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ABSTRACT 

Household daily activities, such as food acquisition, housing, and mobility, are closely linked to 

sustainability impacts, including climate change, raw material use, quality of life, and waste 

production. However, individuals still don’t know how to act to better manage and improve 

their household sustainability performance, covering sustainable consumption and well-being, 

among other related aspects. In the context of households, when sustainable consumption is 

connected with circular economy, financial benefits become a possibility, and a main driver 

towards a sustainable lifestyle. Multiple studies have been conducted to understand circular 

economy assessment in products, private or public organizations, eco-industrial parks, and 

cities. However, there is still a lack of knowledge regarding the assessment of circular economy 

practices implemented at the household level, including current strategies, and indicators. 

Thus, the present work aims at developing a self-assessment tool to assess and report the 

implementation of circular economy-based strategies at the household level, including the 

definition of consumption activities, and indicators. This study is supported by a two-stage 

methodology, based on a mix-method procedure, that centres co-creation with residents/ fam-

ily’s representatives in its approach, through the use of questionnaire surveys, and semi-struc-

tured interviews with open-ended questions. Through a survey, the householders consumption 

priorities were identified, encompassing different circular economy practices and scopes. This 

allowed a qualitative triangulation with an integrative literature review, resulting in a set of 38 

household circular economy metrics that enable self-assessment and foster circular economy 

at the consumer level. Additionally, insights over the use of the self-assessment tool were an-

alysed, following a list of recommendations to optimize the construction of similar mecha-

nisms. The developed self-assessment tool will allow individuals and families to assess, com-

municate, and reflect on their behaviours about sustainability, in the vein of circular economy. 

It will foster a pro-environmental mindset, social equity, and economic consciousness in 
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everyday decisions. This research contributes to the debate on the role of the household in the 

transition towards a circular economy, and its inherent assessment, and communication, using 

circular economy indicators.  

Keywords: Circular economy; Indicators; Sustainable consumption; Assessment; Stake-

holder engagement 
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RESUMO 

As atividades diárias das famílias, como a aquisição de alimentos, a habitação e a mobilidade, 

encontram-se significativamente associadas a múltiplos impactes ambientais, sociais e econó-

micos, incluindo as alterações climáticas, a utilização de matérias-primas virgens, a qualidade 

de vida e a produção de resíduos. No entanto, os indivíduos ainda não sabem como agir para 

otimizar a gestão e o desempenho de sustentabilidade do seu agregado familiar, abrangendo 

o consumo sustentável e o bem-estar, entre outros aspetos relacionados. No contexto dos 

agregados familiares, quando o consumo sustentável está ligado à economia circular, os be-

nefícios financeiros tornam-se uma possibilidade e uma das principais motivações para um 

estilo de vida sustentável. Múltiplos estudos foram realizados para compreender a avaliação 

da economia circular em produtos, organizações privadas ou públicas, parques eco industriais 

e cidades. No entanto, existe ainda uma falta de conhecimento relativamente à avaliação das 

práticas de economia circular implementadas a nível doméstico, incluindo estratégias e indi-

cadores. Assim, o presente trabalho tem como objetivo desenvolver uma ferramenta de auto-

avaliação para avaliar e comunicar a implementação de estratégias baseadas na economia cir-

cular ao nível das famílias, incluindo a definição de atividades de consumo e indicadores. Este 

estudo é suportado por uma metodologia estratificada em duas fases, baseada num procedi-

mento de método misto, que centra a sua abordagem na cocriação com os residentes/repre-

sentantes das famílias, através da utilização de inquéritos por questionário e entrevistas semi-

estruturadas com perguntas abertas. Através de um inquérito, identificaram-se as prioridades 

de consumo dos agregados familiares, abrangendo diferentes práticas e âmbitos da economia 

circular. Isto permitiu uma triangulação qualitativa com uma revisão integrativa da literatura, 

resultando num conjunto de 38 métricas de economia circular que permitem a autoavaliação 

e promovem a economia circular ao nível do consumidor. Adicionalmente, analisaram-se as 

perceções sobre a utilização da ferramenta de autoavaliação, seguindo-se uma lista de 
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recomendações para otimizar a construção de mecanismos semelhantes. A ferramenta de au-

toavaliação desenvolvida permitirá aos indivíduos e às famílias avaliar, comunicar e refletir so-

bre os seus comportamentos em matéria de sustentabilidade, na linha da economia circular. 

Promoverá uma mentalidade pró-ambiental, equidade social e consciência económica nas de-

cisões quotidianas. Esta investigação contribui para o debate sobre o papel do agregado fa-

miliar na transição para uma economia circular, e a sua inerente avaliação e comunicação, uti-

lizando indicadores de economia circular.  

Palavas chave: Economia circular; Indicadores; Consumo sustentável; Avaliação; Envolvimento 

das partes interessadas 
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1  

 

INTRODUCTION 

Household consumption practices are associated with major environmental impacts and sus-

tainability challenges, including climate change, freshwater eutrophication, air pollution, raw 

material use, acidification, well-being, and waste production (Castellani et al., 2019). In this vein, 

food acquisition, housing – which includes construction, renovations, and energy consumption 

by the house -, and mobility are main drivers of impact (Castellani et al., 2019; Kalbar et al., 

2018; Saleem & Ali, 2018). Although dependent on income level and age, among other factors, 

lifestyle practices are linked to the aforementioned environmental impacts (Kalbar et al., 2018). 

When comparing the environmental impact in countries such as Pakistan and China, Saleem 

and Ali (2018) understood that, aligned with an increase in people’s income, in the past 50 

years, there was a higher energy, and product consumption-based lifestyle. Thus, economic 

growth and consumption patterns are closely associated (Caeiro et al., 2012; Distefano & Kelly, 

2017), namely in food (Gerbens-Leenes et al., 2010), and electricity acquisition (Shi et al., 2020). 

In this context, the concept of sustainable consumption was brought forward, centralizing the 

need for individuals, organizations, and nations to reduce their pressure on the environment 

and society (Anantharaman, 2018). 

The origin of sustainable consumption is found in the term of Sustainable Consumption 

and Production (SCP), which was introduced at the United Nations Conference on Environment 

and Development (UNCED), in Rio de Janeiro, in 1992 (Glavič, 2021). This concept was brought 

forward, with Agenda 21, stating that there was a resource over-consumption (Anantharaman, 

2018). Recently, as a key global initiative, the Agenda 2030 (UN, 2016) has been promoting the 

concept of Responsible Consumption and Production (RCP), in the form of the 12th Sustainable 

Development Goal (SDG) (Glavič, 2021); therefore, fostering all United Nations Member States 

to invest in this matter (Orellano et al., 2020). However, for the consumer, the main benefits 
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are of psychological nature, as sustainable consumption takes on a symbolic role (Abdulrazak 

& Quoquab, 2017). Nonetheless, through circular economy-based strategies, the consumer 

can also find a financial benefit, which then acts as the main driver towards a circular economy 

(CE) model (van Weelden et al., 2016). 

Following this reasoning, when linked with SCP, CE can work as one of the strategies to 

tackle the environmental impacts associated with consumption patterns (Goyal et al., 2021). In 

a comprehensive and systematic analysis of 114 CE definitions, Kirchherr et al. (2017, p. 229) 

characterize CE as “an economic system that replaces the ‘end-of-life’ concept with reducing, 

alternatively reusing, recycling, and recovering materials in production/distribution and con-

sumption processes. It operates 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, thus simultaneously creating environmental quality, eco-

nomic prosperity, and social equity, to the benefit of current and future generations”. In Potting 

et al. (2017), the scope of circular economy-based strategies is expanded, including: (i) refuse; 

(ii) rethink; (iii) repair; (iv) refurbish; (v) remanufacture; and (vi) repurpose. Among the ones 

mentioned in the definition proposed by Kirchherr et al. (2017). Furthermore, Potting et al. 

(2017) ranks the strategies from linear to circular economy, prioritizing the ones that allow the 

consumption of fewer natural resources and a lower output in environmental pressures. In this 

vein, in the form of a consumer, the household takes on a central role, in enabling the CE 

transition (Shevchenko et al., 2023). As stressed by Shevchenko et al. (2023), the circular con-

sumer holds three roles: (i) as a customer, acquire products with the minimum environmental 

impact and refrain from buying; (ii) as an user, careful use, and maintenance, acquire technical 

services and repair, and sell or donate the products if no longer needed; and (iii) as an EoL 

product holder, timely discard and use the appropriate circular discarding channel. 

To foster CE progress at the macro, meso and micro level, performance evaluation and 

communication represents a core step (Droege et al., 2021; Sassanelli et al., 2019). Through a 

systematic literature review, Sassanelli et al. (2019) understand that, in function of the CE do-

main, different assessment methods are used, which can highlight certain aspects of the CE 

model. Nevertheless, and despite the diverse range of assessment methods and approaches in 

CE, multiple authors underline the use of indicators to assess, monitor, and communicate CE 

progress (Howard et al., 2017; Saidani et al., 2019; de Oliveira et al., 2021). However, most 

developed CE indicators measure material flow or recirculated value of a system, and conse-

quently, dominant assessment method and tools are focused on cleaner production, resource-

efficiency, material stocks and flows, and product-centric areas (Droege et al., 2021; Droege et 
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al., 2021a; Opferkuch et al., 2022; Opferkuch et al., 2023); whereas, the consumer level, includ-

ing customer, user and EoL product holder (Shevchenko et al., 2023), is being poorly analysed 

(Harris et al., 2021). Nonetheless, CE indicators can foster circularity, namely in public policy 

decision making (De Pascale et al., 2021; Droege et al., 2021a).  

In the context of Household Sustainable Consumption (HSC), Caeiro et al. (2012, p. 80) 

recommend the use of indicators to assess this matter, as communication represents a major 

challenge, in which the indicator system should be: “(i) easily comprehensible and meaningful 

to family members; (ii) developed with a bottom-up process with emphasis on public partici-

pation and empowerment; (iii) use an integrative approach among the different domains; (iv) 

facilitate practical dynamic behaviours, actions and routines in implementing HSC; (v) provide 

transparent evaluation of the HSC performance; (vi) provide guidance via illustrative best prac-

tices; and (vii) provide financial and non-financial incentives for achieving continuous HSC im-

provements”. Thus, to foster a CE transition at the micro level, including at household and 

family level, empowerment can play a complementary role, since it enhances people’s skills, 

increases community ownership, and awareness towards sustainability related issues (Marchesi 

& Tweed, 2021).  

However, there is a knowledge gap in how CE should be assessed at the household level. 

Multiple studies have been conducted to understand CE assessment at the organizational level 

(Sassanelli et al., 2019), products and processes (Ahmed et al., 2022), eco-industrial parks (Zhao 

et al., 2017), and cities (Gravagnuolo et al., 2019), and the role of the circular consumer was 

analysed (Shevchenko et al., 2023). Furthermore, in the context of HSC, Caeiro et al. (2012) 

developed an approach to define the main criteria to build HSC assessment tools based on 

indicators sets. Through a Life Cycle Analysis (LCA), Castellani et al. (2019) determined the en-

vironmental impacts of household consumption, in Europe. With a similar objective, Peng et 

al. (2021) defined the consumption activities of rural households. Nonetheless, little attention 

has been given to the assessment of CE at the household level, similar to how regular organi-

zations and their individuals are assessed, including their inputs, processes, outputs, out-

comes/impacts, and related indicators. Moreover, in the form of a consumer, the household 

represents a key element, in enabling a transition towards a CE model (Camacho-Otero et al., 

2018; Shevchenko et al., 2023). Therefore, the present work aims at developing a self-assess-

ment tool to assess and report the implementation of circular economy-based strategies and 

practices at the household level. This includes defining circular indicators specifically tailored 

for householders, with support from a collaborative approach. Thus, to develop a household 

CE self-assessment tool, the present study aims to answer the following research questions: 
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i) How important are the CE practices at the household level? 

ii) What are the indicators that can be used to enable the self-assessment of CE im-

plementation into households? 

This paper is structured as follows, after this chapter: (i) The literature review presents an 

overview of the studies conducted in the matter of Household Circular Economy (HCE) prac-

tices, in the context of the CE framework (Potting et al., 2017), a description of CE indicators, 

and a review multiple self-assessment tools; (ii) The methodological approach indicates the 

steps taken to evaluate the CE practices at the household level and indicators, through the use 

of a mix-method approach, based on a questionnaire survey and semi-structured interviews; 

(iii) The results are presented, with the illustration of the aforementioned components; (iv) af-

terwards, the discussion explores the main findings with the existing literature; and (v) lastly, 

conclusions, limitations, and further research are presented. 
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2  

 

OVERVIEW OF HOUSEHOLD CIRCULAR ECON-

OMY ASSESSMENT APPROACHES 

2.1 Household circular economy practices 

At the household level, refusing strategies follow the definition proposed by Potting et al. 

(2017), in which the individual abandons the function or acquires it through a different product 

or service. Therefore, acquiring products certified with an eco-label, as it communicates, in 

general, an object with a lower environmental pressures and resource consumption, enables a 

high circularity role for the household (Zotti & Bigano, 2019; Edbring et al., 2016). Furthermore, 

individuals can minimize packaging, decorative elements, and reduce the use of unnecessary 

accessory materials, e.g. plastic straws (Wang et al., 2022), in the form of plastic waste (Potting 

et al., 2017; Reike et al., 2018; Morseletto, 2020). However, the lack of information and eco-

nomic incentives, and availability of a product or service replacement for a given function, can 

act as a barrier, in the household transition towards a CE (Grafström & Aasma, 2021). 

Although it can be interpreted as a combination strategy of refusing and rethinking, ac-

quiring a product, in the form of a service, fosters CE in this level, making product use more 

intensive (Shevchenko et al., 2023; Potting et al., 2017). Thus, using a sharing service of washing 

machines and dryers (Potting et al., 2017), vehicles (Atsaja et al., 2022), or bicycles (Henriksson 

& Scalzotto, 2023), promotes environmental-friendly and CE trends, that minimize population 

expenses, and maximizes function accessibility (Atsaja et al., 2022). 

Reduce, re-use, recycle and recover strategies, at the household level, have been docu-

mented in environmental related concerns, regarding resource consumption and environmen-

tal pressures, including (Paparella et al., 2023; Kumar et al., 2022): (i) the consumption of energy 

(Adan & Fuerst, 2016); (ii) the use of water (Gómez-Monsalve et al., 2022); and (iii) waste 
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production (Varotto & Spagnolli, 2017). For the first, products characterized by their energy 

efficient design, in the use phase, allow a reduction in the consumption of resources, which can 

be further improved through behavioural practices (Barkhausen et al., 2022; Richter, 2010). Re-

duction strategies depend on the household income and livelihood strategy, family size, and 

end-use behaviour (Jiang et al., 2019). Regarding the second, water consumption is constricted 

by multiple barriers, including lack of motivation, information, and financial incentives to en-

gage in conservation behaviour, since water efficient products are costly (Addo et al., 2018). 

