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Our greatest weakness lies in giving up.  

The most certain way to succeed is always to try just one more time. 

- Thomas A. Edison - 

 

Genius sometimes consists of knowing when to stop. 

- Charles de Gaulle - 

 

 

 

To my dearest swan in Lac Leman 
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Summary  

Problem. Our current economic systems are deemed unsustainable. Although a global issue, the objective of living 

in a sustainable society is increasingly an urban challenge, as a rising 50% of the world’s population currently 

dwell in cities. To secure a better urban future, integrated and actionable urban knowledge focused on what urban 

sustainability entails and how to achieve it is needed. In this context, the Circular Economy (CE) concept fosters 

efficient resource use through value-retention processes and waste minimization. Despite the wide attention on the 

CE, its interconnectedness with, and contribution to, sustainability, and whether these concepts might support or 

hinder each other, have not yet been clarified. Besides, knowledge is needed to guide cities towards a CE, for 

example, by identifying the types of interventions needed to achieve circularity, and the factors affecting the 

adoption of innovation that can foster it. 

Aim. This dissertation aims to scrutinize the CE concept applied in urban settings. It is based on a) the analysis of 

indicators used to assess circular cities, b) the categorization of interventions aimed at achieving a CE, and c) the 

identification of factors that affect the adoption of recycled products, as one measure towards CE. 

Approach. Indicators used to assess circularity and sustainability in urban settings were analyzed and compared. 

Semi-structured expert interviews were performed to iterate a framework that categorizes interventions that foster 

the achievement of a CE. A behavioral framework was developed that combines insights from the theory of 

adoption of innovation and behavioral theories, to identify and analyze the factors that can affect architects’ 

decisions to recommend recycled concrete. A survey was used to gather quantitative insights from architects on 

their beliefs about the selected product. 

Insights. The results show that the concept of an urban CE is embedded in the broader concept of urban 

sustainability; however, the use of CE indicator sets entail a more detailed focus on certain thematic groups (e.g., 

waste production and management), for which more indicators are available in comparison with what offered by 

urban sustainability indicator sets. To categorize CE interventions, the proposed framework (RISE: Research & 

Realize, Implement, Support, Enable) offers a tool to guide the achievement of CE targets. In current circularity 

assessments, specifically in the construction sector, most attention is paid to implementation interventions (e.g., 

the quantity of material recycled). However, some of them (e.g., recycling strategies) still face barriers. Focusing 

on one recycling strategy (i.e., recycling concrete aggregates for recycled concrete) we inquired about the factors 

that affect this product’s adoption. A senior position, a high level of knowledge of the material and a specific label, 

beliefs about the material’s lower environmental impact, and prescriptive social norms affect the selected 

innovation's adoption. Finally, we suggest leveraging specific predictors of behavior to increase the 

recommendation of recycled concrete. 

Conclusions. This work contributed to shed light on the CE concept. This research challenged the added value of 

focusing on a CE rather than sustainability. Furthermore, it put forward a) an integrative perspective on achieving 

a CE focusing on a systemic approach, and b) a holistic behavioral framework for analyzing innovation adoption. 

Keywords: Circular Economy, Urban Sustainability, Cities, Indicators, Framework, Interventions, R-strategies, 

Recycling, Innovation  
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Riassunto 

Problema. I nostri attuali sistemi economici sono considerati insostenibili. Sebbene sia una questione globale, 

l'obiettivo di vivere in una società sostenibile è sempre più una sfida urbana, dato che un crescente 50% della 

popolazione mondiale vive attualmente nelle città. Per garantire un futuro migliore, dobbiamo produrre 

conoscenze integrate e implementabili focalizzate su ciò che la sostenibilità urbana comporta e su come 

raggiungerla. In questo contesto, il concetto di Economia Circolare (EC) mira a promuovere un uso efficiente delle 

risorse attraverso processi di conservazione del valore e minimizzazione dei rifiuti. Nonostante la grande 

attenzione sull’EC, non è ancora stata chiarita la sua interconnessione con la sostenibilità, e se questi concetti si 

sostengono od ostacolano a vicenda, Inoltre, sono necessarie conoscenze  per guidare le città verso un’EC, per 

esempio identificando i tipi di interventi che possono essere messi in atto per raggiungere la circolarità, e i fattori 

che influenzano l'adozione dell'innovazione che può supportarla. 

Scopo. Questa tesi mira ad analizzare il concetto dell’EC e a raccogliere informazioni per migliorare il 

raggiungimento di un’EC nei contesti urbani. Si basa a) sull'analisi degli indicatori utilizzati per valutare le città 

circolari, b) sulla categorizzazione degli interventi volti a raggiungere l’EC, e c) sull'identificazione dei fattori che 

influenzano l'adozione di prodotti riciclati. 

Approccio. Abbiamo analizzato e confrontato gli indicatori utilizzati per valutare la sostenibilità e la circolarità 

nei contesti urbani. Abbiamo sviluppato un framework che categorizza gli interventi che favoriscono una 

transizione verso l’EC. Abbiamo condotto interviste con architetti per iterare un framework comportamentale che 

combina spunti presi dalla teoria dell’adozione dell'innovazione e da teorie comportamentali, per identificare e 

analizzare i fattori che possono influenzare la decisione degli architetti di raccomandare il calcestruzzo riciclato. 

Abbiamo distribuito un sondaggio per raccogliere dati quantitativi sulle opinioni di architetti riguardo al prodotto 

selezionato. 

Osservazioni. Dalle analisi basate sugli indicatori, il concetto di EC urbana appare incorporato nel concetto più 

ampio di sostenibilità urbana; tuttavia, l'uso di set di indicatori di un’EC comporta un focus più dettagliato su 

alcuni gruppi tematici (e.g., la produzione e la gestione dei rifiuti), per i quali sono disponibili più indicatori rispetto 

a quanto offerto dagli indicatori di sostenibilità urbana. Categorizzando gli interventi per un’EC, il framework 

proposto (RISE: Research & Realize, Implement, Support, Enable) mira a favorire il raggiungimento degli 

obiettivi di EC. Nelle attuali valutazioni della circolarità, in particolare nel settore delle costruzioni, la maggior 

parte dell'attenzione è rivolta agli interventi di implementazione (e.g., la quantità di materiale riciclato). Tuttavia, 

alcuni di questi interventi (e.g., le strategie di riciclaggio) devono ancora affrontare delle barriere. Ci siamo 

concentrati su una strategia di riciclaggio (i.e., il riciclaggio degli aggregati di calcestruzzo per il calcestruzzo 

riciclato) per indagare sui fattori che influenzano l'adozione di questo prodotto. Una posizione senior, un alto 

livello di conoscenza del materiale e di un label specifico, convinzioni sul minore impatto ambientale del materiale 

e norme sociali prescrittive favorevoli espresse da clienti e altri architetti influenzano l'adozione dell'innovazione 

selezionata. Infine, abbiamo proposto suggerimenti per far leva su specifici predittori di comportamento, in linea 

con il framework RISE. 

Conclusioni. Questo lavoro ha contribuito a comprendere meglio il concetto dell’EC. Questa ricerca ha messo in 

discussione il valore aggiunto di concentrarsi su un’EC piuttosto che sulla sostenibilità. Inoltre, ha proposto a) una 

prospettiva integrata sul raggiungimento di un’EC concentrandosi su un approccio sistemico, e b) un quadro 

comportamentale per analizzare l'adozione dell'innovazione.  

Parole chiave: Economia Circolare, Sostenibilità Urbana, Città, Indicatori, Quadro concettuale, Interventi, 

Strategie R, Riciclaggio, Innovazione  
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Disclaimer 
This is a thesis by publication, which comprises research published or submitted to review in the form of research 

articles. A thesis by publication must provide “an introduction that puts the entire thesis into context and gives 

global objectives of the research to be presented in the thesis” (Cdoct 109 [Nov 2015]1). This thesis groups four 

manuscripts: 

I: Merino-Saum, A., Halla, P., Superti, V., Boesch, A., & Binder, C.R. (2020). Indicators for urban sustainability: 

Key lessons from a systematic analysis of 67 measurement initiatives. Ecological Indicators, 119. 

https://doi.org/10.1016/j.ecolind.2020.106879. 

II: Superti, V., Merino-Saum, A., Baur, I., Binder, C.R. (2021). Unraveling how the concept of circularity relates 

to sustainability: An indicator-based meta-analysis applied at the urban scale. Journal of Cleaner Production. 

https://doi.org/10.1016/j.jclepro.2021.128070. 

III: Superti, V., Houmani, C., Binder, C.R. (2021). A systemic framework to categorize Circular Economy 

interventions: An application to the construction and demolition sector. Resources, Conservation & Recycling X, 

173.  https://doi.org/10.1016/j.resconrec.2021.105711. 

IV: Superti, V., Houmani, C., Hansmann, R., Baur, I., Binder, C.R. (2021). Strategies for a Circular Economy in 

the Construction and Demolition Sector: Identifying the Factors Affecting the Recommendation of Recycled 

Concrete. Sustainability 13, 8. https://doi.org/10.3390/su13084113. 

My contribution relates in all cases to the conceptualization, methodology, investigation, formal analysis, 

visualization, and writing (original draft, review, and editing). 

The following chapters (1-6) are partially adapted from the articles cited above. The specific manuscripts from 

which the figures and the tables are extracted are referenced. The publication licenses of the articles allow for this 

utilization. 

 

Structure of the thesis 
All the manuscripts that constitute this thesis were developed collaboratively. Therefore, in this thesis, whenever 

I refer to research conducted in the context of one of the manuscripts, the plural is used (“we”). Instead, if I 

reference the thesis per se (i.e., to the contextualization of the manuscripts in the frame of this thesis), the singular 

is used (“I”).  

This thesis comprises three main parts: a synopsis (Part I), which guides the reader along a red thread linking the 

publications, a second part, which groups the publications (Part II), and an appendix. 

Part I is structured as follows: Chapter 1 presents the main concepts that guide the research and introduce the main 

research gaps that still require further scrutiny. Chapter 2 presents the research goal and research questions that 

guided the work conducted in this thesis. Chapter 3 presents the methodology applied. Chapter 4 synthesizes the 

main insights gained from the individual contributions. Chapter 5 discusses the results obtained considering the 

research objectives and the main limitations and suggestions for further research. Chapter 6 summarizes and 

concludes this thesis. Part II reproduces the individual manuscripts, introduced by an overview of the research 

context in which they were embedded. The appendix reports the annexes referenced in Part I.

                                                           
1 The Doctoral Commission’s decisions regarding theses by publications can be consulted here: 
https://www.epfl.ch/education/phd/regulations/edoc-doctoral-commission-decisions-cdoct/ (last consulted on 10.03.2021). 
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Part I – Synopsis 

1. Introduction 
This introductory chapter establishes the context for an inquiry into the concept of a Circular Economy (CE) in 

urban areas, and highlights research gaps that require further investigation. The chapter begins with an overview 

of the CE concept and the role of cities in achieving circularity (Section 1.1). The argument is made that an 

understanding of the interlinkages between CE and sustainability is necessary to build a foundation for the 

development of clear and informed city targets (Section 1.2), which needs ad-hoc indicators to measure progress. 

An overview of the use of indicators to assess urban CE and sustainability is presented (Section 1.3). After 

highlighting the need for research to shed light on what a CE at the urban level entails, an overview of the 

interventions that can be put in place to achieve a CE is provided, and a research gap concerning the identification 

of the types of these interventions is highlighted (Section 1.4). Finally, the issues related to the implementation of 

recycling, the strategy that has received the most attention from practice and academic research, are presented. In 

this context, the importance of the adoption of innovative products containing recycled components for achieving 

a CE is highlighted, specifically in the construction and demolition sector, and the relevant research gap is 

summarized (Section 1.5).  

1.1 The Circular Economy and the relevance of urban settings  
In recent years, the CE concept has gained momentum as a perspective to tackle major global problems such as 

resource scarcity and waste management (Reike et al., 2018), proposing an alternative to the traditional linear take-

make-dispose economic model. CE is often conceptualized as an umbrella term (Blomsma and Brennan, 2017), 

encompassing both preventive strategies (e.g., functional replacement and dematerialization) and life extension of 

resources (e.g., reuse, recycling, repair). Most definitions of the CE are based upon the definition proposed by the 

Ellen MacArthur Foundation (EMF, 2013), according to which a CE is a system “that is restorative or regenerative 

by intention and design”. In a CE system, “products and services are traded in closed loops or ‘cycles’ and 

material flows are recirculated at high rates” (Kraaijenhagen et al., 2016). One definition that has recently gained 

traction is from the work of Kirchherr et al. (2017), wherein “a circular economy describes an economic system 

that is based on business models which replace the ‘end-of-life’ concept with reducing, alternatively reusing, 

recycling and recovering materials in production/distribution and consumption processes, thus operating at the 

micro level (products, companies, consumers), meso level (eco-industrial parks) and macro level (city, region, 

nation and beyond), with the aim to accomplish sustainable development, which implies creating environmental 

quality, economic prosperity and social equity, to the benefit of current and future generations”. Many iterations 

of the existing definitions will likely be further developed in the upcoming years, as we are now in a “validity 

challenge period” (Blomsma and Brennan, 2017, p.610), where “theoretical or paradigmatic clarity regarding the 

CE concept has yet to emerge”. 

Research and practice on the CE focus on different levels of analysis: micro (single company or consumers), meso 

(symbiosis or industrial associations), and macro (city, province, region, country; Ghisellini et al., 2016). Research 

at the macro level is key to applying a systemic approach and understanding system interactions (Balanay and 

Halog, 2021). In the wide literature on CE, the question of how CE is applied in urban contexts is increasingly 

being posed (Prendeville et al., 2018), and the importance of focusing on the macro (city) level arises from multiple 

considerations. Urban areas account for 60-80% of global energy consumption, 75% of carbon emissions, and 

more than 75% of the world’s natural resource consumption (UNEP, 2013). With 80% of global GDP being 

produced in urban settings, cities are the motors of economic growth. Thus, the objective of building a more 

sustainable society in parallel with economic growth is increasingly an urban challenge, since more than 50% of 

the world’s population currently dwell in cities, and this proportion is forecasted to rise in the coming decades. 

The dependence of urban systems on natural resources raises questions on the viability of the current production 

and consumption processes, suggesting the need for their reconfiguration into circular systems (Fusco Girard and 

Nocca, 2019; Gao et al., 2020; Swilling and Hajer, 2017). 

Urban areas are complex systems that simultaneously offer benefits and pose challenges to their inhabitants 

(Meirelles et al., 2020). Among the benefits, residing in cities improves living conditions via the creation of wealth 

and the availability of services (Samuelson, 1952). Cities offer excellent opportunities for synergies and symbiosis 
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between economic sectors as well as collaboration and coordination among actors (Al-Zu’bi and Radovic, 2020), 

and they are recognized as engines of global change and cradles for experimentation and innovation (Jacobs, 2016; 

Soja, 2003). However, living in cities may also exacerbate problems related to health, social disparities, and safety 

(Alves et al., 2013; Kraas et al., 2016; Lafortezza and Sanesi, 2019). While the coexistence of benefits and 

challenges indicates that cities still evince several challenges related to their environmental and social impacts, 

implementing local solutions at the urban scale may offer scalable solutions for a broader improvement of our 

societies in the long term. As highlighted by the European Commission (EC, 2014), “cities are where the 

opportunities and threats to sustainable development come together”. To secure a better urban future, we must 

strive to produce integrated and actionable urban knowledge, that is focused on what sustainability entails and 

what processes are needed to achieve it (Parnell et al., 2018). In this context, urban settings are believed to offer 

the testbeds needed to understand how to align resource flows and actor constellations across different system 

domains (Frantzeskaki et al., 2017), to allow for a systemic shift to enable the achievement of a CE and 

sustainability (Kirchherr et al., 2017). However, barriers to the implementation of an urban CE still exist and 

include cultural, regulatory, financial, and technological issues (OECD, 2019), and concerns are related to finding 

an efficient and pertinent way to track progress and allow for benchmarks and comparisons. 

A critical reflection of what a CE entails at the urban level is pivotal in defining a vision2 according to which the 

circular ambitions of the city could be stated (i.e., what the ideal circular city would look like; Byström, 2018; 

EMF et al., 2015; Jones and Comfort, 2018; Jonker and Montenegro Navarro, 2018; Paiho et al., 2020). Besides 

the ambiguity linked to the CE concept, difficulties in concretizing what circularity in urban settings entails arise 

from the variety of related city labels3 that have diversified during the last three decades, including “sustainable”, 

“smart”, “green”, and “circular”, among others (Schraven et al., 2021). Such labels have served as carriers of 

normative, analytical, and programmatic information in academic and policy/practice discourses. While the 

possibility of referring to a specific label might offer helpful guidance for setting up urban agendas, choosing 

which label to target among many alternatives represents a difficult task: the sheer number of different labels 

carries the risk of creating confusion about many concepts whose interconnections remain blurred. In this regard, 

an increasing number of publications have focused on: i) assessing how cities perform in relation to the 

characteristics that a specific label entails (e.g., Altamirano-Avila and Martínez, 2021); ii) guiding the transition 

towards the selected label/concept (e.g., Cavaleiro de Ferreira and Fuso-Nerini, 2019; Prendeville et al., 2018; 

Williams, 2019); and iii) understanding the interconnections among multiple labels/concepts (e.g., sustainability; 

Akande et al., 2020; Treude, 2021).  

1.2 Urban Circular Economy and sustainability 
When targeting a CE, several steps should be taken by cities (Paiho et al. 2020), including conceptualizing the 

meaning of circularity, defining which targets to reach, specifying which indicators to use and which pathways to 

follow, and determining which practices to concretely implement. A recent report from the Organisation for 

Economic Co-operation and Development (OECD, 2019) highlighted that cities aiming at achieving a CE show 

gaps in five main categories of enabling factors, namely funding, regulatory, awareness, capacity, and policy. 

Concerning the latter, given city policymakers’ lack of a holistic perspective, it is increasingly difficult for them 

to navigate the ambiguous relationship between the concepts of circular and sustainable cities because they are 

often used interchangeably in the same context (Prendeville et al. 2018). The fact that city policymakers commonly 

embed CE plans into more extensive sustainability plans suggests a connection between circularity and 

sustainability but does not sufficiently elucidate the nature of the relationship.  

The interconnectedness between CE and sustainability, how CE contributes to achieving sustainability, and 

whether the two concepts might support or hinder each other are topics that have yet to be clarified in the literature 

(Geissdoerfer et al., 2017, Schröder et al., 2019b; Zwiers et al., 2020). Kirchherr et al. (2017) confirmed this 

                                                           
2 The term vision appears “in diverse contexts, taking many different shapes” (van der Helm, 2009, p.96). In this thesis, I use 

the term vision to refer to “a future, desired state of the city”.  For a circular city, having a vision entails declaring what 

circularity would ideally represent in the city's future state. Visions are conceptualized as the results of envisioning within the 

literature related to scenario building (van der Helm, 2009; Wiek and Iwaniec, 2014). In this thesis, I do not conduct research 

on the envisioning process itself.  
3 In this context, the term label does not refer to “standards ”, but rather aligns with the terminology used by Schraven et al. 

(2021), i.e., as a synonym for a “descriptive word indicating that what follows belongs to a particular category or 

classification”, “identifier”, “typology of the city”. 
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observation in reviewing CE definitions, where only 12% were found to explicitly include notions of sustainable 

development, thereby suggesting that the link between these concepts is somewhat tenuous. In some cases, 

sustainability is referred to as “the ultimate goal of a CE” (Balanay and Halog, 2021), and the CE model is 

considered as a means for achieving sustainability (Norouzi et al., 2021). However, some scholars and practitioners 

continue to challenge CE’s social and environmental benefits, its definitional consensus, and its 

operationalizability and measurability (Blum et al., 2020; Geissdoerfer et al., 2017; Henry et al., 2021; Perella, 

2014). Concerns have been raised regarding some purported CE practices being promoted as ‘sustainable’ yet 

resulting in detrimental impacts on the environment and society (Velenturf and Purnell, 2021). While recognizing 

that CE can contribute positively to the majority of Sustainable Development Goals (SDGs), some authors argue 

that CE and sustainable development are on diverging pathways (Ibidem). This ambiguity is also perceptible at 

the urban level. Overall, expectations for the CE as a strategy to solve the problems of sustainable urban 

development are extremely high (Joensuu et al., 2020). However, although cities’ role in moving toward 

sustainability has been of long-standing interest, the interrelationships between urban sustainability and circular 

urban areas have received relatively little attention (Fratini et al., 2019). Therefore, a critical reflection is needed 

to shed light on the concept of a circular city and its relation to urban sustainability (Henry et al., 2021; Schröder 

et al., 2019a), which should result in interpretable insights aimed at better guiding and supporting actors as well 

as offering actionable knowledge and suitable tools (Kirchherr, 2019). 

One decision that cities should challenge is whether achieving circularity would inherently lead to increasing 

sustainability and, if not, how to make this connection happen. In this regard, academic research can support 

practitioners by systematically analyzing varying perspectives and approaches. To date, the majority of studies 

aimed at comparing CE to sustainability have focused on CE/sustainability practices and policies (e.g., Calisto 

Friant et al., 2021; Schröder et al., 2019b, 2019a). Innovative studies are needed to offer insights on relevant yet 

distinguished sources of data to shed light on CE conceptualizations and operationalizations. Such a contribution 

would not only bring theoretical insights to the field, but would also support practitioners by orientating them 

towards more aligned management of resources (both tangible and intangible), with the overall scope of reducing 

inefficiencies, avoiding conflicting targets, and enhancing concerted efforts (Kennedy et al., 2011). 

1.3 Using indicators to assess urban Circular Economy and sustainability 
The comparison between CE and urban sustainability requires a deep understanding of both concepts. In recent 

decades, the concept of urban sustainability has gained prominence within both the sociopolitical and academic 

spheres (Barnett and Parnell, 2016; Caprotti et al., 2017; Castán Broto, 2017; Parnell, 2016). Scientific approaches 

to urban sustainability have proliferated since the 1990s (Alberti, 1996; Finco and Nijkamp, 2001; Maclaren, 

1996), and many notable attempts at creating frameworks for an interdisciplinary urban sustainability science have 

been conducted (Acuto et al., 2018; McPhearson et al., 2016; Ramaswami et al., 2016, 2012). Despite such 

attention, a degree of ambiguity remains around urban sustainability, and definitions of the concept are typically 

at the level of rather abstract principles (Huang et al., 2015; Mori and Christodoulou, 2012; Shen et al., 2011). The 

analysis of how the concept of urban sustainability has been operationalized is needed to move from principles to 

actions, reflecting on what is currently done and deriving insights to improve future assessments.  

In parallel with the establishment of urban sustainability frameworks in policy and academic contexts, numerous 

initiatives have been developed worldwide to monitor and compare cities’ sustainability performance to delineate, 

assess, and guide their development (Baynes and Wiedmann, 2012; Global Platform for Sustainable Cities, 2018; 

ISO, 2018). In this context, the use of indicators has emerged as a tool for operationalizing the concept of (urban) 

sustainability (Ding et al., 2015; González-Mejía et al., 2014). As Waas et al. (2014) explained, an indicator is “the 

operational representation of an attribute (quality, characteristic, property) of a given system, by a quantitative 

or qualitative variable (for example numbers, graphics, colors, symbols) (or function of variables), including its 

value, related to a reference value”. The reference value can be a goal, a target, a norm, a standard, or a benchmark 

(Gallopin, 1997). Several different objectives might be pursued when using indicators, ranging from decision-

making and management support, advocacy and communication, participation, and consensus-building, to 

research and analysis (Morse, 2015; Parris and Kates, 2003). The choice of which indicators to select comes at an 

early stage in sustainability/CE strategies, in concomitance to the determination of targeted objectives and planned 

actions (Joensuu et al., 2020). Several actors have transposed the concept of urban sustainability into sets of 

indicators (e.g., Boyko et al., 2012; Tanguay et al., 2010; Verma and Raghubanshi, 2018), the variety of which 
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testifies to the ambiguity of the concept. Sustainability indicators have proliferated so rapidly that some authors 

refer to the field as an “indicator industry” (King et al., 2000) or “zoo” (Pintér et al., 2005). Such broad adoption 

stems from several factors, including the sustainability concept’s blurriness, the increased availability of data, and 

the multiplicity of purposes for which sustainability assessments are used (Tanguay et al., 2010).  

Similar to what was described regarding the concept of urban sustainability, the question of how to measure a CE 

is rapidly evolving in the literature (Di Maio et al., 2017; Jacobi et al., 2018). Several authors highlight the 

importance of having well-designed and effective indicators for measuring and monitoring progress towards CE 

(Di Maio and Rem, 2015; Genovese et al., 2017; Pauliuk, 2018). Mirroring the indicators abundance for assessing 

sustainability, the considerable number of indicators used to assess circularity that is “popping up across sectors 

and geographies created an environment of competing and often conflicting indications of actual circularity 

progress achieved” (WBCSD and Climate-KIC, 2018, p.2).  

As CE operates on three systemic levels (i.e., micro, meso, macro), the tools and indicators for measuring CE 

differ depending on the level of application (Su et al., 2013). In Annex 1, an overview of the latest research on CE 

indicators is presented. This is not meant to be an exhaustive literature review, but rather an introduction to the 

most relevant streams of current research on the topic. Overall, previous studies on CE indicators have paid 

attention to the three systemic levels typically mentioned in the literature. Some of the reviewed studies have 

compared available tools used to measure specific aspects of CE, and some have suggested new metrics that could 

improve this process. Critical reviews and comparative analyses on existing urban CE and sustainability 

measurement initiatives are needed to understand the diversity of available metrics and to draw lessons that could 

be useful for future indicator-based assessments. To fulfill this goal, indicators can be scrutinized as the focus of 

scientific analyses. In the related literature, indicators have been mainly used as “data carriers” of the variables 

taken into consideration, disconnected from the context in which they were developed and the assessor’s intention. 

In this research, we align with current streams in which indicators play a role as “information” or “message 

carriers” (Lehtonen et al., 2016), communicating the arguments, ideas, and expectations of the developers of the 

assessment tool. To the best of our knowledge, no comprehensive analysis exists on macro-level indicators for CE, 

which focuses on the measurement approach, its alignment with sustainability dimensions, and involves a 

comparison with urban sustainability indicators. 

Research Gap 1: There is a need to understand what is measured when targeting a circular city and how the concept 

of a circular city relates to that of a sustainable city.  

1.4 Interventions for a Circular Economy  
Once clear circularity goals have been agreed upon and established, the strategies to reach those goals need to be 

identified. In the beginning, CE focused on only a few circular strategies: the so-called 3R-strategies (Reduce, 

Reuse, Recycle; Schulz et al., 2019). Recently, multiple authors have stressed the importance of considering up to 

10R-strategies (R0 Refuse/Rethink, R1 Reduce, R2 Resell/reuse, R3 Repair, R4 Refurbish, R5 Remanufacture, R6 

Repurpose, R7 Recycle, R8 Recover, and  R9 Re-mine; Reike et al., 2018). Building upon the Lansink's Ladder – 

a hierarchy for waste management (Lansink, 1979) – and the waste hierarchy applied in the waste framework 

directive of the European Union (European Union, 2008), these strategies are ordered by priority depending on 

their level of circularity (R0 being the highest circularity level). For example, smarter product manufacturing and 

use are typically preferred over the extension of the lifespan of products and their parts, which is preferred over 

the recovery and recycling of materials.  

To give structure to the different R-strategies and elicit their interconnectedness, several scholars have proposed 

frameworks aimed at guiding involved actors towards a CE, such as the well-known Circular Economy Butterfly 

diagram (EMF, 2013). Although several similar frameworks exist (Cheshire, 2016; Circulareconomylab, 2020; 

EC, 2018; EIT RawMaterials, 2020; Elia et al., 2017; Guzzo et al., 2019; Potting and Haneemaaijer (eds), 2018, 

just to cite a few), two main shortcomings can be identified in the current literature on CE frameworks.  

 First, some of the CE frameworks fail to consider the plurality of circular strategies that can be implemented. 

In fact, the CE is most commonly represented as a combination of the 3Rs, and the use of the 10R-strategy 

scheme is far from being established (Bressanelli et al., 2020; Ghaffar et al., 2020), in a time where it should 

be highlighted that a CE requires a systemic perspective (Giraldo Nohra et al., 2020) and shift (Kirchherr et 

al., 2017). All the possible R-strategies should receive adequate attention, as the three most established R-
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strategies are just one part of the puzzle (Aceleanu et al., 2019). Table 1.1 summarizes a shortlist of recent 

articles focusing on CE interventions, which aim at conceptualizing the CE interventions more systemically. 

In these seven shortlisted papers, there is an attempt by the authors to develop a conceptualization that 

categorizes the different interventions linked to the achievement of a CE. For example, Hopff et al. (2019) 

developed a framework to understand the various dimensions and scales of campus operations, and how to 

implement circular principles in campus development. Although the target scope was narrow (the campus), the 

developed framework went beyond the sole analysis of the implementation of R-strategies. It gave space to the 

strategic level, which focuses on setting goals and policies, the tactical level (where processes are set up and 

the realization of goals is steered), and finally the operational level, where goals are achieved. Guzzo et al. 

(2019) identified practices (methods) for the operationalization of R-strategies, and expanded the discussion to 

the importance of considering different perspectives (conceptual, strategic, and practical) for bridging the 

conceptual and practical phases in circular innovation. Lieder and Rashid (2016) proposed a CE 

implementation strategy whose feasibility relates to legislation and policy, support infrastructure, social 

awareness, collaborative business models, product design, supply chain, and information and communication 

technology. Prendeville et al. (2018), who built on the ReSOLVE framework (Annex 2; EMF et al., 2015), 

developed a circular city policy intervention typology (Annex 3): a matrix connecting circular city principles 

(e.g. “regenerate”, “share”, “optimize”) and the different strategies (e.g. “knowledge development”, 

“collaboration platforms”, and “business support schemes”). Through this review, an emphasis on the 

importance of the role of different actors in a CE (such as government, start-up incubators, researchers, etc.) 

was noted, and not just those directly producing, consuming, or recycling products. For instance, Pinheiro et 

al. (2019) proposed an integrative framework and mentioned the role of different stakeholders (customers, 

government, and legislation) as key drivers for a CE. However, we found that the frameworks do not explicitly 

and sufficiently highlight that the CE (i) requires a systemic shift, (ii) needs to include the collaboration, 

partnership, and involvement of several stakeholders (academics, professionals, businesses, government 

bodies), and (iii) necessitates societal and behavior changes. Whilst sporadically mentioned in the analyzed 

frameworks, these aspects are not explicitly outlined within any of the frameworks analyzed. Among the 

contributions retrieved, we based the development of our work mainly on the framework of Prendeville et al. 

(2018), as it was found to be one of the most overarching and structured frameworks currently available. 

However, there, the six circular city principles were not completely aligned with the 10R-strategies, no type of 

interventions was including the mere implementation of the R-strategies, and a certain degree of overlap among 

the categories was identified, which could represent a barrier for the operationalization of the framework in 

practice. 

Table 1.1. Shortlist of recent articles focusing on CE interventions from a systemic perspective. 

Authors Title Journal Year Focus 

Guzzo et al. 

Circular Innovation Framework: Verifying Conceptual 

to Practical Decisions in Sustainability-Oriented 

Product-Service System Cases 

Sustainability 2019 

Conceptual, strategic, practical 

perspectives. Circular Strategies 

description 

Hopff, et al.  

New Dimensions for Circularity on Campus -

Framework for the Application of Circular Principles in 

Campus Development 

Sustainability 2019 

Space demand, behavior & habits, 
Systems thinking, synergy, 

knowledge & experience, policy & 

management, securing goals, 

closing cycles 

EMF  ReSOLVE framework   2015 

Resolve model: Regenerate, Share, 

Optimize, Loop, Virtualize, 

Exchange 

Lieder & 

Rashid 

Towards circular economy implementation: a 

comprehensive review in the context of the 

manufacturing industry 

Journal of 

Cleaner 

Production 

2016 

CE framework: Environmental 

impact, Resource scarcity, 

Economic benefits 

Pinheiro et 

al. 

The role of new product development in underpinning 

the circular economy 

Management 

Decision 
2018 

Adoption, key barriers, key 

stakeholders, strategies 

Prendeville, 

et al. 
Circular Cities: Mapping Six Cities in Transition 

Environmental 

Innovation and 

Societal 

Transitions 

2018 

Circular city framework. Adapted 

from the ReSOLVE. Top-down 

change and bottom-up change 

Scheepens et 

al.  

Two life cycle assessment (LCA) based methods to 

analyze and design complex (regional) circular economy 

systems. Case: making water tourism more sustainable 

Journal of 

Cleaner 

Production 

2016 

The Circular Transition Framework 

for business innovation towards a 

circular economy. 
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 Second, to enable the implementation of the R-strategies, several researchers posit that different 

interventions should be put in place, such as education, research, awareness campaigns, and financial 

support, to mention a few (Boons and Lüdeke-Freund, 2013; Ghaffar et al., 2020; Mendoza et al., 2019; 

Saidani et al., 2019). To date, these types of interventions are underrepresented in most of the frameworks 

focused on CE interventions. This lack of attention might hinder the achievement of a CE, as the efforts 

needed to support the implementation of the R-strategies are not holistically recognized, assessed, or 

tracked. Those efforts might come from stakeholders such as researchers, policymakers, members of 

NGOs, and professionals. Since their potential contribution (e.g., conducting research and development, 

enforcing laws, raising awareness among customers) does not find a place in the available frameworks, 

their roles might be difficult to identify and coordinate. Hence, CE narratives should question the status 

quo and offer legitimacy to a diverse array of stakeholders for leveraging their agency for a CE (Leipold, 

2021). Also, engagement with, and collaborations among different stakeholders appears to be an 

underestimated topical area in CE literature (especially focusing on the private sector; Holzer et al., 2021; 

Salvioni and Almici, 2020). Interventions that can be put in place by these stakeholders (such as research 

and funding) for the achievement of a CE need to be categorized, and their importance should be more 

overtly acknowledged via integration into a reference framework, which is pivotal for enabling a systemic 

assessment of the progress towards a CE (Foster, 2020; Meherishi et al., 2019; Schulz et al., 2019).  

These two shortcomings suggest the need for the development of a systemic framework to enhance the 

achievement of a CE. This framework should consider both the existence of several (10) R-strategies, and the 

variety of CE interventions that can be put into effect. Additionally, different types of interventions can be assessed 

via the use of indicators. Criticisms leveled against current circularity indicators have highlighted their failure to 

represent the systemic and multidisciplinary nature of a CE (Saidani et al., 2017). Critics charge that the current 

CE indicators only narrowly focus on the measurement of how closed material cycles are (Corona et al., 2019). A 

research gap exists in understanding to what degree these criticisms are valid, especially when several indicator 

sets are used to assess the same concept, such as circularity in a specific economic sector.  

Research Gap 2: A systemic framework encompassing CE interventions is highly needed to enhance the 

achievement of a CE. 

1.5 Adoption of recycled products for a Circular Economy  
As introduced in Section 1.4, several (R-) strategies can be selected to achieve a CE. Despite this variety, in reality, 

much policy has been oriented only towards promoting recycling (Allwood et al., 2011; Ghisellini et al., 2016). 

Kirchherr et al. (2017) found recycling to be the most common component (79%) in CE definition, and Mhatre 

(2021) identified it as the most widely used strategy for looping back materials into the system. However, despite 

broad acknowledgment of the importance of recycling for a CE, the global economy is only 8.6% circular in 

practice (Circle Economy, 2020), which reflects worldwide inertia and lagging uptake (Adams et al., 2017; Alaerts 

et al., 2019; Xue et al., 2010). Exploiting the full potential of recycling faces several obstacles, which relate both 

to the recycling process (e.g., costs of collecting waste to be recycled, costs associated with the recycling process) 

and a low inclination to purchase and use recycled products (Sun et al., 2018). Notably, current research focuses 

on identifying alternatives to waste disposal and reducing the barriers to recycling, including developing marketing 

strategies for recycled products, enhancing consumers’ attitudes and willingness to recycle, and increasing 

perceptions of recycling feasibility (Larney and van Aardt, 2010; Scarpellini et al., 2019; Sun et al., 2018). For a 

business plan based on recycling to be economically viable, multiple actors need to contribute to the successful 

implementation of the process, and adopters need to use the recycled product. If closing loops in the supply chain 

is to succeed, change must start with customer perceptions and behaviors, and upstream supply chain processes 

must then be redesigned to accommodate customers’ desired value (Hazen et al., 2021). For example, in civil 

infrastructure projects, advanced and more sustainable materials have several advantages, but their take-up by 

industry has in many cases been relatively slow (Thorpe, 2015). Indeed, customers’ and clients’ purchase 

intentions are crucial for the successful implementation of circular business models (Mostaghel and Chirumalla, 

2021), but recycled products are still usually associated with a negative “waste” image. In the context of a CE, a 

research gap exists with regard to understanding the mechanisms behind the adoption of circular (recycled) 

products, independently from the industry in which they are produced (e.g., food, construction and demolition, 

and consumer goods). 
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Although achieving a CE requires a holistic and global perspective (Palafox-Alcantar et al., 2020), economic 

sectoral approaches are essential for initiating discussions and implementing real actions. In the European context, 

the European Commission (EC, 2015) developed a package in 2015 to support the European Union’s (EU) to 

achieve a CE by adopting an action plan to enhance global competitiveness, stimulate sustainable economic 

growth, and generate new jobs. In the updated plan (EC, 2020), the EC identified key product value chains – 

including the construction and demolition (C&D) sector – as priorities for a higher degree of circularity. The C&D 

sector is crucial, as it is responsible for the highest production of waste relative to other economic activities 

worldwide, including approximately 35% of the total amount of waste generated in the EU (Eurostat, 2016). CE 

concepts are well suited to the C&D sector in cities (Cellucci, 2021). Achieving a CE in the C&D sector is a 

complex challenge that requires overcoming several formidable barriers, to go beyond its still linear economic 

model founded upon the “take, make, and dispose” principle (EMF et al., 2015; Stephan and Athanassiadis, 2018). 

Mahpour (2018) identified 22 barriers that hinder the transformation from a linear economy to a CE in the C&D 

sector. These obstacles do not solely refer to technical issues, but also include inadequate policies and legal 

frameworks for waste management, insufficient awareness, absence of a shared and clear understanding of the CE 

in C&D waste management, and a lack of funding to implement the CE. Based on an analysis of the scientific 

literature, it appears that a comprehensive evaluation considering multiple dimensions (e.g., design, environmental, 

social, economic, technological, policy dimension) is mostly absent (Hossain et al., 2020). 

Research on alternatives to waste disposal previously mentioned are also being considered in the C&D sector (Bao 

et al., 2020; Delvoie et al., 2019; Ghisellini et al., 2018; Jain et al., 2020), which is pivotal in experimenting and 

triggering causal loops within one sector that might pave the way for moving towards circularity and sustainability. 

As the economy grows and the population increases, so do construction activities. In Switzerland, the construction 

industry is a “colossal business” (BAFU, 2018), and the C&D sector is responsible for 50% of the total primary 

energy demand, approximately 30% of total GHG emissions, and the highest fraction (84%) of total waste 

produced in the country. Hopkinson et al. (2019) found that recycling is still the most researched practice for non-

disposal methods in the C&D sector. Knoeri et al. (2011) noted that C&D waste recycling has been considered as 

a valuable option not only for mitigating primary mineral resource depletion and associated environmental supply 

chain impacts (e.g., Blum and Stutzriemer, 2007; Weil et al., 2006), but also for minimizing C&D waste streams 

to landfills (Lawson et al., 2001). In Switzerland, the problem is mainly related to the limited discharge volume: 

the procedure for opening a landfilling site might require up to 10-20 years (ASR, 2018). More specifically, the 

use of recycled concrete aggregates coming from C&D waste for producing recycled concrete (RC) is considered 

to be a valid strategy to replace natural aggregates in road and building construction activities and thereby reduce 

the environmental impact of the building sector (Medina et al., 2014; Norouzi et al., 2021; Rodrigues et al., 2013; 

SIA, 2010). 

The uptake of advanced and sustainable materials and their associated processes can be described by the concept 

of innovation (Thorpe, 2015). According to Rogers’ diffusion of innovation theory (2003), an innovation is “an 

idea, practice, or object that is perceived as new by an individual or other unit of adoption” (p.11). In this research, 

RC is considered an innovation, and conventional concrete is the standard alternative Although RC has been on 

the market for more than 15 years, this is not a relevant factor per se from an innovation adoption perspective. In 

fact, it is not important “whether or not an idea is objectively new as measured by the lapse of time since its first 

use or discovery. The perceived newness of the idea for the individual determines his or her reaction to it” 

(Ibidem). 

The recommendation and widespread use of RC still face adoption barriers (Garo, 2019; Knoeri et al., 2014). 

Critical concerns about concrete recycling are related to economic factors, policies and strategies, government 

support, the certification of recycled materials, clear quality standards, planning of demolition projects, the 

availability of suitably located recycling facilities, the cheap cost of landfill disposal as an alternative to recycling, 

and, most importantly, education and information (Garo, 2019; Iodice et al., 2021; Knoeri et al., 2011a; Lauritzen, 

2016). The distrust of some construction companies against recycled materials due to their origin from waste and 

lack of sufficient knowledge about RC’s environmental impact and technical properties (compared with 

conventional concrete) represent additional formidable obstacles (EEA, 2020). This reluctance highlights a critical 

need to identify the roles of key stakeholders and the barriers they face when using recycled C&D materials 

(Shooshtarian et al., 2020). In this context, Knoeri et al. (2011a) identified awarding authorities, structural and 
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civil engineers, architects, and contractors as the key stakeholder groups involved in selecting materials in 

structural engineering in Switzerland. Since they are connected and could strongly influence and be influenced by 

other actors, any change in their behavior would greatly influence the system. Structural engineers and architects 

are the main stakeholders to consider when submitting proposals and delivering recommendations on the project 

specifications in the design process. Specifically, architects are at the forefront of applying recycled products in 

the built environment by creating construction specifications before work starts in consultation with structural 

engineers (Shooshtarian et al., 2020). 

While it is important to identify the key stakeholders influencing the use of recycled C&D waste products, 

Shooshtarian et al. (2020) suggest that the critical next step would be to test and validate the model of enablers 

and barriers and further examine the factors influencing stakeholders’ decisions to apply recycled C&D waste 

products to enable a closed loop through waste recycling. Understanding agents’ decision-making process for 

choosing (more sustainable) construction materials is pivotal for designing interventions to promote behavioral 

change. Recently, a growing interest in the social dimension of the transition towards a sustainable/circular C&D 

sector and the role of agents has emerged that puts human needs, motivations, values, preferences, and behavior 

at the center of system change (Fischer and Newig, 2016; Gue et al., 2020; Rakhshan et al., 2020; Schweber and 

Harty, 2010). Although previous research has identified key actors and enabling/hindering factors, a more systemic 

approach is needed (Hagbert and Malmqvist, 2019). Such an approach should aim at understanding the role and 

behavior of agents by combining a wide array of behavioral drivers, including both those subjectively processed 

by the individual and those objectively associated with the material itself (in terms of its performance as a suitable 

alternative to conventional materials). To date, relatively little research has focused on the combination of 

behavioral models that would consider the impact of “personal-sphere” elements (see Michelsen and Madlener, 

2013) with (technological) innovation adoption theories (e.g., Hecher et al., 2017). To our knowledge, such an 

approach is missing, particularly for investigating the recommendation of more circular materials in the 

construction process. This approach would foster a more holistic understanding of the adoption problem and foster 

discussion and reflection on potential interventions. 

Research Gap 3: The successful management of circular strategies faces multiple barriers. Research is needed to 

understand the factors that affect the adoption of products containing recycled material. 

To summarize, the research gaps are reported in Table 1.2, together with the related Modules in which they are 

tackled. 

Table 1.2. Research gaps tackled in this thesis and related modules. 

Research gap Module 

1. There is a need to understand what is measured when targeting a circular city and how the concept of a 

circular city relates to that of a sustainable city. 

1 

2. A systemic framework encompassing CE interventions is highly needed to enhance the achievement of a CE. 2 

3. The successful management of circular strategies faces multiple barriers. Research is needed to understand the 

factors that affect the adoption of products containing recycled material. 

3 
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2. Research goal 
The goal of this thesis is to provide critical scrutiny of the Circular Economy (CE) and to gather insights to enhance 

the achievement of a CE in urban settings, based on the analysis of indicators used to assess circular cities, on the 

categorization of circular interventions, and on the identification of factors that affect the adoption of recycled 

products, as one measure towards CE. 

To address the overall goal and fill the identified research gaps, three main objectives were articulated and tackled 

in three research modules. 

The first objective was to provide a critical review of the available CE metrics in urban settings, compare them 

with urban sustainability metrics, and derive insights to inform future indicator-based assessments. 

This objective was articulated with two main research questions, addressed in Module 1: 

RQ 1.a. How have sustainability and CE in urban areas been operationalized through the use of indicators?  

RQ 1.b. How should CE and sustainability at the urban level be interpreted? Are they similar, alternative, or 

complementary concepts? 

The second objective was to a) develop a systemic framework that comprises and categorizes interventions aimed 

to achieve a CE, and b) apply the framework to investigate how the intervention categories have been considered 

in existing circularity assessments, specifically in the construction and demolition (C&D) sector. 

This objective was articulated with two main research questions, addressed in Module 2: 

RQ 2.a. How can CE interventions be categorized through a systemic framework? 

RQ 2.b. To what extent have existing circularity assessments considered different intervention categories in the 

C&D sector? 

The third objective was to a) develop, operationalize, and apply a comprehensive behavioral framework, and b) 

analyze the factors that can lead to the adoption of recycled concrete (RC) to support the achievement of a CE in 

the C&D sector. 

This objective was articulated with two main research questions, addressed in Module 3: 

RQ 3.a. How do the beliefs of architects with prior knowledge about RC differ from those of architects with no 

knowledge of RC? 

RQ 3.b. What are the behavioral drivers and contextual factors affecting the choice to recommend RC by 

architects? 

Figure 2.1 summarizes objectives, methods, and keywords associated with the different modules. 
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Figure 2.1. Overview of modules and related objectives, methods, and keywords.
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3. Methodology 
An overview of the research focus and methods used in each Module is depicted in Table 3.1. 

Table 3.1. Research modules, focus, and methods used. 

Module Focus Methods 

1 
Eliciting Circular Economy and urban 

sustainability foci and overlaps 

 Categorization of indicators 

 Wilcoxon signed-rank test 

 Cluster analysis 

2 Categorizing Circular Economy interventions 

 Literature review 

 6 expert interviews 

 Interview coding and analysis 

 Post-hoc Chi-Square test of independence 

3 
Identifying factors driving the recommendation 

of Recycled Concrete 

 Literature review 

 16 expert interviews  

 Interview coding and analysis 

 Survey 

 Wilcoxon signed-rank test 

 Logistic regression 

The research was conducted through a mixed-methods approach that employs qualitative and quantitative data 

sources and methods through the process of triangulation (Denzin, 2009; Flick, 2009; Miles and Huberman, 1994; 

Webb et al., 1996). According to Johnson et al. (2007, p.113), “mixed methods research is, generally speaking, an 

approach to knowledge (theory and practice) that attempts to consider multiple viewpoints, perspectives, positions, 

and standpoints (always including the standpoints of qualitative and quantitative research)”. The combination and 

integration of qualitative and quantitative data and methods can help overcome the limitations of a research 

approach based solely on one type of data and methods (Baran and Jones, 2020; Flick, 2009; Hay, 2016; Teddlie 

and Tashakkori, 2009). 

Specifically, in Module 2 and 3, we conducted semi-structured interviews. Interviewing has emerged as a 

widespread method to generate information and produce knowledge for scholarly (academic) and professional 

purposes. Expert interviews have significantly evolved since the 1990s (Meuser and Nagel, 2009) as a qualitative 

empirical research technique aimed at deriving knowledge from interviewed experts. Semi-structured expert 

interviews represent a subgroup of qualitative interviews (Flick, 2009). Interviews outlines are used to structure 

the interview while offering space for spontaneous additions and changes in the order of the questions. The basis 

for the analysis of semi-structured interviews consists of taking notes or recordings and transcribing them. 

Transcripts represent oral and/or visual data in written form (Kvale and Brinkmann, 2009). Holstein and Gubrium 

(2011) depict the interview process as “interactionally” active. It is actively productive of the results, shaping the 

form and content of what is being mentioned, irrespective of the interviewer’s neutrality and the respondents’ 

cooperation. The representation of the researcher as an instrument for qualitative data collection, in semi-structured 

or unstructured qualitative interviews, has been widely recognized (Cassell, 2005; Pezalla et al., 2012; Rubin and 

Rubin, 2005; Turato, 2005). The particular researcher’s characteristics can influence the gathering and 

interpretation of empirical materials (Holstein and Gubrium, 2011). Scholars have also examined the researcher’s 

role in knowledge generation and directing the research material (Råheim et al., 2016) and his/her involvement in 

the construction and formation of ideas (Janesick, 2001; Singer et al., 1983). 

In Module 3, we administrated an online survey in order to obtain data about architects’ beliefs about recycled 

concrete (RC) and information about their construction projects. Survey research is a “systemic set of methods” 

employed to collect information to produce knowledge and assist in decision-making (Lavrakas, 2008). It is mainly 

adopted in applied social research (Kelley et al., 2003). Surveys are generally used to depict and study human 

behavior (Ponto, 2015). Groves et al. (2011, p.2) define the term “survey” as “a systematic method for gathering 

information from (a sample of) entities for the purposes of constructing quantitative descriptors of the attributes 
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of the larger population of which the entities are members.” Two main aspects define a survey: the sample retrieved 

from the population, and the systematic instrument (most usually a structured questionnaire) designed to collect 

the information and data from each sampled individual of the population (Lavrakas, 2008). Social survey 

measurement is prone to error, and the techniques used to conduct a survey can largely affect how likely the 

resulting data would accurately describe what they are initially expected to describe (Fowler, 2014). The sample 

survey combines three distinctive methodologies: sampling, question design, and data collection (Fowler, 2014). 

The data collection in survey research is done in a standardized way, typically through a questionnaire (Kelley et 

al., 2003). The questionnaire is the principal instrument for gathering information and collecting data (Lavrakas, 

2008). It is often administered in a standardized way to all survey participants to obtain comparable responses 

(Jones et al., 2013; Lavrakas, 2008; Singleton and Straits, 2001). The logic behind this standardization is that “only 

if a stimulus is the same for all survey respondents, at least in theory, it is possible to obtain the same (symbolic, 

cognitive, psychological or social reaction) reaction from it” (Lavrakas, 2008, p.652). 

Using a survey enabled us to gather a number of responses that would have been virtually impossible if we would 

have conducted interviews. Individual interviews could have offered benefits because the researchers could have 

asked follow-up questions in real-time. However, these benefits were deemed negligible compared to the 

significant additional effort needed to conduct large-scale interviews. The preparation and administration of a 

survey require multiple steps and a complex set of procedures (Stapleton, 2018). All the errors that can occur while 

using surveys as a research method go under the term total survey error. Five categories of errors are identified: 

coverage, non-response, editing and processing, measurement, and sampling (Groves, 1989). The preparation of 

the survey was done to minimize the sources of these errors. To ensure the validity of the survey results, the issue 

of causality was addressed by developing a conceptual framework to operationalize the decision to recommend 

RC, based on several established theoretical approaches, and additionally validated by conducting semi-structured 

interviews with selected experts (i.e., triangulation of methods). The questions of the survey were developed and 

discussed within the research team. Then, the draft of the questionnaire was iterated with architects to validate the 

formulation of the questions and the alternative answers. 

3.1 Analysis of the indicators used to assess circular and sustainable urban systems 
In Module 1, the research questions driving the research were: 

RQ 1.a. How have sustainability and CE in urban areas been operationalized through the use of indicators?  

RQ 1.b. How should CE and sustainability at the urban level be interpreted? Are they similar, alternative, or 

complementary concepts? 

Indicators were used to scrutinize how CE and urban sustainability have been operationalized, and to compare 

these assessments. When using indicators as conceptual elements, different frameworks or lenses can be applied 

to elucidate the key components and features that constitute a particular concept, linking the indicators to specific 

categories of the selected typologies. Using typologies as analytical frameworks stems from considering how to 

tackle several challenges: complexity, the ambiguity of interpretations, and varying analysis levels (granularity). 

Typologies can be conceptualized as approaches enabling the scrutiny of the complexity that characterizes the 

multiplicity of indicators that come from heterogeneous sources. Furthermore, typologies offer a standardization 

of the analysis of indicators, independent of the context and background in which the indicator was developed.  

In this research (as elaborated further in this Section), indicator sets that are used to assess urban sustainability or 

CE in urban settings were collected. Indicators were then extracted and individually analyzed through the lenses 

of selected typologies: The STEEP categories (Manuscript I and II), the Sustainable Development Goals (SDGs; 

Manuscript I and II), and inductively created thematic groups (Manuscript II).   

The STEEP framework 

In order to broaden the scope of the three pillars of sustainability (social, economic, and environmental), the 

STEEP4 framework (also called PESTE) can be used. The STEEP framework is a domain-based categorization of 

contextual factors. It includes the addition of two categories that are pivotal for reaching sustainability and CE: 

technological and political. In the context of strategic management and scenario analysis, the STEEP framework 

                                                           
4 The STEEP acronym comes from the categories “Social”, “Technological”, “Economic”, “Environmental”, and “Political”. 
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has been used to understand which driving forces might affect an organization, an issue, or an area (Bradfield et 

al., 2005; Chermack, 2011; van Notten, 2006). The framework has been used in the literature to assess diverse 

global change issues (Everard et al., 2012; Morrison and Wilson, 1996), and to understand the interrelations among 

the domains of human activity and their interplay with meeting the goals of sustainability (Steward and Kuska, 

2011).  

Sustainable Development Goals (SDGs) 

The Sustainable Development Goals (SDGs) framework is at the core of the United Nations' 2030 Agenda for 

Sustainable Development (UN, 2015) and is widely used in academia and in practice to give comparable 

connotations to indicators and policies. The 17 SDGs represent a goal- and issue-based framework that has 

received extensive attention from institutions and actors worldwide while remaining an imperfect framework 

(Giannetti et al., 2020; Ordaz, 2019). A large share of CE and sustainability-related projects are currently linked 

to this framework, making the projects’ contribution to specific SDGs explicit, thus demonstrating the great 

resonance that the framework has achieved with the public (Ngan et al., 2019). Regarding indicators, several 

researchers have used the SDGs typology to determine which aspects of sustainability, circularity, or related 

concepts, the indicators are measuring (Dantas et al., 2021; Merino-Saum et al., 2018; Padilla-Rivera et al., 2021; 

Panchal et al., 2021; Schröder et al., 2020, 2019a; Wang et al., 2020), hence offering insights against which we 

can compare our results.  

