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Abstract

The construction industry often encounters significant environmental challenges, driven by rising waste management demands
and its substantial contribution to carbon emissions. Concrete waste accounts for a significant share of global construction
sector waste, underscoring the urgent need for effective resource recovery methods. Concrete waste recycling (CWR) is
increasingly recognized as a circular-economy strategy to reduce waste and minimize environmental impact. However, despite
its perceived advantages, widespread adoption remains stifled by systemic barriers. While previous studies have broadly
addressed construction waste management, comprehensive reviews focusing specifically on CWR barriers and critical suc-
cess factors (CSFs) remain limited. To address this gap, this study systematically reviews the barriers and CSFs influencing
CWR implementation in the built environment. Following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) approach, 65 scholarly publications were retained for analysis. The review identified 30 barriers across
six domains, with the most dominant being high investment costs, poor quality and limited applications of recycled concrete
products, lack of comprehensive regulations, limited advanced recycling technologies, and insufficient recycling facilities.
The CSFs for CWR implementation encompass legal and regulatory, economic and market, infrastructure and technology,
and knowledge and education drivers. The study integrates these findings into a conceptual framework that defines CWR's
systemic drivers, barriers, and stakeholders for effective implementation. It emphasizes that overcoming CWR barriers
requires implementing relevant CSFs, supported by coordinated stakeholder action across the concrete recycling value chain.
The findings provide practical insights for practitioners and policymakers to enhance CWR and achieve circular economy
objectives in the built environment.
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This study synthesised global evidence on concrete waste recycling, identifies key barriers, critical success
factors, and proposes a framework to advance implementation in the built environment.

Keywords Concrete waste management - Concrete waste recycling - Circular economy - Barriers - Drivers - Construction

industry

Introduction

The construction industry is a key driver of the global
economy, contributing significantly to jobs, related indus-
tries, and national gross domestic product (GDP) (Hasan
and Elmualim 2023). However, it is also one of the least
sustainable sectors environmentally and a major source of
carbon emissions. It is reported that the construction indus-
try is responsible for a noteworthy share of global carbon
emissions, estimated at around 33% across various studies
(Song et al. 2023; Xiao et al. 2024). The industry faces sev-
eral challenges, including excessive use of non-renewable
resources due to rapid urbanization, energy-intensive pro-
duction processes that result in high greenhouse gas emis-
sions, and the generation of large amounts of construction
and demolition waste (CDW) (Ding et al. 2023).

Globally, around 2.36 billion tons of CDW are gener-
ated each year, posing serious environmental risks due to
solid waste build-up and greenhouse gas emissions (Hasan
and Elmualim 2023; Zheng et al. 2017). Waste concrete can
make up as much as 70% of this waste (Liu et al. 2023).
This problem is especially pressing in areas with rapid con-
struction growth and in those hit by natural disasters like
earthquakes and severe weather (Villagran-Zaccardi et al.
2022). Managing concrete waste effectively is therefore cru-
cial, as it accounts for a large share of the industry's waste.
Addressing this issue is both an environmental necessity and
an economic opportunity, particularly as traditional disposal
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methods such as landfilling become less viable due to lim-
ited space and rising costs (Xuan et al. 2018).

In response, there is growing interest in the circular econ-
omy (CE) approach, which focuses on reducing waste and
promoting closed-loop systems in the built environment. In
concrete construction, higher-value CE strategies include
reducing materials use and waste through improved specifi-
cations and designs, extending structural service life through
repair and refurbishment, and the direct reuse and remanu-
facturing of concrete components to reduce demand for new
materials and the associated environmental impacts (Marsh
et al. 2022; Zhang et al. 2022; Oyewole et al. 2026). How-
ever, when concrete structures reach the end-of-use stage
and direct reuse or life extension is no longer feasible, recy-
cling becomes an important subsequent strategy for recov-
ering materials and retaining them within the construction
value chain (Marsh et al. 2022). Specifically, concrete waste
recycling (CWR) involves collecting, sorting, and process-
ing demolition waste to produce recycled aggregates for new
concrete, thereby conserving natural resources, diverting
waste from landfills, and lowering the environmental burden
of construction waste disposal (Liu et al. 2020; Barbhuiya
et al. 2024; Xiao et al. 2023).