McCarton et al. (2022) proposes a strategic hierarchy to foster the transition towards the CE of 

water, in which reduction shows the highest priority, followed by re-use, recycle, and recover 

measures. At the household level, the authors recommend reduction and re-utilization prac-

tices, promoting water efficient products, and rainwater harvesting to supply non-drinking pur-

poses. In regard of the waste domain, through a literature review, Ghisellini et al. (2016) states 

that the use of materials, in the form of waste, represents one of the core elements of CE. At 

the household level, multiple studies have been conducted, in the context of household waste 

sorting and recycling behaviour, regarding organic, and electrical and electronic equipment 

(Varotto & Spagnolli, 2017; Nainggolan et al., 2019; Zhang et al., 2022; Parajuly & Wenzel, 

2017). In these studies, household participation represents a core element, in enabling CE and 

reducing the respective waste quantities. Additionally, in some situations, the product still 

holds a monetary value (Parajuly and Wenzel, 2017).  

Lastly, repair, refurbish, remanufacture, and repurpose strategies are linked with the ex-

tension of the lifespan of products and its parts (Potting et al., 2017). Thus, these actions foster 

a slower loop, with a lower environmental pressure and resource consumption (Rizan et al., 

2022). However, Terzioğlu (2021) found that multiple barriers restrict the individual from re-

pairing the product, including technical, value and emotional variables. For instance, it requires 

time and effort, skills and knowledge, and accessibility of materials and methods. Doubts over 

the condition of the product, and the financial factor represent a constraint. In Morseletto 

(2020), these factors are further expanded to the remaining measures, and summarized in three 

categories: (i) costs/availability of the procedure; (ii) product design that allows these options; 

and (iii) culture based on a fast-consumption mentality. 
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2.2 Circular economy indicators 

CE indicators can be defined as a quantitative or qualitative measuring instrument of several 

CE strategies individually or simultaneously, accounting for the material flows, and, although 

with its limitations, the use phase of a product (de Oliveira & Oliveira, 2023). In recent studies, 

other descriptions have been brought forward. Khadim et al. (2022) critically reviewed multiple 

micro-level circularity indicators and frameworks, suggesting that most CE Key Performance 

Indicators (KPIs) focus on material loop, disassembly, adaptability, and reusability evaluation. 

From a public organization CE assessment perspective, Droege et al. (2021) considers a holistic 

thinking approach, recommending a triple-bottom line in its framework; thus, considering the 

social and environmental implications of CE, and highlights the importance of stakeholder en-

gagement. In sum, these metrics can be characterized as a method to assess the performance 

and progress of, and towards, a CE model (Saidani et al., 2019). 

As stressed by Saidani et al. (2019), CE indicators enable assessment, reporting and com-

munication across all CE levels (micro, meso, macro). In fact, multiple types of CE indicators 

and frameworks have been developed (Droege et al., 2021; Helander et al., 2019; Padilla-Rivera 

et al., 2021; Sánchez-Ortiz et al., 2020; Yadav et al., 2020; Rincón-Moreno et al., 2021). For 

instance, Gravagnuolo et al. (2019) suggested a circular city assessment framework, focusing 

on seven sectors: (i) built environment; (ii) energy and mobility; (iii) waste management; (iv) 

water; (v) industrial production; (vi) agri-food; and (vii) citizens and communities. From an eco-

industrial park perspective, Belaud et al. (2019) developed a toolbox, considering a life cycle 

thinking approach. Similarly, product centric CE assessment frameworks tend to depend on a 

LCA procedure (Corona et al., 2019). However, in the context of private organizations, 

Opferkuch et al. (2023) understood that companies were also worried about sustainability 

trade-offs and reducing potential claims of CE-related greenwashing, among the progress and 

performance of implemented CE strategies. Although the continuous increase in scientific lit-

erature regarding CE assessment, Corona et al. (2019) and Shevchenko et al. (2023) stressed 

on the literature gap regarding consumer-based metrics.  

Among multiple other benefits, CE assessment through indicators promote an extensive 

comprehension of the current state of CE. Although it depends on the evaluated level (micro, 

meso, macro) and on the implemented strategy and practice (e.g., refuse, rethink, repair, amidst 

similar others, see Potting et al., 2017), CE indicators allow and foster benchmarking, decision 

making, learning and identification of improvement opportunities (Saidani et al., 2019; 
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Sánchez-Ortiz et al., 2020). Additionally, most CE indicators show a multi scale applicability, 

and can be used across different industrial sectors (Rincón-Moreno et al., 2021). 

Overall, CE indicators is still an underexplored field of research with multiple limitations 

and challenges. In fact, as stressed by Droege et al. (2021) and Harris et al. (2021), in a scoping 

review, CE assessment practices mostly depend on a LCA, Material Flow Analysis (MFA) and 

Input/Output Analysis approach. However, these methods have numerous limitations and dis-

advantages, including (Droege et al., 2021; van Stijn et al., 2021; Lu & Halog, 2020): (i) time 

intense execution; (ii) dependence on data quality and availability; (iii) requirement of technical 

expertise; (iv) lack of indicator diversity; (v) greenwashing impacts; and (vi) non- applicability in 

ex-post assessments and certification. To measure efficiency in CE, data gathering represents 

a significant barrier (Sánchez-Ortiz et al., 2020). Due to the multiple CE definitions and levels, 

the indicators may be poorly positioned or inadequately address the issue at hand (Saidani et 

al., 2019). According to Helander et al. (2019), CE indicators aren’t able to properly assess the 

environmental pressures derived from CE activities, recommending a complementary approach 

with tailored metrics. Additionally, most CE indicators focus on the analysis of a single CE ac-

tivity, which can enable problem shifting and a rebound effect. Padilla-Rivera et al. (2021) and 

Luthin et al. (2023) propose the same arguments for the social impacts derived from CE activ-

ities. Moraga et al. (2019) were not able to identify CE indicators capable of measuring higher 

circularity strategies, including refuse, rethink, and reduce. Jerome et al. (2022) understood that 

most CE indicators cannot assess the use phase of a product, and lifetime extension strategies 

(e.g., repair, remanufacturing, repurposing, refurbish).  

2.3 Household assessment tools 

According to Fahim et al. (2019, p. 45), self-assessment can be defined as “the process of crit-

ically observing one’s own self in order to assess important aspects of one’s personality”. Thus, 

it relies on the assumption that the individual can assess themselves (Elimelech et al., 2019). 

Multiple types of household self-assessment tools have been developed, to analyse individu-

ally or aggregately the domains of sustainability (Vanham et al., 2019; Wu et al., 2021; Fang et 

al., 2016; Xie et al., 2020). Within the sustainability spectrum, the “footprint”, based upon the 

original concept of ecological footprint developed by Rees (1992), is a tool commonly used for 

the household or individual self-assessment (Syrovátka, 2020; Castellani et al., 2019). Never-

theless, it also displays other scales of application, such as cities, countries, regions, higher 
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education institutes and private and public sector organizations (Kassouri, 2021; Pan et al., 

2019; Lambrechts & Liedekerke, 2014; Jurić & Ljubas, 2020).  

Matuštík and Koči (2021) emphasize that an official environmental footprint definition 

hasn’t been developed, due to the lack of methodological standardization and unification. 

Nevertheless, in the review elaborated by Čuček et al. (2012), the footprint took the role of 

assessing social, economic, and environmental issues, converging on a triple bottom-line sus-

tainability analysis. From an environmental perspective, footprints quantify resource use and/or 

emissions. Thus, it works as an aggregated indicator, or index, that assesses the pressure de-

rived from anthropogenic activities on the environment. Furthermore, within the concept of 

footprint family, trade-off-based analysis becomes a possibility (Vanham et al., 2019). As an 

individual or household self-assessment tool, the footprint (e.g., ecological footprint [EF]) en-

courages a critical self-reflection process, which may further extend into pro-environmental 

behaviour (Friedland & Balkin, 2022; Tolppanen & Kang, 2021). 

However, multiple authors criticise the methodological weaknesses of footprints, such as 

the EF, associated with the construction of the indices, inability to account for some pollutants 

and/or calculate the ratio between land use and land availability (Kharrazi et al., 2014; Lin et al., 

2015; Franz & Papyrakis, 2011; Sutcliffe et al., 2008). Among other aspects, the lack of encour-

agement of pro-environmental and community engagement actions in these footprints (e.g., 

beach cleaning, tree planting, amidst similar other environmental impact offset measures) sug-

gest that individuals can’t achieve a sustainable lifestyle (Franz & Papyrakis, 2011). In the vein 

policy setting, Kharrazi et al. (2014) acknowledge that there are methodological short comes.  

The work conducted by Čuček et al. (2012) presents a review of footprints (Table A1), 

namely the ones highly associated with the individual and household assessment. Furthermore, 

for the analysis carried out in the present research, those approaches were aligned with the CE 

framework proposed by Potting et al. (2017). The footprints present a trend, in which resource 

flow quantification is stressed (Matuštík & Kočí, 2021). Thus, most identified tools target consump-

tion-based behaviours, in which refusing and reducing represent a nuclear role (Castellani et al., 2019).  

As stressed by Rondoni and Grasso (2021), consumption behaviour greatly influences the 

performance assessed by environmental footprints, including the actions directly correlated 

with resource and/or land use (e.g., energy footprint [ENF]). Although socio-economic status 

influence resource consumption (Eisenmenger et al., 2020), economic, and social footprints 

(e.g., financial footprint [FF]) don’t focus on the use of raw materials; thus, not allowing an 

assessment of circular economy-based strategies. 
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Additionally, consumption and waste related footprints (e.g., consumption footprint 

[CSF]) provide a broader spectrum of assessment criteria, including the sharing aspects of mo-

bility, and the EoL of consumer goods and services (Salas et al., 2022; Kok & Barendregt, 2021; 

Buhl et al., 2019). This allows a higher influence in the CE framework, since it considers rethink-

ing and re-use, among the aforementioned strategies. Assessment tools that consider the mul-

tiple phases of the life cycle of a product display a greater positive impact on the CE model 

(Lei et al., 2021). 
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3  

 

METHODS 

To develop the Household Circular Economy (HCE) self-assessment tool, an exploratory mix-

method approach was adopted, combining the methods of an integrative literature review and 

sequential explanatory research design, supported by a questionnaire survey and semi-struc-

ture interviews. Denscombe (2010) and Saunders et al. (2016) stress that this process is highly 

recommended to provide an adequate answer, as both approaches complement each other. It 

results in a wider understanding of the aims being researched, since it offers more than one 

perspective. Also, it allows the collection of information, based on the lived experiences of the 

participants (Mayoh & Onwuegbuzie, 2015). This methodological architecture forms the nu-

cleus of a collaborative process recommended by Caeiro et al. (2012) for the development of 

household sustainable consumption assessment tools.  

In this research, residents/family’s representatives (henceforth designated as household-

ers) took the role of citizen as a co-designer of the developed assessment tool. Citizen as a co-

designer can be characterized as involvement regarding the content and process of service 

delivery (Voorberg et al., 2014). Caeiro et al. (2012) suggested a collaborative and participatory 

process for the development of a HSC assessment tool, stating that it should be built on the 

views and opinions gathered from the stakeholder engagement, along the process. By using a 

collaborative approach, it can be possible to reduce the conceptual distance between the pro-

ject and the benefits of its realization, enabling the shaping of the self-assessment tool in func-

tion of the stakeholder’s perspective (Keeys & Huemann, 2017).   

Based on the literature review, the initial set of the HCE dimensions and indicators was 

formulated. The integrative literature review was qualitatively triangulated with the results of 

the quantitative empirical stage (i.e. questionnaire survey). A triangulation approach allowed a 
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deeper understanding of the results (Saunders et al., 2016). In the present research, it permitted 

the study of HCE practices and indicators. 

The overall methodological approach was elaborated based on four stages (Figure 1): (i) 

HCE metrics were identified, from the results of the integrative literature review; (ii) the HCE 

indicators were qualitatively triangulated with the data collected from the quantitative method 

(i.e., questionnaire survey), resulting in a clustering of metrics; (iii) the self-assessment tool was 

evaluated with stakeholders, based on a qualitative procedure (i.e., semi-structured interviews), 

providing insights over the use of the tool; and (iv) the results were analysed, using descriptive 

statistics techniques for close-ended questions and content analysis for open-ended questions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Insights over the use of the tool 

Proposition of HCE indicators 

Stage 1: Initial identification of HCE metrics 

Integrative literature review, through the SCOPUS database 

(n=375), limited to English language and peer-reviewed content 

Full text assessed for eligibility and quality (n=71)   

Stage 2: Qualitative triangulation 

Questionnaire survey with close and open-ended questions 

(n=509) 

Semi-structured interviews with householders (n=21) 

Stage 3: Evaluating the self-assessment tool 

Scientific articles removed, 

based on exclusion criteria 

and duplicates (n=327) 

Stage 4: Analysis of the results  

Close-ended questions: Descriptive statistics 

Open-ended questions: Content analysis 

Scientific articles added, 

based on inclusion criteria 

and forward backward 

searches (n=23) 

Figure 1 - Methodological approach towards the understanding of CE practices implemented in a household, identification 

of CE indicators, and evaluation of the self-assessment tool. 
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3.1 Stage 1: Identifying HCE metrics 

To identify the initial set of HCE metrics, an integrative literature review of scientific articles was 

developed. Through synthesizing and studying the existing body of papers, this approach al-

lows the test of hypotheses and the advancement of knowledge, based on previous work (Xiao 

and Watson, 2019). The Scopus database from Elsevier was selected, since it is the largest data 

base for scientific journals, comparable to Web of Knowledge (Valderrama-Zurián et al., 2015). 

The search was conducted, using the string TITLE-ABS-KEY ((“circular econom*” OR “circular-

ity”) AND (“indicator*” OR “indice*” OR “index*”) AND (“individual*” OR “famil*” OR “house-

hold*” OR “consumer”)), resulting in the identification of the initial set of scientific articles 

(n=375). These keywords were selected, as they encompass a wide range of metrics relevant 

to the research questions.  

After the removal of duplicates, as recommended by Valderrama-Zurián et al. (2015), 375 

publications were manually screened by title and abstract, to exclude articles with content un-

related to the research questions. Furthermore, inclusion and exclusion criteria were estab-

lished, in function of the research questions, to further refine the screening process (Xiao & 

Watson, 2019). Regarding the exclusion criteria, publications focusing on CE at nano, meso and 

macro levels or non-consumption related practices (Shevchenko et al., 2023) were removed. 

Additional records were identified through forward backward searches, based on inclusion cri-

terion related to CE assessment frameworks (n=23). A total of 71 full-text articles were assessed 

for eligibility and quality, since they provided an outline of HCE indicators and practices. The 

HCE activities were characterized in relation to the CE strategies defined by Potting et al. (2017) 

and the tri-dimensional role of the circular consumer described by Shevchenko et al. (2023), 

see Table A2. 

