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Abstract
Purpose – This study addresses the critical gap in evaluating building circularity by developing a 
comprehensive framework of key performance indicators (KPIs). While circular economy (CE) principles 
are increasingly emphasized in building design, their adoption is hindered by the absence of standardized and 
prioritized KPIs across the building lifecycle.
Design/methodology/approach – A two-stage research design was employed. First, a systematic meta-
synthesis of literature identified micro-level KPIs. Second, industry and academic experts validated and ranked 
them using a two-round fuzzy Delphi method and fuzzy analytical hierarchy process.
Findings – The study developed the Building Circularity KPI Framework (building circularity KPIs framework 
[BC KPI F]), comprising 52 KPIs across six domains: material, waste, energy, water, CO 2 emissions and design.
Findings highlight the need to incorporate overlooked circularity aspects such as energy, water, CO 2 emissions 
and design. BC KPI F shows a clear KPI prioritization: disassembly, refusing unnecessary new construction and 
material durability ranked highest overall. It also reveals prioritizations across different categories, reflecting 
preferred CE strategies for each category – for instance, reuse received the greatest weight for the material and 
waste categories.
Research limitations/implications – This study focuses on technical and environmental dimensions of 
building circularity. Economic and social aspects are excluded to allow a more focused and measurable 
assessment of circularity in buildings as CE focuses more narrowly on resource efficiency, material loops and 
system innovation.
Practical implications – Weighted KPIs guide practitioners in prioritizing interventions and selecting 
materials, technologies and design strategies. For policymakers, the results provide an evidence base for 
translating circular design strategies, such as reuse, modularity and deconstruction into regulatory benchmarks, 
procurement requirements and incentive mechanisms. The framework also supports progress toward multiple 
sustainable development goals.
Originality/value – This study advances the field by consolidating fragmented micro-level circularity KPIs into 
a comprehensive and weighted framework, integrating overlooked aspects such as energy, water and CO 2 
emissions alongside design strategies.
Keywords Building circularity performance, Circularity measures, Circular economy evaluation, 
Micro-level circularity indicators, Carbon reduction, Life cycle assessment
Paper type Research article

1. Introduction
The linear economic model’s reliance on resource extraction and waste generations leads to 
severe socioeconomic and environmental risks, necessitating a shift to the circular 
economy (CE) (Franchetti and Apul, 2012; Goyal et al., 2018; Horne et al., 2023;
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Swarnakar and Khalfan, 2024). CE promotes a regenerative system replacing the “end-of-
life” model with reducing, reusing, recycling and recovering materials (Kirchherr et al., 
2023; Bhavsar et al., 2025). In buildings, circularity minimizes waste and optimizes 
resource usage through durable products made from secondary, non-toxic, sustainably 
sourced or renewable materials. It emphasizes space efficiency, flexibility and adaptability 
and prioritizes disassembly, reuse or recycling of materials, components and systems 
(WBCSD, 2022; Abad et al., 2024).
Despite its potential, the practical application of CE in building design remains unclear 

(Gillott et al., 2023), demanding measurable objectives, supported by indicators to enable 
clear evaluation (Ellen MacArthur and Granta, 2019). While CE is recognized and 
implemented in some countries, there is no agreement on how to measure the circularity of 
certain products and services (Harris et al., 2021; Moraga et al., 2019). Effective 
implementation requires a holistic classification of key performance indicators (KPIs) and a 
standardized assessment to measure progress and inform decision-making (Khadim et al., 
2023; Tokazhanov et al., 2022). Assessing building circularity performance is crucial for 
integrating CE principles into buildings and reducing environmental impacts (Rahla 
et al., 2019).
Mani et al. (2025) found significant inconsistencies in existing building circularity metrics, 

including variations in KPIs and calculation methods, underscoring a lack of standardization 
which is also highlighted by Khadim et al. (2022) and Kristensen and Mosgaard (2020). 
Deficiencies in existing metrics and KPIs include:

(1) Inconsistencies across KPIs: There is no standardized method for evaluating CE at the 
micro level (Khadim et al., 2022; Kristensen and Mosgaard, 2020; Roos Lindgreen 
et al., 2020). Khadim et al. (2022) discuss the lack of standardization specifically in 
building circularity metrics, highlighting how different studies have modified or 
developed new versions of KPIs and calculation methods. These variations in the 
incorporation of KPIs indicate a significant gap in adopting a holistic methodology 
with relevant KPIs (Norouzi et al., 2021).

(2) Emphasis on material flows: The prevailing focus of the literature is on KPIs related to 
material flows, while other resources like energy and water, and emissions have 
received comparatively less attention or have been overlooked (Kristensen and 
Mosgaard, 2020; Zhang et al., 2021).

(3) Limited inclusion of circular design practices: Many circular design practices have
been neglected although few studies investigated some design-oriented KPIs such as 
adaptability and disassembly (Khadim et al., 2022; Moreno et al., 2016; Saidani et al., 
2019).

(4) Neglect of key phases: Current building circularity metrics overlook design, 
construction and assembly phases for buildings (Mani et al., 2025).

(5) Gaps in weighting approaches: Weighting is rarely and inconsistently applied in 
current building circularity assessment methods. One Click LCA is notable for 
assigning higher weights to reuse, recycling and renewable content, and lower to 
downcycling, incineration and landfilling, offering more nuance than uniform 
metrics. However, it still fails to follow the 10 R hierarchy by treating renewable, 
reused and recycled materials equally, revealing a broader gap where weighting often 
overlooks CE priorities (Mani et al., 2025).

These gaps highlight the need for identifying, validating and prioritizing KPIs for consistent 
and comprehensive building circularity assessment, enabling benchmarking and informed 
decision-making. To address these gaps, this study aims to develop the building circularity 
KPIs framework (BC KPI F). This study contributes to the theoretical domain by being one of
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the first to identify and prioritize critical circularity KPIs specific to buildings at all levels, 
providing a robust foundation for addressing the inconsistencies in building circularity 
assessments. The study is structured as follows: Section 2 reviews literature on micro-level 
KPIs; Section 3 outlines the research methodology for identifying, validating and prioritizing 
building-specific KPIs; Section 4 presents the study’s findings, including the final KPIs list 
and their prioritizations; Section 5 discusses the findings and Section 6 concludes with 
recommendations for future research.

2. Building circularity assessment KPIs
CE operates at micro (individual products, companies and consumers), meso (eco-industrial 
parks) and the macro (cities, regions, nations) levels (Kirchherr et al., 2017; Zhai, 2020). In the 
built environment, individual buildings are considered micro-level (Verberne, 2016). 
Consequently, this study focuses on KPIs related to micro level, specifically to building
projects. 
CE assessment refers to evaluating a building’s transition toward CE by measuring 

adherence to CE principles and practices (Moraga et al., 2019). Building circularity 
performance assessment examines how well building projects incorporate CE principles 
throughout their lifecycle (Corona et al., 2019; Linder et al., 2017), enhancing CE principles in 
design (Tokazhanov et al., 2022). CE is operationalized through well-defined strategies and 
assessed using specific KPIs (Moraga et al., 2019). Following Moraga et al. (2019), this study 
defines indicators or KPIs as variables providing circularity information, which can be 
quantitative or qualitative to measure circularity. KPIs are key for integrating CE principles 
into building designs and translating them into actionable plans (Moraga et al., 2019; 
Tokazhanov et al., 2022). KPIs are core elements of a circularity assessment, measuring 
aspects such as reused, recycled or bio-based materials quantities (Moraga et al., 2019; 
Zhai, 2020).
Diverse methods, often combined, are employed to calculate circularity performance, 

with LC Life Cycle Assessment (LCA) being a prominent one, frequently combined with 
Material Flow Analysis (MFA), Material Flow Cost (MFC), input-output analysis and a set 
of KPIs (Lovren�ci�c Butkovi�c et al., 2023; Roos Lindgreen et al., 2020). CE assessment 
often employs a set of KPIs to measure circularity within a system (Koksharov et al., 2019). 
Notably, the hybrid LCA approach, introduced by Genovese et al. (2017), which combines 
conventional LCA with CE KPIs, has been widely adopted. Studies by Lei et al. (2022) and 
Cottafava and Ritzen (2021) further apply this methodology to assess environmental 
impacts in CE evaluations. However, KPIs and LCA solely provide evaluations, which 
often involve multicriteria decision-making (MCDM) (Lovren�ci�c Butkovi�c et al., 2023). 
dos Santos Gonçalves and Campos (2022) highlights the increased adoption of MCDM 
methods for evaluating circularity, requiring integration of various KPIs into composite 
indices.
Given the diverse definitions of CE (Parchomenko et al., 2019) and challenges in metric 

selection (de Oliveira and Oliveira, 2023; Saidani et al., 2019), standardized and 
comprehensive KPIs aligned with CE principles, 10 R strategies and design practices are 
crucial (de Oliveira and Oliveira, 2023; Moraga et al., 2019). Standardized KPIs ensure a 
common language among stakeholders, preventing result misinterpretation (de Oliveira and 
Oliveira, 2023; Rahla et al., 2019). To effectively assess circularity in buildings some 
requirements are essential. First, a systematic selection and categorization of KPIs is required. 
KPIs and their sub-indicators have been developed based on the specific circular practices and 
circular design practices (Mani et al., 2025). As an example, “Dis- or re-assembly” KPI can 
serve as an indicator which can be facilitated through sub-indicators such as “Type of 
connections” and “Accessibility to connection” (Durmisevic, 2005). Therefore, to ensure a 
holistic view of circularity assessment, the KPIs should be considered across multiple 
dimensions including resource inflow (materials, energy and water usage), resource outflow
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(any non-recoverable resources including hazardous waste and emissions) and physical 
attributes (disassembly, adaptability, durability) (considering the definition adopted in this 
study and the study’s scope).
Furthermore, KPIs are mapped across the building’s lifecycle stages defined by the 

