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Abstract: The construction industry continues to play a significant role in the economic development
of most nations in the world. However, the construction sector still follows the ‘linear’ ‘take-make—
dispose” industrial model that, having benefited development, plays a major factor in the depletion
of resources, environmental deterioration, and the generation of waste and pollution. In this regard,
the adoption of a circular economy (CE) presents a compelling opportunity to address the challenges
derived from the traditional linear economic model. This study attempts to scrutinise the critical
success factors (CSFs) for implementing a CE via a mixed-method approach that combines both focus
groups and an online survey. The adopted approach ensures a comprehensive identification and
prioritisation of CSFs for implementing CE principles in building construction projects. The focus groups
consisted of 20 key stakeholders drawn from prominent construction firms which included clients,
consultants, contractors and designers. The outcomes from these focused groups led to the dentification
of 43 CSFs, later categorised across different dimensions. Subsequently, an online survey was conducted
to establish a priority list of the identified CSFs, using responses from 82 stakeholders to rate their level
of importance. The top five significant CSFs include ensuring the use of standardised and warranted
secondary materials, maintaining cost equivalence between a CE and linear approach, maintenance
and operation cost minimisation, assessment of life cycle cost (LCC), and the enforcement of robust
government regulations and policies that prioritise a CE. The Relative Importance Index (RII) was used
to rank the identified CSFs following results obtained using the Statistical Package for Social Sciences
(SPSS 27) and Excel for Microsoft 365. The findings of this study can inform the creation of decision
support systems that could progress a CE across the construction project life cycle.

Keywords: circular economy; critical success factors; building construction projects; building sector

1. Introduction

The building sector plays a pivotal role in the global economy, contributing to a
substantial 13% of the world’s gross domestic product (GDP) [1]. However, it is also
responsible for the emission of greenhouse gases (GHGs) and a significant share of resource
consumption, waste generation, and further environmental impacts [2]. The traditional
linear model of construction, characterised by extraction—production—-use-disposal, has led
to resource depletion and environmental degradation [3,4]. This adverse environmental
impact is demonstrably evident throughout the building’s life cycle, particularly during
the operation and end-of-life stages [5].

The concept of a circular economy (CE) has emerged as a critical strategy for ad-
dressing resource depletion, waste generation, and environmental challenges, offering a
promising path towards a more sustainable future [6,7]. A CE offers a feasible alternative to
the traditional linear economy through principles guided by the so-called 9Rs framework,
which aims at minimising material consumption and waste generation [8]. The detailed
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strategy includes RO (Refuse), R1 (Rethink), R2 (Reduce), R3 (Reuse), R4 (Repair), R5 (Re-
furbish), R6 (Remanufacture), R7 (Repurpose), R8 (Recycle), and R9 (Recover). According
to Hysa et al. [9], a CE develops under the assumption that Earth has finite resources
and operates as a closed system in which the economy and environment should coexist
harmoniously. The Ellen Macarthur Foundation [6] defined a CE as “An industrial system
that is restorative or regenerative by intention and design. It replaces the ‘end-of-life’ concept
with restoration, shifts towards the use of renewable energy, eliminates the use of toxic chemicals,
which impair reuse, and aims for the elimination of waste through the superior design of materials,
products, systems, and, within this, business models”. Essentially, a CE aims to intentionally
restore or regenerate the system rather than solely disposing of products at the end of
their life cycle. Likewise, Stahel [10] argues that the CE model is a compelling approach to
achieving economic growth alongside environmental benefits.

Implementing CE practices in building construction projects yields both environmental
and economic benefits [11]. A CE advocates for maintaining building components and
materials within a closed-loop system, emphasising their ongoing utilisation, reuse, recycle,
and repair throughout their lifecycle. This approach effectively eliminates waste and
prevents CO, emissions [12]. According to Kubbinga et al. [13], a circular building can be
defined as “A building that is developed, used and reused without unnecessary resource depletion,
environmental pollution and ecosystem degradation. It is constructed in an economically responsible
way and contributes to the wellbeing of people and the biosphere. Here and there, now and later.
Technical elements are demountable and reusable, and biological elements can also be brought back
into the biological cycle”. Pomponi and Moncaster [14] stated that circular principles offer
a robust approach to significantly mitigating the environmental footprint of buildings.
However, the full potential of a CE in the construction of buildings cannot be achieved
without integrating its principles throughout all stages of a building’s life cycle [15].

The construction industry has been perceived as conservative and little innovative com-
pared to other sectors [16,17]. The effective implementation of CE practices in the construction
industry is complicated and faces several challenges [18-24]. These obstacles include a low
interest in a CE, regulatory constraints, insufficient standardised practices, cost-related issues,
limited awareness and knowledge, and a lack of guidelines for project teams to integrate CE
principles into their project [25-27]. Without clear frameworks in place, stakeholders and
project teams encounter difficulties in navigating the complexities of CE implementation.
This ambiguity not only leads to confusion but also hinders progress towards adopting more
circular practices in building construction projects. In this context, the identification of critical
success factors (CSFs) becomes paramount for the successful integration of CE principles.

CSFs are fundamental for achieving imperative outcomes for an organisation to
achieve its goals [28]. They provide guidelines for strategic and tactical project execution, en-
suring the establishment of a successful delivery system [29]. In this regard, Gan et al. [30]
emphasise the importance of CSFs for effectively incorporating sustainability into project
management practices. According to Boynton and Zmud [31], CSFs are “those few things
that must go well to ensure success for a manager or organization and therefore, they represent
those managerial or enterprise areas that must be given special and continual attention to bring
about high-performance”. Koc et al. [32] highlighted the significance of identifying CSFs as
an essential step in the adoption process for any modern technology or approach.

Whuni and Shen [33] argue that CSFs stand as a powerful tool for enhancing success and
reducing failure in project management. Consequently, the development of CSFs has led to
considerable research interest within the construction management field. In the context
of a CE, the CSFs play a significant role in determining the effectiveness and outcome of
CE initiatives, influencing their commencement, progress, and eventual success [34]. By
studying these factors and developing a robust framework of CSFs, we can significantly
contribute to facilitating the transition towards a CE model and guide project teams in
minimising risks associated with circular construction projects [35]. Koc et al. [32] added
that investigating CSFs for adopting circularity in the construction sector can significantly
smoothen the path to its successful implementation.
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Although there is limited literature focusing on the CSFs for managing and implement-
ing circular buildings, there are some studies that document the CSFs for implementing a
CE in the broader construction industry. Akinade et al. [36] identified and ranked 38 CSFs
needed for effective material recovery through design for deconstruction and claimed
that most CSFs are stringent legislation and policy, along with the design process and
competency for deconstruction. Wuni and Shen [35] highlighted 23 CSFs for managing
circular modular construction in Hong Kong and found the top three significant CSFs were
early design completion and freezing, early understanding and commitment of the client,
and effective leadership and support of a specialist contractor. Ma et al. [37] identified
eight CSFs essential for advancing CE practices in construction and demolition waste
management. Among these factors, two emerged as particularly pivotal: improving the
quality and value of secondary materials and providing incentives for their utilisation.
However, according to Aloini et al. [34], there is a need for more context-specific research
to develop CSFs for the adoption of CE.

The primary objective of this study is to identify, categorise, and rank the CSFs re-
quired to promote CE practices based on their significance and relevance to the successful
implementation of CE principles. This study intends to shed light on the prioritised CSFs as
perceived by each stakeholder group, providing valuable insights into key considerations
essential for advancing a CE in the building sector. This investigation also aims to enhance
the limited body of knowledge on the CSFs for the adoption of CE practices in the build-
ing sector. The results of this study would offer stakeholders valuable guidance on key
considerations essential for advancing CE adoption in building construction projects. This
information could also inform strategic decision-making, project planning and execution
for the successful implementation of CE principles.