3.2 Stage 2: Clustering of HCE indicators 

The householders’ knowledge and perceptions allow an in-depth understanding of the daily 

activities inherent to a household. Therefore, a survey research approach grounded on a web-

based questionnaire survey was used to collect a quantitative description of the importance of 

HCE strategies and activities, from which HCE indicators were established. The HCE indicators 

were defined based on the importance level that the respondents attributed to the HCE prac-

tices and weighted by the literature.  
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The survey was distributed through online channels, and as stated by Bethlehem (2009), 

online surveys allow access to a large pool of potential respondents, while being cost-effective 

and time efficient. The survey consisted of open-ended and close-ended questions. The ques-

tionnaire had 42 questions divided into three main sections (see Appendix B), which were de-

fined based on the main thematic groups of HCE strategies and activities, identified through 

the literature review. In particular, those sections were based on the tri-dimensional role of the 

circular consumer described by Shevchenko et al. (2023), to help understand consumer behav-

iour in the CE. Table 1 presents a description of the main sections considered in this survey.  

Table 1 - Summary description of the topics covered in each section of the questionnaire survey. 

Section Description 

Customer 

in a CE 

Aimed to understand CE oriented activities conducted by the consumer, in the 

form of a customer. According to Shevchenko et al. (2023), the customer 

should prioritize product acquisition with the least environmental impact, and, 

when possible, refrain from buying. 

User in a 

CE 

Structured to determine circular economy-based activities conducted by the 

consumer, in the form of a user. In this category, careful use and maintenance 

of the product, search for technical services and repair, and sell or donate the 

products, when no longer needed, should be the main role (Shevchenko et al., 

2023). 

EoL prod-

uct holder 

in a CE 

This section goals are to define the activities conducted by the consumer, in 

the form of an EoL product holder. As stressed by Shevchenko et al. (2023), the 

individual should timely discard the product, and use the appropriate discard-

ing channel. 

 

Close-ended questions were used in two situations: (i) A five-point Likert scale was de-

signed to quantitively assess the level of importance of a HCE practice, as a customer – “When 

buying, do you consider important…”, as a user – “When using, do you consider important…”, 

and as an EoL product holder – “When discarding, do you consider important…”. The rating 

was from one (“Not important at all”) as the lowest to five (“Absolutely essential”) as the high-

est. For instance, one question asked if the participant frequently avoids products with excess 

packaging, to understand if the refusal strategy is relevant in this situation; (ii) A binary, and 

multiple-choice questions were used to allow the respondents to indicate the adoption of a CE 

practice, and for which consumption domains (e.g., clothes, electric and electronics 
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equipment), respectively. This type of questions enables a lower and easier survey response 

time, and are easier to compare (Saunders et al., 2016). The open-ended questions were used 

to provide the respondent the opportunity to comment on the CE strategies they adopted, as 

similarly done in Klein et al. (2022). Since it allows the participant to give a more in-depth 

answer, where they can use their own words (Saunders et al., 2016; Bethlehem, 2009). 

The questionnaire survey was launched in May 2023, and remained for two weeks. As 

stressed by Saunders et al. (2016), a two-week distribution period is deemed reasonable. Alt-

hough certain household consumption domains are seasonally influenced (Spence, 2021), the 

data retrieving period did not affect the results, since, unlike certain industries (Dissanayake & 

Weerasinghe, 2021), most HCE practices can be applied independently of the season. A non-

probability convenience sampling technique was used. Although this procedure is prone to 

bias and offers less accuracy to the results, it is used widely, since it provides an adequate 

approach to exploratory studies (Saunders et al., 2016). In this study, it allowed the collection 

of insights of householders’ regarding the relevance of HCE activities. It targeted the general 

population of individuals with 15 years or above living in Portugal, since consumers become 

more aware of their consumption habits, and associated consequences, in their adolescence 

and early adulthood (Busse & Menzel, 2014). Other nationalities were not considered, since, in 

some situations (e.g., organic food products, energy, apparel), consumer behaviour depends 

on the cultural and sociodemographic background of the individual (Singh & Verma, 2017; 

Frederiks et al., 2015; Scheerder et al., 2011).  

Before the aforementioned period of data collection, the survey was sent to 30 individu-

als from the householders' category, and academia to ensure the clarity, understandability, and 

validity of the questions (Bethlehem, 2009). In fact, Bethlehem (2009) suggests a population of 

25-75 individuals, during the pre-test. Moreover, to determine the internal consistency of the 

responses across the five-point Likert scales used to inquire about the HCE practices imple-

mented by customers, users and EoL product holders, the Cronbach’s alpha was calculated 

with a threshold of 0.7 or above. The Cronbach’s alpha of the first, second and third Likert scale 

were 0.93, 0.82, and 0.72, respectively. Thus, the questionnaire survey had a high reliability 

(Saunders et al., 2016).  

The questionnaire survey yielded 509 valid responses. According to INE (2023), Portugal 

has a total population of 9 011 878 individuals with an age equal or above 15 years. A sample 

size of 509 allowed for a 95 % confidence level with a margin of error of 5.0 %, which is above 

the minimum sample size (n=384). The minimum sample size was determined through the 

methodology from Bartlett et al. (2001), for categorical survey data analysis. 
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3.3 Stage 3: Evaluating the self-assessment tool 

Caeiro et al. (2012) recommended that the indicators should be “easily comprehensible and 

meaningful to family members”. The householders’ perspective enables an in-depth under-

standing of the clarity of the self-assessment tool, and its influence on their everyday actions. 

Thus, to evaluate the understandability and operability of the self-assessment tool, semi-struc-

tured interviews with open-ended questions were conducted. This approach is a qualitative 

method, in which the interviewer is recommended to be flexible, and explore the ideas devel-

oped by the interviewee (Denscombe, 2010). In this case, the interviews were conducted to 

gather insight over the use of the self-assessment tool and develop the final list of indicators. 

For instance, if the interviewee wouldn’t understand an indicator, the latter would be removed 

or adjusted, in function of the interviewee’s suggestion. 

The interviewees were selected through a snowball method (Bryman, 2016). The inter-

views were elaborated between 04/06/2023 and 18/06/2023, until data saturation was reached 

– where new data confirmed the existing one instead of adding input (Denscombe, 2010) -, 

resulting in 21 interviews with an average duration of 22 minutes.  

At the beginning of the interview, the participant used the self-assessment tool, and pro-

vided insight over its use. As recommended by Saunders et al. (2016), a document was created 

to structure and guide the interview (see Appendix C). The document consisted of 6 open-

ended questions concerning the general evaluation of the self-assessment tool. All semi-struc-

tured interviews were conducted on-line, and audio recorded. This provides a cost and time-

effective approach to this method (Denscombe, 2010). Furthermore, these were transcribed, 

and reviewed with the respondent, as recommended by Denscombe (2010). As stressed by 

Saunders et al. (2016), ethical issues regarding the audio recording, confidentiality, and ano-

nymity were considered. The interviewees were free to withdraw from the interview and ask for 

the deletion of the data. The interviewees approval was obtained through informed consent. 

3.4 Data analysis 

To analyse the results of the questionnaire survey and interviews two techniques were applied: 

(i) for close-ended questions, descriptive statistics was used to measure the central tendency, 

and dispersion of each answer, in absolute (numerical) and relative (percentual) terms (Saun-

ders et al., 2016); and (ii) for open-ended questions, content analysis, as a supplementary tech-

nique, was used to code and categorize the retrieved qualitative data (Krippendorff, 2004; 
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Saunders et al., 2016).  In the case of the descriptive statistics, the data showed a nominal, and 

ordinal nature. Hence, it required different statistical tests (Saunders et al., 2016). For the nom-

inal data, a frequency table with percentages was used to summarize the categorical data. For 

the ordinal variables, the mean score was used to compare the importance level of the HCE 

practices. According to Chu and Hwang (2008), the minimum requirement to include any par-

ticular item in a study is a combined participation agreement of 75%. As stressed by Saunders 

et al. (2016), if respondents have insufficient knowledge, they may guess at the answer or over-

estimate the relevance of the item. Based on these criteria, the HCE practices with a mean score 

under 3.75 (within the five-point Likert scale) were given a negative connotation. Regarding 

the open-ended questions, the tri-dimensional role of the circular consumer described by 

Shevchenko et al. (2023) and the CE strategies described by Potting et al. (2017) were used to 

support the content analysis of the qualitative data. 

A collaborative approach helps bridge the gap between theory and practice. However, 

communication difficulties between the general public or practitioners and researchers can 

undermine the results (Kieser & Leiner, 2012). Thus, as recommended by Saunders et al. (2016), 

the results were triangulated with the current scientific body of literature on the topic (Table 

A2). In this context, only the empirical data collected from the questionnaire survey that is 

supported by scientific literature was considered in the stage 2. For instance, HCE practices 

related with dietary activities showed a mean score below 3.75 but are described as one of the 

main pillars in CE (van Loon et al., 2023; Paparella et al., 2023; Kumar et al., 2022). Hence, it was 

accepted for stage 2.  
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4  

 

RESULTS 

In this section, an overview of the HCE practices and indicators was conducted, while lining out 

the surveyed participants perceptions over the use of the self-assessment tool in two parts: (i) 

in Section 4.1, the surveyed participants profile, HCE practices and initial clustering of indicators 

were analysed; and (ii) Section 4.2 shows the interviewed participants characteristics as well as 

insights over the use of the self-assessment tool. 

4.1 Overview of HCE practices and indicators 

 Participants profile and HCE practices 

In total, 509 valid responses were received from 510 individuals. Among the participants, 38.1 

% were male, 61.7 % were female, and 0.2 % were nonbinary. The largest number (37.3 %) of 

respondents had 15-24 years, and 19.4 % had 25-34 years. All age-groups were covered by the 

questionnaire survey, with individuals over the age of 65 years representing the lowest relative 

weight (4.5 %) (Table 2). The participants had different education levels: 15.9 % of them did not 

pursue an university degree, whereas 48.5 % had a bachelor’s degree, 30.1 % held a master’s 

degree, and 5.5 % obtained a PhD degree. About 63.9 % and 36.1 % reside in apartments and 

houses, respectively. Amidst the surveyed, 9.8 % live alone, whereas the remaining participants 

cohabite with one or more individuals. The majority (78.8 %) of the respondents were familiar-

ized with the concept of circular economy, demonstrating the high level of awareness in this 

topic.  

Table 2 - Surveyed participants characteristics. 

  Respondents 
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  (No.) (%) 

Gender 

Male 194 38.1% 

Female 314 61.7% 

Nonbinary 1 0.20% 

Age group 

15 - 24 years 190 37.3% 

25 - 34 years 99 19.4% 

35 - 44 years 53 10.4% 

45 - 54 years 87 17.1% 

55 - 64 years 57 11.2% 

> 65 years 23 4.5% 

Education 

Non-univer-

sity 
81 15.9% 

Bachelor 247 48.5% 

Master 153 30.1% 

PhD 28 5.5% 

Type of 

housing 

Apartment 325 63.9% 

House 184 36.1% 

Household 

dimension 

(no. of indi-

viduals) 

1 50 9.8% 

2 129 25.3% 

3 146 28.7% 

4 143 28.1% 

> 4 41 8.1% 

Familiarity 

with the 

concept of 

CE 

Yes 401 78.8% 

No 108 21.2% 

Table 3 presents the scoring of the surveyed HCE practices. As stressed in the Methods 

section, the HCE practices with a mean score below 3.75 were cut-off from the initial list. How-

ever, negatively marked empirical data collected from the survey that is clearly supported by 

scientific literature was considered for stage 2 of this study. In this context, although HCE prac-

tices concerning dietary choices and second-hand product acquisition were scored below the 

cut off value, they were made eligible for stage 2, due to its relevance in promoting CE 

(Coutinho et al., 2017). Among the HCE practices, 10 were considered ineligible, belonging all 
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of them to the customer dimension. No HCE practices were removed from the remaining di-

mensions. Nonetheless, it should be noted that the HCE practices were excluded to prioritize 

the main consumption activities. To foster circularity, the eliminated HCE practices still hold a 

significant relevance, as stressed in multiple studies (Lu & Kwan, 2023; van Bueren et al., 2023; 

Valls-Val et al., 2023; Prakash & Ambedkar, 2022; Ahmed et al., 2023). 

Table 3 - HCE selected and removed practices. 

Dimen-

sion 
HCE practice 

Mean 

score 

Std. De-

viation 

Eligibility 

for stage 2 

Cus-

tomer 

Acquiring eco-labelled 

products 
3.0 0.89  

 

Reject/avoid products pro-

duced through child labour 

or in other abusive and ob-

jectionable ways 

5.0 0.85 ✓ 

 

Search for the shop with the 

least negative environmen-

tal impact (with a recog-

nised environmental certifi-

cation) 

3.0 0.95  

 

Search for the shop with the 

least negative social impact 

(with a social responsibility 

certification) 

3.0 0.98  

 

Looking for the product in 

the form of a service  
3.0 1.13  

 

Looking for electrical or 

electronic products with the 

best performance in the en-

ergy certificate 

4.0 0.86 ✓ 

 

Seek out locally produced 

foods/food products 
4.0 0.89 ✓ 

 

Reject/avoid products with 

excessive packaging or 

packaging quantities where 

possible 

4.0 0.96 ✓ 

 

Look for bulk products or 

with reduced packaging 

quantities if packaging is 

unavoidable 

4.0 0.97 ✓ 

 

Looking to buy second-

hand rather than new prod-

ucts 

3.0 1.17 ✓ 
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Trying to buy repaired 

products instead of new 

ones 

3.0 1.11  

 

Seek to purchase refur-

bished/reconditioned prod-

ucts (e.g. an old product 

that has been upgraded to 

current quality standards) 

rather than new ones 

3.0 1.09  

 

Try to buy "remanufac-

tured" products (made from 

parts of another product 

with the same function) ra-

ther than new ones 

3.0 1.07  

 

Try to buy "re-purposed" 

products (products that 

have acquired a new func-

tion) rather than new ones 

3.0 1.08  

 

Try to buy products made 

from recycled materials ra-

ther than new ones 

4.0 0.98 ✓ 

 

Try to buy recyclable prod-

ucts or products that can be 

dismantled 

4.0 0.96 ✓ 

 

Seek to purchase the prod-

uct in its dematerialised for-

mat, where possible 

3.0 1.13  

 

Try to buy the product with 

the longest possible dura-

bility 

5.0 0.81 ✓ 

 

Look for reusable products, 

rather than single-use items  
4.0 0.89 ✓ 

 

Look for products that can 

be shared, when bought to-

gether 

4.0 1.13 ✓ 

 

Seek to rent the product ra-

ther than own it  
3.0 1.17  

 

Seek dietary alternatives 

with better environmental 

performance  

3.0 1.25 ✓ 

 

Seek to buy foods that par-

tially replace animal-based 

consumption  

3.0 1.29 ✓ 
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Try to satisfy the residence's 

energy needs through re-

newable sources  

4.0 1.12 ✓ 

 

Try to buy products that 

minimise energy consump-

tion needs without losing 

thermal comfort  

4.0 0.95 ✓ 

 

Try to buy products that in-

crease the durability of the 

main product  

4.0 0.90 ✓ 

 

Look for multifunctional 

products, rather than one 

product for each function 

4.0 0.99 ✓ 

 

Try to buy products with a 

money-back guarantee 
4.0 0.95 ✓ 

User 
Use the product in the most 

resource-saving way  
4.0 0.79 ✓ 

 

Avoid/reject using the 

product if there is a more 

sustainable alternative  

4.0 0.89 ✓ 

 

Use the product as inten-

sively as possible  
4.0 1.0 ✓ 

 

Save leftovers, to be con-

sumed at another time, 

when possible, instead of 

discarding them 

5.0 0.79 ✓ 

 

Repair the product or pur-

chase a repair service, rather 

than disposing of it when 

necessary 

4.0 0.87 ✓ 

 

Renovate/recondition the 

product or purchase a reno-

vation/reconditioning ser-

vice rather than dispose of it 

4.0 0.88 ✓ 

 

"Remanufacture" the prod-

uct or purchase a "remanu-

facturing" service, rather 

than discarding it 

4.0 1.0 ✓ 

 

"Reproposing" the product 

or acquiring a service that 

allows you to "repropose" it, 

rather than discard it 

4.0 0.93 ✓ 

 

Use the land/area of your 

residence to produce your 

food, when possible 

4.0 1.1 ✓ 
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Sell or donate the product, 

rather than dispose of it, if it 

is still in good condition and 

able to fulfil its function 

5.0 0.85 ✓ 

EoL 

product 

holder 

Give priority to using the re-

cycling containers, when 

appropriate, instead of the 

undifferentiated waste con-

tainers  

5.0 0.80 ✓ 

 

Give priority to sending or-

ganic waste for composting, 

rather than using the undif-

ferentiated waste container 

4.0 1.1 ✓ 

 

Give priority to using a con-

tainer or special waste col-

lection service rather than 

disposing of the waste in a 

public place or littering 

5.0 0.81 ✓ 

  Separating waste at home 5.0 0.84 ✓ 

Legend:  

✓ - Eligible; and, 

 - Ineligible. 