BS-ISO-EN-15978 (2011) standard: extraction/manufacturing (A1–A3), construction/ 
assembly (A4–A5), use/operation (B1-B5), EOL stages (C1–C3) and phases beyond the 
system boundary (D). Existing metrics often overlook the extraction of material (A1), 
transportation (A2, A4, C2), operational energy (B6) and water usage (B7) phases (Khadim 
et al., 2023). However, the inclusion of these stages is vital because they not only contribute 
significantly to emissions but also consume substantial amounts of energy and water 
(N€ass�en et al., 2007). The use phase of buildings (B1–B5) is another resource-intensive 
stage, involving extensive energy, water and material usage, as well as emissions related to 
recycling, reuse and other processes (Crawford, 2011). Renewable energy supplies and 
water reusing or recirculation play a vital role in offsetting these resource demands during 
the operational phase (ISO 59020, 2023). However, at the EOL phase (C1–C3), significant 
waste is generated, with some materials going to landfills and others being collected for 
energy production (Ellen MacArthur and Granta, 2019). Material losses occur throughout 
various stages, including construction, transportation, extraction, recycling and reusing 
processes (Khadim et al., 2022), accompanied by water discharges into air, soil and water 
sources, as well as energy losses (ISO 59020, 2023). These processes collectively 
contribute to substantial emissions into the atmosphere (ISO 14044, 2006). Therefore, the 
inclusion of KPIs across all CE strategies and building phases is essential for an effective 
metric.
Many micro-level KPIs exist, such as the Linear Flow Index (LFI) for material linearity 

(Ellen MacArthur and Granta, 2019), disassembly KPI for evaluating disassembly potential 
(Durmisevic, 2005) and Flexibility (FLEX) for measuring flexibility/adaptability 
(Geraedts, 2016). However, they differ in scope, structure and methodological rigour. 
Variations in KPIs and methods exist across studies (Khadim et al., 2022), while most focus 
on recycling and EOL management (Kristensen and Mosgaard, 2020). Gursel et al. (2023) 
highlight that micro-level circularity indicators remain underdeveloped, particularly for 
biobased systems, such as renewable resource use and cascading use. Design-related 
strategies such as modularity and adaptability which are crucial for extending building 
lifespans are also largely neglected (Kristensen and Mosgaard, 2020; Coenen et al., 2021; 
Saidani et al., 2019). Consequently, there remains a critical gap in identifying and 
consolidating circularity KPIs. The gaps identified in Section 1 further underscore the 
urgent need for a comprehensive and standardized approach to building circularity KPIs. 
This study addresses these gaps by developing the BC KPI F, which systematically identifies, 
validates and prioritizes critical KPIs tailored to building projects through a two-staged 
method involving a meta-synthesis of existing literature and a Fuzzy Delphi method, 
outlined in Section 3.

3. Research methods and design
The research aimed to systematically identify, validate and prioritize building circularity KPIs 
to assess building designs while integrating CE principles throughout a building’s lifecycle. 
Since numerous micro-level circularity indicators have been proposed across diverse 
industries, including packaging, manufacturing and construction, a structured two-stage 
method was employed to determine the most relevant ones for buildings, as outlined in 
Figure 1.
First, a systematic meta-synthesis reviewed literature across industries, ensuring 

inclusivity and a holistic approach to KPI identification. This process aimed to address the 
inconsistencies in existing metrics by systematically comparing and consolidating KPIs into a
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unified list. Then, a two-round Fuzzy Delphi Method (FDM) refined, contextualized and 
prioritized the identified KPIs for buildings. Expert feedback through FDM ensured KPIs were 
both theoretically robust and practically applicable. This section details the procedures and 
rationale behind each stage.

3.1 First step: meta-synthesis
A meta-synthesis of research papers, reports and commercial tools was conducted to 
comprehensively consolidate micro-level KPIs across various industries (material, product, 
building or construction projects and activities). The meta-synthesis process included 
choosing studies, combining interpretations and presenting the results (Hajiheydari and 
Dabaghkashani, 2011). The review process followed structured steps of Preferred Reporting 
Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021) as 
described in Figure 1. The process included defining inclusion and exclusion criteria, creating 
a search string, searching across Scopus as the primary database because of its extensive 
inclusion of peer-reviewed documents (Ch�afer et al., 2021) and systematically screening 
articles. Additionally, snowballing method was used to identify additional sources 
(Badampudi et al., 2015). Snowballing involves identifying additional papers by examining 
the references cited in a paper or the studies that have cited the paper (Wohlin, 2014). In 
addition to database searches, targeted web searches were conducted to identify relevant 
commercial circularity assessment tools used in practice, which were included where they 
reported measurable KPIs applicable to micro-level. A search string was created, testing

Figure 1. Research method and design. Source: Authors’ own work
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different combinations of key terms related to “circular economy,” “buildings” and 
“indicators,” as shown in Figure 1. Studies were included if they developed or identified 
measurable micro-level KPIs, while sector-specific (e.g. municipal solid waste treatment 
plants and agricultural systems) (Rocchi et al., 2021; Rond�on Toro et al., 2022) and 
qualitative-based indicators (Cayzer et al., 2017; Flipsen et al., 2016) were excluded, resulting 
in 51 relevant sources (Figure 1). Then, a bottom-up thematic analysis method categorized 
similar themes into KPIs (Braun and Clarke, 2006; Bowen et al., 2012; Braun et al., 2022), 
creating an initial list of KPIs as a basis for next step. The review primarily focused on 
identifying measurable KPIs from peer-reviewed sources and commercially developed 
circularity assessment tools. However, it is acknowledged that some industry tools, reports or 
broader grey literature sources may not have been fully captured, representing a limitation and 
an opportunity for future research.

3.2 Second step: Fuzzy Delphi Method
FDM was employed to refine, validate and prioritize building circularity KPIs by 
incorporating expert opinions while addressing uncertainty and subjectivity. Unlike 
traditional Delphi, FDM allows expert to express confidence judgments, enhancing results’ 
reliability (Habibi et al., 2015; Padilla-Rivera et al., 2021). This is essential in navigating 
complexities and uncertainties in implementing circular thinking at the building level (Rahla 
et al., 2021). Fuzzy Set Theory (FST) is particularly relevant for assessing building circularity, 
as standardized measurements are impractical due to unique building characteristics 
(Durmisevic, 2005; Van Vliet, 2018). As depicted in Figure 1, FDM was conducted through 
questionnaire surveys in two rounds which are discussed subsequently. The number of Delphi 
rounds was determined by the study’s aim rather than a fixed iteration requirement. Prior 
research indicates that two to three rounds are sufficient for most Delphi studies, particularly 
when the expert panel is relatively homogeneous and the aim is to clarify or prioritize 
judgments. The study’s objective is to refine and stabilize expert judgments regarding KPI 
relevance and importance, which requires fewer than three rounds, while additional rounds 
often yield limited gains and increase respondent fatigue (Skulmoski et al., 2007; Hsu and 
Sandford, 2007; Hasson et al., 2000).

3.2.1 First Fuzzy Delphi Method Round. The first FDM round aimed to validate and rank 
identified KPIs from the meta-synthesis approach.

Participant selection: This round was implemented with a panel of 17 experts from 
academia, industry and government. Ethics approval for conducting the survey was obtained 
from Deakin University, under approval number SEBE-2023–66, ensuring that all procedures 
complied with institutional and national guidelines for research involving human participants. 
Experts were selected based on their experience in circular economy, sustainable construction, 
waste management and building design. To ensure the relevance and representativeness of the 
panel, the Peer Esteem Snowballing Technique (PEST) was employed (Christopoulos, 2009). 
This method is particularly useful in expert-based studies where the target population is 
difficult to define, and where (1) the subject is too complex for general public responses and (2) 
the boundaries and size of the expert population are uncertain. These challenges applied 
directly to this research on CE KPIs in buildings. While PEST may raise concerns regarding 
selection bias, previous research shows that snowball-based approaches can converge toward 
representative samples when recruitment proceeds through multiple waves (Heckathorn, 
2002). PEST reduces bias associated with initial selection by objectively identifying 
knowledgeable informants and validating expertise through peer nominations, rather than 
relying on reputation or position alone. As recruitment progresses, the influence of initial 
contacts diminishes, and an equilibrium composition of experts can be reached that is 
independent of the starting sample (Christopoulos, 2009).
The profiles of the selected experts are shown in Table 1. In typical Delphi studies, the panel 

size remains small (Lilja et al., 2011). If participants are homogeneous, a sample size of
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Table 1. Profile of the experts for FDM

Id Group Occupation Experience Description* Country

P1 00 Industry/ 
Academic

University 
lecturer and 
researcher

13 years Member of many Australian 
and Victorian waste 
management associations and 
scientific committee member 
for international scientific 
institutions, developing policy 
recommendations for a range 
of public sector and industry 
associations

Australia

P2 00 Industry Circular 
economy 
specialist and 
consultant

8 years Advising many projects in the 
built environment, contributed 
to the development of a 
national guidance on building 
disassembly, providing CE-
related governance models, 
policy briefings and strategic 
plans for international and 
national initiatives

Australia

P3 00 Academic University 
lecturer and 
researcher

>30 years Expertise and active researcher 
in sustainable construction 
with extensive experience in 
life cycle assessment, circular 
economy applications and 
climate resilience in the built 
environment, including 
retrofitting existing and 
heritage buildings

UK

P4 Academic University 
lecturer and 
researcher

11 years Active researcher with 
expertise in circular economy, 
sustainable construction and 
modular building design, 
applying life cycle assessment 
and circularity metrics to 
reduce embodied impacts and 
improve resource efficiency in 
the built environment

Australia

P5 00 Government Policy
researcher

11 years Researcher specializing in 
circular economy strategies for 
the construction sector, with 
expertise in building product 
circularity, façade component 
material flows, demolition 
waste recycling and resource-
efficient renovation systems 

The Netherlands

P6 Industry Circular 
economy 
specialist and 
consultant

7 years Expertise in circular economy, 
life cycle assessment and 
strategies to minimize 
construction and demolition 
waste

Australia

P7 00 Industry Researcher and 
CE consultant

7 years Active researcher in CE and 
net zero carbon contributed to 
the sustainability and CE 
assessment of several projects 
in the built environment

Australia

(continued )
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Table 1. Continued

Id Group Occupation Experience Description* Country

P8 00 Industry Project manager 15 years Experienced in both private 
and public sector, overseeing 
large-scale construction 
projects with expertise in 
circular economy, life cycle 
assessment and renovation 
strategies to decarbonize the 
built environment

Germany

P9 Academic University 
lecturer and 
researcher

13 years Active researcher in CE, 
leading several research 
projects related to CE and 
carbon reduction in 
construction projects, leader 
and member of various 
international and Australian 
research-based institutions 

Australia

P10 Industry CE project 
manager

6 years Specializing in CE initiatives 
within the construction sector, 
with experience supporting the 
delivery of sustainability-
focused projects in a large-
scale national development 
company

Australia

P11 00 Academic University 
lecturer and 
researcher

10 years Expertise in sustainable and 
circular building design, 
focusing on façade systems, 
energy efficiency and 
renovation strategies, as well 
as integrating product 
development and 
industrialized construction 
methods to decarbonize the 
built environment 

The Netherlands

P12 Academic University 
lecturer and 
researcher

11 years Specializing in circular built 
environment, focusing on bio-
based building products, 
circular product design and the 
integration of circularity 
principles into architectural 
education and practice 

The Netherlands

P13 00 Industry/ 
Academic

Architect/ 
University 
lecturer and 
researcher

16 years Expertise in sustainable 
building design, material 
efficiency and circular 
economy principles. 
Experienced in reducing 
material demand, enabling 
design for deconstruction and 
reuse and collaborating with 
industry to minimize the built 
environment’s carbon impact

UK

(continued )
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approximately 10–15 individuals may produce satisfactory outcomes (Skulmoski et al., 2007). 
Studies employing similar methodologies to evaluate circularity in the construction industry or 
assess sustainability have used sample sizes ranging from 7 to 39 participants (Chen et al., 
2018; Hendiani and Bagherpour, 2019; Kumar and Anbanandam, 2019; Ocampo et al., 2018; 
Tokazhanov et al., 2022; Van Vliet, 2018; Vijayakumar et al., 2023). Although most experts 
were based in developed construction contexts, this reflects the study’s focus on participants 
with both advanced knowledge and practical experience in circular economy implementation 
and circular building strategies.