Despite CWR's perceived benefits, recycling rates vary
widely across regions, highlighting the need to understand
the factors that shape recycling practices in various con-
texts (Iacovidou and Purnell 2016; Jin and Chen 2019). For
instance, Al-Sharif et al. (2024) examined the CE for CWR
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in Jordan and reported that implementation levels remain
low, with most concrete waste either disposed of in landfills
or used as backfill material, and with limited recycling ini-
tiatives in place. Similarly, Grazia et al. (2022) conducted
a critical review of concrete waste recovery rates across the
European Union, highlighting significant variations among
member states. While some nations have achieved consid-
erable advancements, others continue to encounter various
challenges. There is a lack of comprehensive evaluation of
the economic, environmental, and technical barriers associ-
ated with different concrete waste management strategies
(Xuan et al. 2018; Al-Otaibi 2024).

Additionally, many studies often combine CDW, over-
looking the distinct characteristics of various waste streams
(Villagran-Zaccardi et al. 2022; Tacovidou and Purnell
2016). Marsh et al., (2022) assert that CE strategies are not
“material-agnostic”; strategies suitable for concrete waste
may not be appropriate for other types of construction and
demolition waste. Therefore, understanding the obstacles to
effective CWR implementation is essential for developing
successful strategies.

This review examines the major barriers to CWR imple-
mentation in the construction industry and identifies the
CSFs needed to overcome them. Specifically, it synthesizes
technical, economic, regulatory, market and social factors
that hinder CWR efforts. By identifying and analyzing
these factors, this paper integrates them into a conceptual
framework that links stakeholder roles, systemic drivers, and
CWR barriers. Ultimately, this research aims to contribute
to the discussion on CE and sustainable construction prac-
tices by guiding policymakers, industry professionals, and
researchers on the necessary steps to advance CWR. It is
worth noting that this review focuses specifically on concrete
waste generated by demolished concrete structures.

Background of study and theoretical
foundation

This section provides the conceptual background for the
study by first discussing CE principles in the built environ-
ment, followed by CWR as a practical CE strategy. It then
presents the theoretical perspectives that explain the adop-
tion of CWR practices among construction stakeholders.

Circular economy (CE) principles

The CE concept has gained increasing attention in the con-
struction sector as a response to resource depletion, waste
generation, and environmental degradation associated
with the conventional linear “take—make—dispose” model.
CE promotes resource efficiency, waste prevention, mate-
rial recovery, and value retention by slowing, closing, and

narrowing material loops (Geissdoerfer et al. 2017). Earlier
contributions by Stahel and Reday-Mulvey (1981) intro-
duced the concept of a loop economy, outlining strategies
to prevent waste, create jobs at the regional level, enhance
resource efficiency, and reduce material use in industrial
processes.

Several CE definitions emphasize similar principles. Mac-
Arthur (2013) described CE as a restorative and regenera-
tive industrial system, while Kirchherr et al. (2017) defined
it as a sustainable development model based on reduction,
reuse, recycling, and recovery to enhance environmental,
economic, and social outcomes. Similarly, Murray et al.
(2017) conceptualized CE as an economic model in which
resource flows are planned to support environmental quality,
economic prosperity, and social equity. In the construction
context, these definitions highlight the need to retain mate-
rials value through durable designs, repair, reuse, recovery,
and recycling.

The foundational practices of CE are based on the 3R
principles: reduction, reuse, and recycling (Kirchherr et al.
2017). These principles have been expanded into broader
frameworks such as the 6R and 10R models, which include
redesign, repair, refurbish, repurpose, remanufacture,
recover, and rethink strategies (Berg et al. 2018; Potting
et al. 2017). Within this framework, CWR represents a
practical CE strategy for reducing waste, conserving natu-
ral aggregates, and closing material loops at the end of a
concrete structure's life cycle.

Concrete waste recycling (CWR)

Concrete waste consists of by-products generated from the
construction, demolition, renovation, and processing of
concrete structures. It includes concrete sludge, demolished
concrete, grinding residues, wet concrete, and fine concrete
fragments (Ho et al. 2021; Marsh et al. 2022; Hasan and
Elmualim 2023). Concrete waste is widely generated in rap-
idly urbanizing regions and in areas affected by coordinated
attacks, earthquakes, or severe weather events (Villagran-
Zaccardi et al. 2022; Zabek et al. 2024). Conventional dis-
posal through landfilling occupies valuable land, increases
environmental contamination risks, and contributes to green-
house gas emissions (Hasan and Elmualim 2023). At the
same time, increasing demand for concrete has intensified
pressure on high-quality natural aggregates, highlighting the
need to recycle concrete waste into useful building materials
(Xiao et al. 2023).