To address the project objectives, we establish the following research questions:

1. What CSFs are essential for effectively implementing the CE concept within building
construction projects?

2. How do different stakeholders perceive CSFs and prioritise their importance for CE
adoption in the building sector?

3. At which stages of a project lifecycle could these CSFs be implemented?

2. Methods
2.1. Research Strategy

This study employed a mixed method approach, incorporating both qualitative and
quantitative data collected through focus groups and online questionnaire surveys. This
method facilitates the exploration of our research questions, leveraging the diverse strengths
of both quantitative and qualitative analyses [38,39]. As highlighted by DeCuir et al. [40],
mixed methods research is particularly well-suited for examining complex problems within
a study due to the evidence triangulation, which involves using multiple data sources or
methods to corroborate findings. According to Denzin [41], using mixed methods can be
a valuable way to increase the validity and reliability of research findings. Therefore, we
believe that utilising a mixed methods approach is the most appropriate way to achieve the
study’s objectives. Figure 1 demonstrates the research methodology for this study.

Step 1 Step 2 Step 3
Fogus Gr_oup : Online Questionnaire Descrptive Statistics
Discussion | Survey
~ Identificatonand | | [ ' r
Categorisation of the | Ranking of the CSFs | Analysis of the CSFs
CSFs |

Figure 1. The research framework for the study.
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2.1.1. Qualitative Research Design

Focus groups emerged as a popular technique for gathering qualitative data employed
by researchers globally [42]. According to Morgan [43], it can be defined as “a research tech-
nique that collects data through group interaction on a topic determined by the researcher”.
There is a range of perspectives around optimal focus group sizes. Guest et al. [44] suggest
a size between six and twelve people, while Krueger [45] argues that smaller groups of
five to seven participants might be more suitable for fostering in-depth conversations. The
dynamics of focus groups reveal both the similarities and differences of opinion among
participants [45,46]. Kaplowitz and Hoehn [47] argued that the dynamics within focus
groups often foster a tendency for participants to speculate about information. According
to Freitas et al. [42], focus groups enable depth and flexibility in data collection that is
typically not attained when collecting information on an individual basis. This approach
has, therefore, been selected to identify and develop CSFs for enforcing CE in building
construction projects.

2.1.2. Quantitative Research Design

Quantitative research involves a methodical and organised approach to investigating
phenomena by gathering and analysing numerical data [48]. A fundamental objective
in quantitative research is to establish precise and reliable measurements that facilitate
statistical analysis [49]. According to Roopa and Rani [50], a questionnaire survey is the
primary method of gathering quantitative data. This study used the survey’s quantitative
data to determine the importance level of the identified CSFs among building stakeholders
in Saudi Arabia’s building sector. The choice of an online questionnaire survey offers a
convenient and accessible method for data collection, which allowed us to reach a broad
and diverse sample of respondents.

2.2. Data Collection
2.2.1. Qualitative Data Collection

Focus groups were conducted with 20 participants representing four stakeholder
groups, namely, clients, contractors, consultants, and designers. The participants were
provided with a topic and instructions one week before the meeting to ensure a common
understanding and knowledge base. A purposive sampling, which is largely based on
subjective, personal judgment, was used for the qualitative part of this study. The main
reason for using this technique is to capture a particular group of interest in a population
that best enables the researcher to answer the research questions.

The focus group discussions, structured into three sessions, extended over a duration
of four hours. Session 1 lasted for one hour, Session 2 lasted two hours and thirty minutes,
and Session 3 lasted for thirty minutes.

In the first session, each participant (individually) was asked to write down their
thoughts about the following question:

e  What are the CSFs that are essential for establishing an effective implementation of the
CE concept within the building construction project?

This approach did capture individual perspectives before facilitating collaborative
analysis and discussion, providing a rich qualitative exploration of the CSFs and potential
actions for promoting CE practices in building construction projects. In session 2, the focus
then shifted to a group analysis where all identified CSFs were discussed, categorised, and
ranked collectively by each stakeholder group. This process also involved refining the
CSFs by eliminating duplicates. For a factor to be included as a CSF, it needed to achieve a
threshold of 75% agreement among the participants.

In the final session of the focus groups, participants engaged in discussions regarding
the implementation of the identified CSFs across various stages of the project life cycle. The
CSFs were presented on a smart board projector, and the participants were asked to indicate
the project life cycle phase they believed each CSF was most relevant or contributed signifi-
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cantly to. This interactive exercise facilitated a comprehensive understanding of how these
factors impact different phases of the project life cycle through collaborative discussion.

2.2.2. Quantitative Data Collection

The questionnaire was efficiently distributed using a web-based format through
Google Forms. Following a pilot survey, the final questionnaire was refined to ensure
clarity and effectiveness. The link to the online survey remained accessible for completion
over a two-month period. To ensure participants had a foundational understanding of CE
principles in the building sector, a brief overview was provided at the beginning of the
questionnaire. This introductory section was to familiarise respondents with key concepts
related to a CE. The next sections in the questionnaire were divided as follows: section I re-
quested demographic details from the respondents, while section II requested respondents
to assess the importance of the forty-three CSFs. The questionnaire utilised the Likert scale
technique, which employs a five-point rating scale ranging from ‘1" (lowest weight) to ‘5’
(highest weight). This design facilitated a straightforward analysis of the results through
closed-ended questions that provided valuable insights into participant perceptions.

The size of the interview sample was defined through a random sampling technique,
and included stakeholders in six semi-governmental and private organisations. This study
employed Yamane’s [51] simplified formula, a widely utilised method for calculating
sample size in studies involving large populations [52]. This formula takes into account
both the total population size and the desired level of precision, as demonstrated in
Equation (1):

N 120

1+N(e)> 14 120(0.05)

= 92 participants (1)

where:

e n:sample size;
e N:represents the overall population size;
e e: symbolises the desired precision level.

The study obtained 82 valid responses from the 120 surveys distributed, resulting in a
final response rate of 68.3%. This aligns well with previous research, such as Fincham [53],
which suggests that the response rate is at 60% at least, whereas, according to Nulty [54],
achieving response rates above 70% is often challenging.

2.3. Data Analysis
2.3.1. Thematic Analysis

Thematic analysis is a flexible and widely used qualitative research method that
focuses on identifying, analysing, and reporting patterns (themes) within a data set [55].
It is commonly used due to its ability to address a wide variety of research questions and
topics [56]. This method allows researchers to delve deeply into the views and experiences
of different participants, providing rich and detailed insights [55]. The six main stages
of the analysis include familiarisation with data, generating initial codes, searching for
themes, reviewing themes, defining and naming themes, and producing the report [57].

A thematic analysis was employed to analyse the data gathered from the focus group
discussions. The researchers transcribed the audio recordings of these discussions into
Word documents for detailed examination to then search for recurring patterns and themes
in the participants’ responses. To ensure accuracy in the transcriptions, the audio record-
ings were played many times, which also increased the possibility of identifying extra
themes while correcting mistakes made during the transcribing. This material was key to
identifying similarities and differences among the participants’ perspectives and provided
deep insights into the CSFs based on their experiences.
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2.3.2. Relative Importance Index (RII)

This study employed the RII analysis to rank the CSFs associated to the implemen-
tation of CE principles in building construction projects. This analysis helps to prioritise
factors based on their perceived influence, offering valuable insights into stakeholders’
perceptions regarding these factors. The feedback from respondents was analysed using
Microsoft Excel, and the RII was then applied using Formula (2).

Y w 1nq + 2ny + 3nz + 4ny + 5ns
= ; <RI <1 2
AXxXN AxN ;o (0= <1 @

where:

w = The weighting given to each factor by the respondent, ranging from 1 to 5 where 15 is
“Very important” and 7, is “Not important”;

A = Highest weight (in this study: 5);

N = Overall number of respondents (in this study: 82).

2.3.3. Reliability and Validity

The reliability of a research instrument assesses how consistent research findings are
when its analysis procedures are subject to multiple iterations to the same population [58].
Reliability is commonly evaluated in the form of internal consistency reliability [58]. To this
end, we used Cronbach’s alpha coefficient as it is the most used technique for evaluating
internal consistency [59,60]. The alpha coefficient was estimated for each CSF category
by feeding the first and second-order statistics listed in Table 1 in Cronbach’s alpha (x)
formula [61], which is reproduced below:

- (55) (-5

where:

n = Number of items;
Vi = Variance of test scores;
V; = Total variance of the scale.

Table 1. Reliability analysis of the CSFs.