Data collection instruments. The questionnaire used in this round comprised semi-
structured questions. These questions were structured into six KPI categories – material, 
waste, energy, water, CO 2 emissions and design – with each category containing the relevant 
KPIs identified during the meta-synthesis. Experts then rated these KPIs using a seven-point 
Likert scale, from strongly disagree to strongly agree. Additionally, an additional open-ended

Table 1. Continued

Id Group Occupation Experience Description* Country

P14 Academic University 
lecturer and 
researcher

10 years Active researcher in 
sustainable and circular built 
environment, focusing on life 
cycle assessment and the 
integration of CE principles in 
practice, leader and member of 
various international research-
based institutions

Chile

P15 00 Government Policymaker 25 years Senior sustainability 
professional in construction, 
design and materials 
management, contributing to 
national and international 
working groups on circular 
economy and responsible 
product procurement 

Australia

P16 00 Industry Structural
engineer

8 years Delivering projects across 
research, education and 
commercial sectors, with 
specialist expertise in the 
application of design for 
manufacture and assembly 
principles

Germany

P17 Academic University 
lecturer and 
researcher

12 years Research leader in sustainable 
building innovation, with 
expertise in socio-technical 
transitions to low-carbon urban 
futures. Experienced in 
sustainable housing, compact 
city development and 
integrating circular economy 
principles across the building 
life cycle, with a strong focus 
on policy, regulation and 
industry collaboration

Australia

Note(s): 00 Participant participated in both rounds
* The descriptions are slightly modified to maintain the anonymity 
Source(s): Authors’ own work
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question asked participants to suggest any additional KPIs. The survey was conducted online 
using the Qualtrics platform. Ethics approval for conducting the survey was obtained from the 
Deakin University, ensuring that all procedures complied with institutional and national 
guidelines for research involving human participants. On average, participants took about 
25 min to complete the survey.

Data analysis. Data analysis in this round followed FST. Fuzzy logic translated the 
collected data into degrees of membership, capturing expert consensus and ensuring that 
indicators with higher agreement were included in the final KPI list. A threshold value 
(λ 5 0.65) was applied to determine inclusion or exclusion of KPIs (Shen et al., 2011), resulted 
in the “final list of KPIs” and their ranks (prioritizations) presented in Section 4.1. An open-
ended question allowed additional KPI suggestions. Cronbach’s alpha for the first 
questionnaire was 0.930, indicating high reliability (Kocak et al., 2014).

3.2.2 Second Fuzzy Delphi Method Round. The second FDM round focused on assigning 
weights to the validated KPIs from the first FDM round.

Data collection. Recognizing that not all KPIs contribute equally to circularity, the 
weighting process is treated as a MCDM problem under uncertainty. In this context, 
methods such as the Analytical Hierarchy Process (AHP) and Analytical Network Process 
(ANP) are commonly applied for variable weighting (Abdullah and Adawiyah, 2014;
€Ozt€urk and Batuk, 2007), particularly in CE assessments (dos Santos Gonçalves and
Campos, 2022). ANP is typically employed when there are discernible interconnections 
among criteria and sub-criteria (S�anchez-Garrido et al., 2022). Given the lack of evidence 
supporting such interdependence in this study (Lee et al., 2021), AHP was deemed more 
appropriate for the objectives of the research. In a comprehensive systematic literature 
review by dos Santos Gonçalves and Campos (2022), AHP demonstrates the most 
commonly used method in the CE assessment area. The application of AHP is appropriate 
for this study, as the framework aims to prioritize KPIs and give them weights rather than to 
model detailed relationships between KPIs. Traditional AHP, which derives weights 
through pairwise comparisons, was enhanced with fuzzy logic (Buckley, 1985; Chang, 
1996), which resulted in the Fuzzy AHP (FAHP) to better capture uncertainty and 
subjectivity in expert judgments (Kahraman, 2018; Lee, 2009).

Instruments and participants: The second-round questionnaire was designed based on the 
findings from the initial round. Ten participants from the first round (refer to Table 1) provided 
pairwise comparisons of the KPIs, employing a 5-point Likert scale, from equal to extremely 
important. The survey was conducted online through Qualtrics. On average, the completion 
time for the survey was approximately 35 min. Ethics approval for this round was covered 
under the same approval obtained for the first round (SEBE-2023–66), as it represented a 
continuation of the original study.

Data analysis: FAHP methodology was used to convert the collected linguistic 
assessments into fuzzy numbers and aggregated using geometric mean method. The fuzzy 
synthetic extent analysis method was then used to calculate the relative weights of the KPIs 
at their categories that reflect the relative importance of each KPI for the building 
circularity assessment, shown in Section 4.2. The derived weights are intended to support 
prioritize and compare circularity KPIs at the design stage. Their application in real-world 
building assessments requires additional assessment framework with mathematical 
formulations, which are beyond the scope of this study, and is identified as a direction 
for future research.

4. Findings
This section first presents the findings from the meta-synthesis and the first FDM round, 
followed by results of second FDM round. The results demonstrate both the 
comprehensiveness of the proposed BC KPI F and the prioritization of indicators across 
different building levels.
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4.1 Circularity KPIs related to buildings
The meta-synthesis identified KPIs related to micro-level, categorized based on CE principles 
and 10 R strategies, serving as representations of these concepts (Mu~noz et al., 2023, 2024). 
CE principles – regenerate, slow the loop, close the loop and narrow – align with 10 R 
framework, which categorizes circular strategies into short (R0–R3), middle-long (R4–R6) 
and long loops (R7–R9) based on their impact (Bocken et al., 2016; Çetin et al., 2021; 
Kirchherr et al., 2017; Mani et al., 2025; Triguero et al., 2022). Achieving CE objectives 
requires practices like design for durability, disassembly and resource efficiency (Minunno 
et al., 2018; Shooshtarian et al., 2023). To assess CE performance effectively, KPIs must 
translate these principles and strategies into measurable outcomes (Mu~noz et al., 2023, 2024). 
The meta-synthesis yielded 52 unique KPIs, which formed the basis for the first round of 
FDM. The degree of membership for each KPI was then calculated and compared against the 
Lambda value of 0.65. As shown in Figure 2, all KPIs surpassed this threshold and were 
included in the final list.
Based on the definition adopted in this study, the study’s scope, and the requirements 

outlined in Section 2, KPIs covered resource inflow, resource outflow and physical attributes 
across design, construction, use and EOL phases of buildings. To align with ISO 59020 (2023) 
standard giving guidance on evaluating CE, KPIs were categorized based on its core circularity

Figure 2. Degree of membership for each KPI compared to the threshold value (0.65). Source: Authors’ 
own work
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indicators: “Resource Inflows,” “Resource Outflows,” “Energy” and “Water.” The 
“Economic” category was excluded as it is beyond this study’s scope. While this standard 
allows for additional indicators and sustainability impact assessment methods, such as LCA, 
this study adds “CO 2 Emissions” as an additional category. Furthermore, ISO 20887 (2020) 
standard highlights “design for disassembly and adaptability” in sustainable construction, 
leading to the inclusion of an additional “Design and Others” category to ensure a 
comprehensive circularity assessment. The final categories are Material (M): 18 KPIs, Waste 
(W): 12 KPIs, Energy (E): 2 KPIs, Water (A): 3 KPIs, CO 2 Emissions (C): 1 KPI and Design 
and Others (D): 16 KPIs.

4.2 Building circularity KPIs framework
The FAHP process discussed in Section 3.2.2 was employed to calculate the global weights of 
KPIs at each category. These weights reflect the relative importance of KPIs in promoting 
circularity within its respective category. The prioritization of KPIs indicates the experts’ 
views on the most effective circular strategies in building design and lifecycle management. 
Based on the results, this study developed BC KPI F, as illustrated in Figure 3. The innermost 
layer presents the KPIs categories, followed by the KPIs within each category. The subsequent 
layer shows the CE principles and 10 R strategies associated with each KPI. The next layer 
shows the relative weights of KPIs calculated at each category, while the outermost layer 
depicts KPI rankings based on the degree of membership (Figure 2).
Within the material category, reused materials received the highest weight, followed by 

repaired materials. Recycled and refurbished materials ranked closely behind, while 
renewable virgin materials received the lowest weighting. For waste category, waste 
reusing was prioritized highest, with bio decomposition and waste recycling ranking second 
and third, respectively. Energy recovery was considered the least preferred one. Among the 
KPIs related to the environmental performance categories including energy, water and CO 2 
emissions, energy renewability was prioritized highest, followed by water circularity, and CO 2 
emissions were ranked third.
Within the design category, the KPIs related to the building components, resilience and 

durability were ranked first and second, indicating strong emphasis on long-term performance. 
Repairability and take-back systems followed in third and fourth positions. Conversely, 
commonality and transportability were assigned lower importance, ranking eighth and ninth, 
respectively. Among the KPIs applicable to building system level, modularity received the 
highest ranking, reflecting its importance in flexible and circular building systems. 
Prefabrication was also highly valued, followed by simplicity in third place. Regarding the 
whole building design, refuse unnecessary new construction was prioritized over adaptability, 
underscoring the preference for minimizing new resource demand.
The findings regarding KPI ranks/prioritizations at all categories also highlight that 

“disassembly” (D5) and “refuse unnecessary new construction” (D1) achieved the highest 
rankings among the whole KPIs, both within the design category. These KPIs strongly 
promote the integration of CE principles such as slow and narrow principles and align with R 
strategies like reuse and refuse, respectively. The next eight top-ranked KPIs include durability 
of products (D16), material health (M2), material durability (M18), resilience (D9), 
repairability (D15), deconstruction (D8), reused material input (M9) and waste reusing 
(W4). Among these 10 highest-ranked KPIs, six belong to design category, three to material 
category and one to waste category.
Compared to previous frameworks, BC KPI F offers a more comprehensive and systemic 

approach to building circularity. By integrating major aspects of circularity, it enables a more 
informed selection of technologies, construction methods and materials for circular building 
designs. For instance, strategies such as deconstruction (D8) and prefabrication assemblies 
(D10) facilitate material recovery at EOL, while the use of biological materials (M3) and the 
avoidance of hazardous materials (M2) reduce environmental contamination. Although all
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Figure 3. Building circularity KPIs framework (BC KPI 
F). Source: Authors’ own work
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KPIs are valuable and should be considered, their prioritization is essential for guiding 
decision-making and maximizing circularity outcomes in building designs. Moreover, the 
framework’s alignment with international standards enhances its credibility and applicability 
across different regulatory and policy contexts.

