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ABSTRACT 
The transition to a circular economy in the built environment demands more than recycling 
materials – it requires a rethinking of how buildings are planned, used, and valued. This paper 
presents a conceptual framework for a circularity index that integrates strategic planning, 
resource flows, and systemic impacts across environmental, social, and economic dimensions. 
Developed through literature review and stakeholder analysis in Switzerland, the conceptual 
framework includes six indicators: strategy and goals, resource flows, information 
transmission, and social, ecological, and economic impact and value. It provides a 
comprehensive yet flexible foundation for assessing circularity in construction projects. While 
the framework currently lacks an operational measurement system, it sets the groundwork for 
future development of a practical tool. This work contributes to efforts in making circularity 
measurable and actionable across the built environment. 
 
INTRODUCTION 
The building-and-construction-sector is one of the most resource- and emissions-intensive 
industries globally. According to the United Nations Environment Program (2024), the built 
environment accounts for approximately 37% of global energy-
50% of extracted raw materials (Linde et al., 2022). This makes the transition toward a circular 
economy (CE) in the sector not only necessary but urgent. Circular economy principles aim to 
decouple economic growth from resource consumption and environmental degradation through 
strategies such as reuse, refurbishment, recycling, and extended product lifetimes (Geissdoerfer 
et al., 2017; Kirchherr et al., 2017). 

Despite a growing consensus on the value of circular construction, its implementation has been 
hindered by the lack of standardized operational tools for evaluating circularity. While 
numerous approaches exist – ranging from the Material Circularity Indicator (MCI) (Ellen 
MacArthur Foundation et al., 2019) to Cradle-to-Cradle (C2C) certification – many remain 
fragmented or too narrow in scope. Recent reviews (Benachio et al., 2020; Ossio et al., 2023; 
Pomponi & Moncaster, 2017) have pointed out that most methods either focus exclusively on 
material flows or lack integration with spatial and social dimensions. Moreover, tools 
developed for product or material level often fail to scale up effectively to the complexity of 
buildings or districts. 

Emerging concepts such as Circular Ecosystem Innovation  provide a more integrated vision, 
emphasizing value creation across multiple life cycle stages, cross-sector collaboration, and 
feedback-based learning loops (Konietzko et al., 2020). These align well with systems thinking 
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and sustainability transitions theory, which highlight the importance of adaptive governance, 
network dynamics, and multi-level interactions in shaping circular transitions (Bocken et al., 
2016; Loorbach et al., 2017).  

Further, scholars such as Blomsma & Brennan, (2017) and Ghisellini et al., (2016) have 
stressed that circularity assessments must move beyond technocentric metrics and engage with 
institutional, behavioral, and societal dimensions. In the construction context, this implies the 
need for frameworks that evaluate not only what materials are used and how, but also the 
underlying planning strategies, information structures, and value distribution across 
stakeholders. 

Against this backdrop, the present study outlines a concept for a structured framework for a 
circularity index in the built environment. Rather than introducing yet another set of isolated 
metrics, it synthesizes key dimensions from existing circularity models and incorporates input 
from stakeholders across the Swiss construction sector. The goal is to develop a tool that 
combines theoretical soundness with practical relevance – supporting decisions in design, 
procurement, and policy while promoting circularity across environmental, societal, and 
economic dimensions. 

Importantly, the framework also aims to recognize the systemic value of the R-strategy Refuse 
– understood as not building or retaining existing buildings and structures. Since this strategy 
results in the absence of resource flows, it cannot be captured using flow-based assessment 
tools. The framework therefore seeks to expand measurement logic to account for strategic 
non-action as a valid and high-impact circular decision, acknowledging the environmental 
benefit of avoided material and energy use. 

The remainder of this paper presents the outcomes of the stakeholder and the literature analysis, 
the methodological development of the framework and its core components. It concludes with 
a discussion of the framework’s potential applications and current limitations, outlining the 
next steps toward a fully operational assessment tool. 

MATERIALS AND METHODS 
The development of the framework is based on the synthesis of a stakeholder analysis and a 
literature review and analysis of existing methods and concepts.  