In the customer dimension, the participants response showed two main tendencies: First, 

product acquisition with an indirect and unclear benefit, namely of a financial or environmental 

nature, showed a lower importance level. For instance, the acquisition of products produced 

or categorized based on lesser-known CE strategies (e.g. repaired/remanufactured/repur-

posed/refurbished/eco-labelled products) was given a lower mean score (3.0). Whereas prod-

ucts with more recognizable advantages (e.g. durability, multifunctionality, reusability, recycla-

bility, among similar others) had a higher mean score (4.0 and above). On the other hand, 

practices that involve products with direct social and environmental benefits were prioritized 

by the respondents. In fact, refusing practices (e.g., rejecting products produced through child 

labour or with excessive packaging) were highly favoured. Second, physical product ownership 

was an important criterion for the surveyed individuals. As shown in Table 3, dematerialization, 

renting and product as a service practices were classified with a lower importance level (3.0).  

Among the remaining HCE dimensions (user and EoL product holder), all HCE practices 

were given a positive connotation. In fact, service acquisition practices to extend the lifetime 

of a product or its parts (e.g., repairing, remanufacturing, refurbishing, repurposing) were given 

a high importance. Similar eco-friendly behaviours were classified with the same mean score. 

For instance, for the respondents, using resource saving/more sustainable approaches in day-
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to-day activities (e.g., public transport or active mode of transport usage, energy, and water 

efficient practices) or donating/selling the product in its EoL constituted a priority. Moreover, 

lower circularity-based strategies, including waste separation system, recycling, and compost-

ing, were also highlighted. 

 Clustering of HCE indicators 

The initial list of HCE indicators was obtained through the results of the questionnaire survey 

and integrative literature review (Table 4). These metrics were obtained through a qualitative 

triangulation between the HCE practices with a mean score above 3.75, and the CE indicators 

derived from the integrative literature review (see Table A2). In addition, some HCE practices 

required more than one indicator. For instance, for the HCE practice “Try to buy products that 

minimise energy consumption needs without losing thermal comfort”, three variables were 

selected: (i) Comfort; (ii) Electric or electronic products acquired or replaced to reduce energy 

consumption; and (iii) Energy consumption per m2. The present set of indicators allow the self-

assessment of circular economy-based strategies at the household level, and consider key cri-

teria defined by Caeiro et al. (2012) for household indicators. Thus, it enables the evaluation of 

the HCE practices showcased in Table 3. 

Table 4 - List of HCE indicators for the self-assessment tool. 

Dimension HCE indicator Code Description Reference 

Cus-

tomer 

Socially irre-

sponsibly pro-

duced products 

refused (dimen-

sionless) 

C1 

Measures the frequency a cus-

tomer refused to acquire a 

product, for socially responsible 

reasons (e.g. produced from 

child labour, poor working con-

ditions, un-paid labour). 

Padilla-Rivera et 

al. (2021); 

Bianchini et al. 

(2022); Blinova et 

al. (2023) 

 

Electric or elec-

tronic products 

acquired or re-

placed to reduce 

energy con-

sumption (no.) 

C2 

Describes the amount a cus-

tomer acquired or replaced an 

electric or electronic product to 

reduce energy consumption, 

per type of product (e.g. pro-

curement of a refrigerator, 

freezer, laptop, dishwasher, 

among similar others with high 

energy efficiency). 

Scarpellini et al. 

(2020); Ahmed et 

al. (2023); Yazan et 

al. (2022); Andreou 

et al. (2022) 

 

Acquisition of lo-

cally produced 

food (dimen-

sionless) 

C3 

Determines the frequency of lo-

cally produced food purchased, 

relatively to the total amount of 

food purchased, per type of 

Bux et al. (2022); 

Lami et al. (2022); 

Trollman et al. 

(2021) 



 26 

food (e.g., poultry meat, vegeta-

bles, nuts, seasonal fruit). 

 

Products with 

excessive pack-

aging refused 

(dimensionless) 

C4 

Measures the frequency a cus-

tomer refused to acquire a 

product, due to excessive 

amounts of packaging. 

Kovacs (2021); 

Otto et al. (2021); 

Colasante and 

D'Adamo (2021); 

Droege et al. 

(2021); Klug and 

Niemand (2021) 

 
In bulk products 

acquired (di-

mensionless) 

C5 

Measures the frequency of 

products acquired in bulk, to re-

duce the amount of packaging, 

per type of product. 

Klug and Niemand 

(2021); Lami et al. 

(2022) 

 
Second-hand 

products ac-

quired (%) 

C6 

Measures the share of second-

hand products procured, rela-

tively to total product acquisi-

tion, per type of product. 

Kovacs (2021); 

Valls-Val et al. 

(2022); Andreou et 

al. (2022); Chun et 

al. (2022); Klug and 

Niemand (2021) 

 

Products acqui-

sition with recy-

cled materials 

(%) 

C7 

Measures the share of products 

produced with recycled material 

acquired, in relation to total 

product acquisition, per type of 

product. 

Boyer et al. (2021); 

Jiang et al. (2022); 

Lizundia et al. 

(2023) 

 Recyclable prod-

ucts acquired (%) 
C8 

Measures the share of recycla-

ble products acquired, in rela-

tion to total product acquisition, 

per type of product. 

Colasante and 

D'Adamo (2021); 

Lami et al. (2022) 

 
Dismantlable 

products ac-

quired (%) 

C9 

Measures the share of dis-

mantlable products acquired, in 

relation to total product acqui-

sition, per type of product. 

Mazzoli et al. 

(2022); Abadi and 

Moore (2022) 

 
Durable prod-

ucts acquisition 

(%) 

C10 

Measures the share of products 

acquired with durability as a pri-

ority, in relation to total product 

acquisition, per type of product. 

Trollman et al. 

(2021); Abadi and 

Moore (2022); Bar-

atsas et al. (2022) 

 Reusable prod-

ucts acquired (%) 
C11 

Measures the share of reusable 

products acquired, in compari-

son to total product acquisition 

(reusable and single use), per 

type of product. 

Colasante and 

D'Adamo (2021); 

Baratsas et al. 

(2022); Hafsa et al. 

(2022) 

 
Product sharing, 

among owners 

(dimensionless) 

C12 
Measures the frequency an ac-

quired product was shared, 

Andreou et al. 

(2022); Ahmed et 

al. (2022) 



 27 

among owners, per type of 

product. 

 
Animal dietary 

products ac-

quired (no.) 

C13 

Measures the quantity of animal 

dietary products acquired, per 

type of animal dietary product 

(e.g., poultry meat, beef meat, 

fresh seafood, eggs). 

Frehner et al. 

(2022); Droege et 

al. (2021) 

 
Non-animal die-

tary products ac-

quired (no.) 

C14 

Measures the quantity of non-

animal dietary products ac-

quired, per type of non-animal 

dietary product (e.g., vegeta-

bles, seasonal fruit, tropical fruit, 

legumes). 

Frehner et al. 

(2022); Droege et 

al. (2021) 

 
Renewable en-

ergy consump-

tion (%) 

C15 

Measures the share of renewa-

ble energy consumed to satisfy 

the household energy needs, in 

relation to total energy con-

sumption. 

Motte et al. (2023); 

Sadowski (2021) 

 Water self-suffi-

ciency (%) 
C16 

Measures the share of water 

self-sufficiency in a household, 

including rainwater harvesting, 

water re-use and wastewater re-

cycling, in relation to total water 

consumption. 

Sadowski (2021); 

Nadal et al. (2018); 

Kim et al. (2022) 

 
Energy con-

sumption per m2 

(J/m2) 

C17 

Measures energy consumption 

(J) per area (m2) of the house-

hold. 

Droege et al. 

(2021); Sadowski 

(2021); Kosanović 

et al. (2021) 

 
Water consump-

tion (l) per m2 

(l/m2) 

C18 
Measures water consumption (l) 

per area (m2) of the household. 

Sadowski (2021); 

Kim et al. (2023); 

Cozzolino and 

Giovanni (2023) 

 Comfort (dimen-

sionless) 
C19 

Measures how frequent an indi-

vidual feels comfortable inside 

their household, including ther-

mal comfort and basic sanita-

tion. 

Padilla-Rivera et 

al. (2021); Sa-

dowski (2021); 

Kosanović (2021) 

 

Products with in-

creased durabil-

ity (dimension-

less) 

C20 

Measures if the customer ac-

quired a protective equipment 

for the main product, to in-

crease longevity (e.g., procure-

ment of a phone protective 

cape, to promote the phones' 

durability), per type of product. 

Yamamoto and 

Murakami (2021); 

Baratsas et al. 

(2022);  
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Multi-functional 

products ac-

quired (%) 

C21 

Measures the share of products 

with multiple functionalities, in 

relation to the total products 

that would have been needed 

for the same amount of func-

tions (e.g., acquiring one Swiss 

blade, instead of a knife, cork-

screw), per type of product. 

Scarpellini et al. 

(2019); Trollman et 

al. (2021) 

  

Products with a 

take-back policy 

acquired (%) 

C22 

Measures the share of products 

that the customer acquired with 

a take-back policy, per type of 

product. 

Baier et al. (2020); 

Bruno et al. (2021) 

User 

Energy saving 

usage of a prod-

uct (dimension-

less) 

U1 

Measures the frequency the 

user practices the most re-

source saving method of a 

product (e.g. using the dish-

washer/washing machine in the 

lowest temperature option and 

when completely full). 

Stamminger et al. 

(2020); Lami et al. 

(2023) 

 
Water saving us-

age of a product 

(dimensionless) 

U2 

Measures the frequency the 

user practices the most re-

source saving method of a 

product (e.g. using the dish-

washer/washing machine when 

completely full). 

Stamminger et al. 

(2020); Lami et al. 

(2023) 

 
Public transport 

usage (dimen-

sionless) 

U3 

Measures the frequency the 

user travels by public transport, 

per public transport, instead of 

using a private vehicle. 

Ahmed et al. 

(2022); Colasante 

and D'Adamo 

(2021); Lami et al. 

(2023) 

 
Active mode of 

transport usage 

(dimensionless) 

U4 

Measures the frequency the 

user travels by bicycle or by 

walking, instead of using a pri-

vate vehicle. 

 Andreou et al. 

(2022); Lami et al. 

(2023) 

 
Carpool fre-

quency (dimen-

sionless) 

U5 

Measures the frequency the 

user carpooled or used a car-

pooling service while travelling 

by private vehicle.  

Andreou et al. 

(2022) 

 Time in use per 

product (hours) 
U6 

Measures the amount of time 

(hours) a product was used. 

Droege et al. 

(2021) 

 Leftovers rate 

(%) 
U7 

Measures the share of leftovers 

that are consumed, instead of 

discarded, in relation to total 

leftovers production. 

Bux et al. (2022) 
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 Post-sale ser-

vices (no.) 
U8 

Measures the use of post-sale 

services, to prolong the longev-

ity of the original product or 

create a new product from the 

parts of the product, including 

repair, refurbish, remanufacture, 

and repurpose. 

Bianchini et al. 

(2022); Bradley 

and Persson 

(2021); Lanaras-

Mamounis et al. 

(2022) 

 Product mainte-

nance (no.) 
U9 

Measures the independent use 

of product or part of product 

lifetime extension practices, in-

cluding repair, refurbish, re-

manufacture, and repurpose. 

Lanaras-Ma-

mounis et al. 

(2022) 

 Product self-suf-

ficiency (no.) 
U10 

Measures the number of prod-

ucts produced independently 

(e.g. gardening vegetables, pro-

ducing own cosmetics). 

Klug and Niemand 

(2021); Sadowski 

(2021); Nadal et al. 

(2018) 

 
Donated prod-

ucts (dimension-

less) 

U11 

Measures the frequency of 

products that were donated in a 

good condition and able to fulfil 

its function, instead of dis-

carded. 

Shittu et al. (2021); 

Kréziak et al. 

(2020) 

  
Sold products 

(dimensionless) 
U12 

Measures the frequency of 

products that were sold in a 

good condition and able to fulfil 

its function, instead of dis-

carded. 

Shittu et al. (2021); 

Kréziak et al. 

(2020) 

EoL 

product 

holder 

Recycling fre-

quency (dimen-

sionless) 

E1 

Measures the frequency an EoL 

product holder recycles the 

product at its EoL. 

Adu-Gyamfi et al. 

(2023); Ng and 

Yang (2023) 

 
Composting fre-

quency (dimen-

sionless) 

E2 

Measures the frequency an or-

ganic EoL product holder com-

posts the organic product at its 

EoL. 

Boesen et al. 

(2019); Do et al. 

(2021) 

 
Littering fre-

quency (dimen-

sionless) 

E3 

Measures the frequency an EoL 

product holder litters, instead of 

using a waste container. 

Klemeš et al. 

(2020) 

  

Household 

waste sorting 

(dimensionless) 

E4 

Measures the presence of a 

waste sorting system in the con-

sumers household. 

Adu-Gyamfi et al. 

(2023); Nainggo-

lan et al. (2019); 

Ng and Yang 

(2023) 

 

As shown in Table 4, a total of 38 HCE indicators were identified. Among the indicators, 22 

are integrated in the customer dimension, followed by 12 in the user dimension, and 4 in the 
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EoL product holder dimension. To ensure the key criteria defined by Caeiro et al. (2012), namely 

comparability and robustness, dynamic behaviours, actions and routines, target audience and 

type of language, and comprehensibility and communication, multiple indicators adopted a 

frequency and percentage-based assessment, while lining out denominators, including house-

hold area (m2) and per capita.  

