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Abstract  24 

This study evaluates simultaneously the symmetries and asymmetries on the classification of 25 

barriers to circular economy (CE) adoption in the building construction industry (BCI) of 26 

developing and developed economies. This is crucial because the vagueness of the impacts of 27 

CE barriers in extant studies affects encyclopaedic and specific CE policy formulation. 28 

Consequently, feedbacks from 140 CE experts across 39 developing and developed economies 29 

were analysed. Fuzzy synthetic evaluation (FSE) was deployed to objectively determine the 30 

significant impacts of the barriers, whereas the Mann-Whitney U test was applied to identify 31 

significant differences in experts’ opinions between the two economies. The FSE results 32 

indicated that organizational, information technology, and infrastructures and logistics barriers 33 

are the most critical to global CE adoption. The Mann-Whitney U test reveals a significant 34 

difference in the experts’ perspectives between developing and developed economies on 35 

regulatory, information technology, and economic and market barriers. Therefore, they are 36 

perceived as specific barriers as they impact CE adoption in BCI differently across the two 37 
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economies. However, infrastructure and logistics, and organizational barriers are classified as 38 

general barriers. The findings of this study underscored the contextuality of barriers to CE 39 

adoption in BCI and demonstrated the need for generic and specific policy development. Also, 40 

the significance indices of the classification of the barriers using FSE serve as an allocative 41 

function that will help policymakers and stakeholders allocate requisite resources to the most 42 

profound barriers to achieving global systemic circularity and zero construction waste. 43 

Keywords:  Barriers; Building construction industry; Circular economy; Fuzzy Synthetic 44 

Evaluation.  45 

1. Introduction  46 

A significant number of materials in the building construction industry (BCI) today are 47 

designed for and managed in a linear economy. This implies that crude materials are extracted, 48 

processed through manufacturing, used for as long as they are needed, and disposed of at their 49 

end of life (Oluleye et al., 2022a). This linear pattern causes different intergenerational and 50 

intergovernmental concerns like waste disposal in a landfill and resource depletion (Upadhyay 51 

et al., 2021b; Oluleye et al., 2022b). Circular economy (CE) has emerged as a counter-initiative 52 

to the linear production and consumption patterns in the BCI (Kirchherr et al., 2018). It offers 53 

a new lens for valuing resources through slowing, narrowing, and closing loops of production 54 

and consumption path. It engineers a restorative paradigm through principles of design for 55 

disassembly, recycling, recovery, and reuse (Joensuu et al., 2020). 56 

BCI has become a top priority in the transition to a CE due to its ecological footprint(Wuni, 57 

2022). Nevertheless, the attainment of global responsible consumption and production through 58 

CE in BCI is complicated because of contradictory challenges (Mahpour, 2018). The 59 

contradictions are evident in the different prioritization attached to the barriers, which has 60 

affected CE policy development. Interestingly, the barriers militating CE adoption in BCI are 61 

being prioritized inconsistently among experts in developing and developed countries (Oluleye 62 

et al., 2022b).     63 

Studies in developing countries have identified certain barriers to CE adoption in the BCI while 64 

in developed economies, a different set of barriers have also been highlighted (Guerra, 2021; 65 

Giorgi et al., 2022). However, established CE policies for the BCI that are exclusively built 66 

around the views of either developing countries or developed economies to tackle the barriers 67 
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are vitiated and contrariwise. Typical examples of policy inadequacies are demonstrated by 68 

(Heurkens & Dąbrowski, 2020; Yu et al., 2022).  69 

Therefore, without assessing the circularity challenges from both developing and developed 70 

economies' perspectives, policymakers would continue to be bedevilled with inequitable 71 

information, which could result in a skewed circularity action plan and policies. The existing 72 

CE action plan has failed to reduce over 10 billion BCDW (building construction and 73 

demolition waste) annually across the globe. The United States generates over 700 million 74 

tonnes of waste, while Europe generates over 820 million tonnes (Chen & Lu, 2017), and an 75 

estimated 2.36 billion is generated in China (Ding et al., 2021).  76 

Furthermore, stakeholders in developed and developing economies are making efforts to enable 77 

CE development toward zero BCDW. Despite these efforts, barriers such as regulatory, 78 

information technology, infrastructure, and logistics, economic and market, and organizational 79 

barriers still hamper the successful implementation of CE in BCI (Oluleye et al., 2022a). These 80 

barriers bedevil both developing and developed economies unequally. Thus, to enhance the all-81 

inclusive, and specific policies for CE toward zero BCDW, it is important to understand the 82 

symmetries and asymmetries in the barriers groups to CE adoption from an international 83 

perspective so as guide policies development and resource allocation. Therefore, this study 84 

evaluates the perspectives of CE experts in the BCI from developing and developed economies 85 

on a set of major barriers to CE adoption toward zero waste. Notwithstanding the policy 86 

divergence among countries, research from a comparative perspective would have practical 87 

implications for policymakers worldwide. The findings of this study increase the understanding 88 

of barriers that require specific policies and those that require all-inclusive policies toward CE 89 

development in BCI. It also advocates a contextualist perspective and underscores the need to 90 

be context-conscious in pushing global policies for CE adoption. 91 

2. Systemic circularity implementation barriers in the BCI 92 

The barriers that hamper stakeholders' CE adoption in BCI demand different attention for 93 

effective CE policy implementation (Giorgi et al., 2022). Existing studies have categorized the 94 

various barriers that could hamper CE adoption in BCI into a controllable size. In the USA, 95 

Cruz Rios et al. (2021) highlighted economic, technical, and regulatory barriers as the 96 

categories of barriers to circular building design, but weights weren’t attached to the barrier 97 

groups. Bilal et al. (2020) classified the barriers to CE in BCI into regulation, awareness, 98 
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institutional and financial in 16 developing countries. The study captured the relationships 99 

among the barriers but failed to prioritize the groups of barriers identified. Hence, equal 100 

weights were attached to the barriers group. Yet the study advocated for institutional support 101 

for CE. Using a review lens on the barriers to CE in  BCDW, Oluleye et al. (2022b) unveiled 102 

major barrier categories which include regulatory, information technology, infrastructure and 103 

logistics, economic and market, and organizational barriers. The relationship between the 104 

barriers was only conducted without a clear understanding of the priorities of the various 105 

groups. Wuni (2022) further adopted a review approach to identify the barriers to circular 106 

construction, and the findings complement (Oluleye et al., 2022). Yet Wuni (2022) still 107 

advocated for regulatory and economic-related barriers based on the frequency of citations, 108 

which could be biased and subjective. Therefore, the barriers groups identified and validated 109 

in previous studies were adopted in this study since they represent various management 110 

dimensions of CE in BCI and encompass many of the barrier groupings in other extant studies. 111 

Priority attachment to these groups of barriers from the perspective of developing and 112 

developed countries is still ambiguous and too subjective in extant studies, which could affect 113 

resource allocation and policy implementation for CE adoption. Despite this, information 114 

technology advancement has been advocated in advancing CE adoption. This is attested in the 115 

2022 circularity gap report, in which most enabling approaches were tailored to address digital 116 

data-driven and information-related issues militating CE development, especially in the 117 

BCI (Circle Economy, 2022). Policy attention has been on the technology and information 118 

dimensions. However, policies for ameliorating other quadruple institutional and regulatory, 119 

infrastructure and process, economic and market, and organizational barriers to CE adoption 120 

in BCI toward zero BCDW are skimpy. BCI's global attention to digital and information 121 

circularity is because BCI is the least digitized sector. Hence, a concerted effort toward digital 122 

circularity could change the narrative in the BCI. Likewise, attention to information sharing is 123 

necessary because sufficient access to information on a product and the operations of other 124 

actors can enhance the material in a loop system.  125 

Regardless of the advocacy for information technology, studies have posited that the cost 126 

implication of acquiring the needed technology and developing the secondary market is on the 127 

high side (Adams et al., 2017; Condotta & Zatta, 2021). This could scare practitioners and other 128 

experts from investing in CE adoption. Hence, this challenge could be tagged as economic and 129 

market barriers. (Oluleye et al., 2022b). For example, lack of financial commitment for CE 130 
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adoption, lack of market for secondary products, and buyers’ perception of secondary products 131 

as being inferior have been noted as critical economic and market barriers to CE adoption in 132 

BCI (Jin et al., 2017; Ratnasabapathy et al., 2021b). As a result, economic and market 133 

underlying barriers are considered very critical to CE adoption over information and 134 

technology in such studies.  135 

However, among the five categories of barriers, other studies have considered infrastructure 136 

and logistics barriers as the most critical to CE adoption toward zero BCDW. Studies by 137 