5. Discussion
The BC KPI F offers a comprehensive, sector-specific and structured approach for selecting 
proper KPIs to assess building circularity compared to existing frameworks like Building 
circularity indicator (BCI), Whole building circularity indicator (WBCI) and One Click LCA. 
Previous metrics focus primarily on material flows, often neglecting crucial aspects like 
environmental impacts, energy renewability, water circularity and design strategies like 
simplicity and modularity. As a result, many existing approaches adopt narrow scopes (e.g. 
waste reduction or recycling rates), rather than a holistic view of circularity. In contrast, 
BC KPI F incorporates a broader range of CE strategies, covering resource inflows, outflows, 
energy, water, emissions and design attributes, ensuring a more detailed assessment. By 
integrating KPIs that span both technical and design-related dimensions, the framework 
supports circularity across multiple stages of building projects, from design decisions through 
construction, operation and EOL considerations. This framework enables different building 
stakeholders to engage with circularity using a shared assessment logic tailored to their roles 
and responsibilities.
While existing frameworks mainly focus on closing or slowing loops, through reuse and 

recycling, they often overlook higher-priority strategies such as R0-Refuse (Refuse 
Unnecessary Construction KPI) and R1-Rethink (Material availability/criticality KPI) 
which narrow the loop. By explicitly incorporating these strategies, BC KPI F addresses an 
important gap in current CE metrics. Even though many of the identified KPIs originate from 
existing frameworks, no single comprehensive metric covers all these crucial KPIs in an 
integrated method. As illustrated in Figure 3, each category targets specific CE principles and 
strategies. Material and waste KPIs focus on resource efficiency, reuse, reduction and 
recycling practices, which are critical for minimizing environmental impact and transitioning 
from linear to circular resource management. At the project initiation and design stages, KPIs 
related to refusing unnecessary new construction, material availability, modularity and 
standardization guide decisions that reduce resource demand before detailed planning. For 
architects and design teams, these KPIs provide early-stage guidance on embedding circular 
principles into building form, systems and material choices. During the construction and 
execution phase, material and waste-related KPIs support improved planning, monitoring and 
control of resource use, waste generation and recovery pathways, encouraging practices such 
as reuse of construction waste and minimization of material losses on site. For contractors and 
construction managers, the framework can be used to support procurement strategies and on-
site practices that align delivery processes with circularity objectives.
Energy and water KPIs enhance circularity assessments by addressing resource 

conservation through KPIs such as renewable energy use and water recycling rates. These 
KPIs highlight opportunities to reduce dependency on finite resources and mitigate 
environmental degradation. Additionally, integrating CO 2 calculations strengthens the link 
between CE strategies and climate considerations, reinforcing the need to incorporate 
environmental performance into circularity assessment. This highlights the holistic nature of 
the proposed framework, as circularity scores alone are insufficient for informed choices 
(Niero and Kalbar, 2019). These elements are vital in supporting higher-level circular 
strategies, particularly R2 (Reduce) by minimizing energy and water consumption and 
lowering environmental impacts. For example, reusing water through closed-loop systems or 
utilizing renewable energy sources aligns with circular principles by reducing dependence on 
virgin resources. These environmental KPIs support decision-making at multiple stages. At 
the design stage, they guide early choices on efficiency and renewable resource integration.
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During construction, they help reduce resource use and emissions. Additionally, in operation, 
they underpin long-term reductions in energy, water use and associated CO 2 emissions. 
Consideration of embodied emissions at EOL further reinforces the importance of early-stage 
design decisions in shaping environmental impacts. As circularity aims to move beyond waste 
reduction toward maintaining resources at their highest utility, integrating these overlooked 
dimensions and KPIs is essential for a more comprehensive assessment of circular 
performance in buildings.
A key distinction of BC KPI F is the inclusion of design-related KPIs, which have received 

less attention in previous CE metrics. Strategies like modularity, standardization and 
prefabrication underscore the importance of incorporating circular principles early in the 
design process to enhance reuse, refurbishment and recyclability of components and minimize 
waste (Minunno et al., 2018; Machado and Morioka, 2021). Design KPIs form the backbone of 
circular building practices, ensuring structures can be reused or deconstructed without 
generating excessive waste. These design-oriented KPIs also play a critical role during the 
operational and EOL phases by enabling adaptability, ease of maintenance and component 
replacement, thereby extending building service life and reducing the need for demolition or 
major refurbishment. These KPIs reflect circular design practices that directly support higher-
priority circular strategies, particularly R1 (Refuse), R2 (Reduce) and R3-R7 (Reuse, Repair, 
Refurbish, Remanufacture, Repurpose). These strategies are crucial because as we move 
toward the top of the 10 R framework, their impact on minimizing resource consumption and 
maximizing material retention becomes significant. Failing to incorporate these KPIs into 
assessments contributes to overlooking fundamental design-driven circularity aspects that 
enhance long-term resource efficiency and waste reduction. By linking these strategies to 
multiple project stages, from initiation and design to operation and EOL, the BC KPI F 
demonstrates its capacity to promote circularity across the entire building lifecycle.
Furthermore, our results show that reused and repaired materials received the highest 

weights, confirming the critical role of slowing loops rather than relying primarily on 
recycling. This is consistent with Mu~noz et al. (2024) and Amarasinghe et al. (2024), who 
similarly emphasize reuse-oriented strategies. However, unlike their model, which excluded 
“refuse” from analysis, our framework demonstrates that “refuse unnecessary new 
construction” emerged as one of the most highly ranked KPIs. This distinction reveals the 
importance of avoiding resource demand altogether when circularity is assessed at the building 
scale. The lower prioritization of renewable virgin materials indicates a preference for 
conserving existing resources, reinforcing alignment with the 10 R hierarchy. It also reflects a 
clear preference for regenerative and value-preserving loops, indicating that preventing 
materials from entering waste streams is the most impactful strategy.
Moreover, energy renewability was prioritized over water circularity and CO 2 emissions, 

underlining the necessity to integrate renewable energy systems and reduce reliance on fossil 
fuels. The results suggest that while reducing emissions remains critical, experts might 
consider it as a result of implementing other CE and sustainability strategies rather than a 
primary factor to address on its own. For example, prioritizing Energy Renewability and Water 
Circularity directly reduces carbon emissions by decreasing reliance on fossil fuels and 
improving resource efficiency. Since these strategies inherently contribute to lowering 
emissions, experts may have ranked CO 2 emissions lower because it is already addressed 
through broader CE efforts rather than requiring separate intervention. Although its lower 
significance compared to energy renewability and water circularity, it still carries significance 
in circularity assessment. This aligns with Mu~noz et al. (2024) and Khadim et al. (2025) where 
carbon performance was directly integrated as part of their circularity framework.
Additionally, the prioritization of design-related KPIs indicates that experts view design-

driven interventions as the foundation of building circularity, placing higher value on 
strategies that enable adaptability, extend service life and facilitate reuse at EOL. These results 
align closely with the study by Amarasinghe et al. (2024), in which they highlighted 
modularity, prefabrication and disassembly as highly-ranked factors in material circularity
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assessment. Overall, experts prioritized strategies that conserve resources, extend lifespans 
and minimize the need for new material inputs. This outcome reflects a circular hierarchy 
consistent with the 10 R framework (e.g. Refuse > Rethink > Reduce > Reuse > Repair > 
Refurbish > Remanufacture > Repurpose > Recycle > Recover). These priorities align with 
recent literature that criticizes over-reliance on recycling and instead encourages systemic 
design and value preservation approaches (Mu~noz et al., 2024; Arup and Ellen 
MacArthur, 2022).
While BC KPI F provides a structured and comprehensive approach to prioritizing circularity 

KPIs, its applicability should be interpreted considering certain scope-related limitations. The 
exclusion of economic and social dimensions means that the framework primarily supports 
technical and environmental decision-making at the design stage and does not capture trade-
offs related to cost, market readiness or social outcomes that influence real-world adoption. 
These limitations do not undermine the internal logic of the framework, but they indicate that 
BC KPI F is most appropriately applied as a decision-support and prioritization tool to measure 
the technical and environmental circularity of buildings. For policymakers and government 
agencies, the ranked KPIs provide an evidence-based foundation for shaping regulations, 
procurement requirements and incentive mechanisms that promote circular design strategies 
and discourage resource-intensive construction practices.