In these contexts, CWR is crucial for sustainable con-
struction practices as it diverts waste from landfills and
reduces reliance on natural resources (Villagran-Zaccardi
et al. 2022; Ram et al. 2019). Empirical evidence shows that
CWR can reduce greenhouse gas emissions, landfill use,
and material-related costs, while also generating economic
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benefits such as revenue, job creation, technological devel-
opment, and increased demand for recycled materials (Tam
2008; Ram et al. 2019; Jin and Chen 2015; Al-Sharif et al.
2024; Zhang et al. 2019a).

CWR involves converting waste concrete into reusable
materials such as recycled coarse aggregates (RCA), recy-
cled fine aggregates (RFA), and recycled concrete powder
(RCP) (Hasan and Elmualim 2023). These products can
be reintroduced into concrete production, where recycled
aggregates partially replace natural aggregates and recy-
cled powder may replace cement in suitable proportions.
The recycling process typically involves sorting, crushing,
screening, and contaminant removal to separate steel rein-
forcement, impurities, and different particle sizes, thereby
improving the quality of recycled products (Nitichote and
Yodsudjai 2022).

Despite these processes, recycled concrete products are
often limited by quality concerns. Recycled aggregates
commonly contain adhered cement mortar, which increases
water absorption and porosity, thereby reducing the mechan-
ical and durability performance of new concrete (Poon et al.
2023). As a result, they are frequently restricted to lower-
grade applications such as road construction, pavements, and
drainage systems (Marsh et al. 2022).

To improve the performance and compatibility of recy-
cled concrete aggregates, various treatment techniques
have been developed to remove adhered mortar or cement
paste. These include mechanical, thermal, chemical, micro-
bial, carbonation, supplementary cementitious material-
based, and chemical admixture treatments (NeZerka et al.
2023; Zhang 2024; Gebremariam et al. 2020; Varshney
et al. 2023). Among these, carbonation-based conditioning
has received increasing attention because it can enhance

Fig.1 Closed-loop recycling
process of concrete waste

Virgin Materials

Concrete Production

recycled material performance while contributing to carbon
reduction (Tam et al. 2020; Moon and Choi 2019; Poon et al.
2023). Overall, CWR provides a pathway to close material
loops, as illustrated in Fig. 1, but its broader implementa-
tion depends on overcoming technical, economic, regulatory,
market, and behavioural barriers.

Theoretical background of the study

Pomponi and Moncaster (2017) highlight the interdiscipli-
nary nature of CE in the construction industry, noting that
circular construction research must consider governance,
stakeholder behaviour, and socio-technical systems. Simi-
larly, Oluleye et al. (2022) opine that CE adoption requires
attention to both technological and social dimensions.

This review is informed by the Diffusion of Innovation
theory and Attitude theory. The Diffusion of Innovation
theory explains how new ideas, practices, and technologies
spread within a social system (Rogers et al. 2014). It is rel-
evant to CWR adoption because stakeholders such as con-
tractors, policymakers, designers, clients, and communities
may adopt recycling practices at different rates depending
on perceived benefits, compatibility with existing practices,
implementation complexity, and institutional support. The
theory also highlights the role of social networks and peer
influence in shaping adoption decisions (Corvellec et al.
2022).

Attitude theory explains how individual and collective
attitudes influence behaviour (Adabre et al. 2023). Positive
attitudes toward sustainability and environmental protec-
tion can motivate stakeholders to adopt concrete recycling
practices, whereas negative attitudes or misconceptions
about the quality of recycled materials can act as barriers.
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Furthermore, social norms and peer behaviour can influence
attitudes; for instance, if industry leaders advocate for con-
crete recycling, others are more likely to follow suit. Accord-
ingly, this review is grounded in these theories, positing that
addressing barriers to CWR through effective implementa-
tion measures and coordinated stakeholder action can facili-
tate CWR implementation and enhance the transition to a
CE context.