CSFs Category M SD No. of Items Cronbach’s Alpha
Contractual 3.868 1.135 5 0.847
Supply Chain 4.031 0.838 6 0.808
nggfﬁ};‘ﬁ;ﬁ;‘i 4.099 0.952 9 0.948
Technical 4.151 0.899 5 0.770
Strategic 3.890 0.944 8 0.866
Regulations and 4179 0.945 3 0.707

Policies

Economic 4.296 0.906 4 0.790
Technological 3.846 1.034 3 0.702

The results obtained reveal a level of internal consistency ranging from 0.7 to 0.9,
indicating good-to-excellent reliability [62,63]. This demonstrates the extent to which this
study captures qualitative information and produces accurate results. Content validity was
established through direct consultations with subject matter experts. The questionnaire
was also assessed a priori before its wider distribution through a pilot study completed
that included a smaller sample of 10 respondents with ample experience in construction
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projects. Based on the feedback from the pilot study, the questionnaire was refined to
ensure its effectiveness during the main survey. After that point, statistical validation was
completed using SPSS 27 and Excel for Microsoft 365 to confirm the validity and reliability
of the research database.

3. Results and Discussion
3.1. Overview

The following five sub-sections present the findings of focus group discussions and
online questionnaires employed in this study. Section 1 presents the demographic details
of participants within the focus group. Section 2 presents the participant’s opinions about
CSFs including how they weigh their importance. Section 3 provides the participants’
views on the CSFs throughout different stages of building construction project life cycles.
Finally, Section 4 provides the overall ranking of the CSFs based on the data collected
through the online questionnaire survey.

3.2. Focus Groups Demographic Details

Table 2 provides details of the twenty participants involved in the focus groups. This
includes participant names (coded), type of stakeholder, positions within their organisa-
tions, and years of experience in the building sector. These illustrate the diverse range of
perspectives represented in the focus groups.

Table 2. Participants” demographic details.

No. ID Type Position ExY;::ise(r)lfce
1 C1 Client Chief Executive Officer 31
2 c2 Client Sustainability Manager 19
3 C3 Client Quality and Quantity Surveyor Engineer 15
4 C4 Client Project Director 29
5 Cc5 Client Developer 20
6 CT1 Contractor Project Manager 31
7 CT2 Contractor Project Manager 37
8 CT3 Contractor Procurement Manager 25
9 CT4 Contractor Site Engineer 13

10 CT5 Contractor Environmental Engineer 11
11 CN1 Consultant Risk Manager 26
12 CN2 Consultant Structural Engineer 18
13 CN3 Consultant Project Manager 33
14 CN4 Consultant Project Manager 29
15 CN5 Consultant Environmental Manager 21
16 D1 Designer Sustainability Engineer 15
17 D2 Designer Architect 18
18 D3 Designer Structural Engineer 10
19 D4 Designer Senior Designer 22
20 D5 Designer Senior Designer 28




Buildings 2024, 14, 2319

8 of 27

3.3. Identification of Circular Economy’s CSFs
3.3.1. Clients’ Perspective Responses

The client group identified 22 CSFs that were primarily categorised into contrac-
tual, stakeholder, and organisational and economic factors, as shown in Table 3. Among
these factors, the top four deemed most crucial: (1) “Ensure that the CE approach main-
tains cost equivalence with the current linear approach”; (2) “Conduct life cycle cost
(LCC) to assess the economic feasibility and long-term financial viability of CE practices”;
(3) “Governmental financial support”; and (4) “Enforce adherence to circular business
models through clear contractual terms within project contracts”.

The client group recognised the critical role of a circular approach to maintaining cost
equivalence with respect to the traditional linear approach. This emphasis on economic
equivalence is essential for stability and the subsequent popularisation of circular practices
throughout the industry. Cost remains a major deciding factor for clients and developers
when choosing construction methods. C5 stated, “as a developer, being able to demonstrate that
a circular approach can be achieved at a similar cost to the traditional linear method strengthens
the business case for circularity. This is because it will be easier to source for funds as well as get
support for the implementation of CE projects hence wider implementation”. C4 provided another
opinion that shows how cost-equivalent matters for a stable transition: “this means we can
consider using more circular materials and strategies in our projects as long as the cost will not be
an issue, thereby offering projects that are both economically feasible and environmentally friendly”.

The LCC provides the overall perspective of the costs involved in the implementation
of CE practices throughout the life cycle of the project. It provides a valuable method for
evaluating the feasibility of CE projects in economic terms. This information can inform the
planning for the financial needs of a project. C3 described how LCC benefits stakeholders,
given the induced understanding of financial outcomes associated with CE in the long run.
C3 stated, “conducting LCC is crucial because it uncovers hidden financial benefits of CE practices
and aids the decision-makers in comprehending the financial implications of CE and its potential
for cost optimization”. Similarly, C1 commented, “conducting LCC to evaluate the return of
investment of any project is critical. This ensures that the adopted circular approach make financial
sense for our organisation”.

Financial assistance by the government was also mentioned as an important element
that can enhance the implementation of CE construction projects. C1 further said, “This is
because financial incentives from the government are important for encouraging businesses adopt
CE practices. Therefore, I would prioritise CE principles knowing that it would help offset some
of the initial costs and risks associated with transitioning to CE practices”. Furthermore, C5
added, “government incentives in terms of tax exemptions can therefore be a major boost to circular
construction projects. These incentives can allow us to better cover the initial expenses related to
circular activities, which will make such initiatives more appealing to investors and developers.
These financial instruments enable us to eliminate financial challenges and enhance the economic
feasibility of circular construction solutions”.

The client group also stressed that for a solid legal framework to be put in place for the
participating parties in the project, it is essential to include clear contractual provisions. This
framework also ensures that every aspect of the circular principles is legally well articulated,
recognised and adhered to. Effective contracts help to ensure that all the stakeholders
know what is expected of them, which enhances the performance of the construction
process. This can help minimise ambiguity and promote consistency throughout the
circular project life cycle. In this regard, C2 commented, “it is necessary to consider noting
specific conditions of reuse, recycling, and resource efficiency in contracts. This leads to the ability
to manage expectations and performance in delivery of circularity strategies with stakeholders”. C1
similarly added, “commitment is built with all stakeholders involved in projects when contracts
establish clear expectations and performance metrics for delivering circularity commitments. This
ensures successful implementation of CE goals throughout the project life cycle”.
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Table 3. Synthesis of the identified CSFs.
. £ E
c ) = 5
Category ID Circular Economy’s CSFs = ..E 5 o
o |3
S § =~
Ensure adherence to circular business models through clear
CSF1 s . v
contractual terms within project contracts.
Use incentive-based contracts to reward contractors and
CSF2 . . - v
suppliers for meeting CE objectives.
Set specific waste diversion and reusing/recycling targets in
Contractual CSE3 project contracts for construction and demolition activities. v
CSF4 Incqrporate assurances of CE principles performance within v v
project contracts.
CSF5 Include provisions for contractors to report on their adherence v
to circularity targets.
CSF6 Ensure adequate data and information about circular materials v v v
and products.
CSF7 Ensure the availability of secondary materials market. v v
Adopt green procurement policies that prioritise circular
CSF8 . v
Supply Chain materials and components.
CSF9 Encourage dealing with local contractors and suppliers. v
Prioritise and build long-term partnerships with suppliers and
CSF10 ) . v v
contractors committed to CE principles.
CSF11 Use just-in-time (JIT) delivery for supply chain management. v
CSF12 Client commitment and leadership toward CE objectives. v v v v
CSF13 Collaborate ‘extenswely with all stakeholders to establish robust v v
circular business models.
CSF14 Present comprehensive evidence to decision-makers about the v
financial and environmental benefits of the CE approach.
Foster strong collaboration and communication among
CSFIS stakeholders at every stage of the project lifecycle. v v v v
Stakeholders CSF16 Promote awareness and acceptance of CE principles v v v v
and among stakeholders.
Organisational Provide training programs and capacity-building initiatives for
CSF17 the project team to enhance the team’s proficiency in circular v v v
construction practices.
Introduce new roles within the project team dedicated to
CSF18 ) . v
CE implementation.
Ensure that the project team possesses substantial knowledge
CSF19 . : . . . v v v
and experience in executing CE construction projects.
CSF20 Embeq ‘CE principles into the organisation’s culture, values v
and vision.
CSF21 Ensure the use of standardised, certified, and warranted v v v v
secondary materials.
Technical CSF22 Design with the aim of obtaining green building v
certifications.
CSF23 Embed design for longevity, durability, and disassembly. v
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i -
<) = g
E ¢ £ g
Category ID Circular Economy’s CSFs = ..E 5 =
O 9
S § =~
Design using materials with significant value that can undergo
CSF24 . v
. further reuse or recycling.
Technical - - — — - -
CSF25 Prf)Vl'de teshmcal guldel}nes to 'fac111tate the integration of CE v v
principles into construction projects.
CSF26 Establish rigorous waste management protocols and plans from v
the early stage of the building life cycle.
Develop comprehensive risk management strategies to mitigate
CSF27 potential risks associated with CE approaches. v v v
Implement proactive maintenance programs to extend the
CSE28 . a1 v
lifespan of building components and systems.
CSF29 Est.ab.hsh waste reduction and recycling programs for v
building occupants.
Strategic CSF30 Evaluate the performance, durability, and lifecycle impacts of v v
different material options using life cycle assessment (LCA).
Develop key performance indicators (KPIs) and metrics to
CSF31 assess the effectiveness and impact of CE strategies on v v
project outcomes.
Develop early detailed plans for material reuse with detailed
CSE32 . : . v v
restoration and deconstruction strategies.
CSF33 Promgte the practice of pre-demolition auditing to enhance v v
materials recovery.
CSF34 Strong government regulations, legislations, and policies v v v v
. toward CE.
Regulations
and Ensure strict adherence to circular practices in compliance with
Policies CSF35 building codes and standards. v v v
CSF36 Governmental financial support. v
CSF37 Ensure that ’Fhe CE approach maintains cost equivalence with v v v
the current linear approach.
Conduct life cycle cost to assess the economic feasibility and
CSF38 . s . v v
Economic long-term financial viability of CE practices.
CSF39 Ensure minimisation of maintenance and operation costs. v
Identify wider value of project opportunities for cost savings
CSF40 v
through CE approaches.
Leverage BIM and digital tools effectively to optimise circularity
CSF41 . - v
practices throughout the project life cycle.
Technological Embrace innovative technologies such as 3D printing,
CSF42 — . N v v
prefabrication, and digital fabrication.
CSF43 Maintain digital detailed project records for material passports. v

