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Abstract

To achieve zero waste and cumber the acute environmental effect of the building construction
industry (BCI), circular economy (CE) implementation is pertinent. Such implementation
requires the incorporation of certain actionable factors that are critical to its success. However,
investigating these factors considering the individualistic variations of developed and
developing economies is rarely conducted in the literature. Therefore, this study evaluated the
critical success factors (CSFs) for attaining systemic circularity in the BCI of both developed
and developing economies. The methodological framework adopted comprises a literature
review and a questionnaire survey of 140 CE experts across 39 developed and developing
economies. The data collected was analyzed using exploratory factor analysis (EFA), rank
agreement analysis (RAA), and fuzzy synthetic evaluation (FSE) techniques. The EFA analysis
revealed four principal success factors (PSFs): data-driven digital tools and circularity plan,
capacity building and pre-demolition auditing, systemic circularity guidelines and
commitment, and circular metric and secondary market development. The RAA results showed
that consensus and non-consensus exist between the two groups (developed and developing
economies) on the PSFs. The FSE method revealed that all the PSFs are paramount in achieving
a successful CE implementation in the two economies. However, the top two in developed
economies are systemic circularity guidelines and commitment, and circular metric and
secondary market development, while data-driven digital tools and circularity plans, and
capacity building and demolition monitoring are the top two in developing economies. The
RAA findings underscore the need to be context conscious while adopting the CSFs for CE
implementation in the BCI. The FSE findings and the PSF models developed would guide the
government and management teams in resource allocation during CE implementation. This
study contributes to existing knowledge by providing essential insights into the CSFs that
would promote systemic circularity attainment in the BCI of developed and developing
economies.
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1. Introduction

The building construction industry's (BCI) acute environmental impacts, such as natural
resource depletion, high energy consumption, and unsurmountable waste production, are well-
known and documented in the literature (Oluleye et al., 2022). For instance, Yeheyis et al.
(2013) opined that the BCI contributes about 30% to all-natural resource extraction. Setaki and
van Timmeren (2022) revealed that BCI is responsible for 38 % of CO2 emissions globally.
The effects of the BCI are also evident in the 10 billion tons of building construction and
demolition waste generated annually (Mahpour, 2018). Extant studies have been developed to
overcome these effects and enhance the implementation of total/systemic circularity to achieve
zero waste and lead toward sustainable development. For example, developing environmental
design guidelines to achieve circular construction and lead to high environmental performance
(Eberhardt et al., 2020), integrating circular economy(CE) into modular buildings to enhance
buildings' reusability at end-of-life (Wuni & Shen, 2022), and developing methods and
guidelines to ensure systemic circularity in the construction industry (Antwi-Afari et al.,
2022a).

Despite the ongoing means of reducing the effects of the BCI on the environment, a keen
understanding of the critical success factors (CSFs) needs to be upheld to achieve zero waste
and lead the BCI to a total/systemic circularity and sustainable development. Existing studies
such as Rios et al. (2021) considered the barriers and enablers for circular building design in
the United States construction industry. Shooshtarian et al. (2022b) investigated the barriers
and enablers for CE in the Australian construction sector. Also, Wuni and Shen (2022)
proposed CSFs for integrating circular economy in modular construction projects in Hong
Kong, while Ababio and Lu (2023) looked at barriers and enablers for implementing circular
economy in the construction industry through a multi-system perspective. Although several
barriers and enablers have been identified and proposed in the literature linking different
dimensions and systems levels to enhance the circularity of the BCI, their practical
implementation to propel the BCI to achieve zero waste and attain sustainable development is
lacking. Therefore, there is the need to identify the actionable factors which stakeholders in the
BCI should adopt to achieve total / systemic circularity.

Achieving systemic implementation of CE principles in the BCI transcends national or regional
agenda to incorporate differences in both developing and developed economies towards
creating a model to enhance the sustainability of the construction sector (Giorgi et al., 2022).
Nonetheless, the individualistic differences and convoluted agreements between different
economies (developed and developing) should be observed to provide an overhaul of CSFs for
attaining a systemic circularity in the BCI at the global level. CSFs in this study are the pertinent
managerial areas that must be given exceptional attention, which, when adopted, will ensure a
successful systemic circularity in the BCI.

Unsurprisingly, different economies may exhibit distinct perceptions of implementing CE in
their BCI. This study evaluates the CSFs for attaining CE towards zero waste in BCI of
developed and developing economies to acknowledge this consideration. In this sense, this
study raises several research questions: (i) What are the CSFs for CE in BCI of developed and
developing economies, and how can these CSFs be categorized for better understanding (ii)
What is the level of agreement of respondents from BCI of developed and developing
economies on the categorized CSFs (iii) How can the CSFs for CE in BCI be prioritized and
2



evaluated. A multi-stage research framework was adopted to address the research questions.
First, potential CSFs that could enable systemic circularity attainment were determined in
extant studies and validated through a pilot study. Second, questionnaire data was collected
from circular construction professionals in developed and developing economies. Third, the
CSFs were categorized into concise groups using exploratory factor analysis (EFA). Fourth,
the level of consensus between the two groups of respondents (developed and developed
economies experts) was analyzed using rank agreement analysis (RAA). Finally, the fuzzy
synthetic evaluation (FSE) approach was adopted to determine the significance indices of the
CSFs groups for the two economies.

2. Literature review

This section presents the theoretical framework for the study on CE in the BCI, the critical
success factor for attaining CE in the BCI and draws a research gap and a significant
contribution of the study.

2.1. Circular economy in the building construction industry

The objective of systemic circularity or CE in the BCI is to guarantee that the building's product
system is properly circularly designed and has the necessary system conditions, reverse cycles,
and business models to facilitate zero waste and ease of reusability of building materials at the
end of their life (Oluleye et al., 2023b). In contrast to the linear economy model, where products
are discarded at the end of life, the CE provides a framework where resources are kept in loops
to create regenerative values for more extended periods(Oluleye et al., 2022b).In the BCI, CE
principles such as design for disassembly, recycling, reuse, recovery, and remanufacturing are
integrated into the construction process to ensure efficient resource consumption and
decoupling of resources from depletion (Oluleye et al., 2022a; Shooshtarian et al., 2022b).
Thus, CE implementation in BCI is grounded in sustainable production and consumption
theories, industrial symbiosis, reverse logistics, cleaner production, and closed-loop materials
flow.

Researchers have indicated that implementation of CE practices in the BCI could offer a
considerable opportunity, such as a reduction in environmental pollution, promotion of
sustainable consumption of environmentally friendly materials, promote economic growth
(GDP increase), improvement of a quality ecosystem, and reduction in waste and virgin
materials consumption (Mohammadiziazi & Bilec, 2023). Furthermore, Wuni (2022a) argues
that CE could offer opportunities beyond the traditional triple bottom line of sustainability
(environmental, social, and economic) to include business, technological, and legislative
benefits.

Due to the potential of CE in BCI, notable studies on reducing construction and demolition
waste in a CE have been conducted. For example, Lopez Ruiz et al. (2020) developed a
theoretical model to assess CE in construction and demolition activities. (Shooshtarian et al.,
2022a) investigated the transition towards a CE in the construction and demolition sector at
various stages of the construction materials lifecycle. Guo et al. (2022) developed an
evolutionary game model for promoting sustainable development in construction and
demolition waste recycling. Furthermore, Bao et al. (2019) developed an innovative
procurement approach for construction and demolition waste circularity. Oluleye et al., (2022a)
examined the implementation of CE principles for managing all kinds of waste in the
3



construction industry and identified key themes and strategies in extant studies. Akanbi et al.
(2020) developed a deep-learning model for enabling pre-demolition auditing in a CE. Also,
Sharma et al. (2022) developed a framework to attain CE in construction and demolition waste
using lifecycle thinking. Ghisellini et al. (2018) explored the applications of CE's crucial
principles in construction waste management. In the BCI, Christensen et al. (2022) developed
an approach for looping materials from demolition to new construction to close the materials
loop. Other studies have also identified the issues affecting CE adoption in the BCl(Mahpour,
2018; Oluleye et al., 2022b; Wuni, 2022b).

Despite the rapid interest of CE research in the BCI, its practical implementation seems
relatively slow and delusive. Extant studies have argued that the waste produced and resource
consumption in BCI is still increasing in volume over the years globally (Oluleye et al., 2023;
Volk et al., 2023; Zhang et al., 2022). Precisely, Zhang and Ahmed (2022) submitted that the
BCl still generates over 10 billion tons of waste annually across the globe, which is not different
from the submission of other past studies. Also, among other sectors of the world, the BCI is
responsible for over 40% of total solid waste production. This large volume of building
construction and demolition waste (BCDW) could be attributed to the lack of practical CE
initiatives to manage materials flow from the beginning of the product lifecycle to the end of
life. As indicated by Shooshtarian et al. (2022a), the growth in BCDW emerges from low
resource efficiency in the BCI and inappropriate initiatives to guide CE adoption globally.
Thus, the initiatives in extant studies do not satisfactorily fulfill a systemic circularity
implementation.

According to Giorgi et al. (2022), CE practices in managing resource production and
consumption in the BCI towards zero waste require international effort and commitment from
which local institutions can learn. Also, establishing a performing CE in the BCI requires
several prerequisites to be fulfilled. One of these is the analysis of proper management
techniques to support its implementation at an international level (developed and developing
economies) which is still missing in extant studies (Oluleye et al., 2022a). Based on these
considerations and to enable zero waste, it is imperative to investigate the critical success
factors (CSFs) for attaining CE in the BCI based on developed and developing economies'
perspectives. This step would guide BCI worldwide in integrating CE practices to reap its full
benefits. It will also strengthen sustainable production and consumption of resources and zero
waste in the BCI.

2.2 Critical success factors for attaining CE in the BCI

The few areas in which things must go right for any organization or business to flourish are
known as critical success factors (CSFs) (Oluleye et al., 2021). In this study, CSFs are robust
management support tools that must be understood and, if integrated into the production and
consumption of materials in the BCI, would enable a successful systemic circularity. A
systematic literature review was conducted to gather the potential CSFs suitable for this study.
Extant studies discovered from both developed and developing economies were discussed
accordingly.

