proper
risk management approach are key elements in the development of circularity in the CD
sector, which are achievable with policy support, financial incentives, and governmental
funding. Positive results from economic assessments of circular strategies could shape
the expansion of sustainable enterprises. To separate natural resource consumption from
economic growth, economic assessments and financially feasible strategies using clearly
defined financial levers are needed. The three-pillar structure of the circular economy based
on sustainability regarding environmental, economic, and social transformation requires a
balanced development along these dimensions. The focus on the environmental assessment
must be completed with an economic and social assessment to ensure sustainability. Fund-
ing for the implementation of innovative solutions for waste management and a financially
self-supporting profit-generator business model is a sine qua non of a healthy, stable, and
autonomous sustainable development process in a socially inclusive, human well-being,
and dignity-granting system. Indicators for the economic and social development of the
circular CDW management, assessing profitability, productivity, autonomy, and economic
stability on the one hand and education, employment, working conditions, health con-
ditions, safety, community acceptance, and community engagement on the other, could
represent valuable instruments for future research.

The use of recycled material in new construction is a major concern. Two principal
problems with reintroducing recycled materials into the closed loop are the underdeveloped
state of the secondary material market and the lack of quality certification for secondary
materials. This indicates a clear need for further research in this direction. Innovative strate-
gies adapted to the local context and reinforced by strong government interventions could
accelerate the development of a secondary material market for the CDW. The success of
the CDW management implemented was analyzed by [91] in Shenzhen, China, identifying
the elements contributing to a thriving CDW recycling market: recycled product quality
control is assured by a staged charging program based on the CDW composition collected
by recycling companies. Also, profitability for the recycling companies is bolstered by
tendering strategies constructed around public projects using recycled products. Closing
all landfills constrained all waste generators to engage with recycling companies, further
creating a constant waste inflow for recycling. Investing in research and development in
the CDW industry is a complementary strategy that directly boosts the secondary material
market through governmental subsidy allocation based on counting patents for recycled
products. Although the secondary material market is underdeveloped, examples of success-
ful strategies implemented in the given context are paving the way for progress. With clear
rules when waste becomes a freely tradable material, the EoW criteria introduced in the
WDF in the EU strengthen the development of the secondary material market. Reduction,
reuse, recovery, and recycling in CDW are the primary strategies for maintaining the used
virgin materials in the cycle and extending their lifespan for as long as possible. Landfilling
is not thought to be the next-best solution. Other possibilities exist, barely covered at all
in the analyzed studies, such as using CDW to directly generate energy or as a resource
for alternative solid fuels used in the cement industry. Refuse-derived fuel (RDF) has a
high calorific value and, compared to fossil fuels, has a reduced GHG emission rate, high
energy efficiency, and no residues at the end of the process. In the scientific literature, we
can find research showing that RDF is mostly produced from municipal solid waste and
less from CDW [92-94]. Using CDW to produce RFD is a sustainable case to be explored in
future research.

The main interest in CDW management research, as concluded from the sample
studies, relies on handling non-hazardous CDW in a sustainable manner. But CDW also
comprises hazardous materials, like asbestos, solvent vapors, gases, or fumes, that also
need to be studied in future works as they manifest special characteristics, are unsafe for
human health and the environment, but are still necessary to be incorporated into the
circular economy loop.
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The development of digital tools for design, quantification/assessment activities,
and collaboration platforms is another heavily researched topic. Innovative technologies
and digital tools pave the way for new processes that eliminate human error and reduce
waste in the design phase. These tools can significantly reduce not just CDW but also
time and labor waste, thereby enhancing CDW management efficiency. Although BIM,
MFA, GIS, and LCA are the most studied computational tools for enhancing the circular
economy in CDW management, other digital technologies that are enabling the circular built
environment are worth mentioning: additive/robotic manufacturing, artificial intelligence,
big data and analytics, blockchain technology, digital marketplaces, digital twins, or the
internet of things [95]. Guiding sustainable decision-making and innovative problem-
solving in CDW management, the system thinking framework as a holistic analysis based
on mirroring the complex relation networks of system components offers insights for
creating an integrative methodology by outlining the system’s boundaries and components,
creating visual tools, and detecting connection nodes to elaborate an integrative and
circular approach for CDW management strategy design [96]. Design thinking incorporates
tools and principles of system thinking to focus on system leverage points as an iterative
problem-solving, human-centered, sustainability-oriented framework methodology that
involves stakeholders from different backgrounds [97]. These frameworks are based on
multidisciplinarity, creativity, simplicity, and technological innovation, offering solutions
for complex problems. Assessment tools and methods discussed in the analyzed sample
could produce increased value when incorporated into a holistic system approach by
acting in a synergetic way along with the CDW management system components and
stakeholders’ interests.