Thematic groups 

To categorize indicators, some scholars suggest that an inductive content analysis avoids the risk of restricting a 

priori the scrutiny of the data under study, which could leave some elements unrecognized (Parchomenko et al., 

2019). Although the use of self-made categories might bring subjectivity, this is a common approach used in many 

comparable research projects (Dizdaroglu, 2017; Feleki et al., 2020; Kaur and Garg, 2019; Lynch, 2011). In 

Manuscript II, a list of 36 thematic groups was inductively developed based on the indicators collected from the 

sample. 

The research within Module 1 was performed in four main steps. 

Step 1. To obtain indicator sets that are used to assess CE at the urban scale, we used the Scopus database and the 

Google search engine, adapting the research keywords in English, French, Spanish and Italian. The keywords used 

in Google.com and Scopus were “circular*” AND “indicator*” AND (“urban” OR “city”). The search was 

performed in June 2020. Moreover, we used a snowball approach, asking organizations whose reports were found 

online whether they were aware of other frameworks at the urban level. For inclusion of an indicator set in the 

final sample, we applied the following criteria: the framework clearly states that it is measuring the circularity of 

an urban area; the indicators are available (listed in the reference documents); the set of indicators cover several 

areas/city functions (not only transport or energy, for example); the set was last updated between 2005 and 2020. 

This led to a sample of 24 indicator sets. 

The in-depth scrutiny of urban sustainability indicators was performed in Manuscript I. To generate a sample 

comparable to the one obtained for CE indicator sets, we applied additional exclusion criteria to the urban 

sustainability sample. Specifically, we limited it to those indicator sets that had the same geographical focus as the 

CE indicator sets sample, to allow for better-informed comparisons. In practical terms, we compiled a list of all of 

the countries of the cities for which the CE indicator sets were developed and then used this list to retain indicator 

sets coming from the urban sustainability sample. 

Step 2. Indicators were extracted from the retrieved 57 sets, yielding 1759 indicators. Out of these, 535 come from 

the CE indicator sets and 1224 from the urban sustainability indicator sets. Indicators that were measuring the 

same variable, potentially with a slightly different label/definition, were registered as only one indicator. This 

approach highlighted doubles in the initial catalog (see Merino-Saum et al., 2018). We thus moved from a “gross” 

list made of 1759 entries to a final “net” catalog, which included 930 indicators. 

Step 3. We screened the indicators across an increasing level of detail. We first reported on the set(s) in which 

each of the 930 (net) indicators was present. We purposely combined deductive and inductive analytical grids 

(typologies) to increase comprehensiveness and methodological pluralism while keeping subjectivity at an 
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acceptable level. We moved from a more abstract level to a more detailed one; in other words, we started with the 

typology including the smallest number of categories, and we progressively moved towards those involving a 

higher level of details, i.e., the SDGs, and thematic groups. Regarding our intermediary level of description (i.e., 

the SDGs framework) and its role in the overall methodological approach, its deductive application to our sample 

allowed us to identify potential gaps that would have otherwise remained hidden if the list of thematic (inductively 

created) groups would have been used exclusively. Our thematic list was developed following an iterative 

procedure. The research team created several preliminary lists that were tested with the indicators from the sample 

and subsequently revised until a consensual, consistent (i.e., avoiding overlaps) and balanced (i.e., simple but not 

simplistic) list was reached. The 36 thematic groups included in the final list should be understood as umbrella 

concepts that are distinct enough from each other to allow subsequent analysis. Indeed, within each thematic group, 

multiple interrelated ideas are embedded, which as a whole, convey an easily understandable and united 

signification. In our assessment of the link between indicators, STEEP categories, SDGs, and thematic groups, 

each indicator could be linked to only one thematic group, but to multiple STEEP and SDG categories, as those 

categories pertaining to the latter two frameworks are not necessarily mutually exclusive. 

Step 4. We first focused on the number of indicators that the two groups had in common. We recorded whether 

the indicators were used by at least one CE or urban sustainability indicator set. We then calculated how many 

indicators were only derived from the list compiled with the CE indicator sets, and what the overlap was with the 

list of indicators used by the urban sustainability indicator sets. The same analysis was replicated at the thematic 

groups’ level. We identified those thematic groups that were assessed by the majority of CE sets and those that 

were assessed by the majority of urban sustainability sets. We used percentage thresholds to identify different 

groups of thematic groups based on how frequently they were included in the indicator sets.  To compare the two 

groups (CE and urban sustainability) in terms of coverage of STEEP categories, SDGs, and thematic groups, we 

calculated the coverage of each category of the three typologies by dividing the number of indicators linked to that 

specific category by the total number of indicators of the set analyzed. Since the majority of the distributions of 

the variables were non-normal, we performed the non-parametric Two-sample Wilcoxon rank-sum (Mann-

Whitney) test. The statistical analysis was performed with STATA 16.1. 

Finally, we performed three hierarchical cluster analyses (HCA) of the indicator sets based on their coverage 

of the STEEP categories, the SDGs, and the thematic groups. HCA is a technique used to classify items according 

to factors (cluster variates) and separate them into groups (clusters). In our case, individual indicator sets were the 

items, and the values of coverage of the three typologies (STEEP, SDGs, and thematic groups) were the cluster 

variates. Since cluster analysis is known to be influenced by the type of cluster variates used (Pastor and Erbacher, 

2019), we performed three independent analyses to produce insights from different approaches and to triangulate 

them. We hypothesized that two main clusters could be identified: one containing only CE indicator sets, and one 

containing only urban sustainability indicator sets. This would mirror the fact that consistency exists in how the 

parameters are covered by the indicator sets belonging to each of the two groups. The consistency of the assessment 

was elicited a posteriori, identifying the location of each indicator set in the resulting dendrogram. For the cluster 

analysis, we used STATA 16.1, applying Ward’s linkage and L2 dissimilarity measure. 

3.2 A systemic framework for Circular Economy interventions 
The research conducted in Module 2 was aimed at answering two research questions: 

RQ 2.a. How can CE interventions be categorized through a systemic framework? 

RQ 2.b. To what extent have existing circularity assessments considered different intervention categories in the 

C&D sector? 

The research was performed in six main steps.  

Step 1. We analyzed the strengths and weaknesses of how current frameworks categorize CE interventions. To do 

so, we performed a literature review of frameworks related to CE interventions. We searched for different 

combinations of keywords in the title and abstract using the Scopus database. The search was performed and 

updated in October 2019. Keywords were "circular economy" AND ("framework" OR “taxonomy” OR 

“indicator*”) AND ("strateg*" OR “action*" OR “intervention*). We restricted the results to the English language 

and peer-reviewed documents, obtaining 242 results. We shortlisted those documents proposing or discussing 

frameworks related to interventions for a CE (18 documents were retained). A review of the grey literature led to 
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the addition of the ReSOLVE framework (EMF et al., 2015), as it is an intervention framework developed by the 

most cited institution in the CE field, and it is the inspiration behind the majority of CE conceptualizations. 

Step 2. Based on the literature review of frameworks performed in the first step, we developed a new systemic 

framework for categorizing CE interventions, applicable to any economic sector. The framework was developed 

by triangulating the information retrieved from the literature review and the insights provided by the experts 

interviewed (step 3). Similar examples of this process can be found in the literature, where gaps are first identified 

and then new frameworks are developed (e.g., Dhir et al., 2020; Govindan et al., 2021; Millette et al., 2020). We 

grouped interventions into a parsimonious yet comprehensive number of clusters, challenging its consistency with 

the interviewed experts. 

Step 3. We conducted six expert interviews pursuing three main objectives: (i) to gain insights on the challenges 

faced for the implementation of a CE, (ii) to iterate the systemic framework, and (iii) to consider additional 

indicators, specifically within the C&D sector, that have not yet been considered by indicator sets developers. Pre-

defined outlines were developed (Annex 4) based on insights informed by literature reviews and exploratory 

enquires. In all the research modules, the interview protocols were submitted to the ethical committee of EPFL to 

obtain clearance. The interviews were recorded and anonymized, following interviewing ethics that are generally 

accepted (Kvale and Brinkmann, 2009). The experts that participated in our study were selected because of their 

involvement in activities linked to the CE in Switzerland. Four of the experts worked specifically in the C&D 

sector, while the others worked on transversal projects encompassing multiple sectors. The experts were 

approached via the researchers’ professional network. The interviews were conducted in-person or over the phone 

and lasted approximately one hour.  

Step 4. Indicator sets assessing a CE in the C&D sector were identified through the research in the academic 

literature and the grey literature. These indicator sets represented our sample to perform the analysis aimed at: (i) 

testing the validity of the developed framework, i.e., if the categories of the framework would cover all the 

indicators used to assess a CE in a specific (C&D) sector; (ii) understanding the weight (in terms of number of 

indicators) given to the different categories of the framework within the different indicator sets. For academic 

contributions, indicator sets were obtained through a Scopus internet search. For inputs from practitioners, we used 

the search engine Google.com. The search was performed in April 2019. Keywords were “indicator*” AND 

“circular” AND (“construction” OR “building”). We obtained and analyzed the indicators from four academic 

papers, two governmental reports, and three organizational reports. Since we were focusing on a CE in the C&D 

sector considering multiple levels of assessment (macro, meso, micro), the indicator sets retrieved referred to 

several levels at which a CE can be implemented in the C&D sector. The number of indicators per set varied from 

12 to 64, with an average of 28 indicators per set (252 in total).  

Step 5. Each indicator was linked to only one category of the framework (operationalization of the framework). 

This was a key step: we would have needed to reconsider the framework itself, if we were not able to link each 

indicator to one of the categories of the framework. Two researchers independently linked each indicator to one 

intervention category. Then we computed an inter-rater reliability score to check for the level of agreement 

between the assessments made independently by the two researchers. In case of disagreements, the indicators were 
discussed until agreed upon, following a similar strategy to the one implemented by other researchers dealing with 

the categorization of indicators (e.g., Ahvenniemi et al., 2017; Merino-Saum et al., 2018; Moraga et al., 2019; 

Saidani et al., 2019).  We calculated the extent to which the nine indicator sets covered, on average, the categories 

of the framework. To obtain these values, we computed, for each category, the average coverage of the category 

based on the nine indicator sets. We performed the Pearson’s Chi-Square test of independence to test if there were 

significant differences in the coverage of each category of the framework across the sets. However, since the Chi-

Square is an omnibus test, it shows a significant difference if at least one value significantly deviates from the 

expected value. To know precisely which sets covered which of the framework’s categories in a significantly 

different way than the average, we performed a post-hoc Chi-Square test. To obtain a comparable overview of the 

weight given to each category of the framework by the indicator sets, we divided the number of indicators covering 

each category by the total number of indicators in that specific set. We then computed the average coverage of 

each category (across the nine indicator sets), to obtain an overall average coverage of the categories within our 

sample. 
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Step 6. We proposed additional indicators specifically for what concerns the C&D sector. These suggestions were 

based on the gaps that we identified in the literature review, and on the suggestions provided by the experts that 

we interviewed. The additional indicators suggested relate to the interventions that we found underrepresented in 

the indicator sets analyzed in step 5. 

3.3 Adoption of recycled products for a Circular Economy 
In Module 3, we focused on the management of one specific R-strategy (i.e., recycling), and we inquired about the 

adoption of a product containing recycled material (recycled concrete, RC). The two questions guiding the research 

were: 

RQ 3.a. How do the beliefs of architects with prior knowledge about RC differ from those of architects with no 

knowledge of RC? 

RQ 3.b. What are the behavioral drivers and contextual factors affecting the choice to recommend RC by 

architects? 

We approached this research from the perspective of the adoption of innovation. Manifold behavioral decision-

making theories and models have been developed to increase our understanding of the determinants and processes 

influencing an actor's decision to perform specific behaviors in general (Ajzen, 1991), and to adopt innovation in 

particular (Wisdom et al., 2014). Nevertheless, no specific behavioral model has been proposed for inquiring into 

the recommendation of RC in construction projects. Our conceptual framework, based on the integration of 

existing frameworks from psychology and management, encompasses the essential elements playing a role in the 

decision-making process of architects as a subsystem of the construction system.  

The inspiration for the presented framework stems from the integrative agent-centered (IAC) framework (Feola 

and Binder, 2010), which already integrated Structuration Theory (ST; Giddens, 1984) and the Theory of 

Interpersonal Behavior (TIB; Triandis, 1979). We also found inspiration in the work of Ajzen's Theory of Planned 

Behavior (TPB; Ajzen, 1991), which has been widely deployed for predicting pro-environmental behavior at an 

individual level (Li et al., 2019). Although TPB helps to explain fundamental behavior patterns, it should be 

adapted for specific purposes and contexts (Jain et al., 2020). Since our focus is on the recommendation of a 

specific material that entails environmental benefits, we also consider the theoretical perspective of Rogers' 

adoption of innovation (Rogers, 2003). The first two approaches (IAC and TPB) offered a complementary basis: 

they enhanced the consideration of the adoption process as a decision process, while the latter approach aided in 

integrating a more focused perspective on the innovation’s peculiarities.  

Giddens' ST combines the micro (social actor) and macro (structure) levels: it recognizes the contribution of 

individuals to the reproduction of social structure and, reciprocally, how social structures influence the actions of 

individuals (duality of structure; Giddens, 1984). The ST explains how actors influence and are influenced by 

social structures, triggering a feedback loop that gives individuals new information to reassess their standpoints. 

One integration of Giddens' TS into our framework is in the feedback loops triggered by the consequences of the 

behavior. 

TIB is a psychological framework that aims to explain individuals' “interpersonal” behavior (Triandis, 1979). In 

TIB, intentions, habit, physiological arousal, and contextual factors influence the agent’s current behavior. 

Besides, normative, cognitive, and affective antecedents determine intentions. In our framework, which focuses 

explicitly on RC’s recommendation, physiological arousal was not integrated, since the recommendation of RC 

needs time and multiple verifications, and it is not a decision that can be made under a specific state of 

physiological arousal. The integration of Triandis’ TIB into our framework also lies, in part, in recognition of the 

importance that an individual’s social network has in developing an intention to implement a behavior. 

At the agent level, Ajzen’s TPB (1991) defines the intention of the agent to implement a specific behavior as being 

determined jointly by the perceived behavioral control (the ease of implementing the behavior), the attitude 

towards the behavior (the evaluation of the behavior) and the subjective norms (the perceived social pressure to 

perform the behavior). TPB has been extensively used in behavioral studies. Notably, in the construction sector, 

Jain et al. (2020) applied it to an analysis of builders’ attitudes towards C&D waste recycling in India. The 
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integration of TPB into our framework is based on recognizing all of these components in shaping the agent’s 

intention and behavior. 

According to Rogers’ Adoption of innovation (Rogers, 2003), an innovation is “an idea, practice, or object that 

is perceived as new by an individual or other unit of adoption”. As mentioned in Section 1, in our research, RC is 

considered an innovation, and conventional concrete is the standard alternative. From an innovation adoption 

perspective, five characteristics of an innovation are deemed important and help explain its adoption rate (Rogers, 

2003): relative advantage, compatibility, complexity, trialability, and observability. Relative advantage “is the 

degree to which an innovation is perceived as better than the idea it supersedes”. Compatibility “is the degree to 

which an innovation is perceived as being consistent with the existing values, past experiences, and needs of 

potential adopters”. These characteristics are integrated within our framework in the agent's attitude, shaped by 

the beliefs that he/she associates with RC and its use. Complexity “is the degree to which an innovation is perceived 

as difficult to understand and use”. This component is integrated within the perceived behavioral control. 

Trialability “is the degree to which an innovation may be experimented with on a limited basis”. Trialability could 

be associated with the capacity to get knowledge and experience in using the material. Finally, observability “is 

the degree to which the results of an innovation are visible to others” and affects the stimulation of a discussion 

about the innovation. Observability is also linked to the consequences of the behavior (recommending RC), which 

can be accentuated depending on the visibility of the use of the innovation. The behavioral framework resulting 

from the integration of the theories mentioned above is presented in Section 4. The research carried out in Module 

3 was performed in four main steps. 

Step 1. The framework was operationalized through a literature review and semi-structured interviews. Pre-defined 

outlines were developed (Annex 5). Thereby, as a first step, for each framework component, a set of variables for 

operationalizing the concept was selected in a literature review. In a second step, we performed 16 semi-structured 

expert interviews with architects working in Switzerland. During the interviews, the framework itself was first 

validated. The variables potentially influencing the studied behavior (e.g., the belief that the use of RC would 

imply an increase in the cost of the project) were associated with the framework components (e.g., beliefs). The 

interviews helped to transfer the general framework developed by (Feola and Binder, 2010) to the decision-making 

process on the recommendation of RC in Switzerland (e.g., specific labels and building regulations). The 

interviews were performed in person or on the phone in English, Italian or French. They lasted for approximately 

one hour and were transcribed, translated to English, and coded with the MAXQDA software. 

Step 2. The selected variables were measured through a structured questionnaire. The questionnaire aimed to 

collect three main types of data: (i) the a priori beliefs of architects about RC with no prior knowledge of RC; (ii) 

behavioral factors influencing the decision to recommend RC; (iii) contextual factors specific to construction 

projects in which RC was, or was not, recommended. The questionnaire (Annex 6) consisted of open and closed 

questions, multiple-choice questions, and scales. The questionnaire was pre-tested with eight architects and then 

submitted to the ethical committee of the research institute which approved the questionnaire and the process of 

obtaining the potential respondents’ contact information. 

The main sections of the survey covered: 

 Socio-demographic variables (e.g., age, gender, country of study, job title); 

 Questions on the perceived role of the architect in the construction process, on environmental values, 

and on the propensity to take risks by recommending materials that were not previously used by the 

architect; 

 A self-assessment on knowledge about the materials; 

 Asking if the architect has ever recommended RC; 

 Questions on beliefs associated with RC; 

 Questions about contextual factors related to the last project in which RC was or was not recommended 

by the architect. 

Step 3. The questionnaire was sent through a survey to gather quantitative data. The contact information for the 

potential respondents was gathered through Swiss databases of architects’ associations that are publicly available 

online (only architects at least 18 years old were selected). The databases had national coverage and their 



Part I ¦ 3. Methodology 

18 
 

integration led to a list of 7804 potential respondents. The survey was prepared via Qualtrics software. Individual 

links for participation in the online survey were sent via email, and invited persons had the option of responding 

in English, French, German or Italian. The survey was conducted between September and October 2020. 

Participation in the survey was voluntary, the anonymity of the respondents was guaranteed, and no financial 

compensation was paid. Respondents could start the survey and save their progress in order to complete the 

questionnaire within the deadline fixed by the researchers. 750 people completed the survey. Some participants 

were excluded from the data analyses if, for instance, they were not working in Switzerland. As a result, 727 

participants with valid responses were considered for the data analysis, including 314 who completed the German 

version, 262 the French version, 124 the Italian version, and 27 the English version. The number of interpretable 

responses varied between the survey items because some items included the option “Prefer not to reply” or “I don’t 

know”, which were considered as missing entries. The only canton from which we did not receive any replies was 

Obwalden (which is one of the smallest Swiss Cantons as it accounts for only approximately 0.4% of the Swiss 

population). The gender distribution of the participants was 80.6% males, 18.4% females, and 1% preferred not to 

reply. The average age of the participants was 50.3 years (median = 50, min = 18, max = 85, SD = 10.99). Among 

the respondents, 82.1% had obtained their highest architectural degree in Switzerland, and 17.9% in another 

country. 69.3% had a senior position. 52.8% of the respondents had more than 20 years of professional experience 

as an architect, and 41.4% worked on more than five construction projects per year. 28.2% of the respondents had 

no prior knowledge about RC. 61.5% of the respondents with at least basic knowledge about RC (ntot = 522) had 

recommended RC at least once in their construction projects in the last five years. 

Step 4. In the statistical analyses, we first compared the respondents with and without prior knowledge of RC in 

terms of socio-demographic attributes and beliefs associated with RC by performing the Two-sample Wilcoxon 

rank-sum (Mann-Whitney) test for continuous variables and the Chi-square test of independence for categorical 

variables. Subsequently, the recommendation of RC in construction projects was defined in probabilistic terms, by 

specifying a logistic regression equation. The general logistic model was specified as follows (Equation 1). 

(1) ln [P/(1 – P)] = β0 + β1X1+ β2X2 + . . . βkXk  

where: 

 P is the probability of the outcome (the recommendation of RC); 

 β0 is the intercept term; 

 β1, β2, … βk are the coefficients associated with each explanatory variable 

 X1, X2, … Xk are the explanatory variables. The subscript k denotes the k-th variable 

 in the model (Neupane et al., 2002). 

Only data on the respondents that reported having at least basic knowledge of RC was used for this step. The 

possible outcomes of the logistic regression were coded as 0 (“never recommended RC”), and 1 (“recommended 

RC at least once in the last five years”). To select the variables to input into the regression model, we performed 

bivariate analyses to compare, for each variable, the groups of architects that had never recommended RC with 

those that had recommended RC at least once in the last five years. Only the variables whose values were 

significantly different between the two groups were input into the regression model. The regression allowed for 

quantification of the influences of the selected variables on the architects’ decisions to recommend RC, and to test 

their significance. Since some of the “I don’t know” answers led to missing data, we performed a multivariate 

sequential imputation (35 imputations, predictive mean matching (pmm); random-number seed 1234; K-nearest 

neighbor (knn) = 5; Beretta and Santaniello, 2016). Finally, we analyzed the importance of contextual factors in 

the decision to recommend RC. In this case, we focused on specific projects. We used the data we had collected 

by asking each respondent to provide information about the last project in which he/she had recommended RC, 

and the last project in which he/she had not recommended RC. Hence, in some cases, the respondent provided 

information regarding both cases. We retained only those cases in which the number of RC suppliers was non-

zero. We performed bivariate analyses to select those variables whose values were significantly different between 

the groups (cases in which RC was recommended and cases in which RC was not recommended). We performed 

a logistic regression with the selected variables. All statistical analyses were performed using STATA 16.1. 
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4. Results 
This Section synthesizes each module’s key findings. A more detailed description of all research results is available 

in Part II, where the manuscripts are reported. 

4.1. Circular Economy and sustainability assessment of urban systems (Module 1) 

Research Gap 1: There is a need to understand what is measured when targeting a circular city and how the 

concept of a circular city relates to that of a sustainable city. 

Objective: To provide a critical review of the available CE metrics in urban settings, compare them with urban 

sustainability metrics, and derive insights to inform future indicator-based assessments. 

Highlights: 

 A clear understanding of what the CE goals cover is pivotal to avoid aiming for narrow objectives that might 

not be moving cities towards broader sustainability. 

 The concept of a CE in urban areas is nested into the concept of urban sustainability; no thematic group is 

unique to the CE sub-sample. 

 A shared perspective on the core elements of a circular city (i.e., what is essential to measure) might still be far 

from being reached by CE assessors. 

 CE in urban systems is mainly focused on environmental issues. Even though marginally, CE indicator sets 

include social aspects. Compared with urban sustainability sets, CE indicator sets focus more on environmental 

and less on social aspects. 

 No significant difference can be identified between CE and urban sustainability sets regarding technological 

aspects. Policy aspects are neglected in both CE and urban sustainability indicator sets. 

 Compared to the list of indicators for urban sustainability, the list of indicators used to assess a CE contains 

additional indicators related to specific thematic groups (e.g., waste). 

The selected results presented in this Section are extracted from Manuscript II. 

Out of the list of indicators collected from urban sustainability and CE indicator sets, only 9% were used to measure 

both CE and urban sustainability concepts (i.e., they are present in at least one CE indicator set and at least one 

urban sustainability indicator set). In comparison, ~30% were unique to the CE group, and ~60% were unique to 

the group of urban sustainability. 

Table 4.1 reports the top 5% indicators that are most used in CE sets (panel a) and urban sustainability (panel b). 

Indicators that appear in both lists are reported in bold, to highlight the two lists’ overlaps. These 19 (CE) and 31 

(US) indicators represent the most common indicators. The top 5% of CE indicators represent 21% of all CE 

indicators that appear in the gross list of CE indicators. The top 5% of urban sustainability indicators represent 

24% of all urban sustainability indicators that appear in the gross list of urban sustainability indicators, thus 

suggesting their importance and common use. Some of the most common indicators present in both groups are 

CO2eq emissions, municipal solid waste generated, and the percentage of municipal waste recycled. For each 

indicator, the thematic group to which it is linked is reported. The thematic groups of the indicators that are shared 

between the CE and urban sustainability indicator lists are “Waste production and management”, “Green House 

Gases”, “Water”, “Urban Green/blue areas - urban ecosystems”, Conventional energy”, “Renewable energy”, and 

“Employment”. The elicitation of the overlap between the thematic groups referring to the most used indicators 

offers a first insight into the shared foci of an urban CE and sustainability.  
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Table 4.1. List of the top 5% indicators used in the Circular Economy (CE) indicator sets sample (panel a) and in the urban sustainability 

(US) indicator sets sample (panel b). 

Indicator  Related thematic group 

a. CE indicator sets sample 

# of CE indicator 

sets containing the 

indicator 

 

Municipal waste treatment by recycling (%) 14 Waste production and management 

Municipal solid waste generated (ton) 10 Waste production and management 

CO2eq (GHG) emissions (ton) 8 Green House Gases 

Jobs in circular economy/sustainability (#) 8 Sustainable/circular initiative 

Energy consumption per GDP 7 Conventional Energy 

Water consumption (l) 6 Water 

Landfilled waste (%) 6 Waste production and management 

Municipal Waste treatment by composting (%) 5 Waste production and management 

Waste intensity per household (ton) 5 Waste production and management 

Green area extension (km2) 4 
Urban Green/blue areas - urban 

ecosystems 

Construction and demolition waste produced (ton) 4 Waste production and management 

WEEE collected (ton) 4 Waste production and management 

Total energy consumption (TWY) 4 Conventional energy 

Ratio of tot energy derived from renewable sources (%) 4 Renewable energy 

Patents (#) 4 R&D 

Gross Value Added ($) 4 GDP & Added value 

Employment rate (%) 4 Employment 

Unemployment rate (%) 4 Employment 

Potentially toxic material flows (ton) 4 Health & Wellbeing 

b. US indicator sets sample 

# of US indicator 

sets containing the 

indicator 

 

CO2eq (GHG) emissions (ton) 17 Green House Gases 

Municipal solid waste generated (ton) 16 Waste production and management 

Water consumption (l) 14 Water 

Green areas extension (km2) 13 
Urban Green/blue areas - urban 

ecosystems 

Number of registered crimes (#) 13 Personal safety 

Unemployment rate (%) 12 Employment 

Disposable income ($) 12 Income/poverty 

Trips made by a sustainable mode (%) 11 Sustainable transport 

Wastewater treatment rate (%) 10 Water 

Employment rate (%) 10 Employment 

Poverty/Low income (%) 10 Income/poverty 

Concentration of PM10 (ug/m3) 9 Air pollution 

Urban density (hab/km2) 9 Urban planning 

Trips with car/motorbike (%) 9 Conventional transport 

Municipal Waste treatment by recycling (%) 8 Waste production and management 

Domestic waste treated (%) 8 Waste production and management 

R&D expenditure (%) 8 R&D 

Active population with at least secondary education (%) 8 Education & culture 

Length of bike lanes (km) 8 Sustainable transport 

Concentration of NO2 (ug/m3) 7 Air pollution 

Green areas/inhabitant (km2) 7 
Urban Green/blue areas - urban 

ecosystems 

Green areas access (km) 7 
Urban Green/blue areas - urban 
ecosystems 

Total energy consumption (TWY) 7 Conventional energy 

Average GDP per year ($) 7 GDP & Added value 

Life expectancy (y) 7 Health & Wellbeing 

Attendance to municipal elections (%) 7 Participation/engagement 

Air pollution index 6 Air pollution 

Ratio of tot energy derived from renewable sources (%) 6 Renewable energy 

Proximity to basic services (km) 6 Leisure & Urban infrastructure 

Pedestrian areas (km2) 6 Sustainable transport 

Volunteers in formal or informal volunteering (#) 6 Participation/engagement 
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Figure 4.1 depicts the coverage of the STEEP (Social, Technological, Economic, Environmental, Political) 

categories by the two groups of indicator sets. The CE indicator sets covered the “Environmental” category 

extensively. Only the values for the “Social” and “Environmental” categories were significantly different between 

the urban sustainability and CE groups. Compared with the urban sustainability indicator sets, the CE indicator 

sets covered the Environmental dimension significantly more, while they covered the Social dimension 

significantly less. The two groups did not show significant differences in terms of coverage of Technological, 

Economic, and Political categories. 

 
Figure 4.1. Raincloud plots and boxplots showing the distribution of coverage of the 5 STEEP categories by CE indicator sets (in green) and 

urban sustainability indicator sets (in blue). The asterisks show the significant differences, based on the Mann Whitney test (Significance levels 

*: p < 0.05; **: p < 0.01; ***: p < 0.001). Raincloud plots after Allen et al., (2019). 

Figure 4.2 shows the coverage of the SDGs by the CE and urban sustainability indicator sets. There was no 

significant difference between the coverages of CE and urban sustainability indicator sets for nine of the SDGs. 

The coverages of SDG1 No poverty, SDG3 Good health and well-being, SDG4 Quality education, SDG5 Gender 

equality, SDG9 Industry, innovation and infrastructure, SDG10 Reduced inequalities, SDG12 Responsible 

consumption and production, SDG17 Partnerships for the goals, appeared to be significantly different between 

the two indicator sets groups. Among these cases, only SDG12 Responsible production and consumption was 

covered more by CE indicator sets. 
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Figure 4.2. Raincloud plots and boxplots of SDG coverages. X-axis: coverage of the SDGs (proportion of indicators in each set) by CE 
indicator sets and urban sustainability (US) indicator sets. Significant difference levels based on the Mann Whitney test *: p < 0.05; **: p < 

0.01; ***: p < 0.001). Graphs are ordered horizontally according to the overall coverage of the SDGs (smallest to biggest), which is reflected 

by the adjusted x-axis. This allows the reader to see even the very narrow distributions of the coverage of some SDGs. Raincloud plots after 

Allen et al. (2019). 
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Our results show that CE indicator sets did not cover three of the 36 thematic groups (Tourism, Conventional 

transport, and Public finances; see: Fig.4.3). Only six thematic groups could be identified as core CE thematic 

groups (i.e., were covered by at least 50% of the CE indicator sets). In the urban sustainability sub-sample, these 

core thematic groups were 16. In the CE sub-sample, 30 thematic groups were only sporadically covered (i.e., less 

than 50% of the indicator sets contained at least one indicator related to that thematic group). For example, Personal 

safety, Communication & Connectivity, and Disaster vulnerability were covered by only one CE indicator set (i.e., 

only one set out of 24 contained at least one indicator linked to those thematic groups). 

 
Figure 4.3. Percentage of indicator sets that contains at least one indicator covering a specific thematic group. The black vertical bar represents 

a 50% threshold.  

In Table 4.2, the relative importance that each thematic group received on average in the two set groups (i.e., the 

percentage of indicators covering a specific thematic group) is reported. The coverage of 17 thematic groups 

showed significant differences between CE and urban sustainability indicator sets groups. 
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Table 4.2. Comparison of the coverage of thematic groups between the two groups of indicator sets (CE and urban sustainability (US). For all 

variables, N(CE)= 24 and N(US)=33. Values reported are means, medians, standard deviation, z value, significance level (*: p < 0.05; **: p < 

0.01; ***: p < 0.001), and small size effect coefficient p̂US,CE 
5

. 

Thematic group 
Mean 

CE 
Mean 
US 

Mdn 
CE 

Mdn 
US 

Sd 
CE 

Sd 
US 

 z p p̂US,CE 

Air pollution 0.03 0.07 0.00 0.05 0.05 0.06 
 

-3.441 <.001*** 0.24 

Biodiversity 0.00 0.01 0.00 0.00 0.01 0.01 
 

-0.497 .772 0.48 

Businesses 0.01 0.01 0.00 0.00 0.02 0.02  -1.408 .188 0.42 

Communication & Connectivity 0.00 0.01 0.00 0.00 0.01 0.02  -1.974 .075 0.40 

Demographics 0.01 0.01 0.00 0.00 0.02 0.03  -1.703 .116 0.41 

Disaster vulnerability 0.00 0.01 0.00 0.00 0.01 0.02  -1.806 .094 0.41 

Education & culture 0.01 0.06 0.00 0.06 0.02 0.06  -4.202 <.001*** 0.19 

Employment 0.02 0.04 0.00 0.04 0.03 0.03  -2.001 <.05* 0.35 

(Conventional) Energy 0.06 0.04 0.02 0.03 0.13 0.06  -0.330 .748 0.48 

(Renewable) Energy 0.04 0.02 0.00 0.00 0.07 0.03  0.401 .691 0.47 

GDP & Added value 0.02 0.02 0.00 0.00 0.03 0.04  0.552 .585 0.46 

Green House Gases (GHG) 0.03 0.03 0.03 0.02 0.03 0.03  -0.176 .865 0.49 

Health & Wellbeing 0.02 0.06 0.00 0.06 0.03 0.06  -3.318 <.001*** 0.25 

Housing 0.01 0.04 0.00 0.03 0.02 0.04  -3.511 <.001*** 0.24 

Income/poverty 0.02 0.05 0.00 0.04 0.04 0.05  -3.141 <.01** 0.27 

Inequalities 0.01 0.04 0.00 0.03 0.02 0.05  -2.588 <.01** 0.32 

Land and soil use 0.02 0.01 0.00 0.00 0.04 0.03  -0.106 .923 0.49 

Leisure & Urban infrastructure 0.01 0.04 0.00 0.03 0.02 0.05  -3.836 <.001*** 0.24 

Local products 0.01 0.01 0.00 0.00 0.02 0.02  -0.548 .660 0.47 

Material resources consumption 0.12 0.00 0.11 0.00 0.11 0.01  5.063 <.001*** 0.16 

Participation/ engagement 0.01 0.02 0.00 0.00 0.02 0.03  -1.588 .112 0.39 

Personal safety 0.00 0.03 0.00 0.00 0.01 0.03  -3.619 <.001*** 0.27 

Public finances 0.00 0.01 0.00 0.00 0.00 0.04  -2.570 <.05* 0.38 

Research & Development 0.01 0.01 0.00 0.00 0.03 0.02  -0.910 .380 0.45 

Role in global networks 0.00 0.01 0.00 0.00 0.01 0.02  -0.082 .999 0.50 

Sustainability/circularity awareness 0.02 0.01 0.00 0.00 0.03 0.01  1.256 .2067 0.43 

Sustainable/circular initiative 0.15 0.01 0.1 0.00 0.15 0.02  4.626 <.001*** 0.18 

Sustainable/circular labels 0.02 0.01 0.00 0.00 0.04 0.02  1.126 .224 0.44 

Tourism 0.00 0.01 0.00 0.00 0.00 0.02  -1.752 .208 0.44 

(Conventional) Transport 0.00 0.04 0.00 0.04 0.00 0.03  -5.036 <.001*** 0.15 

(Sustainable) transport 0.02 0.06 0.00 0.06 0.07 0.05  -4.329 <.001*** 0.18 

Trust in authorities 0.00 0.01 0.00 0.00 0.01 0.02  -0.977 .445 0.45 

Urban Green/ blue areas - urban 

ecosystems 

0.03 0.06 0.00 0.05 0.06 0.04  -2.790 <.01** 0.29 

Urban planning 0.01 0.03 0.00 0.03 0.02 0.04  -3.288 <.001*** 0.28 

Waste production and 

management 

0.25 0.06 0.20 0.04 0.17 0.05  5.196 <.001*** 0.10 

Water 0.07 0.08 0.03 0.07 0.10 0.07  -1.551 .123 0.38 

Figure 4.4 shows the three dendrograms obtained through the cluster analysis based on the coverage by the 

indicator sets of the STEEP categories (a), the SDGs (b), and the thematic groups (c). In the first two dendrograms 

(“a” and “b”), a similar pattern can be identified. On the right side of dendrogram “a”, cluster a.1 is composed of 

urban sustainability sets, whereas on the left side the clusters a.2 can be divided into a mixed sub-cluster (a.2.1) 

and a CE sub-cluster a.2.2. The dendrogram in panel “c” appears to be slightly different. Two main clusters can 

be identified: c.1 contains only CE indicator sets, and c.2 contains all the urban sustainability sets and twelve CE 

indicator sets. 

                                                           
5 Effect size coefficient (Grissom and Kim, 2012) p̂US,CE= U/(nUSnCE). 
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Figure 4.4. Cluster analysis based on the coverage by CE and urban sustainability indicator set of the STEEP categories (a), the SDGs (b), 

and the thematic groups (c). The sets measuring urban sustainability are labeled “US_#”. Those sets measuring Circular Economy in urban 

areas are labeled “CE_#”. 
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4.2. Circular Economy interventions (Module 2) 

Research Gap 2: A systemic framework encompassing CE interventions is highly needed to enhance the 

achievement of a CE. 

Objective: to a) develop a systemic framework that comprises and categorizes interventions aimed to achieve a 

CE, and b) apply the framework to investigate how the intervention categories have been considered in existing 

circularity assessments, specifically in the construction and demolition (C&D) sector. 

Highlights: 

 The RISE framework categorizes CE interventions into four categories: “Research and Realize”, “Implement”, 

“Support”, and “Enable”. 

 The category “Research and Realize” aims at capturing the act of research by professionals and academics, 

who conceptualize a CE and guide its implementation. 

 The category “Implement” covers the application of the R-strategies, i.e., applying, deploying, or executing 

CE strategies that specifically deal with CE’s technical, material and biological aspects. 

 The category “Support” encompasses the actions of organizations and governmental, local, and regional 

authorities (e.g., legal frameworks, taxes, incentives, infrastructure development, green or public procurement 

for a CE, provision of subsidies, research grants). 

 The category “Enable” aims at capturing initiatives and projects that enable a CE.  

 The proposed RISE framework and R-strategies matrix can allow concerned actors to better position 

themselves in relation to their role to achieve a CE, by highlighting to which category of the RISE framework 

and R-strategy their actions might be linked. 

 The application of the RISE framework in the C&D case showed that, on average, in the indicator sets analyzed, 

most attention is given to “Implement” interventions. Some indicator sets also assess “Research and Realize”, 

“Enable”, and “Support” interventions.  

 By comparing the indicator sets of the sample with each other, a significant difference was found in their 

coverage of the four RISE categories of interventions, showing dissimilar assessments. 

The selected results presented in this Section are extracted from Manuscript III. 

The RISE framework (Fig.4.5) depicts four categories of interventions: (i) “Research and Realize”, (ii) 

“Implement”, (iii) “Support”, and (iv) “Enable”. All categories are linked to the 10R-strategies.  

 
Figure 4.5. The RISE framework. 
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Table 4.3 represents a proposed matrix that allows concerned actors to better position themselves in relation to 

their role to achieve a CE, by highlighting to which category of the RISE framework and R-strategy their actions 

might be linked. 

Table 4.3. Proposed matrix derived from the RISE framework, useful to map the role of different actors based on the type of CE 

interventions they work on. 

 Research & Realize Implement Support Enable 

Refuse/Rethink     

Reduce     

Resell/Reuse     

Repair     

Refurbish     

Remanufacture     

Repurpose     

Recycle Materials     

Recover     

Re-mine     

Regarding the development of a clear and easy-to-apply framework, our conceptual exercise showed the possibility 

of linking each of the indicators in our sample to one of the four RISE categories. This is in line with the 

recommendations of authors who have highlighted the importance of developing a clear and simple assessment 

framework, to ensure ease of applicability, both in the context of a CE assessment or a sustainability assessment 

in general (Sala et al., 2015). This relates to the benefits of offering tools developed in an academic context for the 

use of practitioners and of the general public. In fact, creating tools that are too theoretical, abstract, complex, or 

impossible to operationalize hinders the usefulness of the research efforts and contributes to the exacerbation of 

the science-practice gap (Bertuol-Garcia et al., 2018).  

Figure 4.6 shows the extent to which the nine indicator sets cover, on average, the four categories of the RISE 

framework.  

 
Figure 4.6. Average coverage of the RISE categories. 

The results show that, on average, 70% of the indicators reported in the indicator sets in our sample are used by 

the indicator sets’ developers to assess interventions related to the “Implement” category. These indicators 

measure, for instance, how much waste is being recycled, reused, or avoided. Interestingly, these indicator sets are 

not limited to include only the topic of waste. Topics such as water usage, greenhouse gas emissions, and energy 

consumption are also included in the assessments. In some cases, the “Research and Realize”, “Enable”, and 

“Support” interventions are also assessed by the indicator sets developers. Therefore, our results validate the trend 

that, in the C&D sector, the “Implement” category is the most assessed category, while the remaining three 

categories are only partially considered in the indicator sets.  

Figure 4.7 shows how each of the indicator sets of our sample covers the four RISE categories. 
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Figure 4.7. Different coverage of the RISE categories across the nine indicator sets. 

Pearson’s Chi-Square test of independence shows that the indicator sets are significantly different from each other6. 

The results of the post-hoc Chi-Square test7 show that set A covers the “Implement” and “Enable” categories in a 

significantly different way than the average percentage of coverage of each RISE category. While there is less 

focus on the “Implement” category, more focus is given to the “Enable” category. Set E is significantly different 

from the average values for the categories “Research & Realize”, “Implement”, and “Support”. Each of the four 

categories of the RISE framework exceptionally receives almost the same share of attention in this set. Set G gives 

significant more attention to the “Enable” category. Finally, set I only focuses on the “Implement” category, even 

more predominantly than anticipated by its size (27 indicators). Through the operationalization of the framework, 

we put forward an approach that – albeit within a relatively small sample (nine indicator sets) – highlights 

substantial differences in the way CE is assessed.  

 

 

  

                                                           
6 The hypothesis that the sets similarly cover the four categories of the RISE framework is rejected (χ2 (24, N=252) = 148.16, p<0.05). 
7 Adjusted p level of 0.05 for the post hoc test, therefore p<0.0014 
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4.3. Adoption of recycled products (Module 3) 

Research Gap 3: The successful management of circular strategies faces multiple barriers. Research is needed to 

understand the factors that affect the adoption of products containing recycled material. 

Objective: to a) develop, operationalize, and apply a comprehensive behavioral framework, and b) analyze the 

factors that can lead to the adoption of recycled concrete (RC) to support the achievement of a CE in the 

construction and demolition sector. 

Highlights: 

 The behavioral framework developed comprises several factors that could affect the decision of architects to 

recommend RC.  

 Architects who were knowledgeable about RC tended to be older and tended to have slightly worse opinions 

about RC’s durability properties. Finally, they tended to consider increased delays and higher costs as less 

problematic when RC was used.  

 Some behavioral factors appeared to be significant in predicting the recommendation of RC: a senior position, 

knowledge about the Minergie label, the fact of having seen RC at least once, the belief that RC has a lower 

environmental impact than conventional concrete, and the number of architects and clients recommending RC 

to the actor.  

 The recommendation of RC was influenced by the building typology (non-residential) and the decision to target 

a construction label (e.g., Minergie). 

 While the RC price was slightly (5-15%) higher on average than conventional concrete, no significant 

difference was found in the recommendation of using RC or not in construction projects. Therefore, price alone 

does not play a significant role in choosing whether to recommend RC or not. 

The selected results presented in this Section are extracted from Manuscript IV. 

In the conceptual framework (Fig. 4.8), an agent’s decision to implement a behavior is influenced by external and 

internal drivers. The external drivers consist of contextual factors (such as facilitating conditions or barriers) and 

the behavior actors in the social network perform. The internal drivers relate to: habit (i.e., the frequency of past 

behavior); subjective cultural factors (social norms, roles, and values); socio/demographic attributes (e.g., age); 

perceived behavioral control (i.e., how easy it is to perform the behavior as perceived); attitude (beliefs about the 

outcomes of the behavior, risk propensity to perform the behavior, and knowledge about the behavior and its 

object). The agent’s behavior entails consequences that trigger a feedback loop towards internal and external 

behavioral drivers, thus influencing future decisions. 
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Figure 4.8. The framework integrating the factors potentially affecting the intentions to recommend RC and corresponding behavior in their 

construction projects (based on Feola and Binder, 2010). 

Table 4.4 reports the respondents’ profiles in terms of their age and their beliefs associated with RC, based on their 

level of knowledge of RC (Not knowledgeable, i.e., with no prior knowledge of RC, and Knowledgeable, i.e., with 

at least basic knowledge of RC). 

Table 4.4. Profiles of respondents for the full sample and the two subsamples (Not knowledgeable / Knowledgeable) for continuous 

independent variables. All items use a 5-point Likert scale. In bold, the variables with significant p values (at least p<.05). 

 
Distribution of  

full sample 

Distribution of subsamples 

Wilcoxon rank-sum 

(df=1)  Not knowledgeable  Knowledgeable 

 Mean SD Mean SD  Mean SD  

Age 50.3 10.99 48.84 11.75  50.82 10.64 z = -2.343, p < .05* 

Beliefs         

a. Environmental impact 3.84 1.13 3.80 1.09  3.86 1.15 z = -0.967, p = .033 

b. Company benefit 3.16 1.00 3.23 1.05  3.14 1.00 z = 0.941, p = .347 

c. Durability properties 2.86 0.53 2.95 0.45  2.83 0.54 z = 2.351, p < .05* 

d. Increased delays 3.81 0.94 3.43 0.97  3.91 0.90 z = -4.992, p < .001*** 

e. Higher costs 3.12 1.07 2.84 1.01  3.20 1.08 z = -3.264, p < .01** 

f. Impacted aesthetics 3.81 0.96 3.71 1.00  3.84 0.95 z = -1.359, p = .174 

Variable a. uses the scale: 1 (Much higher) - 5 (Much lower). Variable b. uses the scale: 1 (Strongly disagree) - 5 (Strongly agree). Variable c 

uses the scale: 1 (Much worse) - 5 (Much better).  Variables d, e, f use the scale 1 (Strongly agree) - 5 (Strongly disagree). Responses of the 

category « I don’t know » were excluded. 

The two groups (architects knowledgeable and non-knowledgeable about RC) differed significantly from each 

other regarding their age and beliefs about RC's durability properties; the expected increased delays when using 

RC; the potential higher costs incurred from the use of RC in the construction project. Overall, architects that are 

knowledgeable about RC tended to be older than the other group. They also tended to have a slightly worse opinion 

about RC durability properties. Finally, they tended to consider increased delays and higher costs as less 

problematic if RC was used. 
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Table 4.5 reports the logistic regression results and the variables that had a significant impact on the 

recommendation of RC (in bold). The overall model achieved ample predictive power with Pseudo R2 of 75%. 

The results showed that six factors positively and significantly influenced architects' decisions to recommend RC 

in their construction projects. These factors were: (i) a senior position; (ii) knowledge about the label Minergie 

(Minergie, 2018); (iii) visual knowledge of RC (having seen RC at least once); (iv) believing that the 

environmental impact of RC is lower than the impact of conventional concrete; and prescriptive social influence 

by (v) architects and (vi) by clients. The most decisive factors were the knowledge about the label Minergie 

(Standardized β = 7.067; predictive margins shown in Fig.4.9) and the visual knowledge (Standardized β  = 3.597). 

Environmental values and beliefs about the project's increased cost if RC was used were not found significant. 

Notably, the latter was not inputted in the regression since no significant difference in the bivariate analysis was 

found. 

Table 4.5. Results of the logistic regression including behavioral factors affecting the recommendation of RC in construction projects, n = 

522. In bold, the variables with significant p values (at least p<.05). Pseudo-R2 = 0.752. 

 β SE Standardized β t Sig. [95% Conf. Interval] 

Age -0.034 0.028 -0.738 -1.21 p = .225 -0.088 0.021 

Company size 0.247 0.476 0.247 0.52 p = .603 -0.685 1.179 

Senior position 1.729 0.563 1.592 3.07 p < .01** 0.625 2.833 

Years of experience 1.179 0.665 1.196 1.77 p = .076 -0.125 2.483 

Number of projects per year -0.181 0.457 -0.183 -0.4 p = .692 -1.077 0.715 

Perceived role, environmental issues 0.206 0.298 0.324 0.69 p = .491 -0.379 0.791 

Perceived role, minimal requirements -0.028 0.187 -0.069 -0.15 p = .881 -0.394 0.338 

Values, concern about the environment -0.088 0.260 -0.151 -0.34 p = .735 -0.599 0.422 

Self-assessed knowledge 0.798 0.619 0.537 1.29 p = .198 -0.416 2.012 

Knowledge of Minergie 2.960 0.376 7.067 7.87 p < .001*** 2.223 3.698 

Visual knowledge 3.660 0.924 3.597 3.96 p < .001*** 1.851 5.474 

Belief environmental impact 0.405 0.205 0.950 1.97 p < .05* 0.002 0.808 

Belief delays 0.344 0.287 0.632 1.2 p = .231 -0.219 0.907 

Social norm, RC recommendation -0.161 0.225 -0.342 -0.72 p = .474 -0.603 0.280 

Social norm, SIA norms -0.059 0.213 -0.137 -0.28 p = .782 -0.476 0.358 

Prescriptive social influence, Architects 0.025 0.010 1.244 2.36 p < .05* 0.004 0.045 

Prescriptive social influence, Building engineers 0.009 0.009 0.561 0.99 p = .323 -0.008 0.026 

Prescriptive social influence, Construction companies 0.020 0.016 0.879 1.25 p = .212 -0.011 0.051 

Prescriptive social influence, Policy makers 0.017 0.013 0.863 1.32 p = .188 -0.008 0.042 

Prescriptive social influence, Researchers -0.012 0.009 -0.666 -1.4 p = .162 -0.030 0.005 

Prescriptive social influence, Suppliers -0.011 0.019 -0.406 -0.61 p = .544 -0.049 0.026 

Prescriptive social influence, Clients 0.047 0.016 1.963 3.03 p < .01** 0.017 0.078 

Perceived behavioral control, Difficulty of the task -0.148 0.227 -0.314 -0.65 p = .513 -0.593 0.296 
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Figure 4.9. Predictive margins (Marginal means of outcome probabilities for levels of covariate) with 95% confidence interval associated with 

the variable “Knowledge of Minergie”. 

The number of suppliers (whether only one was available or more) did not differ between the cases in which RC 

was or was not recommended (Chi-square independence test results: df = 1, Chi2 = 1.75, p = 0.186). Furthermore, 

based on the respondents’ answers, RC and conventional concrete’s actual price was about the same both when 

RC was recommended and when it was not (Wilcoxon rank-sum results: df = 1, z = 0.112, p = 0.911). The 

remaining contextual factors were inserted in the regression, and the results are reported in Table 4.6. 

Table 4.6. Results of the logistic regression including contextual factors affecting the recommendation of RC in construction projects, n = 

556. In bold, the variables with significant p values (at least p<.05). Pseudo-R2 = 0.1108. 

 β SE Standardized β z Sig. [95% Conf. Interval] 

a. Awarding authority -0.212 0.232 -0.051 -0.91 p = .361 -0.667 0.243 

b. Building typology 0.477 0.220 0.119 2.17 p < .05* 0.046 0.907 

c. Cost of the project 0.501 0.354 0.072 1.42 p = .157 -0.193 1.195 

d. Consideration of environmental labels -1.526 0.234 -0.331 -6.52 p < .001*** -1.984 -1.067 

a. Coded 0 = public, 1 = private.  b. Coded 0 = non-residential, 1 = residential. c. Coded 0 = ≤1 Million CHF, 1 = >1 Million CHF.  d. Coded 

1 = Label considered, 2 = Label not considered 
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5. Discussion 
In this Section, I elaborate on the implications of the results presented in Section 4. I first discuss the relevance of 

the findings and implications for policymakers (Section 5.1). I then present the limitations of the specific modules 

and suggestions for further research (Section 5.2), and the overall limitations of this thesis (Section 5.3).  

5.1 Contextualization and relevance of the results 
The goal of this thesis was to provide critical scrutiny of the Circular Economy (CE) and to gather insights to 

enhance a CE in urban settings, based on the analysis of indicators used to assess circular cities, on the 

categorization of circular interventions, and on the identification of factors that affect the adoption of products 

containing recycled components. The research conducted in each module represents a contribution to a deeper 

understanding of what a CE entails and offers insights on how to achieve it. 

The findings presented in this thesis relate to several steps that should be considered when a city is targeting a CE 

(Paiho et al., 2020), including: (i) conceptualizing the meaning of circularity; (ii) defining which targets to reach; 

(iii) specifying which indicators to use; (iv) choosing which pathways to follow; and (v) determining which 

strategies to put into place. Concerning these steps, this thesis started by inquiring into the peculiarities of the CE 

concept applied to urban systems through a comparison with the concept of urban sustainability. In this thesis, we 

question the added value of targeting an urban CE rather than sustainability, and we provide insights to support 

actors interested in achieving a CE towards developing well-informed CE targets. Following this, the focus shifted 

to analyzing the “toolkit” of interventions and develop an intervention framework (RISE: Research & Realize, 

Implement, Support, Enable) that can be used to map the CE interventions put in place in a city and link them to 

the actors involved, depending on their capabilities and agency. The results showed that most of the attention in 

current circularity assessments (specifically in the C&D sector) is given to implementation interventions (i.e., the 

quantity of material recycled). However, evidence from the literature shows that despite this substantial attention, 

the successful management of implementation strategies, such as recycling, still faces multiple barriers. The final 

part of this thesis focused on the management of the particular strategy of recycling concrete aggregates to produce 

recycled concrete (RC). We investigated the factors that affect the recommendation of this product by architects 

and suggested interventions to steer the desired change towards an increased incidence of RC recommendation, 

framing those interventions according to the RISE framework. In the following sections (5.1.1 to 5.1.3) we discuss 

the main results in the context of pertinent literature and highlight their relevance for policymakers (5.1.4). 