In developed economies, Akinade et al, (2017) submitted that the CSFs for promoting design
for disassembly in UK BCI include stringent legislation, deconstruction design process, and
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design for building flexibility. While predicting the demolition waste in a CE in the United
Kingdom, Akanbi et al. (2020) submitted that demolition auditing using advanced technology
is a veritable technique for CE in the BCI. Rios et al. (2021) interviewed USA architects on the
enablers for circular building design and found that implementing materials tracking
technologies, target for salvage materials, and increasing landfill taxes are major CE enablers.
Also, in USA, Guerra and Leite (2021) submitted that the enabling factors for transitioning to
a CE model in the construction industry include education data availability, policies, and
incentives. Wuni and Shen (2022) conducted an empirical study on the CSFs for circular
modular construction in Hong Kong. The study discovered that information sharing and
effective collaboration among experts are critical for circular modular construction.
Shooshtarian et al. (2022c), in a semi-structured interview with construction stakeholders in
Australia found that creating and stimulating a market for recycled construction and demolition
waste is a veritable intervention to divert construction waste from landfill sites. Also in
Australia, Shooshtarian et al., (2022b) found out that the prime enablers of CE in the
Architecture Engineering and Construction industry include the integration of enabling
technologies, the promotion of circularity education, and the proving CE value and benefits.
Sohal and De Vass (2022) revealed that leadership commitment is the main factor for the
successful implementation of CE in Australia. Giorgi et al. (2022) found out that barriers and
drivers for circular economy in the building sector showed that CE policy development, data-
driven digital circularity, traceability, and expert training are critical drivers for CE promotion
in developed European countries (Belgium, Netherlands, United Kingdom, Denmark, and

Italy).

In developing economies, Mangla et al. (2016) found that global competitiveness and
regulatory and economic factors are credible factors for enabling reverse logistics In Iran. Yuan
(2017) argued that the measures for enhancing effective construction waste management in a
CE in China include enforcing construction waste management regulations, collecting and
documenting demolition waste, and implementing waste disposal charging fees. Also, Huang
et al. (2018) suggested that the 3R CE principles, the development of an efficient CE model,
innovative technologies adoption, and the development of targeted economic incentives for the
circularity of waste are enablers of CE in China BCI. Mahpour (2018), while investigating the
barriers to CE in waste management in Iran, recommended veritable strategies to promote CE
adoption. Essential strategies in the study include the execution of more research projects in
CE, adoption of advanced technologies, enactment of guidelines for CE in BCI, allocation of
sufficient funds for the adoption of CE, mandating construction and demolition waste
reporting, familiarization of decision-makers with the benefits of CE, engagement of all
stakeholders with responsibilities toward the shift to CE, and clear national actions plans for
CE. Bao and Lu (2020) in China posited that the promotion of circularity of concrete and
masonry waste in China BCI would be feasible by developing a thriving market for secondary
materials and introducing advanced recycling technologies for construction and demolition
waste management and certification of secondary materials. Moktadir et al. (2020) identified
and prioritized several CSFs for business sustainability in Bangladesh. Still, the study found
that leadership and top management commitment are the most important CSF for CE
development. Bilal et al., (2020) posited that the promotion of CE workshops, development
and guidelines, and CE reward systems are veritable approaches for CE implementation in the
construction sector. In India, Yadav et al. (2020) in India on the indicators for promoting SCI.
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The study identified big data analytics within any organization as crucial to spreading CE
adoption. Salmenperd et al. (2021) showed that the essential factors for enhancing CE in waste
management in Finland are illustrating the benefits, sharing of waste-related data, collaboration
among key players, and harmonizing CE regulations. Liu et al. (2022) submitted that clinical
drivers for waste management in construction include the development of infrastructures for
sorting construction and demolition waste in China.

In a systematic review, Wuni (2022) discussed 51 CSFs for circular construction and classified
them into 6 clusters: technological, organizational, stakeholders, institutional, management,
and supply chain. Hina et al. (2022) discovered that integrating internal and external factors is
necessary for a successful circular business model. Another review conducted by Ababio and
Lu (2022) classified the enablers of CE into 4 clusters: CE framework development, technology
and innovation, policy education and awareness, and financing and market development.
Further, Govindan and Hasanagic (2018) review found that CE implementation requires
government commitment and regulatory policies.

The above literature highlights previous research on CE implementation drivers, facilitators,
and CSFs. These are mainly empirical research and reviews. The empirical studies primarily
examine country-specific drivers, facilitators, or CSFs for CE adoption, which limits their
applicability to global CE implementation in the BCI. Despite the contributions of extant
studies, we can argue that no studies focus on the CSFs for CE implementation based on
international professionals’ perspectives (developed and developing). Hence investigating the
CSFs for attaining CE in the BCI by focusing on the view of experts from developed and
developing countries is necessary to enrich the CE body of knowledge.

2.3 Existing research gaps and significant contributions

The opportunities and benefits of CE adoption in BCI are yet to be holistically realized in major
world economies (Oluleye et al.,2022). Actualization of CE benefits and establishing a CE that
works in the BCI requires several prerequisites. Extant studies have expressed and analyzed
the leading CE barriers, indicators, and drivers, from a contextual, review, and international
perspective. Also, to understand the condition to promote successful CE, a few studies have
analyzed the CSFs for CE adoption in the BCI (Wuni et al., 2021; Hina et al.,2022). The
limitations of these studies include i) they are merely confined to identifying CSFs in specific
cultural settings, and ii) they failed to consider successful CE application in the construction
sector beyond national ambitions to variations between developed and developing countries.
Therefore, they are not satisfactory in enabling a successful systemic circularity attainment that
could boost BCI's sustainable production and consumption.

As CE has become an international strategic agenda, Giorgi et al (2022) emphasized that its
successful implementation requires the joint effort of international professionals (developed
and developing economies) in practices and enabling factors to realize the circular flow of
materials in a close loop. Nevertheless, comprehensive evaluation of CSFs for CE in BCI based
on international experts’ perspectives from developed and developing economies is still
unexplored. Furthermore, objective quantification of the CSFs from the two economies is
barely done in the literature, and evaluation of the consensus in experts’ opinions from the two



economies is still missing in extant studies. Therefore, these are regarded as the main literature
gaps that require investigation.

The main contribution of this study, in comparison with previous studies, is that it modeled the
actionable factors that stakeholders in developed and developing economies could adopt when
implementing and managing CE in the BCI and evaluated the level of consensus between the
two groups (developed and developing) on the CSFs. This research provides a valuable
opportunity for organizations and individuals seeking to enter the CE domain to learn from the
perceptions of international CE professionals on the checklist of CSFs required for attaining
CE in the BCI. To actualize these contributions and meet the highlighted research gap, the
EFA, RAA, and FSE approaches were used to analyze the CSFs (Table 1). The details about
the methods are provided in the next section.



Table 1: Potential CSFs for attaining CE in the BCI

Codes Potential Critical Success factors (CSFs) References
CSF1  Establishment of relevant guidelines for CE adoption in BCDW management (Bilal et al., 2020; Mahpour, 2018; Yuan, 2017)
CSF2  Effective budget allocation for systemic circularity in BCI (Ababio & Lu, 2023; Guerra & Leite, 2021; Mahpour, 2018; Mangla et
al., 2016)
CSF3 Integrating CE principles into university program curriculums and launch of more (Bilal et al., 2020; Mahpour, 2018)
CE-based research
CSF4  Development of a circular business model and decision support system for BCDW (Hina et al., 2022; Huang et al., 2018; Wuni & Shen, 2022)
management.
CSF5  Avoidance of the use of complex building materials (Akinade et al., 2017; Mahpour, 2018)
CSF6  Promotion of waste classification and sorting (Liu et al., 2022)
CSF7  Development of CE metrics and indicators (de Oliveira et al., 2021; Khadim et al., 2022; Tokazhanov et al., 2022)
CSF8  Tracking the conditions of materials and waste (Giorgi et al., 2022)
CSF9  Secondary market establishment (Bao & Lu, 2020; Guerra & Leite, 2021; Shooshtarian et al., 2022c)
CSF10 Mandating construction stakeholders to use secondary materials (Bao & Lu, 2020; Mahpour, 2018)
CSF11 Development of digitalization initiatives and materials passport promotion for (Aslam etal., 2020; Bao & Lu, 2020)
circularity promotion
CSF12 Clear national plans on CE goals and vision in the BCI (Mahpour, 2018)
CSF13 Adequate storage of BCDW to avoid degradation (Yuan, 2017)
CSF14 Mandating reporting and documentation for prediction (Akanbi et al., 2020; Mahpour, 2018)
CSF15 Familiarization of decision-makers with the benefits of CE principles in BCI (Govindan & Hasanagic, 2018; Shooshtarian et al., 2022b)
CSF16 New role creation in skills necessary for adopting CE in BCDW management (Akinade et al., 2017; Mahpour, 2018)
CSF17 Pre-demolition auditing promotion (Akanbi et al., 2020)
CSF18 Government regular site inspection and supervision of demolition projects toward (Aslam et al., 2020)
circularity
CSF19 Rewards for the BCI that promotes CE adoption and awareness (Bilal et al., 2020; Huang et al., 2018)
CSF20 Design for disassembly to enhance value creation at EoL (Akinade et al., 2017)
CSF21 Development of data management tools and valuable insights for value creation at (Giorgi et al., 2022; Wuni & Shen, 2022; Yadav et al., 2020) and Expert
EoL
CSF22 Promotion of workshops among experts on CE principles and implementation (Bilal et al., 2020; Giorgi et al., 2022; Wuni & Shen, 2022) and Expert
CSF23 Penalties for illegal dumping of BCDW (Rios et al., 2021) and Expert




3. Methods

The study used a quantitative research design grounded on a positivist epistemology, with
experts serving as the basis for evaluating the CSFs. The research used a multistage
methodological framework that included a thorough review of the literature, an expert pilot
review, the design and administration of questionnaires, and data pretesting and analysis. The
summary of these stages is presented in Figure 1.

3.1 Identification of potential CSFs for attaining CE in the BCI and Pilot survey

To identify the potential CSFs, a review of extant literature was conducted. Consequently, a
list of 20 potential CSFs was compiled. The sources for this review are secondary materials
such as academic articles and reports. The identified potential CSFs (20) were subjected to a
pilot survey.