Although the time horizon for the implementation of HCE practices differ in function of the 

product and activity, the self-assessment tool can be used by the householder or other related 

entity (e.g., municipality services; condominium management) as a periodic tool, e.g., every 

trimester, depending on socio-cultural context and needs. For instance, procuring a repairing 

service for a private vehicle is seldom, whereas recycling, acquiring food or using the public 

transport can be evaluated on a weekly basis. Thus, to tackle this issue, each metrics was tai-

lored based on of the frequency of the activity and product. For example, for the indicator 

“Recycling frequency” the respondent was asked to consider a typical week. This approach has 

been similarly done in other assessment tools (e.g. Beylot et al., 2017; Salas et al., 2022; Kok & 

Barendregt, 2021, see Table A2). 

Regarding the customer dimension, the HCE indicators focus on the evaluation of procure-

ment practices adopted by consumers, reflecting the implementation of higher circularity-

based strategies described by Potting et al. (2017), including refuse, rethink, reduce and re-

use. It provides a set of metrics that unlock the potential of lifespan extension approaches or 

lower circularity strategies. For instance, the acquisition of recyclable products enables an eas-

ier upcycling or downcycling process. On the other hand, procuring dismantlable equipment 

allow an easier repairing, refurbishing, repurposing, or remanufacturing service; thus, under-

lining the influence of implementing circularity-based criteria upstream, to generate sustaina-

ble behaviours downstream.  

For the user dimension, decentralization-based practices to extend the lifespan of products 

and its parts are a key probe in the assessment process. The nucleus of this dimension is the 

evaluation of public services and community engagement activities. For the former, public 

transport usage represents the core indicator. Regarding the latter, localized post-sale services, 

donating, second-hand selling, and product self-sufficiency represent the main metrics. 

Lastly, EoL product holder indicators unlock the potential of materials in upcycling and 

downcycling activities, through waste management strategies. This set of metrics aims to re-

duce output flow, by providing useful applications to products and its parts at their EoL, 

through recycling and recycling enabling practices (i.e. household waste sorting).  
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4.2 Evaluating the self-assessment tool 

The findings of the questionnaire survey enabled the development of a HCE self-assessment 

tool (Appendix D) supported by indicators, which were presented in the previous section. How-

ever, to evaluate the presence of the key factors described by Caeiro et al. (2012), including the 

comprehensibility and meaningfulness of the indicators, 21 semi-structured interviews were 

conducted with householders. Appendix E provides additional details regarding the list of in-

terviewees. In this context, five criteria were applied to evaluate the proposed indicators and 

respective assessment scheme, based on deductive and inductive coding: (i) usability; (ii) use-

fulness; (iii) indicator comprehensibility/difficulties; (iv) recommendations; and (v) meaningful-

ness. 

Concerning the criterion usability, the majority of the interviewees (e.g. I2; I3; I6; I11; I14; 

among others) were able to use the self-assessment tool with ease, stating: “Yes, it was intui-

tive” (I11). However, some participants noted that it was long, and, for some indicators, difficult 

to answer. For instance, I3 and I21 argued that “It was easy to use, although extensive” (I21). 

Regarding the latter, the interviewees (I7; I10; I15; I17) indicated that they were not able provide 

the information requested by the indicator, as a result of the lack of awareness over their own 

consumption habits, “I didn’t know the answer for some of the questions. (…) sometimes I don’t 

know if something has excessive packaging” (I15). This was specifically seen in the questions 

that aimed to collect relative values from the user, as underlined by I4 and I7: “It was easy to 

use; however, it would have been easier if I had ranges to select from in the questions that 

asked for percentages” (I7). Albeit the positive feedback, one interviewee (I12) lined out some 

difficulties that represented a challenge in the use of the tool: “I was able to use it more or less, 

but I don’t think it was easy. (…)  certain technical terms are being used that I do not under-

stand”.  

Although for different reasons, all interviewees considered the self-assessment tool useful. 

The majority underlined that it was a very informative tool, helping in introspection exercises 

regarding daily household activities, as stressed by I2, I4, I8, I9, I10, and I11, among others: 

“Yes, it was useful, in the way that it increased the perception I have over my consumption 

habits and everything else” (I4). Interviewee I6 also added that: “It is useful to understand bet-

ter, for my family and I, the activities we do around the house”. In addition, some participants 

(I1; I10; I12; I15; I20) argued that certain habits are rooted in their daily activities, due to con-

venience: “I consider it useful, (…), and to remind myself of certain habits that, due to conven-

ience, I tend to slouch” (I20).  
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Regarding the difficulties associated with the use of the HCE self-assessment tool, the opin-

ions are divided among the participants: (i) The tool and indicators were easy to use, under-

stand, and answer, albeit aforementioned difficulties associated with the lack of awareness over 

their consumption habits; and (ii) The metrics were challenging to comprehend, and answer. In 

relation with the former, some participants (I5; I7; I17) argued that: “Yes, none were particularly 

difficult to interpret or answer, except for the fact that I do not know my own data” (I17). How-

ever, in householders with a higher awareness over their consumption activities (I3; I11; I13; 

I19; I21), no challenges were identified, “(The indicators were) easy to answer and comprehend” 

(I21). However, in the context of latter, multiple barriers were identified (I4; I5; I6; I7; I12; I15; 

I16; I18): (i) Difficulty in understanding technical terms, “I am not familiarized with the concepts 

of all of the indicators, definition wise” (I1); (ii) Lack of information regarding consumption 

habits, including energy, water and/or product characteristics (recyclability, locally produced, 

among similar others), “For the questions regarding if a product was recyclable or (…), most of 

the times I do not know that or the store itself does not make that information available” (I5); 

and (iii) Inability to provide a relative value, “In some situations, it was a little difficult to write 

a percentage value. It requires effort to think of my household activities” (I6). 

However, multiple recommendations were made by the interviewees (I3; I5; I7; I10; I12; I14; 

I15; I16; I18; I19): (i) Provide a description/definition/example of the technical terms used, “I 

think that a description and providing some examples would help understand and answer the 

questions” (I16); (ii) Indicate reference values, “I think there should be some base information 

(to compare). For instance, I do not know how much water I consume, but I am more or less 

aware that I consume less than the average (Portuguese) person” (I7); (iii) Create ranges of 

values for the metrics that ask for percentages, “For the percentage questions, also have 

ranges, instead of a free answer” (I19); and (iv) Indicate that certain information (e.g. energy 

consumption, water consumption) will be needed beforehand, “For the indicators that need 

quantitative data, pre warn the person to bring the information” (I3). Thus, since the present 

amendments enable a more in-depth understanding of the HCE indicators, no metrics were 

removed from Table 4. 

Lastly, multiple interviewees (e.g. I1; I2; I3; I4; I5; among others) found the self-assessment 

tool meaningful, as the participants were able to reflect over their actions and adopt new cir-

cular economy-based behaviours. As a customer, some individuals (I1; I4; I6) reflected over the 

lack of consciousness in procurement practices: “Yes, I understood that I give little attention to 

whether a product was locally or sustainably produced. (…). I realized I could have a higher 

environmental and social influence (in my daily habits)” (I1). For the user dimension, the 
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participants (I1; I2; I15) underlined that certain practices are rooted in routine, due to conven-

ience, such as private transport usage, “(…) most of the things I do are defined by routine. (This 

tool) forces us to think about what we do (on our daily activities)” (I2). Since most of the inter-

viewees had already implemented EoL product holder practices, the self-reflection exercise 

took two roles (I8; I12; I20): (i) reviewer, “Yes, I believe, in this case, the actions I do were con-

firmed by the tool” (I8); and (ii) self-satisfaction, “Yes, the only thing I do not is compost. In the 

remaining practices, I reviewed myself with satisfaction” (I20). In addition, the majority of the 

interviewees (e.g. I3; I4; I5; I8; I10; among others) were willing to adopt a new circular economy-

based behaviour, after using this tool. Among them, the user dimension was privileged by the 

participants (I14; I16; I19; I20), “There is one practice I would like to implement, which is repair-

ing. I tend to throw away the product when it stops working and buy a new one, but I am going 

to start repairing” (I20). 
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5  

 

DISCUSSION 

5.1 HCE practices and indicators 

The present results indicate that consumers are a key enabler in driving circular economy strat-

egies and practices. Although the customer dimension is the starting point in unlocking and 

fostering circularity-based organisations (Shevchenko et al., 2023), the user and EoL product 

holder dimensions constituted a higher priority. This could have resulted from the inherent 

motivations and barriers associated with consumption practices. According to Terzioğlu (2021) 

and Varotto and Spagnolli (2017), user and EoL product holder related strategies (e.g. repairing 

and recycling, respectively) are driven by emotional and value aspects, including environmental 

and social concerns. In addition, when compared with product replacement, lifespan extension 

practices represent, in general, lower costs. On the other hand, procurement practices are pri-

marily driven by economic reasons. Nonetheless, although second-hand repaired/remanufac-

tured/repurposed/refurbished products tend to cost less, when there are clear traces of the 

previous owners the consumer feels reluctant to acquire them (Edbring et al., 2016).  

Among the customer HCE practices, the results suggest that products with a clear or direct 

financial, environmental, and/or social advantage(s) (e.g. high energy certificate, multifunction-

ality, durability, recyclability) are more favoured by the consumers. This finding is in line with 

the scientific literature. For instance, Richter (2010) stressed that the majority of the consumers 

prioritize an higher energy labelled product, when acquiring dishwashers, due to financial rea-

sons and convenience. Barkhausen et al. (2022) and Atsaja et al. (2022) underlined the im-

portance of fostering the durability criteria in product design, as a result of environmental and 

economic metrics: On the one hand, it is more cost effective; and, on the other hand, it reduces 

the need for constant product replacement, avoiding toxic substances release, among other 
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environmental benefits. Furthermore, these advantages can also derive from the implementa-

tion of the refuse practice, described in Potting et al. (2017). Although the increasing need for 

consumer responsibility in procurement practices (Ghisellini et al., 2016), lack of awareness of 

the production process inherent in a product represents one of the main CE barriers (Grafström 

& Aasma, 2021). However, when backed by perceivable benefits, the consumer refuses unsus-

tainably made products; thus, increasing demand for circular economy-based market oppor-

tunities with social and environmental benefits (Grafström & Aasma, 2021). In addition, as em-

phasised in multiple studies (Grafström & Aasma, 2021; Edbring et al., 2016; Ghisellini et al., 

2016), product ownership was identified as an important factor for consumers, since demate-

rialization, renting and product as a service practices were characterized with a lower im-

portance level. This result derives from a modern culture social norm that expresses a desire to 

own and is mostly connected to products that are consumed for their primary function than 

for products that have high associated social status (Edbring et al., 2016). For example, albeit a 

bike sharing initiative addresses several sustainability challenges, including climate change and 

wellbeing, privately owned bicycles constitute a consumer preference (Henriksson & Scalzotto, 

2023). In fact, Edbring et al. (2016) found that, in situations of short-term renting, consumer 

attitude is largely positive, since it provides the opportunity to test the product, before acquir-

ing it. On the other hand, long-term renting is linked with a negative perception.  

The present set of HCE indicators obtained by the triangulation between the integrative 

literature review and the questionnaire survey define a comprehensive evaluation system, con-

sidering the multiple aspects of the circular consumer defined by Shevchenko et al. (2023) and 

CE strategies described by Potting et al. (2017). On the one hand, the self-assessment tool 

could foster circularity in a householder lifestyle, increasing awareness and consumer respon-

sibility. On the other hand, as a key enabler in circular economy business models and urban 

metabolism (Shevchenko et al., 2023), indicators and related assessment tools aim to help con-

sumers unlock the potential of circular economy-based management/strategies at their multi-

ple levels of implementation (micro, meso, macro), by the aid of a bottom-up approach 

(Gravagnuolo et al., 2019; Corona et al., 2019).  

The proposed HCE indicators are in line with current trends that aim to challenge the LCA 

approach in circular economy assessment practices (e.g. Droege et al., 2021; Padilla-Rivera et 

al., 2021), which tends to be more expensive, highly dependent on data quality, and technical 

expertise (van Stijn et al., 2021; Lu & Halog, 2020). The present tool addresses these issues, by 

providing a relatively simple and context-dependent evaluation process, as seen in other 

frameworks (see, e.g., Ramos et al., 2021; Droege et al., 2021; Saidani et al., 2019). Although the 
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present list of metrics was collaboratively designed for consumers self-assessment, Rincón-

Moreno et al. (2021) suggest that most CE indicators show a multi scale applicability. Thus, the 

present framework can be adapted to other levels, including organisations, cities, regions, or 

nations, since – according to Opferkuch et al. (2023) and Gravagnuolo et al. (2019) – all are 

concerned with smarter product or service use, product/resource acquisition, extending the 

lifespan of products and its parts, and the useful application of materials (following the de-

scriptions of Potting et al., 2017). 

The self-assessment tool development depended on a collaborative approach with house-

holders. Therefore, the process allowed the consumers to indicate the most important aspects 

of their consumption practices, especially their demands. This process is in line with similar 

studies: (i) in CE corporate disclosure, see Opferkuch et al. (2023); and (ii) in CE assessment for 

public sector organisations, see Droege et al. (2021). Therefore, results indicate, within the CE 

context, what constitutes a priority for the consumer; and what needs to be bridged to foster 

circularity.  

Moreover, despite being part of the CE nucleus (Paparella et al., 2023; Kumar et al., 2022), 

second-hand acquisition, and less animal-dependent dietary choices were scored with a lower 

importance level. This could have resulted from the use of a collaborative approach; and thus, 

the communication difficulties between the general public and practitioners/researchers (Kie-

ser & Leiner, 2012). However, to ensure the comprehensibility and meaningfulness of the HCE 

indicators and self-assessment tool, semi-structured interviews were conducted. 

5.2 Self-assessment tool insights 

Results indicate that the self-assessment tool and HCE indicators were relatively simple to un-

derstand and respond to, providing opportunity for equitable benchmarking. This feedback is 

in line with the overall consensus over the characteristics needed for a self-assessment tool 

(Matuštík & Koči, 2021; Caeiro et al., 2012): (i) comprehensibility; and (ii) meaningfulness. In 

relation with the former, context provision (Vanham et al., 2019), selecting a comprehensive 

set of questions around the object of evaluation (Franz & Papyrakis, 2011), and making the 

general design, and data input clear and fun (Kok & Barendregt, 2021) is highly recommended, 

fostering communication and empowerment for more sustainable lifestyles (Kok & Barendregt, 

2021). These types of features should be carefully considered during the initial stages of plan-

ning and implementation of the CE self-assessment tool.  
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Although some individuals are willing to overlook certain difficulties and the extensiveness 

of the metrics, the majority aims to explore and compare their daily activities, in a given context 

(Kok & Barendregt, 2021). Regarding the latter, results suggest that the self-assessment tool 

was highly meaningful, as an informative and self-reflection aiding mechanism. In fact, multiple 

interviewees were interested in adopting new circular economy-based practices into their life-

style. These findings are in line with the works of Kok and Barendregt (2021) and Buhl et al. 