STAKEHOLDER ANALYSIS. The stakeholder analysis formed a central component in the 
development of the framework for a circularity index, ensuring that it reflects not only 
theoretical robustness but also practical relevance. The analysis was based on a comprehensive 
online survey conducted between December 2023 and March 2024, which gathered responses 
from 158 professionals operating in the Swiss built environment sector. The total population 
of the sector is ~514’700. The confidence level of the sample size is therefore 95% with a 
margin error of 8%. 

Participant Composition. Respondents came from a wide range of fields: 53% were architects 
and engineers, 18% were from real estate business, 14% came from construction companies, 
and the remaining 15% represented public administration, academia, and material 
manufacturers.  

Interest and Motivation. The survey revealed a clear demand for a practical circularity 
assessment tool. A total of 81% of respondents expressed high or very high interest in the 
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development and use of such a framework. Their primary motivations included resource 
conservation (89%), climate protection (88%), and innovation potential (78%). Additionally, 
69% highlighted technical optimization as a key driver for supporting circularity. As further 
medium relevant topics new business models and attractivity for expert personnel and 
employees (both 56%) were voted for. 

Influence and Decision-Making Power. Only 8% of respondents indicated that they hold sole 
decision-making authority for circularity-related topics within their projects. However, 48% 
reported that they could significantly influence project outcomes through collaboration. 
Furthermore, 32% felt they had a high to very high influence on broader developments within 
the sector, reflecting a notable capacity for systemic impact. 

Collaboration and Implementation Potential. Stakeholders expressed a strong willingness 
to work together across disciplines. Up to 79% said they were open to collaborating with 
professionals in other areas to promote and implement circular strategies. Key partners 
identified for collaboration included sustainability consultants, digital planning experts, and 
project developers. 

Expectations for the Framework. Participants emphasized the importance of a framework 
that is adaptable to project specifics, digitally integrable (e.g., through Building Information 
Modelling (BIM) or resource passports), and aligned with both ecological and economic 
performance indicators. There was a clear call for non-prescriptive, strategy-enabling guidance 
rather than rigid checklists.  

Overall, the stakeholder analysis provided a strong part of the foundation for shaping the six-
indicator framework, confirming the relevance of the proposed impact categories and the need 
for a tool that supports both strategic planning and measurable action in circular construction.  
 
LITERATURE REVIEW. A comprehensive literature review was conducted, analyzing 
academic systematic overviews, including international standards (ISO 59020 - Circular 
economy - Measuring and assessing circularity performance, 2024), European proposition for 
indicators for the built environment (European Commission et al., 2023) design frameworks 
(Cradle-to-Cradle, Braungart et al., 2007), sector-specific rating systems (Deutschen 
Gesellschaft für Nachhaltiges Bauen – DGNB e.V., 2024), and practical indicators (Ellen 
MacArthur Foundation et al., 2019). Key gaps were identified: limited social integration, 
poor alignment across scales, and insufficient metrics for design quality or resource planning. 
These gaps informed the development of the proposed concept. 
 
Comparative Academic Analyses. Recent reviews by Khadim et al. (2022), Benachio et al. 
(2020), and Ossio et al. (2023) provided a systematic overview of circularity indicators across 
scales. These works identified recurring limitations, including: 

 A predominant focus on material flows, especially recycling, while neglecting early-
phase strategies such as design for disassembly or shared use. 

 Minimal coverage of societal dimensions, such as user well-being, job creation, or 
participatory planning. 

 Weak representation of spatial and temporal dynamics, limiting adaptability across 
building types and life cycle stages. 

 Lack of integration between material tracking (e.g., passports, digital twins) and 
performance indicators. 
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Conceptual Frameworks and Models. The concept of Circular Ecosystem Innovation  
complements traditional linear-to-circular transition models by emphasizing systemic 
collaboration across industries and life cycle stages (Konietzko et al., 2020). It focuses on 
creating value through integrated stakeholder ecosystems, digital resource transparency, and 
feedback-oriented innovation loops. Unlike conventional models that concentrate on materials 
or product design, this concept calls for coordinated strategies involving planning, ownership, 
use, and end-of-use across the entire built environment. It helped inform the development of 
indicators that link design strategy with societal and economic value creation. The MCI 
developed by the Ellen MacArthur Foundation was one of the most influential sources for 
circularity assessments (Ellen MacArthur Foundation et al., 2019). It measures the degree of 
material circularity based on input and output flows, particularly focusing on recycled content 
and recovery rates. While methodologically sound, MCI was found to overlook critical aspects 
such as service life extension, modularity, or socio-economic impact. The C2C design 
framework, with its regenerative philosophy, introduced important principles like material 
health and continuous reuse, but lacks operationalized metrics for the building scale 
(McDonough et al., 2003). 
The R-strategies (Refuse, Rethink, Reduce, Reuse, Repair, Refurbish, Remanufacture, 
Repurpose, Recycle, Recover) formed the conceptual basis for prioritizing circular 
interventions (Kirchherr et al., 2017). Despite their comprehensiveness, they often lack project-
specific application logic or measurable performance criteria. 
 