5.1.1 Circularity and sustainability assessment of urban systems  
The concept of a CE, especially applied at the urban scale, has been interpreted in many ways. These different 

perspectives are deemed to potentially hinder the success of circular (urban) agendas. The research on the 

operationalization of the CE concept aimed at shedding light on this conceptual ambiguity and at supporting urban 

agents of change in their journey towards a CE. The focus of the following discussion covers the comprehensive 

meta-analysis of CE indicator sets used at the macro (city) level, to understand how the concept of a CE in urban 

areas has been operationalized. Furthermore, an elaboration on the comparison between the concepts of an urban 

CE and sustainability is presented to clarify the conceptual boundaries between them, and how they articulate with 

each other (CE as a similar, alternative, or complementary concept to urban sustainability).  

Operationalizing the CE in urban areas 

The analyses of the most frequent CE indicators (see: Table 4.1), the coverage of the STEEP categories (see: Fig. 

4.1), the SDGs (see: Fig. 4.2), and the thematic groups (see: Fig.4.3) support the standpoint that an urban CE is 

mainly focused on environmental issues, which is widely recognized in the literature (Geng et al., 2009; Guo-

gang, 2011; Merli et al., 2018; Su et al., 2013). Although marginally, the CE indicators of our sample are also used 

to assess social aspects of a CE such as health and well-being, participation, and inequalities. All the CE indicator 

sets contain at least a small percentage of indicators covering social aspects. In line with scholars advocating for 

the social dimension to be increasingly taken into account by circular perspectives (Moreau et al., 2017), the results 

suggest that evidence of these approaches exists, though they have not yet been mainstreamed. The incorporation 

of indicators other than those linked to the environmental dimension is advocated in the literature, arguing for a 

systemic perspective to monitor circular strategies. Recalling the definition of CE by Kirchherr et al. (2017), a CE 

should help “to accomplish sustainable development, which implies creating environmental quality, economic 
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prosperity and social equity, to the benefit of current and future generations”. Without incorporating suitable 

(social) indicators, it remains unclear to which degree it could be possible to track the progress of a CE transition 

in those areas. The risk is that indicators are cherry-picked to fit specific goals, showing biased results, which do 

not necessarily contribute to broader sustainability goals (Pauliuk, 2018). Regarding both economic and 

technological aspects, the results show that these categories are marginally covered by CE indicator sets. These 

results were surprising, as different authors have identified that the majority of micro-level CE indicators focus on 

economic aspects (Kristensen and Mosgaard, 2020). However, these differences could be related to the different 

levels of analysis of the studies (micro vs. macro). Regarding technological aspects, our findings are surprising 

since a CE requires considerable investments in technology and infrastructure, and it is positioned as a technology-

focused concept (Prendeville et al., 2018; Velenturf and Purnell, 2021). Hence, it would be expected to find a 

substantial amount of indicators covering those aspects. The question arises as to whether technology-related 

aspects of a CE are actually underrepresented in practice, and only mentioned in theoretical approaches and urban 

visions that have not yet been translated into measurement tools.  

Based on the sample analyzed in this research, a shared perspective on the core elements of a circular city (i.e., 

what is essential to measure) by assessors might still be far from being reached. Two insights support this 

statement. First, concerning the 535 indicators extracted from the CE sub-sample, repetitions were only found in 

168 cases, suggesting that measurement initiatives predominantly use several different indicators. Second, the 

results (see: Fig.4.3) indicate that most thematic groups are targeted by only a few (between 4% and 50%) indicator 

sets. Only six out of 36 thematic groups are covered by at least 50% of the CE indicator sets. In practical terms, 

these results suggest that when assessing the circularity of urban areas, there is great variability in what is deemed 

to be important and informative. Peculiarities of indicator sets might be beneficial for an assessment (considering 

local characteristics and needs), and a specific focus on core thematic groups might not represent an issue per se, 

since it could simply mirror a very narrow yet efficient circumscription of targets. However, as a holistic transition 

depends on the recognition of the interlinkages among barriers in different areas (Salmenperä et al., 2021), the 

extant risk is that important aspects needed by cities for a CE transition are not adequately covered.  

Many scholars call for a minimal degree of consistency with other assessments, to allow benchmarking to, and 

synergies with, other urban realities (Merino-Saum et al., 2018). Supporting policy-makers by highlighting the 

essential indicators of a CE that should be considered while forming the strategy for sustainable development is 

key for a successful implementation of CE policy plans (Skvarciany et al., 2021). The stabilization around a few 

core thematic groups in CE indicator-based initiatives would contribute to the building of a more robust conceptual 

foundation on which the CE notion could rely. Regarding the development of new assessment frameworks, there 

is a risk of needing a substantial amount of resources, while multiple experiences around the globe can already 

inform the assessment methodology and provide suitable indicators. The use of core indicators in different 

assessment exercises has the significant potential of allowing for a comparison between the different urban realities 

and informing a more robust discussion on the respective results obtained. This emphasizes those core issues that 

our societies are facing in the transition towards a CE and sustainability. Additional insights about the issue of 

assessment consistency will be discussed at the end of the next sub-section, based on the results of the cluster 

analyses performed with both CE and urban sustainability indicator sets. 

Insights from the comparison of CE in urban areas and urban sustainability 

Looking at the thematic groups covered by at least one indicator in the two indicator lists (CE and urban 

sustainability), it appears that the concept of a CE in urban areas is nested into the concept of urban sustainability 

(see: Fig.4.3). No thematic group is unique to the CE sub-sample, while three thematic groups (Tourism, 

Conventional transport, and Public finances) are only covered by indicator sets belonging to the urban 

sustainability sub-sample. This represents a surprising finding since a reasonable amount of information is 

available on what is necessary for a circular tourism sector (Manniche et al., 2017; Rodríguez et al., 2020), or on 

the need to assess trends in both conventional (oil-based) and sustainable (renewables-based) mobility for circular 

cities (Christis et al., 2019; Gravagnuolo et al., 2019; Lee et al., 2016). This would imply that the CE, alone, might 

not accompany our societies towards broad sustainability (Henry et al., 2021). 
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In comparison with urban sustainability sets, CE indicator sets focus less on social aspects, a difference widely 

highlighted in the literature on sustainability and CE in general (Geissdoerfer et al., 2017; Murray et al., 2017). 

The use of the STEEP categories as a research lens added a layer of detail, since previous literature that highlighted 

a difference of focus between urban sustainability and CE predominately considered only social and environmental 

issues, while the analysis performed here allows a broader range of issues to be taken into account (namely 

political, technological and economic). Regarding technological aspects, the results show that no significant 

difference can be identified in comparison with urban sustainability sets. In addition, it appears that policy and 

regulative aspects are neglected in CE indicator sets, but that this shortcoming is a feature shared with the indicator 

sets focusing on urban sustainability. Hence, indicator sets should be revised to include indicators focusing on 

these latter aspects of both a CE and sustainability. 

Using the SDGs lens allowed us to offer insights to those actors currently targeting SDGs in their agendas. In our 

sample, CE indicator sets only cover SDG12 to a higher extent than urban sustainability indicator sets do. This is 

in line with what is shown in the literature, where SDG12 Responsible Consumption & Production is considered 

the SDG with the highest affinity to the concept of the CE (Dantas et al., 2021; Fatimah et al., 2020; Schröder et 

al., 2019a). Schröder et al. (2020) identified gaps and issues relating CE to SDG1 No poverty, SDG3 Good health 

and well-being, SDG4 Quality education, SDG5 Gender equality, SDG10 Reduced inequality, SDG17 

Partnerships for the goals. In our sample, significantly different coverages between CE and urban sustainability 

indicator sets were found for all of these SDGs. Regarding the SDGs mostly linked with the use of natural resources 

(SDG6, SDG13, SDG14, SDG15), no significant difference could be highlighted between the two set groups. 

Hence, the higher focus of CE indicator sets on environmental issues might be highly driven by those covered by 

SDG12 Responsible consumption and production, which is often linked with both economic and environmental 

aspects (Mccormick and Leire, 2020).  

A noteworthy aspect of our results is that indicator sets used to assess a CE offer additional indicators for covering 

specific thematic groups. For all the thematic groups covered by the CE sub-sample (except for Disaster 

vulnerability, Personal safety, and Research and Development), the list of indicators used by CE indicator sets 

contains at least one indicator (281 in total) that was not used in the urban sustainability sub-sample. This primarily 

applies to the thematic groups Sustainable/circular initiatives (61 additional indicators), Waste production and 

management (57), and Material resources consumption (47). This implies that CE sets could provide indicators to 

deepen the level of assessment of certain thematic groups that might only be measured superficially when using 

urban sustainability indicator sets. Examples of these indicators are, respectively: Green products purchasing rate 

of the government, Waste from Electrical and Electronic Equipment (WEEE) generated, Total raw material 

productivity.  

The cluster analyses offered additional insights on consistency issues among indicator sets that are (supposedly) 

used to assess the same concept, either a CE in urban areas or urban sustainability. Integrating urban sustainability 

indicator sets into the cluster analysis offered us an external point of reference to better elicit differences among 

CE indicator sets. As the three chosen typologies (STEEP, SDGs, and thematic groups) are linked to each other, 

but not redundant, the insights derived from the cluster analyses offer a slightly different but generally consistent 

picture. First, there is an overall consistency in how CE in urban areas and urban sustainability are assessed (i.e., 

two separate clusters arise, with reasonable segregation of CE and urban sustainability sets). However, in all three 

dendrograms, it is possible to identify indicator sets belonging to one group (CE or urban sustainability) being 

more similar (and therefore closer in the dendrogram) to indicator sets of the other group. The question arises as 

to whether some indicator sets are simply labeling similar concepts under different names, creating a conceptual 

fuzziness. For instance, in the case of the clustering based on the STEEP framework (Fig.4.4, panel a) the indicator 

set “CE6”, which is positioned among the urban sustainability indicator sets, covers aspects related to the social 

dimension in a way that is more similar to the average of the urban sustainability indicator sets, rather than the 

average of the CE indicator sets. As another example, the location of set “US1” in Fig.4.4 panel b, far from the 

other urban sustainability indicators, might be determined by its divergent coverage of SDG1 No poverty, SDG3 

Good health and well-being, and SDG12 Responsible consumption and production. Additionally, the vicinity of 

some indicator sets might mirror the specific visions or approaches of the indicator sets’ developers. For example, 

the indicator sets “CE3”, “CE5”, “CE6”, “CE9”, “CE13” are found in clear proximity in the sub-cluster c.2 
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(Fig.4.4, panel c). Regarding their origin, they all come from instances in which one actor (a Dutch consultancy 

agency focused on circularity) was involved. These sets are also found in separate clusters dissimilar to the core 

CE indicator set group c.1. This distance might be due to their coverages of thematic groups like 

participation/engagement, inequalities, health and well-being, employment, urban green/blue areas, and air 

pollution, which are considerably more similar to the average of the urban sustainability indicator sets.  Hence, the 

influence of the vision of one actor might be traceable in the choice of indicators made in the development of 

several indicator sets. In line with the argument presented in the previous paragraph, the analysis of the 

dendrograms highlights a certain degree of inconsistency in how the CE has been measured through the different 

indicators sets.  

Two main points now merit attention. The understanding that CE indicator sets cover social issues, even if 

marginally, might represent a positive starting point for including more focus on those issues - a focus which many 

actors would like to see present in CE discussions. For example, Velenturf and Purnell (2021) call for the full 

integration of CE with sustainable development, arguing that this process necessitates a profound reconsideration 

of CE, broadening its scope from closed-loop recycling and short-term economic gains, towards a transformed 

economy that organizes access to resources to maintain or enhance social well-being and environmental quality.  

However, we argue that adding emphasis on social issues from a CE perspective might bring this concept even 

closer to sustainability in general, and urban sustainability in particular, when focusing on urban areas. Thus, the 

real benefit of targeting a CE in comparison with urban sustainability would not be evident. If social aspects are 

deemed important for the evolution of the CE perspective, they should focus on issues specifically related to core 

CE thematic groups, such as Waste generation & management, Material resource consumption, and/or Circular 

initiatives. By doing so, they would offer an innovative perspective, since urban sustainability approaches do not 

focus on the social aspects of such challenges/issues. CE perspectives should not try to indiscriminately integrate 

all of the social issues that urban sustainability approaches generally take into account. One of the problems related 

to the CE approach is that it often aims at broadening its scope by replicating what is already embedded within the 

urban sustainability discourse. One key challenge for future set developers in the field of CE will be to build 

indicator sets that are both multidimensional (i.e., which tackle circularity features by simultaneously considering 

several sustainability dimensions) and concept-specific (i.e., which do not excessively open up the scope, thereby 

amalgamating CE to the broader notion of sustainability). We argue that if CE adopters aim to sustain the concept 

as up-to-date and innovative, they will need to differentiate it from existing approaches (i.e., urban sustainability). 

The contributions of the results presented so far are manifold. We believe that this work advances our knowledge 

on the concept of the CE from theoretical, practical, and methodological perspectives. 

First, by analyzing how the concept of CE in urban areas has been operationalized, we offer insights on how 

this concept has been interpreted, and what is targeted when aiming at a circular urban area. 

Second, by comparing the aspects of sustainability that the CE and urban sustainability focus on, we offer 

insights on the relation between these two multi-faceted concepts and we shed light on their overlap as well as on 

their differences. This can have practical relevance for those actors that are interested in achieving a CE, so that 

they might align their effort towards sustainability without missing important aspects when the CE approach is 

considered at the moment of developing a city vision and policy agenda. The collection and analysis of a sheer 

amount of indicators have the potential to represent a valid input for discussion among stakeholders interested in 

exert agency for a CE, understanding where their contribution could lie in terms of affecting the value of specific 

CE indicators.   

Methodologically, we refine an approach that proposes the use of indicators as the unit of analysis to elicit 

peculiarities of concepts such as CE and urban sustainability. In fact, by looking at indicators, we can elucidate 

how a concept is operationalized in practical terms. Developing an indicator set necessarily involves trade-offs 

between potential metrics. Indicator set developers must decide what counts and what does not count (each 

indicator has an opportunity cost: if it is included in the final set, it means that other candidate indicators are 

excluded). In more qualitative conceptualizations, such constraints do not exist, which leads to broader definitions. 

We analyzed how the CE concept is made operational through metrics, which is de facto a way to delimitate the 

concept itself (Merino-Saum et al., 2018). Finally, in our multi-faceted approach, the cluster analysis has proved 

to be a valid approach for assessing the similarity of the indicator sets for CE or urban sustainability. This analysis 
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could support the work of different actors in their refinement of indicator sets in verifying the alignment of their 

approach with current or established practices. 

5.1.2 Circular Economy interventions 
While the first module of the research focused on understanding what is targeted when aiming at an urban CE, the 

second module of this thesis explored the CE interventions that can be put in place to achieve CE targets. The 

framework developed in this research depicts four categories of interventions: (i) “Research and Realize”, (ii) 

“Implement”, (iii) “Support”, and (iv) “Enable”. All categories are linked to the 10R-strategies (e.g. Research can 

be performed on Reducing, Re-using, Remanufacturing, etc.). In the following paragraphs, we elaborate on each 

category separately to highlight the types of intervention that each category encompasses.  

The category “Research and Realize” aims at capturing the act of research by professionals and academics, who 

foster a CE by conceptualizing it and performing Research & Development, for instance. This role is often omitted 

from CE frameworks (Inigo and Blok, 2019). Researchers and professionals share and disseminate their knowledge 

of CE by publishing the outcome of their work. By organizing talks, discussions, and workshops, they encourage 

other stakeholders to act for achieving a CE (they help them to realize - to be aware of - the importance of CE 

strategies). Research is incorporated into the RISE framework since it is an engine for improving technology to 

make our systems circular (Geng et al., 2012). Lakatos et al. (2016) highlight the often-neglected role and 

importance of non-economic actors (such as NGOs) in raising awareness among consumers and society. 

Educational development and reinforcement are an essential component that needs to be taken into consideration 

when conceptualizing relevant interventions for improving the circularity of our systems (Buil et al., 2017; 

Kirchherr and Piscicelli, 2019). We include all these concepts into the notion of “Research and Realize”. 

The category “Implement” covers the application of the R-strategies, i.e., applying, deploying, or executing CE 

strategies that specifically deal with CE technical, material, and biological aspects. The implementation of the R-

strategies is what the majority of the frameworks incorporate well. Undoubtedly, it is a critical component of a 

framework envisioned to categorize all types of interventions that move society towards a CE. By definition, 

implementation refers to “the act of starting to use a plan or system” (Cambridge Dictionary8). The primary 

purpose of this effective execution is to achieve the sole aim of the R-strategy considered. For instance, installing 

a recycling machine in a factory relates to executing an action within a project associated with the Recycle strategy. 

Regarding the implementation of a CE, the private sector has a major role to play (Rashed and Shah, 2021), while 

still facing several challenges (i.e., lack of influential leadership, harmonious partnerships, shortage of 

investments, exhaustiveness, and complexity of interlinkages among the goals and their targets, and lack of 

monitoring and evaluating methods for assessing the progress of implementation). 

The category “Support” encompasses the actions of organizations and governmental, local, and regional 

authorities, whose role is pivotal in promoting and advancing societies towards a CE (Alaerts et al., 2019). Other 

kinds of “Support” include infrastructure and green or public procurement for a CE (Bag et al., 2020). The 

provision of subsidies, research grants, and funds to promote and implement circular projects is also considered a 

means of “Support”. Jobs and employment, human capital, trade flows, and the incorporation of CE principles in 

tenders, quotas, tariffs, and taxes are also acknowledged as means of “Support”.  

Finally, the category “Enable” aims at capturing initiatives and projects that enable a CE and which were found to 

be relevant to include in a framework for assessing the different interventions leading to a CE (Patricio et al., 2018; 

Prendeville et al., 2018; Veleva and Bodkin, 2018). Enablers considered are bottom-up and social initiatives that 

organizations, businesses, or civil society could run. These could include collaboration platforms, networks, 

entrepreneurial activities, and projects to expand knowledge and provide businesses or partners with the right tools 

to implement circularity. The importance of collaboration in the knowledge triangle (business, higher education, 

and research) has been extensively acknowledged in the literature because innovation networks and collaboration 

are identified as one of the determinants of innovation development, which impacts the achievement of a CE 

(Brown et al., 2021; Smol and Kulczycka, 2019). Knowledge development based on the triple-helix model of 

innovation could effectively facilitate cross-institutional knowledge transfer to accelerate urban development 

towards CE (De Medici et al., 2018). Other enabling interventions are start-up accelerators and CE incubators, 

                                                           
8 Available at: https://dictionary.cambridge.org/dictionary/english/implementation  
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social movements, CE business model advisory support schemes, the deployment of tools such as documentation 

and tracking schemes, and innovative technologies such as Building Information Modelling and Material Passports 

(if the C&D is considered; Honic et al., 2019; Munaro and Tavares, 2021). Materials passports will be of primary 

importance for effectuating the necessary knowledge transfer of building components and materials (Anastasiades 

et al., 2021; Benachio et al., 2020). From a governmental perspective, many are also the possible interventions to 

enable a CE. De Jesus and Mendonça (2018) explain how in the scientific literature, “soft” institutional and 

regulatory drivers are often cited as factors facilitating a CE. Scholars call for the need for governments to adopt 

a long-term and predictable policy framework focused on a CE. A mix of supporting regulatory approaches needs 

to be developed, including taxation, reporting, extended producer and consumer responsibility, product bans or 

standards, and mandatory recycling regimes (Velenturf et al., 2018). 

We aligned our approach for developing the framework with the proposition of Prendeville et al. (2018), 

maintaining a specific separation between what we refer to as “Enable” and “Support” categories of interventions. 

In our framework, the “Enable” category includes the groups of “Collaborative platforms”, “Regulatory 

frameworks”, and “Bottom-up initiatives” reported by the Circular city project map. Moreover, our category 

“Support” covers the group of “Business support schemes” and “Procurement and infrastructure”. Finally, the 

category “Research and realize” comprises the group “Knowledge development” of the Circular city project map. 

For this specific category, we clarify our focus on both knowledge production and dissemination, adding the word 

“Realize”. In fact, although behavior change is undoubtedly needed for a CE transition (Parajuly et al., 2020), 

awareness itself is an indispensable precondition: social awareness is crucial for a successful transition from a 

linear to a CE as customers are an integral part of a CE (Lieder and Rashid, 2016). 

The analyses of the indicator sets that assess a CE in the C&D sector revealed that the implementation intervention 

category received the most attention. However, the implementation interventions involve the action of a relatively 

limited array of stakeholders. In our work, we highlight the importance of recognizing the value of putting into 

place other types of intervention, namely research, supporting, and enabling interventions. These can be put in 

place by several different actors. We highlight the importance of CE awareness among all involved actors, and 

call for their action. All actors who can have a role in achieving a CE (whether in general or in a specific industry) 

fall within the target of the RISE framework (e.g., policymakers, researchers, entrepreneurs, NGOs, project 

funders, start-up incubators, etc.). In this work, we specifically examined the categories of interventions over which 

each actor could have agency. Knowing that the achievement of a CE involves a complex network of many actors 

(Hopff et al., 2019), we took into consideration some actors that are not always recognized in the established 

literature (e.g., start-up incubators and networking organizations). Specifically for the C&D sector, characterized 

by a highly fragmented supply chain (Yu et al., 2021), collaboration, information sharing, and alignment of 

strategies among all stakeholders are key. Scientists highlighted that all construction stakeholders should be 

involved in the discussion about circularity (Anastasiades et al., 2021; Arora et al., 2021). In order to accept and 

support circular interventions, the involvement of all stakeholders (e.g., designers, contractors researchers, 

manufacturers, governments) in circular strategy planning is of particular importance. A lack of established 

awareness, strategy misalignments, incomprehension, and a misuse of resources could be due to the absence of a 

broad consensus of what the CE looks like (Adams et al., 2017; Jiménez-Rivero and García-Navarro, 2017). 

Relatedly to these standpoints, we found a lack of agreement on the conceptualization of a CE in the C&D sector 

through our analyses, when comparing each indicator set of our sample. There, we found a significant difference 

in the coverage of the four RISE categories of interventions by the different indicator sets. No real patterns were 

identified that could explain the different coverage of the categories by the indicator sets (e.g., based on the type 

of developer – academics, governments, organizations). The difference could be motivated by a diverse 

conceptualization of CE in the C&D sector based on the developers of the indicator sets. As mentioned regarding 

CE urban indicators, a lack of agreement about what a CE in the construction sector entails might hinder its 

adoption (Huang et al., 2018). Hence, evidence of this ambiguity is key to foster discussion among stakeholders 

and enhance the formation of a common understanding of what a CE entails.  

5.1.3 Adoption of recycled products 
As the findings of the previous module showed, CE implementation interventions are those receiving the most 

attention in CE assessments, particularly in the C&D sector. The current scientific literature on CE strategies 
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highlights that, among the 10R-strategies being implemented, recycling is the one on which the majority of studies 

focus. However, a key question remains on how implementing the recycling strategy happens. The results of the 

third module of this thesis focused on developing a behavioral framework to understand which decision-making 

process guides the recommendation of using a product that contains recycled components, from the perspective of 

one stakeholder (i.e., architects). In the following paragraphs, detailed elaboration of the results covers the 

relevance of the identified behavioral and contextual factors found to significantly affect architects’ decision to 

recommend RC. This approach responds to the need identified in the literature for a survey on the stakeholders’ 

and professional’s perspectives about the challenges of the utilization of recycled concrete aggregates and 

subsequent studies to recommend possible solutions to overcome the challenges of innovation adoption in the 

C&D sector (Maduabuchukwu Nwakaire et al., 2020).  

Generally speaking, barriers for exploiting the full potential of recycling relate to both the recycling process (e.g., 

costs of collecting waste to be recycled, costs associated with the recycling process), and to the inclination to use 

recycled products (Charef et al., 2021; Sun et al., 2018). The C&D sector is quite innovative in several areas, and 

in particular in the adoption of proven products and improved processes. At the same time, there appears to be 

some reserve concerning the adoption of less well-known or less well-proven technologies (Thorpe, 2015). Our 

results regarding a priori beliefs about RC showed that architects with no prior knowledge of RC did not hold 

strong negative opinions about the material per se, but still considered its use to have potential disadvantages in 

terms of incurring delays and increasing overall costs. Potential delays and higher costs are certainly not desirable, 

particularly in a sector with high project specificity regarding design and construction, in which many constraints 

are faced due to limited space, increasing project complexity, limited budgets, and tight schedules (Fong, 2003). 

Such beliefs could lead to reluctance among architects to recommend RC. Reluctance towards the suitability and 

performance of recycled products is an important barrier to the adoption of innovation for a CE broadly, and also 

in the construction sector (Arisha et al., 2016; Kox et al., 2019). For example, a UK-based study reported that 

consumers’ negative approach to building materials and products manufactured from recycled raw materials was 

the major factor preventing their common use (Oyedele et al., 2014). Hence, the importance of sharing best 

practices and success stories is fundamental (Smart prosperity institute, 2021). In the case of RC, experiences in 

which no negative effect associated with the use of RC was experienced might convince other architects with no 

prior knowledge of the material to recommend it in their construction projects. As noted by Pani et al. (2020), 

synergies between trade associations, research groups, and public administrations are necessary for carrying out 

and championing pilot projects that demonstrate the feasibility of recycled aggregate usage in structural concrete. 

Our results suggested that holding a senior position positively affected the recommendation to use RC. Seniority 

could imply either more acquired knowledge and experience (or training) or the capacity to bear more risk, due to 

more decisional power and leverage, thus implying higher professional independence in the decision-making 

process. Arguably, the risk associated with proposing an alternative material could be attenuated by the established 

reputation of the architect, which is embedded in his/her senior position. In fact, research has shown that a negative 

factor that might have a bearing on the decision process to use advanced and sustainable materials in construction 

projects relates to risks (particularly financial risks) of the innovation not being successful or implying significant 

delays and increased costs (Thorpe, 2015). Research on the skills needed for CE jobs shows that they require 

significantly more training and work experience. Compared to the rest of the economy, the CE has a higher 

percentage of jobs that require at least 6 years of work experience (Burger et al., 2019). Our results are therefore 

in line with the understanding that taking the initiative to recommend a more sustainable product tends to come 

from experienced professionals, which have the relevant knowledge to adopt innovative and more circular 

products. Hence, more training could facilitate the propensity to bear more risk, since more informed decisions 

could be made regarding the suitable construction materials to recommend.  

The predicted link between beliefs associated with increased project cost using RC and the recommendation of 

RC was refuted, as the bivariate analysis showed no difference in the values of this variable between the groups 

of architects who had and had not recommended RC. This finding was surprising as related literature identified 

the higher cost of innovative products as a barrier to their adoption. For example, Charef et al. (2021) highlighted 

that additional costs must be considered, related to the time for the new approach uptake, the necessary tools and 

processes, cost of hazardous components treatments, and the cost for reclaimed materials’ storage. Tomaszewska 
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(2020) reported that adoption issues can be found in the hierarchy of criteria applied when purchasing building 

materials. In the study, half of the respondents mentioned price as the main selection criterion. In another Welsh-

based study, the price was found to be the main factor for the adoption of pozzolan as a substitute for cement  

(O’Farrell and Miller, 2002). This difference in findings might be due to the actual total difference in project cost 

due to the use of RC, which might represent only a small fraction of the total cost of the project, thus negligible. 

Additionally, the significant effect of beliefs about the lower environmental impact of RC versus conventional 

concrete on the recommendation of RC was confirmed, thereby highlighting the importance of sharing Life Cycle 

Assessment (LCA) information. LCA has been well-established as a key method for the assessment and 

management of sustainability of construction projects (Joensuu et al., 2020). Sharing information about the lower 

environmental impact of RC if compared with conventional concrete could then result in an increased RC 

recommendation rate by architects. 

The results evinced the importance of knowledge about the Minergie label (which implies the use of RC) and the 

architects’ visual knowledge (i.e., if they have seen RC at least once) with regards to the recommendation of RC. 

The overall influence of the level of architects’ knowledge of RC was demonstrated with the initial bivariate 

analysis, which highlighted the perceptual differences observed in the beliefs of architects with – and without – 

prior knowledge of RC. The significant values of the other two knowledge-related variables (Minergie label and 

visual knowledge) confirm the importance of these aspects for the recommendation of RC. Knoeri et al. (2011b) 

identified knowledge (information), construction expert education, and product labeling as the three necessary 

leverage points for increasing RC recommendations. Also, specifically in the C&D sector, a strong necessity to 

educate the populace about the consequences of the excessive exploitation of the environment and the long-term 

benefits of CE solutions is pivotal (Tomaszewska, 2020), as well as to share information on the technical 

performances of recycled aggregates to improve general awareness (Borghi et al., 2018). To generalize our 

findings, a lack or insufficiency of knowledge and sharing of best practices, combined with a limited capacity or 

time to learn and attend informative courses, all represent barriers for achieving a CE in the built environment 

(Circle Economy and wbcsd, 2018). The urgent need for educational interventions to enhance RC’s 

recommendations is also motivated by the surprising finding that 28% of the survey respondents did not know RC, 

which has been on the market for at least 15 years. This consideration also takes into account the potential bias of 

the sample, since the focus on RC was mentioned in the invitation. Architects with no knowledge of RC may have 

abstained from completing the questionnaire, which could imply that an even higher percentage of architects are 

not familiar with RC. Moreover, the relevant role of labels in recommending the use of RC highlighted by Knoeri 

et al. (2011b) was confirmed by the results of the regression run with project-specific contextual factors. 

Specifically, the integration of the CE in quality certifications and labels and the inclusion of circular criteria in 

reference standards would help scale the CE in the C&D sector (Circle Economy and wbcsd, 2018). In this regard, 

researchers also suggest that involving stakeholders in the development of standards for secondary raw materials, 

enhancing trust and credibility, is pivotal for their adoption (EEA, 2020). 

Finally, in our sample, the non-residential building typology positively affected the recommendation of RC. This 

information could be used to identify potential projects in which the use of RC could be proposed early in the 

design phase. 

Other significantly influential behavioral factors included the prescriptive social influence of clients and other 

architects. However, previous studies highlighted that normative and mimetic pressures did not significantly affect 

behavioral intention towards C&D waste recycling by builders (Jain et al., 2020). As suggested by the authors, 

such differences could be motivated by different cultural contexts between western and eastern countries. In 

addition, these differences in results could be driven by the peculiarities of different stakeholders groups (builders 

vs. architects). Also, since the architect must respect and meet the needs and requests of the client, clients’ 

expectations represent, indeed, a significant factor in the architect’s behavior and the decision whether or not to 

recommend RC. For instance, if a client requested the use of RC (e.g., to obtain a label), this would have a 

significant impact on the decision of architects to recommend it. Additionally, the results of the survey mirrored 

those of the interviews in highlighting the relative importance that architects accord to their colleagues’ practices. 

Hence, establishing the recommendation of RC as a conventional practice could increase the number of architects 
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who have relevant experience, which in turn would increase the number of architects that could advise peers on 

the matter. 

We also provided insights regarding the role of consequences in shaping the architect’s habit of recommendation. 

It is important to acknowledge how a negative feedback loop could be established if no recognition was granted 

for the additional effort of recommending new sustainable materials such as RC. It might be extremely difficult to 

establish the habit of recommending RC without a positive feedback loop. The shortcoming of the limited 

advantage of recommending RC became even clearer with the application of Roger’s innovation adoption theory 

(Rogers, 2003), which helped us identify specific issues relating to the characteristics of the material, that could 

represent a barrier for its adoption. Specifically, Roger’s innovation adoption theory presupposes that for an 

innovation to be adopted, it should offer an observable advantage in comparison with its alternatives: “the easier 

it is for individuals to see the results of an innovation, the more likely they are to adopt it. Such visibility stimulates 

peer discussion of a new idea” (ibidem). What emerged from our study was the absence of real advantage for the 

architects to recommend RC, which currently represents an increase in workload and risks. Although architects 

who had recommended RC at least once in their projects had received overall positive feedback from other 

involved actors and tended to be positive about a future recommendation, this might not represent a sufficient 

incentive for them to recommend it again. In fact, as in many sustainability-related problems, the benefits of a pro-

environmental behavior might not directly affect the actor implementing the behavior. In this regard, within the 

perspective of a CE, public authorities have an important role to play by creating incentives; for example, they 

might implement measures that spur innovation and circularity and generate rewards for the implementation of 

circular over linear solutions (Circle Economy and wbcsd, 2018). Such measures should encourage and stimulate 

material recycling and re-use, support the use of innovative materials, and further promote a circular built 

environment through championing best practices (ibidem). As mentioned by Jain et al. (2020), there is a positive 

influence of regulatory pressure on the behavioral intentions of builders towards the recycling of C&D waste. As 

a measure to develop recycling behavior, governments could focus their efforts on raising awareness and informing 

actors about the negative global environmental impacts of C&D waste and the eventual (personal and societal) 

benefits of recycling and using recycled products (ibidem). 

In summary, the results illuminated the diversity of factors that are important in the recommendation of RC by 

architects. These insights extend beyond the general view that the decision of the engineer to use RC or the price 

of RC are respectively the sole enabler and barrier to RC recommendations. Indeed, while RC price was slightly 

(5–15%) higher on average than conventional concrete, we found no significant difference in the recommendation 

of using RC or not in construction projects. Therefore, price alone does not play a significant role in choosing 

whether to recommend RC or not. 

With our work, we stress the importance of focusing on each actor who has a role in a specific process, in this 

case, the construction process. Our decision to focus on a specific actor (i.e., architect) represents a first step 

towards creating a systemic perspective, which should encompass the interconnections between different actors.  

Implementing systemic level thinking in CE for the C&D sector is important for addressing management 

implications and for further research (Sparrevik et al., 2021). From this standpoint, we suggest that each actor’s 

role and potential agency should be identified, beyond what is commonly assessed as to their basic responsibility. 

In addition to gathering data for the research, conducting interviews indirectly raised awareness and generated 

knowledge for the involved actors. In fact, some respondents shared their newly formed interest in the topic of 

RC. Specifically, they mentioned that they would conduct research on this material to fill the gap in their 

knowledge. The interest sparked by the research was also reflected in the decision of all of the interviewed 

architects of Module 3 to be further contacted with the study results. Such effects confirm that the researcher could 

have a role in bringing additional knowledge to the attention of respondents by asking them specific questions and 

encouraging them to consider or explore a previously unexamined or unknown topic. We reflect on the 

representation of the researcher as the instrument for qualitative data collection (Cassell, 2005; Turato, 2005) and 

we reinforce the researcher’s important role in producing knowledge and directing the research material (Råheim 

et al., 2016). 
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5.1.4 Implications for policymakers 
The results presented open up the discussion about many opportunities for interventions and implications for 

policymakers to decide whether, and how, to achieve a CE in urban settings. 

With our results, we highlight the importance of understanding what a CE in urban settings entails, and how it 

differentiates from urban sustainability. The CE concept is being widely used at present, but there is a risk of using 

this concept as an alternative to sustainability, rather than as a means towards it. Much care is needed to compare 

sustainability and circularity targets and coherently explain city plans that are motivated by the choice of targeting 

circularity rather than sustainability. As for practical recommendations for cities engaged in shaping their CE 

targets, we highlight that a clear understanding of what the CE goals cover is pivotal to avoid aiming for narrow 

objectives that might not be moving cities towards broader sustainability. We argue that a CE could be pursued as 

a means to achieve urban sustainability, especially providing indicators that focus on specific topics (such as waste) 

that are core for environmental sustainability.  

Once a decision is made to pursue a CE, and this standpoint has been agreed upon by the stakeholders involved in 

developing urban policy agendas, it is pivotal to map and assess the resources that can be used to move our 

economic systems towards circularity. We propose a framework that categorizes possible CE interventions into 

four groups: Research & Realize, Implement, Support, and Enable, each of which can encompass the so-called 10 

R-strategies. The RISE framework and the matrix could support key stakeholder groups involved in achieving a 

CE. First, all actors could use these tools as a shared communication tool, to foster interaction and partnerships, 

by mapping their potential contribution to achieving a CE according to an established framework. By making 

agency explicit in relation to CE intervention categories, the framework could support trust among stakeholders 

and thereby foster collaboration. Overall, the framework could facilitate discussing the different roles and agencies 

of the parties involved in achieving a CE, so that no effort is marginalized and is instead recognized and 

championed. Second, policymakers could use the framework to fulfill two main aims: a) they could map the 

number and diversity of (local/national) CE actors based on their potential roles, to assess the available resources 

within the established geographical boundaries, and determine whether more are needed; b) they could use the 

framework to categorize planned policy interventions and enhance their overarching coverage, thereby identifying 

policy elements that were missing. Third, project funders could use the framework and the matrix when opening 

calls for applications for CE research or applied projects. They could use these tools to categorize the necessary 

CE interventions, thus increasing the level of detail for their project description. This clear project description 

could help a reviewer of project applications to understand how the involved applicants might systemically 

contribute to achieving a CE. The project applicants could use the framework and the matrix to show how all the 

involved parties might take responsibility for specific categories of interventions and contribute to synergistically 

achieving a CE. 

Our results also inform about the assessment of CE interventions. We recommend future indicator set developers 

to conceive more comprehensive indicator sets. The application of the RISE framework in the C&D sector showed 

that the “Implement” category of interventions is the most assessed category, while the remaining three categories 

are only partially considered in the indicator sets analyzed. The focus of the assessment shall not solely be directed 

towards the implementation of circularity strategies, but consider the transition of our economic sectors from a 

systemic perspective, including policies and indicators covering interventions such as “Research & Realize”, 

“Support”, and “Enable”.  

In the specific case of the C&D sector, our research focused on the recycling strategy associated with recycled 

aggregates to produce RC. In Table 5.1, we suggest interventions for increasing the recommendation of RC by 

architects, based on the results obtained through qualitative and quantitative research methods. We categorize the 

suggested interventions according to the RISE framework, focusing on those interventions that generally receive 

less attention from assessors (i.e., we exclude implementation interventions). 
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Table 5.1. Suggested interventions to increase the recommendation of RC by architects. 

Intervention RISE category 

Share information about cases in which RC was used in construction projects, with details on 

how to handle potential challenges (e.g., logistics) 
Research & Realize 

Diffuse knowledge about construction labels including the use of RC (e.g., Minergie Eco) Research & Realize 

Organize mock-ups and workshops showing the appearance of RC Research & Realize 

Create incentives for RC use, including positive media exposure or financial incentives Support 

Include specific requirements (in relation to RC) for project calls Enable 

Organize networking events with architects to allow them to share opinions and experiences 

about RC 
Enable 

 

5.2 Module-specific limitations 
The research performed in each module is not exempt from some limitations. In the following paragraphs, we 

acknowledge module-specific limitations. An elaboration on additional overall limitations of the study is reported 

in section 5.3.2.  

Concerning the research performed in Module 1, three main limitations were identified. 

First, the choice of comparing the concept of the CE with only one other concept (i.e., urban sustainability) 

represents a limitation. The scope of the analysis was limited due to the substantial research and analysis effort 

required to collect and assess indicator sets. We focused on (urban) sustainability since it represents the object of 

vivid discussion among both academics and practitioners (Fratini et al., 2019; U4SSC, 2020; Williams, 2021).  

Second, a limitation is linked to the size of retrieved CE and urban sustainability indicator sets (24 and 33, 

respectively). More indicator sets could potentially have been retrieved if additional languages were used to 

perform the research. However, compared to similar studies, the size of the CE indicator sets sample represents 

one of the most complete and up-to-date sources of data for studies focusing on CE indicators in general and 

applied at the urban level in particular. For instance, one of the most recent studies on assessment frameworks on 

circular cities (Ahvenniemi et al., 2017) focused on only eight items.  

Third, we acknowledge that although the screening and allocation of the 930 net indicators were performed in 

a structured and revised way by the research team, a different assessment from other research teams might have 

produced different results. However, the size of the sample of the indicators corrects for this potential bias, and 

similar approaches are reported in the literature (Ahvenniemi et al., 2017; Merino-Saum et al., 2018). 

The limitations related to Module 2 are linked to the interviews held, the size of the indicator set sample, and the 

subjectivity in defining the categories of the RISE framework and in allocating indicators to the four intervention 

categories. 

Concerning the interviews held, the limited number of the expert consulted (six) could have restricted the 

diversity of opinions and perspectives that were gathered. However, the interviews represented an intermediary 

step that was used to iterate the proposed framework, which was based on an exhaustive literature review.  

Regarding the indicator sets analyzed, the number is limited to nine, as the research was performed selecting 

specific keywords and using the English language. Adding terms such as “measure*” could have resulted in 

additional contributions to analyze. A higher number of sets could have provided different results for the statistical 

analysis, in terms of the coverage of the categories. Also, we only focused on the indicator sets that deliberately 

measure a CE in the C&D sector.  

Similar to what was highlighted regarding the research of Module 1, the categorization of interventions could 

have been influenced by a certain level of subjectivity. For example, we acknowledge that the distinction between 

the “Enable” and “Support” categories might appear blurred in some cases. By providing a guide for the indicators’ 

allocation (as done in Manuscript III) we aimed at enhancing the full replicability of our results. Additionally, a 

certain degree of subjectivity permeates the link between the indicators and the selected RISE category. However, 

as explained in the methodological section, we took this issue into account and worked to address it.  
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The research conducted in Module 3 presents limitations related to the focus on the recycling strategy and on the 

product (RC), and to the use of a survey. 

This study focused on the recycling strategy, as it has been the one receiving the greatest attention so far by 

academia and practice. As highlighted throughout this thesis, many CE frameworks fail to consider the plurality 

of circular strategies that can be implemented. In fact, the CE is most commonly represented as a combination of 

Reduce, Reuse, and Recycle, and the use of the 10R-strategy scheme is far from being established (e.g., Bressanelli 

et al., 2020; Ghaffar et al., 2020). While acknowledging the importance of the additional nine strategies, in this 

thesis, I decided to highlight outstanding issues underlying the strategy that has received the most prominent 

attention from researchers and practitioners. Nonetheless, I also underline the risk of relying on the recycling 

strategy alone, when multiple issues for its management still exist. Indeed, it is important not to limit circularity 

only to the re-use and recycling of construction materials, but to keep the broad focus of circular principles in mind 

(Sparrevik et al., 2021). 

An additional limitation relates to the innovation of focus (i.e., recycled concrete). For the C&D sector to 

achieve circularity, there is a need for attention beyond traditional product sales and ownership (Ramsheva et al., 

2020). Besides innovation in the materials used to replace natural aggregates in concrete, product innovation 

should also focus on offering product service systems (PSS), extending product use and improving product 

performance, as well as supporting responsible end-of-life and take-back strategies, as such contributing to a CE 

(Pieroni et al., 2020). However, we acknowledge that incremental changes in the materials we use to build our 

cities, or the services we offer for consumption, might not be sufficient to achieve a CE. Other materials could be 

investigated to significantly reduce the environmental impact of construction.  

Methodologically, research limitations relate to the use of a survey to collect data. Limitations of collecting 

data via questionnaires have been pointed out in the scientific literature, for example, when analyzing the attitude 

of builders towards C&D waste recycling (Jain et al., 2020). Similarly to this latter study, it is challenging to 

establish the time-lag between “cause-and-effect” to examine the relationship between behavioral drivers and the 

outcome decision of architects. In fact, it may be possible that the behavior of respondents had been evolved over 

the long term. A larger lag between the causes affecting behavior and the realization of actual behavior implies 

that sustainable waste management will require sustained awareness campaigns and efforts to bring long-term 

behavioral changes towards a sustainable lifestyle. Additionally, a trade-off was achieved regarding the length of 

the survey, the required time for its completion, and the amount of information and insights that could be gathered. 

While more items used to measure the predictor variables could have been considered for the analysis and in the 

regression equation, this number was limited in order not to overload participants. The questionnaire was first sent 

to 700 potential respondents to assess that no technical problems were encountered in the completion of the online 

questionnaire. Regarding coverage, the link to access the survey was sent to a total of 7804 architects whose 

contacts were retrieved by merging publicly available databases of Swiss professional associations. Although we 

obtained national coverage and the survey response rate was acceptable (9.3%, with 727 valid responses out of 

7804 invitations), a higher number of respondents would have been more advantageous for the analysis. This 

problem is not new to survey studies, especially when respondents are not incentivized economically (Yu et al., 

2017). The larger the sample size considered, the more information gathered, and the more accurate and reliable 

the results.  

Some persisting limitations linked to the use of the survey as a research method relate to the generalizability 

of the results. This study's results are limited to Switzerland and have to be interpreted in light of this specific 

context. Regarding non-response bias, it is important to note that the focus on the particular material (RC) was 

mentioned in the invitation: architects with no knowledge about RC might have abstained from completing the 

questionnaire, thus implying that an even higher percentage of architects are not familiar with RC. Overall, we 

obtained a well-balanced sample of respondents: with and without prior knowledge about RC as well as projects 

in which RC was and was not recommended. In conclusion, although the survey method was not entirely free from 

potential error, the statistical analyses performed with the survey data achieved a high level of explanatory power. 

5.3 Overall contribution and limitations  
Detailed elaboration and discussion of the results of the modules of this thesis have been proposed in section 5.1. 

To offer a broader perspective on the broad insights offered by this thesis, the following sections (5.3.1 and 5.3.2) 

will be devoted to the presentation of the overall contribution and limitations. 
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5.3.1 Overall contribution 
This thesis scrutinized the concept of a CE in urban settings in three main steps, and its overall contribution can 

be summarized by the following points: 

 The results show the limits and opportunities of targeting a CE in urban systems, in the context of achieving 

urban sustainability. 

 The RISE framework and matrix represent tools to enhance synergies and strategy alignment among 

stakeholders towards the achievement of a CE. 

 Specifically focusing on the C&D sector, the identified behavioral and contextual factors that play a role in 

architects’ decision to recommend RC represent leverage points to enhance the adoption of innovation to 

achieve a CE. 

The first contribution relates to the results of the quantitative assessment of how an urban CE has been 

operationalized. Shedding light on the concept of the CE responds to the need identified in the literature to offer 

clarification about the main objectives of an urban CE (Joensuu et al., 2020). In this regard, our results contribute 

to the process of definitional and operationalization consensus that is highly recommended by many researchers 

working on the topic (e.g., Blum et al., 2020; Henry et al., 2021). Besides informing about the concept of a CE, 

this research contextualizes it in connection to the concept of urban sustainability, a study that is widely advocated 

in the literature (Fratini et al., 2019; Geissdoerfer et al., 2017; Prendeville et al., 2018). This thesis’ main 

contribution for future urban CE assessments stems from the generation of awareness among urban agents of 

change about the concepts of CE and urban sustainability, through a thorough analysis of the indicators used to 

assess these concepts. This awareness is regarded as a stimulus for discussion and critical reflection about which 

goals are targeted when aiming at achieving circularity in urban areas. We argue that if CE adopters aim to maintain 

the concept as up-to-date and innovative, they should differentiate it from existing approaches (i.e., urban 

sustainability) without limiting themselves to replicating those perspectives. In our discussion, we questioned the 

value-added that targeting an urban CE rather than sustainability implies, aligning our perspective to current 

literature being wary of putting too much attention on the CE concept, fearing divergence from the path for 

achieving sustainability (Hopkinson et al., 2020; Petit-Boix and Leipold, 2018; Schaubroeck, 2020). We provided 

insights that support the ability of actors involved in an urban transition to develop a well-informed city vision. 

Our results have both theoretical and practical contributions, by informing the debate on the differences and 

overlaps between the two concepts of CE and urban sustainability, and by supporting urban communities in finding 

a match between targeted objectives and selected indicators.  

Besides analyzing CE indicators, we developed a framework that links indicators to CE interventions, to enhance 

the establishment of a holistic strategy for a CE, to which all urban stakeholders could contribute depending on 

their capabilities and agency. With this tool, stakeholders involved in reaching an urban CE could easily link their 

potential contribution to different types of interventions and collaborate with agents involved in similar practices. 

This research responds to the need identified in the literature to conduct studies on what urban actors can do when 

targeting a CE in their cities (Fratini et al., 2019), to offer guidance and structure to stakeholders aiming at 

contributing to an urban CE. In fact, literature on collaboration in the CE is still scarce and provides little guidance 

on how to build up effective circular partnerships (Kleine Jäger and Piscicelli, 2021). The role of responsibilities 

in CE implementations inside the supply chain has been established by recent studies (Schraven et al., 2019) and 

also, specifically, in the C&D sector (Leising et al., 2018). Concerning an urban CE strategy, there is a need to 

acknowledge new roles and engagements with all stakeholders and to achieve collaboration in an atmosphere of 

trust and transparency with clear expectations from all parties (Marin et al., 2020). Developing collaboration tools 

for the circularity of materials and pursuing a collaborative process among different actors with stakeholder 

management is deemed to better promote CE in the C&D sector (Geissdoerfer et al., 2018; Leising et al., 2018). 

To address this challenge, our work categorizes different types of interventions to which stakeholders can relate, 

thus fostering a collaborative and synergic environment. Overall, we stressed the importance of collaboration at 

different stages of the process of achieving a CE, from the establishment of CE targets (Module 1) to the allocation 

of specific roles within systemic planning of CE interventions (Module 2). 

Finally, the quantification of the importance of behavioral and contextual factors in the recommendation of a (more 

circular) building material aligns with the literature that puts forward a research approach aimed at combining 
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behavioral theories with quantitative operationalizations (e.g., Hecher et al., 2017; Jain et al., 2020; Knoeri et al., 

2011). The research addresses the need established within the scientific literature to explore the importance of 

different drivers that can be leveraged to accelerate the adoption of circular innovation (Charef et al., 2021; Hossain 

et al., 2020). Our findings led to suggestions for interventions to leverage those significant behavioral predictors, 

also elaborating on the social, economic, and technological conditions required to improve the use of more circular 

products. Beyond its application to the C&D sector, this approach opens up interesting avenues of research for 

understanding the adoption of different innovative products, which could enhance the achievement of a CE from 

a systemic perspective.  

5.3.2 Overall limitations 
The first broad limitation of this thesis relates to the focus on the CE in urban settings. Although cities’ role is 

pivotal, the transition to a CE might remain an unattainable goal without considering a global perspective 

(Hanumante et al., 2020). The globalization of the economy is a fact that cannot be ignored, and cities cannot be 

conceptualized as isolated bubbles whose material flows are not linked to external realities. Thus, although 

focusing on urban settings is a legitimate strategy due to their sheer potential to trigger a transition, I acknowledge 

the intrinsic limitation related to the broader complexity of a fully circular economy itself, in line with established 

skepticisms about seeing the CE as the alternative that could solve the resource scarcity crisis of our time (Hart 

and Pomponi, 2021; Zink and Geyer, 2017). In line with Velenturf and Purnell (2021), this critique on the CE 

should be understood as much as a critique on sustainable development itself, suggesting that both require research 

and constant learning to ensure progress towards sustainability. 

The second limitation that is linked to multiple sections of this dissertation relates to the use of indicators as the 

unit of analysis (Module 1 and 2). In the scientific literature, two distinct ways of understanding the nature and 

purpose of indicators exist. First, they can be seen as “data carriers”, i.e., neutral and technical instruments that 

support decision-making processes towards, for example, sustainable development (Astleithner and Hamedinger, 

2003; Elgert, 2018; Gudmundsson, 2003). Second, they can be interpreted as “message carriers” (Lehtonen et al., 

2016), i.e., mirroring arguments, ideas, and expectations that particular actors mobilize to address sustainability 

issues. With regards to the latter, the development of an indicator set represents a process through which the 

concept itself acquires content. This is not merely a technical process, but also political and normative (Bossel, 

1996; Valentin and Spangenberg, 2000). In Modules 1 and 2, we focused on the conceptual role that indicators 

play in (re)shaping the concepts of CE and urban sustainability and making them tangible and operational. This 

decision was taken as a way to extend beyond theoretical stances and to analyze the practical operationalization of 

these concepts. In fact, the analysis could have been performed on definitions or planned policies. However, 

besides the fact that these approaches have been performed in other studies, they are also limited to an a priori 

perspective that potentially has no translation into concrete applications. These “pre-application” 

conceptualizations might therefore be vague and broad, and not reflective of the core and deep meaning of the 

concepts at hand. The analysis of the indicators as “message carriers” offers the possibility to surpass this barrier 

and analyze something concrete that has been implemented, thereby conducting an a posteriori analysis of the (CE 

and sustainability) conceptualization. Nonetheless, the use of indicators as “message carriers” could present a 

methodological limitation due to a certain degree of subjectivity permeating the link between the indicators and 

the selected category of typologies used in each module. However, we persistently considered this issue and 

worked to address it. We validated the links between indicators and typologies by computing an inter-rater 

reliability score, we developed a deep understanding of the analyzed indicators by gathering information from the 

official reports used as sources, and we discussed doubts within the team until agreement was achieved. 

The third limitation relates to the use of semi-structured interviews, which were employed to collect data in 

Modules 2 and 3. Semi-structured interviews can still be criticized as difficult to replicate and too subjective, as 

they rely on the researcher’s unsystematic view and carry an inherent risk that the researcher will steer and 

manipulate the conversation. Further, the scope of the findings and their generalizability are potentially restricted 

due to the small size of the sample, which might not be representative of the targeted population (Bryman and 

Bell, 2011). To ameliorate such adverse effects, we prepared interview guidelines based on both theories and 

literature research to ensure a structured and consistent interview setting in both modules. In addition, the issue of 

validity was countered by a) systematically selecting interview partners based on their professional experience and 

via snowball sampling to identify additional key actors (Morgan, 2008), and b) using the gathered insights in 



Part I ¦ 5. Discussion 

47 
 

combination with the results of other methods (i.e., triangulation; Denzin, 1970). In all cases, no additional 

interviews were held after information saturation was achieved (Mason, 2010; Weller et al., 2018). 

5.4 Further research 
Many other research approaches could have been adopted to generate knowledge related to the concept of a CE, 

due to its complexity and broadness. Therefore, it is important to clarify that this thesis represents only one 

contribution to the advancement of knowledge related to the achievement of a CE in urban settings. The results 

presented in this research offered insights contributing to the current discussion on CE that involves both 

academics and practitioners. By providing quantitative and qualitative results, this research triggers further 

discussion on several interrelated aspects of a CE, that future research endeavors could target.  

The rapid multiplication of concepts related to cities (e.g., smart, green, sustainable, circular) testifies to the sheer 

interest that urban settings trigger. However, clarity is needed to manage resources and align objectives when 

pursuing the concretization of these concepts. This research focused on the link between an urban CE and 

sustainability, as the latter is undoubtedly one of the most discussed concepts linked to an urban CE nowadays. 

