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Abstract: The construction sector plays a significant role in resource consumption and waste genera-
tion, making the transition to a circular economy (CE) imperative for sustainability in this sector. This
paper focuses on developing a framework for implementing CE principles in the construction sector,
guided by expert opinions and insights. The main objective of this study was to enhance existing the-
oretical frameworks by incorporating feedback from construction experts to improve practical utility
and applicability in real-world construction practices. By addressing key areas for enhancement, the
revised framework facilitates the adoption of CE practices throughout the asset lifecycle, considering
buildings from cradle to cradle. This research’s methodology involved a comprehensive literature
review to identify gaps in current frameworks related to CE implementation in the construction
sector. Unstructured interviews with twenty construction experts were conducted to gather insights
and recommendations for framework improvement. Data analysis highlighted the importance of
integrating CE principles at various stages of the asset lifecycle, such as design, construction, and
end-of-life phases. The key recommendations from experts include incorporating sustainable ap-
proaches, aligning with BIM models, and considering whole-life design aspects to promote circularity
in the construction sector. By incorporating expert feedback and industry insights, the framework
aims to guide practitioners toward more sustainable and resource-efficient construction practices,
contributing to the broader field of CE implementation in the built environment.

Keywords: circular economy (CE); construction sector; sustainability; whole-life design; BIM models;
expert opinions; digital framework; Materials Passports

1. Introduction
1.1. The Circular Economy Approach in the Construction Sector

The circular economy (CE) concept has increasingly gained attention in recent years
as a way to achieve more sustainable development and resource efficiency. CE aims to
close the material loops and minimize waste generation by reducing, reusing, and recycling
resources [1]. The construction sector is one of the most resource-intensive and waste-
generating sectors in the world, accounting for 37.5% of the total waste generation in the
EU [2]. Therefore, applying CE principles in the construction sector can have significant
environmental and economic benefits, such as saving materials, energy and costs, enhancing
innovation and competitiveness, and reducing greenhouse gas emissions [3].

The European Union proposed a CE model aimed at transforming production chains
and consumption habits by converting waste into resources, effectively closing the pro-
duction loop [4]. European Directive CEN/TC 350 mandates member states to legislate
for the whole-life design of new buildings, considering operational and embodied carbon
emissions, necessitating comprehensive assessments [5]. The “CEN/TC 350 Sustainability
of Construction Works” committee focuses on developing standardized methods for assess-
ing sustainability in alignment with the United Nations Sustainable Development Goals
(UN SDGs) and the CE concept. Internationally, the ISO/TC 323 Circular Economy [6],
established in 2019, provides transversal standards for the CE, potentially serving as a
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foundation for specific activities. Within CEN/TC 350, the European Commission instituted
a subcommittee on the circular economy (CEN/TC 350/SC1) to provide circular principles,
guidelines, and requirements for the construction sector, facilitating the transition to a more
sustainable CE in the built environment. This includes covering all stages of construction,
from design to deconstruction and end-of-life scenarios.

However, the transition from a linear to a circular model in the construction sector is
not straightforward and requires a holistic approach that involves multiple stakeholders
and levels of analysis.

Several studies have explored the challenges facing and opportunities provided by
the CE in the construction sector from different perspectives. For instance, some authors
assessed the implementation of a CE in China, and identified some barriers and recom-
mendations for improvement [7]. Others conducted a comprehensive literature review
and proposed a framework to classify and understand the CE from three levels: micro
(product or company), meso (industrial symbiosis or eco-industrial park), and macro (city
or region) [8]. Pomponi and Moncaster (2017) critically reviewed the existing literature on
the CE in the construction sector and highlighted the need for interdisciplinary research and
collaboration among different disciplines and actors [9]. Through a critical review, some
researchers conducted a thorough analysis of the barriers to implementing the circular
economy (CE) in construction. They found common obstacles across approaches, mainly
linked to organizational concerns. In particular, some studies referred to project—player
coordination in digitalization and sustainability [10,11]. A study provided a detailed map
for aiding construction sector stakeholders with developing strategies for a successful shift
to a CE [12]. Others explored the socio-economic and environmental barriers to a holistic
asset lifecycle approach to achieve a CE and suggested a pattern-matching method to iden-
tify the best practices and solutions [13]. Lastly, some authors studied construction-related
concerns regarding the CE [14].