Transitioning to a circular economy requires a shift in mindset from linear to circular
thinking. Enhancing stakeholder awareness of the benefits of circularity could influence
decision-making processes. Education is a key factor in progressing towards circular-
ity. Circular strategy development in CDW management requires a multi-disciplinary,
integrated approach, with stakeholders’ involvement being fundamental in this process.
A public-private partnership framed in a relational contract is a successful example of
procurement innovation in CDW management in Suzhou, China, where the interests of
both parties are protected by functional mechanisms backed by a transparent information
sharing platform [98]. Public-private partnership and collaboration among stakeholders
are crucial elements in advancing circularity in the CD sector, as interconnected environ-
mental, economic, social, regulatory, technical, and cultural aspects need to be placed in
a practical, operational, viable, and innovative solution to engender societal benefits for
all. Creating involvement not only presumes enthusiasm and an active role in developing
change towards circularity but also shares responsibility for the outcome. Developing and
reinforcing education are essential when introducing concepts related to the transition to a
circular economy. Raising awareness among stakeholders is a good first step, but to enact a
global mindset shift, non-governmental organizations, consumers, and society as a whole
need to be involved.

5. Conclusions

This investigation scrutinized the scholarly activity pertaining to CDW management
within the framework of a CE through a comprehensive review of the literature. The study
commenced with a contextual analysis aimed at discerning the academic focal points and
the temporal, geographical, and source-based diffusion of concern for CDW management.
It was determined that this subject has seen heightened interest over the last three years,
attracting scholars globally, with substantial research activity centered in European nations
such as the Netherlands, Switzerland, and Germany. The necessity to examine CDW
management’s circularity at a local level was underscored, considering the specific local
circumstances and the transportation restrictions due to the waste’s bulk.

Next, a content analysis was performed to systematize the key elements of research on
circularity in CDW management. The analysis was based on variables like research topics,
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life cycle stages, strategies and CDW treatment methods, sustainability assessments, quan-
tification tools, forecast methods, circular materials, and drivers and barriers to circularity
in CDW management.

Lastly, following a comprehensive evaluation of the current state of CDW manage-
ment, several areas of weakness were identified for future research where alternatives and
solutions are required: limited emphasis on economic impact assessments; a dearth of
studies that consider legal, environmental, economic, technical, and organizational aspects
in an interconnected manner for suggested strategies or processes; an underdeveloped
secondary material market and quality assurance system; and inadequate emphasis on
educational mechanisms and tools for enhancing awareness and knowledge of circularity
in CDW management.

Author Contributions: Conceptualization: I.-E.G., E.-S.L., FL., V.V.C. and S.D.C.; methodology:
I-E.G, E-SL, EL, V.VC. and S.D.C,; validation: E.-S.L., L.I.C. and E.C.R,; investigation: I.-E.G., FL.,
V.V.C. and S.D.C,; resources: E.-S.L.; writing—original draft preparation: I.-E.G., E-S.L., FL., V.V.C.
and S.D.C.; writing—review and editing: E.-S.L., L.I1.C. and E.C.R,; supervision: E.-S.L., L1.C. and
E.C.R; project administration, E.-S.L.; funding acquisition, E.-S.L. All authors have read and agreed
to the published version of the manuscript.

Funding: This research was funded by the Institute for research in circular economy and environment
“Ernest Lupan”, project number CI034/11.02.2022-“Study on the implementation of circular economy
in the construction sector: an analysis based on secondary data”.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

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

References

1.

10.

11.

12.

13.

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

Han, D.; Kalantari, M.; Rajabifard, A. Building InformationModeling (BIM) for Construction and Demolition Waste Management
in Australia: A Research Agenda. Sustainability 2021, 13, 12983. [CrossRef]

European Commission. 2022. Available online: https://single-market-economy.ec.europa.eu/industry/sustainability /buildings-
and-construction_en (accessed on 30 August 2023).

Zhang, C.; Hu, M,; Di Maio, F; Sprecher, B.; Yang, X.; Tukker, A. An overview of the waste hierarchy framework for analyzing the
circularity in construction and demolition waste management in Europe. Sci. Total Environ. 2021, 803, 149892. [CrossRef]
Bogoviku, L.; Waldmann, D. Modelling of mineral construction and demolition waste dynamics through a combination of
geospatial and image analysis. J. Environ. Manag. 2021, 282, 111879. [CrossRef]

Van den Berg, M.; Voordijk, H.; Adriaanse, A. Recovering building elements for reuse (or not)—Ethnographic insights into
selective demolition practices. J. Clean. Prod. 2020, 256, 120332. [CrossRef]