6. Conclusions
This study developed and validated the building circularity KPIs framework (BC KPI F), which 
integrates a comprehensive set of weighted KPIs to systematically evaluate building 
circularity at the design stage. Unlike previous frameworks that addressed circularity in 
fragmented ways, BC KPI F systematically combines 52 KPIs within six main CE categories of 
material, waste, energy, water, emissions and design strategies, while embedding CE 
principles and 10 R strategies. The ranking and weighting of KPIs address existing 
inconsistencies, providing greater clarity on their relative importance and enabling more 
informed decision-making in building design and policy formulation. By shifting attention 
from isolated circular actions to a prioritized understanding of circularity, the framework 
encourages designers and decision-makers to reflect on where circular value is created, 
retained or lost across a building.
The originality of this research lies in its comprehensive coverage and prioritization of 

underrepresented CE aspects, particularly design-related strategies, such as refuse unnecessary 
new construction, modularity, prefabrication and standardization, which are largely overlooked 
in existing metrics. Although earlier frameworks primarily focused on Material and “Waste” 
categories, BC KPI F includes essential KPIs taken less attention or have been overlooked in 
previous studies, such as material health, biological material input and output, and material 
availability. In addition, the framework expands circularity assessment by incorporating 
“Energy,” “Water” and “CO 2 Emissions,” largely overlooked in existing frameworks. BC KPI F’s 
prioritization of KPIs and their relative weights provides practical insights into the strategies 
most valued in practice. High-racked KPIs such as disassembly, refuse new construction, 
reused and repaired materials, material health, waste reusing and deconstruction reflect expert 
consensus on strategies that best align with high-level circularity principles.
In practice, BC KPI F equips industry practitioners with a structured guide to target and 

prioritize impactful interventions such as deconstruction, reuse of waste or selection of 
technologies, methods and materials with the highest circular impact. For policymakers, the 
ranked KPIs justify embedding circular design requirements such as modularity and reuse and 
discouraging excessive new development in procurement and regulatory frameworks and 
highlight the need to strengthen secondary material markets. Beyond these practice and policy 
implications, BC KPI F contributes directly to the United Nations Sustainable Development 
Goals (SDGs) by advancing responsible consumption and production (SDG 12), climate 
action (SDG 13), health and well-being through non-toxic materials (SDG 3), industry
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innovation and infrastructure (SDG 9) and sustainable cities and communities (SDG 11). 
Collectively, BC KPI F provides a basis for developing standardized circularity assessment tools 
that can facilitate benchmarking and decision-making across building projects. Future 
applications of the framework may include its integration into digital design workflows, 
circularity assessment tools or early-stage decision-support systems to compare alternative 
design scenarios based on their prioritization rankings.
Despite the comprehensive scope of the meta-synthesis, some relevant studies, industry 

reports or broader grey literature sources may not have been fully captured. More importantly, 
BC KPI F is conceptualized as a generalized framework designed to address a broader class of 
problems related to the lack of a comprehensive and standardized approach for evaluating 
building circularity at the design stage, rather than being limited to specific building cases or 
contexts. Generalization in this study refers to the ability of the framework to maintain 
conceptual validity and practical relevance across different building scenarios, types and 
contexts (Carvalho, 2012; Gregor and Jones, 2007). The generalizability of BC KPI F is 
supported by the abstraction of circular economy principles and 10 R strategies into a 
structured and weighted KPI set that is not tied to a specific building typology or geographic 
location, enabling its application across residential, commercial, institutional and other 
building types without compromising its underlying logic. The inclusion of expert input from 
diverse professional and contextual backgrounds further supports the applicability of BC KPI F 
across different contexts. While the KPIs have been identified from various studies, future 
research should explore the applicability of these KPIs across other industries to adapt these 
indicators to specific context of the industry. Additionally, the exclusion of other CE aspects, 
including economic and social factors, due to the study’s scope represents another limitation 
that future research can further examine. Future studies may explore how economic feasibility, 
life-cycle costs, market readiness and social value considerations can be integrated alongside 
environmental and technical KPIs to support more holistic circularity assessments. Moreover, 
the dynamic nature of CE necessitates the need for continuous refinement of KPIs to 
incorporate emerging practices and technologies. This includes accounting for new 
construction methods, digital tools and circular business models that may influence 
circularity performance over time. Future application of BC KPI F in case studies is 
recommended which requires the development of mathematical formulations and scoring 
mechanisms. Therefore, future research should focus on refining building circularity 
assessment models and developing standardized metrics using BC KPI F to integrate 
comprehensive set of circular principles and strategies into the design stage. Collaboration 
among stakeholders is vital for the widespread adoption of CE practices in built environment.

Ethical statement
This research involved human participants and received ethical approval from the Deakin University 
Human Research Ethics Committee (Approval No. SEBE-2023–66). All expert participants provided 
informed consent prior to their participation in the study.

AI disclosure
AI-based tool (Grammarly) was used to support language and grammar editing and clarity of expression 
in parts of the manuscript. All conceptual development, data interpretation and scholarly content were 
developed by the authors.

References
Abad, F., Rameezdeen, R. and Chileshe, N. (2024), “Circular economy design strategies in mass timber 

construction: a systematic literature review”, Smart and Sustainable Built Environment, Vol. 23, 
pp. 1-23, doi: 10.1108/SASBE-05-2024-0183.

Smart and 
Sustainable Built 

Environment

Downloaded from http://ftp.nowpublishers.com/sasbe/article-pdf/doi/10.1108/SASBE-11-2025-0708/11294682/sasbe-11-2025-0708en.pdf by guest on 01 July 2026

https://doi.org/10.1108/SASBE-05-2024-0183


Abdullah, L. and Adawiyah, C.W.R. (2014), “Simple additive weighting methods of multi criteria 
decision making and applications: a decade review”, International Journal of Information 
Processing and Management, Vol. 5, p. 39, doi: 10.1108/SASBE-05-2024-0183.

Amarasinghe, I., Hong, Y. and Stewart, R.A. (2024), “Development of a material circularity evaluation 
framework for building construction projects”, Journal of Cleaner Production, Vol. 436, 
140562, doi: 10.1016/j.jclepro.2024.140562.

Arup and Ellen Macarthur, F. (2022), “Circular buildings toolkit (CBT)”, [Online], available at: https:// 
ce-toolkit.dhub.arup.com/ (accessed 11 April 2025).

Badampudi, D., Wohlin, C. and Petersen, K., “Experiences from using snowballing and database 
searches in systematic literature studies”, Proceedings of the 19th international conference on 
evaluation and assessment in software engineering, New York NY, 2015, Association for 
Computing Machinery, United States, pp. 1-10, doi: 10.1145/2745802.2745818.

Bhavsar, V., Sridharan, S.R., Sudarsan, J., Gedam, V.V. and Padhan, H. (2025), “Circular economy and 
construction demolition waste management: a scientometric perspective”, Smart and Sustainable 
Built Environment, Vol. ahead-of-print No. ahead-of-print, doi: 10.1108/SASBE-07-2024-0261.

Bocken, N.M.P., De Pauw, I., Bakker, C. and Van Der Grinten, B. (2016), “Product design and business 
model strategies for a circular economy”, Journal of industrial and production engineering, 
Vol. 33 No. 5, pp. 308-320, doi: 10.1080/21681015.2016.1172124.

Bowen, P.A., Edwards, P.J. and Cattell, K. (2012), “Corruption in the South African construction 
industry: a thematic analysis of verbatim comments from survey participants”, Construction 
Management and Economics, Vol. 30 No. 10, pp. 885-901, doi: 10.1080/ 
01446193.2012.711909.

Braun, V. and Clarke, V. (2006), “Using thematic analysis in psychology”, Qualitative Research in 
Psychology, Vol. 3 No. 2, pp. 77-101, doi: 10.1191/1478088706qp063oa.

Braun, J., King, D. and Philippe, J. (2022), “Measuring the circular economy: an Australian 
perspective”, available at: https://apo.org.au/node/316467 (accessed 20 March 2025).

Bs-Iso-En-15978 (2011), “BS ISO EN 15978: 2011”, Sustainability of construction works-assessment 
of environmental performance of buildings-calculation method, available at: https:// 
knowledge.bsigroup.com/products/sustainability-of-construction-works-assessment-of-
environmental-performance-of-buildings-calculation-method (accessed 5 November 2024).

Buckley, J.J. (1985), “Fuzzy hierarchical analysis”, Fuzzy Sets and Systems, Vol. 17 No. 3, pp. 233-247: 
10.1016/0165-0114(85)90090-9.

Carvalho, J.�A. (2012), “Validation criteria for the outcomes of design research”, available at: https://
repositorium.uminho.pt/handle/1822/21713 (accessed 12 December 2024).

Cayzer, S., Griffiths, P. and Beghetto, V. (2017), “Design of indicators for measuring product
performance in the circular economy”, International Journal of Sustainable Engineering, Vol. 10 
Nos 4-5, pp. 289-298, doi: 10.1080/19397038.2017.1333543.

Çetin, S., De Wolf, C. and Bocken, N. (2021), “Circular digital built environment: an emerging 
framework”, Sustainability, Vol. 13 No. 11, p. 6348, doi: 10.3390/su13116348.

Ch�afer, M., Cabeza, L.F., Pisello, A.L., Tan, C.L. and Wong, N.H. (2021), “Trends and gaps in global
research of greenery systems through a bibliometric analysis”, Sustainable Cities and Society, 
Vol. 65, 102608, doi: 10.1016/j.scs.2020.102608.

Chang, D.-Y. (1996), “Applications of the extent analysis method on fuzzy AHP”, European Journal of 
Operational Research, Vol. 95 No. 3, pp. 649-655, doi: 10.1016/0377-2217(95)00300-2.

Chen, C.-W., Wang, J.-H., Wang, J.C. and Shen, Z.-H. (2018), “Developing indicators for sustainable 
campuses in Taiwan using fuzzy Delphi method and analytic hierarchy process”, Journal of 
Cleaner Production, Vol. 193, pp. 661-671, doi: 10.1016/j.jclepro.2018.05.082.

Christopoulos, D. (2009), “Peer Esteem Snowballing: a methodology for expert surveys”, New
Techniques and Technologies for Statistics 2009, [Online], available at: https://
researchportal.hw.ac.uk/en/publications/peer-esteem-snowballing-a-methodology-for-expert-
surveys/ (accessed 9 April 2025).