3.3.2. Contractors’ Perspective Results

The group of contractors identified 20 CSFs, which are shown in Table 3. Among these
factors, the top four deemed most important are as follows: (1) “Client commitment and
leadership toward CE objectives”; (2) “Ensure that the project team possesses substantial
knowledge and experience in executing CE construction projects”; (3) “Develop comprehen-
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sive risk management strategies to mitigate potential risks associated with CE approaches”;
and (4) “Ensure the use of standardised, certified, and warranted secondary materials”.

According to this group, commitment from the client and, especially, leadership play
a major role in setting the pace and the mood of the project. The participants all admitted
that the client has the ultimate responsibility of prioritising CE objectives since they inform
project stakeholders that these goals are important. CT2 elaborated on this as follows:
“when clients drive the CE initiatives and set out the agenda of work, it empowers everyone to
make the right choices that are consistent with the goals of CE”. CT4 demonstrated how client
commitment directly affects construction practices by stating, “client who is committed to CE
usually have high expectation in terms of compliance with sustainability standards and regulation
and as a site engineer, I have to ensure that construction activities do not deviate from these
expectations”. Moreover, CT5 acknowledged the fact that commitment towards a CE is
vital as this will enable the development of measures and standards for evaluating the
environmental performance of the project.

There is a clear need for contractors to have knowledge and experience in CE principles
to ensure the delivery of circular outcomes throughout the project execution. In this regard,
CT1 said, “if I do not possess knowledge in CE principles, I will be lacking the experience in
managing the project, which, in turn, could leading to inefficiencies, missed opportunities for
circular practices, and potentially negative impacts on the environment and economic project
outcomes”. Likewise, CT2 expanded on the idea by stating, “projects that incorporate CE
principles require innovative approaches and careful consideration of materials lifecycle impacts.
Without proper knowledge, there is a higher risk of project failure, cost overruns, and delays”.

The group of contractors further highlighted the need to properly manage risk when
using CE approaches. These strategies help organisations manage risks associated with
circularity and provide them with plans on how to deal with uncertainties arising from
circular practices. CT1 stated, “circular construction projects entail risks, including uncertainties
over the availability and cost of reused/recycled materials, the market prices of circular products, and
changes in requlation, all of which can affect project outcomes. Therefore, we need to identify and
manage circular construction risks, and make sensible decisions on how to minimise their impact”.
Moreover, CT3 commented, “a solid risk management plan is crucial to have. It provides us the
way and means of identifying and managing the financial risks that are likely to be incurred on
procurement so that costs are controlled and kept within the budget and avoid unexpected expenses”.

The participants had a consensus on the key factors, including standardisation of
processes, certification, and warranties for the secondary materials used in the projects. As
with any construction project, they state that it is fundamental to ensure that the secondary
materials meet consistent quality standards. This is due to the fact that the reliability and
performance of the material used are critical in any construction project. CT3 focused on the
materials standardisation and certification as follows: “It assists us in setting quality standards
of the materials that we use. This provides confidence that we are investing in materials that will be
durable and efficient”. In addition, the focus group emphasised that warranties for secondary
materials are crucial factors in risk management. Such risks may be covered through
warranties, for example, those addressing the durability of the construction materials. For
example, CT1 has said, “As a project manager, I would only use materials with warranties as they
provide safety net against actual defects or failure. Without warranties, we risk unexpected costs
because of the unreliable performance” .

3.3.3. Consultants’ Perspective Results

The group of consultants identified 18 CSFs, which are shown in Table 3. The top four
factors were (1) “Strong government regulations, legislations, and policies toward CE”;
(2) “Client commitment and leadership toward CE objectives”; (3) “Ensure strict adherence
to circular practices in compliance with building codes and standards”; and (4) “Identify
wider value of project opportunities for cost savings through CE approaches”.

The group generally regarded CE regulations and policies as key factors for succeeding
in the implementation of a CE. They noted that there is no current legislation governing a CE
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within the building sector. For instance, CN3 commented, “we need clear requlations outlining
the requirements for circular practices. This will reduce ambiguity and enable us (organisations) to
make informed decisions and investments aligned with CE principles”. CN1 added, “without the
implementation of adequate policies and legislation, it would be challenging to rival the linear model” .
Moreover, CN2 argued, “government policies might require us to conduct lifecycle assessments
(LCASs) of buildings to evaluate their environmental impact. They may also set requirements for
using reused or recycled materials, or for designing buildings for disassembly that may require us to
rethink of the traditional design approaches”.

These participants have a common understanding of the need for the client’s commit-
ment and leadership to achieve the CE goals. According to this, clients have the critical role
of setting up the general goals and objectives of any project, hence ensuring alignment with
CE principles. CN2 claimed, “client leadership sets the tone for the entire project team since they
decide on matters such as materials to use, approaches to adopt while designing, and the project goals
to achieve”. CN4 further said, “client commitment to CE objectives influences design decisions
and project outcomes at every stage of the project life cycle, motivating stakeholders to complete
the project within the CE paradigm”. CN5 highlighted the significance of the commitment of
the clients in achieving and sustaining the outcomes within the construction projects. He
pointed out, “as an environmental manager, I believe that client commitment forms the basis of
environmental aspects within the project work, because by prioritizing circularity, the client sets
the tone for responsible environmental decision-making about project objectives and the work of
stakeholders, thus guiding project implementation with the goal of minimizing their negative impact
on the environment”.

In this context, building codes are essential to set the rules to guarantee the safety,
durability, and functionality of buildings. CN1, CN3, and CN4 stressed how important
it was to comply with these codes and standards to mitigate risks during the project
development, construction, and operation. CN4 indicated, “it is important that any adopted
CE approach is complied with the building codes and standards. This is because adhering to the
building codes increases the chances of project success and decreases encountering project setbacks,
delays, or disruptions due to regulatory non-compliance, legal challenges, or safety issues”. CN2
highlighted, “it is essential to ensure that any innovative design incorporating reused/recycled
materials or circular design still meets the legal requirements. It is critical to verify that these
materials and designs meet the performance criteria outlined in building codes”. Similarly, CN3
emphasised the importance of using reused/recycled materials that complained with
building codes and standards by saying, “I would reject the utilising of reused/recycled materials
that do not comply with applicable building codes and standards. These materials may have unknown
properties or may not meet the same standards as conventional construction materials, posing
potential risks to the building’s performance”.