(Mahpour, 2018; Giorgi et al., 2022), revealed that until a benchmarking circular process and 138 

infrastructure are in place, it will be difficult to enhance zero BCDW in the BCI. Therefore, 139 

infrastructure and logistics barriers such as lack of tracking mechanism, lack of circular 140 

network among experts, and inadequate facilities for sorting and monitoring systems are the 141 

critical barriers to CE adoption in the BCI. Hence, with these barriers in place, it will be difficult 142 

to manage the pattern of materials and product flow, making effective CE adoption difficult 143 

from the beginning of life to the end of life of materials in the BCI.  144 

Nevertheless, studies have revealed that some entrenched issues in the BCI could limit the 145 

development of CE adoption. These barriers could be ascribed to organizational barriers. For 146 

instance, organizational barriers such as entrenched business-as-usual patterns, BCI 147 

fragmentation, and poor commitment of the practitioners to CE adoption have been identified 148 

as major factors retarding the adoption of CE in the BCI. Qualitative studies by Giorgi et al. 149 

(2022) in five developed countries showed that an effective business model to create, capture, 150 

and deliver value toward improved resource efficiency by extending the lifespan of products 151 

and parts, thereby realizing environmental, social, and economic benefits is still lacking. 152 

Therefore, effective organizational development has a strong impact on CE development 153 

toward zero waste.  154 

Moreover, studies have also revealed that CE adoption is hampered by regulatory barriers. For 155 

instance, Huang et al. (2018) discovered that low acceptance of CE in the BCI toward zero 156 

BCDW is related to regulatory issues. Regulatory barriers could be attributed to inadequate CE 157 

guidelines and standards, weak legislation for CE adoption, lack of government certification 158 

for value capture and recovery, and existing building codes that do not support secondary 159 

materials. Thus, studies have established that regulatory issues are limiting the adoption of CE 160 

in BCI (Mahpour, 2018; Liu et al., 2021a).  161 
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Studies reviewed showed that there exists unanimity on the prioritization of the major 162 

classification of barriers to CE in BCI. The reason for this could be that the barriers to CE 163 

adoption in BCI are economies-dependent (developed or developing) and the opinion of 164 

stakeholders on the barriers might differ across the two economies. Hence, to enhance the 165 

adoption of CE from a developing and developed economies perspective, a group of major 166 

barriers with their criticalities must be analysed. This will provide a better lens and 167 

unprejudiced information for better policy development and resource allocation to tackle the 168 

more critical issues of CE development.  169 

Further, the interrelationships and qualitative approaches adopted for assessing the barriers in 170 

extant studies provide an intriguing view of the barriers. As such, Adabre et al. (2022a) advised 171 

against erroneously capturing subjectivity in outcomes while doing such analyses. Aside from 172 

the fact that studies reviewed for this current research did not carry out a simultaneous 173 

evaluation of the barriers to CE adoption toward zero BCDW from the perspective of 174 

developed and developing nations, there also exist scarce studies that investigated and 175 

evaluated the barriers to CE adoption toward zero BCDW objectively and quantitatively to 176 

eliminate fuzziness in respondents’ opinion. These identified gaps in research give the basis 177 

upon which this study conducted a statistical difference analysis together with the objective 178 

evaluation of the fuzziness associated with the groups of barriers (Table 1) to CE adoption from 179 

developing and developed countries BCI.  180 

Table 1: Barriers to systemic circularity implementation towards zero BCDW adapted from 181 

(Oluleye et al., 2022b)   182 

Classification 

of barriers  

Code Underlying barriers  References  

Regulatory 

(RE) 

RE1 Lack of circularity guidelines for end-of-life 

collection and sorting of materials toward value 

creation  

(Huang et al., 2018; Kirchherr et 

al., 2018) 

 RE2 Lack of regulatory pressure and stringent penalties 

on dumping at the landfill 

(Rios et al., 2021; Shooshtarian 

et al., 2022) 

 RE3 Lack of supportive building codes for secondary 

materials 

(Mahpour, 2018; Akinade et al., 

2020) 

 RE4 Lack of standard on the quality of refurbished and 

remanufactured products.  

(Huang et al., 2018; Liu et al., 

2021a) 

 RE5 Lack of government promotion and commitment 

to design for disassembly  

(Akinade et al., 2020; Liu et al., 

2021a) 

 RE6 Legislations for BCDW circularity are not binding  (Rios et al., 2021; Shooshtarian 

et al., 2022) 

Information 

Technology 

(TE) 
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 TE1 Lack of clearly defined CE indicators and metrics  (Hossain et al., 2020; Ramos & 

Martinho, 2021) 

 TE2 The infancy of digital tools for circularity from the 

beginning of life to the end of life and beyond 

system boundary   

(Ormazabal et al., 2018; Ayçin & 

Kayapinar Kaya, 2021) 

 TE3 Unavailability of disassembly information for 

demolition auditing 

(Akanbi et al., 2020) 

 TE4 Unavailability of effective web-based waste 

exchange systems and databases for the quality of 

secondary products 

(Ajayi et al., 2015; 

Ratnasabapathy et al., 2021b) 

 TE5 Lack of effective CE-based knowledge 

management systems among stakeholders   

(Mahpour, 2018; Shooshtarian et 

al., 2022) 

 TE6 Unavailability of BCDW data for prediction in a 

CE environment 

(Mahpour, 2018) 

 TE7 Lack of systemic circularity education and training 

for supply chain members  

(Kirchherr et al., 2018; Mahpour, 

2018) 

Infrastructure 

and logistics 

(IL) 

   

 IL1 Lack of BCDW sorting and recovery infrastructure  (Mahpour, 2018; Akanbi et al., 

2020) 

 IL2 Lack of benchmarking process for CE adoption   (Rios et al., 2021; Liu et al., 

2021a) 

 IL3 Lack of comprehensive reverse logistic networks 

and facilities   

(Kirchherr et al., 2018; Hartwell 

et al., 2021) 

    

Economic and 

market (EM) 

EM1 Lack of capital and financial resources for CE (Liu et al., 2021a; Shooshtarian 

et al., 2022) 

 EM2 Virgin materials are cheaper than secondary 

materials  

(Udawatta et al., 2015) 

 EM3 Lack of market mechanisms for waste recovery  (Akinade et al., 2020) 

 EM4 Lack of market demand for second-hand materials  (Ranta et al., 2018; 

Ratnasabapathy et al., 2021a) 

 EM5 Lack of high-quality secondary products (i.e low 

value of materials at end of life) 

(Huang et al., 2018; Liu et al., 

2021a) 

    

Organizational 

(OG) 

OG1 Fragmented nature of BCI and its supply chain 

network  

(Dunant et al., 2017; Kanters, 

2020) 

 OG2 Inadequate organizational effort in the 

development of a circular business model  

(Huang et al., 2018) 

 OG3 Inadequate organizational resources and 

capabilities to support CE principles  

(Mahpour, 2018; Shooshtarian et 

al., 2022) 

 OG4 Lack of top management support and leadership 

toward circular design  

(Huang et al., 2018) 

 183 

Jo
urn

al 
Pre-

pro
of



8 
 

3. Methods 184 

3.1 Research design and approach  185 

This study adopted a quantitative research design grounded on positivist epistemology with 186 

experts serving as the basis for assessing the symmetry and asymmetry of the barriers. Further, 187 

a multistage methodological approach consisting of a literature review, expert pilot interview, 188 

questionnaire design and administration, and data pretesting and analysis was initiated. These 189 

stages are summarised in Fig. 1.  190 

 191 
Figure 1: Research framework for the study  192 

A total of 25 barriers to CE adoption in BCI were derived and classified into five groups and 193 

employed in developing an empirical questionnaire. Part A of the survey form solicited the 194 

background characteristics of the experts while part B requested the experts to assess the level 195 

of significance of the barriers on a 5-point Likert scale (1-Not significant,… 5-Very 196 

significant). The 5-point Likert scale of measurement is employed because it does not overload 197 

the respondent with options, allows a lower error margin, can capture the respondent's view 198 

with adequate interpretation, and has been employed in related studies (Saka et al., 2022). 199 

Purposive sampling was employed to identify and select experts from the industry and 200 

academia with expertise in CE and waste management. Emails with a weblink for the survey 201 

were sent to 420 identified experts. 277 responses were received out of which 140 responses 202 

(from 39 developing and developed economies) were deemed suitable for this analysis after 203 

data cleaning. Although the sample size is small, it is above the minimum threshold of 30 204 

responses required for the Central Limit Theory to make a credible conclusion.  205 
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3.5 Respondents’ profile 206 

The profile distribution of the experts is summarized in Table 2. The experts are from diverse 207 

locations and professional backgrounds with the majority having over 11 years of experience, 208 

which aligns with the aim of this study. Thus, these experts are appropriate to evaluate the 209 

barriers to CE in BCI. Additionally, the responders had substantial years of CE experience in 210 

the BCI. 211 

Table 2: Respondents’ profile  212 

 213 

Note: F= frequency, %= percentage frequency214 

Categories   Attributes  Economies  

  Developing 

F (%); 79(56.43) 

Developed 

F (%); 61(43.57) 

Continents distribution Africa  36(25.72) 

60(42.86) 

29(20.71) 

7(5.00) 

4(2.86) 

4(2.86) 

 Asia 

 Europe  

 North America 

 South America  

 Australia  

Type of organization Public client  8(10.1) 14(23.0) 

 Private client  14(17.7) 7(11.5) 