(2019), which underlined that people were more willing to engage in pro-environmental be-

haviour after using a sustainability-based self-assessment tool, when compared to the general 

public. 

However, some difficulties were mentioned regarding understandability of technical terms, 

length of the evaluation process, and consumer lack of awareness over their own procurement 

habits, including data availability for metrics that aim to collect relative values. Similar chal-

lenges have been noted by multiple authors (Kok & Barendregt, 2021; Syrovátka, 2020; 

Tolppanen & Kang, 2021; Kharrazi et al., 2014). For instance, Kok and Barendregt (2021) indi-

cate that a trade-off between completeness and usability exist. Buhl et al. (2019) also argue 

that lack of information hinders one’s ability to evaluate themselves. Furthermore, a discrep-

ancy in opinions was found over the self-assessment tool difficulty. According to Kok and Bar-

endregt (2021) this could have resulted from the participant’s profile: environmentalists are 

willing to put more effort into getting more accurate results; whereas the general public does 

not want to spend a lot of time on data entry without any clear beneficial outcome. 

5.3 Theoretical and practical implications 

Multiple insights were drawn from this study, from a theoretical perspective. First, the self-

assessment tool aims to break some of the CE barriers defined by Grafström and Aasma (2021), 

specifically the social/cultural challenges, by increasing consumer awareness and enthusiasm, 

acceptance for circular economy models, and overall knowledge of a more sustainable lifestyle. 

Hence, it aims to expand on the number of HCE practices that can be implemented by a house-

holder. Based on the integrative literature review (Table A2), no study has compilated a list of 

circular economy practices that could be executed by consumers at household level. 

Shevchenko et al. (2023) described the tri-dimensional role of the consumer in the CE. In ad-

dition, multiple authors (e.g. Paparella et al., 2023; Addo et al., 2018; Edbring et al., 2016; Ter-

zioğlu, 2021; Varotto & Spagnolli, 2017) have studied single aspects of CE at the consumer 

level, including resource (e.g. water, energy, food), acceptance of circular economy-based 
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business models (e.g. sharing, renting, second-hand consumption), and individual circular 

economy strategies (e.g. repairing, recycling, reducing, re-using). However, to the best of our 

knowledge, so far, no study has developed a list of HCE practices and/or associated it with the 

consumer importance level. 

Second, the list of HCE indicators (Table 4) attempts to resolve some of the limitations and 

challenges integrated in the CE indicators field of research, including the gaps identified by 

Moraga et al. (2019, p. 458), Jerome et al. (2022, p. 5), and Shevchenko et al. (2023). Regarding 

the first, the authors were not able to identify CE indicators capable of measuring the higher 

circularity strategies described by Potting et al. (2017). Among the HCE metrics, two indicators 

(e.g. “Socially irresponsibly produced products refused” and “Products with excessive packag-

ing refused”) were defined to measure the refuse strategy. For the second, the researchers 

mentioned that most CE indicators cannot evaluate the use phase of a product, and lifetime 

extension strategies. Similarly, among the HCE indicators, three metrics that can address those 

issues were proposed (e.g. “Time in use per product” and “Post-sale services”). In relation with 

the third, the authors emphasize the significant lack of metrics for the consumer, in the CE 

context. The present research proposes several tailored HCE indicators to address this gap.  

Third, the results provide a set of recommendations to improve the comprehensibility and 

meaningfulness of the proposed self-assessment tool. These suggestions can be used in the 

development of future similar mechanisms. The interviewees emphasized that the indicators 

should be more intuitive, by providing a description of technical terms, indicate reference val-

ues, to enable benchmarking with the national average, and create ranges of values for the 

metrics that ask for percentages, to facilitate the user’s ability to answer. These findings are in 

line with other research, namely the work of Kok and Barendregt (2021), where among the 

aforementioned suggestions, also underlines that a self-assessment tool should also mention 

clear financial and health benefits associated with the implementation of these practices. In 

addition, householders are interested in receiving advice to improve performance, in function 

of the answers.  

From a practical perspective, several implications/lessons can be drawn from this study. 

In particular, the proposed HCE tool could support local organisations and municipalities in 

understanding what consumers prioritize in the circular economy scope, and help future HCE 

assessment initiatives, conducted at municipal, parish, neighbourhood, condominium, or other 

specific scale. This could also enable tailored product design and business opportunities that 

follows CE strategies, as emphasized by Schevchenko et al. (2023), and plans and programs 

that foster circularity in cities, according to Gravagnuolo et al. (2019). Thus, it aims to bridge 
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the gap between householders and entities/plans/programs, as mentioned by Grafström and 

Aasma (2021).
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6  

 

CONCLUSIONS 

Household consumption practices are linked with multiple sustainability challenges, including 

climate change and well-being. However, individuals still don’t know how to act, and feel little 

motivation to change certain habits, since most procurement practices are driven by economic 

reasons. CE can work as one of the strategies to tackle these issues, by providing a financial 

incentive to more sustainable lifestyles. This explanatory study aimed to develop, through a 

collaborative approach, a self-assessment tool that aided households in adopting HCE prac-

tices, by: (i) understanding the importance level consumers allocate to certain activities, within 

the CE vein; and (ii) describing a set of metrics that can help householders communicate, and 

gain awareness over their acquisition strategies. Furthermore, it provided several insights over 

the use of the self-assessment tool that can support the construction of future similar mecha-

nisms. 

A collaborative research process was adopted to develop and optimize the set of HCE in-

dicators, grounded on comprehensibility and meaningfulness criteria. First, a list of HCE prac-

tices was built. The findings derived from the questionnaire survey suggested that certain cus-

tomer activities do not constitute a priority for the consumer, as a result of economic barriers, 

lack of trust in second-hand products, and a modern culture social norm. On the other hand, 

user and EoL product holder practices showed a higher importance level since most activities 

are easier to implement by consumers and are not challenged by the aforementioned argu-

ments. Based on a triangulation approach that combined an integrative literature review and 

a questionnaire survey, the aforementioned list reflected multiple metrics. Second, to refine 

the assessment framework, semi-structured interviews were conducted. The results obtained 

through this procedure demonstrated that the self-assessment tool was meaningful, as multi-

ple interviewees were willing to adopt new HCE practices. Nonetheless, although 
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complemented with recommendations, several difficulties were identified. According to the 

participants, the main challenge was the lack of awareness over their own consumption prac-

tices, resulting in the inability to provide the information asked by certain HCE indicators. 

The householder’s participation was a key component in the development of the self-as-

sessment tool. In addition to the aforementioned reasons, the collaborative approach helped 

bridge the gap between the conceptual model and the benefits of its realization. Moreover, 

this study aimed to solve certain limitations linked to the CE indicators field of research. First, 

it proposes several metrics that enable assessment opportunities of higher circularity strate-

gies, including refuse, and rethink. Second, it conceptualizes a first attempt to develop an eval-

uation HCE tool for consumers. Third, it provides multiple recommendations to support the 

construction of future similar mechanisms or to put the proposed tool into practice. Fourth, it 

could guide organisations and municipalities in the development of products and services, 

within the CE scope, that satisfy the consumers priorities.  

However, several potential limitations inherent to the methodological approach could have 

constrained this study, including bias, sample size, oversimplification of certain aspects, and 

under coverage.  

Future research should be conducted to further expand the underdeveloped field of circu-

lar economy at the consumer/household level, especially in the assessment field. In the devel-

opment of this research, multiple underexplored gaps were identified, including: (i) what are 

the drivers and barriers for the householder in the circular economy; (ii) how can the user of 

the self-assessment tool be scored (i.e. what are the relative weights of each metric); (iii) how 

would a multi stakeholder approach help bridge the conceptual and practical gap between 

households and organisations and municipalities; and (iv) when single-studied, how could each 

circular economy strategy or HCE dimension be evaluated. The findings of this research docu-

ment aim to foster investigation in these levels, to: (i) On the one hand, help consumers find 

more sustainable and financially approachable lifestyles, through the lens of the CE; and (ii) On 

the other hand, unlock innovation, drive investment, and create jobs, based on a CE approach, 

in private and public sector organisations.



 43 

REFERENCES 

[1] Abadi, M. & Moore, D. R. (2022). Selection of circular proposals in buildings projects: An 

MCDM Model for lifecycle circularity assessments using AHP. Buildings, 12 (8), 1110. 

https://doi.org/10.3390/buildings12081110 

[2] Abdulrazak, S. & Quoquab, F. (2017). Exploring consumers’ Motivations for Sustainable Con-

sumption: A Self-Deterministic Approach. Journal of International Consumer Marketing, 30 (1), 

14-28. https://doi.org/10.1080/08961530.2017.1354350 

[3] Adan, H. & Fuerst, F. (2016). Do energy efficiency measures really reduce household energy 

consumption? A difference-in-difference analysis. Energy Efficiency, 9, 1207-1219. 

https://doi.org/10.1007/s12053-015-9418-3  

[4] Addo, B. I., Thoms, C. M. & Parsons, M. (2018). Barriers and Drivers of Household Water-

Conservation Behavior: A profiling approach. Water, 10 (12), 1794. 

https://doi.org/10.3390/w10121794  

[5] Adu-Gyamfi, G., Asamoah, N. A., Nketiah, E., Obuobi, B., Adjei, M., Cudjoe, D. & Zhu, B. 

(2023). Reducing waste management challenges: Empirical assessment of waste sorting inten-

tion among corporate employees in Ghana. Journal of Retailing and Consumer Services, 72, 

103261. https://doi.org/10.1016/j.jretconser.2023.103261 

[6] Ahmed, A. A., Nazzal, A. M., Darras, M. B. & Deiab, M. I. (2022). A comprehensive multi-level 

circular economy assessment framework. Sustainable Production and Consumption, 32, 700-

717. https://doi.org/10.1016/j.spc.2022.05.025 

[7] Ahmed, A. A., Nazzal, A. M., Darras, M. B. & Deiab, M. I. (2023). A comprehensive sustaina-

bility assessment of battery electric vehicles, fuel cell electric vehicles, and internal combustion 

engine vehicles through a comparative circular economy assessment approach. Sustainability, 

15 (1), 171. https://doi.org/10.3390/su15010171 

[8] Anantharaman, M. (2018). Critical sustainable consumption: a research agenda. Journal of 

Environmental Studies and Sciences, 8, 553-561. https://doi.org/10.1007/s13412-018-0487-4 

https://doi.org/10.3390/buildings12081110
https://doi.org/10.1080/08961530.2017.1354350
https://doi.org/10.1016/j.jretconser.2023.103261
https://doi.org/10.1016/j.spc.2022.05.025
https://doi.org/10.3390/su15010171
https://doi.org/10.1007/s13412-018-0487-4


 44 

[9] Andreou, A., Fragkos, P., Fotiou, T. & Filippidou, F. (2022). Assessing lifestyle transformations 

and their systemic effects in energy-system and integrated assessment models: A review of 

current methods and data. Energies, 15 (14), 4948. https://doi.org/10.3390/en15144948 

[10] Atsaja, D., Koval, V., Grasis, J., Kalina, I., Kryshtal, H. & Mikhno, I. (2022). Sharing model in 

circular economy towards rational use in sustainable protection. Energies, 15 (3), 939. 

https://doi.org/10.3390/en15030939  

[11] Baier, D., Rausch, M. T. & Wagner, F. T. (2020. The drivers of sustainable apparel and sports-

wear consumption: A segmented kano perspective. Sustainability, 12 (7), 2788. 

https://doi.org/10.3390/su12072788 

[12] Baldi, L., Mancuso, T., Peri, M., Gasco, L. & Trentinaglia, M. T. (2021). Consumer attitude 

and acceptance toward fish fed with insects: a focus on the new generations. Journal of Insects 

as Food and Feed, 8 (11), 1249-1263. https://doi.org/10.3920/JIFF2021.0109 

[13] Baratsas, G. S., Pistikopoulos, N. E. & Avraamidou, S. (2022). A quantitative and holistic 

circular economy assessment framework at the micro level. Computers & Chemical Engineer-

ing, 160, 107697. https://doi.org/10.1016/j.compchemeng.2022.107697 

[14] Barkhausen, R., Durand, A. & Fick, K. (2022). Review and analysis of ecodesign directive 

implementing measures: Product regulations shifting from energy efficiency towards a circular 

economy. Sustainability, 14 (16), 10318. https://doi.org/10.3390/su141610318  

[15] Bartlett, E. J., Kotrlik, W. J. & Higgins, C. C. (2001). Organizational Research: Determining 

Appropriate Sample Size in Survey Research. Information Technology, Learning, and Perfor-

mance Journal, 19 (1), 43-50. https://www.opalco.com/wp-content/uploads/2014/10/Reading-

Sample-Size1.pdf 

[16] Belaud, J.-P., Adoue, C., Vialle, C., Chorro, A. & Sablayrolles, C. (2019). A circular economy 

and industrial ecology toolbox for developing an eco-industrial park: perspectives from French 

policy. Clean Technologies and Environmental Policy, 21, 967-985. 

https://doi.org/10.1007/s10098-019-01677-1  

[17] Bethlehem, J. (2009). Applied Survey Methods: A Statistical Perspective (1st ed.). New Jer-

sey, U.S.A: John Wiley & Sons, Inc.  

[18] Betts, K., Gutierrez-Franco, E. & Ponce-Cueto, E. (2022). Key metrics to measure the per-

formance and impact of reusable packaging in circular supply chains. Frontiers in Sustainability, 

3, 910215. https://doi.org/10.3389/frsus.2022.910215 

https://doi.org/10.3390/en15144948
https://doi.org/10.3390/su12072788
https://doi.org/10.3920/JIFF2021.0109
https://doi.org/10.1016/j.compchemeng.2022.107697
https://www.opalco.com/wp-content/uploads/2014/10/Reading-Sample-Size1.pdf
https://www.opalco.com/wp-content/uploads/2014/10/Reading-Sample-Size1.pdf
https://doi.org/10.3389/frsus.2022.910215


 45 

[19] Beylot, A., Boitier, B., Lancesseur, N. & Villeneuve, J. (2018). The Waste Footprint of French 

Households in 2020: A comparison of scenarios of consumption growth using input-output 

analysis. Journal of Industrial Ecology. 22 (2), 356-368. https://doi.org/10.1111/jiec.12566  

[20] Bianchini, A., Guarnieri, P. & Rossi, J. (2022). A Framework to assess social indicators in a 

circular economy perspective. Sustainability, 14 (13), 7970. 

https://doi.org/10.3390/su14137970 

[21] Blinova, E., Ponomarenko, T. & Tesovskaya, S. (2023). Key corporate sustainability assess-

ment methods for coal companies. Sustainability, 15 (7), 5763. 

https://doi.org/10.3390/su15075763 

[22] Boesen, S., Bey, N. & Niero, M. (2019). Environmental sustainability of liquid food packag-

ing: Is there a gap between Danish consumers’ perception and learnings from life cycle assess-

ment. Journal of Cleaner Production, 210, 1193-1206. https://doi.org/10.1016/j.jcle-

pro.2018.11.055 

[23] Boyer, W. H. R., Hunka, D. A. & Walen, A. K. (2021). Consumer demand for circular products: 

Identifying customer segments in the circular economy. Sustainability, 13 (22), 12348. 

https://doi.org/10.3390/su132212348 

[24] Bradley, K. & Persson, O. (2021). Community repair in the circular economy – fixing more 

than stuff. Local Environment, 27 (10-11), 1321-1337. 

https://doi.org/10.1080/13549839.2022.2041580 

[25] Briassoulis, D., Pikasi, A. & Hiskakis, M. (2021). Recirculation potential of post-consumer 

/industrial bio-based plastics through mechanical recycling - Techno-economic sustainability 

criteria and indicators. Polymer Degradation and Stability, 183, 109217.  

https://doi.org/10.1016/j.polymdegradstab.2020.109217 

[26] Bruno, G., Diglio, A., Passaro, R., Piccolo, C. & Quinto, I. (2021). Measuring spatial access to 

recovery networks for WEEE: An in-depth analysis of the Italian case. International Journal of 

Production Economics, 240, 108210. https://doi.org/10.1016/j.ijpe.2021.108210 

[27] Bryman, A. (2016). Social Research Methods (5th ed.). New York, U.S.A.: Oxford University 

Press Inc.  