The study conducted a pilot study with eight construction experts knowledgeable in the
research topic to check that the factors were appropriate and comprehensive. They were
carefully chosen to reflect the perspectives of many stakeholders and specialists involved in
BCI, CE, sustainability, and waste management. Various refinements to the variables' names
suggested during the pilot survey were implemented. Also, a validation question for the
variables in the questionnaire showed that all the potential CSFs are relevant to the subject
based on the pilot study participants' opinions. Also, Additional columns were added to the
questionnaire where the pilot study participants (academics and industry experts) can add any
other vital factors missing. As a result, three additional factors (now CSFs 21, 22, and 23) were
proposed by pilot study participants. The resultant 23 potential CSFs presented in Table 1 form
the basis for the data collection.



Respondents’ profile

Categories Attributes Frequency
Literature review on potential CSFs for CE Developed Developing
. . Economies (61) Economies (79)
implementation
Continent Africa 30
Distribution -
Asia 60
. = Europe 20
bl
’_,-_f" "u“‘ Initial questionnaire survey design North America 7
»=" Pilot Survey ~~_,
Pt and final Sso South America
< . . emmmmm————— =
\"-. guestionnaire ,f’ 1 Australia/Oceania
Sw.  design .7 . .
~ .-" Questionnaire administration to CE Type of Organisations Public client 14 8
-
= experts in developed and developing Private client 7 14
economies (39 countries) Project consultant 5 12
Main contractor 13 &
Trade contractor 2 1
Data Analysis Academic and Research 20 38
mnstitutions
Years of experience in 1-5 Years 3
BCI
6-10 Years 7 22
A 4 A 4 v A 4
11-15 Years 15 10
1. Descriptive 2. Exploratory 3 Rank Agreement 4. Fuzzy Synthetic 16-20 T 10 15
Analysis Factor Analysis(EFA) Analysis(RAA) Evaluation(FSE) Y teaE ?
Above 20 Years 24 10
Years of CE related 1 Years 31 42
experience ~
2 Years 13 15
3 Years ] 8
4 Years 3 2
Above 4 years ] 12

Figure 1: Methodological framework adopted for this research and the respondents’ profile
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3.2 Data collection

The primary data source for this study is CE experts in the BCI of developed and developing
economies. This study adopted a purposive sampling approach to select experts from industry
and academics from the two economies with credible hands-on experience in CE, sustainable
construction, and waste management. Academic experts from top construction management
and environmental science journals focusing on CE were identified. The industrial practitioners
were identified through a LinkedIn search and selected relevant institutes and associations such
as Building Research Establishment Environmental Assessment Method (BREEAM)-affiliated
members with CE experience. After two months of rigorous search, about 420 experts were
identified from developed and developing economies. There are no formulae for selecting
sample size in purpose sampling. It all depends on the types of experts needed, the cost, time,
and resources available for the study. Due to the selected experts' profiles, cost, and time
constraints, it is assumed that the sample size would be appropriate and representative of the
population. It is important to note that the diversity in sampling adopted in this study has been
established in extant studies, especially in the construction domain; for instance, Saka and Chan
(2021) analyzed 228 responses collected from 26 countries, Darko et al. (2017) analyzed 104
experts responses from 20 countries, and recently, (Yevu Sitsofe et al., 2022) analyzed 94
expert opinions from 23 countries. These surveyed sample in extant studies justify the
appropriateness of diversity in sample collection from various economies conducted in this
current study.

Emails with a weblink and fillable word documents for the survey were sent to the experts to
increase the response rate. Further, to enable participation, it was communicated to the
respondents that the study's outcome could be made available to them upon request. They were
asked to express their professional opinion on the CSFs for implementing a circular economy
in the building construction industry towards zero waste using a five-point Likert scale (5 =
very significant, 4= Significant, 3 = uncertain, 2 = less significant, and 1 = not significant). The
Likert scale is a popular technique in construction management research for rating the relative
significance of individual variables based on experts' perceptions.

The potential respondents were also requested to forward the form and link to colleagues who
meet the predefined criteria. A period of 3 months was allowed for the data collection. After a
series of reminder emails, 277 responses were received, out of which 140 responses (from 39
developing and developed economies) were deemed suitable for this analysis after a series of
data cleaning. The response rate was relatively low but acceptable because it is above the
minimum threshold of 30 responses required for the central limit theory to make a credible
conclusion.

3.3 Respondents’ Profile

The analysis of the respondents' profiles showed that the reliability and credibility of the results
from this study are high because most of them are engaged by various organizations that
participate in circular construction. From the standpoint of developing countries, professionals
and specialists working with public clients, private clients, principal contractors, project
consultants, and academic/research institutions provided the most responses. In contrast,
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experts such as project consultants, academics, and clients offered the most responses in
developed nations. 75% of respondents from developing countries and 80.33% from developed
countries had at least 11-15 years of BCI experience, making them more competent and
appropriate to evaluate the CSFs for CE in BCI. Additionally, the responders had substantial
years of CE experience in the BCI. The profile distribution of the experts is summarized in
Figure 1. Also, the experts' country distribution is provided in the Appendix for reference.
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3.4 Data analysis
3.4.1 Pretesting of collected data

The collected data were analyzed using IBM SPSS Statistics (v26). All statistical pretesting
was done at a 95% confidence interval to guarantee consistency. The Cronbach's Alpha value
was used to measure the responses' internal consistency and reliability of the questionnaire.
The reliability analysis yielded a Cronbach's Alpha value of 0.978 for the 23 CSFs. Although
the value is greater than 0.90, the survey form is not long as it contains 23 variables. Therefore,
the constructs are discriminately valid. The Shapiro-Wilk test was conducted to ascertain
normality in the data distribution based on the null hypothesis that the sample is normally
distributed.

The Shapiro-Wilk test is widely used for normality testing and is considered one of the most
potent and reliable tests available (Saka & Chan, 2022). It has higher statistical power and is
more robust to outliers and skewness than other normality tests like Anderson-Darling,
Lilliefors, or Kolmogorov-Smirnov (Oluleye et al., 2023). The Shapiro-Wilk test is also
computationally simpler than other normality tests, such as the Lilliefors test or the Anderson-
Darling test, and can be easily implemented in various statistical software packages (Ruxton et
al., 2015). Based on these considerations, it was adopted in this study. For this research, the
Shapiro-Wilk test was significant at the p<0.05 significance level, suggesting that the data was
not normally distributed (Table 2).

The non-normality of the data implies that further analysis must be less sensitive to the
distribution of the data. As a result, rank agreement analysis, exploratory factor analysis, and
fuzzy synthetic evaluation analyses were conducted on the data collected. These methods are
known to be relatively insensitive to non-normality. By using techniques insensitive to non-
normality, we can be more confident in the results of our analysis, even if the data is not
normally distributed.

3.4.2 Determining the relative importance of the underlying CSFs for attaining CE in the BCI

The relative importance of the CSFs for implementing CE in BCI was initially assessed using
descriptive statistical analysis such as mean, standard deviation, and the mean normalization
approach. The mean normalization was conducted to remove variables that may not be
considered critical factors in the further analysis if their normalized value is less than 0.5
normalization benchmark. Also, the mean analysis results were deployed as the basis for
assigning weights to the CSFs categories (PSFs) using the FSE technique.

3.4.3 Categorizing the CSFs using exploratory factor analysis.

CSFs are few, usually less than 8 (Freund, 1988). Thus, organizing the long list of the CSFs in
Table 1 into representative categories for easy handling is reasonable. To unravel the
underlying categories of the 18 significant CSFs, exploratory factor analysis (EFA) was
conducted. The EFA suitability was examined using various metrics such as sample size to
CSF ratio, Kaiser-Mayer-Olkin (KMO) value, anti-image correlation, and Bartlett’s Test of
Sphericity. The suitability test revealed that the sample size ratio to the CSF is 7:1(140/18),
meeting the acceptable EFA threshold. The KMO result of 0.948 was also above the required
benchmark of 0.80. The anti-image correlation metrics between the CSFs range from 0.896 to
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0.980, more significant than the 0.50 minimum benchmark. Thus, the results of the various
metrics demonstrated the fitness of the data for EFA.

Moreover, the EFA was carried out using the principal component analysis as the extraction
technique, while Varimax and Kaiser's normalization was used as the rotation method. The
rotation converged in 11 iterations and resulted in a 4-factor solution explaining about 79.130%
of the variance of CSFs. This forms the basis for the fuzzy synthetic evaluation. The results of
the EFA are presented in Table 3. Hereafter, the CSFs were categorized into principal success
factors (PSFs) to reduce the cognitive complexity of managing the numerous CSFs.

3.4.4 Determining the agreement level of experts from developed and developing economies
Using Rank agreement analysis

The rank agreement analysis (RAA) was conducted to determine the degree of consensus
between the two groups of respondents (developed and developing economies). Since the data
was not normally distributed, the Mann-Whitney U test could also be appropriate. However,
the rank agreement analysis was adopted in this study because it can quantitatively reveal the
percentage consensus and non-consensus between the two groups, which is quite impossible
using the Mann-Whitney U test (Oluleye et al., 2023). In addition, the RAA is quite a popular
technique in extant studies (Oyetunji et al., 2022). Using the RAA in this study, the rank
agreement factor (RAF) provides information on the degree of consensus in ranking between
the two groups (Table 4). RAF near zero implies similar ranking consensus and, if otherwise,
suggests high differences in ranking agreement between the two groups within a cluster. The
agreement level between the developed and developed countries' contexts in this study was
computed using the following steps:

a) Determine the summation of the rank of each CSFs for developed and developing
economies within each category(PSF). This is illustrated as:

Ra=Ra1 + Ra2 (1)

Where Ra = Summation of the rank of each CSFs for developed and developing economies
within each category(PSF); Ra1 = rank of each CSF within a PSF for developed economies; Ra.
= rank of each CSF within a PSF for developing economies.

b) Determine the summation of Racalculated in (i) for each PSF. This is illustrated as
Rb :Za=1 Ra (2)
Where R;,, = summation of Ra

c) Determine the average mean value of the summation of the rank between the two
groups within a component. This is computed using equation (3):

1
Re=2 xR, ®3)

R.
= Summation of the CSFs' rank within a group(R,)divided by the number of item(n)

d) Calculate the rank agreement factor(RAF) using its absolute value. The RAF is
illustrated with equation (4)