However, other concepts (e.g., green economy, bio-economy, blue economy; Barañano et al., 2021; Loiseau et al., 

2016; Schraven et al., 2021; World Economic Forum, 2018) are gathering momentum, and an extension of the 

research approach presented in this thesis to these concepts could offer several insights into the nature of the CE 

itself. Therefore, further research is needed that builds on the insights gained from this thesis to develop approaches 

that can compare what circular cities entail with other concepts such as green, smart, eco, resilient, and compact 

cities, among others. As pointed out by Norouzi et al. (2021) the connection of an urban CE with smart cities, 

industry 4.0, and their relations with CE are current research hotspots that may be considered as potential future 

research topics. 

By analyzing 24 CE indicator sets, this research compiled an extensive data source of CE indicators used in 

different cities around the world. However, there was not enough data to enquire whether geographical patterns 

could mirror similar CE operationalizations, or if spreading paths of similar conceptualizations from specific 

geographies could be identified. This potential investigation refers to why and how a concept such as the CE can 

‘travel’ globally (Czarniawska and Sevón, 2011). Central points for analysis would be the conditions that facilitate 

the spread of the concept (existing international links among researchers or policymakers, or a document that is 

made available for other countries; Jiao and Boons, 2014). Answering this question would be important to 

understand how concepts that contribute to sustainable development can spread, and offer insights on ways to 

increase the rapidity of the process. 

Future endeavors could focus on developing participative enquires with stakeholders involved in urban transitions 

that could complement the analysis of indicators, to elicit motivations, interests, and expectations of multiple actors 

when committing to reach a CE (Velenturf et al., 2018), similar to what has been done in the case of urban 

regeneration (e.g., LopezDeAsiain and Díaz-García, 2020) and sustainability (e.g., Przywojska et al., 2019). In 

fact, it is recognized that the implementation of any CE initiative without a large enough commitment of key 

stakeholders carries a high risk of failure (Fratini et al., 2019; Joensuu et al., 2020). Furthermore, in-depth case 

studies could focus on cities that have developed both circularity and other agendas (e.g., sustainability). This 

analysis could lead to an understanding of how these concepts are operationalized when the city context remains 

unvaried. In this regard, a qualitative analysis that looks into the parallel development of these city plans and the 

reasons to keep them separate/parallel could be conducted. Finally, there is the potential to engage assessors and 

practitioners involved in the CE transition, and discuss how our research findings might provide them with a more 

precise and informed overview of their CE goals. Such reflection could support them to align their efforts and 

thereby avoid negative interference between different projects and policies, as the overall goal of these 

commitments should be a systemic and coordinated transition to sustainability. This practice-oriented research 

could be pursued to improve the science-practice gap that often exists (Böckel et al., 2021), which prevents 

practitioners from using information coming from academic sources. This practical step is deemed pivotal for the 

efficient use of the resources invested into research and could be part of workshops and discussion groups. 
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Other lines of research could look specifically at the agency of different actors involved within the different 

categories of the RISE framework, to shed light on their role and potential contribution, and to support them with 

indicators to track the success of their efforts to achieve a CE. Research could focus on the elicitation of social 

links among different stakeholders labeled according to the RISE framework category in which they can operate, 

to highlight current gaps and foster collaboration among them, via Social Network Analysis methodologies (Barrie 

et al., 2019; Schraven et al., 2019; Yu et al., 2021).  

Further research should focus on understanding and showcasing the limitations of recycling, and consider how 

other strategies (e.g., Refuse and Reduce) might be better suited to tackle the complex challenges that we, as a 

society, are currently facing. Additional knowledge is required to understand the potential of strategies for higher 

circularity (e.g., focus on dematerializing loops within the supply chain; Hazen et al., 2021) and the factors that 

affect their adoption. Further research could also focus on challenging the practices we have established to fulfill 

our needs (e.g., shelter), fostering radical rather than incremental innovation (Dewar and Dutton, 1986) in both 

technological and societal domains. For example, further research could focus on the social perception of new 

ways of inhabiting (e.g., communities with shared living spaces) or applying the proposed behavioral framework 

to the adoption of entirely new building materials. Disruptive innovative ways of living (and building) are pivotal 

to support radical change towards circularity and sustainability, and their adoption should be guided by sound and 

holistic theoretical perspectives.
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6. Conclusions 
Our current economic systems are deemed unsustainable: how they are led jeopardizes the very existence of 

humankind on Earth in the future (IPCC, 2014). The Circular Economy (CE) concept has been proposed to reduce 

resource consumption, although its link to sustainability remains unclear from theoretical and practical 

perspectives. With rising urbanization, achieving circularity and urban sustainability becomes crucial. The role of 

cities is pivotal to accelerating a global transition, as 80% of global GDP is produced in urban settings, thus making 

them motors of economic growth. To secure a better urban future, we must strive to produce integrated and 

actionable urban knowledge. With the advent of multiple city labels relating to urban sustainability, such as the 

circular city, it is critical to deeply reflect on the interconnectedness among these different labels. Specifically for 

what concerns a CE, it is pivotal to understand what a CE in a city entails, what interventions are required to make 

a city circular, and how to steer the achievement of circularity in cities. Despite broad support for the CE, the 

global economy is still only 8.6% circular in practice (Circle Economy, 2020). Achieving a CE requires a more 

holistic approach and a concerted effort from all parties to overcome worldwide inertia and lag in uptake (Adams 

et al., 2017; Alaerts et al., 2019; Xue et al., 2010). A systemic framework encompassing CE interventions is needed 

to enhance a systemic achievement of a CE, prioritizing high-circularity strategies. Although it appears that a CE 

would be mainly about reduction, reuse, recycling, and recovery, “in reality, much policy has been oriented 

towards promoting [recycling]” (Allwood et al., 2011). However, even recycling faces formidable barriers. For a 

business plan based on recycling to be economically viable, multiple actors need to contribute to the successful 

implementation of the recycling process, and adopters need to use the recycled product. Without the latter 

condition, the recycling process cannot be viable. In the context of a CE, a research gap in understanding the 

mechanisms behind the adoption of circular products remains. 

In this research, we scrutinized the concept of the CE from different perspectives, starting from the understanding 

of what a CE in cities entails and which types of interventions can be put in place to achieve a CE. We suggested 

specific interventions to steer the adoption of a product containing recycled components. 

We first elicited how CE and urban sustainability concepts have been assessed (i.e., which indicators are 

currently used to measure these concepts). We started from the standpoint that developing an indicator set involves 

trade-offs between potential metrics: indicator set developers must decide what does and does not count. Each 

indicator has an opportunity cost: if it is included in the final set, other candidate indicators are excluded. From 

our indicator-based analyses, it appears that the concept of the CE is embedded in the broader concept of urban 

sustainability; however, the use of CE indicator sets entails a more detailed focus on certain thematic groups (e.g., 

waste production and management) and a more in-depth analysis of several of their different aspects. In broader 

terms, a CE focuses more on environmental issues, whereas urban sustainability provides more coverage of social 

aspects. However, CE indicator sets do cover some social aspects. This knowledge contributes to the literature 

focusing on the understanding of the interrelation between the concepts of CE and sustainability, offering valuable 

insights from an indicator perspective that has not been inquired so far.  

By developing a systemic framework that comprehensively encompasses the possible interventions that can be 

put in place to achieve a CE, this research improves our understanding of a CE in general, and more specifically, 

of a CE in the C&D sector. The RISE framework links interventions relating the “Research and Realize”, 

“Implement”, “Support”, and “Enable” categories to all of the 10R-strategies established in the CE field. We 

highlighted how different categories of interventions for a CE have been considered in current assessments of a 

circular C&D sector, which enabled us to identify intervention gaps. Our results validate the trend that the 

“Implement” category is the most assessed category in the C&D sector, whereas the remaining three categories 

are only partially considered in the indicator sets. This knowledge contributes to the literature focusing on the 

assessment of circularity by providing insights into types of interventions and related indicators currently used in 

assessment practices.  

We identified the factors that influence the decision-making process of actors (i.e., architects) working in the 

C&D sector and their choice of recommending a recycled construction material. This research presented an 

integrative theoretical framework that provided a conceptual structure for investigating architects’ decisions on 

whether or not to recommend recycled concrete (RC) in construction projects. By applying the framework and 

collecting survey data, we identified multiple factors that influence architects’ choices and suggested interventions 

in alignment with the newly-developed RISE framework. We argue that the effectiveness of strategies for fostering 

circularity in C&D as well as other sectors depends on an understanding of the motivations of each involved agent, 
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the consequences of behavioral choices, and the relevance of each agent’s contribution. The construction process, 

which involves the actions of many actors, can be shaped towards more circular/sustainable practices if all the 

involved actors collaborate, recognize their respective potential agencies, and act beyond their basic 

responsibilities. This knowledge contributes to the literature focusing on the adoption of innovation and provides 

tools to study the adoption of other (circular) products. 

This research achieved its objectives by contributing to a better understanding of the CE concept, with a focus on 

the C&D sector. From a content-related perspective, this research contributed to CE research by challenging the 

CE concept itself to bring additional value concerning sustainability. We see CE as a valuable means toward 

sustainability; however, much care is needed when devoting substantial resources to this concept’s development. 

From a methodological point of view, this thesis contributes to the incipient line of research that proposes the use 

of indicators as the unit of analysis to elicit peculiarities of concepts such as CE and urban sustainability. Finally, 

this research puts forward an integrative perspective on achieving a CE, focusing on a holistic behavioral approach 

for analyzing the adoption of innovation.  

Overall, this thesis contributes to our understanding of what a CE in urban systems entails, and how we can steer 

our socio-economic systems towards it. Additional research, governmental support, and adoption from practice 

are needed to overcome the many barriers that still slow our journey towards sustainability, to tackle the grand 

challenges of our era, such as resource scarcity vis-à-vis an increasing (urban) population.
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A B S T R A C T

Today, the centrality of cities in the global sustainability challenge is widely acknowledged, and numerous 
initiatives have been developed worldwide for monitoring and comparing the sustainability performance of 
urban areas. However, the escalating abundance of indicators makes it difficult to understand what really counts 
in urban sustainability and how to properly select the most suitable indicators. By methodically collecting and 
mapping the diversity of available indicators, our work aims to elucidate the emphases, as well as the gaps, that 
exist in the way urban sustainability is currently translated into metrics, and to draw instructive lessons to 
support the development of future indicator sets. Representing the most comprehensive study ever performed in 
the field, this analysis relies on both an innovative research approach entailing multi- and cross-typological 
systematic analysis of indicators and an extensive data sample comprising 67 indicator sets (for a total of 2847 
indicators) from academia and practice. The findings highlight the most frequent indicators in urban sustain-
ability measurement initiatives, and demonstrate the prominence of social issues (e.g., quality of life, access to 
services, consumer behaviour, employment) and to a lesser extent, of environmental stakes. In contrast, urban 
sustainability indicator sets generally pay marginal attention to political questions (e.g., participation, policies, 
institutional settings), gender issues and distributional concerns. From a systemic point of view, the analysis 
reveals the strong emphasis placed on the status of actual and potential resources as well as the satisfaction of 
current needs. The study further highlights seven key lessons on how to deal with three typical tensions faced 
during indicator selection processes: (i) parsimony vs. comprehensiveness; (ii) context-specificity vs. general 
comparability; and (iii) complexity vs. simplicity. The directly implementable recommendations proposed herein 
will support both scholars and practitioners in the design of future urban sustainability measurement initiatives.   

1. Introduction

During the last decades, the concept of sustainability has increas-
ingly captured public attention by highlighting the difficult re-
conciliation between global population needs and the burden that those 
needs place on the environment. The concept has also been firmly po-
sitioned at centre stage in international policy at least since the United 
Nations’ (UN) adoption of Agenda 21 in 1992. Given advancing urba-
nization worldwide, the sustainability of cities and their surroundings 
constitutes a major component of the general global sustainability 
challenge. Urban areas hosted 55% of the world’s population in 2018, 
and according to the projections of the United Nations (UN, 2019), this 
figure will reach 68% by 2050. Meanwhile, studies estimate urban areas 
to be responsible for approximately 80% of the global gross domestic 

product (GDP) and 75% of energy-related CO₂ emissions (IPCC, 2014; 
GEA, 2012). 

By now, the centrality of cities in the global sustainability challenge 
is widely acknowledged in the political sphere. For example, one of the 
UN’s Sustainable Development Goals (SDG 11 - Make cities and human 
settlements inclusive, safe, resilient and sustainable) is specifically 
dedicated to cities and communities, and the 167 countries partici-
pating in the UN’s Habitat III conference in 2016 elaborated the New 
Urban Agenda (UN, 2017b) as a global guideline for urban develop-
ment. Beyond national governments, cities are also emerging as sig-
nificant actors in their own right, and city networks such as the C40 
Cities Climate Leadership Group and ICLEI (Local Governments for 
Sustainability) are providing a platform for international policy diffu-
sion for urban sustainability. 
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Concomitant with the advent of the urban sustainability concept in
policy and academic circles, a broad range of measurement initiatives 
have been developed for monitoring and comparing the sustainability 
performance of cities worldwide (e.g., ISO, 2018a; Global Platform for 
Sustainable Cities, 2018). In particular, the development and use of 
sustainability indicators has proliferated so rapidly that some authors 
describe the field as an ‘indicator industry’ (King et al., 2000) or ‘zoo’ 
(Pintér et al., 2005). Such an ‘explosion of indicators’ stems from sev-
eral factors, including the blurriness of the sustainability concept, in-
creased data availability, and the plurality of purposes for which sus-
tainability assessments are used (Tanguay et al., 2010). 

Given the above-described background, critical reviews and com-
parative analyses on existing measurement initiatives are needed to 
provide an overview of the diversity of available metrics and draw 
lessons to inform future indicator-based assessments. Accordingly, we 
inscribe our work in this incipient line of research by addressing the 
following research questions (RQ):   

RQ.1: How do current indicator sets translate urban sustainability 
into metrics?   
RQ.2: What lessons can be drawn from current practices to support 
the development of future indicator sets for urban sustainability? 

Our work contributes to research in related fields in several ways. In 
particular, it is arguably the most thorough review to date focusing 
exclusively on indicators for urban sustainability. The 67 indicator sets 
(totalling 2847 indicators) analyzed in the study include initiatives 
promoted by both international and local actors, thereby offering an 
unprecedently comprehensive view on the status of indicator-based 
urban sustainability initiatives. The comprehensiveness of the analysis 
is further enhanced by the use of several complementary analytical 
frameworks or typologies (see Section 3.4), namely, SDGs, STEEP (So-
cial, Technological, Economical, Environmental, and Political) analysis 
and MONET (Monitoring Sustainable Development) through which all 
collected indicators are methodically characterized. 

The remainder of this paper is organized as follows. Section 2 
provides the theoretical background of the study. Section 3 presents 
the methodological approach followed to collect and characterize the 
2847 indicators finally included in the analysis. Section 4 elucidates 
the study’s results, and Section 5 discusses those findings in light of 
current knowledge in the field. Finally, Section 6 summarizes the 
conclusions. 

2. Indicators for urban sustainability

2.1. Looking at indicators sets as de facto conceptualizations of urban 
sustainability 

The use of indicators has emerged in recent years as a popular 
means for the practical operationalization of the concept of urban 
sustainability. For this purpose, a variety of indicator sets have been 
developed and applied by international as well as local actors (Tanguay 
et al., 2010; Boyko et al., 2012; Verma & Raghubanshi, 2018). There are 
two distinct ways of understanding the nature and purpose of sustain-
ability indicators. On the one hand, indicators are often conceived as 
neutral and purely technical instruments that assist decision-making 
processes towards sustainable development at the national and urban 
scales (Astleithner & Hamedinger, 2003; Gudmundsson, 2003; Elgert, 
2018). From this standpoint, indicators are primarily ‘data car-
riers’—i.e., measuring entities whose identity exclusively relies on the 
variables and parameters with which they are associated, in-
dependently from the context, purpose and logics behind their use. 
According to this understanding, indicators must be supported by 
available, reliable and easily updatable data, and they are expected to 
provide direct input to policy-making (Hezri, 2004; Sébastien et al., 
2014). 

On the other hand, sustainability indicators can be seen as ‘message 
carriers’ (Lehtonen et al., 2016)—i.e., arguments, ideas and expecta-
tions that particular actors mobilize regarding sustainability issues. In 
that sense, developing an indicator set is not just about measuring a 
concept which is fully defined ex ante, but rather constitutes a process 
through which the concept (urban sustainability) acquires content and 
is defined in medias res1 (O’Connor & Spangenberg, 2008; Mickwitz & 
Melanen, 2009). Such a process is not merely technical, but also poli-
tical and normative (Bossel, 1996; Valentin & Spangenberg, 2000; Kates 
et al., 2005). 

In this paper, we focus on the conceptual role that indicators play in 
(re)shaping the urban sustainability concept and making it tangible and 
operational in practice. From this perspective, the systematic analysis 
and comparison of the composition of urban sustainability indicator 
sets aims at enhancing our understanding of the meaning of urban 
sustainability, as if each indicator set was a distinct definition of the 
concept. As shown in Table 1, several such comparative studies exist to 
date. These studies vary in their specific thematic scopes, methodolo-
gical approaches and respective samples. 

Our work contributes to this existing body of literature in several 
ways. In contrast to most previous reviews that have combined the 
concept of sustainability with other adjacent concepts (e.g., greenness, 
well-being) or mixed the urban scale with other scales (e.g., regional), 
our focus is exclusively on urban sustainability. Our work encompasses 
the most comprehensive sample of indicator sets—particularly those 
related to local initiatives (22 out of 67 sets)—compiled to date. Indeed, 
earlier studies have clearly paid more attention to international stan-
dards (e.g., the International Organization for Standardization (ISO), 
Leadership in Energy and Environmental Design (LEED)) and/or in-
dicator sets fostered by global organizations (e.g., the UN). 
Furthermore, the size of our sample (67 indicator sets; 2847 indicators) 
is significantly larger than those used in previous studies, and the multi- 
typological prism that we apply to analyze it provides particularly de-
tailed and representative results about the ways the indicator sets de-
pict and delimit the concept of urban sustainability (see Section 3.4). 

2.2. Identifying the constituent elements of an indicator 

In order to analyze and categorize indicators, it is necessary to un-
derstand and define their constituent elements. Indeed, the definition of 
an indicator varies considerably in both scientific and grey literatures 
(Gallopín, 1997; Boesch et al., 2014; Waas et al., 2014). In this paper, 
we understand indicators as allegorical representations through which 
an issue of larger and usually complex significance is broken down into 
specific and comprehensible features. Indicators are multifaceted con-
structs that are ideally composed of the following interrelated elements 
(Fig. 1): (i) a label or title that is immediately understandable and 
makes the indicator easily distinguishable; (ii) a specific unit of mea-
surement (either qualitative or quantitative); (iii) a definition that 
succinctly explains the way the label must be understood (either nar-
ratively or mathematically, or both); (iv) accessible data that is con-
sistent with the relevant label and definition; (v) a more or less precise 
reference point (e.g., a target, a benchmark, a threshold, a range or 
simply an orientation) through which the data might be properly con-
sidered (this element is particularly important in sustainability assess-
ments but might be especially challenging due to scientific un-
certainties and societal controversies (e.g., Lancker & Nijkamp, 2000; 
Spangenberg et al., 2002)); and (vi) the specific anchoring in the 
conceptual framework in which the indicator is deployed (e.g., the in-
ternal category(ies) with which it is associated). Regarding the an-
choring, it is important to note that conceptual frameworks express the 
way the topic under study is understood (e.g., urban sustainability) 

1 In or into the middle of events or a narrative (https://www. 
collinsdictionary.com). 
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and/or how the system is characterized (e.g., urban area). Therefore, 
how an individual indicator is anchored in a particular conceptual 
framework reveals how it specifically contributes to the ‘entire story’ as 
well as how it articulates with the remaining indicators within the same 
set. 

All of the above-mentioned core elements are influenced by the kind 
of assessment in which the indicators are embedded. Such influence 
might operate at: (i) the normative level—e.g., how is the sustainability 
concept apprehended?; (ii) at the systemic level—e.g., how are the 
functions and processes of a system concretely translated into a logical 
structure of interrelated indicators?; or (iii) at the procedural le-
vel—e.g., what are the stages of the assessment? who participates? how 
are data aggregated? (Wiek & Binder, 2005; Binder et al., 2010). 

Finally, several contextual factors might have an effect on both in-
dicators and assessments, such as the purpose motivating the set (Guy & 
Kibert, 1998), the temporal and spatial circumstances in which the set 
is developed (Mitchell, 1996; Briassoulis, 2001), the type of institution 
leading the process, or participants’ roles and rights (Rametsteiner 
et al., 2011; Lyytimäki et al., 2013). 

2.3. Tensions in the development of indicator sets for sustainability 

The process of developing an indicator set for sustainability faces a 
number of tensions between competing goals and methodological 
principles. Some of these tensions relate to conflicting quality criteria of 
individual indicators, whereas others emerge when considering the 
indicator set in its entirety. In this article, we focus on three tensions: (i) 
parsimony vs. comprehensiveness; (ii) context-specificity vs. general 
comparability; and (iii) complexity vs. simplicity. These tensions are 
among the most frequently commented in the literature, and relevant 
insights about them can be derived from a quantitative analysis of the 
data available to us. However, it is important to note that other tensions 
exist and this is not an exhaustive list (Mccool & Stankey, 2004; Fraser 
et al., 2006; Reed et al., 2006; Lehtonen et al., 2016; etc.). 

The tension between parsimony and comprehensiveness emerges at 
the indicator set level; it focuses on the number of indicators that are 
required to perform the key functions of the assessment. A parsimo-
nious indicator set represents the system under study with as much 
simplicity as possible (Binder et al., 2010) and only as many indicators 
as needed (Spangenberg et al., 2002), which makes it advantageous in 
terms of resource requirements and ease of use. At the same time, there 
is a need to cover all the key aspects of the system under consideration 
both in terms of its sub-systems (Dale & Beyeler, 2001) and different 
dimensions of sustainability (UN, 2007). This requirement for com-
prehensiveness usually translates into a pressure to increase the number 
of indicators in a set, which imposes a direct conflict with the need for 
parsimony. 

Whether to select indicators that are in use across cities or indicators 
that are tailored for local needs embodies the tension between context- 
specificity and general comparability (Gasso et al., 2015; de Olde et al., 
2017). This tension operates at both the indicator and the set levels. The 
advantage of standard indicator sets such as those promoted by pro-
minent international organizations (e.g., UN, EU, World Bank) is in the 
comparability, accountability and reproducibility that they enable 
(Pintér et al., 2005; Donnelly et al., 2007; Uhlmann et al., 2014). 
However, standardized indicators and indicator sets also impose certain 
value-based choices that do not take local specificities into account. In 
contrast, context-specific indicators can be designed to explicitly in-
tegrate critical issues and values that are inherent to the area under 
consideration (Astleithner et al., 2004; Rydin, 2007), thereby in-
creasing both their effectiveness and the potential outcomes of the 
measurement initiative (Binder et al., 2010). 

Finally, the tension between complexity and simplicity arises from 
the need to represent the system at hand with a sufficient amount of 
detail and scientific credibility while also retaining a suitable level of 
understandability for all involved stakeholders (Falck & Spangenberg, Ta
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2014). In that sense, whereas the tension between parsimony and 
comprehensiveness is largely a matter of quantity (of indicators or 
pertinent information), that between complexity and simplicity is first 
and foremost about quality. The latter is a tension that concerns both 
individual indicators and the conceptual framework upon which the set 
of indicators is constructed. Indeed, sophisticated indicators (based on 
intricate algorithms and/or theoretical abstractions) and elaborated 
conceptual frameworks (such as those that allow plural vantage points) 
may be attractive for their scientific acknowledgement. However, this 
may come at the expense of accessibility to non-experts, thereby re-
sulting in reduced resonance with local decision-making and discourses 
(Guy & Kibert, 1998; Reed et al., 2006; Cook et al., 2017). This tension 
is well expressed in the dichotomy of ‘cold’ indicators (i.e., indicators 
that are scientifically robust but complex) and ‘warm’ indicators (i.e., 
indicators that are understandable but lacking scientific rigour) 
(Macnaghten & Jacobs, 1997; Abbot & Guijt, 1998; Cartwright, 2000). 

Given this theoretical background, this paper aims at deriving les-
sons learned from the current use of urban sustainability indicators to 
support practitioners and scholars in their effort to cope with the above- 
mentioned tensions. 

3. Methods and data 

The approach applied in this study followed six successive steps 
(Fig. 2). The process lasted over 11 months and involved five re-
searchers working in the field of sustainability science. 

3.1. Sampling indicator sets 

When collecting indicator sets, the retrieval of measurement in-
itiatives from both academia and practice (i.e., scientific and grey lit-
erature) was considered necessary in order to significantly contribute to 
the existing literature. For both types of literature, only documents 
published from 2010 onwards and written in either English, French, 
German, Italian or Spanish were considered. Academic measurement 
initiatives were identified through a systematic literature review, for 
which the Scopus search engine was selected due to its wide coverage of 
sustainability journals. The search was conducted using ‘indicator*’ 

AND ‘sustain*’ AND ‘urban’ as keywords2. The search yielded 522 re-
sults as of May 26, 2020. 

Because the nature of grey literature does not allow such a sys-
tematic procedure, the approach for identifying initiatives in this case 
was more explorative and combined several complementary strategies. 
The Google search engine enabled the identification of a significant 
number of indicator sets using the same keywords described above in 
all the selected languages. Other initiatives were uncovered using a 
snowball sampling method, through references in scientific articles or 
institutional reports. Finally, several sets were identified through the 
authors’ professional networks. The search yielded 369 results as of 
May 26, 2020. 

All identified initiatives (i.e., 891 = 522 + 369) were then filtered 
and included in the final sample according to the following criteria: (i) 
empirical orientation; (ii) recent activity; (iii) clear and comprehensive 
focus on sustainability; (iv) urban scale; and (v) access to indicators (see  
Supplementary material for further details). 

The application of the above-mentioned filters yielded a final 
sample of 67 indicator sets, including 30 from academia3 and 37 from 
public, private or non-profit entities operating at the local, regional, 
national or international levels (Table 2). Although not exhaustive, the 
sample is certainly extensive. 

3.2. Profiling the selected indicator sets 

In order to enable the detection of differences across sets, metadata 
including publication dates, promoters/assessors, implementation 

Fig. 1. Core elements of an ideal indicator and potential influencing factors.  

2 The exact search query used in Scopus was: KEY (indicator*) AND KEY 
(sustain*) AND KEY (urban) AND PUBYEAR > 2009 AND PUBYEAR < 2020 
AND (LIMIT-TO (SRCTYPE, "j")) AND (LIMIT-TO (DOCTYPE, "ar")) AND 
(LIMIT-TO (LANGUAGE, "English") OR LIMIT-TO (LANGUAGE, "Spanish") OR 
LIMIT-TO (LANGUAGE, "French") OR LIMIT-TO (LANGUAGE, "Italian") OR 
LIMIT-TO (LANGUAGE, "German")). 

3 Five indicator sets contained in scientific articles were included in the final 
sample even if they were not identified through our Scopus search (they are all 
explicitly referred to in at least one of the reports coming from the grey lit-
erature). 
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scales and sizes (n° of indicators) were retrieved and stored for all 67 
indicator sets. 

3.3. Collecting indicators 

Indicators were directly extracted from the reports, websites and/or 
articles associated with the respective measurement initiative. We un-
derstood each indicator as being a multifaceted construct (see Section 
2.2) made of a label, a unit of measurement, its definition (when ap-
plicable) and all the categories to which the indicator was associated 
within the related framework (i.e., its anchoring). Although our ideal 
definition of an indicator includes a reference point, the available 
documentation related to the majority of the cases did not include such 
information. In total, 2847 indicators (including doubles) were col-
lected, thus constituting the largest such catalogue ever developed. 

3.4. Choosing appropriate typologies to screen the indicators 

In order to determine how urban sustainability is translated into 
metrics (RQ1), a systematic analysis of the 2847 collected indicators 
was performed by assigning each indicator to one or several categories 
of particular typologies applied in the field of sustainability. Three 
typologies were selected to this end (SDGs, STEEP, and MONET), which 
are presented more in depth below. The use of typologies as analytical 
frameworks responds to several challenges, namely complexity, inter-
pretative ambiguity and inconsistent granularity. Indeed, typologies 
might be seen first as conceptual models enabling the ‘compression’ of 
the complexity that is inherent to large samples of indicators coming 
from heterogeneous sources. Additionally, typologies bring a standard 
language through which all indicators are evenly formulated, in-
dependently from the way the indicator concept was expressed in the 
initiative at hand. Finally, the use of typologies enables coherent ar-
ticulation of the dissimilar levels of granularity (or ‘abstraction levels’ 
in terms of Turnhout et al. (2007)), to which indicators might refer. In 
contrast to most previous studies, in order to reduce subjectivity and 
increase replicability, we used well-known pre-existing conceptual 

frameworks as typologies rather than classifications drawn inductively 
from the sample. 

The research team initially considered several potential typologies 
derived from both academia and practice. The final selection relied on 
four criteria: (i) simplicity of use (typologies must be simple without 
being simplistic); (ii) operationality (excessively theoretical classifica-
tions were not considered); (iii) resonance (typologies must be legit-
imate and immediately understandable in both academia and practice); 
and (iv) complementarity (in order to maximize the amount of in-
formation provided, each typology has to be clearly different from the 
others). To implement the last criterion, we considered the classifica-
tion suggested by Maclaren (1996), who distinguished six types of 
conceptual frameworks for sustainability indicators: domain-based; goal- 
oriented; sectoral; issue-based; causal; and combination. 

3.4.1. Sustainable development goals (SDGs) 
The SDGs constitute a combined goal- and issue-oriented framework 

that forms the core of the United Nations’ 2030 Agenda for Sustainable 
Development (UN, 2015). Each of the 17 SDGs covers a thematic area 
and is sub-defined in several targets (169 in total). To monitor progress 
across goals and targets, the framework was complemented in 2017 by 
a set of 244 indicators (UN, 2017a). Agenda 2030 aims to surpass UN’s 
earlier related policy frameworks (e.g., Agenda 21, Millennium Devel-
opment Goals) in scope and ambition by putting greater emphasis on 
the integration and balancing of the different dimensions of sustainable 
development. 

3.4.2. STEEP classification 
The STEEP framework (also called PESTE) is a domain-based cate-

gorization of contextual factors that has mainly been used in strategic 
management and scenario analysis to understand which driving forces 
might affect an organization, an issue or an area (Bradfield et al., 2005; 
van Notten, 2006; Chermack, 2011). The acronym refers to five prin-
cipal domains: (i) Social (consumer behaviour, demographics, religion, 
lifestyles, values); (ii) Technological (innovation, infrastructure, R&D, 
transport, energy); (iii) Economic (employment, production, interest 

Fig. 2. Key steps followed in the present study.  
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Table 2 
Indicator sets included in the sample (N = 67). The ‘N’ and ‘C’ for the assessment scale denote whether the indicator set was applied at the city (C) or neighbourhood 
(N) level. The size refers to the number of indicators listed in each set. This number can differ from the official number of indicators reported in the original reference
due to the aggregation or disaggregation of single indicators (as explained in Section 3.3). The information on the implementation scale specifies the number of cases
(cities/neighbourhoods) in which each set has been applied.

Reference N/C Organization type Size Country of application Implementation scale  

BCN Ecología & City of Victoria-Gasteiz 2010 N Multiple 50 Spain Single 
Alpopi et al. 2011 C Academia 18 Romania Multiple (4) 
Dubiela 2011 N Academia 31 Brazil Single 
Keough et al. 2011 C NGO 36 Canada Single 
Ministry of env. & BCN Ecología 2011 C Multiple 41 Spain Multiple (4) 
Zhao 2011 C Academia 12 China Multiple (35) 
City of Minneapolis 2012 C City 45 USA Single 
King 2012 C Academia 25 USA Single 
Marín Cots et al. 2012 C City 23 Multiple (North-mediterranean) Multiple (11) 
City of Sapporo 2013 C City 53 Japan Single 
Corporate Knights 2013 C Private 27 Canada & USA Multiple (20) 
Dublin City Council 2013 C City 37 Ireland Single 
Emerging and Sustainable Cities Initiative 2013 C Int.Org. 117 Latin America + Caribbean Multiple (50) 
Shamsuddin & Rashid 2013 C National 36 Malaysia Multiple (6) 
Wang et al. 2013 N Academia 33 China Single 
Baca 2014 C City 49 Ecuador Single 
Li et al. 2014 C Multiple 21 China Multiple (185) 
RFSC 2014 N/C Int.Org. 28 Multiple (Europe) Multiple (66) 
San Francisco Department of Public Health 2014 N City 106 USA Single 
Shen & Guo 2014 N Academia 17 Canada Single 
Shen & Yang 2014 C Academia 59 China Multiple (24) 
Statistical Office Berlin-Brandenburg, 2014 C City 25 Germany Single 
Sustainable Society Foundation 2014 C NGO 18 Netherlands Multiple (408) 
Istat 2015 C National 65 Italy Multiple (29) 
MEWR et al. 2015 C City 26 Singapore Single 
Yigitcanlar et al. 2015 N/C Academia 38 Australia Single 
Zoeteman et al. 2015 C Academia 80 Europe Multiple (58) 
Basque government & Udalsarea21 2016 C Multiple 19 Spain Multiple [39–108] 
City of Issaquah, Office of sustainability 2016 C City 26 USA Single 
City of Sidney 2016 C City 163 Australia Single 
City of Surrey 2016 C City 58 Canada Single 
UN Habitat 2016 C Int.Org. 62 Multiple (worldwide) Multiple (> 400) 
Xu et al. 2016 C Academia 25 China Multiple (20) 
Cercle Indicateurs 2017 C City National 37 Switzerland Multiple (25) 
LSDC, 2017 C NGO 31 UK Single 
Phillis et al. 2017 C Academia 46 Multiple (worldwide) Multiple (106) 
Rajaonson & Tanguay 2017 C Academia 20 Canada Multiple (25) 
Smiciklas et al. 2017 C Int.Org. 91 Multiple (worldwide) Multiple (> 50) 
STAR Communities 2017 C NGO 27 USA Multiple (40) 
Association suisse pour des quartiers durables 2018 N NGO 60 Switzerland Multiple (3) 
Arcadis 2018 C Private 48 Multiple (worldwide) Multiple (100) 
Bahadure & Kotharkar 2018 N Academia 20 India Single 
City of Orlando 2018 C City 55 USA Single 
Garau & Pavan 2018 N Academia 38 Italy Single 
Gonzalez-Garcia et al. 2018 C Academia 17 Spain Multiple (26) 
Haider et al. 2018 N Academia 103 Canada Single 
ISO 2018a C Int.Org. 128 NA Multiple 
Municipality of Málaga, 2018 N City 83 Spain Single 
Musa et al. 2018 C Academia 37 Malaysia Single 
Peg 2018 C NGO 19 Canada Single 
Resort Municipality of Whistler 2018 C City 73 Canada Single 
Wu et al. 2018 C Academia 27 China Multiple (3) 
Akande et al. 2019 C Academia 32 Multiple (Europe) Multiple (28) 
Balaras et al. 2019 N Academia 29 Multiple (North-mediterranean) Multiple (9) 
Dizdaroglu 2019 N Academia 20 Turkey & Australia Multiple (2) 
Fouda & Elkhazendar 2019 C Academia 30 Multiple (worldwide) Multiple (3) 
González-García et al. 2019 C Academia 33 Spain Multiple (64) 
Hély & Antoni 2019 C Academia 9 France Single 
Rajashree et al., 2019 C Academia 28 India Single 
LEED 2019 N/C NGO 15 Multiple (worldwide) Multiple 
Lynch et al. 2019 C NGO 57 USA Multiple (106) 
Pozo et al. 2019 N Academia 8 United Kingdom Multiple (32) 
Rajaonson & Tanguay 2019 C Academia 12 Canada Multiple (81) 
Reddy & Tiwari 2019 C Academia 57 India Multiple (25) 
SDSN & Telos 2019 C Multiple 56 Multiple (Europe) Multiple (45) 
Shmelev & Shmeleva (2018) C Academia 16 Multiple (worldwide) Multiple (57) 
Valcárcel-Aguiar et al. 2019 C Academia 16 Spain Multiple (58)    
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rates, international trade, taxes, savings, inflation, subsidies); (iv) En-
vironmental (preservation of the environment, GHG emissions, water 
and land management); and (v) and Political (political category com-
prises political stability, regulation of monopolies, tax policies). 

3.4.3. MONET typology 
The MONET typology is a causal framework that constitutes one of 

the defining elements of the Swiss sustainable development indicator 
system (Altwegg et al., 2004). It relies on a stock-flow model of the 
processes that influence sustainable development while also encom-
passing ‘structural’ criteria (i.e., efficiency and distributional factors) 
(de Montmollin & Scheller, 2007). Thus, it is similar to the Driving force 
– Pressure– State – Impact – Response (DPSIR) model developed by the 
European Environment Agency (Smeets & Weterings, 1999), but also 
extends beyond the environmental dimension. As shown in Table 3, the 
typology comprises six key categories. 

3.5. Screening the indicators 

The screening phase entailed linking each indicator (including all of 
its embedded constituent elements) to the most pertinent categories 
within each typology (Fig. 3 for an illustration), which bestowed the 
indicators with a cross-typological characterization (hereafter called 
‘tag combination’). The purpose of the tag combination was to create an 
identity for each indicator in a standard language, which was necessary 
for the comparison and statistical analysis of the indicator sets in our 
sample. More specifically, as Section 4 will show, the tag combinations 
allowed us to analyze the relative weights given by the indicator sets to 
different categories of sustainability (e.g., what is the percentage of 
indicators referring to SDG 11?). By covering three distinct typologies, 

the tag combinations also enabled a deeper cross-typological analysis of 
the indicator sets (e.g., what is the distribution of the indicators refer-
ring to SDG 11 across the STEEP categories?). Additionally, the tag 
combinations were used to evaluate the uniqueness of the indicators, as 
having a singular or rare tag combination means that an indicator is 
measuring an aspect of sustainability that is not addressed by other 
indicators. 

The screening process was conducted on one typology at a time and 
systematically followed the same procedure for each typology (Fig. 2). 
Manual screening was preferred to automatic screening via computer 
software as a means to integrate non-explicit context-specificities and 
other latent information (such as the internal categories to which the 
indicators are related). The screening was an iterative process; in some 
cases, the discussion led us to reconsider previous results in order to 
harmonize previously determined decisions (see the vertical dis-
continuous arrows in Fig. 2). Finally, each screener individually looked 
for potential contradictions, and all eventual inconsistencies were dis-
cussed and addressed during a collective session (see the  
Supplementary material for further details). 

The outcome of the screening process was a catalogue of 2847 in-
dicators, each of which carries a particular message identified through 
both (i) an articulated sequence of constituent elements and (ii) a cross- 
typological characterization, i.e., a tag combination (Fig. 3). Overall, 
542 unique tag combinations were found among the 2847 indicators. 

4. Results 

The first part of our results refers to the overall research question of 
how urban sustainability is translated into metrics and focuses on which 
features and dimensions of the concept are most prominently 

Table 3 
Categories included in the MONET Typology (adapted from Willi et al., 2012).    

MONET categories Refers to  

Level (L) Meeting of the current generation’s individual and social needs. It typically entails indicators about the quality of life of the population 
Capital (C) The status and potential of environmental, economic, human and social resources 
Input/Output (I/O) The flows to (or from) the stocks of capital, such as energy consumption or infrastructural investments. So-called ‘negative inputs’ such as greenhouse gas 

emissions or waste generation are also part of this category 
Efficiency (E) Economic and environmental efficiency measures such as decoupling of natural resource consumption from economic growth 
Disparities (D) Distributional issues about needs and stocks of capitals among population groups or among regions 
Response (R) Social and political measures taken to counter undesired developments 

Fig. 3. Illustration of the screening process; example of the PM2.5 Concentration indicator.  
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represented in our sample versus which receive less attention. The 
analysis is based on two distinct angles: (i) the most commonly used 
indicators (Section 4.1.1); and (ii) the SDGs, STEEP and MONET cate-
gories referred to by the analyzed indicators (Section 4.1.2). Sections 
4.2–4.4. answer our second research question by elucidating a number 
of lessons for the future development of indicator sets of urban sus-
tainability. These lessons relate to the three tensions described in  
Section 2.3. 

4.1. Urban sustainability in metrics 

4.1.1. Most frequent indicators 
Our large sample enabled the identification of the indicators that 

are most commonly found in urban sustainability indicator sets. For 
illustration, Fig. 4 presents those appearing in more than 10 sets (i.e., 
15% of the sample). The results reveal that only two indicators were 
found in more than half of the sets (employment/unemployment rate and 
Green areas) and only 11 indicators were in more than a third of the 
sets, thus demonstrating the ambiguity surrounding the concept of 
urban sustainability. 

The topics encompassed by the indicator list are diverse, including 
issues linked to the economy (e.g., GDP, income level), the environment 
(energy consumption, GHG emissions), health (number of doctors/ 

physicians) and safety (number of crimes), among others. Although the 
majority of the 34 indicators that appear in at least 15% of the sets refer 
to issues that are pertinent to sustainability at any level, some (e.g., 
particulate matter concentration, proximity to public transport stops, length 
of bicycle network, etc.) represent challenges that are particularly re-
levant in urban contexts. 

4.1.2. Dimensions of urban sustainability 
The results illustrated in Fig. 5 reveal which of the 17 SDGs re-

present the core focus of urban sustainability. The box-plots depict the 
67 indicator sets in quartiles (with triangles marking mean values) as a 
function of the normalized attention4 that they devote to each SDG. The 
normalization takes into account both: (i) the number of indicators each 
set contains and (ii) the number of SDGs to which each indicator refers 
(see Merino-Saum et al., 2018)5. As expected, SDG11 (Sustainable cities 

Fig. 4. Most frequent (net) indicators ranked by the number of indicator sets in which they appear. Brackets enclose exemplified measurement units for each 
indicator based on the most frequent unit used in the indicator sets. 

4 Calculated as the percentage of indicators referring to each category. In our 
discussion we use the terms attention and importance to express this idea. 

5 To give an example, imagine a set of 50 indicators where a given SDG is 
referred to by two indicators, one of which only refers to the given SDG, 
whereas the other also refers to two additional SDGs. The normalized weight of 
the SDG in this set is then calculated by 1/(50*1) + 1/(50*3) = 2.6667%. The 
calculation of the normalized weights for the other typologies (STEEP and 
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and communities) is by far the most prominent of the SDGs, with an 
average attention of 29% across the indicator sets. Furthermore, its 
relative importance reaches over 60% in some cases, and it is the only 
SDG to be present in every set. After SDG11, the SDGs accorded the 
most importance are SDG3 (Good health and well-being), SDG8 (Good 
jobs and economic growth) and SDG9 (Innovation and infrastructure), 
each of which averages approximately 10%. In contrast, several other 
SDGs are typically only marginally covered. This is particularly the case 
for SDGs 2 (Zero hunger), 5 (Gender equality), 13 (Climate action), 14 
(Life below water) and 17 (Partnerships for the goals). Of course, it is 
crucial to also look beyond the average values, as significant variability 
exists across sets. For example, the attention paid to SDG11 ranges from 
a maximum of 64% to less than 10%. 

Given the prominence of SDG11, we analyzed the related indicators 
more in depth by checking which of the sub-targets of SDG11 are most 
often referred to. As illustrated in the inset of Fig. 5, this additional 
layer of analysis demonstrates the central importance attributed to 
targets 11.3 (Sustainable urbanization and human settlement plan-
ning), 11.2 (Provide access to transport systems), 11.6 (Reduce the 
environmental impact of cities); 11.1 (Ensure access to housing and 
basic services), and 11.7 (Provide access to green and public spaces). 

The results for the SDG-related analysis might be compared with 
those from Zinkernagel et al. (2018), who analyzed seven indicator sets 
used by cities to monitor urban sustainability. These authors also found 
SDGs 3, 8 and 11 to be among those receiving the most attention; 
however, in contrast to our findings, their results also highlighted SDGs 
6 and 16 as hotspots of urban sustainability. 

Fig. 6 reveals the core focus of urban sustainability in terms of the 
STEEP categories. The attention paid to the social dimension is on 

average 46%, making it by far the most represented sustainability do-
main in the sample. The high attention paid to the social domain is in 
line with previous studies (see Shen et al., 2011; Ahvenniemi et al., 
2017). The environmental dimension is the second most referred to, 
with 24% of the indicators. Economic and technological aspects of 
urban sustainability are given almost equal importance; each re-
presenting around 13% of the indicators. Finally, the political sphere 
receives the least attention, covering on average only 4% of the in-
dicators. Unfortunately, our findings with regard to the technological 
and political domains cannot be contrasted with earlier findings in the 
literature, as no other studies of urban sustainability indicators have 
applied the STEEP categorization in their analysis. Again, as with the 
SDGs, it is important to take into account the huge variability between 
the indicator sets. For example, although the social dimension re-
presents the strongest focus on average, several cases only give it a 
weight of around 20%. 

Finally, concerning the MONET typology, the capital and level ca-
tegories are the most represented aspects of urban sustainability, and 
they are the only categories covered by at least one indicator in all 67 
indicator sets (Fig. 7). At the extreme opposite, the disparities compo-
nent is most often overlooked, thus highlighting a low focus on dis-
tributional issues and equity concerns. On average, disparities, efficiency 
and response categories are covered by less than one in ten indicators. In 
terms of variability, considerable differences exist between sets. For 
example, the attention paid to the level category ranges from less than 
10% to 95%, and whereas one set does not refer to the efficiency cate-
gory at all, another attributes it an importance of 35%. 

These results are not directly contrastable with previous findings, as 
the MONET typology has never been applied to analyzing indicator sets 
for urban sustainability. 

Fig. 5. Relative importance given to each SDG by the analyzed indicator sets.  

(footnote continued) 
MONET) follows the same logic. 
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4.2. Lessons related to the parsimony vs. comprehensiveness tension 

Observation #1: Generally speaking, the larger the set, the fewer 
aspects of urban sustainability it neglects. 

A first observation regarding the tension between parsimony and 
comprehensiveness is rather intuitive: the number of thematic gaps in a set 
tends to decrease when the number of indicators is enlarged (R2 = 0.5295; 
p-value  <  0.01; Fig. 8). None of the 40 smallest sets in our sample ad-
dresses all 17 SDGs, and the sets that neglect the highest number of SDGs 
are also among those that include the fewest indicators.  

• Lesson #1: In order to cover all pertinent aspects of sustainability, 
caution is needed when considering smaller sets. 

Observation #2: Smaller indicator sets are not always less com-
prehensive than larger sets. 

Increasing the number of indicators in a set is one option to increase 
its comprehensiveness; however, it is not the only one. This idea is il-
lustrated by Fig. 8, in which the positive relationship between size and 
SDG coverage is significant, but from which we can also observe that: 
(i) sets with similar sizes might have very different levels of compre-
hensiveness; and (ii) sets with similar levels of comprehensiveness 
might have very different sizes. In other words, gaps in coverage of SDG 
categories can be filled either by simply increasing the sheer number of 
indicators or by ensuring that those in use cover all the necessary ca-
tegories of urban sustainability as carefully as possible. In fact, the 
proportion of potentially redundant indicators increases when a set gets 
larger (R2 = 0.3917; p-value  <  0.01; see Fig. 9)6, meaning that the 

added value (in terms of coverage of additional areas of sustainability) 
of each additional indicator tends to decline as the set’s size increases. 

• Lesson #2: Comprehensiveness might be increased without ne-
cessarily having to increase the number of indicators, notably by 
ensuring that indicators covering all areas of sustainability are in-
cluded. 

Observation #3: Not all aspects of urban sustainability are auto-
matically covered with larger indicator sets. 

Exploring the relationship between size and coverage of sustain-
ability issues (such as the SDGs) leads to our third observation: when 
the number of indicators increases, the observed number of gaps does 
not uniformly evolve for all aspects of sustainability. As illustrated in  
Fig. 10, four cases can be roughly distinguished:  

(i) A first group of SDGs is either systematically present in all sets 
(SDG11) or only sporadically absent in relatively small sets 
(ni ≤ 40) (SDGs 3, 6, 8 and 9). This is also the case, albeit to a 
lesser degree, for SDGs 12 and 15. In other words, all of these is-
sues are generally present regardless of the number of indicators. 
Unsurprisingly, these SDGs are also those receiving the highest 
relative importance (see Section 4.1.2). 

(ii) A second group of SDGs (1, 10, and 13) is more frequently ne-
glected, notably in small sets (ni ≤ 40), but is steadily present in 
sets comprising 60 indicators or more. These SDGs are those whose 
likelihood of being covered in a set is the most influenced by the 
number of indicators.  

(iii) A third group of SDGs (2, 5, 14 and 17) is massively overlooked in 
the smallest sets (i.e. ni ≤ 20). Although these SDGs tend to be less 
frequently ignored in medium-size sets, they are still neglected in 
some of the largest ones (i.e. ni ≤ 80). Hence, although larger size 
generally reduces the marginality of such issues, it may not always 

Fig. 6. Relative importance given to the STEEP categories by the analyzed indicator sets.  

Fig. 7. Relative importance accorded to the MONET categories by the analyzed indicator sets.  

6 For the sake of simplicity, we consider two indicators as being potentially 
redundant if both have identical tag combinations. Such a measure of re-
dundancy must be understood only as an approximation. 
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be sufficient to render them visible.  
(iv) Finally, for SDGs 4 and 16, the relationship between indicator set 

size and coverage is particularly unclear. 

It is important to point out that although the size of the set may be 
related to the coverage of different aspects of urban sustainability when 
the latter is measured in binary terms (presence/absence), no such 
correlation can be found if we observe the relation between set size and 
attention paid to the different aspects. In other words, whereas the 
presence (or absence) of a topic is related to the size, the intensity of 
such presence is not.  

• Lesson #3: For some specific issues, merely increasing the size of 
the indicator set might not be sufficient to guarantee their presence; 
a clear intention to cover them is needed. 

4.3. Lessons related to the comparability vs. context-specificity tension 

Observation #4: The comparability of indicator sets varies ac-
cording to their size and the number of cities in which they have been 
implemented. 

To express comparability levels, we calculated a comparability index 
for each set. The index is calculated as the average frequency with 
which the tag combinations identified for the respective sets appear in 
the entire catalogue of 2847 indicators. In other words, the higher the 
index, the more tag combinations the set shares with other indicator 
sets, which can be taken as a proxy for comparability. 

The calculation of a comparability index for the entire sample led to 
two important observations. First, larger sets generally score lower on 
the comparability index (Fig. 11). This means that smaller sets typically 
consist of commonly used indicators, whereas larger sets include on 
average a relatively higher number of unique or at least peripheral 
indicators (i.e., those used in only a few sets). 

Fig. 8. Number of neglected SDGs and total number of indicators per indicator set. Each point in the figure represents a set.  

Fig. 9. Proportion of potentially redundant indicators and number of indicators per set.  
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Second, the level of comparability is generally higher in those sets 
that have been implemented in more than one city. That being said, 
beyond this binary comparison (one city/multiple cities), we do not 
observe a correlation between comparability and the number of cities in 
which a set has been implemented. In other words, there is a simple 
distinction in the level of comparability between sets that are developed 
with a single city in mind and those developed with the intent to 
compare cities (be it 2, 10 or 100 cities).  

• Lesson #4a: Trying to keep an indicator set below a certain size 
might lead set developer(s) to prioritize the most common indicators 
of urban sustainability at the expense of context-specific indicators.  

• Lesson #4b: Measuring sustainability in only one city allows set 
developers more freedom to use more context-specific indicators. 

Observation #5: The attention paid to sustainability domains and 
system-components differs across geographical contexts. 

This observation might be illustrated by comparing the results ob-
tained for three of the most represented countries in our sample: China 
(n = 6), USA (n = 7) and Canada (n = 9). As illustrated in Fig. 12, the 

indicator sets from the two North American countries have more in 
common than those developed in China in terms of both sustainability 
domains (STEEP categories) and MONET types. More concretely, 
whereas social issues receive clearly more attention in North American 
than Chinese sets, the latter put more emphasis on technology and 
economy. In terms of the MONET typology, whereas indicator sets in 
both Canada and USA allocate a majority of indicators to address cur-
rent individual and social needs (level category), Chinese sets focus on 
the status and potential of resources (capital) and pay much more at-
tention to efficiency indicators. The results illustrate how the concept of 
urban sustainability is interpreted differently depending on context- 
specific preferences (e.g., cultural contexts) and current key challenges.  

• Lesson #5: An effort should always be made to adapt indicator sets 
to local idiosyncrasies. 

4.4. Lessons regarding the tension between complexity and simplicity 

Observation #6: Indicator sets tend to prioritize frameworks based 
on simple logics 

Fig. 10. Cases in which a given SDG is absent from an indicator set. Each filled circle represents an indicator set in which the SDG is neglected (hence, for instance, 
SDG4 has 10 filled circles, meaning that it is absent from 10 indicator sets, of which the smallest is comprised of eight indicators and the largest has 60). Sets are 
ranked by size. The axis at the bottom of the figure includes all 67 sets of the sample and must be understood as a reference to better judge the coverage of each SDG. 
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The conceptual frameworks used for classifying indicators among 
our sample of sets range from the classical three pillars-based divisions 
to sophisticated system science-based frameworks; however, the latter 
type represents a clear minority (i.e., only six sets out of the 67 included 
in the sample, all of which were developed by scholars). In the majority 
of cases, the conceptual frameworks are structured using simple do-
main-based (i.e., economy, society, environment, etc.; e.g., Alpopi 
et al., 2011; Musa et al., 2018) or issue-based logics (i.e., energy, 
transport, housing, etc.; e.g., Istat, 2015; City of Surrey, 2016; ISO, 
2018a; LEED, 2019), or a two-level hierarchical structure combining 
these two logics (e.g., Zoeteman et al., 2015; UN Habitat, 2016; Cercle 
Indicateurs, 2017; Arcadis, 2018). Among the few cases within our 
sample that employ a more complex logic for framing the urban system,  
Wang et al. (2013) relied on a structure similar to the DPSIR framework 
(Smeets & Weterings, 1999), Wu et al. (2018) added indicator 

categories explicitly to the interfaces between the different domains, 
and Yigitcanlar et al. (2015) used a framework that identified indicators 
at two scalar levels (micro- and mezzo-levels). 

