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bridge this gap by developing a robust framework to evaluate circular
economy performance criteria specifically for Industrialised Building
Systems. The study conducts a rigorous analysis of existing evaluation
tools, such as lifecycle cost analysis (LCA) and material reuse
indicators. It organises and categorises these resources to create a
practical framework that addresses the root causes of stakeholder
resistance. The research confirms the significant potential of IBS to
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construction industry can transform IBS into a cornerstone of
sustainable practice, setting a new benchmark for CE-driven innovation
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1. Introduction

Malaysia's construction industry, a major source of waste, struggles to incorporate Circular Economy (CE)
principles into Industrialised Building Systems (IBS) [1]. While IBS produces less waste than traditional methods,
it still contributes significantly to overall waste generation [2], [3]. In fact, IBS-related waste in Malaysia is
estimated to reach 77,188 tons per year [4]. Waste management in IBS construction continues to face challenges,
particularly with costs, due to issues like poor material storage, mishandling, and a lack of skilled workers for
component installation and construction tasks [5]. Despite policy discussions on CE, Malaysia lacks clear
regulatory incentives to integrate CE principles into IBS projects. Unlike the EU’s Circular Economy Action Plan,
which mandates secondary material use and extended producer responsibility, Malaysia’s regulatory framework
does not enforce modular deconstruction or track material reuse in IBS. Addressing these gaps requires targeted
policy interventions such as tax incentives for sustainable materials, mandatory lifecycle assessments, and
subsidies for waste-free construction methods. Addressing the barriers to IBS adoption within a Circular Economy
framework is critical to reducing this environmental impact and achieving the nation’s sustainability goals. This
study addresses these gaps by developing a structured framework to evaluate CE performance in IBS, providing
actionable strategies for enhancing resource efficiency and zero-waste construction goals.

Recent developments in the circular economy, including strategies like lifecycle cost analysis and circular
supply chain management, present a systematic approach to achieving zero waste [6]. IBS has the potential to
improve sustainability in construction by incorporating circular economy principles. Applying circular economy
principles in IBS, like material recovery and deconstruction for reuse, allows the construction industry to cut down
on waste, conserve natural resources, and drive sustainable growth. The Ellen MacArthur Foundation [7] has
introduced a framework to help governments, cities, and businesses transition to a circular economy, focusing on
key policy areas for worldwide adoption.

Despite numerous studies emphasising the potential of IBS for sustainable development, there is limited
research on a structured framework for integrating Circular Economy principles into IBS practices in Malaysia.
However, for the proposed framework to be widely adopted, its effectiveness must be validated through practical
applications or case studies. Such validation will ensure that the framework is adaptable to real-world
construction projects and can effectively address existing industry challenges. This study aims to fill that gap by
developing actionable strategies and evaluation tools for stakeholders. This study develops a comprehensive
framework for evaluating Circular Economy performance criteria in IBS, offering practical insights for
policymakers and industry practitioners to optimise sustainability practices. It will explore the relationship
between IBS and the circular economy, assess existing decision tools and guidelines, investigate research
opportunities for adapting IBS to circular economy principles, and evaluate the current progress of this research
project. This analysis aims to enhance understanding of IBS performance, support circular economy development,
and improve the sustainability of built environments.

2. Industrialised Building System (IBS)

IBS embodies core principles of circular construction by incorporating prefabrication, modular design, and
resource-efficient production processes. Beyond efficiency, CE integration in IBS requires strategic approaches,
including secondary raw material utilisation, lifecycle assessment-based decision-making, and flexible design for
deconstruction and reuse. While IBS can significantly contribute to waste reduction, its full potential within CE is
currently underexplored due to regulatory barriers, lack of standardisation in reusable components, and
insufficient investment in material recovery technologies [8]. IBS offers a sustainable construction method by
incorporating lean manufacturing principles and utilising secondary raw materials to improve project outcomes
[9]. While the Industrialised Building System (IBS) holds promise for waste reduction and sustainability, its
adoption in Malaysia remains limited due to stakeholder misunderstandings, inadequate technical expertise, and
perceived complexities [8]. This prevents the construction industry from fully adopting Circular Economy
principles, which play a key role in reaching sustainability goals [10], [11].