Research methodology

This study employed a systematic literature review (SLR)
guided by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) method to examine
the barriers to CWR and the CSFs for effective implemen-
tation in construction projects. The SLR was considered
appropriate because it provides a replicable and transparent
research process for identifying relevant literature and future
research gaps (Illankoon and Vithanage 2023). The review
is guided by two research questions: (1) What are the major
barriers to the practical implementation of CWR as identi-
fied in previous studies? (2) What strategies can support
effective CWR implementation, and which key stakeholders
are involved?

To identify pertinent studies within the scope of this
review, Scopus and Web of Science search engines were
selected due to their broad coverage of peer-reviewed lit-
erature. The updated search was conducted on 13 February
2025 and was limited to English-language peer-reviewed
publications from 2000 onwards. The search utilized the
following keywords: “barriers”, “challenges”, “problems”,
“success factors”, “strategies”, “solutions”, “recycling”,
“concrete recycling”, “concrete waste recycling”, “concrete
demolition waste”, “concrete waste management”, “con-
struction and demolition waste”, “CE” and “circular econ-
omy”. Boolean operators were used: “OR” to link related
terms and “AND” to connect different search concepts.

The search was applied to the title, abstract, and key-
words fields where applicable. Eligible publications were
peer-reviewed studies that examined concrete, construction,
and demolition waste recycling, barriers, drivers, CSFs or
implementation strategies within the CE framework.

The initial database search identified 1,642 records. After
applying year and language filters, 553 records remained.
Following duplicate removal, 530 documents were screened
by title and abstract, resulting in 235 records for full-text
assessment. Publications were excluded if they lacked author
attribution, were inaccessible or were outside the review
scope. A final set of 65 scholarly documents was retained
for analysis, as illustrated in Fig. 2 (see Online Appendix A
for the summary of included studies).

9

The selected publications were reviewed to extract study
characteristics, CWR barriers, CSFs and stakeholders
involved. Data on publication year, country, research focus,
and document type were recorded. Barriers and CSFs were
coded, thematically grouped based on similarity, and quanti-
fied according to the number of studies in which they were
identified. This supported both qualitative synthesis and fre-
quency-based mapping of key CWR implementation issues.

Results and discussion of review findings

This section presents the findings of the review. It begins
with the characteristics of the identified publications, includ-
ing their distribution by publication year and country/region.
It then discusses the major barriers to CWR implementation,
the recommended strategies to overcome them, and the key
stakeholders that could support implementation. The sec-
tion concludes by synthesizing these review findings into an
integrated framework for advancing CWR implementation
in the built environment.

Characteristics of identified publications

The distribution of eligible studies demonstrates that the
included publications ranged from 2004 to 2025, as pre-
sented in Fig. 3. The earliest eligible paper was published
in 2004, with publication activity remaining sporadic until
2016. Thereafter, research outputs increased steadily, with
2021 recording the highest number of publications (10
papers), followed by 2024. Studies published between 2020
and 2024 accounted for 32 papers, representing nearly half
of the total reviewed publications. This indicates grow-
ing scholarly interest in construction waste recycling and
CE practices. One eligible publication from 2025 was also
included, reflecting continued attention to circularity in the
construction sector.

The included studies were distributed across 25 coun-
tries, as shown in Fig. 4. China contributed the most studies
(14), followed by Australia (8), Malaysia (5), and the United
Kingdom (UK) and Hong Kong (4 each). Overall, the dis-
tribution indicates that research on CWR is geographically
uneven, with stronger representation from parts of Asia,
Europe, and Oceania, while African and several developing-
country contexts are comparatively less represented.

Major barriers to CWR implementation

The barriers to CWR implementation identified in the
reviewed studies were grouped into six categories: regula-
tory and policy, financial and economic, technical and tech-
nological, social and behavioural, market, and organizational
and operational barriers (Fig. 5). The frequency values in
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Fig.2 Study selection pro-
cess of relevant literature on
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Fig.3 Yearly distribution of

identified CWR studies

Fig.4 Country distribution of

identified CWR studies
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« Lack of comprehensive regulations and
guidelines for concrete recycling [n=10]

« Limited governmental financial suport
and economic incentives for concrete
recycling initiatives [n=9]

Financial & Economic Barriers

« High initial investment costs for recycling
equipment and infrastructure [n=14]

« Increased project costs due to labor,
management, and recycling processes
[n=8]

Technical & Technological Bamers

o Limited availability of advanced
technologies for demolition, sorting, and
recycling activities [n=10]

* Insufficient training and education on

applications [n=4]