Foundation Ellen MacArthur. Towards the Circular Economy: Economic and Business Rationale for an Accelerated Transition.
2012. Available online: https:/ /emf.thirdlight.com/link/x8ay372a3r11-k6775n/@/ preview /1?0 (accessed on 28 May 2022).
Kirchherr, ].; Reike, D.; Hekkert, M. Conceptualizing the circular economy: An analysis of 114 definitions. Resour. Conserv. Recycl.
2017, 127,221-232. [CrossRef]

Lakatos, E.S.; Yong, G.; Szilagyi, A.; Clinci, D.S.; Georgescu, L.; Iticescu, C.; Cioca, L.I. Conceptualizing core aspects on circular
economy in cities. Sustainability 2021, 13, 7549. [CrossRef]

Superti, V.; Houmani, C.; Hansmann, R.; Baur, I.; Binder, C.R. Strategies for a Circular Economy in the Construction and
Demolition Sector: Identifying the Factors Affecting the Recommendation of Recycled Concrete. Sustainability 2021, 13, 4113.
[CrossRef]

Rada, E.C.; Tolkou, A.; Katsoyiannis, I.; Magaril, E.; Kiselev, A.; Conti, F; Schiavon, M.; Torretta, V. Evaluating global municipal
solid waste management efficiency from a circular economy point of view. WIT Transact. Ecol. Environ. 2021, 253, 207-218.
[CrossRef]

Ragazzi, M.; Fedrizzi, S.; Rada, E.C.; Ionescu, G.; Ciudin, R.; Cioca, L.I. Experiencing Urban Mining in an Italian Municipality
towards a Circular Economy vision. Energ. Proced. 2017, 119, 192-200. [CrossRef]

European Commission. 2022. Available online: https://ec.europa.eu/growth/sectors/construction_en (accessed on 16
June 2022).


https://doi.org/10.3390/ma15010076
https://doi.org/10.3390/su132312983
https://single-market-economy.ec.europa.eu/industry/sustainability/buildings-and-construction_en
https://single-market-economy.ec.europa.eu/industry/sustainability/buildings-and-construction_en
https://doi.org/10.1016/j.scitotenv.2021.149892
https://doi.org/10.1016/j.jenvman.2020.111879
https://doi.org/10.1016/j.jclepro.2020.120332
https://emf.thirdlight.com/link/x8ay372a3r11-k6775n/@/preview/1?o
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.3390/su13147549
https://doi.org/10.3390/su13084113
https://doi.org/10.2495/SC210181
https://doi.org/10.1016/j.egypro.2017.07.068
https://ec.europa.eu/growth/sectors/construction_en

Recycling 2023, 8, 69 22 of 24

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Iodice, S.; Garbarino, E.; Cerreta, M.; Tonini, D. Sustainability assessment of Construction and Demolition Waste management
applied to an Italian case. Waste Manag. 2021, 128, 83-98. [CrossRef]

Volk, R.; Miiller, R.; Reinhardyt, J.; Schultmann, F. An integrated material flows, stakeholders, and policies approach to identify
and exploit regional resource potentials. Ecol. Econom. 2019, 161, 292-320. [CrossRef]

Voorter, J.; Koolen, C. The Traceability of Construction and Demolition Waste in Flanders via Blockchain Technology: A Match
Made in Heaven? J. Eur. Environ. Plan. Law 2021, 4, 347-369. [CrossRef]

Blandoén, B.; Palmero, L.; di Ruocco, G. The Revaluation of Uninhabited Popular Patrimony under Environmental and Sustain-
ability Parameters. Sustainability 2020, 12, 5629. [CrossRef]

Nadazdi, A.; Naunovic, Z.; Ivanisevic, N. Circular Economy in Construction and Demolition Waste Management in the Western
Balkans: A Sustainability Assessment Framework. Sustainability 2022, 14, 871. [CrossRef]

Xavier, L.H.; Ottoni, M.; Abreu, L.P.P. A comprehensive review of urban mining and the value recovery from e-waste materials.
Resour. Conserv. Recycl. 2023, 190, 106840. [CrossRef]

Kakkos, E.; Heisel, F.; Hebel, D.E.; Hischier, R. Towards Urban Mining—Estimating the Potential Environmental Benefits by
Applying an Alternative Construction Practice. A Case Study from Switzerland. Sustainability 2020, 12, 5041. [CrossRef]
Aldebei, E; Dombi, M. Mining the Built Environment: Telling the Story of Urban Mining. Buildings 2021, 11, 388. [CrossRef]
Gassner, A.; Lederer, J.; Fellner, J. Material stock development of the transport sector in the city of Vienna. J. Ind. Ecol. 2020, 24,
1364-1378. [CrossRef]

Kooter, E.; van Uden, M.; van Marrewijk, A.; Wamelink, H.; van Bueren, E.; Heurkens, E. Sustainability Transition through
Dynamics of Circular Construction Projects. Sustainability 2021, 13, 12101. [CrossRef]