The popularity of conceptual frameworks based on sustainability 
domains and/or issues testifies to their advantage of being intuitive and 
immediately understandable by non-experts. However, such frame-
works arguably fail to integrate the complexity that characterizes urban 
systems (McPhearson et al., 2016; Webb et al., 2018; etc.). In addition, 
regardless of the framework used, urban sustainability components 
(domains, topics, etc.) are most often separated as if they were de-
tachable pieces, thereby ignoring what happens at the interface of these 
elements and how they specifically relate to each other (e.g., Wiek & 
Binder, 2005; Binder et al., 2010).  

• Lesson #6: Although being the common modus operandi in practice, 

Fig. 11. Comparability level by size.  

Fig. 12. Average attention paid to STEEP and MONET categories in indicator sets developed in the USA, Canada and China.  
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disaggregating sustainability into a list of discrete topics or dimen-
sions can excessively simplify the systemic complexity, inter-
connections and trade-offs involved in urban sustainability. 

Observation #7: Cross-typological analyses provide deeper insights 
on the ways that indicators are distributed across different aspects of 
urban sustainability. 

Viewing the data through a cross-typology lens allows us to engage 
in a more detailed analysis of the distribution of indicators across dif-
ferent aspects of urban sustainability. For instance, simply crossing the 
SDGs with the MONET typology is sufficient to reveal to what extent 
different systemic aspects (as defined by the MONET categories) are 
taken into account for each of the SDGs or vice versa. As Fig. 13 il-
lustrates, both the quantity and quality of the information elucidated by 
such a cross-typology framework is clearly higher than what is pre-
sented in Figs. 5 and 7, where each typology was considered in-
dividually (see Section 4.1). For example, the analysis reveals that in-
dicators related to environmental issues (e.g., SDGs 6, 13, 14, 15) 
largely ignore the disparities component, thereby disregarding political 
ecology concerns about the access to and the management of natural 
resources. In the same way, while climate-related indicators (SDG13) 
most often focus on flows (i.e., I/O indicators such as CO₂ emissions), the 
bulk of water- and land-related indicators (SDGs 6, 14 and 15) refer to 
the quality and availability of natural resources (i.e., capital indicators). 
Overall, we observe from the numbers in Fig. 13 that shifting from one 
sustainability goal to another generally also involves a shift from one 
systemic aspect to another, whether consciously or not. Whatever the 
reason, such a variation can only be elicited by crossing different logics.  

• Lesson #7: Crossing multiple logics in a matrix-like structure is a 
simple and powerful method for the development and analysis of 
indicator sets 

5. Discussion 

As discussed in Section 2.1, indicators perform a conceptual role 
that goes beyond their use as mere data carriers. In that sense, our 
analysis clarifies how the underlying concept of urban sustainability is 

understood (and de facto defined) by practitioners and scholars through 
the use of indicators. The results show that urban sustainability on 
average is strongly defined by social aspects (STEEP typology), the 
satisfaction of current needs as well as the status of different forms of 
capital resources (MONET typology), and the issues under SDG11 (e.g., 
sustainable urbanization, access to transport systems). To some extent, 
these emphases naturally derive from the object (cities) being measured 
as well as the geographical context of our sample (mainly Western in-
itiatives). However, reviewing them with a critical eye can also reveal 
gaps in current approaches to promote urban sustainability; for ex-
ample, as demonstrated above, the attention paid to distributional 
concerns, gender issues and governance matters is generally marginal. 

Our analysis highlights several lessons for the future development of 
indicator sets for urban sustainability. First, concerning the tension 
between parsimony and comprehensiveness (Section 4.2), the tendency 
of small indicator sets to be less comprehensive in their coverage of 
sustainability issues (Lesson #1) can be mitigated with a careful se-
lection of indicators (Lesson #2). In addition, some specific issues that 
are likely to be ignored even with larger sets require particular atten-
tion (Lesson #3). On that basis, the following recommendations may 
be addressed to future indicator set developers:  

• Dedicate explicit effort to the elaboration of a conceptual framework 
at the very beginning of the set development process. The use of 
such a framework as a mapping tool in the selection of indicators is 
valuable for signaling potential gaps and identifying existing re-
dundancies, thereby serving to optimize the tradeoff between par-
simony and comprehensiveness. Frameworks also enable the com-
parison of indicator sets with regard to their respective emphases 
and coverage of different sustainability aspects.  

• Base the indicator selection process on both (i) criteria referring to 
indicators individually considered (e.g., data availability, under-
standability) and (ii) criteria considering the indicator set as a whole 
(e.g., parsimony, comprehensiveness). An unbalanced emphasis on 
the former might result in incomplete coverage and/or superfluous 
metrics.  

• Think twice before using already existing composite indexes (e.g., 
the Inclusive Wealth Index, Human Development Index, Ecological 

Fig. 13. Heatmap illustrating how each SDG is understood from a systemic perspective in the 67 sets included in the sample (on average). Cells express the 
percentage of indicators relating to the SDG that refer to the respective systemic component. 
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Footprint) that condense several aspects of sustainability into ag-
gregate metrics. This strategy can indeed enable to cover more as-
pects of sustainability (i.e., increasing comprehensiveness) without 
raising the number of indicators in a set (i.e., increasing parsimony). 
However, it is important to note that such synthetic indexes might 
be difficult to ‘decrypt’ due to the contrasting values they blend and 
the aggregative procedures on which they rely (Bockstaller & 
Girardin, 2003; Sébastien & Bauler, 2013). 

Related to the tension of comparability vs. specificity (Section 4.3), 
keeping the size of an indicator set small tends to lead to the use of 
more standard indicators (Lesson #4a), potentially at the expense of 
novelty and resonance at the local scale. Additionally, sets applied in 
more than one city tend to contain more well-established metrics 
(Lesson #4b), most likely because the need to have comparable data 
available across cities pushes set developers to prioritize most usual 
indicators. A third lesson related to this tension states that transferring 
indicator sets directly from one city to another may not be appropriate 
(Lesson #5), as different geographical regions display differing em-
phases on the various categories of urban sustainability. These lessons 
lead us to make the following recommendations to future set devel-
opers:  

• Consider including both (i) a core list with standard indicators for 
the purpose of comparability and (ii) a sub-set of indicators that are 
particularly pertinent for the urban area in question (see for in-
stance: Moller & MacLeod, 2013; Feleki et al., 2020).  

• Be cautious in using carbon copies of past indicator sets, as this 
strategy may result in contextually inappropriate assessments, and it 
also inhibits any innovation needed to integrate emerging issues. 

Finally, concerning the tension between complexity and simplicity, 
our analysis demonstrates that future indicator sets, as opposed to 
current practice, should consider using frameworks that better integrate 
the complexity characterizing urban systems (Lesson #6). One way of 
doing this is to combine two or more different logics in a multi-
dimensional framework (Lesson #7). For instance, combining a the-
matic logic with a systemic one can help to select the most pertinent 
indicators; i.e., those covering not only all the important topics (e.g., 
water), but also more specifically those aspects that make each topic a 
core element within a specific system (e.g., water accessibility, water 
quality, water consumption, etc.). In other words, this combination of 
logics reveals not only what is important, but also why and how it ac-
tually becomes a key stake given a particular context (see Merino-Saum 
et al., 2018). 

Three key recommendations for future indicator sets might be put 
forward:  

• Do not view schemes such as that in Fig. 13 as homework checklists 
that must be entirely filled in, as this would easily lead to ex-
cessively large sets (Tanguay et al., 2010; Verma & Raghubanshi, 
2018). These structures are rather multidimensional maps through 
which (i) set developers and other involved actors might identify 
pertinent stakes and key priorities (e.g., Altwegg et al., 2004) and 
(ii) such prioritization is made transparent to the general public.  

• When crossing different logics into multidimensional frameworks, 
keep in mind that frameworks must also be accessible to a variety of 
users. From our point of view, a bi-dimensional framework based on 
dissimilar logics represents an interesting equilibrium between 
complexity and simplicity, and is already able to reveal the possible 
presence of significant gaps and redundancies.  

• Despite their unprecedented popularity in the field of sustainability 
indicators, do not use SDGs either to replace existing frameworks or 
to inhibit future frameworks from being developed. Rather, the SDG 
framework could be combined with other types of frameworks (e.g., 
systemic). 

6. Conclusion 

The project reported in this paper began with a keen interest in 
collecting and mapping the immense number of urban sustainability 
indicators that exists within the various initiatives dedicated to this 
crucial and timely topic. The two research questions defined for the 
project aimed at: (i) on the one hand, analyzing how current indicator 
sets translate the concept of urban sustainability into metrics; and (ii) 
on the other hand, drawing lessons to guide the development of new 
indicator sets. 

The significance of our results firstly derives from the extensive size 
of our sample (67 indicator sets, 2847 indicators), which includes a fair 
balance of initiatives promoted by both international and local actors. 
Although the sampling was limited to initiatives with documentation in 
English, French, German, Italian or Spanish, which may constitute a 
geographical bias in the results, the sheer number of initiatives included 
in the analysis nevertheless offers an unprecedently comprehensive 
view on the status of indicator-based urban sustainability initiatives. 
Secondly, the methodology employed in the project (see Fig. 2), and the 
team’s methodical screening process aimed at elevating the analysis 
from pure subjectivity to a degree of intersubjectivity, thereby in-
creasing the reliability of the results. 

The results of our review provide a comprehensive overview of the 
emphases that current indicator initiatives attribute to different aspects 
and categories of urban sustainability. In fact, by clarifying how in-
dicator sets are translating the concept of urban sustainability into 
metrics, our analysis reveals a de facto definition of this often-fuzzy 
concept. According to the results, the meaning of urban sustainability is 
largely constituted by social aspects, satisfaction of current needs, the 
status of capital stocks, and topics encompassed in SDG11 (Make cities 
and human settlements inclusive, safe, resilient and sustainable). 

In addition, our work illustrates some of the central tensions that 
indicator set developers inevitably face and contributes seven key les-
sons for managing them. With these lessons in mind, developers can 
better optimize decisions regarding the size, comparability and com-
plexity of their indicator sets. 

Further research could expand the analysis presented herein to 
other countries and regions that are not included into our sample. In the 
same sense, exploring how the use of indicators for urban sustainability 
is evolving over time could enrich our results (however, a larger tem-
poral scale would be needed). Further analysis could also address ad-
ditional tensions that might emerge in the process of developing an 
indicator set for sustainability. As previously stated (see Section 2.3), 
the tensions analyzed in the present paper are among those most fre-
quently faced in the field; however, they are certainly not the only ones. 

All in all, we believe that our work significantly advances the 
knowledge on urban sustainability indicators and substantially supports 
their use as tools for guiding decision-making towards more sustainable 
cities. Due to their nature as hubs of human activities and their roles as 
nodes in global socioeconomic networks, cities are central drivers of 
global environmental change; however, they also often bear the bur-
dens of the earth’s system perturbations. Therefore, in a world faced 
with accelerating climate change, increasing economic instability and 
escalating resource scarcities, progress in designing multidimensional 
indicator sets at the urban level is urgently required to support and 
guide a global transition towards sustainability. 
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A B S T R A C T   

Cities account for 75% of resource consumption and 80% of CO2 emissions. With rising urbanization, achieving 
urban sustainability becomes crucial. The Circular Economy (CE) concept has been proposed to reduce resource 
consumption, although its link to sustainability remains unclear from theoretical and practical perspectives. This 
paper provides an in-depth comparative analysis of 57 indicator sets used in academia or practice to measure 
either CE in urban areas or urban sustainability. Indicators were extracted and categorized according to three 
conceptual frameworks, namely: the STEEP categories, the Sustainable Development Goals, and inductively- 
created thematic groups. The similarities among the 57 sets were analyzed to derive clusters. Results show 
that CE represents a subset of urban sustainability, while offering more indicators to assess specific thematic 
groups (e.g., waste). In the discussion, the value added by targeting a CE rather than sustainability is questioned, 
and insights are provided to support actors involved in an urban transition to develop well-informed city targets. 
The results offer theoretical, practical, and methodological contributions, and aid involved actors, especially 
those leading urban transition agendas, to unravel the conceptual link between CE and sustainability, specifically 
at the urban scale.   

1. Introduction: cities and their transition to sustainability 

Over the last century, urban populations have increased consider-
ably, exacerbating the pressure on the natural environment (World 
Economic Forum, 2018). Between 1900 and 2018, the population living 
in urban areas increased from 14% to 55%, with forecasts projecting a 
rise to 68% by 2050 (UN, 2019). This greater urbanization has been 
accompanied by increased resource consumption, global CO2 emissions, 
and waste generation. Forecasts predict that from 2012 to 2025, the 
latter will almost double from 1.3 to 2.2 billion tons (Kaza et al., 2018). 
If responsible and equitable resource management for the current and 
the future generations is considered a target worth pursuing, these un-
sustainable production and consumption practices require urgent 
change. As cities are seen as the engine of global change and the cradles 
for experimentation and innovation (Jacobs, 2016; Soja, 2003), imple-
menting solutions at the local scale may represent a promising pathway 
for a broader transition towards a sustainable society. 

In recent years, various concepts linked to cities and sustainability 
have emerged: green, smart, and circular cities have been planned, 
studied, and assessed worldwide. Notably, the notion of a circular city 

stems from the Circular Economy (CE) concept, which aims to reduce 
resource consumption, i.e., using resources more efficiently through 
value-retention processes and waste minimization (EMF, 2013). As CE is 
viewed as an alternative to a traditional take-make-dispose linear 
economy, it has increasingly received attention in the movement to-
wards sustainability (Hanumante et al., 2019; Rossi et al., 2020). 
However, the interconnectedness between CE and sustainability, the 
ways in which CE contributes to achieving sustainability, and whether 
these two concepts might support or hinder one another have not yet 
been entirely clarified (Schröder et al., 2019b). Notably, while the role 
of cities in promoting sustainability transitions has long been of interest, 
the development of an understanding of the interrelationships between 
urban sustainability and circular urban areas has received relatively 
little attention (Fratini et al., 2019). 

When a city is targeting a CE, several steps should be taken into 
account (Paiho et al., 2020): setting forth a definition of what circularity 
means, specifying the pathways to be followed in the transition, defining 
which targets to reach, choosing which indicators to use, deciding on the 
concrete means while taking into account regulations, enabling services 
of support, and interacting and engaging with stakeholders. Hence, a 
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critical reflection of what a CE in a city entails is pivotal for collecting 
target knowledge (Wuelser et al., 2012) and defining a vision, a first step 
in planning a CE transition (World Economic Forum, 2018). 

An assumption that cities should challenge is, for example, whether a 
transition towards a CE would inherently lead to sustainability and, if 
not, how to make this happen. In this regard, academic research can 
support practitioners by systematically analyzing different approaches, 
perspectives, and practices. To date, the majority of the studies aimed at 
comparing CE to sustainability have focused on practices and policies 
(Calisto Friant et al., 2021; Schröder et al., 2019a). Further in-depth 
research to generate more empirical evidence on the links between CE 
and related concepts such as sustainability is needed (Henry et al., 2021; 
Schröder et al., 2019a). Such a contribution would not only bring 
theoretical insights to the field, but it could also support practitioners by 
orientating them towards more aligned management of resources (both 
tangible and intangible) within the overall scope of reducing in-
efficiencies, avoiding conflicting targets, and enhancing concerted ef-
forts (Kennedy et al., 2011). 

A recent report from the Organisation for Economic Co-operation 
and Development (OECD, 2020) highlighted that cities transitioning 
towards a CE show gaps in five main categories of enabling factors: 
funding, regulatory, awareness, capacity, and policy. Concerning the 
latter (a lack of a holistic vision from policymakers), it is increasingly 
difficult for city policymakers to relate to the ambiguous relationship 
between the concepts of circular and sustainable cities (Prendeville 
et al., 2018), since the concepts are often used interchangeably in the 
same context. It is not rare that city policymakers embed CE plans into 
larger sustainability plans; this observation suggests a connection be-
tween circularity and sustainability but does not sufficiently elucidate 
the nature of this relation. Therefore, the concept of a circular city needs 
critical reflection. This inquiry should result in interpretable insights 
aimed at better guiding and supporting actors, offering actionable 
knowledge and suitable tools (Kirchherr, 2019). 

Based on the considerations presented in the previous sections, two 
main research gaps were identified.  

• First, the concept of a CE, especially applied at the urban scale, has 
been interpreted in several ways. Further research is needed to un-
derstand this conceptual ambiguity and to support urban agents of 
change in their journey through a CE/sustainability transition. To fill 
this gap, this paper aims to provide a comprehensive meta-analysis of 
CE indicator sets used at the macro (city) level, to shed light on how 
the concept of a CE in urban areas has been operationalized. The 
term “operationalization” refers to the act of turning abstract con-
cepts into measurable observations. Indicators represent the focus of 
the study since they are the tools used to measure progress towards 
circularity and because, to be operational, their number in an indi-
cator set can only be limited, thus mirroring what is deemed to be 
relevant in assessing circularity.  

• Second, the conceptual links between CE and sustainability have 
mainly been discussed at a theoretical level, based on qualitative 
arguments and neglecting a quantitative, evidence-based analysis of 
how these two concepts are interrelated at the urban level. There-
fore, the meta-analysis aims to contribute to the development of a 
scientific understanding of the two selected concepts, clarifying what 
counts for each of them, and how important this is in their respective 
overall representations. The goal is to unpack these two concepts and 
highlight differences and overlaps, in order to support practitioners 
in making informed decisions for establishing the transition targets 

of their cities. Urban agents of change might find helpful elements 
here to understand whether CE and sustainability should be inter-
preted as similar, alternative, or complementary concepts. 

This paper is structured as follows. Section 2 provides the conceptual 
background. Section 3 presents the research design and methodology 
applied. Section 4 reports the results. Section 5 discusses the main 
findings and limitations of the study, together with suggestions for 
future research. Finally, Section 6 presents the conclusions. 

2. Conceptual background 

The concepts of sustainability, sustainable development, and, spe-
cifically, urban sustainability have established themselves within both 
the socio-political and academic spheres (Caprotti et al., 2017; Castán 
Broto, 2017). Scientific approaches specifically targeting urban sus-
tainability have proliferated since the 1990s (Alberti, 1996; Maclaren, 
1996). Despite such recognition, ambiguity is still linked to the concepts 
introduced above (Huang et al., 2015; Merino-Saum et al., 2020). An 
increasing perception that the concepts are too vague to be implemented 
and are beginning to lose momentum could motivate why other ap-
proaches, as the CE one, are receiving increasing consideration (Kirch-
herr et al., 2017). Viewed as an alternative to a traditional 
take-make-dispose linear economy (Reike et al., 2018), CE has received 
growing attention amidst attempts to operationalize and achieve sus-
tainability (Ghisellini et al., 2016; Kirchherr et al., 2017; Rossi et al., 
2020). In the following sub-sections, different related notions are 
introduced (i.e., the link between CE and sustainability and the assess-
ment of CE through indicators), which represent the basis of the meth-
odology presented in Section 3. 

2.1. Introducing the link between circular economy and sustainability 

In order to advance the discussion on the CE, two main steps need to 
be taken. First, a shared understanding and common language would be 
beneficial (Blomsma and Brennan, 2017; Bocken et al., 2017), chal-
lenging the complexity and trade-offs that this popular concept involves. 
For a general understanding, one of the most cited definitions of CE is 
reported, the meta-definition by Kirchherr et al. (2017, p.224): “circular 
economy describes an economic system that is based on business models 
which replace the ‘end-of-life’ concept with reducing, alternatively reusing, 
recycling and recovering materials in production/distribution and consump-
tion processes, thus operating at the micro level (products, companies, con-
sumers), meso level (eco-industrial parks) and macro level (city, region, 
nation and beyond), with the aim to accomplish sustainable development, 
which implies creating environmental quality, economic prosperity and social 
equity, to the benefit of current and future generations”. However, multiple 
definitions of a CE currently exist, implying many interpretations and 
vast room for implementing divergent interventions (Blomsma and 
Brennan, 2017; Kirchherr et al., 2017). Second, it would be equally 
important to link the CE concept to related ideas, such as sustainability 
(Blomsma and Brennan, 2017). Understanding if the pursuit of circular 
targets is moving the system closer or further away from sustainability is 
pivotal in untangling conflictual or synergic goals, finding common 
ground between policies, and aligning efforts towards a sustainable 
system. Knowledge linked to the relationship, similarities, and differ-
ences between these two concepts is key for “conceptual clarity, as well as 
to reveal the interests and goals behind the use of these terms by policymakers 
and companies” (Geissdoerfer et al., 2017, p760). Authors still debate 
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whether current interpretations of a CE are indeed in line with creating 
societal and environmental benefits, and therefore if a CE is inherently 
sustainable, independently of the scale used for the analysis. 

2.2. CE at the macro level 

Research and practice on the CE focus on different levels of analysis: 
micro (single company or consumers), meso (symbiosis or industrial 
associations), and macro (city, province, region, country) (Ghisellini 
et al., 2016). Research at the macro-level is key to understanding system 
interactions and to refining a systemic approach. A systemic shift is 
indeed what many researchers call for, in order to enable a CE transition 
(Kirchherr et al., 2017). In this regard, urban settings are believed to 
offer the testbeds needed in order to understand how to align resource 
flows and actor constellations across different system domains (Frant-
zeskaki et al., 2017). This level of analysis can be justified by the role of 
cities as ideal testing grounds for CE models (World Economic Forum, 
2018), as more than 80% of the global GDP is generated in cities. In the 
wide literature on CE, the question of how CE is applied in urban con-
texts is increasingly being posed (Prendeville et al., 2018). However, in 
spite of the numerous efforts made, barriers to the implementation of a 
CE still exist, and include: cultural, regulatory, financial, technological 
(OECD, 2020), and of course, the issue of finding an efficient and 
pertinent way to track progress and allow for benchmarks and 
comparisons. 

2.3. CE indicators 

The question of how to measure a CE is rapidly evolving in the 
literature (Di Maio et al., 2017; Jacobi et al., 2018). Several authors 
highlight the importance of having well-designed and effective in-
dicators for measuring and monitoring progress towards CE (Di Maio 
and Rem, 2015; Genovese et al., 2017; Pauliuk, 2018). As CE operates on 
three systemic levels (i.e., micro, meso, macro), the tools and indicators 
for measuring CE differ depending on the level of application (Su et al., 
2013). In the supplementary material (Table S.1) an overview of the 
latest research on CE indicators is presented. This is not meant to be an 
exhaustive literature review, but rather an introduction to the most 
relevant streams of current research on the topic. 

Overall, previous studies on CE indicators have paid attention to the 
three systemic levels typically mentioned in the literature. Some of the 
reviewed studies have compared available tools used to measure specific 
aspects of CE, and some have suggested new metrics that could improve 
this process. To the best of the authors’ knowledge, no comprehensive 
analysis exists on macro-level indicators for CE, which focuses on the 
measurement approach, its alignment with sustainability dimensions, 
and involves a comparison with urban sustainability indicators. In sec-
tion 2.4, the specific approach applied is elaborated, notably the use of 
indicators for the assessment and the comparison of concepts. 

2.4. Using indicators for the assessment and the comparison of concepts 

Merino-Saum et al. (2020, p.2) provide an extensive discussion on 
the concept of an indicator and its role in sustainability assessment. As 
explained by the authors, “indicators are multifaceted constructs ideally 
composed of the following interrelated elements: […] a label, […] a unit of 
measurement, […] a definition, […] accessible data, […] a reference point 
[…] and an anchoring in the conceptual framework”. Indicators have been 
used for multiple goals: support for decision-making management, 
advocacy and communication, participation and consensus-building, 
and for research and analysis (Morse, 2015; Parris and Kates, 2003). 
The most predominant use of indicators has been as data providers of the 
variable taken into consideration. However, indicators can also play a 
role as “information” or “message carriers” (Lehtonen et al., 2016), 
communicating arguments, ideas and expectations of the developers of 
the assessment tool (Merino-Saum et al., 2018). In this paper, indicators 

are interpreted as pieces of a puzzle that, viewed together, mirror the 
conceptualization of the very concept that they are measuring. 

When using indicators as conceptual elements, different frameworks 
or lenses can be applied to elucidate the key components and features 
that constitute a particular concept. In this regard, no lens can be used as 
a one-size-fits-all tool suitable for every context. Indeed, indicators can 
be categorized and systematically analyzed through diverse logics (e.g., 
thematic, teleological, systemic) and through either deductive or 
inductive approaches (see: Halla and Merino-Saum, Forthcoming). 
Furthermore, multiple potential frameworks exist for each logic, thereby 
leading to a multitude of potential combinations for the analysis. Three 
conceptual frameworks were selected to employ in the analysis of CE 
and sustainability indicators: the STEEP framework, the Sustainable 
Development Goals (SDGs), and inductively-created thematic groups. 
This choice was based on the following criteria: (i) utilizing frameworks 
with different descriptive levels (or granularities), therefore allowing for 
interpretation at multiple degrees of detail; (ii) combining deductive and 
inductive approaches as a way to warrant comparability with analogous 
studies, while remaining sample-specific; (iii) mixing frameworks that 
stem from both academia and policy practice, in order to reach and to 
resonate with a larger audience. More information about the first two 
frameworks is available in the supplementary material (S.2). In the 
paragraph below, we elaborate on the choice of using inductively 
-created thematic groups. 

To categorize indicators, some scholars suggest that an inductive 
approach avoids the risk of restricting a priori the perspective over the 
data under study, which could leave some elements unrecognized 
(Parchomenko et al., 2019). Although self-made categories might bring 
subjectivity, this is a common approach used in many comparable 
research projects (Feleki et al., 2020; Kaur and Garg, 2019). For 
example, Parchomenko et al. (2019) applied the method of Multiple 
Correspondence Analysis to an assessment of 63 CE metrics and 24 
features relevant to CE, such as recycling efficiency, longevity, and stock 
availability. Elia et al. (2017) proposed a taxonomy based on the 
parameter(s) to be measured using indicators, introducing four cate-
gories: material and energy flow, land use and consumption, and other 
life-cycle-based categories. Finally, the OECD (2020) Inventory of CE 
Indicators collected more than 400 indicators, classifying them into five 
categories (Environment, Governance, Economic and business, Infra-
structure and technology, Social), 33 sub-categories, and 11 sectors. In 
the present paper, a list of 36 thematic groups was inductively devel-
oped, based on the indicators collected from the sample (see Section 3.3 
for further details). 

3. Materials and methods 

The research was performed in four main steps, as depicted in Fig. 1. 

Fig. 1. Steps of the research.  
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3.1. Step 1: sampling indicator sets 

In order to obtain indicator sets that are used to assess CE at the 
urban scale, the Scopus database was used. A research was performed 
using the Google’s search engine, adapting the research keywords in 
English, French, Spanish and Italian. The keywords used in google.com 
and Scopus were (“circular*” AND (“indicator*”) AND (“urban” OR 
“city”). The search was performed in June 2020. Moreover, a snowball 
approach was used, asking organizations whose reports were found 
online whether they were aware of other frameworks at the urban level. 
For inclusion of an indicator set in the final sample, the following criteria 
were applied: the framework clearly states that it measures the circu-
larity of an urban area; the indicators are available (listed in the refer-
ence documents); the set of indicators cover several areas/city functions 
(not only transport or energy, for example); the set was last updated 
between 2005 and 2020. This process led to a sample of 24 indicator 
sets. 

The indicator sets dealing with urban sustainability were imported 
from Merino-Saum et al. (2020). For an extensive explanation of the 
literature search, the interested reader is invited to refer to the original 
paper. Additional exclusion criteria were applied to the urban sustain-
ability sample, to generate a sample comparable to the one obtained for 
CE indicator sets. Specifically, only those indicator sets with the same 
geographical focus as the CE indicators sets sample were retained, to 
allow for better-informed comparisons. In practical terms, a list was 
compiled of all of the countries of the cities for which the CE indicator 
sets were developed. This list was then used to retain indicator sets 
coming from the urban sustainability sample. The complete list of in-
dicator sets is available in the supplementary material (Table S.3). In 
Table 1, an overview of the final sample is provided. 

3.2. Step 2: compiling the indicator list 

Indicators were extracted from the retrieved sets, yielding 1759 in-
dicators. Out of these, 535 come from the CE indicator sets and 1224 
from the urban sustainability indicator sets. Indicators measuring 
exactly the same variable, potentially with a slightly different label/ 
definition, were registered as only one indicator. This approach high-
lighted doubles in the initial catalog (see: Merino-Saum et al., 2018). 
Thus, from a “gross” list made of 1759 entries, a final “net” catalog 
including 930 indicators was obtained. 

3.3. Step 3: screening the indicators 

An increasing level of detail guided the screening of the indicators. 
First, the sets in which each of the 930 (net) indicators was present were 
reported. Deductive and inductive analytical grids (typologies) were 
purposely combined to increase comprehensiveness and methodological 
pluralism while keeping subjectivity at an acceptable level. As illus-
trated in Fig. 2, the analysis moved from a more abstract level to a more 
detailed one; in other words, the process started with the typology 
including the smallest number of categories (STEEP) and progressively 
moved towards those involving a higher level of details, i.e., the SDGs 
and thematic groups. Regarding the intermediary level of description (i. 
e., the SDGs framework) and its role in the overall methodological 
approach, its deductive application to our sample allowed us to identify 
potential gaps that would have otherwise remained hidden if only the 
list of thematic (inductively created) groups was used. The thematic list 
was developed in accordance with an iterative procedure. The research 
team created several preliminary lists that were tested with the in-
dicators from the sample and subsequently revised until a consensual, 
consistent (i.e., avoiding overlaps) and balanced (i.e., simple but not 
simplistic) list was reached. The 36 thematic groups included in the final 
list should be understood as umbrella concepts that are distinct enough 
from each other to allow subsequent analysis. Indeed, within each the-
matic group, multiple interrelated ideas are embedded, which as a 
whole, convey an easily understandable and united signification. The 
list of all of the categories within each framework is reported in Table 2. 

Fig. 2. The screening of indicators was performed using three different typologies as analytical grids to characterize the 930 indicators.  

Table 1 
Description of the sample.  

Set group N Average # of indicators (min - max) 

Circular Economy 24 22 (8–39) 
Urban sustainability 33 36 (8–103)  

V. Superti et al.                                                                                                                                                                                                                                  

http://google.com


Journal of Cleaner Production 315 (2021) 128070

5

In the assessment of the link between indicators, STEEP categories, 
SDGs, and thematic groups, each indicator could be linked to only one 
thematic group, but to multiple STEEP and SDG categories, as those 
categories pertaining to the latter two frameworks are not necessarily 
mutually exclusive. 

3.4. Step 4: statistical analysis 

First, the focus was set on the number of indicators that the two 
groups had in common. It was recorded whether the indicators were 
used by at least one CE or urban sustainability indicator set. It was then 
calculated how many indicators were only derived from the list 
compiled with the CE indicator sets, and what the overlap was with the 
list of indicators used by the urban sustainability indicator sets. The 
same analysis was replicated at the thematic groups’ level. The thematic 
groups that were assessed by the majority of CE sets were identified, as 
well as those that were assessed by the majority of urban sustainability 
sets. Percentage thresholds were used to identify different groups of 
thematic groups (i.e., core, periferic) based on how frequently they were 
included in the indicator sets. 

To compare the two groups (urban sustainability and CE), the 
coverage of each category of the three typologies was calculated by 
dividing the number of indicators linked to that specific category by the 
total number of indicators of the set analyzed. Since most of the distri-
butions of the variables were non-normal, the non-parametric Two- 
sample Wilcoxon rank-sum (Mann-Whitney) test was performed. The 
numerical results of the tests are reported in the supplementary material 
(S.4, S.5, and S.6). The statistical analysis was performed with STATA 
16.1. 

Finally, three hierarchical cluster analyses (HCA) of the indicator 
sets were performed based on their coverage of the STEEP categories, 
the SDGs, and the thematic groups. HCA is a technique used to classify 
items according to factors (cluster variates) and separate them into 
groups (clusters). In the present case, individual indicator sets were the 
items, and the values of coverage of the three typologies (STEEP, SDGs, 
thematic groups) were the cluster variates. Since cluster analysis is 
influenced by the type of cluster variates used (Pastor and Erbacher, 
2019), three independent analyses were performed to produce insights 
from different approaches and triangulate them. The hypothesis was 
that two main clusters could be identified: one containing only CE in-
dicator sets, and one containing only urban sustainability indicator sets. 
This finding would mirror the fact that consistency exists in how the 
parameters are covered by the indicator sets belonging to each of the 
two groups. The consistency of the assessment was elicited a posteriori, 
identifying the location of each indicator set in the resulting dendro-
gram. For the statistical analysis, STATA 16.1 was used, applying Ward’s 
linkage and L2 dissimilarity measure. 

4. Results 

This chapter presents the research findings, following the order 
presented in the methodology: from the identification of shared or 
unique indicators, to the comparison between CE and urban sustain-
ability indicator sets, and finally to the cluster analyses. An extended 
discussion of these results is provided in Section 5. 

Table 2 
List of the STEEP categories, the SDGs, and the thematic groups used in this analysis. Between brackets, the number of indicators of the combined sample related to 
each category. Thematic groups are listed in alphabetic order.  

STEEP SDGs Thematic groups 

Social (560) SDG1 No poverty (76) Air pollution (32) 
Technological (231) SDG2 Zero hunger (31) Biodiversity (12) 
Economic (250) SDG3 Good health and well-being (108) Businesses (8) 
Environmental (523) SDG4 Quality education (70) Communication & Connectivity (5) 
Political (83) SDG5 Gender equality (21) Demographics (15) 

SDG6 Clean water and sanitation (70) Disaster vulnerability (8) 
SDG7 Affordable and clean energy (62) Education & Culture (47) 
SDG8 Decent work and economic growth (170) Employment (25) 
SDG9 Industry, innovation and infrastructure (169) (Conventional) Energy (31) 
SDG10 Reduced inequalities (44) (Renewable) Energy (22) 
SDG11 Sustainable cities and communities (313) GDP & Added value (18) 
SDG12 Responsible consumption and production (291) Green House Gases (GHG) (13) 
SDG13 Climate action (42) Health & Wellbeing (50) 
SDG14 Life below water (37) Housing (40) 
SDG15 Life on land (63) Income/poverty (29) 
SDG16 Peace, justice and strong institutions (68) Inequalities (37) 
SDG17 Partnerships for the goals (33) Land and soil use (17) 

Leisure & Urban infrastructure (34) 
Local products (9) 
Material resources consumption (51) 
Participation/engagement (17) 
Personal safety (9) 
Public finances (12) 
Research & Development (5) 
Role in global networks (11) 
Sustainability/circularity awareness (15) 
Sustainable/circular initiative (70) 
Sustainable/circular labels & R&D (13) 
Tourism (7) 
(Conventional) Transport (26) 
(Sustainable) Transport (42) 
Trust in authorities (12) 
Urban Green/blue areas &urban ecosystems (35) 
Urban planning (21) 
Waste production and management (82) 
Water (50)  
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4.1. Identifying common and specific indicators in CE and urban 
sustainability measurement initiatives 

Of the 930 indicators compiled from the sample, only 86 (~9%) were 
used to measure both CE and urban sustainability concepts (i.e., they are 
present in at least one CE indicator set and at least one urban sustain-
ability indicator set). In contrast, 281 (~30%) indicators are unique to 
the CE group, and 563 (~60%) are unique to the group of urban sus-
tainability. In Appendix A, the top 5% indicators used in CE sets (panel 
a) and urban sustainability (panel b) are reported. Some of the most 
common indicators present in both groups are CO2eq emissions, 
municipal solid waste generated, and the percentage of municipal waste 
recycled. 

4.2. Comparing the groups in terms of coverage of the STEEP categories 

Fig. 3 depicts the coverage of the STEEP categories by the two groups 
of indicator sets. The CE indicator sets clearly cover the Environmental 
category extensively. The results of the Mann-Whitney test indicate that 
only the values for the Social and Environmental categories are signif-
icantly different. Indeed, in comparison to the urban sustainability in-
dicator sets, the CE indicator sets cover the Environmental dimension 
significantly more, while they cover the Social dimension significantly 

less. In terms of coverage of Technological, Economic, and Political 
categories, the two groups do not show significant differences. 

4.3. Comparing the groups in terms of coverage of the SDGs 

Fig. 4 shows the coverage of the SDGs by the CE and urban sus-
tainability indicator sets. There is no significant difference between the 
coverages of CE and urban sustainability indicator sets for ten of the 
SDGs. The coverages of SDG1 No poverty, SDG3 Good health and well- 
being, SDG4 Quality education, SDG5 Gender equality, SDG9 Industry, 
innovation and infrastructure, SDG10 Reduced inequalities, SDG12 
Responsible consumption and production, SDG17 Partnerships for the goals, 
appear to be significantly different between the two indicator sets 
groups. Among these cases, only SDG12 Responsible production and 
consumption is covered more by CE indicator sets. 

4.4. Comparing the groups in terms of coverage of the 36 thematic groups 

The results show that CE indicator sets do not cover three of the 36 
thematic groups (Tourism, Conventional transport, and Public finances; 
see: Fig. 5). Only six thematic groups can be identified as core CE the-
matic groups (i.e., are covered by at least 50% of the CE indicator sets). 
In the urban sustainability sub-sample, these are 16 core thematic 

Fig. 3. Raincloud plots and boxplots showing the distribution of coverage of the 5 STEEP categories by CE indicator sets (in green) and urban sustainability indicator 
sets (in blue). The asterisks show the significant differences, based on the Mann Whitney test (Significance levels *: p  <  0.05; **: p  <  0.01; ***: p  <  0.001). 
Raincloud plots after Allen et al., 2019. 
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Fig. 4. Raincloud plots and boxplots of SDG coverages. X-axis: coverage of the SDGs (proportion of indicators in each set) by CE indicator sets and urban sus-
tainability (US) indicator sets. Significant difference levels based on the Mann-Whitney test *: p  <  0.05; **: p  <  0.01; ***: p  <  0.001). Graphs are ordered 
horizontally according to the overall coverage of the SDGs (smallest to biggest), which is reflected by the adjusted x-axis. This allows to see even the very narrow 
distributions of the coverage of some SDGs. Raincloud plots after Allen et al. (2019). 
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groups. In the CE sub-sample, 30 thematic groups are only sporadically 
covered (i.e., less than 50% of the indicator sets contain at least one 
indicator related to that thematic group). For example, Personal safety, 
Communication & Connectivity, and Disaster vulnerability are covered 
by only one CE indicator set (i.e., only one set out of 24 contains at least 
one indicator linked to those thematic groups). 

The results shown so far in relation to the 36 thematic groups were 
based on a binary logic (i.e., if an indicator set contained at least one 
indicator covering a specific thematic group). In Table 3, the relative 
importance that each thematic group receives on average in the two set 
groups (i.e., the percentage of indicators covering a specific thematic 
group) are reported. Seventeen thematic groups show significant dif-
ferences between CE and urban sustainability indicator sets groups. 

4.5. Cluster analysis 

Fig. 6 shows the three dendrograms obtained through the cluster 
analysis based on the coverage by the indicator sets of the STEEP cate-
gories (a), the SDGs (b), and the thematic groups (c). In the first two 
dendrograms (“a” and “b”), a similar pattern can be identified. On the 
right side of dendrogram “a”, cluster a.1 is composed of urban sustain-
ability sets, whereas on the left side the clusters a.2 can be divided into a 
mixed sub-cluster (a.2.1), and a CE sub-cluster a.2.2. The dendrogram in 
panel “c” appears to be slightly different. Two main clusters can be 
identified: c.1 includes only CE indicator sets, and c.2 contains all of the 
urban sustainability sets and twelve CE indicator sets. 

Fig. 5. Percentage of indicator sets that contains at least one indicator covering a specific thematic group. The black vertical bar represents a 50% threshold.  
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Table 3 
Results of the Two- sample Wilcoxon rank-sum (Mann-Whitney) test. The test compares the coverage of thematic groups between the two groups of indicator sets (CE and urban sustainability (US)). For all variables, N 
(CE)  =  24 and N(US)  =  33. Values reported are means, medians, standard deviation, z value, significance level (*: p  <  0.05; **: p  <  0.01; ***:p  <  0.001), and small size effect coefficient p^US,CE. Effect size coefficient 
p^US,CE= U/(nUSnCE) (Grissom and Kim, 2012).  

Thematic group Mean CE Mean US Mdn CE Mdn US Sd CE Sd US z p p^US,CE 

Air pollution 0.03 0.07 0.00 0.05 0.05 0.06 − 3.441 <.001*** 0.24 
Biodiversity 0.00 0.01 0.00 0.00 0.01 0.01 − 0.497 .772 0.48 
Businesses 0.01 0.01 0.00 0.00 0.02 0.02 − 1.408 .188 0.42 
Communication & Connectivity 0.00 0.01 0.00 0.00 0.01 0.02 − 1.974 .074 0.40 
Demographics 0.01 0.01 0.00 0.00 0.02 0.03 − 1.703 .116 0.41 
Disaster vulnerability 0.00 0.01 0.00 0.00 0.01 0.02 − 1.806 .094 0.41 
Education & culture 0.01 0.06 0.00 0.06 0.02 0.06 − 4.202 <.001*** 0.19 
Employment 0.02 0.04 0.00 0.04 0.03 0.03 − 2.001 <.05* 0.35 
(Conventional) Energy 0.06 0.04 0.02 0.03 0.13 0.06 − 0.330 .748 0.48 
(Renewable) Energy 0.04 0.02 0.00 0.00 0.07 0.03 0.401 .691 0.47 
GDP & Added value 0.02 0.02 0.00 0.00 0.03 0.04 0.552 .585 0.46 
Green House Gases (GHG) 0.03 0.03 0.03 0.02 0.03 0.03 − 0.176 .865 0.49 
Health & Wellbeing 0.02 0.06 0.00 0.06 0.03 0.06 − 3.318 <.001*** 0.25 
Housing 0.01 0.04 0.00 0.03 0.02 0.04 − 3.511 <.001*** 0.24 
Income/poverty 0.02 0.05 0.00 0.04 0.04 0.05 − 3.141 <.01** 0.27 
Inequalities 0.01 0.04 0.00 0.03 0.02 0.05 − 2.588 <.01** 0.32 
Land and soil use 0.02 0.01 0.00 0.00 0.04 0.03 − 0.106 .923 0.49 
Leisure & Urban infrastructure 0.01 0.04 0.00 0.03 0.02 0.05 − 3.836 <.001*** 0.24 
Local products 0.01 0.01 0.00 0.00 0.02 0.02 − 0.548 .660 0.47 
Material resources consumption 0.12 0.00 0.11 0.00 0.11 0.01 5.063 <.001*** 0.16 
Participation/engagement 0.01 0.02 0.00 0.00 0.02 0.03 − 1.588 .112 0.39 
Personal safety 0.00 0.03 0.00 0.00 0.01 0.03 − 3.619 <.001*** 0.27 
Public finances 0.00 0.01 0.00 0.00 0.00 0.04 − 2.570 <.05* 0.38 
Research & Development 0.01 0.01 0.00 0.00 0.03 0.02 − 0.910 .380 0.45 
Role in global networks 0.00 0.01 0.00 0.00 0.01 0.02 − 0.082 .999 0.50 
Sustainability/circularity awareness 0.02 0.01 0.00 0.00 0.03 0.01 1.256 .207 0.43 
Sustainable/circular initiative 0.15 0.01 0.1 0.00 0.15 0.02 4.626 <.001*** 0.18 
Sustainable/circular labels & R&D 0.02 0.01 0.00 0.00 0.04 0.02 1.126 .224 0.44 
Tourism 0.00 0.01 0.00 0.00 0.00 0.02 − 1.752 .207 0.44 
(Conventional) Transport 0.00 0.04 0.00 0.04 0.00 0.03 − 5.036 <.001*** 0.15 
(Sustainable) transport 0.02 0.06 0.00 0.06 0.07 0.05 − 4.329 <.001*** 0.18 
Trust in authorities 0.00 0.01 0.00 0.00 0.01 0.02 − 0.977 .445 0.45 
Urban Green/blue areas & Urban ecosystems 0.03 0.06 0.00 0.05 0.06 0.04 − 2.790 <.01** 0.29 
Urban planning 0.01 0.03 0.00 0.03 0.02 0.04 − 3.288 <.001*** 0.28 
Waste production and management 0.25 0.06 0.20 0.04 0.17 0.05 5.196 <.001*** 0.10 
Water 0.07 0.08 0.03 0.07 0.10 0.07 − 1.551 .122 0.38  
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5. Discussion 

The concept of a CE, especially applied at the urban scale, has been 
interpreted in many ways. These different perspectives might hinder the 
success of transition (urban) agendas. This research aimed at shedding 
light on this conceptual ambiguity and supporting urban agents of 
change in their journey through a CE/sustainability transition. In the 
discussion, the focus is first on the comprehensive meta-analysis of CE 
indicator sets used at the macro (city) level, to understand how the 
concept of a CE in urban areas has been operationalized (sub-section 
5.1). Furthermore, an elaboration on the comparison between the con-
cepts of CE in urban areas and urban sustainability is presented to clarify 

the conceptual boundaries between them, and how they articulate with 
each other (CE as a similar, alternative, or complementary concept to 
urban sustainability; sub-section 5.2). Finally, the limitations of the 
research are acknowledged, and avenues for further investigation are 
suggested (sub-section 5.3). 

5.1. Operationalizing the CE in urban areas 

In this sub-section, the results of the analysis of CE measurement 
initiatives are discussed in two main points: i) the focal areas of CE 
measurement initiatives, and ii) consistency among initiatives. 

The results show that CE is mainly focused on environmental issues. 

Fig. 6. Cluster analysis based on the coverage by CE and urban sustainability indicator set of the STEEP categories (a), the SDGs (b) and the thematic groups (c). The 
sets measuring urban sustainability are labeled “US_#” (in blue). Those measuring Circular Economy in urban areas are labeled “CE_#” (in green). 
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This standpoint is supported by the analysis of the most frequent in-
dicators (see Appendix A), the STEEP categories (see: Fig. 3), the SDGs 
(see Fig. 4), and the thematic groups (see Fig. 5). Although marginally, 
CE indicators are also used to assess aspects of a CE such as health and 
well-being, participation, and inequalities. All the CE indicator sets 
contain at least a small percentage of indicators covering social aspects. 
In line with scholars advocating for the social dimension to be increas-
ingly taken into account by circular perspectives (Moreau et al., 2017), 
the results suggest that evidence of these approaches exists, though they 
have not yet been mainstreamed. The incorporation of indicators other 
than those linked to the environmental dimension is advocated in the 
literature, arguing for a systemic perspective to monitor circular stra-
tegies. Recalling the definition of CE (Kirchherr et al., 2017) proposed in 
Section 2.1, a CE should help “to accomplish sustainable development, 
which implies creating environmental quality, economic prosperity and social 
equity, to the benefit of current and future generations”. Without incorpo-
rating suitable indicators, it remains unclear to which degree it could be 
possible to track the progress of a CE transition in those areas (an 
exception is made for the environmental one). The risk is that indicators 
are cherry-picked to fit specific goals, showing biased results, which do 
not necessarily contribute to broader sustainability goals (Pauliuk, 
2018). Regarding technological aspects, the results show that this 
category is marginally covered by CE indicator sets, while from a tran-
sition perspective, a future CE requires considerable investments in 
technology and infrastructure (Prendeville et al., 2018). The question 
arises as to whether the technological aspect of a CE, offering the needed 
infrastructure for the transition, is actually underrepresented in practice, 
and only mentioned in theoretical approaches and urban visions that 
have not yet been translated into measurement tools. 

Based on the sample analyzed in this research, a shared perspective 
on the core elements of a circular city (i.e., what is essential to measure) 
might still be far from being reached. Two insights support this state-
ment. First, concerning the 535 indicators extracted from the CE sub- 
sample, repetitions were only found in 168 cases, suggesting that the 
measurement initiatives predominantly use several different indicators. 
Second, the results (see: Fig. 5) indicate that most thematic groups are 
targeted by only a few (between 4% and 50%) indicator sets. Only six 
out of 36 thematic groups are covered by at least 50% of the CE indicator 
sets. In practical terms, these results suggest that when assessing the 
circularity of urban areas, there is great variability in what is deemed to 
be important and informative. Peculiarities of indicator sets might be 
beneficial for an assessment (considering local characteristics and 
needs), and a specific focus on core thematic groups might not represent 
an issue per se, since it could simply mirror a very narrow yet efficient 
circumscription of targets. However, the extant risk is that important 
aspects needed by cities for a holistic transition are not adequately 
covered, as a holistic transition depends on the recognition of the 
interlinkages among barriers at different levels (Salmenperä et al., 
2021). 

Many scholars call for a minimal degree of consistency with other 
assessments, to allow benchmarking to, and synergies with, other urban 
realities (Merino-Saum et al., 2020). This consistency could potentially 
be achieved through challenging and rethinking the processes of indi-
cator selection. Although the roles of several urban actors in a CE 
transition are often acknowledged (Prendeville et al., 2018), there is a 
possibility of broadening the consulted actors to involve agents of 
change that are active in other urban realities, as their expertise on 
common challenges and best practices could represent a valuable 
contribution. The stabilization around a few key thematic groups in CE 
indicator-based initiatives would contribute to the building of a more 
robust conceptual foundation on which the CE notion could rely. 

Regarding the development of new assessment frameworks, there is a 
risk of needing a substantial amount of resources, while multiple expe-
riences around the globe can already inform the assessment methodol-
ogy and provide suitable indicators. The use of core indicators in 
different assessment exercises has the significant potential of allowing 
for a comparison between the different urban realities and informing a 
more robust discussion on the respective results obtained. This puts the 
emphasis then on those core issues that our societies are facing in the 
transition towards sustainability. Additional insights about the issue of 
assessment consistency will be discussed at the end of sub-section 5.2, 
based on the results of the cluster analyses performed with both CE and 
urban sustainability indicator sets. 

5.2. Insights from the comparison of CE in urban areas and urban 
sustainability 

Looking at the thematic groups covered by at least one indicator in 
the two indicator lists (CE and urban sustainability), it appears that the 
concept of a CE in urban areas is nested into the concept of urban sus-
tainability (see Fig. 5). No thematic group is unique to the CE sub- 
sample, while three thematic groups (Tourism, Conventional trans-
port, and Public finances) are only covered by indicator sets belonging to 
the urban sustainability sub-sample. This represents a surprising finding, 
since a reasonable amount of information is available on what is 
necessary for a circular tourism sector (Manniche et al., 2017; Rodríguez 
et al., 2020), or on the need to assess trends in both conventional 
(oil-based) and sustainable (renewables-based) mobility for circular 
cities (Christis et al., 2019; Gravagnuolo et al., 2019; Lee et al., 2016). 
This would imply that the CE, alone, might not accompany our societies 
towards broad sustainability (Henry et al., 2021). 

In comparison with urban sustainability sets, CE indicator sets 
clearly focus less on social aspects, a difference widely highlighted in the 
literature on sustainability and CE in general (Geissdoerfer et al., 2017; 
Murray et al., 2017). The use of STEEP categories as a research lens adds 
a layer of detail. In fact, even though previous literature has highlighted 
a difference of focus between urban sustainability and CE, those studies 
predominately considered only social and environmental issues, while 
the analysis performed here allows a broader range of issues to be taken 
into account (namely political, technological and economic). Regarding 
technological aspects, the results show that no significant difference can 
be identified in comparison with urban sustainability sets. In addition, it 
appears that policy/regulative aspects are neglected in CE indicator sets. 
However, this shortcoming is not only inherent of CE indicator sets but is 
a feature shared with the indicator sets focusing on urban sustainability. 

Using the SDGs lens allowed us to go one step further and to offer 
insights to those actors currently targeting SDGs in their agendas. CE 
indicator sets only cover SDG12 to a higher extent than urban sustain-
ability indicator sets. This is in line with what is shown in the literature, 
where SDG12 Responsible Consumption & Production is considered the 
SDG with the highest affinity to the concept of the CE (Dantas et al., 
2021; Fatimah et al., 2020; Schröder et al., 2019a). Schröder et al. 
(2020) identified gaps and issues relating CE to SDG1 No poverty, SDG3 
Good health and well-being, SDG4 Quality education, SDG5 Gender 
equality, SDG10 Reduced inequality, SDG17 Partnerships for the goals. In 
the sample, significantly different coverages between CE and urban 
sustainability indicator sets were found for all of these SDGs. Regarding 
the SDGs mostly linked with the use of natural resources (SDG6, SDG13, 
SDG14, SDG15), no significant difference can be highlighted between 
the two set groups. Hence, the higher focus of CE indicator sets on 
environmental issues might be highly driven by those covered by SDG12 
Responsible consumption and production (for which a significant different 
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coverage was found), which is often linked to both economic and 
environmental aspects (Mccormick and Leire, 2020) 

A noteworthy aspect of the results is that indicator sets used to assess 
a CE offer additional indicators for covering specific thematic groups. 
For all the thematic groups covered by the CE sub-sample (with the 
exception of Disaster vulnerability, Personal safety, and Research & 
Development), the list of indicators used by CE indicator sets contains at 
least one indicator (281 in total) that was not used in the urban sus-
tainability sub-sample. This primarily applies to Sustainable/circular 
initiatives (61 additional indicators), Waste production and manage-
ment (57), and Material resources consumption (47). This implies that 
CE sets could provide indicators to deepen the level of assessment of 
certain thematic groups that might only be measured superficially when 
using urban sustainability indicator sets. Examples of these indicators 
are, respectively: Green products purchasing rate of the government, 
Waste from Electrical and Electronic Equipment (WEEE) generated, 
Total raw material productivity. 