1.2. Improving the Understanding of the CE

Kirchherr et al. (2017) provided an overview of the current understanding of the
CE concept by analyzing 114 CE definitions. They found that the CE is most frequently
defined as a combination of reduce, reuse, and recycle activities and that it has few explicit
linkages to sustainable development. They also critically discussed the various CE concep-
tualizations and their implications [15]. In 2022, Kirchherr et al. updated and extended the
previous analysis of those 114 circular economy definitions. Kirchherr et al. found that the
concept has seen both consolidation and differentiation in the five prior years and that defi-
nitional trends were emerging that may have more meaning for scholars than in practice.
They also proposed a new framework for categorizing CE definitions based on their scope,
rationale, and enablers [16]. Another area where clarity is required is the waste hierarchy
and the “3 Rs” (reduce, reuse, and recycle). Authors provided clarification on the different
ways of retaining the value of the resources and products in a CE by proposing a 10 Rs
typology that covers both the production and consumption phases: refuse, rethink, reduce,
reuse, repair, refurbish, remanufacture, repurpose, recycle, and recover [17]. They also
aimed to provide clear and consistent terminology for CE concepts, such as downcycling
and upcycling, and to show how they can be applied in practice. More recently, a study
tried to clarify how businesses can apply CE principles to improve their environmental
and social performance. The authors provided a list of 60 CE principles grouped into four
categories: reduce, reuse, recycle, and reverse logistics [18].

Another way to improve the understanding of the CE is by providing frameworks to
practitioners, such as to small and medium enterprises (SMEs) [19], for traceability [20],
assessing circularity, or implementing the CE approach. Indeed, Rahla et al. (2021) proposed
a framework for assessing the CE for buildings based on two segments: circular processes
and circular impacts [21]. Circular processes are the actions that retain the value of products
and systems, while circular impacts are the outcomes that reflect the goals of the CE. They
also provided a comprehensive review of indicators for measuring both segments. The
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framework was developed for the construction sector, dealing with the design, use, and
end of life (EOL) of buildings and their components. The paper suggests three innovative
aspects for implementing CE strategies in buildings: wise resource management, building
design approaches, and digitalization of the building industry [21]. Another study provided
a framework for using digital product passports (DPPs) and knowledge graphs (KGs),
which represent the relationships between different entities, such as products, materials,
processes, and stakeholders. The authors claimed that DPPs and KGs can help with
information sharing, traceability, and transparency in the construction sector. The paper
also discusses the main components and limitations of the framework [22].

1.3. Digitalization As an Enabler

Several studies argue that digitalization is another key factor that can enable and
support the transition to a CE in the construction sector through building information
modeling (BIM), the Internet of Things (IoT), artificial intelligence (Al), machine learning
(ML), blockchain, cloud computing, and augmented reality (AR) [23]. These technologies
can enable the collection, analysis, and exchange of data and information throughout
the life cycle of buildings and infrastructure, from design and planning to construction,
operation, and EOL management. This can facilitate the implementation of CE principles,
such as designing for durability, adaptability and disassembly, optimizing resource use
and waste management, extending the service life and functionality of products and
components, and recovering and reusing materials at the end of their lives [24]. Some
authors provided a comprehensive review of the uses of BIM to overcome barriers to the CE
in the construction sector [25]. The outcome was the development of seven new BIM uses
to guide and support practitioners in CE implementation. Others systematically reviewed
the literature on the interplay between the CE and digital technologies and proposed a
framework for digitalization-enabled CE. The study revealed that IoT and Al are crucial for
the CE transition, that there are various barriers to overcome, and that a product-service
system (PSS) is a key business model innovation for the CE [23].

Charef 2022 [26] explored the potential and challenges in applying the CE concept to
the construction sector, especially in the context of the digitalization of the construction
industry. The paper presents some arguments for and against the CE and the digitalization
of the sector and proposes some recommendations for future research and practice. Another
author argued that CE and digital technologies can help the construction sector reduce
its environmental impact and achieve system change. A network governance model that
fosters collaboration and innovation among various stakeholders in the building sector
was proposed [27].

The existing theoretical frameworks based on BIM for implementing the CE approach
show the asset phases and the stakeholder roles throughout the asset lifecycle [28]. Based
on these previous theoretical works, the current study aimed to develop an improved
digital framework for the implementation of the CE approach based on interviews with
experts. Three objectives were fulfilled to achieve this aim:

(i) To undertake an extensive literature review on the use of the circular economy (CE)
approach for the built environment, with digitalization as an enabler,

(ii) To identify and discuss improvements suggested by 20 experts interviewed to develop
a theoretical BIM-based framework,

(iii) To construct an improved BIM-based framework for the adoption of the CE approach.