Papastamoulis, V.; London, K.; Feng, Y.; Zhang, P.; Crocker, R.; Patias, P. Conceptualising the Circular Economy Potential of
Construction and Demolition Waste: An Integrative Literature Review. Recycling 2021, 6, 61. [CrossRef]

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

Russo, E; Oreto, C.; Veropalumbo, R. A Practice for the Application of Waste in Road Asphalt Pavements in an Eco-Friendly Way.
Appl. Sci. 2021, 11, 9268. [CrossRef]

Ghisellini, P.; Ncube, A.; D’Ambrosio, G.; Passaro, R.; Ulgiati, S. Potential Energy Savings from Circular Economy Scenarios
Based on Construction and Agri-Food Waste in Italy. Energies 2021, 14, 8561. [CrossRef]

Maury-Ramirez, A.; Illera-Perozo, D.; Mesa, J.A. Circular Economy in the Construction Sector: A Case Study of Santiago de Cali
(Colombia). Sustainability 2022, 14, 1923. [CrossRef]

Superti, V.; Houmani, C.; Binder, C.R. A systemic framework to categorize Circular Economy interventions: An application to the
construction and demolition sector. Resour. Conserv. Recycl. 2021, 173, 105711. [CrossRef]

Colangelo, F.; Gémez-Navarro, T.; Farina, I.; Petrillo, A. Comparative LCA of concrete with recycled aggregates: A circular
economy mindset in Europe. Int. ]. Life Cycle Assess. 2020, 25, 1790-1804. [CrossRef]

Jesus, S.; Pederneiras, C.M.; Brazao Farinha, C.; de Brito, J.; Veiga, R. Reduction of the Cement Content by Incorporation of Fine
Recycled Aggregates from Construction and DemolitionWaste in Rendering Mortars. Infrastructures 2021, 6, 11. [CrossRef]
Lahtela, V.; Hyvérinen, M.; Kérki, T. Composition of Plastic Fractions in Waste Streams: Toward More Efficient Recycling and
Utilization. Polymers 2019, 11, 69. [CrossRef]

Tirado, R.; Aublet, A.; Laurenceau, S.; Thorel, M.; Louérat, M.; Habert, G. Component-Based Model for Building Material Stock
and Waste-Flow Characterization: A Case in the fle-de-France Region. Sustainability 2021, 13, 13159. [CrossRef]

Lederer, J.; Gassner, A.; Kleemann, F.; Fellner, J. Potentials for a circular economy of mineral construction materials and demolition
waste in urban areas: A case study from Vienna. Resour. Conserv. Recycl. 2020, 161, 104942. [CrossRef]

Tazi, N.; Idir, R.; Ben Fraj, A. Towards achieving circularity in residential building materials: Potential stock, locks and opportuni-
ties. J. Clean. Prod. 2021, 281, 124489. [CrossRef]

Miatto, A.; Schandl, H.; Wiedenhofer, D.; Krausmann, F; Tanikawa, H. Modelling material flows and stock s of the road network
in th e United States 1905-2015. Resour. Conserv. Recycl. 2017, 127, 168-178. [CrossRef]

Jayasinghe, L.B.; Waldmann, D. Development of a BIM-Based Web Tool as a Material Construction Industry and Component
Bank for a Sustainable. Sustainability 2020, 12, 1766. [CrossRef]

Akinade, O.0.; Oyedele, L.O. Integrating construction supply chains within a circular economy: An ANFIS-based waste analytics
system (A-WAS). J. Clean. Prod. 2019, 229, 863-873. [CrossRef]

Yu, Y,; Yazan, D.M.; Bhochhibhoya, S.; Volker, L. Towards Circular Economy through Industrial Symbiosis in the Dutch
construction industry: A case of recycled concrete aggregates. J. Clean. Prod. 2021, 293, 126083. [CrossRef]

Quifiones, R.; Llatas, C.; Montes, M.V.; Cortés, I. A Multiplatform BIM-Integrated Construction Waste Quantification Model
during Design Phase. The Case of the Structural System in a Spanish Building. Recycling 2021, 6, 62. [CrossRef]

Akanbi, L.A; Oyedele, L.O.; Akinade, O.O.; Ajayi, A.O.; Delgado, M.D.; Bilal, M; Bello, S.A. Salvaging building materials in a
circular economy: A BIM-based whole-life performance estimator. Resour. Conserv. Recycl. 2018, 129, 175-186. [CrossRef]
Akanbi, L.A.; Oyedele, L.O.; Omoteso, K; Bilal, M.; Akinade, O.O.; Ajayi, A.O.; Deldago, ] M.D.; Owolabi, H.A. Disassembly and
deconstruction analytics system (D-DAS) for construction in a circular economy. J. Clean. Prod. 2019, 223, 386-396. [CrossRef]
Haas, M.; Galler, R.; Scibile, L.; Benedikt, M. Waste or valuable resource—A critical European review on re-using and managing
tunnel excavation material. Resour. Conserv. Recycl. 2020, 162, 105048. [CrossRef]