SASBE

Downloaded from http://ftp.nowpublishers.com/sasbe/article-pdf/doi/10.1108/SASBE-11-2025-0708/11294682/sasbe-11-2025-0708en.pdf by guest on 01 July 2026

https://doi.org/10.1108/SASBE-05-2024-0183
https://doi.org/10.1016/j.jclepro.2024.140562
https://ce-toolkit.dhub.arup.com/
https://ce-toolkit.dhub.arup.com/
https://doi.org/10.1145/2745802.2745818
https://doi.org/10.1108/SASBE-07-2024-0261
https://doi.org/10.1080/21681015.2016.1172124
https://doi.org/10.1080/01446193.2012.711909
https://doi.org/10.1080/01446193.2012.711909
https://doi.org/10.1191/1478088706qp063oa
https://apo.org.au/node/316467
https://knowledge.bsigroup.com/products/sustainability-of-construction-works-assessment-of-environmental-performance-of-buildings-calculation-method
https://knowledge.bsigroup.com/products/sustainability-of-construction-works-assessment-of-environmental-performance-of-buildings-calculation-method
https://knowledge.bsigroup.com/products/sustainability-of-construction-works-assessment-of-environmental-performance-of-buildings-calculation-method
https://doi.org/10.1016/0165-0114(85)90090-9
https://repositorium.uminho.pt/handle/1822/21713
https://repositorium.uminho.pt/handle/1822/21713
https://doi.org/10.1080/19397038.2017.1333543
https://doi.org/10.3390/su13116348
https://doi.org/10.1016/j.scs.2020.102608
https://doi.org/10.1016/0377-2217(95)00300-2
https://doi.org/10.1016/j.jclepro.2018.05.082
https://researchportal.hw.ac.uk/en/publications/peer-esteem-snowballing-a-methodology-for-expert-surveys/
https://researchportal.hw.ac.uk/en/publications/peer-esteem-snowballing-a-methodology-for-expert-surveys/
https://researchportal.hw.ac.uk/en/publications/peer-esteem-snowballing-a-methodology-for-expert-surveys/


Coenen, T.B.J., Santos, J., Fennis, S.M. and Halman, J.I.M. (2021), “Development of a bridge 
circularity assessment framework to promote resource efficiency in infrastructure projects”, 
Journal of Industrial Ecology, Vol. 25 No. 2, pp. 288-304, doi: 10.1111/jiec.13102.

Corona, B., Shen, L., Reike, D., Carre�on, J.R. and Worrell, E. (2019), “Towards sustainable 
development through the circular economy—a review and critical assessment on current 
circularity metrics”, Resources, Conservation and Recycling, Vol. 151, 104498, doi: 10.1016/ 
j.resconrec.2019.104498.

Cottafava, D. and Ritzen, M. (2021), “Circularity indicator for residential buildings: addressing the gap 
between embodied impacts and design aspects”, Resources, Conservation and Recycling,
Vol. 164, p. 105120, doi: 10.1016/j.resconrec.2020.105120.

Crawford, R. (2011), Life Cycle Assessment in the Built Environment, Routledge, London, 
1135245096.

De Oliveira, C.T. and Oliveira, G.G.A. (2023), “What Circular economy indicators really measure? An 
overview of circular economy principles and sustainable development goals”, Resources, 
Conservation and Recycling, Vol. 190, 106850, doi: 10.1016/j.resconrec.2022.106850.

Dos Santos Gonçalves, P.V. and Campos, L.M.S. (2022), “A systemic review for measuring circular 
economy with multi-criteria methods”, Environmental Science and Pollution Research, Vol. 29 
No. 21, pp. 1-15, doi: 10.1007/s11356-022-18580-w.

Durmisevic, E. (2005), “Transformable building structures: design for disassembly as a way to 
introduce sustainable engineering to building design and construction”, available at: https:// 
resolver.tudelft.nl/uuid:9d2406e5-0cce-4788-8ee0-c19cbf38ea9a (accessed 14 March 2025).

Ellen Macarthur, F. and Granta, D. (2019), “Circularity indicators: an approach to measuring 
circularity”, available at: https://content.ellenmacarthurfoundation.org/m/5df196c8314ff61f/ 
original/Circularity-Indicators-Project-Overview.pdf (accessed 9 April 2025).

Flipsen, B., Bakker, C. and Van Bohemen, G. (2016), “Developing a reparability indicator for 
electronic products”, 2016, Electronics Goes Green 2016þ(EGG), pp. 1-9, doi: 10.1109/ 
EGG.2016.7829855.

Franchetti, M.J. and Apul, D. (2012), Carbon Footprint Analysis: Concepts, Methods, Implementation, 
and Case Studies, CRC Press, Boca Raton, 1439857830.

Genovese, A., Acquaye, A.A., Figueroa, A. and Koh, S.C.L. (2017), “Sustainable supply chain 
management and the transition towards a circular economy: evidence and some applications”, 
Omega, Vol. 66, pp. 344-357, doi: 10.1016/j.omega.2015.05.015.

Geraedts, R. (2016), “FLEX 4.0, a practical instrument to assess the adaptive capacity of buildings”, 
Energy Procedia, Vol. 96, pp. 568-579, doi: 10.1016/j.egypro.2016.09.102.

Gillott, C., Mihkelson, W., Lanau, M., Cheshire, D. and Densley Tingley, D. (2023), “Developing 
Regenerate: a circular economy engagement tool for the assessment of new and existing 
buildings”, Journal of Industrial Ecology, Vol. 27, pp. 423-435, doi: 10.1111/jiec.13377Digital.

Goyal, S., Esposito, M. and Kapoor, A. (2018), “Circular economy business models in developing 
economies: lessons from India on reduce, recycle, and reuse paradigms”, Thunderbird 
International Business Review, Vol. 60, pp. 729-740, doi: 10.1002/ 
tie.21883DigitalObjectIdentifier.

Gregor, S. and Jones, D. (2007), The Anatomy of a Design Theory, Association for Information 
Systems, Atlanta, Georgia.

Gursel, I.V., Elbersen, B. and Meesters, K.P.H. (2023), “Monitoring circular biobased economy– 
systematic review of circularity indicators at the micro level”, Resources, Conservation and 
Recycling, Vol. 197, 107104, doi: 10.1016/j.resconrec.2023.107104.

Habibi, A., Jahantigh, F.F. and Sarafrazi, A. (2015), “Fuzzy Delphi technique for forecasting and 
screening items”, Asian Journal of Research in Business Economics and Management, Vol. 5 
No. 2, pp. 130-143, doi: 10.5958/2249-7307.2015.00036.5.

Hajiheydari, N. and Dabaghkashani, Z., “BPM Implementation critical success factors: applying meta-
synthesis approach”, International Conference on Social Science and Humanity IPEDR, 2011, 
pp. 38-43, available at: https://www.semanticscholar.org/paper/BPM-Implementation-Critical-

Smart and 
Sustainable Built 

Environment

Downloaded from http://ftp.nowpublishers.com/sasbe/article-pdf/doi/10.1108/SASBE-11-2025-0708/11294682/sasbe-11-2025-0708en.pdf by guest on 01 July 2026

https://doi.org/10.1111/jiec.13102
https://doi.org/10.1016/j.resconrec.2019.104498
https://doi.org/10.1016/j.resconrec.2019.104498
https://doi.org/10.1016/j.resconrec.2020.105120
https://doi.org/10.1016/j.resconrec.2022.106850
https://doi.org/10.1007/s11356-022-18580-w
https://resolver.tudelft.nl/uuid:9d2406e5-0cce-4788-8ee0-c19cbf38ea9a
https://resolver.tudelft.nl/uuid:9d2406e5-0cce-4788-8ee0-c19cbf38ea9a
https://content.ellenmacarthurfoundation.org/m/5df196c8314ff61f/original/Circularity-Indicators-Project-Overview.pdf
https://content.ellenmacarthurfoundation.org/m/5df196c8314ff61f/original/Circularity-Indicators-Project-Overview.pdf
https://doi.org/10.1109/EGG.2016.7829855
https://doi.org/10.1109/EGG.2016.7829855
https://doi.org/10.1016/j.omega.2015.05.015
https://doi.org/10.1016/j.egypro.2016.09.102
https://doi.org/10.1111/jiec.13377Digital
https://doi.org/10.1002/tie.21883DigitalObjectIdentifier
https://doi.org/10.1002/tie.21883DigitalObjectIdentifier
https://doi.org/10.1016/j.resconrec.2023.107104
https://doi.org/10.5958/2249-7307.2015.00036.5
https://www.semanticscholar.org/paper/BPM-Implementation-Critical-Success-Factors%3A-Dabaghkashani/d7584a00d4b0bf9feaca24352118059232c150e0


Success-Factors%3A-Dabaghkashani/d7584a00d4b0bf9feaca24352118059232c150e0 (accessed 
14 April 2025).

Harris, S., Martin, M. and Diener, D. (2021), “Circularity for circularity’s sake? Scoping review of 
assessment methods for environmental performance in the circular economy”, Sustainable 
Production and Consumption, Vol. 26, pp. 172-186, doi: 10.1016/j.spc.2020.09.018.

Hasson, F., Keeney, S. and Mckenna, H. (2000), “Research guidelines for the Delphi survey 
technique”, Journal of Advanced Nursing, Vol. 32 No. 4, pp. 1008-1015, doi: 10.1046/j.1365-
2648.2000.t01-1-01567.xDigital.

Heckathorn, D.D. (2002), “Respondent-driven sampling II: deriving valid population estimates from 
chain-referral samples of hidden populations”, Social Problems, Vol. 49 No. 1, pp. 11-34, doi: 
10.1525/sp.2002.49.1.11.

Hendiani, S. and Bagherpour, M. (2019), “Developing an integrated index to assess social 
sustainability in construction industry using fuzzy logic”, Journal of Cleaner Production, 
Vol. 230, pp. 647-662, doi: 10.1016/j.jclepro.2019.05.055.

Horne, R., Dorignon, L., Lawson, J., Easthope, H., Duhr, S., Moore, T., Baker, E., Dalton, T., Pawson, 
H. and Fairbrother, P. (2023), “Informing a strategy for circular economy housing in Australia”, 
available at: https://www.ahuri.edu.au/research/final-reports/403 (accessed 20 March 2025).

Hsu, C.-C. and Sandford, B.A. (2007), “The Delphi technique: making sense of consensus”, Practical 
Assessment, Research and Evaluation, Vol. 12 No. 10, doi: 10.7275/pdz9-th90.

Iso 14044, I. O. F. S (2006), “Environmental management: life cycle assessment; requirements and 
guidelines”, 14044, available at: https://www.iso.org/standard/38498.html (accessed 15 
December 2024).

Iso 20887, I. O. F. S (2020), “Sustainability in buildings and civil engineering works — design for 
disassembly and adaptability— principles, requirements and guidance”, available at: https:// 
www.iso.org/standard/69370.html (accessed 14 February 2025).

Iso 59020, I. S. O (2023), “Draft BS ISO 59020 Circular economy — measuring and assessing 
circularity”, available at: http://iso.org/standard/80650.html (accessed 9 March 2025).