The Circular Economy is a system designed to eliminate waste and maximise resource use [12]. Integrating
IBS with CE principles offers a pathway to greater sustainability by minimising waste and improving resource
efficiency [13]. IBS can also promote the secondary raw material utilisation by using prefabricated components
that can be disassembled and reused in other projects [12]. However, the scalability of CE practices within IBS
raises questions about material sourcing, end-of-life management, and socio-economic implications [13].
Leveraging prefabricated components and lean management principles in IBS can contribute significantly to
waste reduction and resource optimisation [9]. Zairul, M [6] and Ly et al [14] focus on the synergy between CE
and modular construction, noting the importance of using secondary raw materials, sustainable design, and
technological innovation. These themes are central to IBS, where materials and processes are often optimised for
prefabrication and assembly. However, the practical validation of CE strategies in real-world IBS projects remains
limited, which can hinder their widespread adoption. Wuni & Shen [15] and Kabirifar et al. [16] highlight the
challenges of managing construction and demolition waste (C&DW). While IBS has the potential to enhance waste




235 Int. . Sustain. Constr. Eng. Technol. Vol. 17 No. 1 (2026) p. 233-245

management, key lifecycle stages such as deconstruction and material recycling are often neglected. This oversight
may be due to a focus on initial construction costs, timelines, and technological advancements, rather than long-
term sustainability outcomes.

Recent research has broadened the understanding of resource recovery and recycling strategies within the
Circular Economy. Singh and Ordofiez [17] highlight valuable insights into material recovery and recycling,
showcasing how IBS can improve resource efficiency and minimise environmental impact during construction
and demolition. Effectively applying CE principles in IBS requires a thorough understanding of their impact across
the construction lifecycle [18]. Integrating these principles into the construction sector, particularly within
Industrialised Building Systems, can lead to significant waste reduction and a smaller environmental footprint
[19]. Leising et al. [20], through an analysis of three BREEAM-certified projects, found that incorporating Circular
Economy strategies and sustainable building practices enhances the overall sustainability of construction
projects.

Integrating Building Information Modelling (BIM) with Circular Economy strategies can enhance design
efficiency and material reuse. However, challenges such as higher energy consumption during prefabrication and
difficulties with disassembly and recycling at the end of a project require careful evaluation [18]. Leising et al. [21]
highlight that combining BIM with Circular Economy principles can support the development of more sustainable
buildings. Additionally, adopting CE principles in construction can help tackle both the challenges and
opportunities linked to Industrialised Building Systems [22]. Researchers also stress the importance of embracing
sustainable business models and construction practices to shift away from the industry's traditional linear
approach and drive long-term sustainability [19].

Shifting the construction industry away from its linear approach and toward sustainability requires a
comprehensive strategy [23]. This includes reevaluating business models, restructuring supply chains, and
refining regulatory frameworks to actively promote sustainable practices [23]. By adopting systemic changes and
embracing sustainability, the industry can significantly reduce its environmental impact and move toward a more
sustainable future.

3. Limitation and Barriers

Maximising the waste reduction potential of Industrialized Building Systems (IBS) requires well-structured and
systematic strategies. However, despite its advantages, several challenges still prevent the full adoption of Circular
Economy principles in IBS construction.

One of the biggest challenges in implementing CE principles within IBS is the industry's limited expertise in
circular design strategies. Key aspects like designing for disassembly, closed-loop material management, and
digital tracking for material reuse are not widely practiced [24], [25]. In contrast to countries like the Netherlands
and Sweden, where structured CE frameworks, materials passports, and secondary material markets are well
established, Malaysia's construction sector lacks essential training, policy incentives, and digital tools to support
circularity in IBS. This gap extends to the technical skills and knowledge needed for effective CE implementation
[24], [26]. The concept of a Circular Economy in construction remains vague, with limited understanding and
widespread uncertainty [27]. Further research is crucial to uncover barriers preventing the adoption of
sustainable design and end-of-life (EOL) management aligned with CE principles [28]. The shortage of technical
expertise and skills continues to be a major roadblock to the widespread adoption of Circular Economy practices
in the industry [29], [30].

Structural and adaptability barriers also pose significant challenges, as existing buildings may not be easily
adaptable for reuse due to design complexities and limitations [31]. It is crucial to assess the structural elements
thoroughly to facilitate reuse with minimal necessary adjustments. This evaluation is vital as structural
constraints may complicate the reuse of materials from older buildings in new construction endeavours [32]. The
intricate and diverse designs of traditional buildings contribute to their limited adaptability. The adaptability level
corresponds directly to the building's flexibility; traditional buildings, designed for permanence on-site, lack this
adaptability [33].