This paper is structured into four sections: After having explored the CE and its appli-
cation within the construction sector (Section 1), Section 2 briefly presents the methodology
for the improvement in the theoretical framework, used as a basis for this study 2. In
Section 3, the interview results, classified into five areas of improvement, are presented.
Lastly, the conclusion and areas for further research are proposed in Section 4.
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2. Methodology

This paper is extracted from a larger research project and more information about
the method used could be found in previous publications, in particular, the boxes with
the references ([28-30]) in Figure 1 have been achieved and described in three previous
articles developed by the author (see Figure 1). The methodology process adopted for this
paper is split into three stages. The first stage aims to prepare the interviews. It refers
to the literature review ending in 2019, extracted from [29], who proposed a theoretical
BIM-based framework that integrates the EOL as a phase in its own right, (illustrated as
stage 1 in Figure 1).

Ath
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Figure 1. Details of the study methodology. The figure is designed by the author, but it includes three
references [28-30].

2.1. Unstructured Interviews (Stage 2)

A pre-interview questionnaire (PIQ) was followed by unstructured interviews. The
PIQ specifically aimed to assess the comprehension and the level of the application of
sustainable approaches by the twenty construction experts selected for participation in the
interviews. This preliminary information served as a valuable foundation allowing the
author to gain a comprehensive understanding of the participants’ backgrounds.

The unstructured interviews were conducted with the overarching objective of identi-
fying areas for improvement in the theoretical BIM-based framework extracted from [29],
which is reproduced in Figure 2, to enhance its practical utility for construction practi-
tioners. To solicit expert opinions on the theoretical framework, unstructured interviews,
characterized by their flexible and exploratory nature, were chosen as the preferred method.
This approach was intended to establish rapport and foster a comfortable environment
for interviewees, aligning with the advantages highlighted by some scholars, such as the
flexibility and boundaryless exploration inherent in unstructured interviews [31].

For the collection of data, the author used two methods: annotating the theoretical
framework sheet and recording the interviews. The use of recordings not only enabled
the comprehensive review of discussions but also facilitated interaction with participants,
ensuring a focus on the objectives of this investigation. The strategic recording of sessions
to facilitate subsequent analysis and ensure accuracy and objectivity was notified by [32].
Participants were encouraged to actively engage with the theoretical framework sheet,
adding or removing arrows and boxes, providing a tangible way for them to contribute to
the discussion. The theoretical framework was employed for each interview, serving both as
a dynamic tool for discussion and a means for the researcher to document pertinent notes.
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Figure 2. Theoretical framework extracted from [29] and used as a support for the interviews.

Following the presentation of the theoretical framework, the interviewer posed a
single open-ended question: “How do you believe the framework could be improved to
enhance its applicability in your day-to-day practice?” The ensuing interaction with experts
unfolded as a natural conversation, punctuated by strategic pauses and probes such as
“Would you explain further?”, “Could you provide an example?”, and “Is there anything
else?” These prompts aimed to stimulate interviewees and facilitate the articulation of
their responses.

The researcher employed a combination of verbal and nonverbal cues, including head
nodding and concise verbal affirmations such as “ok” and “I understand” [33]. Drawing
on the confidence gained through an extensive literature review, the interviewer navigated
the exploration with a clear plan, ensuring interviewees remained focused on the topic.
Subtle techniques were utilized to aid interviewee comprehension when deemed necessary,
contributing to a well-structured and participant-engaging interview process.

2.2. Sampling, Interview Procedure, and Analysis (Stage 2)

The author employed a purposive and snowballing sampling approach to identify
construction experts specialized in CE, sustainable buildings, and BIM. Interviews were
conducted either face-to-face or via phone. The interview period spanned from June 2018
to April 2019.

For analysis, a descriptive approach and means’ comparison were executed utilizing
NVivo 11, a qualitative tool designed to streamline the collection and organization of
textual data. NVivo's capabilities in coding and word queries were harnessed to expedite
qualitative analyses. Beyond word frequencies, the software facilitated transcript coding to
extract pertinent concepts and ideas regarding potential enhancements in the framework.
The decision to use NVivo underscored the author’s commitment to a comprehensive and
theme-driven exploration.
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2.3. Improving and Substantiating the Theoretical Framework (Stage 3)

The final stage of the methodology was the implementation in the theoretical frame-
work of supplementary data obtained in two steps:

First, the data extracted from an update of the literature review were used. The update
of the literature review started in 2019 (at the time of the interviews). A formalization of a
part of this literature review is summarized in [28] through the drawing of a trans-scalar
framework (Figure 1, stage 3). The trans-scalar framework was used as a new basis to
develop the final framework.

Second, data were extracted from the analysis of the interviews. The contribution from
the interviews included results derived from a two-step analysis. Initially, interviewees’
comments were categorized into five modification/improvement types for application to
the theoretical framework (Figure 1, Stage 3): (1) organization of the framework, (2) col-
laborative platforms and data exchange, (3) initiating a project with a digital CE approach,
(4) stakeholder engagement and team organization, and (5) BIM models. The improvements
are visually represented through different boxes in Stage 3 in Figure 1: (A) framework
scheme, (B) initiating a project with a CE approach, (C) collaborative platforms(Building
and material levels), (D) checking and deliverables, and (E) EOL and recovered materials
processes, which are shown in Figures 3—6 in [30]. The development of aspect (E) was
undertaken by the author in a separate publication [30].
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Figure 6. The key aspects of circular projects: What, who, how and when.