RAF= m (4)
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e) Calculate the maximum rank agreement factor (RAFmax) using its absolute value. The
RAF max is computed using equation (5)

RAFmax = Z:l |Ra - Rcl (5)

f) Compute the percentage of disagreement(PD), which is given as:

PD = Zg:l |Ra1_Ra2| X 100 (6)

2':1 |Ra_RC|

g) The agreement percentage (AP) is finally computed as =100 — PD

3.4.5 Determine the level of criticality of the PSFs using the Fuzzy synthetic Evaluation
Approach

To evaluate and prioritize CSFs for decision-making, scholars have developed and adopted
various fuzzy evaluation methods, including the fuzzy synthetic evaluation (FSE) method and
fuzzy multi-criteria decision-making (MCDM) approaches such as Fuzzy AHP, Fuzzy ANP,
Fuzzy TOPSIS, Fuzzy VIKOR, etc. The advantage of FSE is that it can evaluate a single object;
meanwhile, Fuzzy MCDM approaches depend on a pairwise comparison between multiple
variables, leading to selective reversal (Zhang et al., 2019). Moreover, practitioners find it
easier to evaluate CSFs in a linguistic rating scale terms (e.g., 5=Very significant,
4=significant, 3=Uncertain, 2=Less Significant, 1=not significant), this scale was adopted for
the data collection in this study, and FSE analysis is more suitable in such situation because it
gives a precise result. This study adopted the FSE method to evaluate the CSFs for attaining
CE in BCI to avoid the acute issues of selective reversal.

Furthermore, the FSE method was adopted to quantify the CSFs categories objectively. This
method is suitable because multi-experts and stakeholders are involved in rating the CSFs, and
their perceptions are generally tagged with subjectivity and fuzziness. Therefore, the FSE
approach is suitable for handling such fuzziness and subjectivity in response to multivariate
CSFs. Through the FSE method, the linguistic rating scale (5-point Likert scale) adopted was
converted into fuzzy numbers to determine the magnitude of criticalities(FSE index) of the
CSFs categories(Wuni & Shen, 2022). The FSE in this study was conducted in six phases, in
line with the established protocol put forward in extant studies(Adabre et al., 2022a; Ameyaw
& Chan, 2015).

a) Set up the FSE index system for the CSFs and the CSFs categories (hereafter, Principal

Success Factors, PSFs) i.e., Q = (qy, g2, 3...qn);

Q stands for FSE index for level one(PSFs); gn stands for FSE index system for level two(CSF)
and n stands for the number of CSFs within a particular PSFs.

b) Establish a set of grade alternatives. The set of grade alternatives is the measurement
scale adopted for this study. The grade alternative used(5-point rating scale) to assess
the CSFs was defined as R= {1, 2, 3, 4, 5} comprising Ri (Not significant), R> (less
significant), Rs(uncertain), Rs4(Significant), and Rs(Very significant).

¢) Calculate the weighting functions of the CSFs and the PSFs. The weightings for each

CSFs and PSFs can be computed from the mean scores using equation 7
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Wi= Zsuiw_ , O<w<]l, Z?:l wi =1 and Wi = (w1, W2, Wa, ...Wn) @)
=1

Where Wi = weightings function of the CSFs/PSFs, and pi= mean value of a particular CSF

d) Establishment of the fuzzy evaluation matrix (membership function) for each set of

A quin quin X3qin quin
CSFs. The matrix is expressed as MF, = + + +...+ (8)
qdin Ry R> R3 Rj

where gin = the n' CSF in a given PSF; MF, = MF of a particular CSFs; quin(j =1,2,3,45)

denotes the percentage of experts who scored j for the significance of a particular CSF, which
X1 .

measures the degree of membership; % denotes the relationship between quinand its
J

grade alternatives.

e) Determine the results for the FSE through the weighting vector and the fuzzy evaluation
matrix using equation 9
D = Wi*T,; 9)
Where D = Final fuzzy evaluation matrix(MF of each PSF); W; represents the weightings
function of all CSFs in a PSF; Ti denotes the membership function of all CSFs in a given PSF;
“*” indicates the fuzzy composition operator.

f) The final fuzzy evaluation matrix is normalized to determine an objective level of
criticalities of the PSFs by using equation 10.
Significance index=Y[,(D; x R;) = (D1, D2, D3 D4 Ds) X (R1, Rz, R3, R4, Rs) (10)

Where D; = (D1, D2, D3, D4, Ds) is the fuzzy evaluation matrix or MFs for the PSFs; R; = (Ry,
R2, R3, Rs, Rs) is the grade alternatives.
(Detailed sample results of the FSE method are presented in the results section).

4. Results
4.1 Mean ranking of the CSFs for attaining CE in the BCI

The means, standard deviations, and normalization values were calculated for the 23 CSFs
based on the responses from developed and developing economies (Table 3). For the developed
economies, the top three CSFs include CSF1, “establishment of relevant guidelines for CE
adoption in BCDW management (4.08),” CSF23, “penalties on illegal dumping of BCDW
(4.05),” and CSF 4, “development of a workable circular business model and decision support
system for BCDW management (4.02).” The developing economies have CSF12 “clear
national plans on CE goals and vision in the BCI (4.10),” CSF22 “promotion of workshops
among experts on CE principles and implementation (4.09),” and CSF23 “penalties on illegal
dumping of BCDW (4.05) as the top three CSFs.”

Generally, the normalized mean analysis of the overall response revealed 18 significant CSFs
for enhancing SCI toward BCDW reduction with values > 0.50 significance benchmark. Thus,
it implies that these 18 CSFs should be carefully given attention and integrated to ensure a
successful SCI toward BCDW reduction. Therefore, based on the overall mean and normalized
values, the top three significant CSF for SCI toward zero BCDW are CSF23 “penalties on
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illegal dumping of BCDW (4.05)”; CSF22 “promotion of workshops among experts on CE
principles and implementation (4.09),” and CSF12 “clear national plans on CE goals and vision
in the BCI (4.10).”

Table 2: Mean ranking results of the CSFs for attaining CE in the BCI of developed and
developing economies

Overall Developed economies Developing economies
Code pi d Rank  p- i ) Rank  pi d Rank
Norm.V value

CSF1 401 1.025 0.86 5 0.00 4.08 0822 1 3.96 1.160 13
CSF2 3.89 1.030 0.54 17 0.00 3.95 0.865 8 3.85 1145 21
CSF3 397 0929 0.76 10 0.00 3.97 0836 5 3.97 1.000 10
CSF4 399 0.906 0.81 7 0.00 4.02 0.846 3 3.96 0.953 12
CSF5 3.69 0997 0.00* 23 0.00 3.69 0958 23 3.68 1.032 23
CSF6 3.94 0904 0.68 11 0.00 3.95 0.865 8 3.94 0.938 15
CSF7 3.90 0.962 0.57 16 0.00 3.89 0.968 16 3.91 0.963 16
CSF8 3.92 0937 0.62 14 0.00 3.89 0915 14 3.95 0959 14
CSF9 3.99 0941 081 8 0.00 3.93 0929 11 4.04 0953 4
CSF10 386 0.979 0.46* 20 0.00 3.82 0992 21 3.89 0974 17
CSF11 387 0912 0.51 18 0.00 3.90 0.831 13 3.85 0975 19
CSF12 403 0952 0.92 3 0.00 3.93 0.854 10 4.10 1.020 1
CSF13 383 0.897 0.38* 21 0.00 3.80 0.749 22 3.85 1.001 20
CSF14 381 0974 0.32* 22 0.00 3.89 0915 14 3.75 1.019 22
CSF15 392 0.914 0.62 13 0.00 3.84 0.820 20 3.99 0980 8
CSF16 393 0.870 0.65 12 0.00 3.87 0.885 17 3.97 0.862 9
CSF17 391 0.839 0.59 15 0.00 3.84 0.778 19 3.96 0.884 11
CSF18 386 0.891 0.46* 19 0.00 3.85 0.792 18 3.87 0.966 18
CSF19 4.02 0.993 0.89 4 0.00 4.02 0957 4 4.03 1.025 7
CSF20 4.00 0914 0.84 6 0.00 3.95 0825 7 4.04 0980 5
CSF21 398 0.877 0.78 9 0.00 3.92 0.843 12 4.03 0905 6
CSF22 403 0.889 0.92 2 0.00 3.95 0.762 6 4.09 0977 2
CSF23 406 0.927 1.00 1 0.00 4.05 0.865 2 4.06 0979 3

4.2 Principal groupings of the CSFs for attaining CE in the BCI

The EFA detected four structural components of the CSFs for implementing CE practices
towards zero waste in BCI. The EFA reduces the complexity of handling the long list of CSFs
for CE in BCI and may provide easy-to-understand decision support in allocating scarce
resources. It also provides a systematic framework for quantifying the significance of each
CSFs and identifying those that contribute the most to CE success in BCI using the FSE
approach.