The focus group highlighted the significance of assessing the financial viability and
return on the investment of CE practices, as these factors are critical considerations for the
client. They emphasised the necessity of evaluating whether the anticipated benefits of
adopting circular practices outweigh the associated costs and if the project aligns with the
client’s financial objectives. CN1 commented, “as risk manager, it’s important to communicate
the expected financial benefits and risks associated with implementation of CE practises. Demon-
strating a positive return on investment and a clear understanding of financial implications increase
the confidence in the client and fosters trust in the project’s ability to deliver value”. CN2 and CN3
shared the view that if CE practices incur higher costs compared to traditional methods
without showcasing tangible financial benefits, it becomes challenging to persuade the
client to embrace them.

3.3.4. The Perspective of Designers

This group identified 21 CSFs, as outlined in Table 3. The top four deemed most
important were as follows: (1) “Ensure the use of standardised, certified, and warranted
secondary materials”; (2) “Ensure that the project team possesses substantial knowledge
and experience in executing CE construction projects”; (3) “Leverage BIM and digital
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tools effectively to optimise circularity practices throughout the project life cycle”; and
(4) “Promote awareness and acceptance of CE principles”.

Standardised materials come with predetermined specifications and quality standards
to ensure consistency and reliability in performance. The assurance of these standards
supports the predictability of construction project outcomes by increasing efficiency while
reducing risk. D4 commented, “I recognize the significant CE benefits of incorporating reused
materials in construction projects. However, for me to feel comfortable using them, there needs to be a
clear system for ensuring quality, performance, and compatibility of these materials”. Furthermore,
D3 discussed the importance of using standardised circular materials. He stated, “I have
responsibility to provide quality and high performing projects and standardised materials give the
required assurance in this endeavour”. D5 added, “the adoption of standardised material in our
design eliminates the complexities of regulation compliance and also minimises legal and liability
risks. The absence of standardisation in our design adds legal and liability issues and complicate the
requlation compliance process”.

The group agreed with the need for the project team to hold significant knowledge
and practical experience in carrying out CE construction projects. Knowledgeable and
experienced project teams are crucial in implementing successful CE principles into con-
struction projects. With such knowledge, the team can identify opportunities and evaluate
the suitability and feasibility of different materials and methods for the project. Drawing
on their experience from past projects and industry best practices, they can make informed
decisions that contribute to the success of the project. D1 commented, “having experienced
team members in how to execute circular construction projects can seamlessly translate CE design
concepts into reality. This makes sure that the project do not only look positive on papers but
also deliver environmental and economic promises”. D2 added, “with a project team member
being knowledgeable in CE, it is possible to achieve CE innovative solutions and going beyond
the conventional design, which differentiates our approach and helps us to deliver a significant
circular projects”.

The importance of an effective implementation of a BIM was raised by all the inter-
viewees. D4 said, “I strongly believe that it is critical to integrate BIM into our design processes
because, by creating building models and simulating components, we can consider different mate-
rials, their environmental impacts, and make circularity choices”. Furthermore, D5 described
how a BIM could be effectively implemented in circular construction projects as well. He
said, “it is beneficial in every phase of project life cycle. BIM provides detailed data regarding
materials used in buildings such as their composition, current condition, maintenance needs, disas-
sembly/deconstruction guidelines, and traceability information”. Additionally, D1 added, “in
my opinion, the use of BIM definitely enhances circular decision-making processes. It keeps all the
project information that promotes efficient storage and exchange of data. This makes it possible for
all the stakeholders to have access to relevant information thus enhancing the transparency and
circular decision-making” .

Awareness and acceptance of CE principles by stakeholders became the fourth key
element for the implementation of CE practices in this group, as they create a common
understanding of the purpose and expected outcomes of CE transition for all involved
parties. In this regard, D5 stated, “It is important to promote to CE awareness to overcome the
resistance to embrace a new way of construction projects. It is critical to show where and how the
CE principles can be applied to improve environmental and economic aspects of the project. Showing
that circular projects can be cost-effective enhance their acceptance and thus increase their adoption”.
Furthermore, D4 presented his thoughts on how understanding CE principles can affect the
design of CE. He commented, “being aware of CE encourages designers to rethink of the linear
design practices and consider the entire lifecycle of materials. Designers can play an important role
in enlightening clients about the benefits of CE design strategies and the potential long-term cost
savings associated with it. This is important to enhance the client acceptance toward CE”.
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3.4. Interaction between the CSFs in Different Categories

The multiple interactions identified amongst CSFs are shown in Figure 2. The chain
components have been heuristically ordered to provide a logic sequence. For instance,
governmental financial support (CSF36) can balance the upfront investment costs of CE
initiatives, ensuring that the CE approach maintains cost equivalence with the current
linear approach (CSF37). This financial support is crucial for promoting the awareness
and acceptance of CE principles among stakeholders (CSF16). The awareness of CE princi-
ples encourages the adoption of practices such as designing for longevity, durability, and
disassembly (CSF23). This adoption leads to the development of early, detailed plans for
material reuse, incorporating detailed restoration and deconstruction strategies (CSF32).
These strategies necessitate maintaining digital, detailed project records for material pass-
ports (CSF43), which in turn facilitate the practice of pre-demolition auditing to enhance
materials recovery (CSF33).

Ensure that the CE ) Pl ey o [ Promote the h
approach maintaing| |7OMote awareness Embed design for dettal!eld plans thFh Maintain digital practice of pre-
_Gove_rnmental cost equivalence & acceptance of CE| | longevity, durability,| | ma erial reuse wi detailed project demolition
Financial Support N L Ap—— principles among and disassembly detailed restorat!on regords for auditing to enhance
linear approach stakeholders and deconstruction | | material passports | | 1 aterials recovery
strategies ‘ )
CSF36 CSF37 CSF16 CSF23 CSF32 CSF43 CSF33

Figure 2. Interaction between the CSFs in different categories.

3.5. CSFs Throughout Building Construction Project Life Cycle Stages

The life cycle of a construction project can be divided into seven stages: initiation,
planning, design, procurement, construction, operation and maintenance, and end of
life. Each of these stages presents a unique opportunity for integrating CE principles,
for example to minimise waste, extend the lifespan of buildings, and promote resource
conservation. This section explores how CSFs can be effectively applied throughout the
construction project life cycle, highlighting key factors that contribute to successful CE
implementation at each stage.

3.5.1. Initiation Stage

The main objective of this stage is to conduct feasibility studies encompassing mul-
tiple scenarios to determine the form, time, and amount of investment. The feasibility
assessment must resolve uncertainties around the viability of integrating CE practices,
resource availability, regulatory compliance, and focalised financial concerns. Within this
stage, nine CSFs are highlighted, including one supply chain factor, five stakeholders and
organisational factors, two regulations and policies factors, and one economic factor, as
demonstrated in Table 4.

Table 4. CSFs related to the initiation stage.

ID Initiation Stage CSFs

CSFé6 Ensure adequate data and information about circular materials and products.

CSF12 Client commitment and leadership toward CE objectives.

Collaborate extensively with all stakeholders to establish robust circular

CSF13 business models.

Present comprehensive evidence to decision-makers about the financial and

CSFl4 environmental benefits of the CE approach.

CSF16 Promote awareness and acceptance of CE principles.
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Table 4. Cont.

ID Initiation Stage CSFs
CSF20 Embed CE principles into the organisation’s culture, values and vision.
CSF34 Strong government regulations, legislations, and policies toward CE.
CSF36 Governmental financial support

Conduct life cycle cost (LCC) to assess the economic feasibility and long-term

CSF38 financial viability of CE practices.

3.5.2. Planning Stage

The planning stage of a construction project involves detailed preparation to ensure
that the project is well-organised and aligned with the client’s goals in terms of scope,
schedule, and budget. This mobilises various teams focused on management, procurement
planning, quality management, resource allocation, and risk management. According to
Wuni [64], circular decisions and operations are most critical in the early stages of the
project lifecycle. Within this stage, thirteen CSFs are highlighted, including two supply
chain factors, six stakeholders and organisational factors, and three strategic factors and
two economic factors, as presented in Table 5.