Kahraman, C. (2018), “A brief literature review for fuzzy AHP”, International Journal of the Analytic 
Hierarchy Process, Vol. 10 No. 2, pp. 293-297, doi: 10.13033/ijahp.v10i2.599.

Khadim, N., Agliata, R., Marino, A., Thaheem, M.J. and Mollo, L. (2022), “Critical review of nano and 
micro-level building circularity indicators and frameworks”, Journal of Cleaner Production, 
Vol. 357, 131859, doi: 10.1016/j.jclepro.2022.131859.

Khadim, N., Agliata, R., Thaheem, M.J. and Mollo, L. (2023), “Whole building circularity indicator: a 
circular economy assessment framework for promoting circularity and sustainability in buildings 
and construction”, Building and Environment, Vol. 241, 110498, doi: 10.1016/ 
j.buildenv.2023.110498.

Khadim, N., Agliata, R., Han, Q. and Mollo, L. (2025), “From circularity to sustainability: advancing 
the whole building circularity indicator with life cycle assessment (WBCI-LCA)”, Building and 
Environment, Vol. 269, 112413, doi: 10.1016/j.buildenv.2024.112413.

Kirchherr, J., Reike, D. and Hekkert, M. (2017), “Conceptualizing the circular economy: an analysis of 
114 definitions”, Resources, Conservation and Recycling, Vol. 127, pp. 221-232, doi: 10.1016/ 
j.resconrec.2017.09.005.

Kirchherr, J., Yang, N.-H.N., Schulze-Sp€untrup, F., Heerink, M.J. and Hartley, K. (2023), 
“Conceptualizing the circular economy (revisited): an analysis of 221 definitions”, Resources, 
Conservation and Recycling, Vol. 194, 107001, doi: 10.1016/j.resconrec.2023.107001.

Kocak, C., Egrioglu, E., Yolcu, U. and Aladag, C.H. (2014), “Computing Cronbach alpha reliability 
coefficient for fuzzy survey data”, American Journal of Intelligent Systems, Vol. 4, pp. 204-213, 
doi: 10.5923/j.ajis.20140405.03.

Koksharov, V., Starodubets, N. and Ponomareva, M. (2019), Assessment of an Enterprise Circular 
Economy Development, WSEAS Trans. Bus. Econ, pp. 559-567, available at: https:// 
www.wseas.org/multimedia/journals/economics/2019/b225107-860.pdf (accessed 10 
April 2025).

SASBE

Downloaded from http://ftp.nowpublishers.com/sasbe/article-pdf/doi/10.1108/SASBE-11-2025-0708/11294682/sasbe-11-2025-0708en.pdf by guest on 01 July 2026

https://www.semanticscholar.org/paper/BPM-Implementation-Critical-Success-Factors%3A-Dabaghkashani/d7584a00d4b0bf9feaca24352118059232c150e0
https://doi.org/10.1016/j.spc.2020.09.018
https://doi.org/10.1046/j.1365-2648.2000.t01-1-01567.xDigital
https://doi.org/10.1046/j.1365-2648.2000.t01-1-01567.xDigital
https://doi.org/10.1525/sp.2002.49.1.11
https://doi.org/10.1016/j.jclepro.2019.05.055
https://www.ahuri.edu.au/research/final-reports/403
https://doi.org/10.7275/pdz9-th90
https://www.iso.org/standard/38498.html
https://www.iso.org/standard/69370.html
https://www.iso.org/standard/69370.html
http://iso.org/standard/80650.html
https://doi.org/10.13033/ijahp.v10i2.599
https://doi.org/10.1016/j.jclepro.2022.131859
https://doi.org/10.1016/j.buildenv.2023.110498
https://doi.org/10.1016/j.buildenv.2023.110498
https://doi.org/10.1016/j.buildenv.2024.112413
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1016/j.resconrec.2023.107001
https://doi.org/10.5923/j.ajis.20140405.03
https://www.wseas.org/multimedia/journals/economics/2019/b225107-860.pdf
https://www.wseas.org/multimedia/journals/economics/2019/b225107-860.pdf


Kristensen, H.S. and Mosgaard, M.A. (2020), “A review of micro level indicators for a circular 
economy–moving away from the three dimensions of sustainability?”, Journal of Cleaner 
Production, Vol. 243, 118531, doi: 10.1016/j.jclepro.2019.118531.

Kumar, A. and Anbanandam, R. (2019), “Development of social sustainability index for freight 
transportation system”, Journal of Cleaner Production, Vol. 210, pp. 77-92, doi: 10.1016/ 
j.jclepro.2018.10.353.

Lee, A.H.I. (2009), “A fuzzy AHP evaluation model for buyer–supplier relationships with the 
consideration of benefits, opportunities, costs and risks”, International Journal of Production 
Research, Vol. 47 No. 15, pp. 4255-4280, doi: 10.1080/00207540801908084.

Lee, Y., Hu, J. and Lim, M.K. (2021), “Maximising the circular economy and sustainability outcomes: 
an end-of-life tyre recycling outlets selection model”, International Journal of Production 
Economics, Vol. 232, 107965, doi: 10.1016/j.ijpe.2020.107965.

Lei, H., Yang, W., Wang, W. and Li, C.-Q. (2022), “A new method for probabilistic circular economy 
assessment of buildings”, Journal of Building Engineering, Vol. 57, 104875, doi: 10.1016/ 
j.jobe.2022.104875.

Lilja, K.K., Laakso, K. and Palom€aki, J., “Using the delphi method”, 2011 Proceedings of PICMET’11: 
Technology Management in the Energy Smart World (PICMET), 2011, IEEE, pp. 1-10, available 
at: https://ieeexplore.ieee.org/abstract/document/6017716 (accessed 15 April 2025).

Linder, M., Sarasini, S. and Van Loon, P. (2017), “A metric for quantifying product-level circularity”, 
Journal of Industrial Ecology, Vol. 21 No. 3, pp. 545-558, doi: 10.1111/jiec.12552.

Lovren�ci�c Butkovi�c, L., Mihi�c, M. and Sigmund, Z. (2023), “Assessment methods for evaluating 
circular economy projects in construction: a review of available tools”, International Journal of 
Construction Management, Vol. 23 No. 5, pp. 877-886, doi: 10.1080/15623599.2021.1942770.

Machado, N. and Morioka, S.N. (2021), “Contributions of modularity to the circular economy: a 
systematic review of literature”, Journal of Building Engineering, Vol. 44, 103322, doi: 10.1016/ 
j.jobe.2021.103322.

Mani, S., Hosseini, M.R., Karunsena, G. and Kocaturk, T. (2025), “Inconsistencies revealed: a critical 
analysis of circular economy assessment methods for buildings”, Resources, Conservation and 
Recycling, Vol. 218, 108203, doi: 10.1016/j.resconrec.2025.108203.

Minunno, R., O’grady, T., Morrison, G.M., Gruner, R.L. and Colling, M. (2018), “Strategies for 
applying the circular economy to prefabricated buildings”, Buildings, Vol. 8 No. 9, p. 125, doi: 
10.3390/buildings8090125.

Moraga, G., Huysveld, S., Mathieux, F., Blengini, G.A., Alaerts, L., Van Acker, K., De Meester, S. and 
Dewulf, J. (2019), “Circular economy indicators: what do they measure?”, Resources, 
Conservation and Recycling, Vol. 146, pp. 452-461, doi: 10.1016/j.resconrec.2019.03.045.

Moreno, M., De Los Rios, C., Rowe, Z. and Charnley, F. (2016), “A conceptual framework for circular 
design”, Sustainability, Vol. 8 No. 9, p. 937, doi: 10.3390/su8090937.

Mu~noz, S., Hosseini, M.R. and Crawford, R.H. (2023), “Exploring the environmental assessment of 
circular economy in the construction industry: a scoping review”, Sustainable Production and 
Consumption, Vol. 42, pp. 196-210, doi: 10.1016/j.spc.2023.09.022.

Mu~noz, S., Hosseini, M.R. and Crawford, R.H. (2024), “Towards a holistic assessment of circular 
economy strategies: the 9R circularity index”, Sustainable Production and Consumption, 
Vol. 47, pp. 400-412, doi: 10.1016/j.spc.2024.04.015.

N€ass�en, J., Holmberg, J., Wadeskog, A. and Nyman, M. (2007), “Direct and indirect energy use and 
carbon emissions in the production phase of buildings: an input–output analysis”, Energy, 
Vol. 32 No. 9, pp. 1593-1602, doi: 10.1016/j.energy.2007.01.002.

Niero, M. and Kalbar, P.P. (2019), “Coupling material circularity indicators and life cycle based 
indicators: a proposal to advance the assessment of circular economy strategies at the product 
level”, Resources, Conservation and Recycling, Vol. 140, pp. 305-312, doi: 10.1016/ 
j.resconrec.2018.10.002.

Smart and 
Sustainable Built 

Environment

Downloaded from http://ftp.nowpublishers.com/sasbe/article-pdf/doi/10.1108/SASBE-11-2025-0708/11294682/sasbe-11-2025-0708en.pdf by guest on 01 July 2026

https://doi.org/10.1016/j.jclepro.2019.118531
https://doi.org/10.1016/j.jclepro.2018.10.353
https://doi.org/10.1016/j.jclepro.2018.10.353
https://doi.org/10.1080/00207540801908084
https://doi.org/10.1016/j.ijpe.2020.107965
https://doi.org/10.1016/j.jobe.2022.104875
https://doi.org/10.1016/j.jobe.2022.104875
https://ieeexplore.ieee.org/abstract/document/6017716
https://doi.org/10.1111/jiec.12552
https://doi.org/10.1080/15623599.2021.1942770
https://doi.org/10.1016/j.jobe.2021.103322
https://doi.org/10.1016/j.jobe.2021.103322
https://doi.org/10.1016/j.resconrec.2025.108203
https://doi.org/10.3390/buildings8090125
https://doi.org/10.1016/j.resconrec.2019.03.045
https://doi.org/10.3390/su8090937
https://doi.org/10.1016/j.spc.2023.09.022
https://doi.org/10.1016/j.spc.2024.04.015
https://doi.org/10.1016/j.energy.2007.01.002
https://doi.org/10.1016/j.resconrec.2018.10.002
https://doi.org/10.1016/j.resconrec.2018.10.002


Norouzi, M., Ch�afer, M., Cabeza, L.F., Jim�enez, L. and Boer, D. (2021), “Circular economy in the 
building and construction sector: a scientific evolution analysis”, Journal of Building 
Engineering, Vol. 44, 102704, doi: 10.1016/j.jobe.2021.102704.