Financial challenges, including high initial costs and a lack of incentives for circular products, make it difficult
to implement CE practices in IBS construction [24]. The significant upfront investment required, combined with
insufficient incentives and low consumer demand for circular products, can slow their adoption [30].
Furthermore, the lack of supportive policies and regulatory frameworks creates additional barriers to integrating
CE principles within the construction industry [32].

The construction industry encounters several challenges in implementing Circular Economy practices,
particularly environmental factors that hinder progress. One key issue is the limited availability of materials
suitable for reuse or recycling, making it difficult to apply CE principles effectively [25]. Misconceptions
surrounding sustainable materials such as the view that earth-based construction is inferior and need to be
addressed to encourage broader acceptance [34]. Additionally, the stigma around second-hand materials, along
with a general lack of awareness and knowledge among stakeholders, creates further obstacles [35]. Resistance
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to change, weak collaboration, and a slow-moving construction sector also pose significant challenges [36].
Kabirifar et al. [16] point to inefficiencies in construction and demolition waste (C&DW) management, largely due
to a poor understanding of stakeholder perspectives and lifecycle integration. Many decision-makers prioritise
short-term project concerns, like cost and deadlines, over long-term sustainability benefits. Without a clear
framework for integrating Circular Economy principles throughout planning, design, and construction, IBS
projects may fall short in optimising resource efficiency and reducing waste.

From an architectural perspective, the lack of standardised measures and the need for design standards that
incorporate sustainable end-of-life asset management are essential for advancing CE practices [37]. Challenges
also arise from a fragmented supply chain, limited awareness among stakeholders, and the underdeveloped
market for reused building components [38]. Additionally, the slow transition of circular economy initiatives from
small-scale pilot projects to larger implementations hinders their broader adoption within the construction
industry [39].

The use of advanced technologies like BIM and risk assessment tools play a vital role in improving the
sustainability of IBS construction. However, these technologies require real-world validation to evaluate their
practical effectiveness. Conducting case studies can help identify challenges, refine frameworks, and ensure
smooth integration into construction processes. Tabatabaee et al. [40] and Abkar et al. [41] highlight how BIM and
material management strategies optimise resource use, minimise waste, and align construction practices with
Circular Economy principles. These technologies enable precise planning and resource tracking, making it easier
to integrate circular practices throughout a building’s lifecycle. Additionally, incorporating recycled and waste
materials such as fly ash and waste glass into concrete production can significantly enhance the sustainability of
IBS projects [42], [43], [44], [45]. However, these materials are often overlooked during the design phase, limiting
their potential benefits. Using them in IBS can reduce reliance on virgin resources and contribute to a more
sustainable built environment. Saad et al. [46] and Tabatabaee et al. [40] examine challenges in adopting Offsite
Modular Construction (OMC) and integrating BIM into IBS, pointing to issues like resource availability, process
management, and technological alignment with Circular Economy principles. Addressing these barriers require a
structured approach to implementing CE practices in construction. This could strengthen resource efficiency, align
projects with environmental goals, improve human well-being, and enhance economic growth in developing
countries.

4. Employing Circular Economy in IBS

This research aims to establish guidelines for implementing IBS within a Circular Economy (CE), focusing on the
designer’s perspective. As the pivotal "first decision-makers," designers establish a project's potential for waste
reduction and material recovery through their initial specifications. Consequently, providing targeted guidelines
directly addresses the foundational knowledge gap, ensuring CE principles are integral to the project from its
conception. To achieve this, it will critically examine the relationship between CE principles and IBS. The key
objectives include:
e Analysing how current implementation practices align with Circular Economy-driven IBS construction.
¢ Identifying Circular Economy aspects in IBS that may be overlooked or deprioritised by key stakeholders
during early decision-making.
¢ Developing a framework to help designers enhance the integration of Circular Economy practices in IBS
projects.

The authors are conducting research on the Malaysian construction industry using a mix of quantitative and
qualitative methods. This study systematically assesses the integration of CE principles within current
Industrialised Building System (IBS) workflows. The analysis pinpoints both existing alignments and critical gaps
to identify barriers to a fully circular construction process. To validate the proposed framework, the researchers
will analyse case studies of ongoing IBS projects, assessing its practical application. These real-world insights will
help refine the framework based on industry feedback, demonstrating its feasibility and benefits.