The results of the cluster analyses offer additional insights on the 
issue of consistency among indicator sets that are (supposedly) used to 
assess the same concept, either a CE in urban areas or urban sustain-
ability. Integrating urban sustainability indicator sets into the cluster 
analysis offered us an external point of reference to better elicit differ-
ences among CE indicator sets. As the three chosen typologies are linked 
to each other, but not redundant, the insights derived from the cluster 
analyses offer a slightly different but generally consistent picture. First, 
there is an overall consistency in how CE in urban areas and urban 
sustainability are assessed (i.e., two separate clusters arise, with 
reasonable segregation of CE and urban sustainability sets). However, in 
all three dendrograms, it is possible to identify indicator sets belonging 
to one group as closer (and therefore more similar) to indicator sets of 
the other group. The question arises as to whether some indicator sets 
are simply labeling similar concepts under different names, creating a 
conceptual fuzziness. For instance, in the case of the clustering based on 
the STEEP framework (Fig. 6, panel a) the indicator set “CE6”, which is 
positioned among the urban sustainability indicator sets, covers aspects 
related to the social dimension in a way that is more similar to the 
average of the urban sustainability indicator sets, rather than the 
average of the CE indicator sets. Details on the provided examples can be 
seen in the supplementary material (S.7, S.8, and S.9). As another 
example, the location of set “US1” in Fig. 6 panel b, far from the other 
urban sustainability indicators, might be determined by its divergent 
coverage of SDG1 No poverty, SDG3 Good health and well-being, and 
SDG12 Responsible consumption and production. Additionally, the vicinity 
of some indicator sets might mirror the specific visions or approaches of 
the indicator sets’ developers. For example, the indicator sets “CE3”, 
“CE5”, “CE6”, “CE9”, “CE13” are found in clear proximity in the sub- 
cluster c.2 (Fig. 6, panel c). Regarding their origin, they all come from 
instances in which one actor (a Dutch consultancy focused on circu-
larity) was involved. These sets are also found in separate clusters dis-
similar to the core CE indicator set group c.1. This distance might be due 
to their coverages of thematic groups like Participation/engagement, 
Inequalities, Health & Well-being, Employment, Urban green/blue 
areas, and Air pollution, which are considerably more similar to the 
average of the urban sustainability indicator sets. Hence, the influence 
of the vision of one actor might be traceable in the choice of indicators 
made in the development of several indicator sets. In line with the 
argument presented in the previous paragraph, the analysis of the 
dendrograms highlights a certain degree of inconsistency in how the CE 
has been measured through the different indicators sets. 

Two main points now merit attention. The understanding that CE 
indicator sets cover social issues, even if marginally, might represent a 
positive starting point for including more focus on those issues - a focus 
which many actors would like to see present in CE discussions. However, 
adding emphasis on social issues from a CE perspective might bring this 
concept even closer to sustainability in general, and urban sustainability 
in particular, when focusing on urban areas. Thus, the real benefit of 
targeting a CE in comparison with fostering a sustainability transition 
would not be evident. If social aspects are deemed important for the 
evolution of the CE perspective, they should focus on social aspects 
specifically related to core CE thematic groups, such as Waste generation 
and management, Material resource consumption, and/or Circular ini-
tiatives. By doing so, they would offer an innovative perspective, since 
urban sustainability approaches do not focus on the social aspects of 
such challenges/issues. CE perspectives should not try to indiscrimin-
ately integrate all of the social issues that urban sustainability ap-
proaches generally take into account. One of the problems related to the 
CE approach is that it often aims at broadening its scope by replicating 
what is already embedded within the urban sustainability discourse. 
One key challenge for future set developers in the field of CE will be to 
build indicator sets that are both multidimensional (i.e., which tackle 
circularity features by simultaneously considering several sustainability 
dimensions) and concept-specific (i.e., which do not excessively open up 
the scope, thereby amalgamating CE to the broader notion of sustain-
ability). If CE adopters aim to sustain the concept as up-to-date and 
innovative, they need to differentiate it from existing approaches (i.e., 
urban sustainability). 

As for practical recommendations for cities engaged in shaping their 
visions for a transition towards a CE, a clear understanding of what is 
being targeted is pivotal to avoid aiming at narrow goals that might not 
be moving cities towards broader sustainability. The CE concept is being 
widely used nowadays, but there is a risk of using this concept as an 
alternative, and not as a means, towards sustainability. Much care is 
needed to compare sustainability and circularity targets and coherently 
explain city transition plans that are motivated by targeting circularity 
rather than sustainability. If CE in urban areas is to be seen as a means 
towards urban sustainability, then CE approaches should be translated 
into more concrete, focused, and practical operationalization than urban 
sustainability, the latter being potentially interpreted as a broader, 
guiding theoretical framework. 

5.3. Limitations and further research 

It is important to acknowledge some limitations inherent to this 
research. The sample of retrieved CE indicator sets represents a limited 
amount of data sets (24). As it is reasonably expected that more assessors 
will define ad-hoc sets of indicators for measuring CE and urban sus-
tainability in the future, a second iteration of the present study could 
help to determine how the results stand up to the test of time, in order to 
understand the degree to which they remain consistent even when more 
indicators are added to the sample. Also, studies performed on updated 
versions of the sample used here might elicit trends of change in the way 
the selected concepts are assessed through time. Second, the analysis of 
the indicators is subject to a certain degree of subjectivity. Although the 
researchers applied the same approach to the analysis of all 930 net 
indicators, a different assessment from other research teams might have 
produced different results. However, the size of the sample of the in-
dicators corrects for this potential bias. Similar approaches are reported 
in the literature and their limitations are acknowledged (Ahvenniemi 
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et al., 2017; Merino-Saum et al., 2018). 
Regarding ideas for further research, many avenues could be 

explored. First, indicators could be screened according to typologies 
directly related to the CE literature (for instance the 10R-strategies; 
Potting and Hanemaaijer, 2018) or typologies (Moraga et al., 2019). 
The underlying idea is to better elicit which aspects of the CE are inte-
grated into the sustainability concept. Further research could focus on 
comparing different concepts using the same approach that has been 
proposed here, namely using indicators as proxies for their conceptu-
alizations (e.g., green and circular urban areas). In-depth case studies 
could also be performed, focusing on cities that have developed both 
circularity and sustainability strategies, to see how these concepts are 
operationalized when the city context remains unvaried. Finally, there is 
potential of engaging assessors and practitioners involved in the CE 
transition to discuss how the findings of this research might help them 
have a clearer and more informed overview of the goals of their CE 
strategies. This could help them to align their efforts and to avoid 
negative interferences between different projects and policies, as the 
overall goal of these commitments should be a systemic transition to 
sustainability. 

6. Conclusions 

Several urban areas around the globe have implemented CE assess-
ments and policy planning. The overall goal of this research was to 
enquire how the concept of a circular urban area has been operation-
alized through the use of assessment tools, in comparison with the case 
of sustainable urban areas. For this objective, an approach was imple-
mented based on the analysis of indicators used by different assessors at 
the urban scale and multiple perspectives were applied to explore the 
research questions. 

The results show that the concept of CE, when using indicators as a 
proxy for its conceptualization, is embedded in the broader concept of 
urban sustainability. However, considering a CE, there is a more detailed 
focus on certain thematic groups (e.g., waste) and an analysis of several 
of their different aspects. This is reflected by the use of a multitude of 
different indicators. In broad terms, a CE focuses more on environmental 
issues, while urban sustainability covers social aspects in a more 
extended way. Notably, CE indicator sets do cover some social aspects. If 
CE adopters aim to maintain the concept as up-to-date and innovative, 
then they should clearly differentiate it from existing approaches (i.e., 
urban sustainability), without limiting themselves to replication of those 
perspectives. Finally, the results show that there is a general consistency 
in how indicator sets belonging to the CE and urban sustainability 
groups measure the respective concepts. However, even with a limited 
sample, some indicator sets that aim at assessing CE are found to be 
more similar to those measuring urban sustainability (in terms of STEEP 
categories, SDGs, and thematic groups covered). 

The contributions of this research are manifold. This work advances 
our knowledge on the concept of the CE from theoretical, practical and 
methodological perspectives. First, by analyzing how the concept of CE 

in urban areas has been operationalized, insights are offered on how this 
concept has been interpreted, and what is targeted when aiming at a 
circular urban area. Second, by comparing the aspects of sustainability 
that the CE and urban sustainability focus on, insights are offered on the 
relation between these two multi-faceted concepts and light is shed on 
their overlap as well as on their differences. This can have practical 
relevance for those actors involved in urban transitions: they might 
critically revise their urban agendas to question the suitability and po-
tential of the CE approach in supporting a broader sustainability tran-
sition. Third, from a methodological perspective, an approach is refined 
that proposes the use of indicators as the unit of analysis to elicit pe-
culiarities of concepts such as CE and urban sustainability. It was 
analyzed how these concepts are made operational through metrics, 
which is de facto a way to delimitate the concepts themselves (Mer-
ino-Saum et al., 2020). Developing an indicator set necessarily involves 
trade-offs between potential metrics. Indicator set developers must 
decide what counts and what does not count (each indicator has an 
opportunity cost: if it is included in the final set, it means that other 
candidate indicators are excluded). In more qualitative conceptualiza-
tions, such constraints do not exist, which leads to broader definitions. 
Hence, by looking at indicators, it can be elucidated how a concept is 
operationalized in practical terms. 

Overall, this research informs the debate on the differences and 
overlaps between the concepts of CE and urban sustainability, and is 
expected to support urban communities in finding a match between 
targeted CE objectives and selected indicators. 
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Salmenperä, H., Pitkänen, K., Kautto, P., Saikku, L., 2021. Critical factors for enhancing 
the circular economy in waste management. J. Clean. Prod. 280, 124339 https://doi. 
org/10.1016/j.jclepro.2020.124339. 
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A B S T R A C T   

The Circular Economy (CE) concept has recently gained momentum as a perspective to tackle global challenges 
such as resource scarcity and waste management. Multiple types of interventions have been proposed to support 
the transition towards a CE. This paper aims to (i) categorize CE interventions; (ii) analyze to what extent these 
intervention categories are considered when assessing CE interventions in a specific sector (Construction and 
Demolition; C&D); (iii) suggest indicators for the improvement of CE assessment tools in the context of a CE 
transition in the C&D sector. Through a literature review and expert interviews, we developed a systemic 
framework that categorizes CE interventions into four groups: Research and Realize, Implement, Support, and 
Enable, each considering the so-called 10R-strategies established in the CE field. To understand the relevance of 
these intervention categories in the C&D sector, we analyzed nine indicator sets (252 indicators) used for 
assessing circular interventions. The results show that the category of implementation of the R-strategies receives 
the greatest attention. However, though marginally, some assessments also consider those significant in-
terventions that were categorized as Research and Realize, Enable, and Support. We argue that future assess-
ments should incorporate these interventions, to encourage a systemic approach towards a CE transition. 
Independently from the sector analyzed, the framework can support actors involved in a CE transition, linking 
their contributions to the different categories of interventions and R-strategies, with a satisfactory balance of 
complexity and ease of application.   

1. Introduction 

1.1. The Circular Economy concept 

In recent years, the Circular Economy (CE) concept has gained mo-
mentum as a perspective to tackle major global problems such as 
resource scarcity and waste management (Reike et al., 2018). It is seen 
as an alternative to the traditional linear economic model, contributing 
to environmental sustainability. CE is often conceptualized as an um-
brella term (Blomsma and Brennan, 2017), encompassing both preven-
tive strategies (e.g., functional replacement and dematerialization) and 
life extension of resources (e.g., reuse, recycling, repair). Most defini-
tions of the CE are based upon the definition proposed by the Ellen 
MacArthur Foundation (EMF, 2013), according to which a CE is a system 
“that is restorative or regenerative by intention and design”. In a CE system, 
“products and services are traded in closed loops or ‘cycles’ and material 
flows are recirculated at high rates” (Kraaijenhagen et al., 2016). One 
definition that has recently gained traction is from the work of Kirchherr 

et al. (2017), wherein “a circular economy describes an economic system 
that is based on business models which replace the ‘end-of-life’ concept with 
reducing, alternatively reusing, recycling and recovering materials in pro-
duction/distribution and consumption processes, thus operating at the micro 
level (products, companies, consumers), meso level (eco-industrial parks) 
and macro level (city, region, nation and beyond), with the aim to accomplish 
sustainable development, which implies creating environmental quality, 
economic prosperity and social equity, to the benefit of current and future 
generations”. Many iterations of the existing definitions will likely be 
further developed in the upcoming years, as we are now in a “validity 
challenge period” (Blomsma and Brennan, 2017 p.610), where “theoret-
ical or paradigmatic clarity regarding the CE concept has yet to emerge”. 

In the beginning, CE focused on the implementation of only a few 
circular practices: the so-called 3R-strategies (Reduce, Reuse, Recycle; 
Schulz et al., 2019). Recently, multiple authors have stressed the 
importance of considering up to 10R-strategies (R0 Refuse/Rethink, R1 
Reduce, R2 Resell/reuse, R3 Repair, R4 Refurbish, R5 Remanufacture, R6 
Repurpose, R7 Recycle, R8 Recover, and R9 Re-mine; Reike et al., 2018). 
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Building upon the Lansink’s Ladder – a hierarchy for waste management 
(Lansink, 1979) – these strategies are ordered by priority depending on 
their level of circularity (R0 being the highest circularity level). For 
example, smarter product manufacturing and use are typically preferred 
over the extension of the lifespan of products and their parts, which is 
preferred over recovery and recycling of materials. 

To give structure to the different R-strategies and elicit their inter-
connectedness, several scholars have proposed frameworks to guide 
involved actors in their transition towards a CE, such as the well-known 
Circular Economy Butterfly diagram (EMF, 2013). Similar frameworks 
exist (Cheshire, 2016; Circulareconomylab, 2020; EC, 2018; EIT Raw-
Materials, 2020; Elia et al., 2017; Guzzo et al., 2019; Potting and 
Hanemaaijer (eds), 2018, to cite a few). However, two main shortcom-
ings can be identified in the current literature on CE frameworks1.  

• First, some of the CE frameworks fail to consider the plurality of 
circular strategies that can be implemented. In fact, the CE is most 
commonly represented as a combination of the 3Rs, and the use of 
the 10R-strategy scheme is far from being established (Bressanelli 
et al., 2020; Ghaffar et al., 2020), in a time where it should be 
highlighted that a CE requires a systemic shift (Kirchherr et al., 
2017). Therefore, all the possible R-strategies should receive 
adequate attention, as the three most established R-strategies are just 
one part of the puzzle (Aceleanu et al., 2019).  

• Second, to enable the implementation of the R-strategies, different 
interventions should be put in place, such as education, research, 
awareness campaigns, and financial support, to mention a few 
(Boons and Lüdeke-Freund, 2013; Ghaffar et al., 2020; Mendoza 
et al., 2019; Saidani et al., 2019). To date, these types of in-
terventions are underrepresented in most of the frameworks focused 
on CE interventions. This lack of attention might hinder the transi-
tion process, as the efforts needed to support the implementation of 
the R-strategies are not holistically recognized, assessed, or tracked. 
Those efforts might come from stakeholders such as researchers, 
policymakers, and members of NGOs. Since their potential contri-
bution (e.g., conducting research and development, enforcing laws, 
raising awareness among customers) does not find a place in the 
available frameworks, it might be challenging to identify and coor-
dinate their roles. 

As a consequence of the second shortcoming, criticisms have also 
been raised against the published circularity indicators, highlighting 
their failure in presenting the systemic and multidisciplinary nature of a 
CE (Saidani et al., 2017). Ideally, following the framework within which 
they have been conceived, circularity indicators should inform as to how 
well the CE principles are applied to a product, a service, or a system. 
However, the current indicators are deemed to have only a narrow focus 
on the measurement of how closed the material cycles are (Corona et al., 
2019). Also, the considerable number of indicators used to assess 
circularity that are “popping up across sectors and geographies has created 
an environment of competing and often conflicting indications of actual 
circularity progress achieved” (WBCSD and Climate-KIC, 2018, p.2). A 
research gap exists in understanding to what degree these criticisms are 
valid, especially when several indicator sets are used to assess the same 
concept, such as circularity in a specific economic sector. 

1.2. Aim and structure 

The goals of this paper are (i) to develop a systemic framework that 
comprises and categorizes interventions that could be put into practice 
to achieve a CE; (ii) to apply the framework to a specific sector (Con-
struction and Demolition; C&D sector), in order to understand the extent 
to which the intervention categories of the framework are considered 

when assessing interventions for a CE in the selected sector; (iii) to 
suggest indicators to have more comprehensive CE assessment tools in 
the selected sector, specifically considering underrepresented categories 
of interventions. 

The remainder of this paper is organized as follows: Section 1.3 in-
troduces in detail the concept of a CE in the selected (C&D) sector. 
Section 2 presents the conceptual approach, the data used, and methods 
applied. Section 3 summarizes the results. Section 4 discusses the results. 
Section 5 presents our conclusions, acknowledges the limitations of the 
research, and proposes ideas for further investigation. 

1.3. A CE in the construction and demolition sector 

Transitioning towards a CE requires a holistic and global vision 
(Palafox-Alcantar et al., 2020). Nevertheless, sectoral economic ap-
proaches are essential for initiating discussions and implementing real 
actions. In the European context, the European Commission (EC, 2015) 
developed a package in 2015 to support the European Union’s transition 
to a CE by adopting an action plan to enhance global competitiveness, 
stimulate sustainable economic growth, and generate new jobs. In the 
updated plan (EC, 2020), the EC identified seven key product value 
chains as priorities for accelerating the transition towards a higher de-
gree of circularity. These are: (i) electronics and Information and 
Communications Technologies (ICT), (ii) batteries and vehicles, (iii) 
packaging, (iv) plastics, (v) textiles, (vi) construction and buildings, (vii) 
food, water, and nutrients. 

The C&D sector is crucial for consideration, as it produces the highest 
amount of waste compared with other economic activities worldwide. In 
fact, it accounts for approximately 35% of the total waste generated in 
the European Union (Eurostat, 2016). From a CE perspective, consid-
erable potential exists within the C&D sector, as it is still characterized 
by a linear economic model, founded upon the “take, make, dispose” 
principle (EMF et al., 2015; Stephan and Athanassiadis, 2018). Upon 
demolition, the building products often cannot be disassembled, reused, 
or recycled. Once obsolete, they are discarded and mostly end up in 
landfills (Cheshire, 2016). Actions to make the C&D sector more circular 
include not just recycling, but also: (i) implementing strategies aimed at 
reducing greenhouse gas emissions, (ii) operationalizing processes that 
minimize resource depletion (Hodge et al., 2010; Orsini and Marrone, 
2019; Sieffert et al., 2014), (iii) avoiding the use of toxic materials 
(Fatta et al., 2003), and (iv) diverting waste from landfilling, as landfill 
capacity is becoming limited (Duran et al., 2006). 

Achieving a CE in the C&D sector is a complex challenge as several 
barriers must be considered. Mahpour (2018) identified 22 barriers that 
hinder the transformation from a linear economy to a CE in the C&D 
sector. These barriers include technical issues, but also inadequate 
policies and legal frameworks for the management of C&D waste, 
insufficient awareness, absence of a common and clear understanding of 
the CE in C&D waste management, and a lack of funding to implement 
the CE. Additionally, to overcome transition barriers in this sector, it 
would be necessary to design effective CE models, reinforce the control 
of the source of the materials, enhance supervision and management, 
adopt innovative technologies and market models, and offer economic 
incentives (Huang et al., 2018). 

Based on an analysis of the scientific literature, it appears that a 
comprehensive evaluation considering multiple dimensions (e.g., 
design, environmental, social, economic, technological, policy dimen-
sion, etc.) is mostly absent (Hossain et al., 2020). Recent CE agendas 
focus predominantly on the supply chain of materials (Akinade and 
Oyedele, 2019) and the recovery of construction materials for direct 
reuse (Pan et al., 2015). Therefore, it appears clear that a holistic 
approach, conceptualized through a framework, is needed. This frame-
work should target many interconnected aspects, including awareness, 
legal frameworks, and funding schemes, and should leverage an inter-
disciplinary approach (Pomponi and Moncaster, 2017). Academic con-
tributions such as the present one are key to putting forward a research 1 A broader discussion of CE frameworks is presented in section 3.1. 
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agenda that can support practitioners and society to establish shared 
goals and coordinate action towards a well-orchestrated CE transition. 

2. Material and methods 

2.1. Conceptual approach 

The current scientific literature on CE stresses the importance of 
establishing a reference framework that enables the systemic assessment 
of a CE (Foster, 2020; Meherishi et al., 2019; Schulz et al., 2019). 
However, the way the term “framework” is used in the literature is often 
confusing, especially when the authors overlook the definition and 
interpretation of what a framework is. In our work, we refer to a 
framework as a conceptual scheme used to classify interventions that 
can stimulate the transition toward a CE. 

In regard to interventions for a CE, we use a broad definition of the 
term “intervention” throughout our discussion, based on the Cambridge 
dictionary2, where it refers to “involvement in a difficult situation in 
order to improve it or prevent it from getting worse”. We refer to “in-
terventions” as all types of activities that relate to the R-strategies, e.g., 
research on recycling, organizations of workshops on reuse, academic 
courses on remanufacturing, subsidies for recycling, and so on. 

In order to operationalize a framework and move to the practical step 
of an assessment, indicators play a pivotal role (Alaerts et al., 2019; 
Geng et al., 2012; Su et al., 2013). As explained by Waas et al. (2014), an 
indicator is “the operational representation of an attribute (quality, char-
acteristic, property) of a given system, by a quantitative or qualitative vari-
able (for example numbers, graphics, colors, symbols) (or function of 
variables), including its value, related to a reference value”. The reference 
value can be a goal, a target, a norm, a standard, or a benchmark 
(Gallopin, 1997). Several different objectives might be pursued when 
using indicators, ranging from decision-making and management sup-
port tools, advocacy and communication, participation and consensus 
building, to research and analysis (Morse, 2015; Parris and Kates, 2003). 

In the related literature, indicators have mostly been used as “data 
carriers”, disconnected from the context in which they were developed 
and the intention of the assessor. In this work, we align with current 
streams of research in which indicators play a role as “information” or 
“message carriers” (Lehtonen et al., 2016), communicating arguments, 
ideas, and expectations of the assessment tool developers (Merino-Saum 
et al., 2020). Even though the variety of indicators mentioned in section 
1.1 may represent an issue when comparing circularity assessments, this 
diversity allows for informed insights on the different perspectives on a 
CE and its operationalization. We looked at the indicators as a proxy for 
the interventions that the developers of each indicator set were aiming 
to assess. Following this logic, developers’ selection of specific in-
dicators may indicate their interest in assessing particular CE 
interventions. 

2.2. Research flow 

We conducted our research in six main steps (Fig. 1). Throughout 
these steps, we adopted a mixed-method approach that derived insights 
from both qualitative and quantitative, primary and secondary data. 

Step 1. We analyzed the strengths and weaknesses of how current 
frameworks categorize CE interventions. To do so, we performed a 
literature review of frameworks related to CE interventions. We 
searched for different combinations of keywords in the title and 

abstract using the Scopus database3. We restricted the results to the 
English language and peer-reviewed documents, obtaining 242 re-
sults. We shortlisted those documents proposing or discussing 
frameworks related to interventions for a CE (18 documents were 
retained). A review of the grey literature led to the addition of the 
ReSOLVE framework (EMF et al., 2015), as it is an intervention 
framework developed by the most cited institution in the CE field, 
which is the inspiration behind the majority of CE conceptualiza-
tions. The shortlisted nineteen documents are available in Table S.1 
(Supplementary material). 
Step 2. Based on the literature review of frameworks performed in the 
first step, we developed a new systemic framework for categorizing 
CE interventions, applicable to any economic sector. The framework 
was developed by triangulating the information retrieved from the 
literature review and the insights provided by the experts inter-
viewed (step 3). Similar examples of this process can be found in the 
literature, where gaps are first identified, and then new frameworks 
are developed (e.g. Dhir et al., 2020; Govindan et al., 2021; Millette 
et al., 2020). We grouped interventions into a parsimonious yet 
comprehensive number of clusters, challenging its consistency with 
the interviewed experts. 
Step 3. We conducted six expert interviews pursuing three main ob-
jectives: (i) to gain insights on the challenges faced for the imple-
mentation of a CE, (ii) to iterate the systemic framework, and (iii) to 
propose additional indicators, specifically within the C&D sector, 
that have not yet been considered by indicator sets developers. The 
experts were selected because of their involvement in activities 
linked to the CE in Switzerland. Four of the experts worked specif-
ically in the C&D sector, while the others worked on transversal 
projects encompassing multiple sectors. The experts were 
approached via the researchers’ professional network. The in-
terviews were conducted in-person or over the phone and lasted 
approximately one hour. Further details on the interviewees are 
provided in Table S.2 (Supplementary material). We transcribed the 
interviews and analyzed the content through an inductive approach, 
eliciting the different perspectives of the experts. 
Step 4. Indicator sets assessing a CE in the C&D sector were identified 
through the research in the academic literature and the grey litera-
ture. These indicator sets represented the sample to perform our 
analysis aimed at: (i) testing the validity of the developed frame-
work, i.e., if the categories of the framework were able to cover all 
the indicators used to assess a CE in a specific (C&D) sector; (ii) 
understanding the weight (in terms of the number of indicators) 
given to the different categories of the framework within the 

Fig. 1. Steps of the research project.  

2 Available at: https://dictionary.cambridge.org/dictionary/english/inte 
rvention 

3 The search was performed and updated in October 2019. Keywords: “cir-
cular economy” AND (“framework” OR “taxonomy” OR “indicator*”) AND 
(“strateg*” OR “action*” OR “intervention*”) 
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different indicator sets. For academic contributions, indicator sets 
were obtained through a Scopus internet search. For inputs from 
practitioners, we used the search engine Google.com4. An overview 
of the indicator sets that formed our sample is depicted in Table 1. 
We obtained and analyzed the indicators from four academic papers, 
two governmental reports, and three organizational reports. Set A, B, 
C, D were developed by academics; set E and F by governmental 
organizations; sets G, H, I by other types of organizations. Since we 
were focusing on a CE in the C&D sector considering multiple levels 
of assessment (macro, meso, micro), the indicator sets retrieved 
referred to several levels at which a CE can be implemented in the 
C&D sector. The number of indicators per set varied from 12 to 64, 
with an average of 28 indicators per set (252 in total). 
Step 5. Each indicator was linked to only one category of the 
framework (operationalization of the framework). This was a key 
step: we would have needed to reconsider the framework itself, if we 
could not link each indicator to one of the framework categories. 
Two researchers independently linked each indicator to one inter-
vention category. Then we computed an inter-rater reliability score 
to check for the level of agreement between the two assessments 
made separately by the researchers. In case of disagreements, the 
indicators were discussed until agreed upon, following a similar 
strategy to the one implemented by other researchers dealing with 
the categorization of indicators (e.g., Ahvenniemi et al., 2017; 
Merino-Saum et al., 2018; Moraga et al., 2019; Saidani et al., 2019). 
We calculated the extent to which the nine indicator sets cover, on 
average, the categories of the framework. To obtain these values, we 
computed, for each category, the average coverage of the category 
based on the nine indicator sets. As a guideline on how the link be-
tween indicators and categories was made, we report in Table S.3 
(Supplementary material) the allocation of categories for each indi-
cator of the indicator set “E” as an example. We performed the 
Pearson’s Chi-Square test of independence to test if there were sig-
nificant differences in the coverage of each category of the frame-
work across the sets. However, since the Chi-Square is an omnibus 
test, it shows a significant difference if at least one value significantly 
deviates from the expected value. In order to know precisely which 
sets covered which of the framework’s categories in a significantly 
different way than the average, we performed a post-hoc Chi-Square 

test. To obtain a comparable overview of the weight given to each 
category of the framework by the indicator sets, we divided the 
number of indicators covering each category by the total number of 
indicators in that specific set. We then computed the average 
coverage of each category (across the nine indicator sets) to obtain 
an overall average coverage of the categories within our sample. 
Step 6. We proposed additional indicators specifically for what con-
cerns the C&D sector. These suggestions were based on the gaps that 
we identified in the literature review, and on the suggestions pro-
vided by the experts that we interviewed. The additional indicators 
suggested relate to the interventions that we found underrepresented 
in the indicator sets analyzed in step 5. 

3. Results 

3.1. Literature review of frameworks 

The nineteen documents shortlisted through the literature review 
can be divided into two clusters. Most papers (twelve) focus on business 
models for a CE, while the seven remaining documents conceptualize the 
CE strategies more systematically. In these seven shortlisted papers the 
authors attempted to develop a conceptualization that categorizes the 
different kinds of interventions that can support the transition to a CE. 

For example, Hopff et al. (2019) developed a framework to under-
stand the various dimensions and scales of campus operations, and how 
to implement circular principles in campus development. Despite the 
narrow scope (the campus), the developed framework went beyond the 
sole analysis of the implementation of R-strategies. It gave space to the 
strategic level, which focuses on setting goals and policies, the tactical 
level (where processes are set up and the realization of goals is steered), 
and, finally, the operational level, where goals are achieved. Guzzo 
et al. (2019) identified practices (methods) for the operationalization of 
R-strategies; they expanded the discussion to the importance of 
considering different perspectives (conceptual, strategic, and practical) 
for bridging the conceptual and practical phases in circular innovation. 
Lieder and Rashid (2016) proposed a CE implementation strategy whose 
feasibility relates to legislation and policy, support infrastructure, social 
awareness, collaborative business models, product design, supply chain, 
and information and communication technology. Prendeville et al. 
(2018), who built on the ReSOLVE framework (EMF et al., 2015), 
developed a circular city policy intervention typology: a matrix con-
necting circular city principles (e.g., “regenerate”, “share”, “optimize”) 
and different strategies (e.g., “knowledge development”, “collaboration 

Table 1 
Indicator sets that form the sample of this study.  

Indicator set 
identifier 

Authors Author 
typology 

Year # of 
indicators 

Focus & authors’ grouping of indicators 

A Núñez-Cacho et al. Academia 2018a 15 Measuring circularity thinking in a construction company. 3 levels: Organizational, 
Process, Workgroup levels 

B Yi and Liu Academia 2016 12 CE in construction enterprises. 3 categories: resources and benefits, resource recycling, and 
resource output 

C Nuñez-Cacho et al. Academia 2018b 44 Measuring CE in the construction sector. 6 dimensions: transition to CE, material 
management, energy, water management, 3 Rs: Reduce-Reuse- Recycle, Emissions 
generated, Waste management 

D Gravagnuolo et al. Academia 2019 17 Screening of circular economy actions in emerging circular cities. 10 categories 
E Potting and 

Hanemaaijer 
Government 2018 41 Monitoring the progress of the CE in general, and also for the C&D sector. Effect indicators, 

Indicators for transition dynamics monitoring for circularity initiatives 
F Allen et al. Government 2017 14 Applying CE principles to the built environment sector. Project phases 
G Circle Economy et al. Organization 2018 64 General framework for circular building. 7 categories: Materials, Energy, Water, 

Biodiversity and ecosystems, human culture and society, health and wellbeing, multiple 
forms of value 

H Supply chain 
sustainability school 

Organization NA 18 Indicators for the construction industry in order to monitor and report on their progress 
towards the CE. Core sustainability indicators, metrics to calculate core sustainability 
indicators, supplementary indicators, commercial information 

I Madaster Organization 2018 27 Improve circularity-oriented building design. 3 different phases: construction, use, End-of- 
Life; Other sustainability indicators are used, related to: energy, water, environmental 
footprint, carbon footprint, and other risks  

4 The search was performed in April 2019. Keywords: “indicator*” AND 
“circular” AND (“construction” OR “building”) 

V. Superti et al.                                                                                                                                                                                                                                  



Resources, Conservation & Recycling 173 (2021) 105711

5

platforms”, “business support schemes”). 
Through our review, we also noted an emphasis on the importance of 

the role of different actors in a CE (e.g., government, start-up incubators, 
researchers), not just those directly producing, consuming or recycling 
products. For instance, Pinheiro et al. (2019) proposed an integrative 
framework and mentioned the role of different stakeholders (customers, 
government, and legislation) as key drivers for a CE. However, we found 
that the frameworks do not explicitly and sufficiently highlight that the 
CE (i) requires a systemic shift, (ii) needs to include the collaboration, 
partnership, and involvement of several stakeholders (academics, pro-
fessionals, businesses, government bodies), and (iii) necessitates societal 
and behavior changes. While sporadically mentioned in the analyzed 
frameworks, these aspects are not explicitly outlined within any of the 
frameworks analyzed. 

Among the contributions analyzed, we based the development of our 
framework mainly on the work of Prendeville et al. (2018), as we found 
it to be one of the most overarching and structured frameworks currently 
available. However, we found that the six circular city principles were 
not completely aligned with the 10R-strategies, and that no type of in-
terventions was including the mere implementation of the strategies. As 
we will present in Section 3.3, the newly developed framework makes 
explicit all of the core categories of interventions. 

3.2. Results of interviews 

From the expert interviews, we derived three main insights that 
enriched the findings of the literature review.  

• First, when asked about their opinion on some of the frameworks 
currently used for a CE (i.e., Cheshire, 2016; Potting and Hane-
maaijer (eds), 2018), interviewees stressed the importance of 
considering additional strategies as opposed to settling on the 
most-cited 3R-strategies (Reduce, Reuse, and Recycle). While these 
latter strategies are relevant, all interviewees stressed the importance 
of a shift in mentality, starting with Refuse, which is required to 
rethink and enable the transition towards a CE. Also, Recycling 
should be seen as a short-term solution, possibly substituted by other 
strategies that could better maintain the value of the pro-
duct/service. This mentality shift requires both a social aspect and 
awareness, which are primordial for behavioral change and, there-
fore, for the transition. However, these are often missing in the 
frameworks cited above, in which most emphasis is on what needs to 
be done to achieve a CE, rather than how this should be done. A more 
systemic view on the CE is therefore required.  

• Second, the interviewees commented on specific aspects that the 
frameworks did not include. Economic factors, such as financial 
support, taxes, trade, and industry collaboration, should be included. 
The interviewees also shared that aspects such as regulation, 
research, and increased awareness of all actors on the CE were 
omitted, only implicitly stated, or taken for granted. In fact, the 

experts stressed the importance of legal aspects and requirements, 
government support, and public awareness for behavioral change for 
the transition towards a CE, which are missing in the available 
frameworks.  

• Third, a key insight was the need for all actors to link their activities 
to a specific dimension of the CE, to find their place in the efforts 
made towards implementing a CE. The available frameworks do not 
make the role of these actors explicit, giving the impression that their 
contribution might only be marginal. A CE transition requires 
recognized and orchestrated efforts by all actors in a CE. 

The triangulation of the literature review results with the insights 
from the interviews allowed us to develop and iterate a new framework, 
which we elaborate on in the following section. 

3.3. The RISE framework 

The RISE framework (Fig. 2) depicts four categories of interventions: 
(i) “Research and Realize”, (ii) “Implement”, (iii) “Support”, and (iv) 
“Enable”. All categories are in reference to the 10R-strategies. We 
extensively elaborate on issues related to the number and coverage of 
the four categories in the discussion Section 4.1. 

The category “Research and Realize” aims at capturing the act of 
research by professionals and academics, who conceptualize a CE and 
guide its implementation. This act is often omitted from CE frameworks 
(Inigo and Blok, 2019). Researchers and professionals share and 
disseminate their knowledge of CE by publishing the outcome of their 
work. By organizing talks, discussions, and workshops, they encourage 
other stakeholders to undergo a CE transition. Research is incorporated 
into our framework since it is an engine for advancing technologies that 
can make our systems circular (Geng et al., 2012). Additionally, Lakatos 
et al. (2016) highlight how the roles and importance of non-economic 
actors, such as NGOs, in raising awareness among consumers and soci-
ety at large are often neglected. Finally, educational development and 
reinforcement are essential components that need to be considered 
when conceptualizing relevant interventions for improving the circu-
larity of our systems (Buil et al., 2017; Kirchherr and Piscicelli, 2019). 
We include all these concepts into the notion of “Research and Realize”. 

The category “Implement” covers the application of the R-strategies, 
i.e., applying, deploying, or executing CE strategies that specifically deal 
with the CE’s technical, material and biological aspects. The imple-
mentation of the R-strategies is what the majority of the frameworks 
incorporate well. It is undoubtedly a key component of a framework 
envisioned to categorize all types of interventions that move society 
towards a CE. By definition, implementation refers to “the act of starting 
to use a plan or system” (Cambridge Dictionary5). The primary purpose of 
this effective execution is to achieve the sole aim of the R-strategy 
considered. For instance, installing a recycling machine in a factory 
relates to the execution of an action within a project associated with the 
Recycle strategy. 

The category “Support” encompasses the actions of organizations 
and governmental, local, and regional authorities, whose role is pivotal 
in promoting and advancing the transition towards a CE (Alaerts et al., 
2019). De Jesus and Mendonça (2018) explain how, in the scientific 
literature, “soft” institutional and regulatory drivers are often cited as 
factors facilitating a CE. Public policy measures (e.g., legal frameworks, 
taxes, incentives) addressing market failures are emphasized. These are 
typically national policy interventions aimed at creating fiscal in-
centives for a CE. Other kinds of “Support” include infrastructure and 
green or public procurement for a CE (Bag et al., 2020). The provision of 
subsidies, research grants, and funds to promote and implement circular 
projects is also considered a means of “Support”. Jobs and employment, 

Fig. 2. The RISE framework.  

5 Available at: https://dictionary.cambridge.org/dictionary/english/imple 
mentation 
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human capital, trade flows, as well as the incorporation of CE principles 
in tenders, quotas, tariffs, and taxes are also acknowledged as means of 
“Support”. 

Finally, the category “Enable” aims at capturing initiatives and 
projects that enable the transition towards a CE and which were found to 
be relevant to include in a framework for assessing the different in-
terventions leading to a CE (Patricio et al., 2018; Prendeville et al., 2018; 
Veleva and Bodkin, 2018). Enablers considered are bottom-up and social 
initiatives that organizations, businesses, or civil society could run. 
These could include collaboration platforms and networks, and entre-
preneurial activities and projects, aimed at expanding knowledge and 
providing businesses or partners with the right tools to implement 
circularity. Other enabling interventions are start-up accelerators and 
CE incubators, social movements, CE business model advisory support 
schemes, the deployment of tools such as documentation and tracking 
schemes, and innovative technologies such as Building Information 
Modelling and Material Passports (if the C&D is considered). CE di-
rectives, regulations, and laws also contribute as enablers towards a CE 
(e.g., banning toxic materials or imposing the use of recycled ones). 

To further explain the interventions that each category could cover, 
some examples are provided in Table 2. 

3.4. Analysis of the indicators 

Fig. 3 shows the extent to which the nine indicator sets cover, on 
average, the four categories of the RISE framework. The results show 
that, on average, 70% of the indicators reported in the indicator sets in 
our sample are used by the indicator sets’ developers to assess in-
terventions related to the “Implement” category. These indicators 
measure, for instance, how much waste is being recycled, reused, or 
avoided. Interestingly, these indicator sets are not limited to include 
only the topic of waste. Topics such as water usage, greenhouse gas 
emissions, and energy consumption are also included in the assessments. 
Also, the results show that other categories of interventions are assessed, 
which we have categorized as “Research and Realize”, “Support”, and 
“Enable”. 

Fig. 4 shows how each of the indicator sets of our sample covers the 
four RISE categories. Pearson’s Chi-Square test of independence shows 
that the indicator sets are significantly different from each other6. The 
results of the post-hoc Chi-Square test7 show that Set A covers the 
“Implement” and “Enable” categories in a significantly different way 
than the average percentage of coverage of each RISE category. While 
there is less focus on the “Implement” category, more focus is given to 
the “Enable” category. Set E is significantly different from the average 
values for the categories “Research & Realize”, “Implement”, and 
“Support”. In this set, each of the four categories of the RISE framework 
exceptionally receives almost the same share of attention. Set G gives 
more attention to the “Enable” category. Finally, set I only focuses on the 

“Implement” category, even more predominantly than anticipated by its 
size (27 indicators). 

Based on the literature review and the insights derived through the 
interviews of experts, we proposed potential indicators related to the 
RISE framework, and specifically for the C&D sector (Table 3). We 
focused on suggesting indicators that could assess the CE interventions 
that receive less attention by indicator set developers. We did not pro-
pose additional indicators covering the “Implement” category, as most 
indicators retrieved from literature and analyzed were already impli-
cated in the assessment of this category. The proposed indicators relate 
to (i) “Research and Realize” (e.g., number of publications, patents, 
number of talks, discussions, exhibitions related to CE), (ii) “Support” (e. 
g., Taxes on landfilling), and “Enable” (e.g., Reverse logistics and take- 
back schemes set in place). These indicators do not represent a list to be 
used as an assessment framework, but rather serve as a suggestion for 
fine-tuning those frameworks demanding a more balanced assessment 
approach. As we will further discuss in Section 4.2, this list is a starting 
point for evaluating additional indicators that could be integrated into 
future measurement tools. 

4. Discussion 

The goals of the research were (i) to develop a systemic framework 
that comprises and categorizes possible interventions that could be put 
into practice to achieve a CE; (ii) to understand to what extent the 
intervention categories of the framework are taken into consideration 
when different indicator set developers assess interventions for a CE in 
the C&D sector; iii) to suggest indicators for the improvement of the CE 
assessment tools and to make recommendations for indicator set 
developers. 

Our discussion focuses on (i) the contextualization of the results in 
relation to the current scientific literature, (ii) the proposal of potential 
applications of the framework, and (iii) the scientific and practical 
contribution of our work. 

4.1. Contextualizing the results 

We aligned our approach for developing the framework with the 
proposition of Prendeville et al. (2018), maintaining a specific separa-
tion between what we refer to as “Enable” and “Support” categories of 
interventions. In our framework, the “Enable” category includes the 
groups of “Collaborative platforms”, “Regulatory frameworks”, and 
“Bottom-up initiatives” reported by the Circular city project map. More-
over, our category “Support” covers the group of “Business support 
schemes” and “Procurement and infrastructure”. Finally, the category 
“Research and realize” comprises the group “Knowledge development” 
of the Circular city project map. For this specific category, we clarify our 
focus on both knowledge production and dissemination, adding the 
word “Realize”. Behavior change is undoubtedly needed for a CE tran-
sition (Parajuly et al., 2020). Nevertheless, awareness itself is an indis-
pensable precondition: social awareness is crucial for a successful 
transition from a linear to a CE as customers are an integral part of a CE 
(Lieder and Rashid, 2016). However, customers are not the only 

Table 2 
Interventions comprised in each category of the RISE framework.  

Categories of the 
framework 

Examples of interventions: 

Research & Realize Research and awareness, knowledge development and expansion, talks, discussions, workshops, education, community and social involvement 
Implement Assessment of materials and energy flows and their quantities, footprints (carbon, water, etc.), waste quantities and quality, structures, design, and the 

process or building model itself 
Support Financial incentives, funding, subsidies, taxes, quotas, public procurement, employment and human capital 
Enable Application of laws, directives and regulations – technologies, material passports, information sharing systems and tools, documentation practices, 

collaboration and partnerships among actors  

6 The hypothesis that the sets similarly cover the four categories of the RISE 
framework is rejected (χ2 (24, N=252) = 148.16, p<0.05).  

7 Adjusted p level of 0.05 for the post hoc test, therefore p<0.0014. 
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concerned actors. In our work, we highlight the importance of aware-
ness among all involved actors. Policymakers, for example, have the 
power to change laws and pave the way for a CE transition. 

Our conceptual exercise showed the possibility of linking each of the 
indicators in our sample to one of the four RISE categories. This is in line 
with the recommendations of authors who have highlighted the 
importance of developing a clear and straightforward assessment 
framework, to ensure ease of applicability, both in the context of a CE 
assessment or a sustainability assessment in general (Sala et al., 2015). 
This relates to the benefits of offering tools developed in an academic 
context for the use of practitioners and of the general public. In fact, 
creating tools that are too theoretical, abstract, complex, or impossible 
to operationalize hinders the usefulness of the research efforts and 
contributes to the exacerbation of the science-practice gap (Bertuol--
Garcia et al., 2018). 

The application of the RISE framework in the C&D case showed that, 
on average, considering the sample of indicator sets analyzed, the 
greatest attention is given to “Implement” interventions. In some cases, 
indicator sets developers also use indicators to assess “Research and 
Realize”, “Enable”, and “Support” interventions. In addition, when 
comparing individual indicator sets of our sample, we found a signifi-
cant difference in the coverage of the four RISE categories of in-
terventions. No real patterns were identified that could explain the 
different coverage of the categories by the indicator sets (i.e., the type of 
developer - academics, governments, organizations – was insufficient to 
explain this variation). The difference could be motivated by a diverse 
conceptualization of a CE in the C&D sector depending on the de-
velopers of the indicator sets. 

Overall, comprehensive studies which include a systemic approach, 
methodological issues, indicators, and frameworks are minimal, and 
they focus mostly on construction waste minimization and recycling 
(our “Implement” category) (Schraven et al., 2019). The results of our 
conceptual exercise (linking all the indicators to the four categories of 
the RISE framework) cannot be directly compared to any other pub-
lished research as, to our knowledge, ours is the first attempt to oper-
ationalize such a framework. As the effective and systemic 
implementation of a CE in the C&D sector is just beginning (Adams et al., 
2017; Leising et al., 2018), we contribute to the development of this 
more systemic transition by adding three categories other than “Imple-
ment” to the possible types of interventions. 

4.2. Proposed applications 

All actors who can have a role in the transition towards a CE 
(whether the transition occurs in general or in a specific industry) fall 
within the target of the RISE framework (e.g., policymakers, researchers, 
entrepreneurs, NGOs, project founders, start-up incubators). In our 
work, we specifically looked at which categories of interventions every 

actor could have agency on. Knowing that the transition to a CE involves 
a complex network of many actors (Hopff et al., 2019), we consider 
some actors not always recognized in the established literature (e.g., 
start-up incubators and networking organizations). 

In Table S.4 (Supplementary material), we propose a matrix that 
allows concerned actors to better position themselves within the 
framework, by highlighting to which category of the RISE framework 
and R-strategy their roles and potential agencies might be linked. In 
doing so, the framework could aid in overcoming some of the existing 
barriers to the achievement of a CE. In fact, by allowing actors to map 
their potential contribution according to an established framework, it 
could serve as a shared communication tool and could foster interaction 
and partnerships among the actors involved. Overall, the framework 
could facilitate the discussion on the different roles and agencies of the 
parties involved in a CE transition, so that no efforts are marginalized 
but are instead recognized and championed. 

Additionally, the framework could be used by policymakers to fulfill 
two main aims. First, policymakers could map the number and diversity 
of (local/national) CE actors based on their potential role, assess the 
currently available resources within the established geographical 
boundaries, and determine whether additional ones were needed. Sec-
ond, policymakers could use the framework to categorize planned policy 
interventions and enhance their overarching coverage, potentially 
identifying policy elements that were missing for a systemic transition. 

Furthermore, the framework could be key when opening calls for 
applications for CE research or applied projects. The framework and its 
extension provided in Table S.4 (Supplementary material) could be used 
as a guiding tool by project founders to categorize the required CE in-
terventions and increase the level of detail of their project description. 
This clear project description could help the reviewer of the project 
applications to better understand how the involved applicants could 
systemically contribute to a CE transition. Furthermore, making agency 
explicit can support trust among stakeholders and foster collaboration 
and the transition (Binder et al., 2020). The project applicants could 
then use the framework and the matrix to show how all the parties 
involved in the project could take responsibility for specific categories of 
interventions in order to contribute to synergistically transitioning to a 
CE. 

When developing an indicator set aimed at assessing the circularity 
of the C&D sector more systematically, the proposed indicators (Table 3) 
offer a valuable source of inspiration. As Turnheim et al. (2020, p.118) 
pointed out, “policymakers may need new skills to deal with a variety of 
stakeholders (beyond large firms), manage and evaluate experiments 
(including acknowledging inevitable failures), and monitor progress on 
multiple dimensions (not just costs). This implies a major opportunity to 
develop new indicators, evaluation procedures, and assessment tools that can 
help in governing transitions”. For selecting which indicators to use, 
additional work is undoubtedly required to verify the feasibility and 
meaningfulness of collecting relevant data in a specific context (city, 

Fig. 4. Different coverage of the RISE categories across the nine indicator sets.  

Fig. 3. Average coverage of the RISE categories.  
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nation, etc.). The social and political characteristics of indicators, as 
much as their scientific qualities, should be thoroughly considered in 
terms of how they may support a CE transition, as well as a sustainability 
transition in general (McCool and Stankey, 2004). The proposed in-
dicators have the twofold potential to challenge the current assessment 
frameworks and constructively offer ideas for their improvement. 

4.3. Scientific and practical contribution 

With the development of the RISE framework, we contribute to the 
mainstream of a holistic approach and to the overall discussion on how 
to transition towards a CE. We stress how the implementation of CE is 
tightly related to three ancillary categories of intervention (“Research 
and Realize”, “Support”, and “Enable”). We emphasize that each of the 
four categories (“Research and Realize”, “Implement”, “Support”, and 
“Enable”) can be linked to any of the 10R-strategies, and that strategies 
of high-circularity level should be prioritized. In fact, the analysis of the 
interviews highlighted how important strategies such as Refuse and 
Rethink are for a successful CE transition. 

By analyzing how the circularity of the C&D is assessed through the 
use of indicators, we offer evidence of the ease of applicability of the 
RISE framework, which may be used to assess CEinterventions in any 
economic sector. We put forward an approach that, within a relatively 
small sample (nine indicator sets), allows for highlighting substantial 
differences in the way CE is assessed. In this regard, the potential of the 
developed framework is that it effectively elicits these differences in 
conceptualizations, highlighting the shortcomings and barriers of cur-
rent CE frameworks Section 3. 

Methodologically, our work contributes to the development of a 
research approach that uses indicators as units of analysis and assess-
ment, going beyond their role as “data carriers”. We identify them 
instead as “information carriers”. We emphasize the value that 

indicators can have in research, as they mirror different perspectives, 
conceptualizations, and aims of indicator set developers. With our work, 
we contribute to this incipient line of research (e.g., Ahvenniemi et al., 
2017, Merino-Saum et al., 2020), supporting the refinement of ap-
proaches that use indicators as units of analysis. 

5. Conclusions 

The concept of a CE has rapidly gained momentum and is used by 
multiple actors to align their plans towards a more sustainable society. 
However, what a CE exactly entails remains unclear, and actors involved 
in a CE transition set different priorities based on their capabilities and 
agendas. A transition towards a CE requires a more holistic approach 
and a concerted effort from all parties. By developing a systemic 
framework that comprehensively encompasses the possible in-
terventions that can be put in place to transition towards a CE, this study 
improves our understanding of a CE in general, and in the C&D sector 
more specifically. 

The RISE framework links interventions related to the “Research and 
Realize”, “Implement”, “Support”, and “Enable” categories to all the 
10R-strategies established in the CE field. The analysis of the in-
terventions assessed in the C&D sector validate the general trend that 
the “Implement” category is the most assessed category, while indicator 
sets only partially consider the remaining three categories. We recom-
mend that future indicator set developers conceive more comprehensive 
indicator sets. The focus of the assessment shall not solely be directed 
towards the implementation of strategies of low circularity level, but 
also consider the transition of our economic sectors from a systemic 
perspective. 

We acknowledge some limitations of the research performed. First, 
the search terms used for the literature review of the frameworks might 
have reduced the number of results that we could retrieve. Adding terms 

Table 3 
Indicator suggestions and description, preferred trend, and RISE category of reference.  

Indicator suggestions and description Preferred increase (+) or 
decrease (-) 

RISE categories 

Number of Academic Laboratories involved with research on CE (or sustainability in regard to CE) in the C&D sector (e.g., 
research in buildings design for CE, research on innovative building materials) 

+ Research and 
Realize 

Number of academic platforms and panels (i.e., students and researchers sharing the outcome of their work and ideas regarding 
CE and discussing CE) 

+ Research and 
Realize 

Number of exhibitions or projects held concretely demonstrating CE strategies in the built environment (e.g., reuse in building 
construction, architecture/design with reused elements) 

+ Research and 
Realize 

Number of investors/real estate project owners or investments in circular buildings or circular real estate projects + Support 
Number of philanthropic organizations or foundations funding or donating money in support of circular economy initiatives and 

implementation (whether through funding research projects, or through the financing of tools or platforms that drive 
circularity) 

+ Support 

Taxes on landfilling (amount/ton of waste) + Support 
Number of green suppliers + Support 
Number of green deals + Support 
Number of NGOs, organizations, and associations working on advancing CE (e.g., through, collaborations, platform exchanges) + Support 
Number of people involved in NGOs, organizations, and associations that aim at advancing CE in the built environment sector + Support 
Number of partner constructions companies involved with CE projects, who are rethinking their production and business models 

according to CE principles, and aim the implementation of circularity 
+ Enable 

Number of different partners from the construction industry/built environment sector brought together, attending, and 
addressed by CE workshops 

+ Enable 

Activity or frequency level of products/materials reuse platforms (number of times people visit the platform page, number of 
times people offer reusable products, number of times architects/designers buy from these reuse platforms). 

+ Enable 

Number of platform initiatives, ideas/solutions/tools devised and established to further promote circularity and facilitate 
collaboration among the construction industry stakeholder 

+ Enable 

Number of leadership development programs set in place to raise greater awareness among individuals involved with the 
construction process and develop individuals (in relation to CE) 

+ Enable 

Number of online social collaboration platforms that bring together CE organizations and members of those organizations 
worldwide, enabling more collaboration and sharing, and overall communication 

+ Enable 

Number and variability of reusable elements collected, offered on reuse platforms and available for designers to choose from + Enable 
Reverse logistics and take back schemes set in place + Enable 
Number of architecture companies/bureaux designing/working with re-usable building components + Enable 
Number of construction companies/participants using specific technologies or active on platforms that promote CE in the C&D 

sector 
+ Enable  
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such as “measure*” could have resulted in additional contributions to 
analyze. However, we believe that as a start, the 242 search results 
offered a valuable initial point to derive insights and drive the discussion 
during the interviews held with experts. 

Moreover, a certain level of subjectivity influences the categorization 
of interventions. As previously highlighted, other frameworks have been 
developed that categorize interventions in multiple ways (e.g., Prende-
ville et al., 2018). For example, we acknowledge that the distinction 
between the “Enable” and “Support” categories might appear blurred in 
some cases. However, providing a guide (as in Table 2) can support the 
replicability of our results. A certain degree of subjectivity also perme-
ates the link between the indicators and the selected RISE category. 
However, as explained in the methodological section, we took this issue 
into account and worked to address it. 

In regard to the indicator sets analyzed, the number was limited to 
nine, as the research was performed in English, thus excluding docu-
ments published in other languages. A higher number of sets could have 
provided different results for the statistical analysis, in terms of the 
coverage of the categories. We only focused on the indicator sets that 
deliberately assess a CE in the C&D sector. Our approach was inten-
tionally narrow in scope (the C&D sector) to allow for maximum 
comparability of the results and to show how the framework could be 
easily operationalized. 

As a final limitation of this study, we acknowledge that involving 
more actors for the interviews could be beneficial for improving the 
robustness of the results. Specifically in relation to the discussion on the 
C&D sector, interviewing more actors such as project investors, project 
developers, and demolishing companies, could add to the perspectives 
of the C&D experts that participated in our research. 