Table 5. CSFs related to the planning stage.

ID Planning Stage CSFs
CSF9 Encourage dealing with local contractors and suppliers.
CSF10 Prioritise and build long-term partnerships with suppliers and contractors

committed to CE principles.

CSF12 Client commitment and leadership toward CE objectives.

Foster strong collaboration and communication among stakeholders at

CSFI5 every stage of the project lifecycle.
CSF16 Promote awareness and acceptance of CE principles among stakeholders.
CSF17 Provide training programs and capacity-building initiatives for the project
team to enhance the team’s proficiency in circular construction practices.
Introduce new roles within the project team dedicated to
CSF18 ) .
CE implementation.
CSF19 Ensure that the project team possesses substantial knowledge and
experience in executing CE construction projects.
Establish rigorous waste management protocols and plans from the early
CSF26 o
stage of the project life cycle.
Develop comprehensive risk management strategies to mitigate potential
CSF27 . . .
risks associated with CE approaches.
Develop key performance indicators (KPIs) and metrics to assess the
CSF31 . . . .
effectiveness and impact of CE strategies on project outcomes.
CSF37 Ensure that the CE approach maintains cost equivalence with the current
linear approach.
CSF40 Identify wider value of project opportunities for cost savings through

CE approaches.

3.5.3. Design Stage

The design stage within a construction project is mostly divided into conceptual
design, technical design and shop-drawing design. The design stage lays the groundwork
for the entire project. This stage offers a prime opportunity for the successful integration
of CE practices. Design decisions made during this stage have significant implications
for material selection, resource efficiency, and waste reduction throughout the project
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lifecycle. Moreover, the design stage serves as a strategic opportunity to optimise project
value while minimising environmental impact. By identifying opportunities to reduce
costs, improve resource efficiency, and enhance building performance, projects can achieve
their circular objectives more effectively. Within this stage, fourteen CSFs are identified,
including two stakeholders and organisational factors, five technical factors, two strategic
factors, one regulations and policies factor, one economic factor, and three technological
factors, as shown in Table 6.

Table 6. CSFs related to the design stage.

ID Design Stage CSFs

Foster strong collaboration and communication among stakeholders at

CSF15 every stage of the project lifecycle.

CSF16 Promote awareness and acceptance of CE principles.

Ensure the use of standardised, certified, and warranted

CSF21 secondary materials.
CSF22 Design with the aim of obtaining green building certifications.
CSF23 Embed design for longevity, durability, disassembly and deconstruction.
CSF24 Design using materials with significant value that can undergo further

reuse or recycling.
CSE25 Provide technical guidelines to facilitate the integration of CE principles

into construction projects.

Evaluate the performance, durability, and lifecycle impacts of different
CSE30 . . L

material options using life cycle assessment (LCA).

Develop early detailed plans for material reuse with detailed restoration
CSE32 . .

and deconstruction strategies.

Ensure strict adherence to circular practices in compliance with building
CSE35

codes and standards.
CSF39 Ensure minimisation of maintenance and operation costs.

Leverage BIM and digital tools effectively to optimise circularity practices
CSF41 C o

throughout the project life cycle.

Embrace innovative technologies such as 3D printing, prefabrication, and
CSF42 . o

digital fabrication.
CSF43 Maintain digital detailed project records for material passports.

3.5.4. Procurement Stage

This phase connects the design and construction stages. During this stage, the project
owner is responsible for undertaking the essential tasks of acquiring the necessary resources,
services, and materials required to bring the project execution, which involves key activities
such as reviewing bids, selecting contractors, and finalising contracts. In this study, we
identified five contractual factors and three supply chain factors, as presented in Table 7.

Table 7. CSFs related to the procurement stage.

ID Procurement Stage CSFs

Ensure adherence to circular business models through clear contractual

CSFL terms within project contracts

Use incentive-based contracts to reward contractors and suppliers for

CSF2 meeting CE objectives.

Set specific waste diversion and reusing/recycling targets in project

CSE3 contracts for construction and demolition activities.




Buildings 2024, 14, 2319

17 of 27

Table 7. Cont.

ID Procurement Stage CSFs

CSF4 Incorporate assurances of CE principles performance within
project contracts.

CSE5 Include provisions for contractors to report on their adherence to
circularity targets.

CSF8 Implement green procurement policies and guidelines that prioritise the
procurement of circular materials and components.

CSF9 Encourage dealing with local contractors and suppliers.

CSF11 Use just-in-time (JIT) delivery for supply chain management

3.5.5. Construction Stage

In this stage, design plans are transformed into reality for construction, which implies
the utilisation of various resources, including financial resources, equipment, materials,
and human resources. These tasks involve designers, contractors, suppliers, consultants,
and subcontractors and impose significant challenges to project managers to coordinate
and manage these diverse stakeholders to achieve common goals. During construction,
numerous physical activities take place, each potentially generating waste, pollution,
and other environmental impacts. Effectively managing these activities is essential to
minimise negative effects and ensure the circular project’s success. Table 8 lists the CFs
identified within this stage. These refer to one supply chain factor, two stakeholders and
organisational factors, one strategic factor, one regulations and policies factor, and one
technological factor.

Table 8. CSFs related to the construction stage.

ID Construction Stage CSFs
CSF11 Use just-in-time (JIT) delivery for supply chain management
Foster strong collaboration and communication among stakeholders at
CSF15 o
every stage of the project lifecycle.
CSF16 Promote awareness and acceptance of CE principles.
Ensure the use of standardised, certified, and warranted
CSE21 .
secondary materials.
CSF25 Provide technical guidelines to facilitate the integration of CE principles
into construction projects.
Establish rigorous waste management protocols and plans from the early
CSF26 Ty s
stage of the building life cycle.
Ensure strict adherence to circular practices in compliance with building
CSF34
codes and standards.
CSF42 Embrace innovative technologies such as 3D printing, prefabrication, and

digital fabrication.

3.5.6. Operation and Maintenance Stage

The operation stage has major effects on a project’s CE performance. The operation
stage focuses on the active use and management of the building. During this phase, the
building is fully occupied and functional, with ongoing activities aimed at maintaining
its performance, efficiency, and circularity. The operation stage is typically regarded as
the longest phase in the building’s lifecycle [65], and the majority of a building’s overall
energy consumption is attributed to it [66]. Key activities in this stage include regular
maintenance, energy management, and ensuring occupant comfort and safety. Within this
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stage, five CSFs are identified, including two stakeholder and organisational factors, two
strategic factors, and one technological factor, as presented in Table 9.

Table 9. CSFs related to the operation and maintenance stage.

ID Operation and Maintenance Stage CSFs

Foster strong collaboration and communication among stakeholders at

CSFI5 every stage of the project lifecycle.
CSF16 Promote awareness and acceptance of CE principles.

Implement proactive maintenance programs to extend the lifespan of
CSF28 g

building components and systems.
CSF29 Establish waste reduction and recycling programs for building occupants.
CSF41 Leverage BIM and digital tools effectively to optimise circularity practices

throughout the project life cycle.

3.5.7. End-of-Life Stage

The end-of-life stage of a construction project marks the final phase of a building’s life
cycle. In this stage, the focus on operations shifts to dismantling and material recovery. The
aim here is to keep materials in circulation, hence extending their lifecycle and supporting
circular practices in the construction industry. This goal can be achieved by opting for
deconstruction as opposed to demolition to maximise the reuse and recycling of materials
rather than sending them to landfills. According to Lei et al. [67], the environmental
benefits of circular design are greatly enhanced by effective reuse and recycling during this
stage. Therefore, it is important to design buildings for deconstruction and enforce the 3Rs
“reduce-reuse-recycle” concept in the end-of-life stage [68]. Within this stage, eight CSFs
are highlighted by participants as follows: five stakeholder and organisational factors, two
strategic factors, and one technological factor, as presented in Table 10.

Table 10. CSFs related to the end-of-life stage.