A comprehensive literature review has been completed to define the research scope and ensure alignment
with current industry trends. This review has helped identify key variables and integrate relevant findings
creatively. Based on this, the authors have outlined essential attributes to encourage the adoption of CE principles
in IBS. These attributes will serve as the foundation for a stakeholder survey in Malaysia.

The survey would identify critical factors needed to implement a Circular Economy in IBS, with responses
analysed using quantitative methods before the framework is finalised. Structural equation modeling would be
used to explore relationships between descriptive, behavioural, and attitudinal data. Additionally, multiple case
studies would be conducted to assess and validate the framework, ensuring comprehensive, credible, and reliable
results. This approach was chosen to enhance the accuracy and consistency of findings, strengthening the
framework’s real-world applicability.
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5. Framework of Employing Circular Economy in IBS

The adoption of the Industrialised Building System (IBS) offers great potential for promoting sustainable
development by minimising waste through Circular Economy principles [24]. Pomponi & Moncaster [47]
introduced a 'six pillars' framework that emphasises the integration of various disciplines, including
environmental (Env), technological (T), economic (Eco), societal (S), governmental (G), and behavioural (B)
aspects, to achieve the goals of CE research.

5.1 Planning and Design Stage

Studies emphasise the importance of incorporating sustainability early in the construction process, especially
during the design phase [48]. From an environmental perspective (Env), designing building components for easy
disassembly and reuse is essential. This could be achieved through selective deconstruction techniques and
lifecycle cost analysis to assess long-term economic advantages [49]. Additionally, sustainable and recyclable
materials should be prioritised in component design, taking into account factors such as embodied carbon,
durability, and recyclability [33].

BIM offers a detailed digital representation of buildings, enabling visualisation, simulation, and coordination
as key factors for efficient planning, construction, and management [50]. Additionally, digital twin technology
enhances construction projects by optimising component design and production workflows, leading to better
efficiency, quality, and resource use [51]. These technological advancements support the Circular Economy (CE)
from a technological perspective (T).

From an economic standpoint (Eco), conducting lifecycle cost analysis is essential for assessing the financial
benefits of circularity. This includes cost savings from reduced material use, lower disposal expenses, and
potential revenue from recycling or refurbishing components [52]. Implementing cost-effective strategies such as
component standardisation, bulk purchasing of sustainable materials, and forming collaborative partnerships
with supplier which can further lower production costs and boost competitiveness [53].

To strengthen the societal dimension (S), investing in training and upskilling programmes for workers
involved in component design and production is essential. These programmes should focus on CE principles,
sustainable practices, and emerging technologies [54]. By enhancing workforce education and development,
companies can ensure that employees have the necessary skills to actively support and implement Circular
Economy initiatives.

From the governmental perspective (G), collaboration with government agencies and industry associations is
key to establishing standards for circular design, production, and certification of building components. These
efforts help build market acceptance and consumer confidence in sustainable construction practices [55].
Additionally, securing government funding and grants for research and innovation in Circular Economy solutions,
sustainable materials, and circular design methodologies is vital for driving progress in the construction sector
[56]. By supporting these initiatives, policymakers can accelerate the transition toward more sustainable and
resource-efficient building practices..

Lastly, engaging with local communities and stakeholders is crucial for raising awareness about the benefits
of circularity, gathering feedback, and incorporating societal needs into component design and production [57].
This inclusive approach encourages community involvement and ensures that construction projects reflect local
values and priorities. These efforts contribute to the circular economy from a behavioural perspective (B),
promoting greater acceptance and long-term sustainability in the industry.

5.2 Production and Assembly Stage

Integrating closed-loop systems for materials within the production process through circular supply chain
management and waste diversion rate improvement, such as recycling waste materials into new components or
using renewable energy sources for manufacturing, is essential for promoting sustainability in construction [58].
Furthermore, to enhance the environmental dimension (Env) of implementing Circular Economy (CE) into
Industrialised Building Systems (IBS) by prioritising the reuse of components and materials during the assembly
process to minimise waste generation and resource consumption [59]. Additionally, optimising energy use during
assembly is essential. This could be achieved by employing efficient equipment, utilising renewable energy
sources, and designing passive energy strategies to reduce the environmental impact [60]. Prioritising energy
efficiency during assembly could significantly lower the environmental impact of industrialised building systems.