https://doi.org/10.1016/j.wasman.2021.04.031
https://doi.org/10.1016/j.ecolecon.2019.03.020
https://doi.org/10.1163/18760104-18040003
https://doi.org/10.3390/su12145629
https://doi.org/10.3390/su14020871
https://doi.org/10.1016/j.resconrec.2022.106840
https://doi.org/10.3390/su12125041
https://doi.org/10.3390/buildings11090388
https://doi.org/10.1111/jiec.13024
https://doi.org/10.3390/su132112101
https://doi.org/10.3390/recycling6030061
https://doi.org/10.1016/j.resconrec.2021.105767
https://doi.org/10.3390/app11199268
https://doi.org/10.3390/en14248561
https://doi.org/10.3390/su14031923
https://doi.org/10.1016/j.resconrec.2021.105711
https://doi.org/10.1007/s11367-020-01798-6
https://doi.org/10.3390/infrastructures6010011
https://doi.org/10.3390/polym11010069
https://doi.org/10.3390/su132313159
https://doi.org/10.1016/j.resconrec.2020.104942
https://doi.org/10.1016/j.jclepro.2020.124489
https://doi.org/10.1016/j.resconrec.2017.08.024
https://doi.org/10.3390/su12051766
https://doi.org/10.1016/j.jclepro.2019.04.232
https://doi.org/10.1016/j.jclepro.2021.126083
https://doi.org/10.3390/recycling6030062
https://doi.org/10.1016/j.resconrec.2017.10.026
https://doi.org/10.1016/j.jclepro.2019.03.172
https://doi.org/10.1016/j.resconrec.2020.105048

Recycling 2023, 8, 69 23 of 24

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Superti, V.; Forman, T.V.; Houmani, C. Recycling Thermal Insulation Materials: A Case Study on More Circular Management of
Expanded Polystyrene and Stonewool in Switzerland and Research Agenda. Resources 2021, 10, 104. [CrossRef]

Huang, B.; Wang, X; Kua, H.; Geng, Y.; Bleischwitz, R.; Ren, J. Construction and Demolition Waste Management in China through
the 3R Principle. Resour. Conserv. Recycl. 2018, 129, 36—44. [CrossRef]

Hahladakis, ].N.; Purnell, P; Aljabri, H.M. Assessing the role and use of recycled aggregates (1 RAs) in the sustainable management
of construction and demolition (C&D) waste via a mini-review and a case study. Waste Manag. Res. 2020, 38, 460-471. [CrossRef]
[PubMed]

Zhang, C.; Hu, M,; Yang, X.; Miranda-Xicotencatl, B.; Sprecher, B.; Di Maio, F.; Zhong, X.; Tukker, A. Upgrading construction and
demolition waste management from downcycling to recycling in the Netherlands. . Clean. Prod. 2020, 266, 121718. [CrossRef]
Ghaffar, S.H.; Burman, M.; Braimah, N. Pathways to circular construction: An integrated management of construction and
demolition waste for resource recovery. J. Clean. Prod. 2020, 244, 118710. [CrossRef]

Goérecki, J.; Nufiez-Cacho, P.; Corpas-Iglesias, F.A.; Molina, V. How to convince players in construction market? Strategies for
effective implementation of circular economy in construction sector. Cogent. Eng. 2019, 6, 1. [CrossRef]

Owojori, O.M.; Okoro, C.S.; Chilshe, N. Current Status and Emerging Trends on the Adaptive Reuse of Buildings: A Bibliometric
Analysis. Sustainability 2021, 13, 11646. [CrossRef]

Foster, G.; Saleh, R. The Circular City and Adaptive Reuse of Cultural Heritage Index: Measuring the investment opportunity in
Europe. Resour. Conserv. Recyc. 2021, 175, 105880. [CrossRef]

Sagan, J.; Sobotka, A. Analysis of Factors Affecting the Circularity of Building Materials. Materials 2021, 14, 7296. [CrossRef]
Zhang, N.; Han, Q.; de Vries, B. Building Circularity Assessment in the Architecture, Engineering, and Construction Industry: A
New Framework. Sustainability 2021, 13, 12466. [CrossRef]

Ganiyu, S.A.; Oyedele, L.O.; Akinade, O.; Owolabi, H.; Akanbi, L.; Gbadamosi, A. BIM competencies for delivering waste-efficient
building projects in a circular economy. Develop. Built Environ. 2020, 4, 100036. [CrossRef]

Galvez Martos, J.L.; Styles, D.; Schoenberger, H.; Zeschmar-Lahl, B. Construction and Demolition Waste Best Management
Practice in Europe. Resour. Conserv. Recycl. 2018, 136, 166-178. [CrossRef]