 Project consultant  12(15.2) 5(8.2) 

 Main contractor  6(7.6) 13(21.3) 

 Trade contractor  1(1.3) 2(3.3) 

 Academic and research 

institutions  

38(48.1) 20(32.8) 

Years of working experience in 

the BCI 

1-5 years    22(27.8) 5(8.2) 

 6-10 years  22(27.8) 7(11.5) 

 11-15 years  10(12.7) 15(24.6) 

 16-20 years  15(19.1) 10(16.4) 

 > 20 years 10(12.7) 24(39.3) 

Years of CE-related experience 1 year 42(53.2) 31(50.8) 

 2 years 15(19.0) 13(21.3) 

 3 years 8(10.1) 6(9.8) 

 4 years 2(2.5) 5(8.2) 

 >4 years  12(15.2) 6(9.8) 
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 215 

 216 
Figure 2: Locations of the chosen experts from developing and developed economies  217 
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3.6 Data analysis  218 

Cronbach's Alpha was used to evaluate the internal consistency of the responses and the data 219 

reliability. Cronbach's Alpha for the 25 barriers was 0.964 and 0.940 for developing and 220 

developed countries respectively. Although the value is greater than 0.90, the survey form is 221 

not long as it contains 25 items, hence the constructs are discriminately valid (Tavakol & 222 

Dennick, 2011). The Shapiro-Wilk test was conducted to ascertain normality in the data 223 

distribution, based on the null hypothesis that the sample is normally distributed. This resulted 224 

in a 0.05 significance level, suggesting that the data was not normally distributed. 225 

Consequently, non-parametric tests are employed in analyzing the data. 226 

3.6.1 Descriptive statistical analysis 227 

The barriers to CE adoption in BCI were initially assessed using descriptive statistical analysis 228 

which includes mean and standard deviation. The mean analysis results were deployed as the 229 

basis for conducting the Mann-Whitney u test and for assigning indices to the barrier categories 230 

using the fuzzy synthetic evaluation (FSE) approach.  231 

3.6.2 Mann-Whitney U test  232 

Moreover, to examine the significant difference in the opinions of the two groups (developing 233 

and developed countries) investigated in this study, independent sample t-test, Wilcoxon 234 

signed-rank test, and Mann Whitney U test could be adopted as demonstrated in extant studies 235 

(Pham et al., 2021; Almohassen et al., 2022; Adabre et al., 2022a). However, using these 236 

methods requires different conditions. Mann Whitney U test, a non-parametric test is 237 

appropriate when the dependent variable is either ordinal or continuous, but not normally 238 

distributed. It is very flexible as the number of respondents in the representative groups can be 239 

varied. This technique was adopted for comparing the means of the two independent groups on 240 

a set of barriers to CE adoption in BCI since the data are not normally distributed (MacFarland 241 

& Yates, 2016). The Mann-Whitney U test was conducted at a significance level of 0.05 to test 242 

the null hypothesis (there is no significant difference between the means of the barriers to CE 243 

adoption for the two sets of respondents). Further, the Mann-Whitney U test influences the 244 

result obtained in this study as it gives a true reflection of the characteristics of the data, which 245 

invariably makes the findings and conclusions drawn credible and reliable relative to other 246 

statistical methods. 247 
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3.6.3 Fuzzy synthetic evaluation (FSE) method   248 

The FSE analysis was adopted to objectively quantify the barriers categories to CE adoption. 249 

It is appropriate as it can accommodate fuzziness in expert responses on multicomponent 250 

barriers by converting linguistic scale into a fuzzy number, which will eventually enable 251 

objective determination of the FSE significance indices for the categories of barriers to CE 252 

adoption in BCI (Adabre et al., 2022a). This study, therefore, adopted a five-stage FSE 253 

approach to determine the significant indices of the barriers as established by (Xu et al., 2010; 254 

Adabre et al., 2022b). Comprehensive details of the FSE calculations are presented in the 255 

Appendix.  256 

3.6.3.1 Fuzzy synthetic evaluation index development  257 

In developing the index system, two levels were established, which are the first and second 258 

levels. The first level constitutes the five main classifications of the barriers: regulatory (RE), 259 

information technology (TE), infrastructures and logistics (IL), economic and market (EM), 260 

and organizational (OG). The underlying barriers under each classification represent the second 261 

level. For instance, {RE1, RE2, RE3, RE4, RE5, and RE6}C are the underlying barriers under 262 

the regulatory (RE) barriers category.  263 

Therefore, the index system for the classification of the barriers and the underlying barriers is 264 

expressed as: RE = {RE1, RE2, RE3, RE4, RE5, RE6}, TE = {TE1, TE2, TE3, TE4, TE5, TE6, 265 

TE7}, IL = {IL1, IL2, IL3}, EM = {EM1, EM2, EM3, EM4, EM5}, and OG = {OG1, OG2, 266 

OG3, OG4}. The developed index system constitutes the input parameters for the FSE 267 

operation. The rating scale used for the assessment of the criticalities of the barriers was defined 268 

as Ӌ = {1, 2, 3, 4, 5}, denoting the set of grade alternatives of the scale comprising Ӌ1(Not 269 

significant), …Ӌ5(Very significant). 270 

3.6.3.2 Computing the weightings of the barriers and the classification of the barriers to CE 271 

adoption in BCI 272 

In this stage, the weightings of the underlying barriers and the classification of the barriers 273 

were calculated through the normalization of their mean values. These were computed using 274 

equation 1, expressed as:  275 

Wi=
µ𝑖

∑ 𝑢𝑖5
𝑖=1

, 0 < wi <1, where ∑ 𝑤𝑖 = 15
𝑖=1        (1)276 

 Where Wi= weights of underlying barriers or classification of the barriers, µi=mean 277 

values of barriers or summation of the mean values of the classification of the barriers.  278 
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3.6.3.3 Computation of the membership functions (MF) of the underlying barriers to CE in 279 

BCI 280 

This stage encompasses the computation of the MFs for the underlying barriers. The MFs were 281 

initially conducted for the second level before the computation of the MF for the first level. 282 

The MFs of the second level are obtained from the expert’s ranking of the underlying barriers 283 

via the questionnaire survey. For instance, given that B1TE2 is the percentage of the responses 284 

per each rating on the barrier, then the membership function of MFTE2 (infancy of data-driven 285 

digital tools for circularity) could be illustrated using equation 2 as: 286 

MFTE2 =
𝐵1TE2

Ӌ1
  + 

𝐵2TE2

Ӌ2
   + 

𝐵3TE2

Ӌ3
   + 

𝐵4TE2

Ӌ4
  + 

𝐵5TE2

Ӌ5
        (2) 287 

3.6.3.4 Computation of the membership function (MF) of the classification of the barriers to CE in 288 

BCI  289 

Having determined the MF of the underlying barriers, the MF of classification of the barriers 290 

(Di) was computed using equation 3 which is the product of the fuzzy matrix of the MFs (ϻi) 291 

of its underlying barriers and the weighting function of the underlying barriers under each 292 

classification.  293 

Di= Wi* ϻi = (di1, di2, di3, …, din)        (3) 294 

Where, Wi = (w1, w2, w3, …, wn) 295 

3.6.3.5 Determining the criticalities/significance indices of the classification of the barriers  296 

Having determined the MF at level 1, the criticality and indices of each of the classifications 297 

of the barriers are determined which is the principal motive for the FSE analysis. Each 298 

significance index is calculated as the product of the fuzzy evaluation matrix (Di) and the rating 299 

scale (Ӌi). Equation 4 was adopted to determine each of the classifications of the barriers 300 

criticalities for developing and developed countries together with the overall significance 301 

indices for the classification of the barriers.  302 

Significance index=∑ (𝐷𝑖  ×   Ӌ𝑖)
𝑛
𝑖=1                (4)   303 

For example, the significance index of information technology barriers (SITE) based on the 304 

developing county perspective could be illustrated as: 305 

𝑆𝐼𝑇𝐸  =  (𝐷𝑇𝐸   ×     Ӌ𝑖)  = (𝐷𝑇𝐸1,  𝐷𝑇𝐸2, 𝐷𝑇𝐸3,  𝐷𝑇𝐸4, 𝐷𝑇𝐸5)   × (Ӌ1, Ӌ2, Ӌ3, Ӌ4, Ӌ5) 306 

Where,  𝐷𝑇𝐸 = fuzzy evaluation matrix or first-level membership function and   Ӌ𝑖 =grade 307 

alternatives (1, 2, 3, 4, 5).  308 
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 4. Analytical Results  309 