The EFA generated a four-factor solution consisting of PSF1- Data-driven digital tools and
circularity plan; PSF2- capacity building and demolition monitoring; PSF3- Systemic
circularity guidelines and commitment; and PSF4- Circular metric and secondary market
development (Table 3). The PSFs have a stronger association with the CE implementation
success in BCI and explain about 79.130% of the total variances in the CSFs for CE
implementation towards zero waste in BCI.
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Table 3: Factor loading, and eigenvalues of the principal success factors for attaining CE in the BCI of developed and developing

economies

Code PSFs/CSFs Factor loading Eigen Variance
values explained
(%)
1 2 3 4

PSF1 Data-driven digital tools and circularity plan 4565 21.738
CSF12 Clear national plans on CE goals and vision in the BCI 0.749 - - -
CSF19 Rewards for the BCI that promotes CE adoption and awareness 0.735 - - -
CSF11 Development of digitalization initiatives and materials passport promotion for circularity of 0.578 - - -

BCDW
CSF4  Development of circular business model and decision support system for BCDW management.  0.548 - - -
CSF21 Development of data management tools and useful insights for value creation at EoL 0.526 - - -
CSF20 Design for disassembly to enhance value creation at EoL 0.521 - - -
PSF2: Capacity building and demolition monitoring 4496 21411
CSF23 Penalties for illegal dumping of BCDW - 0.644 - -
CSF22 Promotion of workshops among experts on CE principles and implementation - 0592 - -
CSF16 New role creation in skills necessary for adopting CE in BCDW management - 0591 - -
CSF15 Familiarization of decision-makers with the benefits of CE principles in BCI - 0.509 - -
CSF17 Pre-demolition auditing promotion - 0.508 - -
CSF6  Promotion of waste classification and sorting - 0.503 - -
PSF3: Systemic circularity guidelines and commitment 4337 20.653
CSF2  Effective budget allocation for circularity of BCDW by the government - - 0.793 -
CSF1  Establishment of relevant guidelines for CE implementation - - 0.752 -
CSF3  Integrating CE principles into university program curriculums and launch of more CE-based - - 0.674 -

research
PSF4: Circular metric and market development 3.219 15.329
CSF8  Tracking the conditions of materials and waste - - - 0.740
CSF7  Development of CE metrics and indicators - - - 0.727
CSF9  Secondary market establishment - - - 0.593

Total variance explained (%): - - - 79.130
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4.3 Rank agreement analysis of the principal success factors for attaining CE in the BCI

The clusters generated by the EFA were adopted in enhancing the agreement analysis to
ascertain the consensus level between the two groups (developed and developing economies)
considered in this study, as presented in Table 5. Using the equations detailed in section 4.4 on
the rank agreement analysis, the PD (percentage disagreement) was first computed before
determining the agreement percentage (AP) of each cluster (PSFs). Recall Equation (5); the
disagreement percentage is illustrated as.

PD - Zg:l |Ra1_Ra2| X 100
Za=1 |Ra_Rc|

Thus, for data-driven digital tools and plan, and using the corresponding values in Table 4, PD
== x 100 =100%

Hence PA is illustrated as, recall equation (6)
AP =100- PD
AP = 0%

Using a similar approach, the AP for capacity building and demolition monitoring (PSF2),
systemic circularity guidelines and commitment (PSF3), and circular metric and secondary
market development (PSF4) were calculated as 54.5%, 50%, and 100%, respectively as shown
in Table 4.

Regarding the PSF1-data-driven digital tools and circularity plan, there exists a high degree
of divergence in the rank of the two groups of experts (developed and developing countries).
CSF11-development of digitalization initiatives and materials passport promotion for
circularity of BCDW was ranked 6th by the two economies. The other five CSFs (CSF12,
CSF19, CSF4, CSF 21, and CSF 20) within this group have a vast mean difference indicating
a lack of consensus on the ranking of the two groups. Based on this consideration, the RAA
(see Table 4) resulted in a 0% agreement percentage between the two groups(developed and
developing countries). Regarding the PSF2-capacity building and demolition monitoring
category, CSF16-new role creation in skills necessary for adopting CE in BCDW management
was ranked fifth by the two groups, while CSF17-pre-demolition auditing promotion was
ranked sixth by the two groups. This relative ranking implies that any nation in the world needs
CE-related skills such as pre-demolition auditing-related skills and design for circularity skills.

Moreover, the two groups closely rank other variables under this category. As a result, the rank
agreement analysis computed resulted in a 54.50% consensus level between developed
economies and developing economies (See Table 5). Concerning PSF3-Systemic circularity
guidelines and commitment, the two groups of experts ranked CSF2 effective budget allocation
for circularity of BCDW by the government 3rd. The two groups of experts closely ranked the
other two CSFs (CSF1 and CSF3) under this category. As a result, a 50% consensus level was
computed to exist between developed and developing economies on this component. This
indicated a relative or average agreement level on the need for systemic circularity guidelines
and commitment towards CE implementation in any economy. With attention to the PSF4-
circular metric and secondary market development, the experts from developed and developing
countries had a perfect consensus. The two groups ranked CSF9-secondary market
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establishment, CSF- tracking of the conditions of materials and waste, and CSF7- development
of CE metrics and indicators 1st, 2nd, and 3rd under this category, respectively (See Table 4).
Due to the equal ranking of these CSFs by the two groups of experts, a 100% consensus level
was computed. This indicates a perfect agreement on developing a circular economy metric
and secondary market to promote CE in BCI of developed and developing economies.
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Table 4: Rank agreement analysis result of the principal success factors for attaining CE in the BCI of developed and developing economies

Code CSF/PSF

Developed economies

Developing economies

Agreement analysis

CSF12  Clear national plans on CE goals and vision in the BCI

CSF19  Rewards for the BCI that promotes CE adoption and
awareness

CSF11  Development of digitalization initiatives and materials
passport promotion for circularity of BCDW

CSF4 Development of a workable circular business model and
decision support system for BCDW management.

CSF21  Development of data management tools and useful
insights for value creation at EoL

CSF20  Design for disassembly to enhance value creation at EoL

PSF1 Data-driven digital tools and plan

CSF23  Penalties for illegal dumping of BCDW

CSF22  Promotion of workshops among experts on CE
principles and implementation

CSF16  New role creation in skills necessary for adopting CE in
BCDW management

CSF15  Familiarization of decision-makers with the benefits of
CE principles in BCI

CSF17  Pre-demolition auditing promotion

CSF6 Promotion of waste classification and sorting

PSF2: Capacity building and demolition monitoring

CSF2 Effective budget allocation for circularity of BCDW by
the government

CSF1 Establishment of relevant guidelines for CE
implementation

CSF3 Integrating CE principles into university programme
curriculums and launch of more CE-based research

PSF3: Systemic circularity guidelines and commitment

CSF8 Tracking the conditions of materials and waste
CSF7 Development of CE metrics and indicators

CSF9 Secondary market establishment

PSF4: Circular metric and secondary market development

Mean
3.93
4.02
3.90
4.02
3.92

3.95

4.05
3.95

3.87

3.84

3.84
3.95

3.95

4.08

3.97

3.89
3.89
3.93

SD

0.854
0.957
0.831
0.846
0.843

0.825

0.865
0.762

0.885

0.820

0.778
0.865

0.865

0.822

0.836

0.915
0.968
0.929

Raz
4
2

6

w

Mean
4.10
4.03
3.85
3.96
4.03

4.04

4.06
4.09

3.97

3.99

3.96
3.94

3.85

3.96

3.97

3.95
3.91
4.04

SD

1.020
1.025
0.975
0.953
0.905

0.980

0.979
0.977

0.862

0.980

0.884
0.938

1.145

1.160

1.00

.959
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953
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1
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1
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1
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4.4 Result of the Fuzzy Synthetic Evaluation of the CSFs for attaining CE in the BCI
4.4.1 Weightings of the CSFs and the PSFs

The weightings of the CSFs denote their relative mean value within each PSFs and are
computed using equation 7.

Wis—, 0<w;<l,where Y5  wi=1 7)
Yo ul
Where Wi denotes the calculated weightings functions of a CSF in its category. Wi is derived
by dividing the mean score represented as pi by the summation of all the mean scores of CSFs
within the PSFs. For example, using the PSF1 (data-driven digital tools and plan), for
developed economies, the weightings of the underlying CSFs “development of digitalization
initiatives and materials passport promotion for circularity of BCDW” is computed as:

Wi = 22 = 0.164 (as presented in Table 5)
3.93+4.02+3.9+4.02+3.92+3.95

Likewise, the weightings of PSF is calculated by dividing their mean score (derived by
summing the mean values of all the CSFs in a PSF) by the sum of the mean values of all the
PSFs categories. For example, the weightings of Data-driven digital tools and plan -PSF1 for
developed economies is calculated as:

Wi (Data-driven digital tools and plan -PSF1) =

Table 5)
Using a similar approach, the weightings of other CSFs and PSFs are calculated (see Table 5)

23.74
23.74+23.50+12+11.71

=0.335 (as presented in

4.4.2 The membership function of the CSFs and the PSFs

The membership function (MF) refers to the degree of an element’s membership in a fuzzy set.
It usually ranges between 0 and 1. The MF of each CSFs (level 2) and PSFs (level 1) can be
generated using fuzzy mathematics. The MFs of level 2 are first computed before the MFs of
level 1. Recall the grade alternatives for evaluating the CSFs defined as R1 (Not significant),
R2 (less significant), Rs(uncertain), Ra(Significant), and Rs(Very significant). Therefore, the
MF of each CSFs is computed as:

MFq. — quin + quin +X3qin +X4'qin +X5qin

in R4 R, R3 R4 Rs

Where gin = the nth CSF in a given PSF; MF,;,,= MF of a particular CSFs; quin(j =1,2,3,4,5)
denotes the percentage of experts who scored j for the significance of a particular CSF, which

Xj qin

measures the degree of membership; and denotes the relationship between

j
X; and its grade alternative.
qin

Using this approach, the MF for all the CSFs can be computed. So, for example, development
of digitalization initiatives and materials passport promotion for circularity of BCDW (CSF11)
for developed economies, 3.3% rated it to be not significant, 3.3% rated it to be less significant,
9.8% were uncertain, 67.2% rated it significant, and 16.4% rated it very significant, then,
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MF(CSF11) of development of digitalization initiatives and materials passport promotion for
circularity of BCDW could be expressed as:

MFespi=—s 223 4 291 4 067 | 016 , Alternatively, the MF for CSF11 is written as:
Ry Rz R3 Ry Rs

(0.03, 0.03, 0,01, 0,67, 0,16)

After obtaining the MFs of the CSFs, the MFs of the PSFs (also known as the final fuzzy
evaluation matrix) could be determined using equation 9..

Recall that D = Wi*T;i

Where D = Final fuzzy evaluation matrix(MF of each PSF); Wi= Weightings of a CSFs within
a PSF, and T; =is the fuzzy evaluation matrix (membership function of the CSFs in each PSF
as presented in Table 5).