ID End of Life Stage CSFs
CSF12 Client commitment and leadership toward CE objectives.
Foster strong collaboration and communication among stakeholders at
CSF15 o
every stage of the project lifecycle.
CSF16 Promote awareness and acceptance of CE principles.
Evaluate the performance, durability, and lifecycle impacts of different
CSF30 . . L
material options using life cycle assessment (LCA).
CSF32 Develop early detailed plans for material reuse with detailed restoration
and deconstruction strategies.
CSF33 Promote the practice of pre-demolition auditing to enhance
materials recovery.
Leverage BIM and digital tools effectively to optimise circularity practices
CSF41 C o
throughout the project life cycle.
CSF43 Maintain digital detailed project records for material passports.

3.6. Survey Results

This section presents the results of the online survey conducted to let building sector
stakeholders rank the CSFs. The initiative captured demographic details of the participants,
such as their expertise and the types of organisations they represent. Through this sur-
vey, we established the ranking of 42 CSFs based on the factors deemed most pivotal by
the participants.
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3.6.1. Demographic Details

Figure 3 illustrates the distribution of experience amongst participants. The majority
(55%) hold between 6 and 15 years of experience, with 33% reporting 6-10 years and 22%
having 11-15 years. The remaining participants, who were located at the tails of the sample,
were clustered into two groups, namely, those with lower experience (17% with 2-5 years)
and those with higher experience (28% with over 15 years).

Years of Experience

2 to 5 years
6 to 10 years
11 to 15 years

More than 15 years

0 5 10 15 20 25 30 35

Figure 3. Participants’ years of experience in the building sector.

This study captures the views and opinions of the four main types of profiles within
construction organisations: clients, consultants, contractors, and designers (see Figure 4).
Participants from client organisations were the most represented group, comprising 37% of
respondents. Those from contractor and consultant organisations also played significant
roles, with 20% and 18%, respectively. Participants from designer organisations accounted
for 10% of the respondents. Additionally, 13% of respondents were from academia, whose
research-based knowledge enriches the understanding of circular building practices. This
variety of backgrounds demonstrates that the study incorporates the perspectives and
expertise of key stakeholders.

Organisation Type

Contractor
Designer
Academia
Consultant

Client

0 5 10 15 20 25 30 35 40

Figure 4. Participants’ organisational type.

As illustrated in Figure 5, the sample displayed a diverse range of educational back-
grounds. Over half of the respondents (51%) reported holding a bachelor’s degree as
their highest level of education, while 34% held a master’s degree, indicating a higher
level of specialisation. Additionally, 15% of the respondents possessed a doctoral degree,
highlighting their advanced expertise in research.
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Level of Education
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Figure 5. Participants’ level of education.

3.6.2. CSF Relative Importance Index

As stated above, this study utilised the Relative Importance Index (RII) to rank the
CSFs based on their impact on the successful implementation of CE construction projects.
The top five CSFs moving from highest to lowest were as follows: (CSF21) Ensure the use of
standardised, certified, and warranted secondary materials (RII = 0.8927); (CSF37) Ensure
that the CE approach maintains cost equivalence with the current linear approach Ensure
(RII = 0.8805); (CSF39) Ensure minimisation of maintenance and operation costs. (RII =
0.8585); (CSF38) Conduct life cycle cost to assess the economic feasibility and long-term
financial viability of CE practices (RII = 0.8561), and (CSF34) Strong government regulations,
legislations, and policies toward CE (RII 0.8415).

The RII value can be divided into five levels [69]: High (H) (0.8 < RII < 1); High-
Medium (H-M) (0.6 < RII < 0.8); Medium (M) (0.4 < RII < 0.6); Medium-Low (M-L)
(0.2 < RII < 0.4); and Low (L) (0 < RII < 0.2). Notably, all CSFs in this study were ranked as
high or high-medium importance, emphasising the industry’s strong perception of their
critical role in integrating CE practices. Table 11 summarises the findings, highlighting
the respondents’ perspectives on the significance of each CSF in facilitating CE adoption
within construction projects.

Table 11. Ranking of the CSFs.

Ranking Overall Importance
Category ID Circular Economy’s CSFs RII Across P
Rank Level
Constructs
Ensure adherence to circular business
CSF1 models through clear contractual terms 0.776 4 37 H-M
within project contracts.
Use incentive-based contracts to reward
CSF2 contractors and suppliers for meeting 0.720 5 42 H-M
CE objectives.
Set specific waste diversion and
Contractual i i i i
ontractua CSF3 reusing/recycling targgts in project 0.802 1 29 H
contracts for construction and
demolition activities.
CSF4 Incorporate assurances Qf CE principles 0.793 2 33 HM
performance within project contracts.
Include provisions for contractors to
CSF5 report on their adherence to 0.778 3 36 H-M

circularity targets.
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Table 11. Cont.

Ranking Overall Importance
Category ID Circular Economy’s CSFs RII Across P
Rank Level
Constructs
CSF6 Ensure .adequate dat.a and information 0.763 5 38 H-M
about circular materials and products.
CSE7 Ensurg the availability of secondary 0.837 1 9 H
materials market.
Adopt green procurement policies that
CSF8 prioritize circular materials and 0.800 4 30 H
components
Supply Chain E doali 4 local
CSF9 ncouragej ealing with local contractors 0.829 2 14 H
and suppliers.
Prioritise and build long-term
CSF10  partnerships with suppliers and 0.824 3 17 H
contractors committed to CE principles.
CSF11 Use. just-in-time (JIT) delivery for supply 0.759 6 40 H-M
chain management.
Client commitment and leadership
CSF12 toward CE objectives. 0834 3 12 H
Collaborate extensively with all
CSF13  stakeholders to establish robust circular 0.810 8 27 H
business models.
Present comprehensive evidence to
decision-makers about the financial and
CSFl4 environmental benefits of the CE 0-820 6 22 H
approach.
Foster strong collaboration and
communication among stakeholders and
CSF15 . . 0.839 1 7 H
project team at every stage of the project
Stakeholders lifecycle.
and 4 :
Organisational CSF16 Prf)m.ote awareness and acceptance of CE 0.817 7 25 H
principles among stakeholders.
Provide training programs and
CSF17 capacity-building mltlatlv,es for .pro]ect . 0.822 5 18 H
team to enhance the team’s proficiency in
circular construction practices.
CSF18 Introduce new roles within the project 0.690 9 43 H-M

team dedicated to CE implementation.

Ensure that the project team possesses
CSF19  substantial knowledge and experiencein  0.839 1 7 H
executing CE construction projects.

Embed CE principles into the

CSF20 . LT, .. 0.829 4 14 H
organisation’s culture, values and vision.
CSF21 Ensure the use of standardised, Fertlfled, 0.893 1 1 H
and warranted secondary materials.
. Design with the aim of obtaining green
Technical CSF22 building certifications. 0.822 3 18 H
CSF23 Embed design for longevity, durability, 0.832 » 13 H

and disassembly.
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Table 11. Cont.

Category

ID

Circular Economy’s CSFs

RII

Ranking
Across
Constructs

Overall
Rank

Importance
Level

CSF24

Design using materials with significant
value that can undergo further reuse
or recycling.

0.805

28

Technical

CSF25

Provide technical guidelines to facilitate
the integration of CE principles into
construction projects.

0.800

30

CSF26

Establish rigorous waste management
protocols and plans from the early stage
of the building life cycle.

0.820

22

CSF27

Develop comprehensive risk management
strategies to mitigate potential risks
associated with CE approaches.

0.822

18

CSF28

Implement proactive maintenance
programs to extend the lifespan of
building components and systems.

0.837

CSF29

Establish waste reduction and recycling
programs for building occupants.

0.822

18

Strategic

CSF30

Evaluate the performance, durability, and
lifecycle impacts of different material
options using life cycle assessment (LCA).

0.788

34

CSF31

Develop key performance indicators
(KPIs) and metrics to assess the
effectiveness and impact of CE strategies
on project outcomes.

0.785

35

H-M

CSF32

Develop early detailed plans for material
reuse with detailed restoration and
deconstruction strategies.

0.817

25

CSF33

Promote the practice of pre-demolition
auditing to enhance materials recovery.

0.761

39

H-M

CSF34

Strong government regulations,
legislations, and policies toward CE.