4.1 Results of mean score analysis and Mann-Whitney U test on the barriers to CE in BCI 310 

The barriers to CE adoption in BCI were ranked using their respective mean values and 311 

standard deviations as detailed in Table 3. For two barriers with equal values, the one with the 312 

lower standard deviation is prioritized higher. Regarding the developing countries, the mean 313 

values of the barriers range from 4.36 to 3.64 while for mean values for the developed countries 314 

range from 4.30 to 3.43.  This result suggests that all the 25 barriers to CE in BCI captured in 315 

this study are quite significant in developing and developed countries. 316 

  317 

Moreover, among the 25 barriers under investigation, experts from developing and developed 318 

countries prioritize the inadequate organizational effort to the development of a circular 319 

business model (OB2) as the most critical toward the development of CE in the BCI with mean 320 

values of 4.36 and 4.30 respectively. Further, the lack of systemic circularity education and 321 

training for supply chain members (TE7) was ranked second by the developing and developed 322 

countries with mean values of 4.25 and 3.85, respectively. Also, both groups ranked 323 

unavailability of disassembly information for demolition auditing as the third most critical 324 

barrier with mean values of 4.11 and 3.82.  Despite this similar rating, the impact of the barriers 325 

based on the significant difference between the two groups is unique.  326 

 327 

The outcome of the significant difference test between developing and developed countries' 328 

views on the barriers is presented in Table 3. The Mann-Whitney U test showed that one 329 

regulatory barrier (lack of standard on the quality of refurbished and remanufactured 330 

products) has a significant  𝜌-value < 0.05 and Z -value of -3.025. Regarding the information 331 

technology barriers, three barriers (unavailability of effective web-based waste exchange 332 

systems and databases for the quality of secondary products, lack of effective CE-based 333 

knowledge management systems among stakeholders, and lack of systemic circularity 334 

education and training for supply chain members all have significant test values < 0.05. On 335 

infrastructure and logistic barriers, one barrier (lack of benchmarking process for CE 336 

adoption) has a significant  𝜌-value < 0.05. Economic and market barriers have three 337 

underlying barriers (lack of capital and financial resources for CE, virgin materials are 338 

cheaper than secondary materials, and lack of markets and demand for second-hand materials) 339 

with significant test values < 0.05. Regarding organizational barriers, one barrier (inadequate 340 

organizational resources and capabilities to support CE principles) has a 𝜌-value < 0.05.  The 341 
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Mann-Whitney U test result indicates that the impact and criticalities of some barriers are 342 

different in developing and developed economies. These outcomes further emphasize the need 343 

to objectively investigate the barriers to CE from developing and developed countries 344 

simultaneously to avert the issues related to skewed information and its spill-over impact on 345 

policy development. This is also important to understand barriers that need specific attention 346 

and those that need generic attention. 347 

Table 3: Mean prioritization and Mann-Whitney U test of the barriers to CE adoption in BCI  348 

 349 

Code Classification of barriers  

and the underlying 

barriers   

Developing 

economies  

Developed  

economies  

Mann-Whitney U test 

  µi δ Rank µi δ Rank U 

statistics 

Z 𝜌-value 

RE- Regulatory barriers          

RE1 Lack of circularity 

guidelines for end-of-life 

collection and sorting of 

materials toward value 

creation  

4.00 .796 8 3.71 1.189 9 2138.500 -1.200 0.230 

RE2 Lack of regulatory pressure 

and stringent penalties on 

dumping at the landfill 

3.80 .963 22 3.66 1.218 13 2359.500 -0.218 0.827 

RE3 Lack of supportive 

building codes for 

secondary materials 

3.84 1.019 21 3.52 1.239 24 2087.500 -1.403 0.161 

RE4 Lack of standard on the 

quality of refurbished and 

remanufactured products.  

3.98 .940 11 3.58 1.069 18 1723.500 -3.025 0.002* 

RE5 Lack of government 

promotion and 

commitment to design for 

disassembly  

3.89 1.034 17 3.76 1.100 4 2278.500 -0.575 0.565 

RE6 Legislations for BCDW 

circularity are not binding  

3.84 1.003 20 3.72 1.132 7 2282.000 -0.560 0.575 

IT- Information Technology 

barriers 

         

IT1 Lack of clearly defined CE 

indicators and metrics  

3.97 .875 14 3.70 1.113 10 2117.500 -1.309 0.190 

IT2 The infancy of digital tools 

for circularity from the 

beginning of life to end of 

life and beyond system 

boundary   

3.97 .856 13 3.63 1.146 16 2052.500 -1.582 0.114 

IT3 Unavailability of 

disassembly information 

for demolition auditing 

4.11 .915 3 3.82 1.118 3 2245.500 -.730 0.465 
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IT4 Unavailability of effective 

web-based waste exchange 

systems and databases for 

the quality of secondary 

products 

4.07 .854 5 3.57 1.106 20 1767.500 -2.844 0.004* 

IT5 Lack of effective CE-based 

knowledge management 

systems among 

stakeholders   

4.10 .831 4 3.68 1.057 11 1920.000 -2.249 0.025* 

IT6 Unavailability of BCDW 

data for prediction in a CE 

environment 

3.97 .836 12 3.63 1.100 15 2029.500 -1.688 0.091 

IT7 Lack of systemic 

circularity education and 

training for supply chain 

members  

4.25 .994 2 3.85 1.122 2 1861.000 -2.466 0.014* 

IL-Infrastructure and logistic 

barrier  

         

IL1 Lack of BCDW sorting and 

recovery infrastructure  

3.75 .943 24 3.75 1.149 5 2340.000 -0.305 0.761 

IL2 Lack of benchmarking 

process for CE adoption   

4.05 .939 6 3.63 1.200 17 1937.000 -2.117 0.034* 

IL3 Lack of comprehensive 

reverse logistic networks 

and facilities   

4.00 .931 10 3.72 1.061 6 2037.000 -1.673 0.094 

EM-Economic and Market 

Barriers 

         

EM1 Lack of capital and 

financial resources for CE 

3.89 .985 16 3.52 1.131 23 1953.500 -2.019 0.043* 

EM2 Virgin materials are 

cheaper than secondary 

materials  

3.79 .897 23 3.58 1.326 19 1875.500 -2.340 0.019* 

EM3 Lack of market 

mechanisms for waste 

recovery  

3.64 1.141 25 3.53 .985 22 2253.000 -0.682 0.495 

EM4 Lack of markets and 

demand for second-hand 

materials  

4.05 1.007 7 3.57 1.140 21 1812.000 -2.639 0.008* 

EM5 Lack of high-quality 

secondary products (i.e low 

value of materials at end of 

life) 

3.89 1.050 19 3.71 1.156 8 2216.500 -0.850 0.396 

OG- Organizational barriers           

OG1 Fragmented nature of BCI 

and its supply chain 

network  

4.00 .913 9 3.65 1.177 14 2042.500 -1.615 0.106 

OG2 Inadequate organizational 

effort in the development 

of a circular business 

model  

4.36 .857 1 4.30 .897 1 2345.500 -0.298 0.766 
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OG3 Inadequate organizational 

resources and capabilities 

to support CE principles  

3.89 1.034 17 3.43 1.237 25 1905.500 -2.218 0.027* 

OG4 Lack of top management 

support and leadership 

toward circular design  

3.93 .892 15 3.66 1.175 12 2146.000 -1.167 0.243 

Note: Test of significance: * 𝜌 < 0.05 350 

 351 

4.2 Significance indices of the classification of the barrier to CE in BCI using the FSE 352 

approach  353 

Based on the established five stages for the FSE analysis of the barriers to CE in BCI conducted 354 

in section 3.6.3, the weightings and membership function of the underlying barriers and the 355 

classification of the barrier were computed. This informed the computation of the significance 356 

indices for the barrier groups. Table 4 provides a summary of the weightings of the underlying 357 

barriers and the classification of the barrier. The weightings for the various classifications of 358 

barriers for developing and developed countries were not used in ranking because they are 359 

sensitive to the number of underlying barriers within each classification which could be skewed 360 

toward the classification with the higher number of barriers. Further, the MFs of the underlying 361 

barriers and the classification of the barriers to CE in BCI from developing and developed 362 

economies are also summarised in Table 4. The MFs were adopted in computing the 363 

significance indices/criticalities of the classification of the barrier to CE in BCI (see section 364 

3.6.3.5). The results of the significances indices for the barriers classifications are illustrated 365 

as follows: 366 

Recall equation 4,  367 

Significance index=∑ (𝐷𝑖  𝑥  Ӌ𝑖)
𝑛
𝑖=1            368 

Therefore, the significance indices for regulatory barriers to CE in BCI in developing countries 369 

are presented:  370 

𝑆𝐼𝑅𝐸 = (0.02, 0.06, 0.20, 0.44, 0.28) × (1, 2, 3, 4, 5) = 3.90 371 

A similar approach was adopted to compute the FSE of other barrier groups for both developing 372 

and developed economies. The FSE results are presented in Table 5. Also, the Mann-Whitney 373 

U test on the significant difference in the classification of the barriers between developing and 374 

developed countries is detailed in Table 5.  375 
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Classification 

/underlying 

barriers  

Code Developing economies  Developed economies  

Wi  MF for level II  MF for level I Wi     MF for level II MF for level I 

RE- 

Regulatory  

 0.236   0.238   

 IR1 0.171 (0.02, 0.02, 0.16, 0.56, 0.24) (0.02, 0.06, 0.20, 0.44, 0.28) 0.169 (0.08, 0.05, 0.29, 0.29, 0.32) (0.06, 0.08, 0.27, 0.32, 0.28) 