3. Trans-Scalar Framework: Areas for Improvement
3.1. Reconsideration of the Asset Lifecycle

The theoretical framework on which the interviewees reflected was based on a litera-
ture review ending in 2019 and the project phases defining the asset lifecycle taken from
the RIBA plan of work. To accommodate the EOL as a stage in the building’s lifecycle, the
digital plan of work was amended to introduce the deconstruction stage as phase 8. This
modification reconsidered the commonly known asset lifecycle and necessitated adapting
the information delivery cycle to incorporate the EOL phase and its related information
exchanges. In the revised asset lifecycle concept, three models were utilized throughout the
building’s lifespan, a concept extensively illustrated and discussed by [28]. In the following
sections, the data extracted from the interviews are discussed and analyzed to improve the
trans-scalar framework in the context of BIM to obtain the final framework.

3.2. Organization of the Framework

The improvements suggested by the interviewees were organized into five categories,
presented in this section, and added to the framework. The main structure of the framework
presented to the interviewees was kept. However, an interviewee suggested adding the
RIBA stages alongside the phases and using ISO 19650 [34] to help practitioners understand
it and use it (International Organization for Standardization (2018)).

3.2.1. New Phases Added

In Stage 0, a programming phase was added, as requested by three interviewees,
Figure 3. In the CE context, this is a crucial phase in which clients express their requirements
regarding digitalization and the CE approach. Then, the stakeholders are identified. An
interviewee considered the programming phase as the key because it is the moment when
the market should be assessed and prepared if necessary (for example, if the project requires
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specific circular materials). Manufacturers should adapt their Material Technical Data
Sheets to align with the sustainable EOL and CE requirements that need to be expressed
in the programming phase and reflected during the design phase. As part of a design for
circularity, whether via design for deconstruction or disassembly, the modularization of the
design meeting the disassembly /assembly requirements should be considered during Stage
3.5, relating to off-site construction, which was added. The rehabilitation and diagnostic
phases were also added, as requested by two interviewees. Several interviewees requested
adding the recovered materials’ processes to the framework. In addition to the connection
between the EOL phase with the recovered materials’ processes, they also recommended
connecting the construction and “in-use” phases, in which refurbishment or replacement
activities could appear. The recovered material flows and the re-prescription flow were
added to the framework accordingly (Figure 3).

3.2.2. Adaptations to Existing Phases

The design phase in the framework should encompass more subphases and new
actors, such as the CE specialist and the scheduler. The actors involved in the refurbishment
and off-site construction phases were thus added. According to nine respondents, the
sustainable EOL phase was modified, with particular attention put on the diagnostic
stage. The deconstruction stage was explained and discussed by the author in another
study (1) [30]. The framework was adjusted accordingly, as shown in Figure 5a,b.

Moreover, using reclaimed materials has an impact on the design phase, which cannot
be completed until the design team obtains the information from the reclaimed materials.
Therefore, a link was added between the design phase and the reclaimed materials bank.
Due to the regular surplus of new materials that end up as recovered materials, although
they are new, it was suggested to add a flow in the framework linking the construction
phase with the recovered material bank and suppliers. These materials or components that
are not used for the construction could either be returned to the supplier if a take-back
scheme is in place or be sent to the recovered material bank. In the construction phase,
the client should be added as they play a crucial role. They either do or do not validate
the decisions taken during construction. The checking process during the execution phase
should be mentioned in the framework. Compliance with the design and budget are
checked at this moment in time. In Stage 6, when the building is handed over, delivering
asset data should be distinct from geometric information using construction operations
building information exchange (COBie) and should appear in the framework, as shown in
Figure 5a,b.

3.3. Collaborative Platform and Data Exchange
3.3.1. The Central Facility Repository

The databases concerning the lifecycle of construction assets encompass two levels:
the project level and the national/regional level, as delineated in Figure 4. At the project
level, the Central Facility Repository (CFR) is a collaborative platform used for storing and
managing asset lifecycle data, aligning with the proposals of some authors who highlighted
the efficacy of BIM partnering in managing client involvement [35]. The CFR serves as
a comprehensive repository, encapsulating detailed information about the asset from its
inception to its EOL phase.