De Wolf, C.; Hoxha, E.; Fivet, C. Comparison of environmental assessment methods when reusing building components: A case
study. Sustain. Cities Soc. 2020, 61, 102322. [CrossRef]

Wang, G.; Krzywda, D.; Kondrashev, S.; Orona-Slivinskaya, L. Recycling and Upcycling in the Practice of Waste Management of
Construction Giants. Sustainability 2021, 13, 640. [CrossRef]

Rahla, K.M.; Mateus, R.; Braganga, L. Selection Criteria for Building Materials and Components in Line with the Circular Economy
Principles in the Built Environment—A Review of Current Trends. Infrastructures 2021, 6, 49. [CrossRef]

Shooshtarian, S.; Magsood, T.; Wong, P.S.; Khalfan, M.; Yang, R.J. An investigation into challenges and opportunities in the
Australian construction and demolition waste management system. Eng. Construct. Archit. Manag. 2021, 29, 4313-4330. [CrossRef]
Coenen, T.B.; Santos, J.; Fennis, S.A.; Halman, J.I. Development of a bridge circularity assessment framework to promote resource
efficiency in infrastructure projects. J. Ind. Ecol. 2021, 25, 288-304. [CrossRef]

Huovila, H.; Iyer-Raniga, U.; Maity, S. Circular Economy in the Built Environment: Supporting Emerging Concepts. IOP Conf.
Series Earth Environ. Sci. 2019, 297, 012003. [CrossRef]

Mihai, EC. Construction and DemolitionWaste in Romania: The Route from Illegal Dumping to Building Materials. Sustainability
2019, 11, 3179. [CrossRef]

Charef, R.; Morel, ].C.; Rakhshan, K. Barriers to Implementing the Circular Economy in the Construction Industry: A Critical
Review. Sustainability 2021, 13, 12989. [CrossRef]

Wijewickrama, M.K.; Chamitha, S.; Chileshe, N.; Rameezdeen, R.; Ochoa, J.J. Quality Assurance in Reverse Logistics Supply
Chain of Demolition Waste: A Systematic Literature Review. Waste Manag. Res. 2020, 39, 3-24. [CrossRef]

Marcellus-Zamora, K.A.; Gallagher, PM.; Spatari, S. Can Public Construction and Demolition Data Describe Trends in Building
Material Recycling? Observations From Philadelphia. Front. Built Environ. 2020, 6, 131. [CrossRef]

Pecerio, B.; Leiva, C.; Alonso-Farifias, B.; Gallego-Schmid, A. Is Recycling Always the Best Option? Environmental Assessment of
Recycling of Seashell as Aggregates in Noise Barriers. Processes 2020, 8, 776. [CrossRef]

Heeren, N.; Fishman, T. A database seed for a community-driven material intensity research platform. Sci. Data 2019, 6, 23.
[CrossRef] [PubMed]

Rivero, A].; Sathre, R.; Navarro, J.G. Life cycle energy and material flow implications of gypsum plasterboard recycling in the
European Union. Resour. Conserv. Recycl. 2016, 108, 171-181. [CrossRef]

Khan, M.H.; Deviatkin, I.; Havukainen, J.; Horttanainen, M. Environmental impacts of wooden, plastic, and wood polymer
composite pallet: A life cycle assessment approach. Int. J. Life Cycle Assess. 2021, 26, 1607-1622. [CrossRef]

Dias, A.B.; Pacheco, ].N,; Silvestre, ].D.; Martins, LM.; de Brito, J. Environmental and Economic Life Cycle Assessment of Recycled
Coarse Aggregates: A Portuguese Case Study. Materials 2021, 14, 5452. [CrossRef]

Akbarieh, A.; Jayasinghe, L.B.; Waldmann, D.; Teferle, EN. BIM-Based End-of-Lifecycle Decision Making and Digital Deconstruc-
tion: Literature Review. Sustainability 2020, 12, 2670. [CrossRef]

Kioupis, D.; Skaropoulou, A.; Tsivilis, S.; Kakali, G. Valorization of Brick and Glass CDWs for the Development of Geopolymers
Containing More Than 80% of Wastes. Minerals 2020, 10, 672. [CrossRef]