 IR2 0.163 (0.02, 0.08, 0.23, 0.43, 0.25)  0.167 (0.06, 0.11, 0.24, 0.27, 0.32)  

 IR3 0.164 (0.03, 0.05, 0.26, 0.36, 0.30)  0.160 (0.08, 0.14, 0.24, 0.28, 0.27)  

 IR4 0.170 (0.03, 0.05, 0.10, 0.54, 0.28)  0.163 (0.06, 0.06, 0.29, 0.39, 0.19)  

 IR5 0.167 (0.02, 0.08, 0.25, 0.31, 0.34)  0.171 (0.05, 0.08, 0.22, 0.38, 0.28)  

 IR6 0.164 (0.03, 0.07, 0.18, 0.44, 0.26)  0.169 (0.06, 0.04, 0.32, 0.28, 0.30)  

TE- 

Information 

Technology  

 0.287   0.282   

 TE1 0.140 (0.02, 0.05, 0.15, 0.53, 0.26) (0.02, 0.03, 0.15, 0.46, 0.33) 0.143 (0.06, 0.08, 0.20, 0.42, 0.24) (0.05, 0.09, 0.20, 0.40, 0.25) 

 TE2 0.140 (0.02, 0.03, 0.18, 0.51, 0.26)  0.140 (0.05, 0.13, 0.22, 0.35, 0.25)  

 TE3 0.145 (0.02, 0.02, 0.21, 0.34, 0.41)  0.148 (0.05, 0.06, 0.23, 0.33, 0.33)  

 TE4 0.143 (0.02, 0.00, 0.20, 0.44, 0.34)  0.138 (0.05, 0.13, 0.23, 0.39, 0.20)  

 TE5 0.144 (0.02, 0.05, 0.08, 0.56, 0.30)  0.142 (0.05, 0.10, 0.15, 0.51, 0.19)  

 TE6 0.140 (0.02, 0.02, 0.21, 0.49, 0.26)  0.140 (0.05, 0.10, 0.24, 0.38, 0.23)  

 TE7 0.149 (0.03, 0.05, 0.05, 0.38, 0.49)  0.149 (0.06, 0.06, 0.14, 0.43, 0.30)  

IL-

Infrastructure 

and logistics  

 0.119   0.121   

 IP1 0.318 (0.02, 0.07, 0.30, 0.39, 0.23) (0.03, 0.04, 0.18, 0.46, 0.29) 0.338 (0.05, 0.09, 0.24, 0.34, 0.32) (0.07, 0.05, 0.23, 0.40, 0.26) 

 IP2 0.343 (0.03, 0.03, 0.11, 0.49, 0.33)  0.327 (0.11, 0.03, 0.20, 0.43, 0.23)  

 IP3 0.339 (0.03, 0.03, 0.13, 0.51, 0.30)  0.335 (0.06, 0.04, 0.24, 0.43, 0.23)  

EM-Economic 

and market  

 0.194   0.195   

 EM1 0.202 (0.05, 0.02, 0.20, 0.48, 0.26) (0.03, 0.07, 0.23, 0.43, 0.26) 0.197 (0.08, 0.09, 0.27, 0.38, 0.19) (0.07, 0.09, 0.25, 0.36, 0.23) 

 EM2 0.197 (0.02, 0.05, 0.30, 0.44, 0.21)  0.200 (0.10, 0.11, 0.22, 0.24, 0.33)  

 EM3 0.189 (0.02, 0.18, 0.25, 0.26, 0.30)  0.197 (0.01, 0.15, 0.29, 0.38, 0.17)  

 EM4 0.210 (0.03, 0.07, 0.20, 0.44, 0.26)  0.199 (0.09, 0.06, 0.23, 0.43, 0.19)  

Table 4: Weightings and membership functions of the underlying barriers and the classification of barriers to CE in BCI 
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376 

 EM5 0.202 (0.03, 0.02, 0.18, 0.53, 0.25)  0.207 (0.08, 0.05, 0.24, 0.35, 0.28)  

OG-
Organizational   

 0.163   0.164   

 OB1 0.247 (0.02, 0.02, 0.26, 0.36, 0.34) (0.02, 0.03, 0.17, 0.41, 0.36) 0.243 (0.09, 0.04, 0.28, 0.33, 0.27) (0.07, 0.08, 0.23, 0.34, 0.34) 

 OB2 0.269 (0.02, 0.02, 0.10, 0.33, 0.54)  0.286 (0.01, 0.01, 0.18, 0.25, 0.54)  

 OB3 0.240 (0.03, 0.08, 0.15, 0.44, 0.30)  0.228 (0.11, 0.10, 0.22, 0.38, 0.19)  

 OB4 0.243 (0.03, 0.02, 0.18, 0.53, 0.25)  0.243 (0.05, 0.14, 0.19, 0.34, 0.28)  
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Table 5: FSE values and Mann-Whitney U test on significant differences in the classification 377 

of barriers to CE in BCI 378 

Classification of barriers to CE in BCI Developing 

economies  

Developed 

economies 

Mann-Whitney U test 

 FSE 

weights 

Rank FSE 

Weight  

Ran

k 

U 

statistics 

Z 𝝆-value 

𝑺𝑰𝑹𝑬-Significance indices of regulatory 

barriers to CE adoption in the BCI 

3.90 4 3.71 4 21.000 -2.887 0.002* 

𝑺𝑰𝑻𝑬-Significance indices of information 

technology barriers to CE adoption in the 

BCI 

4.02 2 3.68 3 28.000 -3.148 0.001* 

𝑺𝑰𝑰𝑳-Significance indices of infrastructure 

and logistics barriers to CE adoption in the 

BCI 

3.94 3 3.76 2 6.500 -1.771 0.077 

𝑺𝑰𝑬𝑴-Significance indices of economic and 

market barriers to CE adoption in the BCI  

3.88 5 3.60 5 16.000 -2.410 0.016* 

𝑺𝑰𝑶𝑮-Significance indices of organizational 

barriers to CE adoption in the BCI  

4.03 1 3.98 1 13.000 -1.443 0.200 

Note: Test value significance: *ρ < 0.05. 379 

5. Discussion of Major Findings  380 

5.1 Organisational barriers  381 

5.1.1 Symmetries on organizational barriers  382 

The organizational barriers category to CE in BCI ranked 1st by both developed and developing 383 

countries with fuzzy weights of 4.03 and 3.98 respectively (see Table 5). There is no significant 384 

difference in the mean comparison between the two classes of respondents supported by 𝜌-385 

value of 0.200 and a Z-value of -1.443. Therefore, organizational barriers equivalently impact 386 

developing and developed countries' adoption of CE in BCI. This is unsurprising because 387 

business-as-usual in BCI globally stifles and complicates the transition to CE since individuals, 388 

departments, and stakeholders must unlearn old processes and gain tailored competencies to 389 

stay relevant within the circular construction business model (Wuni, 2022). The BCI's 390 

overreliance on resource-intensive business models results in poor organizational preparation, 391 

resource allocation, and capacity to apply circular practices, operations, and procedures. 392 

Similarly, Bao and Lu (2020) observed that organisational barriers have the highest impact on 393 

the systemic circularity adoption in the BCI because inadequate organisational structure to CE 394 

with a lack of business model will frustrate top management adoption of CE in the BCI.  395 

Further, within the organizational barriers category, some barriers were highly prioritized, but 396 

with no significant difference in their mean comparison. These underlying obstacles and their 397 

corresponding ranks (in bracket) include inadequate organizational effort in the development 398 
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of a circular business model (ranked first by developing and developed countries, the 399 

fragmented nature of BCI and its supply chain network (9th and 14th), and lack of top 400 

management support and leadership toward circular design (15th and 12th). Since these 401 

underlying barriers also have no significant difference in their mean comparison, it connotes 402 

that the barriers hamper developing and developed countries equally on CE adoption. These 403 

findings corroborate Oluleye et al. (2022b) that most underlying barriers to CE have a similar 404 

level of effect on CE in any nation globally, thus a global policy to avert them is imperative. 405 

5.1.2 Asymmetries on organizational barriers  406 

Inadequate organizational resources and capabilities to support CE principle have mean values 407 

of 3.89 and 3.43 based on developing and developing countries' perspectives. Based on the 408 

mean comparison, a significant difference exit (i.e., 𝜌-value of 0.027 and z-value of -2.218). 409 

This indicates that the underlying barriers have prominent impact on developing countries than 410 

the developed countries. This result is noteworthy because resources and capabilities to 411 

implement CE are quite available in developed countries relative to developing countries 412 

(Mahpour, 2018). Therefore, one of the main factors that affect developing countries' adoption 413 

of CE in BCI is the unavailability of supportive resources and human capacity (Liu et al., 414 

2021a). Hence specific policy implementation to combat this issue in developing countries is 415 

urgent.  416 

5.2   Information technology barriers  417 

5.2.1 Symmetries on Information technology barriers  418 

The information technology barrier to CE in BCI was ranked 2nd and 3rd by developing and 419 

developed countries experts with a fuzzy weight of 4.02 and 3.68, respectively. There was a 420 

significant difference in the mean comparison for this barrier which is supported by a 𝜌-value 421 