Concurrently, databases at the national /regional level, namely, the reclaimed materials
bank and the new materials bank, are instrumental in managing material availability and
environmental impact, considering the critical factor of the distance from which materials
originate. The CFR plays a pivotal role by focusing on the storage of diverse project-related
information, thereby contributing significantly to the principles of the circular economy.
It facilitates transparency and collaboration across the construction lifecycle, promoting
resource efficiency and waste reduction through well-informed decision making. Serving
as a centralized platform, the CFR enables architects, engineers, and project managers to
access crucial data, aligning with circular economy principles [36].
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3.3.2. Digital Building Logbook (DBL)

Complementary to the CFR, the Digital Building Logbook concentrates on the record-
ing of operational and maintenance history, thereby enhancing the longevity and perfor-
mance of building systems [37]. Facility managers, armed with insights from the logbook,
can implement proactive maintenance strategies, optimize energy efficiency, and ensure
responsible resource utilization. Indeed, in addition to storing the operational and mainte-
nance history, the Digital Building Logbook can also store information on the materials and
components used in the construction and renovation of buildings, such as their origin, com-
position, quality, quantity, and location. This information can facilitate the identification,
recovery, and reuse of valuable materials at the end of the building’s life cycle or when
parts of the building are replaced or upgraded [38].

Authors presented a survey of the existing literature and initiatives related to the
Digital Building Logbook and identified the main challenges and opportunities in its
development and implementation [39]. They explored the concept and its potential by
providing comprehensive and reliable data on the environmental performance of buildings.
They considered the Digital Building Logbook as a tool that can facilitate the transition to a
circular economy in the building sector.

3.3.3. Material Bank Platforms

The integration of the material bank with the project, as suggested by an interviewee,
allows quantities and locations of reclaimed materials to inform design prescriptions,
thereby enhancing sustainability practices. Recycling and reuse plants can supply the
reclaimed material bank during the EOL phase of the asset. Proposed at the regional
or national level, these material banks contribute to a dual-level database framework,
addressing the imperative for both localized and broader perspectives in sustainable
materials’ management throughout the building’s lifecycle.

Together, the CFR, the Digital Building Logbook, and the material bank platforms form
an integrated system that supports a holistic approach to sustainability in the construction
sector, fostering a circular economy through efficient resource management and reduced
environmental impact, while extending the life cycles of built assets. Central to this
integrated system is the concept of the material passport. A material passport provides
an identity to materials, preventing them from becoming waste. It is a critical tool that
documents essential information about the materials” composition, origin, and lifecycle,
facilitating their reuse, recycling, and efficient management throughout the building’s life
cycle [40]. By offering a comprehensive profile, material passports enable better decision-
making in design, construction, and demoli-tion phases, thereby supporting the circular
economy. This documentation bridges the gap between different building phases and
integrates seamlessly with platforms like the CFR, Digital Building Logbook, and materials
bank, promoting sustainable practic-es and extending the lifecycle of built assets and their
components (Figure 4).

3.3.4. Data Management

The complexities of data management were acknowledged as a significant challenge
in asset management by several interviewees. They highlighted the limitations of collabora-
tion platforms and emphasized the importance of clearly defining collaboration parameters
at the project’s outset. Similarly, authors argued that collaboration limitations could be
overcome by the establishment of responsibilities and the improvement in communication
among disciplines [28]. Additionally, the development of protocols and sharing via a
common model stored centrally or hosted on distributed environments can support over-
coming the collaboration limitations [41]. Aligned with this statement, some interviewees
suggested the establishment of a collaborative platform, a common data exchange (CDE),
designed for the project and fed by each stakeholder. While the consolidation of all data
within a CDE is deemed essential, challenges arise in the form of multiple CDEs on a project.
Some interviewees proposed focusing on the CFR as the primary vision for centralizing
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building data. They suggested framing data exchange and interoperability issues rigor-
ously in the BIM Execution Plan (BEP). The BEP is a document that defines the objectives,
standards, and processes for BIM collaboration. This aspect was explained in a recent study
proposing a trans-scalar framework to support construction stakeholders. The author
illustrated the complexity of the interaction between the multiple stakeholders involved in
the various phases of a construction project, in the BIM and circular economy contexts [28].

3.3.5. Potential Benefits of the Use of Collaborative Platforms

Some potential uses of the CFR and the Digital Building Logbook include enabling
the reuse and upcycling of recovered materials, reducing the demand for new resources,
lowering the environmental impact of material extraction and production, and creating
new opportunities for circular business models in the construction sector. Indeed, a study
discussed how the circular economy principles can be applied to the building sector and
how the Digital Building Logbook can be a useful tool for monitoring and optimizing the
material flows and energy efficiency of buildings [9]. The Digital Building Logbook is a key
tool for supporting material circularity and resource efficiency in the built environment. The
European Commission provides several reports on whether to provide a comprehensive
overview of the Digital Building Logbook, its definition, objectives, benefits, and challenges
or to explore the potential of the Digital Building Logbook in facilitating the transition to a
circular economy in the construction sector [42—44]. Additionally, to set up collaborative
platforms at the building and material levels, several key actions need to be adopted,
including sustainable design strategies.