To strengthen the technological dimension (T), adopting advanced manufacturing technologies such as 3D
printing, robotic assembly, and digital fabrication is essential [61]. These innovations streamline production,
minimise material waste, and allow for greater customisation of components. Additionally, utilising digital tools
like Building Information Modeling (BIM), augmented reality (AR), and robotics can improve efficiency and reduce
errors in assembly processes [62]. Furthermore, integrating smart building systems and sensors during assembly
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helps monitor energy consumption, occupancy patterns, and overall building performance, contributing to more
sustainable and efficient construction practices [63].

Optimising assembly processes is essential to reduce labour costs, enhance productivity, and minimise
downtime which contribute to the economical dimension (Eco). The optimisation could be achieved through the
utilisation of efficient workflows, standardised components, and skilled workforce training [64]. Furthermore,
designing components and assemblies with the potential for value recovery at the end of their lifecycle is crucial
for capturing economic benefits from circularity. Factors such as remanufacturing, refurbishment, resale, and
material recycling should be considered during the design phase to maximise the economic returns from building
components [65]. This strategy not only enhances resource efficiency, but also supports the long-term economic
sustainability of IBS.

Next, for the societal dimension (S), it is vital to prioritise worker safety, health, and well-being during
assembly processes. This could be achieved by providing proper training, protective equipment, ergonomic
facilities, and a safe working environment to ensure the welfare of workers [66]. By focusing on these aspects, the
construction industry can create a conducive environment that promotes worker satisfaction, productivity, and
overall societal well-being. Moreover, ensuring that assembled buildings and components meet accessibility
standards and accommodate diverse user needs is essential for promoting inclusivity and enhancing societal
benefits. By designing spaces that accommodate a diverse range of users, including individuals with varying
abilities and needs, the construction sector can help create more inclusive and accessible built environments [67].
This not only improves the functionality of buildings but also promotes social cohesion and equity within
communities.

From a governmental perspective (G), achieving a Circular Economy requires strict adherence to regulatory
requirements and standards, including building codes, environmental regulations, worker safety, and quality
assurance during assembly. Partnering with government agencies for compliance and oversight ensures that
construction processes align with established regulations, reinforcing safety, environmental responsibility, and
quality in building projects [68]. Collaborating with governmental bodies helps the construction industry maintain
high standards that support sustainability and societal well-being. Additionally, obtaining green building
certifications that recognise CE practices can enhance market competitiveness and credibility [69]. Certifications
highlighting sustainable assembly methods and strong environmental performance allow construction firms to
stand out, attract environmentally conscious clients, and demonstrate their commitment to circular economy
principles.

Fostering collaboration and communication among stakeholders is crucial to driving collective action towards
circularity in the assembly stage [70]. The integration is categorised in the behavioural dimension (B). By engaging
designers, suppliers, contractors, and end-users in collaborative efforts, aligning goals, and sharing best practices,
the construction industry can promote knowledge exchange, innovation, and a shared commitment to circular
economy principles.

5.3 Operation and Maintenance Stage

During the operation and maintenance stage, the environmental dimension (Env) could be addressed by
integrating renewable energy sources such as solar panels, wind turbines, and geothermal systems to reduce
energy demand and dependence on fossil fuels [71]. Additionally, conducting a Life Cycle Assessment (LCA) is
essential for evaluating the environmental impact of building operations, including energy consumption, water
usage, waste generation, and emissions. This analysis helps pinpoint key environmental challenges and prioritise
sustainability improvements for more eco-friendly building practices [72].

To enhance the technological dimension (T), leveraging advanced technologies is essential. One effective
approach is installing Internet of Things (IoT) sensors throughout the building to gather real-time data on energy
consumption, water usage, indoor air quality, occupancy patterns, and equipment performance [73]. Additionally,
using predictive maintenance algorithms and machine learning models to analyse this data allows for proactive
maintenance scheduling, early failure detection, and optimised asset lifespan. This approach minimises downtime,
improves efficiency, and ensures the long-term sustainability of building operations [74].

Evaluating the long-term economic feasibility of Industrialised Building System (IBS) solutions requires a
Total Cost of Ownership (TCO) analysis. This approach enhances sustainability and supports the adoption of
Circular Economy principles within the economic dimension (Eco). TCO analysis considers factors such as
maintenance costs, material lifespan, and potential savings from circular practices [75]. By assessing these
elements, organisations can gain a clearer picture of the overall costs associated with IBS implementation,
allowing for more informed decision-making regarding its economic viability [76].