* Inadequate enforcement of recycling-
related regulations [n=2]

¢ Unclear standards for recycled concrete « Transportation expenses [N=6] « Lack of information tools for concrete

* Inadequate budgetary support for
recycling initiatives [n=2]

concrete waste recycling [n=7]

waste classification, estimation, and
tracking [n=6]

Limited expertise in concrete waste
recycling techologies and techniques
[n=6]

Presence of impurities during concrete
recycling process [n=3]

Social & Behavioural Barriers

* Resistance to change and preference for
traditional practices [n = 8]

® Concerns about the quality and reliability
of recycled concrete products [n = 8]
products [n = 8]
* Limited public and industry awareness of
the benefits of recycling and recycled
aggregates [n =6
9greg [ 1 products [n = 6]
o Lack of staff participation and
engagement in recycling initiatives [n = 3]

» Health and safety concerns about
concrete recycling process [n = 2]

[n=3]

« Poor quality and limited applications of
recycled concrete [n = 12]

* Restricted market for recycled concrete

* Low demand for recycled concrete

* Availability of raw materials [n = 3]

¢ Imbalance between supply and demand for
recycled materials [n = 3] « Insufficient space for recycling facility

* High cost of recycled concrete waste
products compared with virgin materials ¢ Poor data management quality [n = 4]

Organizational & Operational Barriers

« Insufficient recycling facilities [n=10]

¢ Project time and schedule constraints
[n=6]

Lack of cooperation among stakeholders
on recycling initiatives [n = 6]

Difficulty in developing and implementing
recycling plans for construction
projects [n = 4]

and process [n = 4]

Note: n-values indicate the number of times the barriers were reported in the reviewed articles
‘Tn-values indicate the cumulative frequency within each group

Fig. 5 Major barriers to CWR implementation

Fig. 5 indicate the number of reviewed articles in which
each barrier was reported, while the detailed mapping of the
barriers, frequencies, and supporting references is provided
in Online Appendix B.

At the individual barrier level, the top five reported bar-
riers were high initial investment costs for recycling equip-
ment and infrastructure (n=14), poor quality and limited
applications of recycled concrete products (n=12), lack of
comprehensive governmental regulations and guidelines
(n=10), limited availability of advanced recycling technolo-
gies (n=10), and insufficient recycling facilities (n=10).
These dominant barriers indicate that a combination of
financial burdens, product-quality concerns, weak regulatory

support, technological limitations, and inadequate recycling
infrastructure constrains CWR implementation.
Market-related barriers were among the most prominent
groups identified. The most frequently reported issue was the
poor quality and limited applications of recycled concrete
products, followed by restricted markets and low demand,
which discourage CWR investment and limit wider adop-
tion of recycled concrete in construction projects (Chinda
2016; Zhang and Tan 2020; Broujeni et al. 2016; Akhtar and
Sarmah 2018). Organizational and operational barriers were
also prominent, particularly insufficient recycling facilities,
lack of stakeholder cooperation, time constraints, restricted
site space, and poor data management, which further limit
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the integration of CWR into construction and demolition
workflows (Badraddin et al. 2021; Bao et al. 2020; Ma et al.
2020; Tam 2009).

Furthermore, technical and technological barriers were
also emphasized. Limited availability of advanced technolo-
gies for demolition, sorting, recycling, and treatment pro-
cesses affects recycling efficiency and product quality (Ram
et al. 2019). In addition, impurities, adhered mortar, metals,
and other embedded materials increase processing require-
ments and reinforce doubts about the suitability of recycled
concrete products for higher-value applications (Villagran-
Zaccardi et al. 2022), while limited technical know-how fur-
ther constrains effective implementation (Ding et al. 2023).
These challenges are compounded by high investment costs
for machinery and supporting infrastructure, operational and
transportation expenses, and inadequate funding, making
CWR financially unattractive, particularly when recycling
costs are not supported by incentives or incorporated into
project budgets (Ma et al. 2023; Nitichote and Yodsudjai
2022).