https://doi.org/10.3390/resources10100104
https://doi.org/10.1016/j.resconrec.2017.09.029
https://doi.org/10.1177/0734242x19897816
https://www.ncbi.nlm.nih.gov/pubmed/31916495
https://doi.org/10.1016/j.jclepro.2020.121718
https://doi.org/10.1016/j.jclepro.2019.118710
https://doi.org/10.1080/23311916.2019.1690760
https://doi.org/10.3390/su132111646
https://doi.org/10.1016/j.resconrec.2021.105880
https://doi.org/10.3390/ma14237296
https://doi.org/10.3390/su132212466
https://doi.org/10.1016/j.dibe.2020.100036
https://doi.org/10.1016/j.resconrec.2018.04.016
https://doi.org/10.1016/j.scs.2020.102322
https://doi.org/10.3390/su13020640
https://doi.org/10.3390/infrastructures6040049
https://doi.org/10.1108/ECAM-05-2021-0439
https://doi.org/10.1111/jiec.13102
https://doi.org/10.1088/1755-1315/297/1/012003
https://doi.org/10.3390/su11113179
https://doi.org/10.3390/su132312989
https://doi.org/10.1177/0734242X20967717
https://doi.org/10.3389/fbuil.2020.00131
https://doi.org/10.3390/pr8070776
https://doi.org/10.1038/s41597-019-0021-x
https://www.ncbi.nlm.nih.gov/pubmed/30967550
https://doi.org/10.1016/j.resconrec.2016.01.014
https://doi.org/10.1007/s11367-021-01953-7
https://doi.org/10.3390/ma14185452
https://doi.org/10.3390/su12072670
https://doi.org/10.3390/min10080672

Recycling 2023, 8, 69 24 of 24

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Rose, C.M.; Bergsagel, D.; Dufresne, T.; Unubreme, E.; Lyu, T.; Duffour, P.; Stegemann, J.A. Cross-Laminated Secondary Timber:
Experimental Testing and Modelling the Effect of Defects and Reduced Feedstock Properties. Sustainability 2018, 10, 4118.
[CrossRef]

Wu, PY,; Mjornell, K.; Mangold, M.; Sandels, C.; Johansson, T. A Data-Driven Approach to Assess the Risk of Encountering
Hazardous Materials in the Building Stock Based on Environmental Inventories. Sustainability 2021, 13, 7836. [CrossRef]
Jaskowska-Lemanska, J.; Sagan, J. Non-destructive testing methods as a main tool supporting effective waste management in
construction processes. Arch. Civil. Eng. 2019, 65, 263-276. [CrossRef]

Berger, F.; Gauvin, F.; Brouwers, H. The recycling potential of wood waste into wood-wool/cement composite. Construct. Buil
Mater. 2020, 260, 119786. [CrossRef]

Ramirez, C.P.,; Barriguete, A.V.; Munoz, ].G.; del Rio Merino, M.; del Solar Serrano, P. Ecofibers for the Reinforcement of Cement
Mortars for Coating Promoting the Circular Economy. Sustainability 2020, 12, 2835. [CrossRef]

Grace, M. A ; Clifford, E.; Healy, M.G. The potential for the use of waste products from a variety of sectors in water treatment
processes. J. Clean. Prod. 2016, 137, 788-802. [CrossRef]

Zhao, Z.; Courard, L.; Groslambert, S.; Jehon, T.; Leonard, A.; Xiao, J. Use of recycled concrete aggregates from precast block 1 for
the production of new building blocks: An industrial scale study. Resour. Conserv. Recycl. 2020, 157, 104786. [CrossRef]

Ginga, C.P; Ongpeng, ].M.; Daly, M.K. Circular Economy on Construction and Demolition Waste: A Literature Review on
Material Recovery and Production. Materials 2020, 13, 2970. [CrossRef]

Morén, A.; Ferrandez, D.; Saiz, P.; Morén, C. Experimental Study with Cement Mortars Made with Recycled Concrete Aggregate
and Reinforced with Aramid Fibers. Appl. Sci. 2021, 11, 7791. [CrossRef]

da Silva, T.R.; Cecchin, D.; de Azevedo, A.R.; Valadao, I.; Alexandre, ].; da Silva, F.C.; Marvila, M.T.; Monteiro, S.N. Technological
Characterization of PET-Polyethylene Terephthalate-Added Soil-Cement Bricks. Materials 2021, 14, 5035. [CrossRef]

Cetin, S.; Gruis, V.; Straub, A. Towards Circular Social Housing: An Exploration of Practices, Barriers, and Enablers. Sustainability
2021, 13, 2100. [CrossRef]

Rakhshan, K.; Morel, ].C.; Alaka, H.; Charef, R. Components reuse in the building sector—A systematic review. Waste Manag. Res.
2020, 38, 347-370. [CrossRef]

Ding, Z.; Xiao, J.; Tam, V.W. A closed-loop life cycle assessment of recycled aggregate concrete utilization in China. Waste Manag.
2016, 56, 367-375. [CrossRef]

Silvestre, ].D.; de Brito, J.; Pinheiro, M.D. Environmental impacts and benefits of the end-of-life of building materials—-Calculation
rules, results, and contribution to a “cradle to cradle” life cycle. J. Clean. Prod. 2017, 156, 381-391. [CrossRef]