Standards and Certification Systems. ISO 59020 (2024) served as a key reference for 
defining boundaries, indicator structures, and integration levels across the product and system 
scale. It emphasizes harmonization of measurement methods and flexibility in applying 
circularity metrics depending on data quality and decision context. ISO 14044  (2006) and SIA 
2032 (2020) provided relevant frameworks for aligning circularity assessment with 
environmental life cycle analysis without conflating the two. 
 
Existing green building rating systems like DGNB, BREEAM, and LEED include circularity 
as a subtopic, mostly through recyclability, material sourcing, or end-of-life waste indicators. 
However, they tend to treat circularity as an add-on feature rather than an integrated planning 
strategy. These systems typically underrepresent design adaptability, socio-economic co-
benefits, and upstream avoidance measures. 
 
Gaps and Implications for Framework Development. The review concluded that a 
meaningful circularity framework must bridge multiple gaps: 

 It should combine qualitative assessments (e.g., strategic intent, adaptability) with 
quantitative data (e.g., resource flows, environmental, social or economic impacts). 

 It must extend beyond building components to include planning processes, use-phase 
efficiency, and end-of-use scenarios. 

 It should reflect all three dimensions of sustainability – environmental, social, and 
economic – in balanced ways. 

 It must enable application at different project stages and spatial scales. 
 It must allow the assessment of measures independently from resource flow. 

These findings were directly used to structure the six-indicator model proposed in this paper, 
ensuring that it addresses conceptual, technical, and operational shortcomings observed in prior 
approaches. 
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FRAMEWORK DEVELOPMENT
The framework for a circularity index was developed to address the conceptual, technical, and 
practical gaps identified through literature and stakeholder analysis. It operationalizes circular-
economy-principles through six overarching indicators that reflect both strategic intent and 
measurable impact across the life cycle of the built environment. It is strongly based on the 
ISO 59000 series to ensure international compatibility. The framework shall enable informed 
decision making for owners, architects, engineers, construction companies, material suppliers 
and legal authorities through all life cycle stages. Nevertheless, the significance and 
informative value of each indicator varies according to the stage it is used.

The indicators are not intended to prescribe specific solutions but to offer a consistent structure 
for evaluating diverse circular strategies. As approximately 80% of stakeholders report to have 
shared decision-making power, the framework must support multi-actor decision-making
processes. It therefore avoids reducing complex information to single scores and instead 
maintains a clear distinction between qualitative assessments and quantitative measurements, 
allowing for transparent and context-sensitive evaluation.

Each indicator is designed to integrate qualitative 
reasoning with quantitative potential, ensuring 
that the framework is both adaptable across 
scales (material, component, building, and 
district) and applicable across all project stages: 
design, building, use, and valorization. The term 
valorization is deliberately chosen, as it refers 
not only to post-use activities such as 
refurbishment, disassembly, and resource 
recovery, but also to the pre-design phase, where 
existing buildings, components, or land are 
assessed for their potential value before initiating 
a new project. Valorization thus operates at both 
ends of the project lifecycle – as the beginning 
and a conclusion of one loop (Fig.1).