Social and behavioural, barriers further reflect the role of
stakeholder perception in CWR adoption. Studies empha-
sized stakeholder resistance, preference for traditional prac-
tices, quality concerns about recycled concrete products, and
limited awareness of CWR benefits as barriers to adoption
(Hasan and Elmualim 2023; Senarathna and Perera 2021).
Regulatory and policy barriers also limit implementation,
as the lack of comprehensive government regulations and
guidelines, limited governmental incentives and weak

Legal and regulatory frameworks

Standards and certification for recycled concrete I

products

High landfill charges for concrete waste disposal [N S
Concrete recycling inclusion in design and tender _ 5

appraisal

Mandatory policies on concrete recycling and the [
use of recycled concrete

Government oversight intensity [N 2

Restrictions on concrete waste volume  :
generation

0 1 2 3 4 5 6 7
Total occurrence

Infrastructure and technology factors

N T I

technologies

Create d

enforcement create uncertainty around acceptable recycling
practices and reduce stakeholder confidence in recycled
concrete products (Badraddin et al. 2021; Ram et al. 2019;
Katerusha 2021).

In sum, based on the cumulative frequencies reported in
Fig. 5, market-related, organizational/operational, technical/
technological, and financial/economic barriers were the most
frequently reported constraints to CWR implementation.
Addressing these identified barriers requires coordinated
policy, financial, technological, market, stakeholder, train-
ing and project-planning interventions.

Critical success factors (CSFs) for CWR
implementation

Effective implementation of CWR necessitates a multi-
faceted approach to overcome the barriers identified in
Sect. ”Major barriers to CWR implementation”. Based on
the reviewed studies, 19 CSFs were identified and grouped
into four domains: legal and regulatory frameworks, eco-
nomic and market factors, infrastructure and technology
factors, and knowledge and education factors (Fig. 6). The
detailed mapping of the CSFs, frequencies, and supporting
references is provided in Online Appendix C.

Legal and regulatory measures are central to creating con-
fidence in CWR practices and recycled concrete products.
Clear regulations, technical standards, quality certification
systems, and enforcement mechanisms can reduce uncer-
tainty regarding recycling processes, product performance,

Knowledge and education factors

Training programs and education of construction _ s

workers, and stakeholders

Effective Communication and collaboration among
I
stakeholders

Public awareness campaigns on the benefits of _ 3
concrete recycling

Investment in research and development [N 3

ion projects that

ffective concrete

I

o 1 2 3 4 5 6 7 8 9
Total occurrence

Economic and market factors

for li I =

Provision of recycling centers and infrastructure _ 4
I -

ing information

0 1 2 3 4 5 6
Total occurrence

Fig.6 Critical success factors for CWR implementation
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and permissible applications (Marsh et al. 2022; Hasan and
Elmualim 2023). Policy instruments such as recycling tar-
gets, landfill restrictions, minimum recycled-content require-
ments, public procurement criteria, and landfill taxes can
also stimulate demand and discourage conventional disposal
practices (Ajayi and Oyedele 2017; Al-Sharif et al. 2024).
These measures need to be supported by government over-
sight, audits, inspections, and accountability mechanisms to
ensure consistent implementation (Liu et al. 2020; Li et al.
2024).

Economic and market-related factors are equally impor-
tant because CWR is often constrained by high investment
and operational costs (Ding et al. 2023). Grants, subsidies,
tax reduction, and other financial incentives can reduce the
cost burden associated with recycling facilities, equipment,
and technologies (Tam 2009; Ma et al. 2023). In addition,
competitive pricing of recycled aggregates is needed to
increase market demand, particularly when virgin aggregates
remain cheaper or more readily available (Tam 2009; Bao
et al. 2020; Liu et al. 2020). Strategically locating recycling
centers near construction and demolition sites and optimiz-
ing transport logistics are also critical for reducing cost-
related barriers and improving market viability (De Schep-
per et al. 2014; Luo et al. 2022). Achieving this requires
collaboration among government, recycling enterprises,
contractors, and suppliers to reduce processing, transporta-
tion, and quality-control costs (Liu et al. 2020).

Infrastructure and technology factors are required to
improve recycling efficiency, product quality, and scal-
ability. The provision of recycling centres and supporting
infrastructure is particularly important because adequate
facility availability improves access to recycling services
and strengthens concrete waste recovery, especially in areas
with high construction and demolition activity (Zhang et al.
2019b; Badraddin et al. 2022). Government support through
land allocation for regional recycling hubs near construction
clusters can address spatial constraints that limit recycling
operations (Tam and Tam 2006; Oyejobi et al. 2024). In
addition, investment in advanced recycling technologies
can improve the consistency of recycled aggregates and
reduce concerns about their performance (Jin et al. 2017).
Information technologies, including Building Information
Modelling (BIM), RFID-enabled material tracking, material
passports, and Al-supported logistics platforms, can further
support waste estimation, traceability, demolition planning,
and recycling coordination (Keles et al. 2025; Guerra et al.
2020; Vahidi et al. 2024).