Yuan, H. A model for evaluating the social performance of construction waste management. Waste Manag. 2012, 32, 1218-1228.
[CrossRef] [PubMed]

Abdalla, A.M.; Abdullah, M.E; Dawood, M.K.; Wei, B.; Subramanian, Y.; Azad, A.T.; Azad, A K. Innovative lithium-ion battery
recycling: Sustainable process for recovery of critical materials from lithium-ion batteries. J. Energy Storage 2023, 67, 107551.
[CrossRef]

Hopewell, J.; Dvorak, R.; Kosior, E. Plastics recycling: Challenges and opportunities. Philos. Trans. R. Soc. B Biol. Sci. 2009, 364,
2115-2126. [CrossRef]

Arulnathan, V,; Heidari, M.D.; Doyon, M.; Li, E.PH.; Pelletier, N. Economic Indicators for Life Cycle Sustainability Assessment:
Going beyond Life Cycle Costing. Sustainability 2022, 15, 13. [CrossRef]

Bao, Z.; Lu, W. Developing efficient circularity for construction and demolition waste management in fast emerging economies:
Lessons learned from Shenzhen, China. Sci. Total Environ. 2020, 724, 138264. [CrossRef]

Gatko, G.; Mazur, I.; Rejdak, M.; Jagustyn, B.; Hrabak, J.; Ouadi, M.; Jahangiri, H.; Sajdak, M. Evaluation of alternative
refuse-derived fuel use as a valuable resource in various valorised applications. Energy 2023, 263, 125920. [CrossRef]

Ionescu, G.; Rada, E.C.; Cioca, L.I. Municipal solid waste sorting and treatment schemes for the maximization of material and
energy recovery in a latest EU member. Environ. Eng. Manag. J. 2015, 14, 2537-25441. [CrossRef]

Boateng, S.B.; Banawi, A.A.; Asa, E.; Yu, Y.; Ahiable, C. Environmental and economic outlook of construction and demolition
waste management practices in a mid-sized city. . Mater. Cycles Waste Manage. 2023, 25, 2526-2542. [CrossRef]

Cetin, S.; De Wolf, C.; Bocken, N. Circular Digital Built Environment: An Emerging Framework. Sustainability 2021, 13, 6348.
[CrossRef]

Viva, L.; Ciulli, F; Kolk, A.; Rothenberg, G. Designing Circular Waste Management Strategies: The Case of Organic Waste in
Amsterdam. Adv. Sustain Syst. 2020, 4, 2000023. [CrossRef]

Castiblanco Jimenez, I.A.; Mauro, S.; Napoli, D.; Marcolin, F; Vezzetti, E.; Rojas Torres, M.C.; Specchia, S.; Moos, S. Design
Thinking as a Framework for the Design of a Sustainable Waste Sterilization System: The Case of Piedmont Region, Italy.
Electronics 2021, 10, 2665. [CrossRef]

Bao, Z.; Lu, W,; Chi, B.; Yuan, H.; Hao, J. Procurement innovation for a circular economy of construction and demolition waste:
Lessons learnt from Suzhou, China. Waste Manag. 2019, 99, 12-21. [CrossRef] [PubMed]

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


https://doi.org/10.3390/su10114118
https://doi.org/10.3390/su13147836
https://doi.org/10.2478/ace-2019-0059
https://doi.org/10.1016/j.conbuildmat.2020.119786
https://doi.org/10.3390/su12072835
https://doi.org/10.1016/j.jclepro.2016.07.113
https://doi.org/10.1016/j.resconrec.2020.104786
https://doi.org/10.3390/ma13132970
https://doi.org/10.3390/app11177791
https://doi.org/10.3390/ma14175035
https://doi.org/10.3390/su13042100
https://doi.org/10.1177/0734242X20910463
https://doi.org/10.1016/j.wasman.2016.05.031
https://doi.org/10.1016/j.jclepro.2013.10.028
https://doi.org/10.1016/j.wasman.2012.01.028
https://www.ncbi.nlm.nih.gov/pubmed/22377363
https://doi.org/10.1016/j.est.2023.107551
https://doi.org/10.1098/rstb.2008.0311
https://doi.org/10.3390/su15010013
https://doi.org/10.1016/j.scitotenv.2020.138264
https://doi.org/10.1016/j.energy.2022.125920
https://doi.org/10.30638/eemj.2015.271
https://doi.org/10.1007/s10163-023-01667-y
https://doi.org/10.3390/su13116348
https://doi.org/10.1002/adsu.202000023
https://doi.org/10.3390/electronics10212665
https://doi.org/10.1016/j.wasman.2019.08.031
https://www.ncbi.nlm.nih.gov/pubmed/31454595

	Introduction 
	Materials and Methods 
	Results 
	Context Analysis 
	Content Analysis 

	Discussion 
	Conclusions 
	References