Future research could apply the same indicator-based approach to 
replicate the analysis in other sectors, potentially eliciting sector- 
specific peculiarities (e.g., different coverage of the four RISE cate-
gories). As highlighted in multiple sections of the paper, we see in-
dicators as information carriers that can offer different types of insights 
on what is deemed important to be measured by the assessors. There-
fore, it would be interesting to perform an analysis of indicator sets 
based on, for instance, the most used indicators, or the most covered CE 
topics (such as waste, energy, water). This would highlight the level of 
overlap among the indicator sets. 

Valuable insights about the potential integration of the proposed 
indicators into future measurement tools could be derived through the 
involvement of different stakeholders in the C&D sector. Also, by 
gathering stakeholders’ knowledge, additional categorizations could be 
developed to group the proposed indicators, e.g., based on a distinction 
among actor, process, and product level. This additional level of cate-
gorization could make the indicators’ interpretation and application 
easier. 

Further studies could also focus on analyzing policy reports, rather 
than indicators, to understand the relative importance given to the four 
RISE categories when planning how to steer a CE transition. Finally, 
other lines of research could look specifically at the agency of different 
actors involved within the different categories of the framework, using 
the framework and the matrix proposed to shed light on actors’ roles and 
potential contributions, and to support them with indicators to track the 
results of their efforts during a CE transition. 
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Abstract: With increasing urbanisation, new approaches such as the Circular Economy (CE) are
needed to reduce resource consumption. In Switzerland, Construction & Demolition (C&D) waste
accounts for the largest portion of waste (84%). Beyond limiting the depletion of primary resources,
implementing recycling strategies for C&D waste (such as using recycled aggregates to produce
recycled concrete (RC)), can also decrease the amount of landfilled C&D waste. The use of RC still
faces adoption barriers. In this research, we examined the factors driving the adoption of recycled
products for a CE in the C&D sector by focusing on RC for structural applications. We developed a
behavioural framework to understand the determinants of architects’ decisions to recommend RC.
We collected and analysed survey data from 727 respondents. The analyses focused on architects’
a priori beliefs about RC, behavioural factors affecting their recommendations of RC, and project-
specific contextual factors that might play a role in the recommendation of RC. Our results show
that the factors that mainly facilitate the recommendation of RC by architects are: a senior position,
a high level of RC knowledge and of the Minergie label, beliefs about the reduced environmental
impact of RC, as well as favourable prescriptive social norms expressed by clients and other architects.
We emphasise the importance of a holistic theoretical framework in approaching decision-making
processes related to the adoption of innovation, and the importance of the agency of each involved
actor for a transition towards a circular construction sector.

Keywords: circular economy; construction and demolition; survey; recycled concrete

1. Introduction

With around 50% of its population living in cities [1], the world is becoming increas-
ingly urban. While cities produce 80% of worldwide GDP, they also consume 75% of
worldwide resources and produce 80% of global CO2 emissions [2]. Thus, a transition
towards urban sustainability is crucial [3,4]. To reduce resource consumption in cities, the
Circular Economy (CE) has been proposed as a key concept as it focuses on using resources
more efficiently through value retention processes and the minimisation of the amount of
waste produced [5]. Although there are multiple strategies that can be implemented for a
CE [6], recycling is the strategy that has received the most attention in the CE discourse to
date [7].

While transitioning towards a CE requires a holistic and global vision [8], it is fun-
damental to initiate a discussion based on specific economic sectorial perspectives, in
order to trigger causal loops that might pave the way for a global transition. For example,
the European Commission [9,10] adopted an action plan to enhance global competitive-
ness, stimulate sustainable economic growth, and generate new jobs. Eight key product
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value chains were identified as priorities for accelerating the transition towards circularity.
Among these value chains, the Construction and Demolition (C&D) sector is of particular
interest, accounting for the highest amount of waste produced worldwide as compared to
other economic activities (approximately 35% of the total waste generated in the European
Union [11]). Today, cities are keen to learn about eco-innovation that can reduce their
environmental impact, but need guidance and knowledge about best practices [12].

As the economy grows and the population increases, so do construction activities.
In Switzerland, the construction industry is a “colossal business” [13], with the sector
accounting for 50% of total primary energy demand and about 30% of total GHG emissions.
In Switzerland, between 70 to 80 million tonnes of construction materials are required
annually [13,14], and C&D waste represents the highest portion (84%) of total waste
produced. While 75% of excavated materials and about 70% of deconstruction materials
are recycled, a substantial amount of deconstruction materials (over 5 million t/a) is
still landfilled or incinerated [13]. It seems clear that the recycling of C&D waste can be
further enhanced.

C&D waste can be defined as a mixture of surplus, damaged products, and materials
issuing from the construction, refurbishment, and demolition processes [15]. C&D waste
recycling is receiving increased attention in Switzerland [16,17], not only for mitigating
primary mineral resource depletion and associated environmental supply chain impacts
(e.g., [18,19]), but also for minimising C&D waste streams to landfills [20–22]. In Switzer-
land, the problem is mainly related to the limited discharge volume: the procedure for
opening a landfill site might require up to 10–20 years [23].

For inert waste that contains concrete, the use of recycled concrete aggregates (RCA)
coming from C&D waste for producing recycled concrete (RC) is considered an important
strategy to reduce the environmental impact of the C&D sector. In addition to other possible
partial replacements for natural aggregates (NA) (e.g., asphalt, glass, tile, ceramics; [24,25]),
the use of RCA is proposed as an alternative in road and building construction activities
where concrete is used [26–28]. RC shows properties similar to concrete produced from
NA [29,30], and can be used for most building applications [31–33]. Life Cycle Assessment
studies [34] have shown that a lower environmental impact is associated with the use of
RC (the reduction mostly deriving from the avoidance of natural aggregates extraction
and diversion from landfills). In spite of this suitability, RC is still underutilised, and the
reasons for its slow adoption rate by agents warrants further elucidation.

The recommendation and widespread use of RC still face adoption barriers [35,36]. To
design interventions aimed at promoting behavioural change, it is pivotal to understand the
agents’ decision-making processes for choosing construction materials, and all of the factors
that may foster or hinder the adoption of more sustainable alternatives. In fact, a growing
interest in the social dimension of the transition towards a sustainable/circular C&D sector
and in the role of agents has emerged, putting human needs, motivations, values, prefer-
ences and behaviour at the centre of system change [37–40]. Key concerns about concrete
recycling are related to economic factors, policies and strategies, government support, cer-
tification of recycled materials, clear quality standards, planning of demolition projects, the
availability of suitably-located recycling facilities, the cheap cost of landfill disposal as an
alternative to recycling, and, most importantly, education and information [35,41,42]. The
negative connotations associated with “waste” and a lack of sufficient knowledge about
the environmental impact and technical properties of RC (as compared with conventional
concrete) represent additional significant barriers. In Switzerland, evidence about the
barriers to the recommendation and use of RC come from several cantons. For example, in
the Canton of Geneva [43], inert materials are not sufficiently recycled or valorised due
to the lack of experience in the domain and the absence of adequate organisation of the
recycling chain. Moreover, the actors do not appear psychologically ready to follow this
path. In the Canton of Vaud [44], the advantages of the use of RC in terms of sustainable
development are often opposed by certain professional users (e.g., architects, engineers,
entrepreneurs). In the Canton of Zurich, it is a major difficulty to convince the numerous
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actors involved in the C&D sector that the use of recycled materials in concrete meets safety
requirements and the need for aesthetic appeal [12,45].

A better understanding of the specific factors that affect the decision of actors to
recommend the use of RC is required. An encompassing behavioural model combining
“personal-sphere” elements [46] with elements of (technological) innovation adoption
theories (e.g., [47]) seems suitable for such an analysis. To our knowledge, such an approach
is missing, particularly in enquiring about the topic of circular materials recommendations
in the construction process. There is a need for a holistic understanding of the adoption
process to foster discussion and reflection on potential interventions.

For the use of RC, [48] identified the key actors involved in the selection of materials in
structural engineering in Switzerland: awarding authorities, structural and civil engineers,
architects and contractors. Since these actors could strongly influence and be influenced
by others, any change in their behaviour would greatly influence the system. Architects
appear to be key in the stakeholder interaction chain of the building design process, when
submitting proposals and delivering recommendations on project specifications. At the
stage of project design, the most influential factors for an architects’ decisions to recommend
the use of RC are the recommendations of engineers, the expected costs, and the aesthetic
aspects [41]. However, previous studies have been performed using a limited number of
potentially influencing factors, administrating a questionnaire to weight the criteria and
alternatives per criterion in pair-wise judgements, and analysing results based on a limited
number of cases. A behaviour reporting study, encompassing the potential effect of more
factors and considering a broader sample, would add insights to existing studies from the
previous decade.

The remainder of the paper is structured as follows. Section 2 presents the aims of the
study and the hypotheses derived from the information available in the pertinent literature.
Section 3 describes the theoretical background that represents the basis for the development
of the framework, and the framework itself. Section 4 presents the methodology. Section 5
reports the results. Section 6 presents the discussion, limitations of the research, and
avenues for further investigation. Section 7 concludes.

2. Study Aims and Hypotheses

The goal of this study is to develop, operationalise, and apply a framework in order
to identify and analyse the factors that affect the decision of architects to recommend
the use of RC. In doing so we contribute to supporting the implementation of recycling
strategies for a CE in the C&D sector. We explore a priori beliefs associated with RC, and
the factors that lead architects to recommend RC in their projects. The research questions
addressed are:

• How do the beliefs of architects with prior knowledge of RC differ from those of
architects with no knowledge of RC?

• What are the behavioural drivers affecting the choice to recommend RC?
• Which contextual factors affect the recommendation of RC by architects?

In the introduction, we highlighted the literature reporting on the major barriers
to the use of recycled construction materials, and specifically, to the recommendation of
RC. Based on this information, five main hypotheses can be developed about the factors
influencing the decision of architects to recommend RC.

Hypothesis 1 (H1). Based on [35,41–43], it is expected that a higher degree of knowledge of RC
will be a predictor of architects’ recommendation of RC.

Hypothesis 2 (H2). Based on [35,41,42,49], it is expected that believing that the use of RC will
not increase the cost of the project will be a predictor of architects’ recommendation of RC.
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Hypothesis 3 (H3). Based on [34], it is expected that believing that RC has a lower environmental
impact in comparison with conventional concrete will be a predictor of architects’ recommendation
of RC.

Hypothesis 4 (H4). Based on [44,49], it is expected that possessing stronger environmental values
will be a predictor of architects’ recommendation of RC.

Hypothesis 5 (H5). Based on [41,48], it is expected that prescriptive social norms will be influential
in the recommendation of RC.

In addition to testing these hypotheses, we also perform additional explorative anal-
yses, based upon additional data gathered on multiple factors that could potentially
influence architects’ decisions to recommend RC.

3. Theoretical Background

Manifold behavioural decision-making theories and models have been developed
to increase our understanding of the determinants and processes influencing an actor’s
decision to perform specific behaviours [50], and to help enhance pro-environmental
behaviours [49,51]. Yet, no specific behavioural model has been proposed for enquiring into
the choice of recommending RC in construction projects. Our conceptual framework that
guides the study of architects’ behaviour of recommending RC is based on the integration of
existing frameworks in psychology and management, which encompass the key elements
playing a role in the decision-making process of architects as a subsystem of the larger
construction system.

The inspiration for the presented framework stems from the integrative agent-centred
(IAC) framework [52], which has already integrated Structuration Theory (ST; [53]) and
the Theory of Interpersonal Behaviour (TIB; [54]). We also found inspiration in the work
of Ajzen’s Theory of Planned Behaviour (TPB; [50]), which has been widely deployed for
predicting pro-environmental behaviour at an individual level [55]. Although TPB helps to
explain fundamental patterns of behaviour, it should be adapted for specific purposes and
contexts [49]. Since our focus is on the recommendation of a specific material that entails
environmental benefits, we also consider the theoretical perspective of Rogers’ adoption of
innovation [56]. The first two approaches (IAC and TPB) offered a complementary basis
and enhanced the consideration of the adoption process as a decision process, while the
latter approach aided in integrating a perspective that is more focused on the peculiarities
of the innovation. In Appendix A, we introduce each theoretical perspective, and how it is
integrated into the theoretical framework (A more exhaustive presentation of Giddens’ ST
and Triandis’ TIB can be found in [52]).

In the conceptual framework (Figure 1), an agent’s decision to implement a behaviour
is influenced by external and internal drivers. The external drivers consist of contextual
factors (such as facilitating conditions or barriers), and of the behaviour that is performed
by actors in the social network. The internal drivers relate to habit (i.e., the frequency of past
behaviour), subjective cultural factors (social norms, roles, and values), socio/demographic
attributes (e.g., age), perceived behavioural control (i.e., the perception of the degree
of difficulty in performing the behaviour), and attitude (beliefs about the outcomes of
the behaviour, risk propensity in performing the behaviour, and knowledge about the
behaviour and its object). The agent’s behaviour entails consequences that trigger a
feedback loop towards internal and external behavioural drivers, which thus influences
future decisions. A brief explanation of the framework components is provided in the
following paragraphs.
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Intentions to perform a given behaviour are an indication “of how hard people are
willing to try [ . . . ] in order to perform a given behaviour” [50]. Intentions can lead to the
implementation of the behaviour if the agent has the possibility of doing so, i.e., if the agent
“can decide at will to perform or not perform the behaviour” [50]. Research focused on
the intention-behaviour gap is vast and sometimes mixed (e.g., [57–60]). Previous studies
have reported positive relationships between behavioural intention and actual behaviour
in the construction sector [49,61]. Research findings also acknowledge that in certain cases,
reported intentions to perform a behaviour may be influenced by socially desirable re-
sponses or tendencies to give answers that align with perceived social expectations [62–64].
Therefore, in our framework, we consider that the intention to recommend RC leads to the
implementation of the behaviour (recommending RC) when the opportunity is present.
For this reason, we collect data on the performed behaviour, and consider it a dependent
variable in the statistical analyses.

Contextual factors refer to objective factors present in the outside environment “out
there” [54], that can be considered either as a facilitating condition or as a barrier. Examples
of contextual factors in the case of an architect’s behaviour are the legislative context and
existing laws, i.e., whether there is any law or regulation that enforces or bans the use of
a certain material, and the client’s mandate, i.e., whether or not the use of the material is
required by the client through the contract.

Socio-demographic attributes of architects (respondents) considered in this study
are: age, gender, company size, country of study, job position, years of experience, and the
number of projects per year.

Subjective culture refers to a “human group’s characteristic way of viewing the human-
made part of the environment” and “consists of ways of categorising experience” [54]. In
the framework, it consists of social norms, roles and values. Norms are considered to be

“self-instructions to do what is perceived to be correct and appropriate by members of a culture in certain
situations” [54]. They are globally measured by asking respondents to rate the degree to which
“significant others” would approve or not of their performance of a particular behaviour
(prescriptive social influence). They can refer to what others think one ought to do. In this
project, respondents are asked, for instance, if people who are important to them think that
they should recommend RC in their construction projects, or whether it is expected that they
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know the content of the SIA (Swiss Society of Engineers and Architects) [28] norms in relation
to RC when recommending the use of RC in their construction projects. Roles are “concerned
with behaviours that are considered correct or appropriate for persons holding a particular
position in a group, society or a broader social system” [54]. For example, in the specific case
of architects, respondents are asked if their role as architects is to fulfil the client’s demands
even in cases where there is disagreement, or if it is their role to consider environmental issues
when recommending the use of construction materials. Values are “relationships among
abstract categories with strong affective components, implying a preference for a certain
kind of action” [54] (e.g., conservation or preservation of the environment, concern about
environmental issues).

Perceived behavioural control (PBC) refers to how easy or difficult an individual
perceives the implementation of a certain behaviour to be [50]. PBC can change based on
the situation and action. In our research, as an indicator of PBC, respondents are asked to
evaluate how easy or difficult they perceive the action of recommending RC to be.

Attitude is developed by individuals based on their beliefs about the behaviour, and
about the object of the behaviour (in this case, RC). In order to form a belief about an
object, an individual correlates the object with particular attributes (e.g., with other objects,
features or situations). An attitude towards a certain behaviour refers to the level to which
an individual has a positive or negative assessment of the concerned behaviour. Attitude
is “an idea, charged with affect, that predisposes a set of actions to a particular set of
social situations” [65]. Beliefs correspond with the anticipated consequences of an act,
their incidence (i.e., probability of occurring) and their value. Within the frame of this
case study, beliefs considered can relate to the perceived environmental impact associated
with RC, and to the technical properties (durability) of RC (see for instance [66,67] for
perception of relative benefits and costs in the context of waste management infrastructure
use). Risk taking [68] and knowledge can be linked to shaping attitude [69]. It is expected
that individuals who are risk takers would be more likely to recommend a new material
as compared to individuals that are less likely or less willing to take a risk. In our frame-
work, knowledge is deemed as shaping attitudes by facilitating development of informed
opinions about beliefs (see for instance [70,71] in the context of the waste management
infrastructure use).

A habit is established when a behaviour is repetitively performed. Subsequent be-
haviour occurs at least in part because of habit. Habits can be determined by how frequent
a behaviour takes place, by the subject’s judgments of how likely a behaviour will happen
in dissimilar types of situations, and by their response to how recurrently he or she has
carried out something [54]. Habits are measured in this project by asking the individuals
(respondents) about the number of projects in which they have recommended the use of
RC in the last five years.

Consequences refer to the result or effect of a behaviour [54]. Consequences trigger a
feedback loop that affects the individual who has performed the action, but also external
agents (conceptualised as the social network). In our case, consequences are assessed by
asking architects whether they had a positive/negative experience associated with the
recommendation of RC, and whether they received positive/negative feedback from other
stakeholders.

Social networks are seen as affecting intentions by means of descriptive social in-
fluence (what others do), [72–74] and the relative influence that the behaviour of others
has on the agent. In Giddens’ words, “the reflexive monitoring of activity is a chronic
feature of everyday action and involves the conduct not just of the individual but also
of others” [53]. Considering the choices made by architects, the fact that other architects
or experts are inclined to select a certain material could have an impact on the actor’s
own decision. The interactions among agents can occur in either a direct or an indirect
way. Direct interactions are dependent upon the agents’ network (e.g., extension, density,
and heterogeneity). Indirect interactions occur as consequences of behaviour, which can
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accumulate at the following upper hierarchical level, and be regarded and redefined by
singular agents [52].

4. Methods

In this section, we describe the main steps of the research design, followed by the
presentation of the content of the questionnaire and the description of the statistical analyses
that were conducted.

4.1. Transfer and Operationalisation of the Framework

The framework (Figure 1) was operationalised through a literature review and semi-
structured interviews. Thereby, as a first step, for each framework component, a set of
variables for operationalising the concept was selected in a literature review. In a sec-
ond step, we performed 16 semi-structured expert interviews with architects working in
Switzerland (details about the interviewees are summarised in Appendix B). During the in-
terviews, the framework itself was first validated. The variables potentially influencing the
studied behaviour (e.g., the belief that the use of RC would imply an increase in the cost of
the project) were associated with the framework components (e.g., beliefs). In Appendix C,
we report examples of interview extracts that were associated with the components of the
framework. The interviews helped to transfer the general framework developed by [52] to
the decision-making process on the recommendation of RC in Switzerland (e.g., specific
labels and building regulations). The interviews were performed in person or on the phone
in English, Italian or French. They lasted for approximately one hour, and were transcribed,
translated to English, and coded with the MAXQDA software.

4.2. Questionnaire

The selected variables were measured through a structured questionnaire. The aim of
the questionnaire was to collect three main types of data: (i) the a priori beliefs of architects
about RC with no prior knowledge of RC; (ii) behavioural factors influencing the decision
to recommend RC; (iii) contextual factors specific to construction projects in which RC was,
or was not, recommended.

The questionnaire consisted of open and closed questions, multiple-choice questions
and scales. The questionnaire was pre-tested with eight architects and then submitted to
the ethical committee of the research institute which approved the questionnaire and the
process of obtaining the potential respondents’ contact information.

The main sections of the survey covered:

• Socio-demographic variables (e.g., age, gender, country of study, job title);
• Questions on the perceived role of the architect in the construction process, on envi-

ronmental values, and on the propensity to take risks by recommending materials
that were not previously used by the architect;

• A self-assessment on knowledge about the materials;
• Asking if the architect has ever recommended RC;
• Questions on beliefs associated with RC;
• Questions about contextual factors related to the last project in which RC was or was

not recommended by the architect.

4.3. Survey

The contact information for the potential respondents was gathered through Swiss
databases of architects’ associations that are publicly available online (only architects at
least 18 years old were selected). The databases had national coverage and their integration
led to a list of 7804 potential respondents. The survey was prepared via Qualtrics software.
Individual links for participation to the online survey were sent via email, and invited
persons had the option of responding in English, French, German or Italian. The survey was
conducted between September and October 2020. Participation in the survey was voluntary,
the anonymity of the respondents was guaranteed, and no financial compensation was
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paid. Respondents could start the survey and save their progress in order to complete the
questionnaire within the deadline fixed by the researchers.

750 people completed the survey. Some participants were excluded from the data analyses
if, for instance, they were not working in Switzerland. As a result, 727 participants with valid
responses were considered for the data analysis, including 314 who completed the German
version, 262 the French version, 124 the Italian version, and 27 the English version. The number
of interpretable responses varied between the survey items because some items included the
option “Prefer not to reply” or “I don’t know”, which were considered as missing entries.

The coverage of the Swiss cantons based on the location where the surveyed architects
work (even partially) on construction projects is shown in Figure 2. The only canton from
which we did not receive any replies was Obwalden (which is one of the smallest Swiss
Cantons as it accounts for only approximately 0.4% of the Swiss population).
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The independent variables used for the statistical analyses and their description are
reported in Table 1. In Tables 2 and 3 we report, respectively, the profiles of the categor-
ical and continuous variables (full sample). The gender distribution of the participants
was 80.6% males, 18.4% females, and 1% preferred not to reply. The average age of the
participants was 50.3 years (median = 50, min = 18, max = 85, SD = 10.99). Among the
respondents, 82.1% had obtained their highest architectural degree in Switzerland, and
17.9% in another country. 69.3% had a senior position. 52.8% of the respondents had more
than 20 years of professional experience as an architect, and 41.4% worked on more than
five construction projects per year. 28.2% of the respondents had no prior knowledge about
RC. 61.5% of the respondents with at least basic knowledge about RC (ntot = 522) had
recommended RC at least once in their construction projects in the last five years.
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Table 1. List and description of the independent variables considered for the analyses, and to which component of the framework they refer to.

Framework Component Variable Description

Socio-demographic attributes Age Respondent’s age in years
Gender 0 = Male; 1 = Female

Company size Number of employees of the company where the respondent works
0 = ≤10; 1 = >10

Country of study Country where the respondent obtained the highest architectural degree
0 = Switzerland; 1 = Other

Senior position 1 = Senior position; 0 = Other
Years of experience 0 = ≤20 years; 1 = >20 years
Number of projects/year 0 = ≤5; 1 = >5

Subjective culture Perceived role: client’s demand “My role as an architect is to fulfil the client’s demands, even in the case of
disagreement”. 5-point Likert scale: 1 = Strongly agree, 5 = Strongly disagree

Perceived role: Environmental issues
“When working on a construction project and recommending the use of construction
materials, it is my role as an architect to take environmental issues into account”.
5-point Likert scale: 1 = Strongly agree, 5 = Strongly disagree

Perceived role: Minimal requirements
“When choosing construction materials, it is my role as an architect to comply with the
minimal technical requirements with no need to go beyond that”. 5-point Likert scale:
1 = Strongly agree, 5 = Strongly disagree

Values: Environment as an important value “The preservation of the environment is an important value for me”. 5-point Likert
scale: 1 = Strongly agree, 5 = Strongly disagree

Values: Concern about the environment “I find it hard to get concerned about environmental issues”. 5-point Likert scale:
1 = Strongly agree, 5 = Strongly disagree

Social norm: recycled concrete (RC) recommendation
“Most people who are important to me think that I should recommend Recycled
Concrete in my construction projects”. 5-point Likert scale: 1 = Strongly disagree,
5 = Strongly agree

Social norm: SIA norms
“It is expected from me to know the content of the SIA norms on Recycled Concrete
when recommending the use of Recycled Concrete in my construction projects. 5-point
Likert scale: 1 = Strongly disagree, 5 = Strongly agree

Prescriptive social influence: Architects
Ratio of the professional network of architects that has recommended using RC. (0; 1

4 ;
1
2 ; 3

4 ; 1)

Prescriptive social influence: Building engineers Ratio of the professional network of building engineers that has recommended using
RC. (0; 1

4 ; 1
2 ; 3

4 ; 1)

Prescriptive social influence: Construction companies Ratio of the professional network of construction companies that has recommended
using RC. (0; 1

4 ; 1
2 ; 3

4 ; 1)

Prescriptive social influence: Policy makers Ratio of the professional network of policy makers that has recommended using RC. (0;
1
4 ; 1

2 ; 3
4 ; 1)
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Table 1. Cont.

Framework Component Variable Description

Prescriptive social influence: Researchers
Ratio of the professional network of researchers that has recommended using RC. (0; 1

4 ;
1
2 ; 3

4 ; 1)

Prescriptive social influence: Suppliers
Ratio of the professional network of suppliers that has recommended using RC. (0; 1

4 ;
1
2 ; 3

4 ; 1)

Prescriptive social influence: Clients
Ratio of the professional network of clients that has recommended using RC. (0; 1

4 ; 1
2 ;

3
4 ; 1)

Social network Descriptive social influence: Influence of other architects’ behaviour
“If other architects recommend the use of Recycled Concrete, this would influence my
decision to recommend Recycled Concrete in my projects”. 5-point Likert scale:
1 = Strongly disagree, 5 = Strongly agree

Descriptive social influence: Behaviour of architects Percentage of the architects in the professional network that have recommended RC in
their projects.

Attitude Risk propensity: New materials “I like to innovate and recommend the use of construction materials that I have not
used before”. 5-point Likert scale: 1 = Strongly disagree, 5 = Strongly agree

Risk propensity: Client’s request
“It is ok for me to recommend construction materials, even if they differ from the
original client’s request.
5-point Likert scale: 1 = Strongly disagree, 5 = Strongly agree

Belief environmental impact “How much higher or lower is the environmental impact of RC, if compared to
conventional concrete?” 5-point Liker scale 1 = Much higher, 5 = Much lower

Belief company benefit “My decision to recommend Recycled Concrete might benefit my company”. 5-point
Likert scale: 1 = Strongly disagree, 5 = Strongly agree

Belief durability properties “The technical properties (durability) of RC, in comparison to conventional concrete,
are overall: 5-point Likert scale: 1 = Much worse, 5 = Much better

Belief delays “The use of RC in the construction of a building would delay the construction process”.
5-point Likert scale: 1 = Strongly agree, 5 = Strongly disagree

Belief cost “The use of RC in the construction of a building would increase the cost of the
construction project”. 5-point Likert scale: 1 = Strongly agree, 5 = Strongly disagree

Belief impact aesthetics “The use of RC in the construction of a building would compromise the aesthetic of the
building”. 5-point Likert scale: 1 = Strongly agree, 5 = Strongly disagree

Self-assessed knowledge Level of knowledge about RC. 1 = No knowledge, 2 = Basic Knowledge, 3 = Good
knowledge

Knowledge of Minergie Level of knowledge about the Minergie label 5-point Likert scale: 1 = Very low,
5 = Very high

Visual knowledge Events in which the architect has seen concrete, knowing that it was RC 0 = Never,
1 = at least once

RC-related events RC-related events that took place in the last year (distance < 50 km) 0 = ≤1, 1 = >1
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Table 1. Cont.

Framework Component Variable Description

Perceived behavioural control PBC: Difficulty of the task “I feel that recommending the use of Recycled Concrete in my construction project is a
difficult task. 5-point Likert scale: 1 = Strongly agree, 5 = Strongly disagree

PBC: Need for external approval “Even if I wanted to recommend Recycled Concrete, I would need the approval of
other experts”. 5-point Likert scale: 1 = Strongly agree, 5 = Strongly disagree

Consequences Propensity to recommend RC again “I have recommended the use of RC but I will never do it again”. 5-point Likert scale:
1 = Strongly agree, 5 = Strongly disagree

Feedback on the recommendation of RC

Type of overall feedback received by other architects, engineers, construction
enterprises, policy makers, researchers, suppliers, clients, other (e.g., specialised
journals) 5-point Likert scale 0 = no feedback, 1 = definitely negative, 5 = definitely
positive

Contextual factors Building typology Typology of the construction 0 = Residential Building; 1 = Other
Awarding authority Typology of the awarding authority 0 = Public; 1 = Private
Cost of the project Overall budget of the construction project 0 = ≤1 MioCHF; 1 = >1 MioCHF

Consideration of environmental labels Whether a label implying environmental targets was considered in the context of the
construction project. 1 = Yes; 2 = No

Price difference
Approximately how much higher or lower (in%) was the price of RC, compared to
conventional concrete? 11-point Likert scale 1 = More than 45% lower, 11 = More than
45% higher

Suppliers Number of suppliers producing RC within a radius of 25 km from the construction site,
if any. Na = 0, 0 = 1, 1 = >1
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Table 2. Descriptive statistics of independent categorical variables (full sample). For each variable,
the percentages of each category and number of observations are reported.

Variable N Distribution of Full Sample

Gender 720
Male 586 (81.4%)
Female 134 (18.6%)

Company size 727
≤10 460 (63.3%)
>10 267 (36.7%)

Country of study 727
Switzerland 597 (82.1%)
Other 130 (17.9%)

Job position 727
Senior position 504 (69.3%)
Other 223 (30.7%)

Years of experience 727
≤20 years 343 (47.2%)
>20 years 384 (52.8%)

Number of projects/year 727
≤5 426 (58.6%)
>5 301 (41.4%)

Visual knowledge 522
Never seen RC 332 (63.6%)
RC seen at least once 190 (36.4%)

RC-related events 522
≤1 320 (61.3%)
>1 202 (38.7%)

Building typology 740
Residential 370 (50%)
Other 370 (50%)

Awarding authority 603
Public 239 (39.6%)
Private 364 (60.4%)

Cost of the project 748
≤1 MioCHF 159 (21.26%)
>1 MioCHF 589 (78.74%)

Consideration of environmental labels 655
Yes 159 (24.3%)
No 496 (75.7%)

Suppliers 264
1 112 (42.4%)
>1 152 (57.6%)

4.4. Statistical Analyses

We first compared the respondents with and without prior knowledge of RC in terms
of socio-demographic attributes and beliefs associated with RC by performing the Two-
sample Wilcoxon rank-sum (Mann-Whitney) test for continuous variables and the Chi2
test of independence for categorical variables.

Subsequently, the recommendation of RC in construction projects was defined in
probabilistic terms, by specifying a logistic regression equation. The general logistic model
was specified as follows (Equation (1)).

ln [P/1 − P] = β0 + β1 × 1 + β2X2 + . . . βkXk (1)

where:

• P is the probability of the outcome (the recommendation of RC);
• β0 is the intercept term;
• β1, β2, . . . βk are the coefficients associated with each explanatory variable
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• X1, X2, . . . Xk are the explanatory variables. The subscript k denotes the k-th variable
in the model [75].

Table 3. Descriptive statistics of independent continuous variables (full sample). For each variable,
mean, standard deviation, and number of observations are reported.

Variable N Mean SD

Age 727 50.3 10.99
Perceived role: client’s demand 721 2.48 1.13
Perceived role: environment 725 4.49 0.79
Perceived role: minimal requirements 720 3.61 1.25
Environment as an important value 725 4.66 0.60
Values: Concern about the environment 724 4.37 0.91
Social norm: RC recommendation 427 3.18 1.04
Social norm: SIA norms 509 3.58 1.34
Prescriptive social influence: Architects 522 16.43 24.38
Prescriptive social influence: Building engineers 522 26.25 30.57
Prescriptive social influence: Construction companies 522 10.44 21.55
Prescriptive social influence: Policy makers 522 12.64 24.90
Prescriptive social influence: Researchers 522 12.79 27.20
Prescriptive social influence: Suppliers 481 6.34 18.90
Prescriptive social influence: Clients 522 9.58 20.47
Descriptive social influence: Influence of other architects’ behaviour 471 2.91 1.06
Descriptive social influence: Behaviour of other architects 245 28.87 24.26
Risk propensity: New materials 725 3.58 0.98
Risk propensity: Client’s request 725 4.11 0.86
Belief environmental impact 646 3.84 1.13
Belief company benefit 635 3.16 1.00
Belief durability properties 595 2.86 0.53
Belief delays 594 3.81 0.94
Belief cost 603 3.12 1.07
Belief impact aesthetics 645 3.81 0.96
Knowledge of Minergie 522 2.61 1.17
Self-assessed knowledge of RC 727 1.81 0.58
Perceived behavioural control: Difficulty of the task 502 3.21 1.04
Perceived behavioural control: Need for external approval 515 1.84 0.96
Reticence to recommend RC again 295 1.51 0.84
Feedback on the recommendation of RC 195 3.62 0.68
Price difference 655 6.75 1.27

Only data on the respondents that reported having at least basic knowledge of RC
was used for this step. The possible outcomes of the logistic regression were coded
as 0 (“never recommended RC”), and 1 (“recommended RC at least once in the last
five years”). To select the variables to input into the regression model, we performed
bivariate analyses to compare, for each variable, the groups of architects that had never
recommended RC with those that had recommended RC at least once in the last five
years. Only the variables whose values were significantly different between the two groups
were input into the regression model (Appendix D, Tables A3 and A4). The regression
allowed for quantification of the influences of the selected variables on the architects’
decisions to recommend RC, and to test their significance. Since some of the “I don’t
know” answers led to missing data, we performed a multivariate sequential imputation
(35 imputations, predictive mean matching (pmm); random-number seed 1234; K-nearest
neighbour (knn) = 5 [76]).

Finally, we analysed the importance of contextual factors in the decision to recommend
RC. In this case, we focused on specific projects. We used the data we had collected by
asking each respondent to provide information about the last project in which he/she had
recommended RC, and the last project in which he/she had not recommended RC. Hence,
in some cases, the respondent provided information regarding both cases. We retained
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only those cases in which the number of RC suppliers was non-zero. We performed
a bivariate analysis to select those variables whose values were significantly different
between the groups (cases in which RC was recommended and cases in which RC was
not recommended; Appendix E, Table A5). We performed a logistic regression with the
selected variables. All statistical analyses were performed using STATA 16.1.

5. Results
5.1. Differences Relating to the Level of Knowledge

The profiles of the respondents in terms of their age and their beliefs associated to RC,
based on their level of knowledge of RC (Not knowledgeable, i.e., with no prior knowledge
of RC, and Knowledgeable, i.e., with at least basic knowledge of RC) are reported in Table 4.

Table 4. Profiles of respondents for the full sample and for the 2 subsamples (Not knowledgeable/Knowledgeable) for
continuous independent variables. All items use a 5-point Likert scale. The scales are also reported in Table 1.

Distribution of Full
Sample

Distribution of Subsamples

Wilcoxon Rank-Sum (df = 1)Not Knowledgeable Knowledgeable

Mean SD Mean SD Mean SD

Age 50.3 10.99 48.84 11.75 50.82 10.64 z = −2.343, p < 0.05 *
Beliefs
a. Environmental impact 3.84 1.13 3.80 1.09 3.86 1.15 z = −0.967, p = 0.033
b. Company benefit 3.16 1.00 3.23 1.05 3.14 1.00 z = 0.941, p = 0.347
c. Durability properties 2.86 0.53 2.95 0.45 2.83 0.54 z = 2.351, p < 0.05 *
d. Increased delays 3.81 0.94 3.43 0.97 3.91 0.90 z = −4.992, p < 0.001 ***
e. Higher costs 3.12 1.07 2.84 1.01 3.20 1.08 z = −3.264, p < 0.01 **
f. Impacted aesthetics 3.81 0.96 3.71 1.00 3.84 0.95 z = −1.359, p = 0.174

Variable a. uses the scale: 1 (Much higher)–5 (Much lower). Variable b. uses the scale: 1 (Strongly disagree)–5 (Strongly agree). Variable c
uses the scale: 1 (Much worse)–5 (Much better). Variables d, e, f use the scale 1 (Strongly agree)–5 (Strongly disagree). Responses from the
“I don’t know” category were excluded. Significance levels *: p < 0.05; **: p < 0.01; ***: p < 0.001. Variables for which significant differences
were found are reported in bold.

The two groups (architects knowledgeable and not knowledgeable about RC) differed
significantly from each other regarding their age and their beliefs about the durability
properties of RC, the expected increased delays when using RC, as well as the potential
higher costs incurred from the use of RC in the construction project. Overall, architects
knowledgeable about RC tended to be older. They also tended to have a slightly worse
opinion about RC durability properties. Finally, they tended to consider increased delays
and higher costs as less problematic in cases where RC was used.

5.2. Behavioural Factors

In Table 5, we present the results of the logistic regression and the variables that had a
significant impact on the recommendation of RC (in bold). The overall model achieved
a large predictive power with Pseudo R2 of 75%. The results showed that six factors
had a positive and significant influence on the decision of architects to recommend RC
in their construction projects. These factors were: (i) a senior position; (ii) knowledge
about the Minergie label [77]; (iii) visual knowledge of RC (having seen RC at least once);
(iv) believing that the environmental impact of RC is lower than the impact of conventional
concrete; and prescriptive social influence by (v) other architects and (vi) by clients. Hence,
hypothesis 1, 3 and 5 were confirmed. The strongest factors were knowledge about the
Minergie label (Standardised β = 7.067) and visual knowledge (Standardised β = 3.597). In
Appendix F, we report the plots of the predictive margins associated to the six variables
found to be significant through the logistic regression model. Among the non-significant
variables, there were also predictors hypothesised to be relevant through the remaining
hypotheses. In fact, environmental values and beliefs about the increased cost of the project
if RC was used were not found to be significant. Notably, the latter was not used in the
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regression since no significant difference in the bivariate analysis was found (Appendix D,
Table A3). Therefore, hypotheses 2 and 4 were refuted.

Table 5. Results of the logistic regression including behavioural factors affecting the recommendation of RC in construction
projects, n = 522.

β SE Standardised β t Sig. (95% Conf. Interval)

Age −0.034 0.028 −0.738 −1.21 p = 0.225 −0.088 0.021
Company size 0.247 0.476 0.247 0.52 p = 0.603 −0.685 1.179
Senior position 1.729 0.563 1.592 3.07 p < 0.01 ** 0.625 2.833
Years of experience 1.179 0.665 1.196 1.77 p = 0.076 −0.125 2.483
Number of projects per year −0.181 0.457 −0.183 −0.4 p = 0.692 −1.077 0.715
Perceived role: Environmental issues 0.206 0.298 0.324 0.69 p = 0.491 −0.379 0.791
Perceived role: Minimal requirements −0.028 0.187 −0.069 −0.15 p = 0.881 −0.394 0.338
Values: Concern about the environment −0.088 0.260 −0.151 −0.34 p = 0.735 −0.599 0.422
Self-assessed knowledge 0.798 0.619 0.537 1.29 p = 0.198 −0.416 2.012
Knowledge of Minergie 2.960 0.376 7.067 7.87 p < 0.001 *** 2.223 3.698
Visual knowledge 3.663 0.924 3.597 3.96 p < 0.001 *** 1.851 5.474
Belief environmental impact 0.405 0.205 0.950 1.97 p < 0.05 * 0.002 0.808
Belief delays 0.344 0.287 0.632 1.2 p = 0.231 −0.219 0.907
Social norm: RC recommendation −0.161 0.225 −0.342 −0.72 p = 0.474 −0.603 0.280
Social norm: SIA norms −0.059 0.213 −0.137 −0.28 p = 0.782 −0.476 0.358
Prescriptive social influence: Architects 0.025 0.010 1.244 2.36 p < 0.05 * 0.004 0.045
Prescriptive social influence: Building engineers 0.009 0.009 0.561 0.99 p = 0.323 −0.008 0.026
Prescriptive social influence: Construction companies 0.020 0.016 0.879 1.25 p = 0.212 −0.011 0.051
Prescriptive social influence: Policy makers 0.017 0.013 0.863 1.32 p = 0.188 −0.008 0.042
Prescriptive social influence: Researchers −0.012 0.009 −0.666 −1.4 p = 0.162 −0.030 0.005
Prescriptive social influence: Suppliers −0.011 0.019 −0.406 −0.61 p = 0.544 −0.049 0.026
Prescriptive social influence: Clients 0.047 0.016 1.963 3.03 p < 0.01 ** 0.017 0.078
Perceived behavioural control: Difficulty of the task −0.148 0.227 −0.314 −0.65 p = 0.513 −0.593 0.296

Variables for which significant differences were found are reported in bold (at least p < 0.05). Psuedo-R2 = 0.752. Significance levels
*: p < 0.05; **: p < 0.01; ***: p < 0.001.

5.3. Contextual Factors

In our sample, the number of suppliers (whether only one was available, or more) did
not differ between the cases in which RC was or was not recommended (Chi2 independence
test results: df = 1, chi2 = 1.75, p = 0.186). Furthermore, based on the answers provided
by the respondents, the actual price of RC and conventional concrete was about the same
for cases in which RC was recommended and for those in which it was not. No significant
difference between the two subsamples could be identified (Figure 3; Wilcoxon rank-sum
test results: df = 1, z = 0.112, p = 0.911). The remaining contextual factors were input into
the regression, and the results are reported in Table 6.

Table 6. Results of the logistic regression including contextual factors affecting the recommendation of RC in construction
projects, n = 556.

β SE Standardised β z Sig. (95% Conf. Interval)

a. Awarding authority −0.212 0.232 −0.051 −0.91 p = 0.361 −0.667 0.243
b. Building typology 0.477 0.220 0.119 2.17 p < 0.05 * 0.046 0.907
c. Cost of the project 0.501 0.354 0.072 1.42 p = 0.157 −0.193 1.195
d. Consideration of environmental labels −1.526 0.234 −0.331 −6.52 p < 0.001 *** −1.984 −1.067

a. Coded 0 = public, 1 = private. b. Coded 0 = non-residential, 1 = residential. c. Coded 0 = ≤1 Million CHF, 1 = >1 Million CHF. d. Coded
1 = Label considered, 2 = Label not considered. In bold, the variables with significant p-values (at least p < 0.05). Pseudo-R2 = 0.1108.
Significance levels *: p < 0.05; < 0.01; ***: p < 0.001.
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Figure 3. Box plot of ratings of “price difference” in the group of projects where RC was and was
not recommended. The scale used (reported in Table 1) goes from 1 to 11 (6: “RC and conventional
concrete (CC) have approximately the same price: price of RC is between 5% higher or lower than
CC”). No significant differences are found between the two groups. “RC not recommended”:
mean = 6.83; SD = 1.25; median = 6. “RC recommended”: mean = 6.69; SD = 1.28; median = 7. Mean
of the full sample: 6.75.

6. Discussion

This study aimed at developing, operationalising, and applying a framework in order
to identify and analyse the factors that affect the decision of architects to recommend the use
of RC. We explored a priori beliefs associated with RC, and the factors that lead architects
to recommend RC in their projects. In doing so, we contributed to an understanding of
actors’ behaviour with the intention of fostering the implementation of recycling strategies
for a CE in the C&D sector. In this section, we discuss the main findings and elaborate on
the recommendation of interventions (Section 6.1). We discuss the theoretical and practical
contributions of the present research (Section 6.2). Finally, we acknowledge the limitations
of the study and suggest avenues for further research (Section 6.3).

6.1. Discussion of Results

The results of this study suggest multiple insights, which are elaborated in the sub-
sequent paragraphs (Sections 6.1.1 and 6.1.2). First, the high number of cases in which
architects recommended RC showed the importance of these actors in the decision-making
process on the choice of this construction material. From the data analyses, we could infer
that some characteristics of architects with prior knowledge about RC were significantly
different in comparison with those of architects lacking knowledge about RC. Overall, ar-
chitects who were knowledgeable about RC tended to be older, and tended to have slightly
worse opinions about the durability properties of RC. Finally, they tended to consider
increased delays and higher costs as less problematic in cases where RC was used. Some
behavioural factors appeared to be significant in predicting the recommendation of RC: a
senior position, knowledge about the Minergie label, the fact of having seen RC at least
once, the belief that RC has a lower environmental impact than conventional concrete, and
the number of architects and clients recommending RC to the actor. Finally, the statistical
analyses indicate that the recommendation of RC was influenced by the building typology
(non-residential), and by the decision to target a construction label (e.g., Minergie).
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6.1.1. Role of the Architect

In our work, we stress the importance of focusing on each actor who has a role in a
specific process, in this case the construction process. Our decision to focus on a specific
actor (i.e., architect) represents a first step towards the creation of a systemic perspective,
which should encompass the interconnections between different actors. According to
this standpoint, we suggest the identification of each actor’s role and potential agency,
beyond what is commonly assessed as his/her basic responsibility. Accordingly, the
insights from the interviews highlighted the importance of establishing a perception of
agency among architects through the creation of a sense of responsibility that goes beyond
mere legal liability and motivates architects to propose and discuss the use of alternative
materials, once sensitised to environmental and social concerns. As mentioned throughout
the interviews, the architect is not only responsible for concretising his/her ideas and
focusing on the aesthetic and design details of the building, but also needs to be “proactive”
[#Interview 11]. As part of their “ethical” and “ecological responsibility” [Interviews #7 and
#10], architects should consider all the measures and techniques that could make a building
more ecological [Interview #6] and suggest such measures through proposal submissions to
clients [e.g., Interviews #8, #11 and #13]. That being said, these suggestions also need to be
discussed, checked and approved by other involved stakeholders, mainly other implicated
architects, engineers and clients.

6.1.2. Factors Affecting the Recommendation of RC

Our results regarding a priori beliefs about RC showed that architects with no prior
knowledge of RC did not hold strong negative opinions about the material. However, signif-
icant differences are found between the groups of knowledgeable and non-knowledgeable
architects about RC, regarding beliefs on increased delays and higher costs, with the first
group having a more optimistic perception about these potential disadvantages. Potential
delays and higher costs are certainly not desirable, in a sector in which each project is
arguably unique in terms of design and construction, and where many constraints need to
be faced due to limited space, increasing complexity, limited budgets, tight time-frames,
and the constant demand for innovation [78]. These beliefs could induce architects to be
reluctant to recommend RC. Indeed, construction projects entail considerable investments
and potentially severe penalties in case of project delays [79]. This could also impede
the development of new collaborative and joint work initiatives between the different
supply chain actors (ibid.). Hence, sharing success stories in which the negative effects
associated with the use of RC (relating to delays or increased costs) were not experienced
might convince other architects with no prior knowledge of the material to recommend it
in their construction projects.

Our results suggested that holding a senior position positively affected the recommen-
dation to use RC (Table 5). This seniority could imply either more acquired knowledge
and experience (or training), or the capacity to bear more risk, due to more decisional
power and leverage, thus implying a higher professional independence in the decision-
making process. As interviewee #12, owner of an architectural studio, pointed out: “I have
responsibility! About the client, [ . . . ] you have to be a brilliant seller. [ . . . ] It’s really difficult.
I also lost clients”. Arguably, the risk associated with proposing an alternative material
could be attenuated by the established reputation of the architect embedded in his/her
senior position.

The results showed the importance of knowledge about the Minergie label (which im-
plies the use of RC), and the architects’ visual knowledge (i.e., if they have seen RC at least
once) regarding the recommendation of RC. Our findings thus confirmed hypothesis 1. Al-
though the results for the variable “self-assessed knowledge” showed the non-significance
of this variable, this might have been caused by the nature of the variable itself. As reported
in the methodology, only cases in which the architect had at least basic knowledge of RC
were retained in the logistic regression. In the logistic regression, the values of the variable
“self-assessed knowledge”, could only take up values 2 (basic knowledge) and 3 (good
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knowledge). Therefore, these values might not have been sufficient for differentiation
between the levels of knowledge among the respondents and their influence. The overall
influence of the level of architects’ knowledge of RC was demonstrated with the initial
bivariate analysis, by highlighting the differences observed in the beliefs of architects
associated with RC with—and completely without—prior knowledge of RC (Table 4). The
significant values of the other two knowledge-related variables (Minergie label and visual
knowledge) confirm the importance of these aspects for the recommendation of RC. Three
points of leverage for increasing the recommendation of RC were previously identified
in the literature, [41]: knowledge (information), education of construction experts, and
labelling. To generalise our findings, a lack of knowledge and sharing of best practices,
combined with a limited capacity or time to learn and attend informative courses, could
represent barriers for an accelerated transition to a CE in the built environment [80]. The
urgent need for educational interventions to enhance the recommendations and use of
RC is also motivated by the surprising finding that 28% of the survey respondents had no
knowledge of RC, which has been on the market for quite some time (at least 15 years).
This consideration also takes into account the potential bias of the sample: the focus on
RC was mentioned in the invitation; architects with no knowledge about RC might have
abstained from completing the questionnaire, thus implying that an even higher percentage
of architects are not familiar with RC. Regarding the need for knowledge sharing, our
results suggested which specific topics should be the focus of educational interventions:
the material itself, the Minergie label (with Minergie-ECO requiring the use of RC), and the
possibility for architects to view the material in person, evaluating its physical appearance.
Such actions have already been the focus of events and workshops where it was suggested
that RC actually contributes to the aesthetic value of a building [81]; we believe such events
and workshops should be replicated. In addition to education, we argue that having more
large-scale demonstrative and pilot projects, as well as experience with new technologies or
new circular materials within the built environment (as also highlighted by Circle Economy
and wbcsd, 2018), would positively affect the decisions by architects to recommend RC.
The construction industry being relatively conservative, resisting change and adapting
slowly to new technological developments [82,83], it is imperative to share knowledge and
experience on innovative materials and to make key actors aware of the different choices
of materials and their uses. This would enable these actors to evaluate the suitability of
different materials for their projects and to build an informed opinion. The likelihood of
actors recommending the use of recycled materials in general, and RC in particular could
then increase. As one interview highlighted, “I think more information and examples of
buildings that have already been done by some local firms can remove [ . . . ] doubts from
the minds of architects” [Interview #2].

Hypothesis 2 (the prediction of a link between the beliefs associated with an increased
cost of the project in cases where RC was used) was refuted, since the bivariate analysis
showed no difference in the values of this variable between the group of architects that
recommended RC and those that did not recommend it (Table A3). Hypothesis 3, related
to environmental values and as predictors of the RC recommendation, was also refuted
(Tables 6 and A3). However, Hypothesis 4, which predicted a significant effect of the
belief in the lower environmental impact of RC as compared to conventional concrete,
was confirmed, thus highlighting the importance of sharing Life Cycle Assessment (LCA)
information for the adoption of RC.

Other significantly influencing behavioural factors included the prescriptive social
influence of clients and other architects, confirming Hypothesis 5. As part of his/her
role, the architect should respect and meet the needs and requests of the client once
communicated. With the important role of the client in the decision-making process, the
client being “fundamental” in a project [Interview #15], and since “all decisions are made
with the client” [Interview # 1], architects considerably factor in the clients’ expectations.
Hence, this would explain the significant impact of this factor on the architect’s behaviour
and decision to recommend RC or not. For instance, if a client requested the use of RC



Sustainability 2021, 13, 4113 19 of 32

(e.g., to obtain a label), this would have a significant impact on the decision of architects
to recommend RC. Additionally, the results of the survey mirrored what the interviewed
architects further highlighted, i.e., the relative importance they accord to what other
architects suggest. One interviewee mentioned that “the opinion of my colleagues and
partners is fundamental when working on a project” [Interview #15]. Another stressed
that “architecture colleagues would be the most important” in his/her network [Interview
#12], because they “do the same work and hold the same profession” [Interview #12]. Hence,
establishing the recommendation of RC as a conventional practice could increase the
number of architects with relevant experience that could advise their peers on RC.

Through our results, we gathered notable insights, specifically regarding the role
of consequences in shaping the architect’s habit of recommendation. It is important to
see how a negative feedback loop could be established if no recognition for the effort of
recommending new sustainable materials, such as RC, were granted. As stated by a survey
respondent, “architects do not often have the time to do research in parallel to obtain clear
and precise information adapted to the project. This commitment to innovation and the
achievement of sustainable constructions which is done at the expense of the architect is
rarely recognised or even seen as an advantage”. Without a positive feedback loop, it might
be extremely difficult to establish a RC recommendation habit. The shortcoming of a lim-
ited advantage in recommending RC becomes clearer through the application of Roger’s
innovation adoption theory, which helped us to identify specific issues relating to the
characteristics of the material itself that could represent a barrier to adoption. Specifically,
Roger’s innovation adoption theory presupposes that, for an innovation to be adopted, it
should offer a relative advantage in comparison to its alternatives, and it should be observ-
able, i.e., “the easier it is for individuals to see the results of an innovation, the more likely
they are to adopt it. Such visibility stimulates peer discussion of a new idea” [56]. What
emerges from our study is the absence of a real advantage for architects to recommend RC,
rather increasing workload and risk. Although architects who recommended RC at least
once in their projects tended to be optimistic about a future recommendation and received
positive overall feedback from other involved actors (Table 3), this might not represent
a sufficient incentive to recommend RC again. In fact, as in many sustainability-related
problems, the benefits of a pro-environmental behaviour might not directly affect the actor
implementing the behaviour. In this regard, within the perspective of a CE, public authori-
ties have an important role to play by creating incentives, for example by implementing
measures that generate rewards for the implementation of circular economy solutions [80].
These measures should encourage and stimulate materials recycling and re-use, support
the use of innovative materials, and further promote a circular built environment through
the championing of best practices [80]. In fact, a positive influence of regulatory pressure
on the behavioural intentions of builders towards the recycling of C&D waste exists [49].
As a measure for the development of recycling behaviour, governments could play a role
by raising awareness and informing actors of the environmental impacts of C&D waste and
the eventual (personal and societal) benefits of recycling and using recycled products [49].

The relevant role of labels in the recommendation of the use of RC [41] was also
confirmed by the results of the regression run with project-specific contextual factors
(Table 6). In particular, the integration of the CE in quality certifications and labels, and the
inclusion of circular criteria into reference standards would indeed help in scaling the CE
in the construction sector and built environment [80]. In our sample, the building typology
(non-residential) also positively affected the recommendation of RC. This information
could be used to identify potential projects in which the use of RC could be proposed early
on in the design phase of the construction project. Overall, the results showed the diversity
of factors that play a role in the recommendation of RC by architects. These insights
contributed to going beyond the general view that the decision of the engineer to use RC
and the price of RC are, respectively, the sole enabler and barrier to the recommendation
of RC. In fact, although the price of RC was slightly (5%–15%) higher on average than
conventional concrete, we found no significant difference between projects in which RC
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was or was not recommended. According to our analyses price considerations alone seem
not to be the decisive factor in choosing whether to recommend RC or not.