< 0.05 and Z-value = -3.148. Thus, the information technology barriers to CE in BCI are more 422 

prevalent in developing countries. Notwithstanding the overall significant difference, certain 423 

barriers within this category showed no level of significant difference in mean comparison 424 

between developing and developed countries. These barriers and their corresponding ranks (in 425 

bracket) are lack of clearly defined CE indicators and metrics (ranked 14th and 10th), the infancy 426 

of digital tools for circularity from the beginning of life to end of life and beyond system 427 

boundary (ranked 13th and 16th), unavailability of disassembly information for demolition 428 

auditing (ranked 3rd by both groups), and unavailability of BCDW data for prediction in a CE 429 

environment (ranked 12th and 15th).  430 

 431 
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These findings are credible because digital tools and indicators for systemic circularity are 432 

global issues. Further, to optimize existing buildings as part of the decommissioning, 433 

deconstruction, and demolition process, stakeholders are in the dark about an innovative system 434 

for pre-demolition audits (Akanbi et al., 2020). Pre-demolition audits are required across the 435 

globe as part of the Building Research Establishment Environmental Assessment Method 436 

(BREEAM) construction scheme, which states that the audit should determine whether 437 

materials recovery for reuse is feasible and maximize materials recovery from demolition for 438 

subsequent up-cycling (Akanbi et al., 2020; Martinez et al., 2022). However, information and 439 

data for prediction in a CE for proper demolition auditing are not readily available globally. 440 

Hence a global policy for demolition auditing is necessary for a CE.  441 

 442 

5.2.2 Asymmetries on information technology barriers 443 

Based on the FSE weights, information technology barriers have more impact on the adoption 444 

of CE in developing countries (4.02) compared to developed countries (3.68) with a 𝜌-value < 445 

0.05 confirming a significant difference between the mean comparison of the two groups. 446 

Therefore, it is important to know that lack of information technology for design for 447 

disassembly, recycling, and waste sorting has a greater impact on CE in developing countries 448 

(Mahpour, 2018). This could be because the low level of technological advancement in 449 

developing countries has a spill over effect on the advancement of CE in BCI. Therefore, since 450 

information technology has been considered a powerful tool to drive CE, effort should be put 451 

in place for its promotion in developing countries. 452 

The underlying barriers under this group for example unavailability of effective web-based 453 

waste exchange systems and databases for the quality of secondary products ranked 5th and 20th 454 

by both developing countries and developed countries with mean values of 4.07 and 3.57. 455 

Moreover, there was a significant difference in the mean values comparison of the two groups 456 

which is supported by a  𝜌-value = 0.004 and z-value of -2.844. Based on the mean scores and 457 

the the  𝜌-value result, it implies that the barriers have more impact on the adoption of CE in 458 

developing countries BCI relative to the developed countries. This is not surprising due to the 459 

infancy state of developing countries in the usage of innovative databases for monitoring the 460 

quality of materials.  461 

Lack of systemic circularity education and training for supply chain members is prioritized 462 

more by the developing countries to the slow adoption of CE in their BCI. This is supported 463 

by a mean value of 4.10 and 3.68 from developing and developed countries respectively. The 464 
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difference in the mean of the two groups on comparison was confirmed by a significant  𝜌-465 

value of 0.025 and a z-value of – 2.249. This indicates that the impact of a low level of 466 

education and training on CE for concerned supply chain members in the BCI is more 467 

prominent in developing countries. This finding is expected due to the low level of awareness 468 

and education for CE in developing countries as expressed in extant studies (Mahpour, 2018; 469 

Bilal et al., 2020). Therefore, policies and strategies to upskill and equip appropriate supply 470 

chain employees with the necessary CE abilities and knowledge should be specifically 471 

implemented for developing countries (Liu et al., 2021a). This is also needed in developed 472 

countries, but the need is more in developing countries.  473 

The lack of effective CE-based knowledge management systems among stakeholders is ranked 474 

2nd by both developing and developed countries with mean values of 4.25 and 3.85. This barrier 475 

is very critical in the two contexts toward the adoption of CE in BCI (mean >3.5). Despite the 476 

equal ranking of barriers in the two contexts, the criticality of its impact on CE in developing 477 

countries BCI is more prominent(mean=4.25). This is obvious based on the significant 478 

difference resulting in the mean comparison of the barriers between the two groups which is 479 

supported by a  𝜌-value of 0.014 and z-value of – 2.466.  This result is not surprising because 480 

Liu et al. (2021a) earlier posited that knowledge sharing among stakeholders on CE uptake is 481 

crippled in developing countries BCI. Therefore, special policies must be put in place to trigger 482 

the creation, sharing, use, and management of knowledge related to CE development among 483 

stakeholders in developing countries.  484 

 485 

5.3 Infrastructures and logistics barriers  486 

5.3.1 Symmetries on infrastructures and logistics barriers 487 

The infrastructures and logistics barriers category are ranked 3rd and 2nd by developing and 488 

developed countries with FSE weights of 3.94 and 3.76, respectively. Regarding the mean 489 

comparison, there exists no significant difference between the two independent classes of 490 

respondents which are manifested in its resultant 𝜌-value of 0.077 and z-value of -1.771. 491 

Consequently, infrastructural and logistics barriers are pervasive to CE in BCI in developing 492 

and developed countries. This result is not unexpected because global reverse logistics network 493 

and infrastructure of BCI's circular supply chain are inadequate (Wilson et al., 2021). 494 

Contractual arrangements and processes allowing manufacturers to return building components 495 

and goods after their lifetime for remanufacturing, recycling, and upcycling are lacking in many 496 

countries, thus limiting CE adoption in the BCI (Hartwell et al., 2021; Schlüter et al., 2021). A 497 
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dearth of appropriate local supply chain partners has resulted in some countries having 498 

incomplete circular supply chains. Because of these logistics and infrastructural issues, CE is 499 

complex, time-consuming, and undesirable to stakeholders in both developing and developed 500 

nations (Kirchherr et al., 2018). Hence effective policies are needed to integrate the logistics 501 

and promote infrastructural development for CE development in BCI globally.  502 

Further, most infrastructure and logistic barriers were highly prioritized with no significant 503 

differences in their mean comparison. These underlying barriers with their corresponding ranks 504 

by developing and developed countries experts (in bracket) include a lack of BCDW sorting 505 

and recovery infrastructure (ranked 24th and 5th) and lack of comprehensive reverse logistic 506 

networks and facilities (ranked 10th and 6th). The high ranking of the infrastructure and logistic 507 

barriers and the equal level of impact of its underlying barriers in developing and developed 508 

countries suggest an urgent need for enabling infrastructural and logistic CE strategies globally 509 

in the BCI. For instance, policies on the procurement of systemic circularity facilities and the 510 

integration of the supply chain network require improvement (Hartwell et al., 2021). This 511 

would enable a seamless reverse logistic system and an effective close loop beyond the system 512 

boundary in the BCI.  513 

5.3.2 Asymmetries on infrastructures and logistics barriers 514 

An underlying barrier within infrastructures and logistics barriers is lack of benchmarking 515 

process for CE adoption. This barrier was ranked 6th and 17th by developing countries and 516 

developed countries, respectively. Upon mean comparison of the underlying barriers, there 517 

exist a significant difference supported by a  𝜌-value of 0.034 and z-value of – 2.117. With a 518 

mean value of 4.05, the underlying barrier was prioritized higher by developing countries' 519 

experts which indicates a more need to have a threshold for CE adoption in developing 520 

countries. Developing countries should adopt a benchmarking approach for CE by measuring 521 

their progress against nations that have gotten to a significant level of systemic circularity in 522 

BCI (Mahpour, 2018). This would enable the identification of areas, systems, and processes 523 

that requires significant improvement.  524 

5.4. Regulatory barriers  525 

5.4.1 Symmetries on regulatory barriers 526 

The regulatory barriers category is ranked fourth by both experts from developing and 527 

developed countries with fuzzy weights of 3.90 and 3.71 accordingly. On mean comparison, 528 

there is a considerable difference between the two groups of experts supported at a 𝜌-value < 529 
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0.05, and a z-value of -2.887. Certain underlying barriers within this classification show no 530 

degree of significant disparities in comparing the means of the two independent groups. This 531 

implies that the impact of such barriers in both contexts is relatively similar. These underlying 532 

barriers with their corresponding ranking(in bracket) from the perspectives of developing and 533 

developed countries include: lack of circularity guidelines for end-of-life collection and sorting 534 

of materials toward value creation(ranked 8th in developed countries and 9th in developing 535 

countries), lack of regulatory pressure and stringent penalties on dumping at a landfill(ranked 536 

22nd and 13th), lack of supportive building codes for secondary materials(ranked 21st and 537 