Therefore, considering PSF1(Data-driven digital tools and plan) for developed economies, the
weightings of all its underlying CSFs (i.e. CSF12, CSF19, CSF11, CSF4, CSF21, and CSF20)
under this PSF1 can be expressed as:

Wi=(0.166, 0.169,0.164,0.169,0.165,0.166)
Also, MFs of the CSFs within the group are presented in a matrix and expressed as:

0.03 0.02 0.15 0.59 0.21
/0.05 0.00 0.15 0.49 0.31\
_10.03 0.03 0.01 0.67 0.16 |
1003 012 010 061 0.20 |
\0.02 0.02 0.13 0.59 0.22/

0.03 0.00 0.16 0.59 0.21

From these, the membership function (final fuzzy evaluation matrix) for PSF1 is computed as

(0.03 0.02 0.15 0.59 0.21\

T

0.05 0.00 0.15 049 0.31
0.03 0.03 0.01 0.67 0.16
0.03 0.12 0.10 0.61 0.20 l
0.02 0.02 0.13 0.59 0.22/
0.03 0.00 0.16 0.59 0.21

=(0.03, 0.03, 0.12, 0.59, 0.22) as presented in Table 5.

D1 =(0.166, 0.169,0.164,0.169,0.165,0.166) X k

Using the same approach, the MFs for the rest of the PSFs were computed and presented in
Table 5. The MFs of all the PSFs enabled the computation of the criticalities of the PSF for CE
in BCI.

4.4.3 Criticalities indices of the PSFs for attaining CE in the BCI

After determining the MFs for each PSFs in developed and developed economies, the
criticalities index for each PSFs for the two economies was computed (See Table 6). This is
computed using the MFs of the PSFs and the grade alternatives. This is achieved using the
formulae (Recall equation 10)

Criticality index=)"-;(D; x R;) = (D1, D2, D3, D4, D5) x (R1, R2, Rs, R4, Rs)
23



Where D; = (D1, D2, D3, Da, Ds) is the fuzzy evaluation matrix or MFs for the PSFsand R; =
(R1, Rz, R3, R4, Rs) is the grade alternatives. Therefore, the criticality indices of the PSFs from
the developed economies are computed as follows:

PSF1=(0.03, 0.03,0.12, 0.59, 0.22) * (1, 2, 3,4,5) =3.91
PSF2 = (0.03, 0.01, 0.15, 0.59, 0.19) *(1, 2, 3,4,5) =3.81
PSF3=(0.03, 0.02, 0.12, 0.61, 0.24) *(1, 2, 3, 4,5) = 4.07
PSF4= (0.20, 0.02, 0.13, 0.59, 0.22) *(1, 2, 3, 4, 5) = 4.09
Likewise, the criticality indices of the PSFs from the developing economies
PSF1=(0.03, 0.05, 0.15, 0.44,0.34) * (1, 2, 3,4,5) =4.04
PSF2=(0.03, 0.03, 0.17, 0.45, 0.32) * (1, 2, 3, 4, 5) = 4.00
PSF3=(0.07, 0.04, 0.14, 0.42,0.34) * (1, 2, 3,4,5) = 3.95
PSF4= (0.03, 0.05, 0.16, 0.47, 0.29) * (1, 2, 3, 4, 5) = 3.94

The PSF's criticality indices indicate their prioritization and level of significance to the success
of systemic circularity attainment in BCI and ranking the benefits of systemic circularity
execution in the BCI. Table 6 shows the criticality indices of the PSFs and their rankings. From
Table 6, all the criticality indices for PSFs in developed and developing economies are above
3.50 based on the 5-point Likert scale used. Hence, they are all considered significant to
systemic circularity attainment in the BCI.
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Table 5: FSE (Weightings and membership functions) of the CSFs for attaining CE in the BCI of developed and developing economies

PSFs/CSFs

PSF1: Data-driven digital
tools and plan

CSF12

CSF19

CSF11

CSF4

CSF21

CSF20

PSF2: Capacity building
and demolition
monitoring

CSF23

CSF22

CSF16

CSF15

CSF17

CSF6

PSF3:Systemic
circularity guidelines and
commitment

CSF2

CSF1

CSF3

PSF4:Circular metric
and market development
CSF8
CSF7
CSF9

Developed countries

Developing countries

Mean

23.74
3.93
4.02
3.90
4.02
3.92
3.95

235
4.05
3.95
3.87
3.84
3.84
3.95

12.00
3.95
4.08
3.97

11.71
3.89
3.89
3.93

Wi

0.335
0.166
0.169
0.164
0.169
0.165
0.166

0.331
0.172
0.168
0.165
0.163
0.163
0.168

0.169
0.329
0.340
0.331

0.165
0.332
0.332
0.336

MF for level 11

(0.03, 0.02, 0.15, 0.59, 0.21)
(0.05, 0.00, 0.15, 0.49, 0.31)
(0.03, 0.03, 0.0, 0.67, 0.16)
(0.03,0.12, 0.10, 0.61, 0.25)
(0.03, 0.02, 0.15, 0.61, 0.20)
(0.03, 0.00, 0.16, 0.59, 0.21)

(0.03, 0.00, 0.15, 0.53, 0.30)
(0.03, 0.00, 0.12, 0.69, 0.16)
(0.03, 0.03, 0.16, 0.57, 0.20)
(0.03, 0.00, 0.23, 0.57, 0.16)
(0.03, 0.03, 0.10, 0.74, 0.10)
(0.03, 0.02, 0.15, 0.57, 0.23)

(0.03, 0.03,0.10, 0.62, 0.21)
(0.03, 0.00, 0.10, 0.59, 0.30)
(0.03,0.02,0.12, 0.62, 0.21)

(0.05, 0.02, 0.13, 0.61, 0.20)
(0.05, 0.03, 0.13, 0.56, 0.23)
(0.50, 0.02, 0.12, 0.59, 0.23)

MF for level |

(0.03,0.03,0.12,0.59, 0.22)

(0.03,0.01, 0.15, 0.59, 0.19)

(0.03,0.02,0.12, 0.61, 0.24)

(0.20,0.02,0.13, 0.59, 0.22)

Mean

24.01
4.10
4.03
3.85
3.96
4.03
4.04

24.01
4.06
4.09
3.97
3.99
3.96
3.94

11.78
3.85
3.96
3.97

11.90
3.95
3.91
4.04

Wi

0.335
0.171
0.168
0.160
0.165
0.168
0.168

0.335
0.169
0.170
0.165
0.166
0.165
0.164

0.164
0.327
0.336
0.337

0.166
0.332
0.329
0.339

MF for level 11

(0.04,0.04,0.13,0.38,0.42)
(0.04,0.04,0.17,0.38, 0.38)
(0.04, 0.05, 0.18, 0.49, 0.24)
(0.03, 0.06, 0.13, 0.50, 0.29)
(0.03, 0.03,0.17,0.47,0.32)
(0.03, 0.05, 0.15, 0.41, 0.37)

(0.03, 0.05, 0.14, 0.41, 0.38)
(0.04,0.01, 0.17, 0.39, 0.39)
(0.03, 0.03, 0.15, 0.54, 0.25)
(0.04, 0.03, 0.18, 0.43, 0.33)
(0.03,0.01, 0.22, 0.47, 0.28)
(0.03, 0.05, 0.17, 0.48, 0.28)

(0.08, 0.04,0.17, 0.41, 0.32)
(0.08, 0.05, 0.08, 0.43, 0.38)
(0.04, 0.04,0.17, 0.43,0.33)

(0.04, 0.03, 0.18, 0.49, 0.29)
(0.03, 0.06, 0.17, 0.47, 0.28)
(0.03, 0.05, 0.13, 0.46, 0.29)

MF for level I

(0.03,0.05, 0.15, 0.44, 0.34)

(0.03,0.03, 0.17, 0.45, 0.32)

(0.07,0.04, 0.14, 0.42, 0.34)

(0.03,0.05, 0.16, 0.47, 0.29)
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4.4.4 Developing the overall PSF model for attaining a systemic circularity in the BCI of
developed and developing economies.

The final step in the FSE modeling process is developing a PSFs model for developed and
developing economies. A linear model was chosen due to its simplicity and ease of
understanding for industry professionals and other stakeholders (Olawumi & Chan, 2022).
Before creating the composite linear model, the criticalities index of the PSFs was normalized
to ensure that the sum of the coefficients equaled unity. Normalizing the PSF is logical and
valid, as it helps to illustrate better the relative activity between the criteria in the linear
equation (Osei-Kyei & Chan, 2017). In addition, it allows the differing scale of measurements
to be used when assessing the CSFs for attaining systemic circularity in the BCI.

The PSF model for attaining systemic circularity in developed economies is expressed as:

Y =0.246 (PSF1) + 0.240 (PSF2) + 0.246 (PSF3) + 0.258 (PSF4) (12)

Also, the PSF model for attaining systemic circularity in developing economies is expressed
as:

Y =0.254 (PSF1) + 0.251 (PSF2) + 0.248 (PSF3) + 0.247 (PSF4) (12)

Where Y = The PSF model for attaining systemic circularity in the BCI of
developed/developing economies

Table 6: Criticalities indices and coefficients of the PSFs for attaining systemic circularity in
the BCI of developed and developing economies

Codes Developed economies Developing economies

PSFs Criticality Rank 2Coefficient Criticality = Rank 2Coefficient
index index

PSF1 Data-driven digital tools and 3.91 3 0.246 4.04 1 0.254
circularity plan

PSF2  Capacity building and pre-  3.81 4 0.240 4.00 2 0.251
demolition monitoring

PSF3  Systemic circularity 4.07 2 0.256 3.95 3 0.248
guidelines and commitment

PSF4  Circular metric and 4.09 1 0.258 3.94 4 0.247

secondary market
development
Total 15.88 1.00 15.93 1.00

Note: 2Coeffcient = criticality index for a given PSF/Summation of the criticality index

5.0 Discussion

This section elaborates vital research findings of this study by comparing the findings with past
studies. It also provides information on the study's implications to management science and
environmental experts. Finally, it draws interesting areas that should be considered in future
research toward promoting sustainable production and consumption in BCI via a CE.
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5.1 Principal success factors for attaining systemic circularity in the BCI of developed and
developed economies

The EFA categorized the significant CSFs for attaining a systemic circularity in the BCI of
developed and developing economies into four principal success factors (PSFs). They include
PSF1(data-driven digital tools and circularity plan, PSF2 (capacity building and pre-
demolition auditing), PSF3 (systemic circularity guidelines and commitment), and PSF4
(circular metrics and secondary market development).