3.4. Initiating a Digital Circular Project
3.4.1. Strategies for a Circular Design Approach

Circular design principles need to be discussed during the programming phase and
integrated from the project’s inception, as suggested by some respondents. As highlighted,
for projects following the “design for circularity” approach, the focus on holistic asset
lifecycle management requires a strategic investment perspective, allocating budgets with
long-term implications to avoid higher costs in the future. A vital consideration is the
incorporation of design for deconstruction, disassembly, or dismantling, which is a concept
advocated by multiple studies [45].

According to an interviewee who is an architect, unique approaches, such as minimiz-
ing finishing works and utilizing earth-based materials, contribute to waste reduction and
minimize the environmental impact at the EOL of buildings. This strategy involves delib-
erate design choices to expose structural elements and HVAC systems, thereby reducing
construction waste. This interviewee stated that they often integrate this approach with
the use of earth-based materials for structural components, such as rammed earth or com-
pressed earth blocks. Notably, several respondents addressed sustainability requirements
by employing excavated raw earth as a construction material, usually landfilled as waste.
This serves a triple purpose: waste reduction, a localized and therefore quantifiable CO,
impact, and minimized EOL environmental impact, provided that cement-stabilized earth
is not used.

Modular construction, as highlighted by one respondent, offers flexible utilization
and recovery for future projects, aligning with the global pursuit of sustainable construc-
tion practices [46]. Drawing inspiration from practices in other industries, such as the
automobile and consumer product sectors, the integration of prefabrication and design
for manufacture and assembly (DfMA) has emerged as a promising avenue for enhancing
demountability and reducing construction costs [47]. Circularity needs to be incorporated
during the design phase and considered during the in-use and refurbishment phases. Some
authors incorporated circularity by identifying 10 design and operation determinants that
can facilitate building resilience, asset value creation, and waste elimination [48]. Indeed,
recognizing adaptability as a critical design consideration contributes to the longevity and
sustainable use of buildings, aligning with the evolving needs of occupants, according to
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several respondents. Design decisions made early in the project lifecycle significantly influ-
ence the ease of disassembly and materials’ recovery during the EOL phase. Embracing
design for deconstruction principles, modular construction techniques facilitate material
recovery and reuse during the EOL phase and reduce waste generation, contributing to the
achievement of the circular economy’s objectives.

The management of the asset lifecycle should be supported by digital tools, as evi-
denced in some studies [25,47]. This statement was unanimously acknowledged by respon-
dents, who confirmed the necessity of having a digital framework to support practitioners
in the understanding and implementation of the CE in the digital context. Some of them
confirmed the usefulness of BIM in simplifying day-to-day practices and offering valuable
insights into deconstruction. For existing buildings without BIM, data for sustainable EOL
management are gathered through 3D scans, 2D documents, and on-site surveys. The
pivotal role of BIM technology in effective EOL management was further emphasized, with
accumulated data throughout the asset lifecycle serving as crucial resources for optimizing
EOL decision making [28,30]. Leveraging BIM for materials’ recovery, particularly reuse,
is a growing area of interest, with frameworks developed to select EOL scenarios with
minimal environmental impacts based on comprehensive lifecycle data [49]. The use of
materials passports further enhances the effectiveness of BIM technology by providing
detailed information about each material’s composition, origin, and lifecy-cle. This integra-
tion ensures that materials are tracked and managed efficiently throughout their multiple
lifecycles, facilitating their recirculation and reuse within a closed loop.

3.4.2. Procedures and Data Requirements

As stressed in 2011, for BIM projects, an effective multidisciplinary collaboration
necessitates new contractual relationships and process reorganization [50]. In BIM projects,
adherence to the ISO 19650 series, as outlined by [28,30], is crucial for defining project
requirements. The original figure in PAS 1192-2:2013 (now part of ISO 19650) lacked consid-
eration of the asset’s EOL phase, which was deeply explained and addressed by the author
in a previous study [28]. The incorporation of the sustainable EOL phase into the asset
lifecycle shakes the current practices and raises contractual concerns. Indeed, tendering
and procurement methods require adjustments, as stressed by several respondents. Thus,
standard contract forms and the BIM protocol must evolve to encompass the contractual
terms related to the CE and its stipulated requirements.