6.2. Theoretical and Practical Contributions

The theoretical framework combines different theories and takes into account be-
havioural drivers and project specific factors, which might have been disregarded in
previous research work. The framework stresses the importance of approaching the be-
havioural choices of agents from a holistic perspective, taking into account actor-related
behavioural drivers (e.g., subjective norms and perceived behavioural control), context-
specific factors, the effect of social networks, and the influence of the consequences of the
behaviour. Through the framework, we highlight the importance of approaching the study
of behavioural choices from a holistic perspective, which is pivotal in the study of adoption
of innovation. Although, in the specific context of our study, many factors were not found
to significantly affect the behaviour, we encourage researchers to adopt the same approach
for studying other behavioural choices from a holistic perspective.

As practical contributions, through the analysis of survey results, we emphasise
further recommendations of interventions and actions to support and enhance the use of RC.
By holding semi-structured interviews with the actors, we contributed to the representation
of the researcher as the instrument for qualitative data collection (e.g., [84,85]). We reinforce
the important role that the researcher has in producing knowledge and directing the
research material [86]. Both the interviews and the survey indirectly raised awareness
and generated knowledge and new information for the involved actors, particularly for
those who were not (fully) knowledgeable about RC. Some respondents mentioned in the
survey that they would look up RC to fill the gap in their knowledge. The interest sparked
by the research is also reflected in the decision of all of the interviewed architects, and of
the 235 survey respondents, to be further contacted with the study results. This confirms
that the researcher also has a role in bringing additional knowledge to the attention of
respondents, by asking specific questions and encouraging them to consider or explore a
topic previously unexamined or unknown to them.

6.3. Limitations & Further Research

We recognise the existence of some limitations to this research. The choice of actor
was limited to architects. We are aware that the consideration of only one actor within the
scope of this study might be viewed as a restraint, as a construction project involves the
collaboration and decision-making process of a multitude of different stakeholders. The
architects that were surveyed also mentioned and emphasised the important role of the
engineers in the recommendation and use of RC. We acknowledge this consideration, and
we recommend performing related studies that include all of the construction actors that
have a role in the building process. Further research could also focus on the synergetic
role of multiple actors involved in the same project. Interviewing or setting up workshops
involving several different stakeholders could yield more and diverse perspectives. In
addition, more knowledge-focused research projects [87,88], based, for instance, on social
network analysis [89,90], could highlight interesting results for the specific case of RC
recommendation.

Although the survey response rate was acceptable (9.3%, with 727 valid responses out
of 7804 sent survey invitations), a higher number of respondents would have been more
advantageous for the analysis. This problem is not new to survey studies, especially when
respondents are not incentivised economically. The larger the sample size considered, the
more information gathered, and the more accurate and reliable the results.

The design of the survey is susceptible to potential biases based on the number of
questions posed. A trade-off was achieved regarding the length of the survey, the required
time for its completion, and the amount of information and insights able to be gathered.
While more items used to measure the predictor variables could have been considered
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for the analysis and in the regression equation, this number was limited in order not to
overload participants.

Finally, we acknowledge that, for a CE to be achieved, incremental changes in the
materials used to build cities will not be enough. Hence, we are aware that materials other
than RC might be more suitable for reducing the environmental impact of construction.
Disruptive, innovative ways of living and building are pivotal for radical change towards
circularity and sustainability. What is needed is radical technological and social innovation,
whose adoption should be guided by sound and holistic theoretical perspectives.

7. Conclusions

This paper presented an integrative theoretical framework, which provided a concep-
tual structure for investigating architects’ recommendation of RC in construction projects.
By applying the framework and collecting survey data, we identified multiple factors
influencing their choices. The final recommendation and use of sustainable “new” mate-
rials, such as RC, is dependent on the interaction among the construction actors, and the
interplay effect among the prevalent behavioural and contextual factors. Some behavioural
factors appear to be significant in predicting the recommendation of RC by architects: a
senior position; knowledge about the Minergie label; the fact of having seen RC at least
once; the belief that RC has a lower environmental impact than conventional concrete;
the number of architects and clients recommending RC to the actor. Finally, the statistical
analyses indicate that the recommendation of RC is more likely to occur if the building is
non-residential, and if the awarding authority targets a construction label (e.g., Minergie).
We urge an acknowledgement that the construction process, which involves the actions of
many actors, can be shaped towards more circular/sustainable practices if all the involved
actors collaborate, recognise their respective potential agency, and act beyond their mere
basic responsibilities, as highlighted in other reports on the topic [78,79]. We argue that
the effectiveness of strategies for fostering circularity in the construction sector, and in all
sectors generally, depends on an understanding of the motivations and consequences of
behavioural choices and the relevance of each agent’s contribution.
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Appendix A. Presentation of the Theoretical Perspectives Informing the Development
of the Behavioural Framework Presented in This Study

Giddens’ ST combines the micro (social actor) and macro (structure) levels: it recog-
nises the contribution of individuals to the reproduction of social structure and, reciprocally,
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how social structures influence the actions of individuals (duality of structure, see [53]).
The ST explains how actors influence, and are influenced by, social structures, triggering a
feedback loop that gives individuals new information with which they can reassess their
standpoints. One integration of Giddens’ TS into our framework is in the feedback loops
that are triggered by the consequences of behaviour.

TIB is a psychological framework that aims to explain the “interpersonal” behaviour
of individuals [54]. In TIB, intentions, habit, physiological arousal, and contextual factors
influence the agent’s current behaviour. In addition, normative, cognitive, and affective
antecedents determine intentions. In our framework, which specifically focuses on the
recommendation of RC, physiological arousal was not integrated, since the recommenda-
tion of RC needs time and multiple verifications, and it is not a decision that can be made
under a specific state of physiological arousal. The integration of Triandis’ TIB into our
framework also lies, in part, in the recognition of the importance that an individual’s social
network has in developing an intention to implement a behaviour.

At the agent level, Ajzen’s TPB [50] defines the intention of the agent to implement a
specific behaviour as being determined in a joint manner, by the perceived behavioural
control (the ease of implementing the behaviour), the attitude towards the behaviour (the
evaluation of the behaviour) and the subjective norms (the perceived social pressure to
perform the behaviour). TPB has been extensively used in behavioural studies. Notably,
in the construction sector, [49] applied it to an analysis of the attitude of builders towards
construction and demolition waste recycling in India. The integration of TPB into our
framework is based in the recognition of all of these components in shaping the agent’s
intention and behaviour.

According to Rogers’ Adoption of innovation [56], an innovation is “an idea, practice,
or object that is perceived as new by an individual or other unit of adoption”. In the case of
our research, RC is considered an innovation, and conventional concrete as the standard
alternative. Even though RC has been on the market for more than 15 years, this is not a
relevant factor per se from an innovation adoption perspective. In fact, it is not important
“whether or not an idea is objectively new as measured by the lapse of time since its first use or
discovery. The perceived newness of the idea for the individual determines his or her reaction to
it” [56]. From an innovation adoption perspective, five characteristics of an innovation
are deemed important and help to explain its rate of adoption [56]: relative advantage,
compatibility, complexity, trialability, and observability. Relative advantage “is the degree to
which an innovation is perceived as better than the idea it supersedes”. Compatibility “is the degree
to which an innovation is perceived as being consistent with the existing values, past experiences,
and needs of potential adopters”. These characteristics are integrated within our framework in
the attitude of the agent, shaped by the beliefs that he/she associates with RC and its use.
Complexity “is the degree to which an innovation is perceived as difficult to understand and use”.
This component is integrated within the perceived behavioural control. Trialability “is the
degree to which an innovation may be experimented with on a limited basis”. Trialability could
be associated with the capacity to get knowledge and experience in using the material.
Finally, observability “is the degree to which the results of an innovation are visible to others”
and affects the stimulation of a discussion about the innovation. This is also linked to the
consequences of the behaviour (recommending RC), which can be more or less accentuated
depending on the visibility of the use of the innovation.

Appendix B.

Table A1. Details of the 16 interviews held.

ID Date Gender Age Group Experience (years) Language Modality

1 03.07.2019 Male 30–40 5–10 French In person
2 08.08.2019 Male 30–40 10–15 Italian In person
3 09.08.2019 Male 50–60 15–20 Italian Phone
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Table A1. Cont.

ID Date Gender Age Group Experience (years) Language Modality

4 12.08.2019 Male 30–40 5–10 French In person
5 23.08.2019 Male 40–50 10–15 Italian Skype
6 23.08.2019 Male 40–50 5–10 English Skype
7 26.08.2019 Male 50–60 25–30 Italian Phone
8 27.08.2019 Male 70–80 50–60 Italian Phone
9 27.08.2019 Male 50–60 10–15 English In person
10 29.08.2019 Female 40–50 20–25 English In person
11 02.09.2019 Male 40–50 10–15 French In person
12 02.09.2019 Male 50–60 30–35 English In person
13 04.09.2019 Male 50–60 20–25 Italian Phone
14 04.09.2019 Male 40–50 15–20 French In person
15 23.09.2019 Male 40–50 15–20 Italian Phone
16 26.09.2019 Male 30–40 5–10 French Skype

Appendix C.

Table A2. Framework components and extracted quotes from the interviews. The # code refers to the interview transcript.

Framework
Component Quotes

Contextual
factors

• “We used RC for Minergie label. The client wanted it” #10
• “I don’t even know if RC is proposed. I haven’t seen it on brochures. I don’t know the sites that are able to offer the RC” #07

Subjective culture
• “The architect has a fundamental role in proposing new things or things that can improve life in the built environment” #05
• “A good architect is someone that manages to produce a product that is ok for everyone” #02

Habit
• “Actually, now we have the policy that we use RC for all our projects” #09
• “Whenever there is the possibility is kind of normal to use RC” #10
• “We did all the projects with RC” #11

Perceived
behavioural

control

• “I find that in the construction sector today the engineers have more weight than architects” #08
• “But it’s so difficult to make a decision. You need so many hours to make your decision” #10
• “Let’s say that it’s 80% the architect that decides the material and 20% the client” #16

Attitude

• “I’ve never been told that there was any problem with the use of RC. [ . . . ] Not even logistic problems” #11
• “I followed a workshop [ . . . ]. I could touch it, see many pictures, and go in depth on the theory of the application of this material” #15
• “The advantage or RC is really that it has the same quality” #09
• “Systematically, if there is no request from the client, we say that we do like that. And a lot of times the client says ok, that’s not more complicated” #11
• “The difference between a recycled concrete and a conventional concrete is none” #13

Social networks
• “I think the opinion of all actors involved is fundamental” #13
• “There is a lot of discussion in the office and with the colleagues, about the project” #10

Consequences
• “We didn’t have any major backlashes. It worked out pretty well” #09
• “We acquired know-how for being able to reuse it” #14

Appendix D.

Table A3. Wilcoxon rank-sum test results to identify continuous variables whose values significantly differ between the
group of architects that recommended RC at least once, and the group of architects that have recommended RC. Significance
levels *: p < 0.05; **: p < 0.01; ***: p < 0.001. For scales, see Table 1 in the manuscript. In bold, the variables with significant
p-values (at least p < 0.05).

Distribution
of Full Sample

Distribution of Subsamples

Wilcoxon Rank-Sum (df = 1)
RC Recom-

mended
RC Not Rec-
ommended

Mean SD Mean SD Mean SD

Age 50.8 10.64 51.65 10.12 49.57 11.30 z = −2.420, p < 0.05 *
Perceived role—client’s demand 2.50 1.11 2.45 1.08 2.47 1.16 z = −0.030, p = 0.976
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Table A3. Cont.

Distribution
of Full Sample

Distribution of Subsamples

Wilcoxon Rank-Sum (df = 1)
RC Recom-

mended
RC Not Rec-
ommended

Mean SD Mean SD Mean SD

Perceived role—environment 4.55 0.77 4.63 0.74 4.44 0.80 z = −3.563, p < 0.001 ***
Perceived role—minimal requirements 3.76 1.20 3.88 1.12 3.577 1.28 z = −2.536, p < 0.05 *

Environment as an important value 4.67 0.61 4.68 0.61 4.66 0.62 z = −0.404, p = 0.686
Concern about the environment 4.46 0.84 4.56 0.77 4.31 0.92 z = −3.327, p < 0.001 ***

Social norm,
RC recommendation 3.18 1.04 3.29 1.01 2.97 1.06 z = −3.026, p < 0.01 **

Social norm,
SIA norms 3.58 1.14 3.48 1.17 3.74 1.06 z = 2.372, p < 0.05 *

Prescriptive social influence, Architects 16.43 24.38 22.37 26.64 7.45 16.98 z = −7.653, p < 0.001 ***
Prescriptive social influence, Building

engineers 26.25 30.56 34.87 31.19 13.22 24.44 z = −8.958, p < 0.001 ***

Prescriptive social influence,
Construction companies 10.44 21.55 14.17 24.60 4.81 14.15 z = −5.099, p < 0.001 ***

Prescriptive social influence, Policy
makers 12.64 24.89 1.31 28.47 4.09 14.58 z = −7.237, p < 0.001 ***

Prescriptive social influence,
Researchers 12.79 27.19 15.84 30.01 8.17 21.55 z = −2.836, p < 0.01 **

Prescriptive social influence, Suppliers 6.34 18.08 7.77 19.40 4.35 15.90 z = −2.418, p < 0.05 *
Prescriptive social influence, Clients 9.58 20.47 14.25 24.35 2.52 8.67 z = −6.804, p < 0.001 ***

Descriptive social influence—influence of
other architects’ behaviour 2.91 1.11 2.83 1.10 3.01 1.10 z = 1.853, p = 0.064

Descriptive social
influence—Behaviour of other

architects
28.87 24.25 35.91 24.91 14.09 14.19 z = −6.956, p < 0.001 ***

Risk propensity—New materials 3.64 0.98 3.70 0.99 3.54 0.97 z = −1.812, p = 0.070
Risk propensity—Client’s request 4.13 0.88 4.14 0.88 4.13 0.88 z = −0.196, p = 0.844

Belief environmental impact 3.86 1.15 3.93 1.18 3.73 1.09 z = −2.599, p < 0.01 **
Belief company benefit 3.14 1.00 3.13 1.06 3.16 0.89 z = 0.421, p = 0.674

Belief durability properties 2.83 0.54 2.84 0.55 2.82 0.53 z = −0.644, p = 0.520
Belief delays 3.91 0.90 4.00 0.92 3.76 0.86 z = −3.045, p < 0.01 **

Belief cost 3.20 1.08 3.24 1.12 3.11 1.01 z = −1.183, p = 0.237
Belief impact aesthetics 3.84 0.95 3.86 0.98 3.81 0.88 z = −0.914, p = 0.361

Knowledge of Minergie 2.61 1.17 3.34 0.82 1.50 0.61 z = −17.907, p < 0.001 ***
Self-assessed knowledge 2.12 0.33 2.18 0.39 2.03 0.18 z = −5.113, p < 0.001 ***

Perceived behavioural
control—Difficulty of the task 3.21 1.04 3.34 1.06 3.00 0.98 z = −3.640, p < 0.001 ***

Perceived behavioural control—Need for
external approval 1.84 0.96 1.89 1.00 1.75 0.89 z = −1.341, p = 0.180

Table A4. Chi2 test results to identify categorical variables whose values significantly differ between
the group of archiTable 0. **: p < 0.01; ***: p < 0.001. In bold, the variables with significant p-values (at
least p < 0.05).

Distribution of
Full Sample

Distribution of Subsamples
Chi2 Test (df = 1)RC Recom-

mended
RC Not Rec-
ommended

Gender Chi2 = 3.07611,
p = 0.079

Male 436 (84.5%) 269 (86.8%) 167 (81.1%)
Female 80 (15.5%) 41 (13.2%) 39 (18.9%)

Company size Chi2 = 15.6203,
p < 0.001 ***

≤10 312 (59.8%) 166 (52.9%) 146 (70.2%)
>10 210 (40.2%) 148 (47.1%) 62 (29.8%)
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Table A4. Cont.

Distribution of
Full Sample

Distribution of Subsamples
Chi2 Test (df = 1)RC Recom-

mended
RC Not Rec-
ommended

Country of study Chi2 = 1.0806,
p = 0.0.299

Switzerland 435 (83.3%) 266 (84.7%) 169 (81.3%)
Other 87 (16.7%) 48 (15.3%) 39 (18.7%)

Job position Chi2 = 10.1060,
p < 0.01 **

Senior position 374 (71.7%) 241 (76.8%) 133 (63.9%)
Other 148 (28.3%) 73 (23.2%) 75 (36.1%)

Years of experience Chi2 = 15.6203,
p < 0.001 ***

≤20 years 231 (44.3%) 117 (37.3%) 114 (54.8%)
>20 years 291 (55.7%) 197 (62.7%) 94 (45.2%)

Number of projects/year
Chi2 = 5.2193,

p < 0.05 *
≤5 297 (56.9%) 166 (52.9%) 131 (63.0%)
>5 225 (43.1%) 148 (47.1%) 77 (37.0%)

Visual knowledge
Chi2 = 187.5710,

p < 0.001 ***
Never seen RC 332 (63.6%) 126 (40.1%) 206 (99.0%)
RC seen at least once 190 (36.4%) 188 (59.9%) 2 (1.0%)

RC-related events
Chi2 = 3.7077,

p = 0.054
≤1 320 (61.3%) 182 (58.0%) 138 (66.4%)
>1 202 (38.7%) 132 (42.0%) 70 (33.6%)

Appendix E.

Table A5. Contextual factors profiles of projects in which RC was or was not recommended. Signifi-
cance levels ***: p < 0.001.

Distribution of
Full Sample

Distribution of Subsamples
Chi2 Test (df = 1)RC Recom-

mended
RC Not Rec-
ommended

Building typology Chi2 = 23.82,
p < 0.001 ***

Residential 370 (50.5%) 115 (40.0%) 255 (57.3%)
Other 370 (50.5%) 180 (60.0%) 190 (42.7%)

Awarding authority Chi2 = 24.77,
p < 0.001 ***

Public 239 (39.6%) 142 (50.2%) 97 (30.3%)
Private 364 (60.3%) 141 (49.8%) 223 (69.7%)

Cost project Chi2 = 16.03,
p < 0.001 ***

≤1 Million CHF 73 (10.7%) 14 (5.0%) 59 (14.8%)
>1 Million CHF 613 (89.3%) 267 (95.0%) 346 (85.2%)

Consideration of
environmental labels

Chi2 = 72.08,
p < 0.001 ***

Yes 159 (24.3%) 113 (41.0%) 46 (12.1%)
No 496 (75.7%) 163 (59.0%) 333 (87.9%)

Suppliers Chi2 = 1.75,
p = 0.186

1 112 (42.4%) 63 (46.3%) 49 (38.3%)
>1 152 (57.6%) 73 (53.7%) 79 (61.7%)
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Annex 1.  

Review of recent literature focusing on Circular Economy indicators 

Reference Main focus 

Kristensen and Mosgaard (2020) Summarized the body of literature on CE indicators at different scales, highlighting how indicators for measuring CE are still at an early stage of development 

Corona et al. (2019) 

Developed a review and critical assessment on current circularity metrics, aiming at mapping methodological developments regarding circularity metrics for products and services. 

The review evaluated current circularity metrics by considering eight CE validity requirements anchored in the sustainable development concept, and concluded that none of the 

reviewed circularity metrics are addressing all of them.  

Elia et al. (2017) 

Analyzed the current literature on CE assessment, and proposed a reference framework for the monitoring phase of a CE strategy. They reviewed single synthetic indicators and sets 

of multiple indicators, categorizing them according to the parameter(s) to be measured: material and energy flow, land use and consumption, and other life-cycle based. The authors 

remarked that the majority of quantitative indicators relate to material use and losses, but neglect important aspects of the product’s lifetime. 

Moraga et al. (2019) 
Reviewed the available CE indicators applying a categorization framework that classifies indicators by common CE strategies (the what) and measurement scopes (the how) according 

to Life Cycle Thinking approach. 

Haupt et al. (2017) 
Focusing on the Swiss waste management system, the authors questioned the relevance of the current CE indicators, concluding that the rates used are not suitable as a performance 

indicator for a CE, since they fail to describe the amount of material that is kept within material cycles. 

Saidani et al. (2019) 

Proposed a taxonomy of CE indicators including 10 categories. According to those, CE indicators were categorized based on their focus on a specific level of CE implementation 

(e.g. micro, meso, macro), a specific CE loop (maintain, reuse, remanufacture, recycle), a performance type (intrinsic, impacts), a perspective of circularity (actual, potential), or their 

degree of transversality (generic, sector-specific). 

Parchomenko et al. (2019) 

Provided a structured picture of the current stock of CE metrics, including the identification of methodology clusters and the related assessment perspectives. Using Multiple 

Correspondence Analysis, the authors assessed 63 CE metrics and 24 features relevant to CE, concluding that the prevailing approach related to resource and recycling efficiency, 

waste disposal, and secondary vs. primary use, while metrics inquiring value conservation from a systemic perspective were rarer (such a s longevity, value change and retention, 

system stability, and sharing).  

Tuppen (2016) 
Elaborated on the Ellen MacArthur Material Circularity indicators at the product and company level, noting that also this tool is not a silver bullet: although offering an indication of 

the extent to which the materials of a product circulate, it does not take into consideration the nature of these materials, and also does not give information on other product impacts. 

Lieder and Rashid (2016) 
Presented a review of the manufacturing industry, noting that research (and indicators used) has evolved primarily on waste generation, resource use, and environmental impact, 

neglecting business and economic perspectives. 

Moraga et al. (2021) 
Developed two circularity indicators based on the maintenance of materials in a useful state in products for as long as possible (the in-use occupation), highlighting the importance 

of avoiding hibernation and dissipation. 

Linder et al. (2017) 
Reviewed existing product-level metrics in terms of validity and reliability, suggesting a  means to calculate product-level circularity based on sequential approximations of adding 

one product part and activity. 

Cayzer et al. (2017) Designed indicators for measuring product performance in the CE, applying a multi-measure approach, with a single aggregated metric for each product lifecycle stage. 

Mesa et al. (2018) 
Developed a set of sustainability indicators for product families based on the CE model, claiming that there is still the need to develop new sets of indicators to enhance the continuous 

improvement and comparison of product alternatives during design phases, with the broader scope to increase the product sustainability. 

Azevedo et al. (2017) 
Proposed a sustainable circular index for manufacturing companies. They provided a base for the assessment of both sustainability and circularity of companies, offering insights on 

the progress of companies towards environmental, economic, and social sustainability and towards circularity. 

Rincón-Moreno et al. (2021) 
Carried out exploratory research to formulate the requirements of CE indicators, triangulating information from the literature and experts’ opinions, then testing them in Spanish 

companies. 

Guo-gang (2011) Proposed an index method for assessing the adoption of CE at the regional level, based on resources consumption, environmental disturbance, recycling, and social development. 

Qing et al. (2011) Discussed a methodology applied in a Chinese province by using additional categories of indicators, linked to economic development, environment protection, and pollution reduction. 

Campbell-Johnston et al. (2019) 
In their research at the macro (urban) level, the authors reported how municipal officials were consistently concerned about how a CE should be measured, including which indicators 

would be suitable for success. 



Part II ¦ Appendix 

151 
 

Zaman and Lehmann (2013) 
Compared the performance of three cities using the so-called “circular city metabolism”, based on the circularity of the waste management process, and measured through a “zero-

waste index”. 

Su et al. (2013) 

Analyzed CE indicators in China. A significant effort is needed to improve policies, practices, and assessment tools for supporting the implementation of a CE. Scholars suggested 

the need for the establishment of a more systemic system of evaluation, which would go beyond the use of indicators evaluating 3R (Reuse, Reduce, Recycle) principles or the 

environmental aspect, adding economic and social indicators. 

Llorente-González and Vence 

(2019) 

Discussed the conceptualization of the CE behind the selection and interpretation of the metrics proposed by the European Commission. They also pointed out that while some work 

has already been done regarding the development of indicators to quantify the CE, macro-level assessment frameworks are rare outside of China and, in most cases, they are still at 

the development and/or proposal stage. 

Kasztelan (2020) 

Constructed and empirically verified the aggregate index of national economies’ circularity (INEC), which allowed the author to assess and compare the level of circularity of 

European countries. The analysis revealed that the general level of circularity of the EU national economies is low, and both international institutions and individual countries should 

undertake corrective measures in several areas. 

Fan and Fang (2020) 
Evaluated the CE development in China, suggesting that China's CE has made certain progress, however, large differences exist among 31 provinces in the overall CE efficiency (the 

average efficiency being only 0.616). 

Wang et al. (2020) 

Measured the progress of China’s CE. Most of the used circularity indicators focus on specific materials or waste flows (e.g. recycling rate of iron scrap, non-ferrous metals), while 

there is a lack of indicators and clear targets for the whole economy recycling rates (both input and output). Additionally, significant barriers to the implementation of indicators exist, 

due to a lack of a defined and standardized process of accounting. 

Geng et al. (2012) 
In the Chinese context, reviewed benefits and challenges of the adoption of the ‘Chinese national CE indicator system’, developed by the National Development and Reform 

Commission (NDRC). 

Moriguchi (2007) 
Reviewed progress in material flow analysis and its use in providing resource productivity indicators, basing their research on developments in Japanese policy toward a sound 

material-cycle society. 

Haas et al. (2015) 
Applied a socio-metabolic approach to assessing the circularity of global material flows, which appears to be low, and highlighted that in order to advance to a CE, a shift to renewable 

energy, a significant reduction of societal stock growth, and decisive eco-design are needed. 
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Annex 2 

ReSOLVE framework (EMF, 2015) 
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Annex 3 

Circular city project map. Adapted from Prendeville et al., 2018 based on EMF, 2015. 
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Annex 4 

Interview protocol. Module 2. Rise Framework development and iteration. 

• Approximate time available: 1h 

• In person or on the phone 

• Brief explanation of the context of the research project. Permission to record. Doubts/Info. 

• Questions: 

1. How would you define the Circular Economy (CE)? 

Input: Frameworks (EMF Butterfly) 

2. What do you think might be missing from these frameworks for a transition to a CE? 

Input: RISE framework 

3. What do you think of this new framework? Do you agree with the importance of linking the interventions 

to the 9Rs within this framework? 

4. What do you think would be the greatest contribution of having information on all the interventions being 

implemented according to the RISE framework and the Rs? 

5. Given your professional expertise and scope of work, what do you think should be the theoretical target 

and aim, and the highest impact of a project like yours? 

6. How is your project best contributing to a CE?  

7. Does your work effectively match with its theoretical aims and targets, that you have mentioned? 

8. Who is your project mostly targeted to? 

9. Is your project linked to the construction industry and the built environment sector? 

Input: Mapping of the project according to the RISE framework 

10. Would you agree if your project would be accordingly categorized as in the table shown on the next 

slide? 

11. What do you consider is the effective largest impact of your work or project for CE in the construction 

sector? 

12. What could be some challenges for you to perform your work and achieve this impact? 

13. What other actors do you depend on the most for your project? 

14. What could be some enablers for you to perform your work and achieve this impact? 

15. Do you get any kind of support? 

16. How would you measure the progress towards circularity achieved concerning your project? (Potential 

input: examples > timely monitoring of the progress, reduced environmental impact) 

17. If we were to focus on the construction sector, which are the Rs among the 9Rs that you think can have 

the greatest effect in terms of reduced environmental impact? 

18. Do you know about other projects in Switzerland that could be categorized under these Rs for the 

construction sector? 

19. For your project or within the scope of your work, is there any specific technology that you are using 

that advances further the implementation of circularity?  

20. What are some challenges (if any) associated with the widespread use and implementation of this 

technology? 

21. Thank you very much for your time. Do you want to add something? Is there something we haven’t 

covered, that you think would be important to share? 
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Annex 5 

Interview protocol. Module 3. Behavioral framework for the recommendation of recycled concrete. 

 Approximate time available: 1h 

 In-person or on the phone 

 A brief explanation of the context of the research project. Permission to record. Doubts/Info. 

 Questions: 

Questions to be adapted in case the respondent has never used conventional/recycled concrete (this 

information will be available before the interview). In case they did not use recycled concrete, omit Q13.  

Abbreviations: Conventional concrete: CC. Recycled concrete: RC. 

1. How would you present your company, and your position here? 

2. In your opinion, what is the main goal of the professional activity of an architect? 

3. What do you think makes an architect a good/respectful professional in his/her work? 

4. Some people from your personal or professional network might have an opinion on your work. Whose 

opinion do you consider important? 

5. As an architect, in which ways do you decide on, or influence, the choice of the type of construction 

material to use? 

6. Which are the main factors affecting your choice of construction material?  

7. As an architect, do you influence the choice between different types of insulation material to be installed 

(e.g. rockwool, PUR, XPS, etc)? Why? If not, who does? 

8. Do you decide or influence the decision between RC or CC, when concrete is chosen as a building 

material? Why? If not, who does? 

9. Have you ever experienced that the client’s request for a specific material (CC or RC) was different 

from the material actually used? If yes, which were the reasons for that? 

10. Which are the labels, norms, and recommendations that you consider important for working with RC? 

What do you think about them? (If not mentioned, then ask) 

 What do you think about the label Minerge Eco? 

 What do you think about the SIA norm 2030 “recycled concrete”? 

 What do you think about the KBOB, eco-bau, IPB recommendation “Concrete of recycled 

granulates” 2007/2, Feb 2012? 

Now, in this last part, I am particularly interested to get to know your opinion and experience in 

recommending CC and/or RC. 

11a. What do you see as the advantages and disadvantages of recommending the use of CC vs RC? 

11b. Is there any advantage and disadvantage of recommending the use of RC vs CC that you would like to 

add? 

11c. Were you introduced to the applications of RC during your studies? 

11d. Does anything else comes to your mind when you think about recommending the use of CC vs RC or 

vice-versa? 

Please, think about the last time you recommended CC.  

12a. Could you please briefly describe the project? 

12b. Which were the factors or circumstances that facilitated your decision to recommend the use of CC? 

What made this decision difficult? 

12c. What consequences did your recommendation have? Did you expect them? 

12d. Who approved and who disapproved of your decision to recommend CC? 

Please, think about the last time you recommended RC. 

13a. Could you please briefly describe the project? 

13b. Did you look for additional information for informing your decision to recommend the use of RC? If 

yes, which resources did you use (e.g. books, internet)? 

13c. For which applications did you recommend the use of RC? 

13d. Which were the factors or circumstances that facilitated your decision to recommend RC? What made 

this decision difficult? 

13e. With whom did you discuss your decision to recommend RC? 

13f. Who approved and who disapproved of your decision to recommend RC? 

13g. What consequences did your recommendation have? Did you expect them? 

14. Thank you very much for your time. Do you want to add something? Is there something we didn’t cover 

today, that you think would be important to share?  
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Annex 6 

Survey questionnaire (Module 3). 

 

Question ID Text Q choice Options 

QID1_Text Welcome! Please, select your preferred language in the drop-down menu above. Right now, the 

selected language English 

   Select language (EN, DE, FR IT) 

QID2_Text Thank you for your interest in this survey! Your contribution is extremely valuable and highly 
appreciated!  

Information sheet en  

Consent form en 

    

 
By participating in this survey, you are indicating that you have read the information sheet and agree 

with the declarations of the informed consent form. Both documents are available by clicking on the 
links above. 

QID2_Choice4 Select to continue 

QID3_Text Please think about the construction projects you worked on during the last 5 years. Which percentage 
of your projects were located in Switzerland? By “construction project”, we mean here all kinds of 

building projects that you have worked on, even for a call for tenders, even if the project was not 

carried out in the end. 

    

  QID3_Choice1 0% 

  QID3_Choice2 1-25% 

  QID3_Choice3 25-50% 

  QID3_Choice4 50-75% 

  QID3_Choice5 75-100% 

QID4_Text Do you confirm that your answer is: 0%? This will end the survey.     

 IF QID3=0 
 

QID4_Choice1 I confirm 

    QID4_Choice2 No, I have selected the wrong answer 

 

QID7_Text What is your year of birth?     

    QID7_Choice Select: 1935-2002 

QID8_Text Please select your gender:     

  
 

QID8_Choice1 Man 

  
 

QID8_Choice2 Female 

  
 

QID8_Choice3 Other 
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    QID8_Choice4 Prefer not to reply 

QID117_Text In which country did you obtain your highest architectural degree?     

  
 

QID117_Choice1 Switzerland 

  
 

QID117_Choice2 Italy 

  
 

QID117_Choice3 Germany 

  
 

QID117_Choice4 France 

  
 

QID117_Choice5 Spain 

  
 

QID117_Choice6 UK 

    QID117_Choice7 Other (please specify) 

QID10_Text Please select the option that best describes your position in the company where 

you currently work: 

    

  QID10_Choice1 Associate/partner 

  QID10_Choice2 Project manager 

  
 

QID10_Choice4 Junior architect 

  
 

QID10_Choice5 Independent collaborator 

  
 

QID10_Choice6 Intern/trainee 

    QID10_Choice7 Other, please specify 

QID9_Text For how many years have you been working as an architect in construction 

projects? 

    

  
 

QID9_Choice1 Less than 1 year 

  
 

QID9_Choice2 Select: 1-20 

    QID9_Choice3 More than 20 

QID11_Text What is the total number of employees in your company (including all locations 

where your employer operates)? 

    

  
 

QID11_Choice1 1-10 

  
 

QID11_Choice2 11-20 

  
 

QID11_Choice3 21-30 

  
 

QID11_Choice4 31-40 

  
 

QID11_Choice5 41-50 

    QID11_Choice6 More than 50 
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QID12_Text On average, in the last five years, how many construction projects have you 

worked on per year? By “construction project”, we mean here all kinds of building 

projects that you have worked on, even for a call for tenders, even if the project 

was not carried out in the end 

    

  QID12_Choice1 0 

  QID12_Choice2 Select: 1-10 

    QID12_Choice3 More than 10 

 

QID13_Text Please think about the construction projects on which you have worked in the last 

5 years, located in Switzerland. Where were they predominately located? Please 

select a maximum of 3 cantons 

    

    QID13_Choice Select: Canton 

QID88_Text To which extent do you agree or disagree with the statements below?     

  “My role as an architect is to fulfill the client’s demands, even in the case of 

disagreement” 

QID88_1_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  "When working on a construction project and recommending the use of 

construction materials, it is my role as an architect to take environmental issues* 

into account." 

*Environmental issues: such as how much CO2 will be emitted due to the 

transport of construction materials, or the environmental impact associated with 

the production of the construction materials. 

QID88_2_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  "When choosing construction materials, it is my role as an architect to comply 

with the minimal technical requirements with no need to go beyond that" 

QID88_3_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

QID89_Text To which extent do you agree or disagree with the statements below?     

  “The preservation of the environment is an important value for me”. QID89_1_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  “I find it hard to get concerned about environmental issues”. QID89_2_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 
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QID82_Text To which extent do you agree or disagree with the statements below?     

  “I like to innovate and recommend the use of construction materials that I have not 

used before”. 

QID82_1_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  "It is ok for me to recommend construction materials, even if they differ from the 

original client’s request". 

QID82_2_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  "I only recommend construction materials that I have already used and with which 

I have had a good experience". 

QID82_3_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

QID118_Text Which statement best describes your knowledge about Recycled Concrete?     

  
 

QID118_1_Choice I have no knowledge at all about Recycled 

Concrete 

  
 

QID118_2_Choice I have a basic knowledge about Recycled 

Concrete (I do not know the difference between 

RC-M and RC-C) 

    QID118_3_Choice I have a good knowledge of Recycled Concrete 

(I know the difference between RC-M and RC-

C) 

QID45_Text Have you ever recommended the use of Recycled Concrete in your construction 

projects? 

    

    QID45_Choice Select: Yes/No 

QID181_Text Have you ever recommended the use of Recycled Concrete in your construction 

projects? 

    

  
 

QID181_1_Choice No 

  
 

QID181_2_Choice Yes, but I am not sure if it was Recycled 

Concrete RC-M or RC-C 

  
 

QID181_3_Choice Yes, I have only recommended RC-C 

  
 

QID181_4_Choice Yes, I have only recommended RC-M 

    QID181_5_Choice Yes, I have recommended both RC-C and RC-

M 
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QID278_Text In the last 5 years, for which percentage of the construction projects that you have 

worked on, did you recommend the use of Recycled Concrete (Even if Recycled 

Concrete was not used in the end)? 

    

  QID278_1_Choice Less than 25% 

  QID278_2_Choice Between 25 and 50% 

  QID278_3_Choice Between 50 and 75% 

  
 

QID278_4_Choice Between 50 and 99% 

    QID278_5_Choice 100% 

QID120_Text In your opinion, provided that Recycled Concrete (RC) and Conventional 

Concrete (CC) were transported over similar distances (e.g. 25km), how much 

higher or lower is the environmental impact of RC, if compared to CC? 

    

    QID120_Choice Likert scale: Much higher, rather higher, 

Approximately the same, Rather lower, Much 

lower; I don't know. 

QID121_Text To which extent do you agree or disagree with the statement below? 

“For one of my typical construction projects, my decision to recommend Recycled 

Concrete might benefit* my company” 

*The benefits might relate to an increased amount of clients, increased revenues, 

or improved reputation. 

    

  QID121_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

QID123_Text In your opinion, in a typical project, the technical properties (durability*) of 

Recycled Concrete, in comparison to Conventional Concrete, are overall: 

*The properties of durability are those related to the corrosion risks of the 

reinforcement (carbonation, chloride migration, gas permeability, and porosity), to 

the resistance to freeze/thaw cycles, the risks linked to alkali-silica reactions, and 

the presence of sulfates. 

    

  QID123_Choice Likert scale: Much better, Rather better, 

Approximately the same, Rather worse, Much 

worse; I don't know. 

QID124_Text To which extent do you agree or disagree with the statements below?       

"In a typical project, the use of Recycled Concrete in the construction of a 

building... 

    

  ...would delay the construction process". QID124_1_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  ...would increase the cost of the construction project". QID124_2_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 
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  ...would compromise the aesthetic of the building”. QID124_3_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

QID197_Text To which extent do you agree or disagree with the statements below?     

  "Most people who are important to me think that I should recommend Recycled 

Concrete in my construction projects" 

QID197_1_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  "If other architects recommend the use of Recycled Concrete, this would influence 

my decision to recommend Recycled Concrete in my projects" 

QID197_2_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  "It is expected from me to know the content of the SIA norms on Recycled 

Concrete when recommending the use of Recycled Concrete in my construction 

projects" 

QID197_3_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

QID198_Text Please consider all the other architects whose work you know. Which percentage 

of these architects has recommended Recycled Concrete (RC) at least once? (Even 

if RC was not finally used in their construction project) 

    

  QID198_Choice1 Select: % 

    QID198_Choice2 I don't know 

QID199_Text The list below reports different categories of professionals that could be involved 

in a construction project. Please indicate, for each category, approximately what 

proportion of the people you know suggested to you to recommend Recycled 

Concrete in your construction projects, during the last year. 

    

  Other architects QID199_Choice1 Select: 0; 0.25; 0.50; 0.75; 1 

  Building engineers QID199_Choice2 Select: 0; 0.25; 0.50; 0.75; 1 

  Construction enterprises QID199_Choice3 Select: 0; 0.25; 0.50; 0.75; 1 

  Policymakers QID199_Choice4 Select: 0; 0.25; 0.50; 0.75; 1 

  Researchers QID199_Choice5 Select: 0; 0.25; 0.50; 0.75; 1 

  Suppliers of concrete QID199_Choice6 Select: 0; 0.25; 0.50; 0.75; 1 

  Clients QID199_Choice7 Select: 0; 0.25; 0.50; 0.75; 1 
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  Others, please specify QID199_Choice8 Select: 0; 0.25; 0.50; 0.75; 1 

QID200_Text Please consider your professional experience on projects in Switzerland. 

To which extent do you agree or disagree with the statements below?  

    

  "I feel that recommending the use of Recycled Concrete in my construction 

project is a difficult* task" 

*This difficulty could be linked to any of the following issues: searching for 

information on the possible applications of Recycled Concrete, looking for 

suppliers, etc. 

QID200_1_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  “Even if I wanted to recommend Recycled Concrete, I would need the approval of 

other experts (for instance, an engineer working on the same project)". 

QID200_2_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

QID261_Text Which statement about Recycled Concrete is correct? 
  

  
QID261_Choice1 Recycled Concrete contains recycled cement 

  
QID261_Choice2 In Recycled Concrete, part of the aggregates 

come from demolished constructions, thus 

partially replacing natural aggregates   
QID261_Choice3 The name Recycled Concrete comes from the 

use of recycled adjuvants used for its production 

  
QID261_Choice4 None of the above is correct 

  
QID261_Choice5 I don’t know 

QID263_Text "What is approximately the maximum distance (in km) within which it makes 

sense from an environmental standpoint to</span>to supply Recycled Concrete? 

    

  
 

QID263_Choice1 Not more than 5km 

  
 

QID263_Choice2 Not more than 25km 

  
 

QID263_Choice3 Not more than 50km 

  
 

QID263_Choice4 Not more than 100km 
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    QID263_Choice5 I don't know 

QID264_Text How would you rate your knowledge of the label Minergie-Eco?     

  
 

QID264_Choice1 Rather high: I know its requirements and I have 

worked in projects that are certified with this 

label. 

  
 

QID264_Choice2 Intermediate: I know how the label works and 

what are its requirements. 

  
 

QID264_Choice3 Rather low: I have only heard about the 

existence of this label. 

  
 

QID264_Choice4 Very high: I know the system of points 

allocation very well and I can advise others on 

how to meet the requirements specified by the 

label. 

    QID264_Choice5 Very low: I did not know about the existence of 

this label. 

QID265_Text How many events (workshops/seminars/conferences) are you aware of, that took 

place last year where recycled Concrete was even partially discussed and which 

took place in locations close by your office or home (distance <50km)?  

    

  
 

QID265_Choice1 Select: 0-10 

    QID265_Choice2 More than 10 

QID266_Text In how many of the events that you previously recalled did you participate?     

  
 

QID266_Choice1 Select: 0-10 

    QID266_Choice2 More than 10 

QID267_Text In your life, how many times have you seen concrete, knowing that it was 

Recycled Concrete? 

    

  
 

QID267_Choice1 Never 

  
 

QID267_Choice2 Only once 

  
 

QID267_Choice3 2-4 times 

    QID267_Choice4 More than 4 times 



Part II ¦ Appendix 

164 
 

QID216_Text Please, think about your last finished construction project in which you personally 

did not recommend* Recycled Concrete (please consider this project even if 

Recycled Concrete was used in the end). 

*Please note: Here, we mean the absence of recommendation. This differs from 

"advising against the use of Recycled Concrete". 

    

QID217_Text What type of awarding authority initiated the project?     

  
 

QID217_Choice1 Public 

  
 

QID217_Choice2 Private for private use 

  
 

QID217_Choice3 Private for commercial use 

    QID217_Choice4 I don't know 

QID218_Text In which canton was the construction site located?     

    QID218_Choice Select: Canton 

QID219_Text Which of the following best characterizes the building typology?     

  
 

QID219_Choice1 Residential buildings 

  
 

QID219_Choice2 Office buildings and similar: public or private 

  
 

QID219_Choice3 Buildings used as hospitals, clinics, or similar 

  
 

QID219_Choice4 Buildings used for recreational, associative, or 

religious activities or similar 

  
 

QID219_Choice5 Buildings used for commercial or similar 

activities 

  
 

QID219_Choice6 Sports buildings 

  
 

QID219_Choice7 Buildings used for school activities at all levels 

or similar 

  
 

QID219_Choice8 Buildings used for industrial and craft activities 

or similar 

    QID219_Choice9 Other (please specify) 

QID220_Text What was the cost of the project (BCC 1 to 5) to the closest million CHF?     

  
 

QID220_Choice1 Less than 1 million CHF 

  
 

QID220_Choice2 Select:1-50 

  
 

QID220_Choice3 More than 50 million CHF 

    QID220_Choice4 I don't know 
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QID221_Text Approximately how many suppliers of Recycled Concrete were available, within a 

radius of 25km around the construction site? 

    

  
 

QID220_Choice1 Select: 0-10 

  
 

QID220_Choice2 More than 10 

    QID220_Choice3 I don't know 

QID222_Text In the area where the construction site was located, was there a legal requirement 

from the local authority (e.g. the canton) to use Recycled Concrete? 

    

    QID222_Choice Select: Yes/No/I don't know 

QID223_Text Was it decided to obtain a label (e.g. Minergie Eco) which implied the use of 

Recycled Concrete? 

    

    QID223_Choice Select: Yes/No/I don't know 

QID224_Text In the area where the construction site was located, approximately how much 

higher or lower (in %) was the price of Recycled Concrete, compared to 

Conventional Concrete? 

    

  
 

QID224_Choice1 More than 45% higher 

  
 

QID224_Choice2 35-45% higher 

  
 

QID224_Choice3 25-35% higher 

  
 

QID224_Choice4 15-25% higher 

  
 

QID224_Choice5 5-15% higher 

  
 

QID224_Choice6 Approximately the same (between 5% higher or 

lower) 

  
 

QID224_Choice7 5-15% lower 

  
 

QID224_Choice8 15-25% lower 

  
 

QID224_Choice9 25-35% lower 

  
 

QID224_Choice10 35-45% lower 

  
 

QID224_Choice11 More than 45% lower 

    QID224_Choice12 I don't know 

QID225_Text In the end, was Recycled Concrete used in the construction project?     

    QID225_Choice Select: Yes/No/I don't know 
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QID226_Text Who recommended the use of Recycled Concrete in this construction project?     

  
 

QID226_Choice1 Another architect 

  
 

QID226_Choice2 Building engineer 

  
 

QID226_Choice3 Construction enterprise 

  
 

QID226_Choice4 Client 

  
 

QID226_Choice5 Other, please specify 

    QID226_Choice6 I don't know 

QID269_Text Below, we report a schematic drawing of a building (adapted from KBOB, eco 

bau, IPB 2007/2). For which applications was Recycled Concrete used in the 

above-mentioned project? 

    

  1. Dry walls, ceilings, stairwells, indoor dry applications QID269_1_Choice Select: Yes/No/I don't know 

  2. Outside, protected from the rain QID269_2_Choice Select: Yes/No/I don't know 

  3. Outdoor façades, water absorbing surfaces QID269_3_Choice Select: Yes/No/I don't know 

  4. Waterproof concrete QID269_4_Choice Select: Yes/No/I don't know 

  5. Sealing coat/blinding QID269_5_Choice Select: Yes/No/I don't know 

  6. Deep foundation and underpinning QID269_6_Choice Select: Yes/No/I don't know 

  7. Concrete filling and cladding QID269_7_Choice Select: Yes/No/I don't know 

  8. Temporary slope reinforcement QID269_8_Choice Select: Yes/No/I don't know 

  9. Retaining walls QID269_9_Choice Select: Yes/No/I don't know 

QID229_Text Would you like to add something to this project, regarding the (non) 

recommendation of Recycled Concrete? 
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QID210_Text Please, think about your last finished construction project in which you personally recommended Recycled Concrete (please consider this project even if 

Recycled Concrete was used in the end). 

  

   

Questions QID217 QID218 QID219 QID220 QID221 QID222 QID223 QID224 QID225 QID226 Repeated 

QID211_Text Below, we report a schematic drawing of a building (adapted from KBOB, eco 

bau, IPB 2007/2).For which applications did you recommend the use of Recycled 

Concrete in the above-mentioned project? Please tick all that apply. 

    

  1. Dry walls, ceilings, stairwells, indoor dry applications QID211_Choice1 Select: Yes/No/I don't know 

  2. Outside, protected from the rain QID211_Choice2 Select: Yes/No/I don't know 

  3. Outdoor façades, water absorbing surfaces QID211_Choice3 Select: Yes/No/I don't know 

  4. Waterproof concrete QID211_Choice4 Select: Yes/No/I don't know 

  5. Sealing coat/blinding QID211_Choice5 Select: Yes/No/I don't know 

  6. Deep foundation and underpinning QID211_Choice6 Select: Yes/No/I don't know 

  7. Concrete filling and cladding QID211_Choice7 Select: Yes/No/I don't know 

  8. Temporary slope reinforcement QID211_Choice8 Select: Yes/No/I don't know 

  9. Retaining walls QID211_Choice9 Select: Yes/No/I don't know 

QID213_Text To which extent do you agree or disagree with the statement below? 

“I have recommended the use of Recycled Concrete, but I will never do it again”. 

    

    QID213_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

QID214_Text For every category below, please indicate the type of overall feedback you 

received because of your choice to recommend the use of Recycled Concrete. 

  

 
Other architects QID214_1_Choice Likert scale: Definitely negative, Rather 

negative Neither negative nor positive, Rather 

positive, Definitely positive, I did not receive 

any feedback.  
Building engineers QID214_2_Choice Likert scale: Definitely negative, Rather 

negative Neither negative nor positive, Rather 
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positive, Definitely positive, I did not receive 

any feedback. 

 
Construction enterprises QID214_3_Choice Likert scale: Definitely negative, Rather 

negative Neither negative nor positive, Rather 

positive, Definitely positive, I did not receive 

any feedback.  
Policymakers QID214_4_Choice Likert scale: Definitely negative, Rather 

negative Neither negative nor positive, Rather 

positive, Definitely positive, I did not receive 

any feedback.  
Researchers QID214_5_Choice Likert scale: Definitely negative, Rather 

negative Neither negative nor positive, Rather 

positive, Definitely positive, I did not receive 

any feedback.  
Concrete producers QID214_6_Choice Likert scale: Definitely negative, Rather 

negative Neither negative nor positive, Rather 

positive, Definitely positive, I did not receive 

any feedback.  
Clients QID214_7_Choice Likert scale: Definitely negative, Rather 

negative Neither negative nor positive, Rather 

positive, Definitely positive, I did not receive 

any feedback.  
Others, please specify QID214_8_Choice Likert scale: Definitely negative, Rather 

negative Neither negative nor positive, Rather 

positive, Definitely positive, I did not receive 

any feedback.  
Media (e.g. specialized journal) QID214_9_Choice Likert scale: Definitely negative, Rather 

negative Neither negative nor positive, Rather 

positive, Definitely positive, I did not receive 

any feedback. 

QID215_Text Would you like to add more comments on this project, regarding the 

recommendation of Recycled Concrete? 
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QID279_Text The following questions focus specifically on Recycled Concrete type M (RC-M).     

 Questions QID261, QID263, QID264, QID265, QID266, QID267, QID197, QID198, QID199, QID200, QID120, QID121 adapted to RC-M 

QID30_Text We acknowledge that some opinions regarding the recommendation of Recycled Concrete RC-M might vary in relation to different applications for which 

Recycled Concrete RC-M The applications that we consider here are:  

 

Building construction   XC1 XC2  Drywalls, ceilings, stairwells, indoor dry applications 

Building construction  XC1 XC2  Sealing coat/blinding, deep foundation, and underpinning 

Canalisation, pipes, etc.  XC0...XC3  Filling concrete, concrete cladding, temporary slope reinforcement, retaining wall 

QID31_Text 
In your opinion, in a typical project, the technical properties (durability*) of 

Recycled Concrete RC-M for the above-mentioned applications, in comparison to 

Conventional Concrete, are overall: 

 

Likert scale: Much better, Rather better, 

Approximately the same, Rather worse, Much 

worse; I don't know. 

QID31_Choice 

QID32_Text To which extent do you agree or disagree with the statements below?  

In a typical project, the use of Recycled Concrete RC-M for the above-mentioned applications... 

  

  

...would delay the construction process". 

QID32_1_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  

...would increase the cost of the construction project". 

QID32_2_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

  

...would compromise the aesthetic of the building”. 

QID32_3_Choice Likert scale: Strongly disagree, Rather disagree, 

Neither disagree nor agree, Rather agree, 

Strongly agree; I don't know. 

 Questions QID31, QID32 were repeated for the remaining 2 applications 

QID146_Text Please, think about your last finished construction project in which you personally did not recommend* Recycled Concrete (please consider this project 

even if Recycled Concrete was used in the end). *Please note: Here, we mean the absence of recommendation. This differs from "advising against the use 

of Recycled Concrete". 
 

Questions QID217, QID218, QID219, QID220, QID221, QID223, QID224, QID225, QID226, QID269, QID229 adapted for RC-M 

QID46_Text Please, think about the last finished construction project in which you personally recommended the use of Recycled Concrete RC-M (please consider this 

project even if Recycled Concrete RC-M was not used in the end). 

  

   
Questions QID217, QID218, QID219, QID220, QID221, QID223, QID224, QID225, QID226, QID211, QID213, QID214, QID215 adapted for RC-M 
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QID135_Text We acknowledge that some opinions regarding the recommendation of Recycled 

Concrete RC-M might vary in relation to different applications for which 

Recycled Concrete RC-C The applications that we consider here are:  

 

Outdoor concrete  XC 2/3/4  Basement, concrete slab, garage, floors, exterior 

walls 

Indoor concrete  XC1  Indoor walls, ceilings, staircases 

Lean concrete    XC0  Blinding layer, back fillings 

    

 Questions QID31, QID32 adapted for RC-C 

QID163_Text Please, think about your last finished construction project in which you personally 

did not recommend* Recycled Concrete RC-C (please consider this project even if 

Recycled Concrete RC-C was used in the end). 

*Please note: Here, we mean the absence of recommendation. This differs from 

"advising against the use of Recycled Concrete RC-C" 

    

 
Questions QID217, QID218, QID219, QID220, QID221, QID223, QID224, QID225, QID226, QID269, QID229 adapted for RC-C 

QID148_Text Please, think about the last finished construction project in which you personally 

recommended the use of Recycled Concrete RC-C (please consider this project 

even if Recycled Concrete RC-C was not used in the end). 

    

 
Questions QID217, QID218, QID219, QID220, QID221, QID223, QID224, QID225, QID226, QID211, QID213, QID214, QID215 adapted for RC-C 

 

QID108_Text 
The questions are finished. Overall, would you like to add any comments to the 

survey? 

    

QID81_Text Clicking on the "next" button, the survey will be terminated and your answers will 

be registered. We thank you for participating. If you would like to receive 

information regarding the results of this research, you can leave your email in the 

blank space below. Thanks and goodbye! 
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