24th), lack of government promotion and commitment to design for disassembly(ranked 17th 538 

and 4th), and legislations for BCDW circularity are not binding(ranked 20th and 7th). As a 539 

result of no significant difference in the comparison of the mean, it connotes that the underlying 540 

barriers affect developing and developed countries' adoption of CE in BCI equally. This is quite 541 

interesting because the underlying barriers are quite beyond the control of experts in developing 542 

and developed countries and are more related to the government regulations towards CE in 543 

BCI. Existing policy frameworks fail to create the urgency of circularity and behavioural 544 

changes necessary to disperse CE in the building sector in the absence of regulatory pressure 545 

and stringent laws(Huang et al., 2018; Shooshtarian et al., 2022). 546 

5.4.2 Asymmetries on regulatory barriers 547 

Although regulatory barriers classification to CE in BCI is ranked equally by experts in 548 

developing and developed countries, the impact of the barriers is prominent in developing 549 

countries relative to developed countries based on the FSE results and the test of significance 550 

difference conducted. This implies a more pressing need for effective regulation that supports 551 

CE in developing countries' BCI. A significant difference also exists in the underlying barrier 552 

mean comparison. For instance, lack of standards on the quality of refurbished and 553 

remanufactured products is ranked 11th and 18th by developing and developed experts 554 

respectively with mean values of 3.98 and 3.58. As such there was a significant difference 555 

between the two-group supported at 𝜌-value of 0.002 and, a Z-value of -3.025. Although the 556 

mean scores were quite significant for the two groups, however, it is more dominant in the 557 

developing countries which implies a more pressing need for the promotion of standard and 558 

quality of refurbished construction materials in the developing countries. Liu et al. (2021a), 559 

posited that quality assurance standards should be imposed by the regulatory agencies to enable 560 

CE in developing countries. 561 
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5.5 Economic and market barriers  562 

5.5.1 Symmetries on economic and market barriers  563 

Economic and market barriers group is ranked 5th by both developing and developed countries' 564 

experts with FSE weights of 3.88 and 3.60 respectively.  There is a significant difference on 565 

the two groups based on their mean comparison supported by a 𝜌-value < 0.05 and Z-value = 566 

-2.410. Thus, economic and market barriers are more prevalent in developing countries relative 567 

to developed countries. Despite the overall significant difference regarding the economic 568 

barriers, certain underlying barriers show no significant difference based on their mean 569 

comparison between the two classes of respondents. These barriers with their corresponding 570 

ranking (in bracket) based on developing and developed countries' perspectives include lack of 571 

market mechanisms for waste recovery (ranked 25th and 22nd) and lack of high-quality 572 

secondary products (ranked 19th and 8th). These results show that globally, lack of a market 573 

system for waste recovery and low quality of secondary materials has affected the development 574 

of CE in BCI (Akinade et al., 2020).  575 

 576 

5.5.2 Asymmetries on economic and market barriers 577 

Underlying economic and market barriers which have significant differences based on the 578 

mean comparison between developing and developed countries include lack of capital and 579 

financial resources for CE, virgin materials that are cheaper than secondary materials, and lack 580 

of markets and demand for second-hand materials. These underlying barriers were ranked 581 

higher in developing countries (mean values >3.50), implying that they are more prevalent to 582 

CE development in such context. For instance, financial means to incorporate circularity 583 

strategies into businesses, supply networks, and projects have also hindered CE in many 584 

developing countries(Huang et al., 2018; Liu et al., 2021a). In developing countries, the 585 

absence of a well-established market for circular materials entrenched nature of ‘business-as-586 

usual’ has also generated limited demand for recycled materials and reused products.  587 

5.6 Implications of the study and policy recommendation  588 

Empirical research is often useful for continuous improvement in industrial practice through 589 

effective policy development. This study first provided the impact level of the barriers to CE 590 

in BCI in two economies and the result could serve as an allocative function in combating the 591 

barriers investigated. Second, this study established that although CE is a global initiative, there 592 

are challenges facing its implementation which could be different or similar in developing or 593 

developed economies. Therefore, this research revealed that there are specific and generic 594 
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barriers to CE implementation in BCI. The specific barriers influence CE implementation 595 

differently in developed and developing countries and they include legislative, information 596 

technology, and economic and market barriers. Furthermore, the generic barriers impact CE 597 

adoption equally in any economy and they include infrastructure and logistics, and 598 

organizational barriers. This understanding will practically guide the development of generic 599 

policy and specific policies by global and regional organizations toward a wider CE adoption 600 

in the BCI.  601 

It is recommended that policy development towards combating the specific barriers should be 602 

the focus of regional/countries/economies-based organisations advocating for CE adoption 603 

such as the African Circular Economy Alliance (ACEA), African Circular Economy Network 604 

(ACEN), and the government CE programmes of each country, for example, the Circular 605 

Economy Programme of the Netherlands, and the Circular Economy Action Plan of the 606 

European Council.  607 

At a global level, this study revealed that the generic barriers that require the most attention are 608 

organizational-related. This barrier also shows the same level of impact in developing and 609 

developed countries. Therefore, a fundamental requirement of global organisations is to 610 

develop and ensure effective policies such as mandating BCI stakeholders’ commitment to the 611 

development and modification of circular business models globally to create, deliver, and 612 

capture value in CE without wasting materials and toward zero waste. Besides, promulgated 613 

government policies that would enhance BCI and supply chain members' support circular 614 

design must be put in place globally. Further, the capacities of stakeholders within the 615 

organisations should be improved in circular construction projects to enable an accelerated 616 

global CE execution in BCI.  617 

In controlling infrastructure and logistic barriers at a wider level, the key areas that should be 618 

considered by global organisations include the supply chain reverse logistics, waste sorting, 619 

and infrastructural facilities.  Policies toward returning waste or faulty products to the 620 

manufacturer via a reverse supply chain system for re-manufacturing (either through 621 

refurbishment, or recycling) should be properly implemented. Since reverse logistics is an 622 

efficient way and shortest way to complete a material’s lifecycle, hence, effective policies that 623 

will assist both developing and developed countries are necessary. To determine the next use 624 

cycle for each returned product such as reuse, recovering components through parts harvesting 625 

for remanufacturing, or recycling, a firm must assess several criteria, including the product's 626 
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condition and the current market environment which requires effective policies. In the network 627 

design of reverse logistics, such as infrastructural configuration, processing facilities for 628 

sorting, and location of the materials collection point can be properly enhanced via a 629 

benchmarking process and policies. 630 

Regarding the specific barriers, each region or country should focus on developing a strategic 631 

approach towards developing effective information technology policies for systemic circularity 632 

adoption. However, due to the ranking of the barriers (2nd and 3rd by developing and developed 633 

countries), they are deemed critical to the development of CE. Thus, policies for information 634 

technology that will enhance databases for prediction in a CE, demolition auditing, recycling, 635 

waste sorting, knowledge management, and training of expertise should be implemented. 636 

Although this barrier has varying levels of impact in developing and developed countries, it is 637 

important to develop specific policies for each context based on individual peculiarities to 638 

attain a desirable systemic circularity.  639 

Further, specific policy development is essential for effective regulatory environment for a CE 640 

adoption in the BCI of \ developing and developed countries considering the relative impact of 641 

regulatory barriers. Ineffective circularity guidelines, lack of regulatory pressure for CE, lack 642 

of standards for secondary materials, and lack of government support for design for 643 

disassembly have delayed the development of CE in BCI. Therefore, regulatory environment 644 

that would enforce CE via government intervention and mandating design for circularity and 645 

benchmarking standards for the quality of second-hand materials are important. Further, 646 

environmental law must be implemented that would mitigate BCDW deposit at landfill and 647 

certify the reuse and recycling of waste. However, the implementation of these policies should 648 

consider the uniqueness of developing and developed countries due to the varied level of 649 

impact that regulatory barriers have on CE in BCI.  650 

Effective specific policies should be executed for developing and developed economies 651 

differently to alleviate most of the economic and market problems related to CE in BCI. For 652 

instance, to control the increased prices of secondary materials, the cost of eco-friendly 653 

materials should be reduced with the prices of virgin materials. Such policies will increase 654 

market demand for second-hand materials in construction. Additionally, markets for second-655 

hand materials should be established while promoting the suppliers of secondary construction 656 

materials.  657 
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6. Conclusions 658 

To understand specific and generic barriers militating CE advancement in BCI, this study 659 

evaluated the symmetries and asymmetries on the barriers based on CE experts’ perspectives 660 

from developing and developed economies. Following a multistage methodological approach, 661 

it was revealed that organizational, information technology, and infrastructure and logistics 662 

barriers categories, are the most critical to CE adoption in the BCI of developing and developed 663 

countries but with varying levels of impact. Further, the symmetries and asymmetries on the 664 

barriers to CE adoption in BCI using the Mann-Whitney U test demonstrate a considerable 665 

discrepancy in the viewpoints of experts from developing and developed economies on 666 

regulatory, information technology, and economic and market barriers. As a result, they are 667 

labeled as specific barriers since they exhibit a different influence on CE adoption in BCI 668 

between the two economies. However, infrastructure and logistics, and organizational barriers 669 

are categorized as generic barriers to CE implementation in BCI since they influence CE 670 

adoption equally in the two economies investigated.  671 

The first contribution of this research is that it provides a better understanding of barriers that 672 

requires generic policies and those that require specific policies which will guide both global 673 

organizations and regional organizations in circularity policy development. Second, the 674 

significance indices of the categorization of the barriers using FSE can serve as an allocative 675 

function for policymakers in allocating resources to tackle the barriers impeding CE adoption 676 

in BCI towards zero waste in developing and developed economies.  677 

Moreover, the result of this study must be examined against the following limitations. First, 678 

the study constitutes a global one but the sample size, although adequate, may be considered 679 

small, hence future studies could use much larger sample sizes from both developing and 680 

developed countries. Second, the study adopted FSE analysis for determining the significant 681 

indices of the barriers categories, but the method has its limitations. Future research may 682 

address this methodological limitation by using other methods such as structural equation 683 

modelling (SEM), artificial neural networks (ANN), or fuzzy analytical hierarchy process 684 