Respondents unanimously emphasized the significance of obtaining a clear under-
standing of client requirements, particularly regarding the management of the asset’s EOL,
at the programming stage. A respondent further elucidated the need for various documents
(EIR, MIDP, AIR, AIM, etc.) and contractual agreements at the project’s inception. In a CE
approach, clients express expectations related to EOL management, EOL simulations, and
asset circularity objectives. The BEP plays a pivotal role in regulating the working processes
among project stakeholders. AIM requirements, crucial for project commencement and
ongoing development, were underscored. Furthermore, data classification requirements
must be outlined in the BEP [51]. Several interviewees advocated for clearly defining
the type of data needed, their timing, parties responsible for provision, storage locations,
verification, and updating responsibilities.

3.4.3. Definition of Deliverables

The identification and definition of deliverables, along with associated responsibilities
and formats like IFC, native format, and COBie, are crucial in construction projects. Early
agreement and inclusion of these deliverables in the BEP are imperative, as are essential
supplementary deliverables like EOL simulations. Integration of specific deliverables and
models aids in efficient planning, with COBie development typically occurring at RIBA
Stage 6. The involvement of stakeholders from inception, including facility managers, is
necessary to determine the AIM and digital as-built content. Architects need to be on site
during construction to control material substitution and maintain design specifications.
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3.4.4. Verification throughout the Asset Lifecycle

Multiple verification stages must be established throughout the project lifecycle. Dur-
ing the design phase, clients assisted by the “Assistant to the Contracting Authority” should
ensure CE compliance. One respondent suggests incorporating a verification stage during
permit approval to align with CE principles and EOL management. Sustainable EOL man-
agement verification necessitates specific contractual clauses for facility managers. Authors
proposed a new framework for construction projects, including indicators, action plans,
and quantitative tools for assessing circularity [52]. Data integrity throughout the asset
lifecycle is crucial, with Chen (2015) emphasizing the need for well-controlled manage-
ment policies [53]. Figure 6 provides a schematic representation of the verification process,
highlighting the essential steps and stakeholders involved in ensuring compliance with
circular economy principles throughout the building lifecycle. Another aspect highlighted
by the interviewees was the early involvement of some actors, a specific organization of
teams organization and the fact that the roles and responsibilities of stakeholders must be
clearly defined.

3.5. Stakeholder Engagement and Team Organization
3.5.1. Stakeholder Involvement

In the traditional procurement method, contractors are involved after the technical
design stage once designs and detailed specifications are finalized. As indicated by several
interviewees, it is imperative to engage the contractor earlier in the design phase to facilitate
collaboration with the design team when selecting strategies and material specifications.
This early involvement of contractors in the design stage aligns with the findings reported
by [54] and by some authors who considered that it brings significant cost savings and
value to projects [55]. The requirement for a collaborative culture and clear objectives
necessitate the use of appropriate regulations and tools to ensure successful Early Contrac-
tor Involvement (ECI) [56]. According to some authors, to facilitate ECI, the best method
would be the utilization of the Integrated Project Delivery (IPD) method, coupled with a
collaborative BIM environment [57].

Manufacturers are also actors who need to be involved in the programming phase
to see if they are ready for the requirements expressed by the client. If not, they have the
duration of the design process to prepare themselves. Manufacturers must know very early
on what the client’s objectives are to be able to make the material data available during
the tender phase through documents such as the Environmental ProductDeclarations
(EPDs), the Environmental and Health Declaration Sheets (FDESs), or theDeclaration of
Performance (DoP) documents that are usually requested. These documents provide
transparent and standardized information to help stakeholders make informed decisions
about material selection, construction practices, and sustainability goals. Therefore, for
circular projects, the tendering phase should be adapted.

Although it seemed unlikely for some interviewees, practitioners who had already
been involved in circular projects asked to add the involvement of the EOL actors and
facility managers to the framework. The early involvement of these actors allows early
consideration of EOL implications. Indeed, by integrating their expertise and insights into
the decision-making process, the project team can identify opportunities to design buildings
to be easily disassembled and to optimize the recovery of materials without damaging them.
This may include specifying modular construction techniques, designing for easy access
to building components, and selecting materials that are recyclable or biodegradable. By
considering these factors during the design phase, stakeholders can maximize the potential
for resource recovery and minimize waste generation during the EOL phase.