The six core indicators of the conceptual framework are as follows:

1. Qualitative Assessment of Strategy and Goals
This indicator evaluates how circularity is embedded in the strategic intent of a project, 
focusing on whether early-phase decisions and overall project goals are guided by 
circular thinking. It emphasizes avoidance-based approaches, such as achieving project 
goals without building (e.g. reorganization of floor plans), extending the use of existing 
structures (e.g. shared use or multifunctional spaces), or reducing material demand 
through spatial efficiency and sufficiency (e.g. reduced space use per person). These 
strategies are most influential during the valorization and design phases, where long-
term impacts are shaped and the influence on the project outcome is the highest. 
The indicator is aligned with ISO 59020, which supports evaluating circular actions in 
relation to project goals, and ISO 59010, which emphasizes design for circularity. It 
builds on the upper levels of the R-strategy framework, which prioritize prevention 
over resource recovery. It is also informed by the Circular Ecosystem Innovation 
model, which calls for minimizing and regenerating resource flows. The importance of 
this indicator is supported by stakeholder input, which highlights strong motivation for 
resource conservation, climate protection, and innovation potential.

Figure 1: Life cycle Stages, with valorization 
referring to post-use and to pre-design 
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2. Quantitative Measurement of Resource Flows 
This indicator measures material inputs and outputs throughout the building lifecycle. 
It accounts for the use of primary materials, pre-use secondary materials (reused or 
recycled), and the potential for post-use materials to be reclaimed. Resource flows are 
tracked across material types – biogenic, fossil, mineral, metallic – as well as energy 
and water, within clearly defined temporal and spatial system boundaries. The indicator 
distinguishes between end-of-use strategies (reuse, repair, refurbish) and end-of-life 
scenarios (recycling, composting, incineration, landfill), enabling a differentiated 
assessment of material pathways. It is most effective during the design and 
construction phases, where material choices and supply logistics are defined. 
The indicator is directly aligned with ISO 59020, which places resource flow 
measurement at the core of circularity assessment. It further builds on the Material 
Circularity Indicator and reflects principles from the Circular Ecosystem Innovation 
model, particularly slowing and closing resource loops. It also responds to stakeholder 
priorities, particularly the need for technical optimization in material planning and life 
cycle performance tracking.  
 
3. Qualitative Assessment of Information Transmission 
This indicator assesses the availability, quality, and accessibility of information related 
to materials, components, and building structures used in a project. It accounts for the 
presence of tools such as resource passports, material and building cadasters, and 
integration with Building Information Modeling. By ensuring transparency and 
traceability, the indicator supports information transition to the next loop of the life 
cycle. It is particularly important during the design and building stage, where data 
structures for material documentation and digital workflows are established and 
determines the quality of the transition from one cycle to the next in the valorization 
stage. 
The indicator aligns with principles defined in ISO 59004, particularly those 
concerning systems thinking, resource traceability, and ecosystem resilience. It also 
reflects the concept of cross-sector collaboration outlined in the Circular Ecosystem 
Innovation model. Stakeholder insights further emphasized the importance of 
collaborative processes and digital integrability, underlining the need for structured and 
interoperable data as a foundation for scalable circularity. 
 
4. Qualitative and Quantitative Assessment of Social Impact and Value 
(Performance) 
This indicator assesses the social implications of circular strategies applied throughout 
a project. It accounts for aspects such as user health and comfort, neighborhood quality 
and participation, social inclusion, and accessibility, fostering a sense of identification 
with the built environment. In addition, it considers whether design and construction 
processes contribute to broader societal benefits, such as job creation, skill 
development, and workplace safety including physical and mental health. The indicator 
is most impactful during the valorization phase, where key strategic decisions have a 
strong influence on the project process and outcome. 
This indicator is compatible with ISO 59020, which includes provisions for measuring 
and assessing sustainability impacts, including social dimensions. Its development 
addresses a key gap identified in the literature review, namely the limited integration 
of spatial and social factors in existing circularity metrics. Stakeholder responses 
further reinforced its relevance, particularly through the emphasis on attractiveness for 
employees as a driver for circular practices in planning and construction. 
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5. Qualitative and Quantitative Assessment of Ecological Impact and Value
(Performance)
This indicator assesses the environmental impact of circular strategies beyond life 
cycle assessments. It considers the reduction and remediation of harmful substances
(e.g. asbestos, PAH polycyclic aromatic hydrocarbons, PFAS Per- and polyfluorinated 
alkyl substances, …), biodiversity preservation (flora and fauna), water efficiency (e.g. 
ground water, rainwater retention, …), and avoidance of ecosystem degradation. By 
linking ecological performance with circular objectives, it supports the identification 
of regenerative design potentials. It is most effective during the design stage where the
material specification takes place.
The indicator aligns with ISO 59020 for sustainability impact assessment and draws 
on ISO 14044 and SIA 2032 to ensure compatibility with environmental life cycle 
analysis. Influences from Cradle-to-Cradle and the Circular Ecosystem Innovation 
model – particularly the principle of regeneration (‘make clean’) guided the focus on 
ecological health and effectiveness. Stakeholders emphasized its relevance through 
strong support for climate protection and its alignment to both ecological and economic 
performance.