Prioritising local hiring supports the CE by fostering social inclusivity, economic resilience, and community
well-being within the social dimension (S). This strategy not only drives economic growth but also improves the
quality of life for community members [77]. By utilising local talent and resources, construction projects can
strengthen community relationships, creating lasting social and economic benefits.
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From the governmental dimension (G), establishing monitoring and reporting mechanisms is essential for
tracking key performance indicators (KPIs), metrics, and targets related to CE goals, energy efficiency, waste
reduction, water conservation, and overall environmental performance in buildings [78]. By systematically
tracking these KPIs, governments can inform policy development, optimise resource allocation, and refine
regulatory frameworks to accelerate the shift toward more sustainable and resource-efficient building systems.

The behavioural dimension (B) could be addressed by implementing awareness campaigns, sustainability
challenges, and green initiatives within buildings to educate and encourage occupants to adopt responsible
practices, minimise resource consumption, and support circularity [72]. Fostering a culture of continuous
improvement through regular sustainability evaluations, feedback collection, and targeted action plans could
further strengthen behavioural engagement. By promoting learning and adaptation, organisations can enhance
both sustainability outcomes and overall environmental impact.

5.4 Demolition and Recovery

For the environmental dimension (Env), integrating Circular Economy (CE) principles could be achieved through
selective demolition techniques. This involves dismantling and sorting materials by type with a well-documented
system on-site, making it easier to recycle, upcycle, and reuse materials in future construction projects. Advanced
material recovery strategies and circular business models further enhance this process [13]. A strong waste
segregation system is essential, categorising materials into recyclable, reusable, hazardous, and non-recyclable
groups. This ensures proper disposal, recycling, and appropriate treatment of waste streams [79]. Additionally,
identifying salvageable materials that could be repurposed, reused in other projects, or sold to salvage yards
promotes resource efficiency and minimises waste, aligning with CE principles.

Moreover, it is vital to employ Circular Economy for technological dimension (T) to track and manage waste
streams, ensuring compliance with waste regulations and optimising resource recovery [72]. By exploring
advanced recycling technologies such as mobile recycling units, onsite crushers, and material recovery facilities
(MRFs) could process demolition waste into reusable aggregates, metals, plastics, and other materials for
construction applicaions [24]. The selection of technologies can be done by examining the return of investment
and other criteria including availability of resources for demolition operations.

From an economic perspective (Eco), adopting circular business models such as product-as-a-service or
leasing arrangements can encourage the recovery, refurbishment, and reuse of building components, shifting from
a linear to a Circular Economy approach [80]. These models enhance sustainability by extending the lifecycle of
materials and reducing waste, ultimately creating long-term economic and environmental benefits.

Integrating Circular Economy (CE) into Industrialised Building Systems (IBS) during the demolition and
recovery stage could be employed in the societal dimension (S) by maintaining transparent communication
channels with the community. Providing regular updates, progress reports, and information on demolition
schedules, waste management practices, and environmental monitoring results is essential [81]. In addition,
establishing mechanisms for accountability, grievance redressal, and feedback collection from community
members allows for transparency, trust-building, and responsiveness to community concerns [82].

From the governmental dimension (G), securing the necessary permits, licenses, and approvals for demolition
activities, waste handling, recycling operations, and environmental monitoring is crucial to ensure compliance
with legal requirements and industry best practices [83]. Additionally, advocating for policies, incentives, and
regulations that support CE principles in construction and demolition such as extended producer responsibility
(EPR), waste management targets, and incentives for material reuse and recycling plays a vital role in fostering
sustainable practices [84]. These measures could drive the industry's transition toward a more resource-efficient
and environmentally responsible approach.

For the behavioral dimension (B), providing real-time feedback to workers and teams on their waste
management performance, recycling rates, and environmental impact metrics is essential [85]. This allows them
to monitor progress, identify areas for improvement, and adjust their practices accordingly. Additionally, leading
by example and demonstrating best practices in waste management, resource recovery, and Circular Economy
initiatives within the organisation can inspire others to adopt similar sustainable behaviours [86]. This approach
fosters a culture of environmental responsibility and continuous improvement.