(FAHP). Third, expertise in CE in the BCI is still augmenting, therefore, this study may have 685 

to be repeated in the future to capture more experience-based opinions for evaluation. The 686 

study identified specific and generic barriers related to CE adoption in developing and 687 

developed economies which could be very informative in conducting further rigorous studies 688 

in specific countries to consolidate existing findings. 689 
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Appendix 1: Fuzzy synthetic evaluation steps 690 

Stage 1: Fuzzy synthetic evaluation index development 691 

The adopted index system which forms the input parameter is presented as:  692 

RE = {RE1, RE2, RE3, RE4, RE5, RE6} 693 

TE = {TE1, TE2, TE3, TE4, TE5, TE6, TE7} 694 

IL = {IL1, IL2, IL3} 695 

EM = {EM1, EM2, EM3, EM4, EM5} 696 

OG = {OG1, OG2, OG3, OG4}. 697 

Stage 2: Computing the weightings of the barriers and the classification of the barriers 698 

to CE adoption in BCI 699 

Using a developing country perspective, for instance, the information technology barrier (TE), 700 

the weighting of the underlying barrier “the infancy of digital tools for circularity from the 701 

beginning of life to the end of life and beyond system boundary” is computed as:  702 

 Wi = 
3.97

3.97+3.97+4.11+4.07+4.10+3.97+4.25
 = 0.140 703 

Further, the classification of the barrier’s weightings is computed by dividing their mean values 704 

(which is the summation of their respective underlying barrier's mean) by the cumulative mean 705 

values of all the classification of barriers). For instance, information technology barrier (TE) 706 

weighting for developing countries is computed as illustrated below:  707 

 Wi (classification of barriers-TE) = 
28.44

23.35+28.44+11.80+19.26+16.18
 =0.287 708 

A similar approach was adopted in computing the weightings of other underlying and 709 

classifications of barriers (See Table 4). This forms the basis computing of the membership 710 

function.  711 

Stage 3. Computation of the membership functions (MF) of the underlying barriers to 712 

CE in BCI 713 

Using ‘infancy of data-driven digital tools for circularity” from the developing economy 714 

perspective, for example, 2% ranked it as “not significant”, 3% ranked it as “less 715 

significant”,18% were “uncertain”, 51% of the respondents ranked it as “significant” while 716 

26% ranked it as “very significant”. Given that B1TE2 is the percentage of the responses per 717 

each rating on the barrier, then the MF of (infancy of data-driven digital tools for circularity) 718 

could be illustrated as:      719 

MFTE2 =
0.02

Ӌ1
  + 

0.03

Ӌ2
   + 

0.18

Ӌ3
   + 

0.51

Ӌ4
  + 

0.26

Ӌ5
          720 

Since the “+” represents a notation and not an addition, in the FSE process, thus the MF can be 721 

expressed as: MFTE2 = (0.02, 0.03, 0.18, 0.51, 0.26) 722 

Stage 4:  Computation of the membership function (MF) of the classification of the 723 

barriers to CE in BCI  724 

Using the information technology barriers category (TE) based on developing country 725 

perspectives, for example, its fuzzy matrix (ϻi) can be illustrated as.  726 
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ϻi =

(

 
 
 
 
 

𝑀𝐹1𝑇𝐸1
𝑀𝐹1𝑇𝐸2
𝑀𝐹1𝑇𝐸3
𝑀𝐹1𝑇𝐸4
𝑀𝐹1𝑇𝐸5
𝑀𝐹1𝑇𝐸6
𝑀𝐹1𝑇𝐸7)

 
 
 
 
 

=  

(

 
 
 
 

𝐵1TE1 𝐵2TE1 𝐵3TE1 𝐵4TE1 𝐵5TE1
𝐵1TE2 𝐵2TE2 𝐵3TE2 𝐵4TE2 𝐵5TE2
𝐵1TE3 𝐵2TE3 𝐵3TE3 𝐵4TE3 𝐵5TE3
𝐵1TE4 𝐵2TE4 𝐵3TE4 𝐵4TE4 𝐵5TE4
𝐵1TE5 𝐵2TE5 𝐵3TE5 𝐵4TE5 𝐵5TE5
𝐵1TE6 𝐵2TE6 𝐵3TE6 𝐵4TE6 𝐵5TE6
𝐵1TE7 𝐵2TE7 𝐵3TE7 𝐵4TE7 𝐵5TE7)

 
 
 
 

               727 

Having obtained the fuzzy matrix(ϻi), the MF (Di) was computed as illustrated:          728 

Di= Wi* ϻi = (di1, di2, di3, …, din)         729 

Wi = (w1, w2, w3, …, wn), hence, 730 

Di = (w1, w2, w3, …, wn) *   

(

 
 
 
 

𝐵1TE1 𝐵2TE1 𝐵3TE1 𝐵4TE1 𝐵5TE1
𝐵1TE2 𝐵2TE2 𝐵3TE2 𝐵4TE2 𝐵5TE2
𝐵1TE3 𝐵2TE3 𝐵3TE3 𝐵4TE3 𝐵5TE3
𝐵1TE4 𝐵2TE4 𝐵3TE4 𝐵4TE4 𝐵5TE4
𝐵1TE5 𝐵2TE5 𝐵3TE5 𝐵4TE5 𝐵5TE5
𝐵1TE6 𝐵2TE6 𝐵3TE6 𝐵4TE6 𝐵5TE6
𝐵1TE7 𝐵2TE7 𝐵3TE7 𝐵4TE7 𝐵5TE7)

 
 
 
 

            731 

din denotes the degree of membership of the grade’s alternatives for the underlying barriers. 732 

Following this matrix system, the MFs of all other barriers classification were computed (a 733 

detailed result is presented in Table 4).  734 

Stage 5: Determining the criticalities/significance indices of the classification of the 735 

barriers 736 

The significance indices of the various classification of barriers to CE in BCI for developing 737 

countries is presented as:  738 

𝑆𝐼𝑅𝐸 = (0.02, 0.06, 0.20, 0.44, 0.28) × (1, 2, 3, 4, 5) =3.90 739 

𝑆𝐼𝑇𝐸 = (0.02, 0.03, 0.15, 0.46, 0.33) × (1, 2, 3, 4, 5) = 4.02 740 

𝑆𝐼𝐼𝐿  = (0.03, 0.04, 0.18, 0.46, 0.29) × (1, 2, 3, 4, 5) = 3.94 741 

𝑆𝐼𝐸𝑀 = (0.03, 0.07, 0.23, 0.43, 0.26) × (1, 2, 3, 4, 5) = 3.88 742 

𝑆𝐼𝑂𝐺 = (0.02, 0.03, 0.17, 0.41, 0.36) × (1, 2, 3, 4, 5) = 4.03 743 

Also, the significance indices of the various classification of barriers to CE in BCI for 744 

developed countries is presented as:  745 

𝑆𝐼𝑅𝐸 = (0.06, 0.08, 0.27, 0.32, 0.28) × (1, 2, 3, 4, 5) = 3.71 746 

𝑆𝐼𝑇𝐸 = (0.05, 0.09, 0.20, 0.40, 0.25) × (1, 2, 3, 4, 5) = 3.68 747 

𝑆𝐼𝐼𝐿 = (0.07, 0.05, 0.23, 0.40, 0.26) × (1, 2, 3, 4, 5) =3.76 748 

𝑆𝐼𝐸𝑀= (0.07, 0.09, 0.25, 0.36, 0.23) × (1, 2, 3, 4, 5) = 3.60 749 

𝑆𝐼𝑂𝐺 = (0.07, 0.08, 0.23, 0.34, 0.34) × (1, 2, 3, 4, 5) = 3.98 750 

 751 

 752 

 753 

 754 

 755 

 756 

 757 
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Assessment of symmetries and asymmetries on barriers to circular economy adoption in 

the construction industry: A survey of international experts   

 

Study highlights 

 

1. An international survey on barriers to CE implementation in the BCI was conducted.  

2. Symmetries exist on three barriers groups and were labeled general barriers. 

3. Asymmetries exits on other two barriers group and were tagged specific barriers. 

4. The study will guide general and specific policies execution for CE adoption in the BCI.  
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