5.1.1 Data-driven digital tools and circularity plan

Data-driven digital tools and circularity plan (PSF1) for attaining a systemic in the BCI ranked
1st and 3rd by developing and developed economies experts with fuzzy criticality index of 4.04
and 3.91, respectively. The result of FSE indicated that although the two economies have varied
rankings regarding the PSF1, the factor is significant for a successful CE in the two groups.
Therefore, attaining a systemic circularity in the BCI requires integrating data-driven
technologies and a circularity plan. This approach is the future of a successful CE
implementation as it can reshape waste management practice in the BCI.

This component (PSF1) explains 21.738% of the total variance with six underlying CSFs. One
of the significant factors within this category is the development of digitalization initiatives
and materials passport promotion for the circularity of BCDW(CSF11), highlighting the need
to integrate digital technologies to promote various aspects of the CE. This factor (CSF11) has
a more decisive influence on all other ingredients of CE implementation. Rios et al. (2022)
argued that data-driven tools involve design, production, distribution, and business models.
Therefore, CSF11 can promote the development of data management tools (CSF21), enabling
value creation at EoL of materials in the BCI.

Most importantly, a data-driven approach with a faster agile learning process and iterative
cycles of designing and prototyping, such as artificial intelligence, blockchain, and computer
vision, is a crucial prerequisite to achieving a meaningful CE implementation in the BCI
(Oluleye et al., 2023b). It can further enable data collection and interpretation more effectively
as the basis for circular business model innovation (CSF4) for redesigning circular products
and a more objective circular assessment of products in the BCI. According to Wuni and Shen
(2022), CBM innovation is a critical mechanism for implementing the CE at the organizational
level, as it allows for a systematic change in the underlying logic of firms and the alignment of
incentives of various stakeholder groups.

Furthermore, integrating these initiatives will influence the BCI's overall production and
consumption pattern through digitalized circular design promotion, especially the promotion
of design for disassembly (CSF20). The ease of disassembly of materials at the end of life in
the BCI is a crucial prerequisite to guarantee the effective recovery or parts in a CE. This
supports the arguments of Akinade et al. (2017) that deconstruction, or the disassembly of
buildings piece by piece, allows for the recovery of building materials and components once
buildings reach the end of their useful lives and promotes economic and ecological
sustainability. However, digital technology is imperative to make sense of the design process
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for disassembly. Moreso, within the PSF1, clean national plans on CE goals and vision in the
BCI (CSF12) and rewards for the BCI that promotes CE adoption (CSF19) are other important
factors for enabling CE in BCI of developed and developing economies. This implies that to
achieve digitalization and other CSF within this group, proper planning and vision set aside
with rewards for the organization pushing this CE frontier forward must be given attention.
Bilal et al., (2020) submitted that one of the key actionable factors to enable CE development
is motivating the BCI that advocates for CE through rewards in the form of subsidies for eco-
friendly materials.

The findings of this study agreed with the study conducted in developed economies (USA,
Australia, Belgium, Netherland, United Kingdom, Germany, and Italy) by; Rios et al. (2021),
Shooshtarian et al. (2022b); Giorgi et al. (2022) and Neligan et al. (2022) that digitalization,
data management, and effective circularity plan are decisive, actionable factors necessary to be
given attention to achieve a circular economy. Also, regarding extant studies conducted in
developing economies, this study supports the findings of Huang et al. (2018) in China and
Mahpour (2018) in Iran that the 3R principles of CE can be implemented successfully in
management of BCDW if innovative technologies and circular business model are linked with
CE practices in BCI.

5.1.2 Capacity building and pre-demolition auditing

Capacity building and pre-demolition auditing (PSF1) were ranked 2nd and 4th by developing
and developed economies experts with FSE indexes of 4.00 and 3.81, respectively. The FSE
index indicated that the development of capacities for CE and pre-demolition auditing is
significant in the two economies investigated but with varied allocative functions during
integration. This component (PSF2) explained about 21.411% of the variance in the CSFs with
six significant underlying CSFs. Among the various CSF within PSF2 include penalties for
illegal dumping of BCDW (CSF23). This highlights the need to force the construction industry
to adopt CE by imposing high penalties on waste dumping at landfills. According to a study
conducted by Rios et al. (2021), imposing fines in the form of very high landfill taxes and
sanctions are viable enablers of CE which will trigger BCI to develop capacities to minimize
waste at the end-of-life of material to avoid the increased penalties.

Furthermore, to promote CE attainment in developed and developed economies, the promotion
of workshops among experts on CE principles and implementation (CSF22) should be given
full attention. For example, improving the competencies of the management team, such as for
architects and design engineers, designers, demolition contractors, and engineers on the various
key aspect of CE are necessary to achieve a systemic circularity in the BCI(Giorgi et al., 2022;
Wuni & Shen, 2022). Moreover, since many construction stakeholders are still not adequately
versed in the issues surrounding CE implementation, it is fundamental to support them by
creating new roles necessary for adopting CE in BCDW management (CSF16). This will
increase CE expertise in the BCI and prepare them for the rigor behind CE adoption (Bilal et
al.,2018).

Also, familiarizing decision-makers with the benefits of CE principles in BCI(CSF15) is

another significant actionable factor for CE implementation in developed and developing
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economies. According to a study conducted by (Salmenperé et al., 2021; Shooshtarian et al.,
2022b), CE promotion can be actualized if its benefits and added value are evident to the
stakeholders. This will drive them to develop the necessary competencies to promote CE
adoption. Promoting waste classification and sorting (CSF6) is another significant factor
within this cluster. This highlights that in any nation, effective sorting of waste in the BCI
during construction or deconstruction is a practical approach to determining the circularity
potential of the materials. The final significant factor within this category is the promotion of
pre-demolition auditing (CSF17), with a mean value of 3.95 and 3.94 based on the opinion of
developed and developing economies, respectively. Effective CE in the BCI requires accurately
estimating the quantity of materials from deconstruction. This often facilitates adequate
planning for materials reuse at the end of life. Pre-demolition auditing is a valuable factor that
gives helpful information to stakeholders such as clients, architects, planners, and engineers in
the BCI to optimize existing buildings as part of the deconstruction process (Akanbi et al.,
2020). Promoting this would guide stakeholders to predict the quantity of materials that will be
reused, recycled, remanufactured, and recovered before the deconstruction of a building which
is a critical step in CE implementation (Martinez et al., 2022).

The findings based on this category (PSF2) are in tandem with previous studies conducted by
(Akanbi et al., 2020; Akinade et al., 2017) where it was submitted that pre-demolition auditing
promotion, capacity building through training and improving the competencies of professionals
connected with CE implementation in the BCI with the necessary skills are fundamental to zero
waste attainment in the BCI. Hence, training on circular design, design for waste prevention,
sorting and classifying construction waste, and the pre-demolition auditing process should be
reinforced to reap the full benefits of CE in BCI.

5.1.3 Systemic circularity guidelines and commitment

PSFs was ranked 3rd and 2nd by developing and developed economies experts with a FSE
index of 3.95 and 4.07, respectively. Systemic circularity guidelines and commitment are
significant to the success of CE attainment in developed and developing economies based on
the FSE index computed. This component constitutes three CSFs with an Eigenvalue of 4.337
and explained 20.653% of the total variance in the CSFs. Establishing relevant guidelines for
systemic circularity implementation (CSF1) is one of the significant factors within this
category, with a mean value of 4.08 and 3.96 based on the opinion of developed and developing
economies, respectively. According Antwi-Afari et al. (2022a), guidelines for recycling, reuse,
and recovery of materials along the building lifecycle are a powerful management tool for CE
implementation in BCI. These guidelines could be presented as policies and circularity
requirements at each stage of the building lifecycle, enabling accurate assessment of materials'
recovery potentials (Eberhardt et al., 2020).

Another important CSFs within this category is the government's effective budget allocation
for circularity of BCDW (CSF2) with a mean value of 4.08 and 3.96 based on the opinion of
developed and developing economies, respectively. This indicates that government
commitment to CE through adequate funding is a significant backbone for CE implementation
in the BCI (Guerra & Leite, 2021). This is imperative due to the capital-intensive nature of CE

29



implementation. The last factor within this group is integrating CE principles into university
program curriculums and launching more CE-based research (CSF3). This implies that the
development of CE should begin in academic institutions through the improvement of
curriculum to incorporate CE initiatives and support for more novel CE research by the
government (Mahpour 2018).

From the developed economies context, this finding concurs with the study conducted by Sohal
and De Vass (2022) in Australia where it was stated that appropriate guidelines and total
commitment from the government via funding for CE promotion usually enable the successful
implementation of CE in developed economies. Also, the studies conducted in Bangladesh by
Moktadir et al. (2020) and in Iran by Mahpour (2018) agree with the findings of this study that
the development of practical guidelines supported by a commitment from the government is
veritable actionable factors for enabling effective CE implementation in developing
economies.

5.1.4 Circular metrics and secondary market development

The circular metric and secondary market development (PSF4) was ranked 4th and 1st by
developing and developed economies experts with FSE index of 3.94 and 4.09, respectively.
PSF4, with an eigenvalue of 3.219, explained 15.329% of the variance in the CSFs. Within this
category are three CSFs (CSF8, CSF7, and CSF9). Based on the perspectives of developed and
developing economies, the most significant among them is the secondary market establishment
(CSF9), with mean values of 3.93 and 4.04. The findings of this study based on the developed
support the arguments of Shooshtarian et al. (2022c) in Australia and Bao and Lu (2020) in
China that the development and promotion of a market for recycled building and demolition
waste have emerged as a targeted intervention to divert waste from landfill sites, offer waste
materials a second life and motivated the demand for and the supply of secondary materials.

The next significant CSF within PSF4 is tracking the conditions of materials and waste (CSF8),
ranked 2nd by developed and developing economies with mean values of 3.89 and 3.95,
respectively. Tracking the condition of materials or their circularity is very important for
decision-making. For example, the study conducted by Giorgio et al. (2022) in European
countries confirmed that to successfully implement CE in the building sector, attention must
be paid to tracking the condition of materials to guide decision-making.

The last factor within this category is the development of CE metrics, tools, and indicators
(CSF7), ranked 3rd by developed and developing economies with mean values of 3.89 and
3.91, respectively. According to Khadim et al. (2022), measuring and reporting CE progress
is helpful in any economy's CE transition. The study of Tokazhanov et al. (2022) agrees with
this finding that the development of methods, tools, and key performance indicators, is
pertinent in CE implementation in BCI as it allows the evaluation of progress towards the CE
targets. de Oliveira et al. (2021) argued that a holistic indicator covering the various
scales/levels of CE, such as macro (city and region), meso (industrial symbiosis), micro
(building), and nano(materials), needs to be developed to promote a standardized circularity
measurement and assessment. This will further enable performance benchmarking against
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sustainable and circular ambition towards formulating an equitable pathway in aching for zero
waste.