3.5.2. Clear Roles and Responsibilities

Stakeholder identification and role definition are crucial for ensuring effective col-
laboration and accountability throughout a project’s lifecycle. The clear delineation of
responsibilities minimizes ambiguities and enhances communication among project par-
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ticipants. According to RIBA 2012, in addition to the identification of key players, their
roles and responsibilities must be precisely defined, and contractual boundaries must be
established from the start of a BIM project [50,58]. Similarly, the adoption of a CE approach
necessitates the same level of clarity and contractual commitment [59]. In the area of
technology adoption, Lindblad (2018) suggested that for tools like BIM, the most effective
acceptance strategy is a contractual imposition, making it a non-negotiable aspect [60]. In
the CE context, similar ideas have been expressed by various authors, collectively high-
lighting the need for contractual agreements delineating the roles and responsibilities of
construction stakeholders. Furthermore, they have emphasized the importance of a unified
strategy, understanding interdependencies and promoting a cooperative approach [61,62].
Adopting collaborative methodologies such as Integrated Project Delivery (IPD) and BIM
increases interdisciplinary coordination and nurtures a culture of shared responsibility
among project participants. The early engagement of stakeholders, including contractors
and facility managers, fosters a shared understanding of project objectives and require-
ments, facilitating the seamless integration of circular economy principles into project
delivery processes. The contractual integration of stakeholder roles and responsibilities
ensures alignment with project objectives and facilitates effective implementation of cir-
cular economy principles throughout the project’s lifecycle. Some interviewees argued
that proper stakeholder identification, an effective project team organization, and a clear
definition of roles and responsibilities are crucial. Manufacturers are also key players
in circular economy approaches, and standardizing their responsibilities and obligations
for the content of their products is vital for addressing transparency and recoverability
concerns. While some products are initially 100% recyclable, their recyclability can be
compromised by additional materials, as seen with plaster walls covered with paint or
wallpaper. Similarly, the stabilization of earthen materials with cement hinders the natural
recyclability of the material and sharply increase its embodied energy. The early involve-
ment of the facility manager is essential, particularly in BIM-managed buildings using
reclaimed components or equipment instead of new materials. In the context of on-site ma-
terials’ reuse or recycling, the assistant to the contracting authority plays a key role. Mainly,
all the interviewees agreed that client engagement is fundamental in the circular economy
approach and the adoption of BIM, necessitating the presence of dedicated individuals [63].

4. Conclusions and Future Research

This study presented a comprehensive framework for implementing the circular econ-
omy (CE) principles in the construction sector, informed by expert opinions and insights.
By addressing key areas for improvement and incorporating feedback from professionals,
the revised framework aims to enhance practical utility and promote sustainable practices
throughout an asset’s lifecycle. This study underscores the importance of integrating circu-
lar economy principles at different stages of construction projects, emphasizing the need
for holistic and systemic approaches to resource efficiency and waste reduction.

This study makes several practical contributions to improving the digital framework
to include circular economy concerns. Firstly, it highlights the importance of incorporating
circular economy data into all lifecycle stages of construction projects from design and
procurement to operation and end of life. This integration can enhance the ability of digital
tools like Building Information Modeling (BIM) to support sustainable decision making.
Furthermore, this study provides insights into the technical aspects of integrating circular
economy principles with digital technologies by addressing the complexities of digital
frameworks and emphasizing the need for stakeholder coordination.

The framework developed in this study has several practical applications in the con-
struction sector. It can be utilized by project managers and sustainability officers to design
and implement projects that prioritize resource efficiency and waste reduction. Additionally,
policymakers can use the framework to develop regulations and guidelines that encourage
the adoption of circular economy practices across the industry. Educational institutions
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can also incorporate the framework into their curriculum to train future professionals in
sustainable construction practices.

Despite the potential benefits, there are several barriers to the adoption of circular
economy principles in the construction sector. One of the primary challenges is the resis-
tance to the changes in mindset and practices, which can be time-consuming and costly.
Additionally, the integration of circular economy principles into existing digital frame-
works presents technical challenges. These include ensuring interoperability between
different systems, managing the complexity of data integration, and coordinating various
project stakeholders.

Future research in this area could focus on the practical implementation and validation
of the revised framework in real construction projects. Longitudinal studies could track
the impact of adopting circular economy practices on the resource consumption, waste
generation, and overall sustainability performance in the construction sector. Additionally,
exploring the role of digital technologies, such as BIM, in facilitating circular economy prac-
tices could provide valuable insights for industry stakeholders. In the construction sector,
the issue is often not the availability of new technology or processes but their adoption into
existing systems, which requires significant time, cost, and stakeholder involvement. It
is also important to discuss the technicalities of circular economy integration with digital
technologies, particularly BIM and digital twins. Additionally, it is recommended to specify
the technical points that are currently missing on the integration of circular economy data in
the lifecycle stages. Further research could also investigate the scalability and replicability
of the framework in different construction contexts and for different project scales, as well
as the potential policy implications for promoting circular economy principles in the built
environment. By continuing to advance the knowledge and practices in implementing
circular economy in construction, researchers and practitioners can contribute to a more
sustainable and resource-efficient built environment.
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