[28] Buhl, J., Liedtke, C., Teubler, J. & Bienge, K. (2019). The material footprint of private house-

holds in Germany: Linking the natural resource use and socioeconomic characteristics of users 

https://doi.org/10.3390/su14137970
https://doi.org/10.3390/su15075763
https://doi.org/10.1016/j.jclepro.2018.11.055
https://doi.org/10.1016/j.jclepro.2018.11.055
https://doi.org/10.3390/su132212348
https://doi.org/10.1080/13549839.2022.2041580
https://doi.org/10.1016/j.polymdegradstab.2020.109217
https://doi.org/10.1016/j.ijpe.2021.108210


 46 

from an online footprint calculator in Germany. Sustainable Production and Consumption, 20, 

74-83. https://doi.org/10.1016/j.spc.2019.05.001  

[29] Busse, M. & Menzel, S. (2014). The role of perceived socio-spatial distance in adolescents’ 

willingness to engage in pro-environmental behavior. Journal of Environmental Psychology, 

40, 412-420. https://doi.org/10.1016/j.jenvp.2014.10.002 

[30] Bux, C., Aluculesei, C. A. & Moagăr-Poladian, S. (2022). How to monitor the transition to 

sustainable food services and lodging accommodation activities: A bibliometric approach. Sus-

tainability, 14 (15), 9102. https://doi.org/10.3390/su14159102 

[31] Caeiro, S., Ramos, B. T. & Huisingh, D. (2012). Procedures and criteria to develop and eval-

uate household sustainable consumption indicators. Journal of Cleaner Production, 27, 72-91. 

https://doi.org/10.1016/j.jclepro.2011.12.026 

[32] Camacho-Otero, J., Boks, C. & Pettersen, N. I. (2018). Consumption in the circular economy: 

a literature review. Sustainability, 10 (8), 2758. https://doi.org/10.3390/su10082758 

[33] Castellani, V., Beylot, A. & Sala, S. (2019). Environmental impacts of household consump-

tion in Europe: Comparing process-based LCA and environmentally extended input-output 

analysis. Journal of Cleaner Production, 240, 117966. https://doi.org/10.1016/j.jcle-

pro.2019.117966 

[34] Castro, F. D., Xavier, B. G., Cardeal, J. A. C., Perpétuo, B. M. P., Lopes, L. G., Silva, J. L., Costa, 

R. F. F., Cutaia, L. & Vaccari, M. (2022). The (un)shared responsibility in the reverse logistics of 

portable batteries: A Brazilian case. Waste Management, 154, 49-63. 

https://doi.org/10.1016/j.wasman.2022.09.021 

[35] Chai, L., Han, Z., Liang, Y., Su, Y. & Huang, G. (2020). Understanding the blue water footprint 

of households in China from a perspective of consumption expenditure. Journal of Cleaner 

Production, 262, 121321. https://doi.org/10.1016/j.jclepro.2020.121321  

[36] Chu, H.-C. & Hwang, G.-J. (2008). A Delphi-based approach to developing expert systems 

with the cooperation of multiple experts. Expert Systems with Applications, 34 (4), 2826-2840. 

https://doi.org/10.1016/j.eswa.2007.05.034 

[37] Chun, Y-Y., Matsumoto, M., Chinen, K., Endo, H., Gan, S-S. & Tahara, K. (2022). What will 

lead Asian consumers into circular consumption? An empirical study of purchasing refurbished 

smartphones in Japan and Indonesia. Sustainable Consumption and Production, 33, 158-167. 

https://doi.org/10.1016/j.spc.2022.06.015 

https://doi.org/10.1016/j.jenvp.2014.10.002
https://doi.org/10.3390/su14159102
https://doi.org/10.1016/j.jclepro.2011.12.026
https://doi.org/10.3390/su10082758
https://doi.org/10.1016/j.jclepro.2019.117966
https://doi.org/10.1016/j.jclepro.2019.117966
https://doi.org/10.1016/j.wasman.2022.09.021
https://doi.org/10.1016/j.eswa.2007.05.034
https://doi.org/10.1016/j.spc.2022.06.015


 47 

[38] Colasante, A. & D’Adamo, I. (2021). The circular economy and bioeconomy in the fashion 

sector: Emergence of a “sustainability bias”. Journal of Cleaner Production, 329, 129774. 

https://doi.org/10.1016/j.jclepro.2021.129774 

[39] Corona, B., Shen, L., Reike, D., Carreón, R. J. & Worrel, E. (2019). Towards a sustainable 

development through circular economy – A review and critical assessment on current circularity 

metrics. Resources, Conservation and Recycling, 151, 104498. https://doi.org/10.1016/j.rescon-

rec.2019.104498  

[40] Coutinho, V., Domingues, A. R., Caeiro, S., Painho, M., Antunes, P., Santos, R., Videira, N., 

Walker, R. M., Huisingh, D. & Ramos, T. B. (2017). Employee-Driven Sustainability Performance 

Assessment in Public Organisations. Corporate Social Responsibility and Environmental Man-

agement, 25 (1), 29-46. https://doi.org/10.1002/csr.1438 

[41] Cozzolino, A. & De Giovanni, P. (2023). Portfolios of sustainable practices for packaging in 

the circular economy: an analysis of Italian firms. The International Journal of Logistics Man-

agement, 34 (7), 24-49. https://doi.org/10.1108/IJLM-03-2022-0132 

[42] Čuček, L., Klemeš, J. J. & Kravanja, Z. (2012). A review of Footprint analysis tools for moni-

toring impacts on sustainability. Journal of Cleaner Production, 34, 9-20. 

https://doi.org/10.1016/j.jclepro.2012.02.036  

[43] Das, D., Kalbar, P. P. & Velaga, N. R. (2021). Framework for comparative evaluation of car-

sharing alternatives for urban and suburban regions: Case study of Mumbai, India. Journal of 

Urban Planning and Development, 147 (3). https://doi.org/10.1061/(ASCE)UP.1943-

5444.0000705 

[44] De Benedetto, L. & Klemeš, J. (2009). The environmental performance strategy map: an 

integrated LCA approach to support the strategic decision-making process. Journal of Cleaner 

Production, 17 (10), 900-906. https://doi.org/10.1016/j.jclepro.2009.02.012 

[45] de Oliveira, T. C. & Oliveira, A. G. G. (2023). What circular economy indicators really meas-

ure? An overview of circular economy principles and sustainable development goals. Re-

sources, Conservation and Recycling, 190, 106850. https://doi.org/10.1016/j.rescon-

rec.2022.106850  

[46] de Oliveira, T. C., Dantas, T. E. T. & Soares, R. S. (2021). Nano and micro level circular econ-

omy indicators: Assisting decision-makers in circularity assessments. Sustainable Production 

and Consumption, 26, 455-468. https://doi.org/10.1016/j.spc.2020.11.024 

https://doi.org/10.1016/j.jclepro.2021.129774
https://doi.org/10.1108/IJLM-03-2022-0132
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000705
https://doi.org/10.1061/(ASCE)UP.1943-5444.0000705
https://doi.org/10.1016/j.spc.2020.11.024


 48 

[47] De Pascale, A., Arbolino, R., Szopik-Depczyńska, K., Limosani, M. & Ioppolo, G. (2021). A 

systematic review for measuring circular economy: The 61 indicators. Journal of Cleaner Pro-

duction, 281, 124942. https://doi.org/10.1016/j.jclepro.2020.124942 

[48] de Walle, A. V., Torfs, E., Gaublomme, D. & Rabaey, K. (2022). In silico assessment of house-

hold level closed water cycles: Towards extreme decentralization. Environmental Science and 

Technology, 10, 100148. https://doi.org/10.1016/j.ese.2022.100148 

[49] Denscombe, M. (2010). The Good Research Guide: For small-scale social research projects 

(4th ed.). New York, U.S.A.: Mc Graw Hill. Open University Press McGraw-Hill.  

[50] Dhar, R. A., Oita, A. & Matsubae, K. (2021). The Effect of religious dietary cultures on food 

nitrogen and phosphorous footprints: a case study of India. Nutrients, 13 (6), 1926. 

https://doi.org/10.3390/nu13061926  

[51] Dietz, T., Rosa, A. E. & York, R. (2007). Driving the human ecological footprint. Frontiers in 

Ecology and the Environment, 5 (1), 13-18. https://doi.org/10.1890/1540 

9295(2007)5[13:DTHEF]2.0.CO;2  

[52] Dissanayake, K. G. D. & Weerasinghe, D. (2021). Towards Circular Economy in Fashion: 

Review of Strategies, Barriers and Enablers. Circular Economy and Sustainability, 2, 25-45. 

https://doi.org/10.1007/s43615-021-00090-5 

[53] Distefano, T. & Kelly, S. (2017). Are we in deep water? Water scarcity and its limits to eco-

nomic growth. Ecological Economics, 142, 130-147. https://doi.org/10.1016/j.eco-

lecon.2017.06.019 

[54] Do, Q., Ramudhin, A., Colicchia, C., Creazza, A. & Li, D. (2021). A systematic review of re-

search on food loss and waste prevention and management for the circular economy. Interna-

tional Journal of Production Economics, 239, 108209. 

https://doi.org/10.1016/j.ijpe.2021.108209 

[55] Dragomir, V. D. & Dumitru, M. (2022). Practical solutions for circular business models in 

the fashion industry. Cleaner Logistics and Supply Chain, 4, 100040. 

https://doi.org/10.1016/j.clscn.2022.100040 

[56] Droege, H., Raggi, A. & Ramos, B. T. (2021). Co-development of a framework for circular 

economy assessment in organisations: Learnings from the public sector. Corporate Social Re-

sponsibility and Environmental Management, 28 (6), 1715-1729. 

https://doi.org/10.1002/csr.2140 

https://doi.org/10.1016/j.jclepro.2020.124942
https://doi.org/10.1016/j.ese.2022.100148
https://doi.org/10.1007/s43615-021-00090-5
https://doi.org/10.1016/j.ecolecon.2017.06.019
https://doi.org/10.1016/j.ecolecon.2017.06.019
https://doi.org/10.1016/j.ijpe.2021.108209
https://doi.org/10.1016/j.clscn.2022.100040
https://doi.org/10.1002/csr.2140


 49 

[57] Droege, H., Raggi, A. & Ramos, B. T. (2021a). Overcoming current challenges for circular 

economy assessment implementation in public sector organisations. Sustainability, 13 (3), 

1182. https://doi.org/10.3390/su13031182 

[58] Edbring, E. G., Lehner, M. & Mont, O. (2016). Exploring consumer attitudes to alternative 

models of consumption: motivations and barriers. Journal of Cleaner Production, 123, 5-15. 

https://doi.org/10.1016/j.jclepro.2015.10.107  

[59] Eisenmenger, N., Pichler, M., Krenmayr, N., Noll, D., Plank, B., Schalmann, E., Wandl, M.-T. 

& Gingrich, S. (2020). The Sustainable Development Goals prioritize economic growth over 

sustainable resource use: a critical reflection on the SDGs from a socio-ecological perspective. 

Sustainability Science, 15, 1101-1110. https://doi.org/10.1007/s11625-020-00813-x  

[60] Elimelech, E., Ert, E. & Ayalon, O. (2019). Bridging the gap between self-assessments and 

measured household food waste: A hybrid valuation approach. Waste Management, 95, 259-

270. https://doi.org/10.1016/j.wasman.2019.06.015  

[61] Fahim, A., Ilyas, S. M. & Waheed, K. (2019). Self-assessment tool for research proposal. 

Pakistan Postgraduate Medical Journal. 30 (2), 43-47. http://ppmj.org.pk/index.php/ppmj/arti-

cle/download/349/217  

[62] Fan, J.-L., Wang, J.-D., Zhang, X., Kong, L.-S. & Song, Q.-Y. (2019). Exploring the changes 

and driving forces of water footprints in China from 2002 to 2012: A perspective of final de-

mand. Science of the Total Environment, 650 (1), 1101-1111. https://doi.org/10.1016/j.sci-

totenv.2018.08.426  

[63] Fang, K., Heijungs, R. & de Snoo, R. G. (2014). Theoretical exploration for the combination 

of the ecological, energy, carbon and water footprints: Overview of a footprint family. Ecolog-

ical Indicators, 36, 508-518. https://doi.org/10.1016/j.ecolind.2013.08.017  

[64] Fang, K., Song, S., Heijungs, R., de Groot, S., Dong, L., Song, J. & Wiloso, I. E. (2016). The 

footprint’s fingerprint: on the classification of the footprint family. Current Opinion in Environ-

mental Sustainability, 23, 54-62. https://doi.org/10.1016/j.cosust.2016.12.002  

[65] Fendel, V., Kranert, M., Maurer, C., Garcés-Sánchez, G., Huang, J. & Ramakrishna, G. (2022). 

Stakeholder assessment on closing nutrient cycles through co-recycling of biodegradable 

household kitchen waste and black water between rural and urban areas in South India. Recy-

cling, 7 (4), 49. https://doi.org/10.3390/recycling7040049 

https://doi.org/10.3390/su13031182
https://doi.org/10.3390/recycling7040049


 50 

[66] Flipsen, B., Bakker, C. & van Bohemen, G. (2016). Developing a reparability indicator for 

electronic products. Electronics Goes Green 2016+, 1-9. 10.1109/EGG.2016.7829855. 

[67] Franz, J. & Papyrakis, E. (2011). Online calculators of ecological footprint: do they promote 

or dissuade sustainable behaviour. Sustainable Development, 19 (6), 391-401. 

https://doi.org/10.1002/sd.446  

[68] Frederik, R. E., Stenner, K. & Hobman, V. E. (2015). The Socio-Demographic and Psycho-

logical Predictors of Residential Energy Consumption: A Comprehensive Review. Energies, 8 

(1), 573-609. https://doi.org/10.3390/en8010573 

[69] Frehner, A., De Boer, M. J. I., Muller, A., Van Zanten, E. H. H. & Schader, C. (2022). Consumer 

strategies towards a more sustainable food system: insights from Switzerland. The American 

Journal of Clinical Nutrition, 115 (4), 1039-1047. https://doi.org/10.1093/ajcn/nqab401 

[70] Friedland, J. & Balkin, B. D. (2022). When gig workers become essential: Leveraging cus-

tomer moral self-awareness beyond COVID-19. Business Horizons, In Press. 

https://doi.org/10.1016/j.bushor.2022.05.003. Consulted in: 07/02/2023. 