6. Qualitative and Quantitative Assessment of Economic Impact and Value
(Performance)
This indicator assesses the economic implications of circular strategies from both a 
socio-economic and user/investor perspective. It captures socio-economic 
contributions such as job creation and local economic development (trades and crafts), 
while also accounting for project-specific factors like life cycle costing, adaptability to 
future needs, and exposure to price volatility. Importantly, it enables comparative 
assessment of interventions – including the option not to build – by the economic 
evaluation of scenarios of a site or building before and after the project. It is most 
effective during the valorization phase, where the potential for value creation or 
preservation is strategically assessed.
The indicator aligns with ISO 59020, which defines methods for assessing 
sustainability impacts in economic terms. It draws from the literature’s critique of poor 
alignment across spatial and stakeholder scales, and the need to clarify how circular 
value is distributed. The Circular Ecosystem Innovation model reinforces this by 
framing circularity as a driver of long-term economic resilience. Stakeholder input 
further emphasized the importance of aligning circularity with measurable economic 
performance and innovation potential.

RESULTS
The framework consists of six indicators structured in two functional groups. The first group –
Strategy and Goals, Resource Flows, and Information Transmission – provides the foundation 

Figure 2: conceptual framework for a holistic circularity index with six indicators
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for assessing circularity. These indicators focus on intent, material logic, and documentation, 
and can be applied independently depending on the project stage. The second group – Social, 
Ecological, and Economic Impact and Value – captures the systemic effects of circular 
strategies and is most informative when the three are assessed together. Their performance 
depends strongly on the decisions evaluated in the first group. The framework’s logic is 
sequential: strategy and material/resource planning must be assessed first, followed by 
performance indicators (Fig. 2). Assessing not building as a circular strategy requires combined 
evaluation of strategic intent with its social, ecological, and economic implications. 
 
DISCUSSION AND CONCLUSION 
This paper has presented a holistic conceptual framework for a circularity index designed to 
operationalize the principles of the circular economy within the built environment. Developed 
through rigorous literature analysis and stakeholder analysis, the framework captures six 
interconnected indicators essential for assessing circularity.  
 
However, it is important to acknowledge key limitations. The framework is based on 
stakeholder input and sectoral conditions specific to Switzerland, reflecting the current state of 
circular construction practices in that national context. While the structural logic of the 
framework is designed to be broadly applicable, its successful transfer to other countries 
requires a contextual review. It is recommended to assess similarities and differences between 
national construction practices and regulatory environments to ensure relevance and 
adaptability. 
 
At present, the framework offers a well-structured and holistic foundation for assessing 
circularity, but does not include operational metrics, neither measurement, nor scoring system. 
The development of such metrics must consider each country’s regulatory structures and data 
standards. Operationalization should rely on metrics that are compatible with existing planning 
procedures to ensure practical integration. For example, required calculations – such as for 
floor area – should align with nationally established rules to minimize additional effort for 
project stakeholders. Ensuring alignment with national systems can help avoid duplication, 
reduce complexity, and increase acceptance of circularity assessment methods across the 
construction industry. 
 
Future work should focus on translating the framework into a functional assessment tool with 
clear criteria, data structures, and evaluation methods for each indicator. Including: 

 Defining operational metrics for qualitative and quantitative evaluation.   
 Developing a transparent and flexible scoring methodology. 
 Testing and validating the approach through pilot projects. 
 Ensuring digital integration with tools such as BIM and material passports. 

 
Ultimately, the concept lays the groundwork for a consistent and holistic approach to 
measuring and assessing circularity in construction, while highlighting the need for continued 
development to move from theory to implementation. 
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