0.842

Regulations
and
Policies

CSF35

Ensure strict adherence to circular
practices in compliance with building
codes and standards.

0.829

14

CSF36

Governmental financial support.

0.837

CSF37

Ensure that the CE approach maintains
cost equivalence with the current
linear approach.

0.881

Economic

CSF38

Conduct life cycle cost to assess the
economic feasibility and long-term
financial viability of CE practices.

0.856

CSF39

Ensure minimisation of maintenance and
operation costs.

0.859

CSF40

Identify the wider value of project
opportunities for cost savings through
CE approaches.

0.840
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Table 11. Cont.
Ranking
Category ID Circular Economy’s CSFs RII Across Overall Importance
Rank Level
Constructs
Leverage BIM and digital tools effectively
CSF41  to optimise circularity practices 0.820 1 22 H
throughout the project life cycle.
. Embrace innovative technologies such as
Technological CSF42 3D printing, prefabrication, and digital 0.798 2 32 H-M
fabrication.
CSF43 Maintain digital detailed project records 0.759 3 40 H-M

for material passports.

The prioritisation of CSFs for construction projects reflects the practical and strate-
gic considerations that stakeholders find most significant. As demonstrated in Table 10,
three of the top five CSFs were economic-related factors. This highlights the significant
emphasis stakeholders place on the importance of the economic viability of CE construction
projects. This result underscores the importance of ensuring that CE approaches are not
only sustainable but also economically advantageous.

The highest CSF rank is the use of standardised, certified, and warranted secondary
materials. This CSF is crucial as it ensures quality, reliability, and regulatory compliance.
In this way, stakeholders prioritise the mitigation of risks associated with low-quality
materials, which can lead to increased maintenance costs and safety issues. Ensuring the
performance and longevity of materials is vital to enhance confidence among all parties
involved, including investors, contractors, and end-users.

According to the analysis of the information, it became evident how important cost
equivalence between a CE and the current linear approach is, not just for promoting its
adoption in the construction industry but also since cost equivalence ensures that initial
feasibility studies can confidently incorporate CE practices without increasing project costs.
This makes it easier to gain support from decision-makers and secure funding. It also
empowers the project team, such as architects and engineers, to freely explore circular
design options and materials, knowing these choices will not escalate project costs. This
allows for better cost control and monitoring without the unexpected financial pressures
associated with adopting CE practices. In addition, investors and developers are inclined to
embrace CE approaches in their construction projects when they perceive clear cost benefits
and when they do not pose additional financial burdens compared to traditional methods.
This assurance of financial viability stands as a significant factor in the widespread adoption
of CE principles within construction projects.

The minimisation of maintenance and operation costs was ranked the third highest
among stakeholders because it is crucial for a project’s economic sustainability. The opera-
tion phase is typically regarded as the longest phase in the building’s lifecycle, as it demands
most of the energy and water consumption. Buildings designed with CE principles must
incorporate resource-efficient systems and durable materials to lower operational expenses,
improve building performance, and reduce lifecycle environmental impact. The focus on
long-term financial viability, which could be achieved through reduced energy and water
consumption and maintenance needs, should translate into higher profitability and a better
investment return. These cost reductions through circular practices help offset any upfront
investments in CE implementation, which contributes to long-term financial sustainability.

The LCC assessments are necessary to determine the complete financial impacts of
a construction project throughout its life cycle. It gives the ultimate picture of the total
costs incurred in construction projects from the design phase till the end-of-life phase. This
analysis enables stakeholders to understand the long-term benefits and costs associated
with CE practices. Furthermore, the LCC evaluation plays a role in determining the
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financial implications and potential risks that might end up in unanticipated costs at the
time of the implementation of CE projects and requires taking some advanced measures to
prevent them. This allows the project’s stakeholders to anticipate long-term costs and even
budget for additional expenses that may arise later and cause instability in the project’s
finances. Additionally, the LCC evaluation offers the necessary data which may be required
to demonstrate that a project is both financially sound and capable of producing long-term
economic benefits. The LCC evaluation is unavoidable for CE construction projects to
attract investment and secure funding.

The role of governments is crucial in the wider adoption of circular practices through
each stage of the construction project. Strong governmental regulations and policies
are important for providing a clear framework, standards, and guidelines that mandate
compliance with CE principles. This ensures that all stakeholders in the construction
industry adhere to CE practices, making it easier for them to align their strategies with
CE principles. For instance, updated building codes that reflect CE principles can guide
architects and engineers to design buildings that are easier to disassemble and reuse. In
addition, having clear waste management policies can encourage and facilitate the reusing,
recycling, and repurposing of materials, diverting construction waste from landfills and into
the circular resource system. This ensures the end-of-life phase aligns with CE principles.

4. Conclusions

This study intends to fill in some of the knowledge gaps regarding the CSFs for imple-
menting CE principles in building construction projects. This is performed by addressing
three research questions: (1) What CSFs are essential for effectively implementing the CE
concept within building construction projects? (2) How do different stakeholders perceive
CSFs and prioritise their importance for CE adoption in the building sector? (3) At which
stages of a project lifecycle could these CSFs be implemented?

This study has developed the CSFs through a mixed-method approach via focus
groups (qualitative) and an online questionnaire survey (quantitative). The focus groups
included 20 participants from among key stakeholder groups: clients, contractors, consul-
tants, and designers. The discussions held in those groups resulted in the identification
of 43 CSFs and their categorisation into eight distinct groups: contractual, supply chain,
stakeholders and organisational, technical, strategic, regulations and policies, economic,
and technological. This study discusses the implementation of each factor within each
project life cycle stage, including initiation, planning, procurement, construction, operation
and maintenance, and end-of-life.

On the other hand, the online questionnaire captured 82 responses that were analysed
using mean, standard deviation, and relative importance index to rank the referred CSFs.
The top five most significant CSFs are “Ensure the use of standardised, certified, and
warranted secondary materials”; “Ensure that the CE approach maintains cost equivalence
with the current linear approach”; “Minimise maintenance and operation costs”; “Conduct
life cycle cost assessments and evaluate the economic feasibility and long-term financial
viability of CE practices”, and “Strong government regulations, legislation, and policies
toward CE”.

The study revealed notable differences in the emphasis that stakeholders in different
focus groups put on the relevance of CSFs. The client group prioritised having a strong
business case for CE principles and securing governmental financial support. Contractors
and consultants emphasised the importance of client commitment and leadership toward
CE objectives, as well as ensuring compliance with building codes when implementing CE
approaches. The designer group focused more on the technical and technological factors,
such as the assurance of building structural performance and the utilisation of BIM and
digital tools throughout the project life cycle.

Notably, all the groups agreed on the importance of having strong regulations and
policies toward CE, as these enforce compliance with CE objectives from all stakeholders.
They also agreed on the critical role of client commitment, collaboration and communi-
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cation between all stakeholders throughout the project life cycle, as well as increasing
the awareness and acceptance of CE applications for wider successful adoption. There
was also agreement regarding the importance of having standardised secondary materials.
According to the participants, material quality plays a fundamental role in promoting the
use of reused /recycled materials within construction. Without such standardisation, their
adoption would pose considerable challenges.

The findings of this study aim to provide practical insights for managing CE practices
at the project level. These insights can be applied to enhance the planning and execution of
circular construction projects, ensuring that CE principles are integrated effectively from
inception to completion. By identifying and prioritising CSFs, this research provides a
robust framework that empowers building sector stakeholders to develop more effective
strategies for successfully adopting CE principles in the project life cycle. The research
outcomes are useful for shaping pathways toward more circular construction projects,
contributing to long-term environmental and economic benefits. The findings serve as
a practical decision-making tool for construction managers, project planners, designers,
developers, and investors, enabling them to focus on the most impactful factors to achieve
CE goals.

Nonetheless, it is important to acknowledge the limitations of this study. The ranked
CSFs are based on stakeholders’ perspectives without the support of case studies. It is
also essential to acknowledge that the findings may not fully represent the entire construc-
tion industry. Future research should aim to improve the generalisability of findings by
incorporating expert opinions from diverse geographic regions.

Finally, this study found that the use of different methods, such as LCA, LCC, and BIM,
can facilitate the implementation of circularity in building projects. These methods can be
further investigated to show their relationships, limitations, and the processes required for
more integration.
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