Knowledge and education factors are also required to
address awareness gaps, stakeholder resistance, limited
expertise and misconceptions about recycled concrete prod-
ucts. Targeted training for construction professionals can
improve understanding of recycling techniques, quality con-
trol procedures, and the application of advanced materials in

eco-efficient and sustainable design and construction (Hasan
and Elmualim 2023). Public and industry awareness cam-
paigns can also increase acceptance by communicating the
environmental and economic benefits of CWR (Ram et al.
2019; Badraddin et al. 2022; Ding et al. 2023). In addition,
collaborative platforms such as workshops, professional
forums, certification databases, and knowledge-sharing
networks can support capacity building and communica-
tion among stakeholders (Li et al. 2024; Bao et al. 2020).
Continued research, pilot projects, and demonstration appli-
cations are also important for validating recycled concrete
performance, refining standards, and building stakeholder
confidence (Jin et al. 2017; Song et al. 2024).

Overall, the CSFs identified as shown in Fig. 6 indicate
that CWR implementation depends on the alignment of
policy, market, technology, infrastructure, and stakeholder
capacity. Together, these factors provide the enabling condi-
tions for overcoming implementation barriers and advancing
CWR implementation.

A Conceptual framework for CWR implementation

Based on the review findings, this study developed a con-
ceptual framework for advancing concrete waste recycling
in the built environment (Fig. 7). The proposed framework
is grounded in the understanding that CWR contributes to
CE implementation by converting end-of-life concrete into
reusable materials, such as recycled aggregates, for use in
new concrete production, thereby supporting the transition
from linear construction practices toward circular concrete
waste management.

Howeyver, the review advocates that several barriers con-
strain CWR implementation. These include regulatory and
policy limitations, high investment and operational costs,
technical and technological constraints, weak market condi-
tions, organizational and operational challenges, and social
or behavioural resistance (Fig. 7). These barriers can reduce
stakeholder confidence, limit the use of recycled concrete
products, hinder market uptake, and prevent the adoption and
implementation of recycling practices (Hasan and Elmualim
2023). Therefore, improving CWR implementation requires
more than technical processing capacitys; it requires coordi-
nated interventions that address the institutional, economic,
technological, market, and behavioural conditions across the
concrete recycling value chain.

The proposed framework, therefore, positions the iden-
tified CSFs as drivers for mitigating these barriers and
strengthening CWR implementation. Legal and regulatory
drivers, such as standards, certification systems, procure-
ment requirements, landfill restrictions, and enforcement
mechanisms, can reduce regulatory uncertainty and improve
confidence in recycled concrete products. Economic and
market drivers, including financial incentives, competitive
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Fig.7 Conceptual framework for CWR implementation. Note: Dashed lines indicate stakeholder collaboration

pricing, transportation logistics, and demand creation, can
enhance the financial viability and market appeal of recycled
concrete products. Infrastructure and technology drivers,
such as recycling centres, advanced recycling technologies,
and information technologies, can improve materials recov-
ery, product quality, traceability, and operational efficiency.
Knowledge and education drivers, including training, aware-
ness campaigns, research, demonstration projects, and stake-
holder collaboration, can address perceived knowledge gaps,
misconceptions, and resistance to change.

The developed framework further highlights the stake-
holder groups required for effective implementation.
Government, regulatory, and waste management authori-
ties can provide policy direction, standards, incentives,
enforcement, landfill controls, waste collection systems,
and industrywide recycling coordination (Wang et al.
2024). Construction and demolition enterprises can
support implementation by segregating waste, practis-
ing selective demolition, planning recycling, and using

@ Springer

recycled aggregates in suitable applications (Li et al.
2024). Clients and project owners can stimulate demand
by incorporating recycled concrete products into project
briefs, procurement decisions, and tender requirements,
while consultants and built-environment professionals can
support adoption through design specifications, material
selection, and waste minimization strategies (Superti et al.
2021). Recycling enterprises process concrete waste into
recycled aggregates and improve product quality through
sorting, crushing, and waste treatment technologies, while
concrete producers/manufacturers incorporate recycled
aggregates into new concrete products that meet required
performance and quality standards (Ram et al. 2019).
Educational and research institutions can contribute by
generating evidence on recycled concrete performance,
developing innovative recycling technologies, and facili-
tating knowledge transfer through training programs and
knowledge-sharing platforms (Ma et al. 2020). The public
and non-governmental organizations can further support
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public awareness and implementation monitoring (Wang
et al. 2024).