The findings of the analysis are presented in a developed framework, as shown in Fig. 1. The framework
consists of four (4) main processes: 1) planning and design, 2) production and assembly, 3) operation and
maintenance, and 4) demolition and recovery. While this structured approach provides a theoretical foundation,
its practical applicability must be validated through real-world case studies. Practical applications would
demonstrate how the framework performs in actual IBS projects, identify any necessary adjustments, and provide
empirical evidence of its effectiveness. The factors influencing the employment of Circular Economy are
categorised according to the appropriate process and classified into environmental, technological, economic,
societal, governmental, and behavioural aspects.
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Demolition & Recovery Planning & Design

Environmental: Selective Demolition, Waste
Segregation

Economic: Circular Business Model

Societal: Open Communication & Accountability
Mechanism

Technological: Construction & Demolition Waste
(CDW) Management System, Advance Recycling

Environmental: Design for Disassembly
Economie: Life Cycle Cost Analysis, Cost
Optimization

Societal: Knowledge & Skills
Technological: BIM and Digital Twin
Governmental: Government Collaboration,

i A Research & Development
Technologies Bl i -
s . . ’ — Behavioral: Public Awareness
Governmental: Permitting & Licensing, Policy
Advocacy
Behavioral: Real-time Feedback, Role Modelling o1
04
02
Environmental: Renewable Energy Environmental: Closed-loop System, Material
Integration, Life Cycle Assessment (LCA) & 03 Reuse, Energy Efficiency
Economic: Total Cost of Ownership Analysis Economic: Cost-Effective Assembly, Value
Societal: Local Employment Recovery

Societal: Health & Safety, Accessibility & Inclusivity
Technological: Digital Tools, Smart Building System

Technological: IoT Sensors, Predictive

Maintenance

Governmental: Performance Monitoring Governmental: Regulatory Compliance, Green
Behavioral: Awareness Campaign Building Certification
Behavioral: Stakeholders Collaboration

Operation & Maintenance Production & Assembly

Fig. 1 Framework for integration of circular economy in the Industrialised Building System (IBS)

The proposed six-dimension framework offers a holistic approach to addressing real-life challenges in
construction and demolition (C&D) waste management. By integrating environmental, technological, economic,
societal, governmental, and behavioural dimensions, the framework provides actionable strategies tailored to
diverse stakeholders. For example, developers can apply environmental and technological strategies to reduce
material waste during IBS construction, while policymakers could implement governmental and economic
measures to incentivise recycling and reuse. Furthermore, the framework's emphasis on behavioural shifts
ensures sustainable practices are embedded across the industry.

The framework’s impact goes beyond waste reduction, contributing to economic growth through material
recovery while supporting Malaysia’s sustainability goals. These strengths highlight its practical value in
addressing real-world challenges in construction and demolition (C&D) waste management. To refine the
framework into a practical guideline for designers and manufacturers, questionnaire surveys and interviews
would be conducted. These insights would help improve decision-making in implementing Circular Economy
principles within IBS applications. Evaluating real construction projects is essential to identifying viable solutions,
and active participation from industry practitioners is crucial to addressing on-site challenges effectively.

6. Conclusion

The integration of Circular Economy (CE) principles within Industrialised Building Systems (IBS) represents a
transformative approach to advancing sustainability in the construction industry. This research critically
examined the synergy between CE and IBS, proposing a comprehensive framework that categorises essential
attributes across environmental, technological, economic, societal, governmental, and behavioural dimensions.

The findings highlight the critical importance of coordinated efforts among stakeholders including designers,
manufacturers, and policymakers to drive sustainable practices across all stages of construction projects. By
aligning IBS with Circular Economy (CE) standards, the framework identifies key Circular Economy attributes that
stakeholders recognise as essential. These attributes are organised into key dimensions, such as lifecycle cost
analysis for economic viability, advanced material recovery strategies for environmental sustainability, and
deconstruction for material reuse within technological considerations.

Future research should focus on testing the proposed framework in real IBS projects to assess its impact on
reducing material waste, improving cost efficiency, and enhancing circularity across various project stages.
Additionally, further studies are needed to explore how digital tracking tools, policy interventions, and financial
incentives can accelerate the adoption of Circular Economy (CE) principles within Malaysia’s regulatory
framework. By fostering collaboration and sharing knowledge, this research aims to establish IBS as a key driver
of sustainable construction, setting a benchmark for CE integration in Malaysia and beyond.
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