Ocampo, L., Ebisa, J.A., Ombe, J. and Escoto, M.G. (2018), “Sustainable ecotourism indicators with 
fuzzy Delphi method–a Philippine perspective”, Ecological Indicators, Vol. 93, pp. 874-888, 
doi: 10.1016/j.ecolind.2018.05.060.

€Ozt€urk, D. and Batuk, F. (2007), “Criterion weighting in multicriteria decision making”, Journal of
Engineering and Natural Sciences, Vol. 25, No. 1, pp. 86-98, available at: https:// 
sigma.yildiz.edu.tr/storage/upload/pdfs/1636375842-tr.pdf (accessed 11 March 2025).

Padilla-Rivera, A., Do Carmo, B.B.T., Arcese, G. and Merveille, N. (2021), “Social circular economy 
indicators: selection through fuzzy delphi method”, Sustainable Production and Consumption, 
Vol. 26, pp. 101-110, doi: 10.1016/j.spc.2020.09.015.

Page, M.J., Moher, D., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D., Shamseer, L., 
Tetzlaff, J.M., Akl, E.A. and Brennan, S.E. (2021), “PRISMA 2020 explanation and elaboration: 
updated guidance and exemplars for reporting systematic reviews”, Bmj, Vol. 372, n160, doi: 
10.1136/bmj.n160.

Parchomenko, A., Nelen, D., Gillabel, J. and Rechberger, H. (2019), “Measuring the circular 
economy-a multiple correspondence analysis of 63 metrics”, Journal of Cleaner Production, 
Vol. 210, pp. 200-216, doi: 10.1016/j.jclepro.2018.10.357.

Rahla, K.M., Bragança, L. and Mateus, R., “Obstacles and barriers for measuring building’s 
circularity”, IOP Conference Series: Earth and Environmental Science, 2019, IOP Publishing, p. 
12058, doi: 10.1088/1755-1315/225/1/012058.

Rahla, K.M., Mateus, R. and Bragança, L. (2021), “Implementing circular economy strategies in 
buildings—from theory to practice”, Applied System Innovation, Vol. 4 No. 2, p. 26, doi: 
10.3390/asi4020026.

Rocchi, L., Paolotti, L., Cortina, C., Fagioli, F.F. and Boggia, A. (2021), “Measuring circularity: an 
application of modified Material Circularity Indicator to agricultural systems”, Agricultural and 
Food Economics, Vol. 9, pp. 1-13, doi: 10.1186/s40100-021-00182-8.

Rond�on Toro, E.K., Lobo Garc�ıa De Cort�azar, A. and Gallardo Izquierdo, A. (2022), “Circularity 
indicator for municipal solid waste treatment plants”, doi: 10.1016/j.jclepro.2022.134807.

Roos Lindgreen, E., Salomone, R. and Reyes, T. (2020), “A critical review of academic approaches, 
methods and tools to assess circular economy at the micro level”, Sustainability, Vol. 12, 4973, 
doi: 10.3390/su12124973.

Saidani, M., Yannou, B., Leroy, Y., Cluzel, F. and Kendall, A. (2019), “A taxonomy of circular 
economy indicators”, Journal of Cleaner Production, Vol. 207, pp. 542-559, doi: 10.1016/ 
j.jclepro.2018.10.014.

S�anchez-Garrido, A.J., Navarro, I.J., Garc�ıa, J. and Yepes, V. (2022), “An adaptive ANP & ELECTRE 
IS-based MCDM model using quantitative variables”, Mathematics, Vol. 10 No. 12, 2009, doi: 
10.3390/math10122009.

Shen, L., Wu, Y. and Zhang, X. (2011), “Key assessment indicators for the sustainability of 
infrastructure projects”, Journal of Construction Engineering and Management, Vol. 137 No. 6, 
pp. 441-451, doi: 10.1061/(ASCE)CO.1943-7862.0000315.

Shooshtarian, S., Hosseini, M.R., Kocaturk, T., Arnel, T. and Garofano, T. (2023), “Circular economy 
in the Australian AEC industry: investigation of barriers and enablers”, Vol. 51 No. 1, pp. 56-68, 
doi: 10.1080/09613218.2022.2099788.

Skulmoski, G.J., Hartman, F.T. and Krahn, J. (2007), “The Delphi method for graduate research”, 
Journal of Information Technology Education: Research, Vol. 6, pp. 1-21, doi: 10.28945/199.

Swarnakar, V. and Khalfan, M. (2024), “An analysis of circular economy adaptation in construction 
and demolition waste management sector: a systematic literature review and conceptual 
implementation framework”, Smart and Sustainable Built Environment, Vol. ahead-of-print 
No. ahead-of-print, doi: 10.1108/sasbe-08-2024-0284.

SASBE

Downloaded from http://ftp.nowpublishers.com/sasbe/article-pdf/doi/10.1108/SASBE-11-2025-0708/11294682/sasbe-11-2025-0708en.pdf by guest on 01 July 2026

https://doi.org/10.1016/j.jobe.2021.102704
https://doi.org/10.1016/j.ecolind.2018.05.060
https://sigma.yildiz.edu.tr/storage/upload/pdfs/1636375842-tr.pdf
https://sigma.yildiz.edu.tr/storage/upload/pdfs/1636375842-tr.pdf
https://doi.org/10.1016/j.spc.2020.09.015
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1016/j.jclepro.2018.10.357
https://doi.org/10.1088/1755-1315/225/1/012058
https://doi.org/10.3390/asi4020026
https://doi.org/10.1186/s40100-021-00182-8
https://doi.org/10.1016/j.jclepro.2022.134807
https://doi.org/10.3390/su12124973
https://doi.org/10.1016/j.jclepro.2018.10.014
https://doi.org/10.1016/j.jclepro.2018.10.014
https://doi.org/10.3390/math10122009
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000315
https://doi.org/10.1080/09613218.2022.2099788
https://doi.org/10.28945/199
https://doi.org/10.1108/sasbe-08-2024-0284


Tokazhanov, G., Galiyev, O., Lukyanenko, A., Nauyryzbay, A., Ismagulov, R., Durdyev, S., 
Turkyilmaz, A. and Karaca, F. (2022), “Circularity assessment tool development for construction 
projects in emerging economies”, Journal of Cleaner Production, Vol. 362, 132293, doi: 
10.1016/j.jclepro.2022.132293.

Triguero, �A., Cuerva, M.C. and S�aez-Mart�ınez, F.J. (2022), “Closing the loop through eco-innovation
by European firms: circular economy for sustainable development”, Business Strategy and the 
Environment, Vol. 31 No. 5, pp. 2337-2350, doi: 10.1002/bse.3024.

Van Vliet, M. (2018), Disassembling the Steps towards Building Circularity Redeveloping the Building 
Disassembly Assessment Method in the Building Circularity Indicator, Construction 
Management & Engineering, available at: https://research.tue.nl/en/studentTheses/ 
disassembling-the-steps-towards-building-circularity/ (accessed 9 November 2024).

Verberne, J. (2016), “Building circularity indicators—an approach for measuring circularity of a 
building”, Eindhoven University of Technology, Eindhoven, The Netherlands, available at: 
https://research.tue.nl/en/studentTheses/building-circularity-indicators/ (accessed 18
October 2024).

Vijayakumar, A., Mahmood, M.N., Gurmu, A., Kamardeen, I. and Alam, S. (2023), “Critical indicators 
for assessing the life cycle social footprint of Australian freeways”, Construction Innovation, 
Vol. 25 No. 3, pp. 819-842, doi: 10.1108/CI-03-2023-0040.

Wbcsd (2022), “Measuring circular buildings–key considerations”, available at: https:// 
www.wbcsd.org/resources/measuring-circular-buildings/ (accessed 13 January 2025).

Wohlin, C. (2014), “Guidelines for snowballing in systematic literature studies and a replication in 
software engineering”, Proceedings of the 18th international conference on evaluation and 
assessment in software engineering, pp. 1-10, doi: 10.1145/2601248.2601268.

Zhai, J. (2020), BIM-Based Building Circularity Assessment from the Early Design Stages, Eindhoven 
University of Technology (TU/e), available at: https://research.tue.nl/en/studentTheses/bim-
based-building-circularity-assessment-from-the-early-design-s/ (accessed 29 November 2024).

Zhang, N., Han, Q. and De Vries, B. (2021), “Building circularity assessment in the architecture, 
engineering, and construction industry: a new framework”, Sustainability, Vol. 13 No. 22, p. 
12466, doi: 10.3390/su132212466.

Corresponding author
Gayani Karunasena can be contacted at: gayani.karunasena@deakin.edu.au

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

Smart and 
Sustainable Built 

Environment

Downloaded from http://ftp.nowpublishers.com/sasbe/article-pdf/doi/10.1108/SASBE-11-2025-0708/11294682/sasbe-11-2025-0708en.pdf by guest on 01 July 2026

https://doi.org/10.1016/j.jclepro.2022.132293
https://doi.org/10.1002/bse.3024
https://research.tue.nl/en/studentTheses/disassembling-the-steps-towards-building-circularity/
https://research.tue.nl/en/studentTheses/disassembling-the-steps-towards-building-circularity/
https://research.tue.nl/en/studentTheses/building-circularity-indicators/
https://doi.org/10.1108/CI-03-2023-0040
https://www.wbcsd.org/resources/measuring-circular-buildings/
https://www.wbcsd.org/resources/measuring-circular-buildings/
https://doi.org/10.1145/2601248.2601268
https://research.tue.nl/en/studentTheses/bim-based-building-circularity-assessment-from-the-early-design-s/
https://research.tue.nl/en/studentTheses/bim-based-building-circularity-assessment-from-the-early-design-s/
https://doi.org/10.3390/su132212466
mailto:gayani.karunasena@deakin.edu.au

	What to assess in circular buildings: key performance indicators for circular transformation
	Introduction
	Building circularity assessment KPIs
	Research methods and design
	First step: meta-synthesis
	Second step: Fuzzy Delphi Method
	First Fuzzy Delphi Method Round
	Second Fuzzy Delphi Method Round


	Findings
	Circularity KPIs related to buildings
	Building circularity KPIs framework

	Discussion
	Conclusions
	Ethical statement
	AI disclosure
	References