Overall, the proposed framework shows that effective
CWR implementation requires applying relevant CSFs
to mitigate implementation barriers, while supported by
stakeholder responsibilities for coordinated action across
the concrete recycling value chain. In practical terms, the
framework can be used by policymakers, project clients, and
industry practitioners to diagnose perceived implementation
barriers, select relevant CSFs, assign responsibilities, and
coordinate actions. For researchers, the framework provides
a sound basis for further empirical testing, stakeholder vali-
dation and comparative studies across diverse construction
contexts. In this way, the framework provides a practical,
research-informed pathway for planning, implementing,
monitoring, and advancing CWR implementation in the
built environment.

Conclusions

This study highlights the growing importance of CWR as
a resource recovery strategy to address concrete waste in
the construction sector. Given the widespread use of con-
crete and its significant contribution to construction and
demolition waste, sustainable resource recovery strategies
such as CWR are essential for reducing landfill disposal,
conserving resources, and supporting the transition to a
circular economy. Responding to the limited availability of
comprehensive reviews focused specifically on CWR barri-
ers and CSFs, this study systematically reviewed literature
published from 2000 onwards using the Scopus and Web
of Science databases, following the PRISMA approach. A
total of 65 relevant publications were retained for analysis,
leading to the identification of 30 barriers and 19 CSFs for
CWR implementation.

The findings reveal that CWR adoption is constrained
by interconnected regulatory, financial, technical, market,
organizational, and behavioural barriers. The dominant
barriers include high initial investment costs for recycling
equipment and infrastructure, poor quality and limited appli-
cations of recycled concrete products, lack of comprehensive
government regulations and guidelines, limited availability
of advanced recycling technologies, and insufficient recy-
cling facilities. These barriers reduce confidence in recycled
materials, limit investment in recycling systems, and hinder
the integration of CWR into mainstream construction and
demolition practices.

To address these challenges, the study identified legal and
regulatory, economic and market, infrastructure and technol-
ogy, and knowledge and education factors as CSFs for CWR
implementation. The findings indicate that effective CWR
implementation requires clear standards and certification

systems, supportive policy instruments, financial incentives,
competitive markets, strategically located recycling infra-
structure, advanced recycling technologies, sustained train-
ing, wider awareness, and knowledge-sharing initiatives.

Furthermore, the study's novel contribution lies in its
holistic framework for CWR implementation aimed at tran-
sitioning to a circular economy. The conceptual framework
proposes that effective CSFs can effectively mitigate imple-
mentation barriers when aligned with stakeholder respon-
sibilities and coordinating actions across the concrete recy-
cling value chain. In addition, the comprehensive analysis of
barriers and success factors specific to CWR implementation
not only fills a critical gap in the existing literature but also
equips policymakers, researchers, and stakeholders with
actionable insights to drive effective CWR initiatives.

However, despite its significant contributions, this study
has some perceived limitations. First, the review was limited
to publications retrieved from Scopus and Web of Science
databases, and only English-language publications from
2000 onwards were considered, which may have limited the
temporal, geographic, and linguistic diversity of the evi-
dence base. Second, the developed framework is literature-
based, while the frequency analysis indicates how often
barriers and CSFs for CWR implementation were identified
in the reviewed studies, rather than their severity or causal
influence.

Future research should empirically validate the proposed
framework across different geographic, regulatory, and
economic contexts. Longitudinal studies are also needed
to assess the effects of policy instruments, technological
innovations, and market-development strategies on CWR
adoption. Greater attention should also be given to develop-
ing countries, where limited infrastructure, weak regulatory
enforcement, and cost constraints may shape CWR adoption
and implementation differently.

Ultimately, advancing CWR implementation requires
coordinated policy, market, technological, educational and
collaborative stakeholder-driven interventions to transform
concrete waste into valuable resources and foster a resilient
circular economy in the built environment.
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