5.2 Rank agreement analysis of the PSFs for attaining systemic circularity in the BCI of
developed and developed economies

Regarding the rank agreement analysis, findings revealed varied levels of consensus and non-
consensus among the PSF. For example, regarding data-driven tools and circularity plan
(PSF1), a total non-consensus in the opinion of the two groups (developed and developing).
Also, RAA revealed a consensus on the ranking of the two groups on capacity building and
pre-demolition auditing (PSF2). Furthermore, the study found that an average level of
agreement exists between the two groups on systemic circularity guidelines and commitment
(PSF3). Concerning circular metrics and secondary market development (PSF4), a perfect level
of consensus was computed for the two groups investigated based on the ranking of the
underlying CSFs. These findings indicate that implementing CE in BCI of developed and
developing economies requires different mix ratios of the underlying CSFs within the PSFs. A
CSF may require more proportion in the developed economies but less ratio in the developing
economies, even though it is significant to the success of CE implementation. Therefore, the
findings echo the need to be context conscious in adopting the CSFs for CE implementation.
These findings support the argument of Oluleye et al. (2023a) that CE practice must consider
cultural differences and contextual variations to achieve a practical implementation in the BCI.
Also, CircleEconomy (2023), CE execution does not always look the same in all contexts.
Some contexts need to reduce materials extraction radically, while others need to stabilize and
grow.

5.3 Implications of the study

The CSFs identified and evaluated in this study based on the perspective of developed and
developing economies CE professionals have substantial implications for promoting resource-
efficient consumption practices and achieving a zero-waste environment in the construction
sector. Theoretically, this study contributes to the existing body of literature by focusing on
the diverse perspectives of experts from different regions instead of limiting the analysis to a
single country. Furthermore, the evaluated CSFs provide an effective theoretical framework of
actionable factors critical to achieving CE in the BCI of both developed and developing
economies.

This study also provided an easy-to-handle structure of the long list of CSFs into PSFs for
attaining CE in BCI. The PSF model result could serve as a resource allocation function for
stakeholders when implementing CE in the BCI. Understanding and implementing the required
PSFswould eliminate waste in the BCI and promote the continual use of construction materials.
This will eventually protect the depletion of the finite construction resources in the environment
and improve the quality of biodiversity. Furthermore, this study established that although CE
is a global initiative, the mix of the actionable factors required for its successful implementation
is not usually the same in developed and developing economies. This understanding will guide

31



practice on the need to be context conscious in integrating the CSFs for CE implementation in
the BCI.

Also, the findings from the FSE analysis conducted have immense managerial implications for
the torchbearers of circular economy in BCI, such as deconstruction engineers, designers,
architects, builders, government and regulatory agencies in developed and developing
economies on the relevant actionable factors that must be incorporated to promote sustainable
consumption of resources in a CE in their BCI. The study can guide the government to pay
more attention to developing practical systemic circularity guidelines with total commitment
to boosting the environmental consciences of stakeholders in the BCI. It also highlights the
need for government to support CE development through funding for CE research to realize
systemic circularity agenda. Further, it provides actionable factors that can guide regulatory
agencies in developing integrated regulations and policies to promote design for disassembly,
reverse logistics, reuse, recycling, industrial symbioses, and recovery. This study offers CE
stakeholders a more precise understanding that if we do not measure, we cannot track progress
meaningfully, nor can we ultimately locate the most impactful avenues. Hence it provides
sound evidence that measuring and tracking circular performance will enable actors to set
goals, peer review, measure, and benchmark performance. It will also allow them to track
progress against their sustainable and circular ambitions or goals and formulate practical
pathways aligned to local contexts.

The study documents the need for the government and concerned torchbearers of CE to
consider the development of the secondary market for circular products as one of the actionable
areas that, if achieved, will lead to the realization of CE in the BCI by encouraging secondary
products consumption and reduction of virgin materials consumption. Also, due to the slow
pace of CE implementation in most developing countries, data-driven digital tools and plans
are essential. This study provides all stakeholders with information on the contribution of
digital technology, such as artificial intelligence and blockchain, in realizing the mission of CE
in BCI from the beginning of life to the end of life of materials. For example, in design for
disassembly, selection of circular materials, materials strength prediction, reverse logistics, and
effective end-of-life management in a CE to avoid value loss in materials. The study also
provides BCI stakeholders in the CE domain insight into how optimization of circular business
model will lead to successful circular materials pricing, demand prediction, and trading
platform development.

This study provides insight to guide the deconstruction and demolition team on the need for
pre-demolition auditing to predict the material's end of life in a CE. It also provides information
for all stakeholders on the need to promote capacity building in the domain of CE. Notably, the
competencies of designers, demolition contractors, and all stakeholders would be improved
through sustainability education and workshop for the circular economy. Finally, this study's
findings can benefit various nations that intend to implement CE in their BCI towards zero
waste production. They can learn from the opinions of experts worldwide analyzed in this study
on the CSFs required to enable a successful CE implementation in their respective countries.
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5.4 Future research directions

This research is based on quantitative data from experts across developed and developing
economies. Future researchers should adopt a qualitative or semi-structured interview approach
on the CSFs for CE adoption in the BCI. Also, this study adopted the FSE approach to
determine the significance of the PSFs for CE implementation in the BCI, but the method has
limitations. Therefore, similar analytical tools, such as a Pythagorean fuzzy analytic hierarchy
process (AHP) and best-worst-method (BWM), could be adopted in future studies.
Furthermore, this study is limited to the BCI; the context may be extended to other industrial
sectors. Future studies could develop a more rigorous decision support system for CE adoption
in the BCI based on the CSFs investigated. Also, research on the influence of the CSFs on CE
adoption in the BCI could be conducted in the future. In addition, future studies could use the
PSFs to develop a pathway model for zero waste via a CE in the BCI. Finally, future research
may be conducted on predicting CE adoption in the BCI.

6.0 Conclusions

The need for CE implementation in the BCI is uncontested due to its significant contribution
to the growing scarcity of natural resources, municipal waste, and adverse environmental
impact. However, enabling the widespread implementation of a successful CE goes beyond the
national agenda to incorporate both developing and developed economies' perspectives,
especially on the critical success factors (CSFs) that need to be upheld to achieve zero waste
and lead the BCI to a systemic circularity and sustainable development. Therefore, this study
attempted to evaluate the CSFs for attaining systemic circularity in the BCI by soliciting the
view of 140 CE experts (developed and developing economies) across 39 countries rather than
experts in a particular country. The data collected were analyzed using EFA, RAA, and FSE
techniques. The EFA helps organize the long list of CSFs into comprehensive and
representative categories for easy handling and the FSE approach. The RAA helps to
understand the degree of consensus between the two groups (developed and developing
economies respondents) on the PSFs. The FSE helps to establish the level significance indices
of the PSFs for the two groups.

The EFA resulted in 5 PSFs, including data-driven digital tools and circularity plans, capacity
building and pre-demolition monitoring, systemic circularity guidelines and commitment, and
circular metric and secondary market development. The findings of the RAA showed that the
two groups (the developed and developing economies) have no consensus on data-driven
digital tools and circularity plans and a relative consensus on capacity building and pre-
demolition monitoring. Also, the RAA result showed that the two groups have an average level
of agreement on systemic circularity guidelines and commitment; and have a perfect consensus
on circular metrics and secondary market development. The FSE analysis results show that all
the PSFs are significant in the two economies. However, in developed countries, systemic
circularity guidelines and commitment, circular metrics and secondary market development are
more significant PSFs. In developing economies, data-driven digital tools and circularity plans,
and capacity building and demolition monitoring are the most important categories.
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The findings of this study have significant contributions and implications for management and
practice. First, the study contributes to the body of knowledge by considering the view of
international CE experts on the required CSFs for attaining CE in the BCI rather than experts
from a particular country. Second, the findings of the EFA show a few actionable factors (PSFs)
that could guide construction teams and other stakeholders in attaining systemic circularity in
the BCI. The 4 PSFs derived in this study add to the building block of the theory of CSFs for
CE in BCI. Third, the findings of the RAA demonstrated contextuality in the CSFs for enabling
CE implementation in BCI. This shows that experts from developed and developing economies
with hands-on experience in CE in BCI could have varied or similar preferences on the CSFs
that could enable CE implementation. This will guide government and project teams to be
context conscious while integrating the CSFs into construction activities. Fourth, the study
prioritized the few areas where a satisfactory result can improve the success of CE in BCI using
the FSE approach. Therefore, it contributes to the practitioners and experts in BCI knowledge
on how best to implement CE in their BCI of developed and developing economies. Also, the
FSE results and PSF models developed serve as an allocative function that will help the
government of developed and developing economies who wish to focus on relevant aspects of
the PSFs for attaining a systemic circularity. Despite the contributions of this study, there are
limitations, especially in the methodology adopted. These limitations are perceived as
opportunities to enhance future studies (see section 5.3) to consolidate the findings of this study
and strengthen the development of CE practices in the construction industry.
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Appendix I: Country distribution of the 140 international experts

North America South America Australia

Africa (36 experts) Asia (60 experts) Europe (29 experts) (7 experts) (4 experts) (4 experts)
Nigeria (12) Hong Kong (33)  Spain (2) USA (4) Chile (3) Australia (4)
South Africa (12) Saudi Arabia (1)  United Kingdom (8)  Canada (2) Brazil (1)
Algeria (1) Pakistan (3) France (1) Mexico (1)
Cameroon (2) Malaysia (5) Italy (2)
Egypt (2) China (10) Norway (2)
Ghana (2) Kazakhstan (1) Russia (1)
Malawi (1) Indonesia (1) Belgium (1)
Burkina Faso (1) India (3) Turkey (6)
Congo (2) Sri Lanka (1) Austria (3)
Chad (1) Vietnam (1) Poland (1)
Bangladesh (1) Czech Republic (1)
Hungary (1)
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