[71] Gambarotto, F., Magrini, C., Pedrini, G. & Stamboglis, N. (2022). How to map industrial 

waste metabolism at a geographical level? A proposal for a composite indicator. Journal of 

Cleaner Production, 379 (1), 134681. https://doi.org/10.1016/j.jclepro.2022.134681 

[72] Gerbens-Leenes, W. P., Nonhebel, S. & Krol, S. M. (2010). Food consumption practices and 

economic growth. Increasing affluence and the use of natural resources. Appetite, 55 (3), 597-

608. https://doi.org/10.1016/j.appet.2010.09.013 

[73] Ghisellini, P., Cialani, C. & Ulgiati, S. (2016). A review on circular economy: the expected 

transition to a balanced interplay of environmental and economic systems. Journal of Cleaner 

Production, 114, 11-32. https://doi.org/10.1016/j.jclepro.2015.09.007  

[74] Glavič, P. (2021). Evolution and current challenges of sustainable consumption and pro-

duction. Sustainability, 13 (16), 9379. https://doi.org/10.3390/su13169379 

[75] Gómez-Monsalve, M., Domínguez, C. I., Yan, X., Ward, S. & Oviedo-Ocaña, R. E. (2022). 

Environmental performance of a hybrid rainwater harvesting and greywater reuse system: A 

case study on a high-water consumption household in Colombia. Journal of Cleaner Produc-

tion, 345, 131125. https://doi.org/10.1016/j.jclepro.2022.131125  

https://doi.org/10.3390/en8010573
https://doi.org/10.1093/ajcn/nqab401
https://doi.org/10.1016/j.jclepro.2022.134681
https://doi.org/10.1016/j.appet.2010.09.013
https://doi.org/10.3390/su13169379


 51 

[76] Goyal, S., Garg, D. & Luthra, S. (2022). Analyzing critical success factors to adopt sustainable 

consumption and production linked with circular economy. Environment, Development and 

Sustainability, 24, 5195-5224. https://doi.org/10.1007/s10668-021-01655-y 

[77] Grafström, J. & Aasma, S. (2021). Breaking circular economy barriers. Journal of Cleaner 

Production, 292, 126002. https://doi.org/10.1016/j.jclepro.2021.126002  

[78] Gravagnuolo, A., Angrisano, M. & Girard, F. L. (2019). Circular Economy Strategies in Eight 

Historic Port Cities: Criteria and Indicators towards a Circular City Assessment Framework. Sus-

tainability, 11 (13), 3512. https://doi.org/10.3390/su11133512 

[79] Harris, S., Martin, M. & Diener, D. (2021). Circularity for circularity’s sake? Scoping review 

of assessment methods for environmental performance in the circular economy. Sustainable 

Production and Consumption, 26, 172-186. https://doi.org/10.1016/j.spc.2020.09.018 

[80] Harrison, O., Hajat, C., Cooper, C., Averbuj, G. & Anderson, P. (2011). Communicating 

Health Through Health Footprints. Journal of Health Communication, 16 (2), 158-174. 

https://doi.org/10.1080/10810730.2011.596608  

[81] Helander, H., Petit-Boix, A., Leipold, S. & Bringezu, S. (2019). How to monitor environmental 

pressures of a circular economy: An assessment of indicators. Journal of Industrial Ecology, 23 

(5), 1278-1291. https://doi.org/10.1111/jiec.12924  

[82] Henriksson, M. & Scalzotto, G. J. (2023). Bike-sharing under pressure: The role of cycling 

in building circular cycling futures. Journal of Cleaner Production. In press. 136368. 

https://doi.org/10.1016/j.jclepro.2023.136368  

[83] Howard, M., Hopkinson, P. & Miemczyk, J. (2017). The regenerative supply chain: a frame-

work for developing circular economy indicators. International Journal of Production Research, 

57 (23), 7300-7318. https://doi.org/10.1080/00207543.2018.1524166 

[84] INE. (2021). Indicador: População residente (N.º) por Local de residência (à data dos Censos 

2021), Sexo e Grupo etário. Instituto Nacional de Estatística. Available in: https://tabula-

dor.ine.pt/indicador/?id=0011609. Consulted at: 10/03/2023 

[85] Jakubelskas, U. & Skvarciany, V. (2022). An evaluation of circular economy development in 

the Baltic States. Folia Oeconomica Stetinensia, 22 (2), 193-208. https://doi.org/10.2478/foli-

2022-0026 

https://doi.org/10.1007/s10668-021-01655-y
https://doi.org/10.3390/su11133512
https://doi.org/10.1016/j.spc.2020.09.018
https://doi.org/10.1080/00207543.2018.1524166
https://tabulador.ine.pt/indicador/?id=0011609
https://tabulador.ine.pt/indicador/?id=0011609
https://doi.org/10.2478/foli-2022-0026
https://doi.org/10.2478/foli-2022-0026


 52 

[86] Jensen, J. P., Prendeville, S. M., Bocken, N. M. P. & Peck, D. (2019). Creating sustainable 

value through remanufacturing: Three industry cases. Journal of Cleaner Production, 218, 304-

314. https://doi.org/10.1016/j.jclepro.2019.01.301 

[87] Jerome, A., Helander, H., Ljunggren, M. & Janssen, M. (2022). Mapping and testing circular 

economy product-level indicators: A critical review. Resources, Conservation and Recycling, 

178, 106080. https://doi.org/10.1016/j.resconrec.2021.106080  

[88] Jiang, L., Bhochhibhoya, S., Slot, N. & de Graaf, R. (2022). Measuring product-level circu-

larity performance: An economic value-based metric with the indicator of residual value. Re-

sources, Conservation and Recycling, 186, 106541. https://doi.org/10.1016/j.rescon-

rec.2022.106541 

[89] Jiang, L., Chen, X. & Xue, B. (2019). Features, driving forces and transition of the household 

energy consumption in China: A review. Sustainability, 11 (4), 1186. 

https://doi.org/10.3390/su11041186  

[90] Jurić, Ž. & Ljubas, D. (2020). Comparative assessment of carbon footprints of selected or-

ganizations: the application of the enhanced bilan carbon model. Sustainability, 12 (22), 9618. 

https://doi.org/10.3390/su12229618  

[91] Kalbar, P. P., Birkved, M., Hauschild, M., Kabins, S. & Nygaard, E. S. (2018). Environmental 

impact of urban consumption patterns: Drivers and focus points. Resources, Conservation and 

Recycling, 137, 260-269. https://doi.org/10.1016/j.resconrec.2018.06.019 

[92] Kassouri, Y. (2021). Monitoring the spatial spillover effects of urbanization on water, built-

up land and ecological footprints in sub-Saharan Africa. Journal of Environmental Manage-

ment, 300, 113690. https://doi.org/10.1016/j.jenvman.2021.113690  

[93] Keeys, A. L. & Huemann, M. (2017). Project benefits co-creation: Shaping sustainable de-

velopment benefits. International Journal of Project Management, 35 (6), 1196-1212. 

https://doi.org/10.1016/j.ijproman.2017.02.008 

[94] Khadim, N., Agliata, R., Marino, A., Thaheem, M. J. & Mollo, L. (2022). Critical review of nano 

and micro-level building circularity indicators and frameworks. Journal of Cleaner Production, 

357, 131859. https://doi.org/10.1016/j.jclepro.2022.131859 

[95] Kharrazi, A., Kraines, S., Hoang, L. & Yarime, M. (2014). Advancing quantification methods 

of sustainability: A critical examination emergy, exergy, ecological footprint, and ecological 

https://doi.org/10.1016/j.jclepro.2019.01.301
https://doi.org/10.1016/j.resconrec.2022.106541
https://doi.org/10.1016/j.resconrec.2022.106541
https://doi.org/10.1016/j.resconrec.2018.06.019
https://doi.org/10.1016/j.ijproman.2017.02.008
https://doi.org/10.1016/j.jclepro.2022.131859


 53 

information-based approaches. Ecological Indicators, 37 (A), 81-89. 

https://doi.org/10.1016/j.ecolind.2013.10.003 

[96] Kieser, A. & Leiner, L. (2012). Collaborate with Practitioners: But Beware of Collaborative 

Research. Journal of Management Inquiry, 21 (1), 14-28. 10.1177/1056492611411923 

[97] Kim, J. E., Humphrey, D. & Hofman, J. (2022). Evaluation of harvesting urban water re-

sources for sustainable water management: Case study in Filton Airfield, UK. Journal of Envi-

ronmental Management, 322, 116049. https://doi.org/10.1016/j.jenvman.2022.116049 

[98] Kirchherr, J., Reike, D. & Hekkert, M. (2017). Conceptualizing the circular economy: An 

analysis of 114 definitions. Resources, Conservation and Recycling, 127, 221-232. 

https://doi.org/10.1016/j.resconrec.2017.09.005 

[99] Klein, N., Deutz, P. & Ramos, B. T. (2022). A survey of Circular Economy initiatives in Portu-

guese central public sector organisations: National outlook for implementation. Journal of En-

vironmental Management, 314, 114982. https://doi.org/10.1016/j.jenvman.2022.114982 

[100] Klemeš, J. J., Fan, V. Y. & Jiang, P. (2020). Plastics: friends or foes? The circularity and 

plastic waste footprint. Energy Sources, Part A: Recovery, Utilization and Environmental Effects, 

43 (13), 1549-1565. https://doi.org/10.1080/15567036.2020.1801906 

[101] Klug, K. & Niemand, T. (2021). The lifestyle of sustainability: Testing a behavioral measure 

of precycling. Journal of Cleaner Production, 297, 126699. https://doi.org/10.1016/j.jcle-

pro.2021.126699 

[102] Kok, L. A. & Barendregt, W. (2021). Understanding the adoption, use and effects of eco-

logical footprint calculators among Dutch citizens. Journal of Cleaner Production, 326, 129341. 

https://doi.org/10.1016/j.jclepro.2021.129341  

[103] Kosanović, S., Miletić, M. & Marković, L. (2021). Energy refurbishment of family houses in 

Serbia in line with the principles of circular economy. Sustainability, 13 (10), 5463. 

https://doi.org/10.3390/su13105463 

[104] Kovacs, I. (2021). Perceptions and attitudes of generation Z consumers towards sustain-

able clothing: Managerial implications based on a summative content analysis. Polish Journal 

of Management Studies, 23 (1). 10.17512/pjms.2021.23.1.16 

[105] Kréziak, D., Prim-Allaz, I. & Robinot, E. (2020). The destiny of replaced technological prod-

ucts: The influence of perceived residual value. Recherche et Applications en Marketing, 35 (2), 

24-47. https://doi.org/10.1177/2051570719891037 

https://doi.org/10.1016/j.ecolind.2013.10.003
https://doi.org/10.1016/j.jenvman.2022.116049
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1016/j.jenvman.2022.114982
https://doi.org/10.1080/15567036.2020.1801906
https://doi.org/10.1016/j.jclepro.2021.126699
https://doi.org/10.1016/j.jclepro.2021.126699
https://doi.org/10.3390/su13105463
https://pjms.zim.pcz.pl/resources/html/article/details?id=217306
https://doi.org/10.1177/2051570719891037


 54 

[106] Krippendorff, K. (2004). Content Analysis: An Introduction to its methodology (2nd ed.). 

London, United Kingdon: Sage Publications, Inc.  

[107] Kristensen, H. S. & Mosgaard, M. A. (2020). A review of micro level indicators for a circular 

economy – moving away from the three dimensions of sustainability?. Journal of Cleaner Pro-

duction, 243, 118531. https://doi.org/10.1016/j.jclepro.2019.118531 

[108] Kumar, M., Sharma, M., Raut, D. R., Mangla, K. S. & Choubey, K. V. (2022). Performance 

assessment of circular driven sustainable agri-food supply chain towards achieving sustainable 

consumption and production. Journal of Cleaner Production, 372, 133698. 

https://doi.org/10.1016/j.jclepro.2022.133698 

[109] Kuzior, A., Arefieva, O., Vovk, O. & Brożek, P. (2022). Innovative development of circular 

systems while ensuring economic security in the industry. Journal of Open Innovation: Tech-

nology, Market, and Complexity, 8 (3), 139. https://doi.org/10.3390/joitmc8030139 

[110] Lambrechts, W. & Liedekerke, V. L. (2014). Using ecological footprint analysis in higher 

education: Campus operations, policy development and educational purposes. Ecological In-

dicators, 45, 402-406. https://doi.org/10.1016/j.ecolind.2014.04.043  

[111] Lami, O., Mesías, F. J., Balas, C., Díaz-Caro, C., Escribano, M. & Horrillo, A. (2022). Does 

carbon footprint play a relevant role in food consumer behaviour? A focus on Spanish beef. 

Foods, 11 (23), 3899. https://doi.org/10.3390/foods11233899 

[112] Lanaras-Mamounis, G., Tsalis, A. T., Anagnostopoulou, K., Vatalis, I. K. & Nikolaou, E. I. 

(2022). The development of an index for assessing the circularity level of eco-labels. Sustainable 

Production and Consumption, 33, 586-596. https://doi.org/10.1016/j.spc.2022.07.019 

[113] Leach, M. A., Galloway, N. J., Bleeker, A., Erisman, W. J., Kohn, R. & Kitzes, J. (2012). A 

nitrogen footprint model to help consumers understand their role in nitrogen losses to the 

environment. Environmental Development, 1 (1), 40-66. https://doi.org/10.1016/j.en-

vdev.2011.12.005  

[114] Lei, H., Li, L., Yang, W., Bian, Y. & Li, C.-Q. (2021). An analytical review on application of 

life cycle assessment in circular economy for built environment. Journal of Building Engineer-

ing, 44, 103374. https://doi.org/10.1016/j.jobe.2021.103374  

[115] Lin, D., Wackernagel, M., Galli, A. & Kelly, R. (2015). Ecological Footprint: Informative and 

evolving – A response to van den Bergh and Grazi (2014). Ecological Indicators, 58, 464-568. 

https://doi.org/10.1016/j.ecolind.2015.05.001  

https://doi.org/10.1016/j.jclepro.2019.118531
https://doi.org/10.1016/j.jclepro.2022.133698
https://doi.org/10.3390/joitmc8030139
https://doi.org/10.3390/foods11233899
https://doi.org/10.1016/j.spc.2022.07.019


 55 

[116] Lizundia, E., Iturrondobeitia, M., Akizu-Gardoki, O., Saez-de-Camara, E. & Minguez, R. 

(2023). Product Design Evolves to Implement Circular Economy Principles’, In: Cavas-Martínez, 

F., Marín Granados, M.D., Mirálbes Buil, R. & de-Cózar-Macías, O.D. (eds) Advances in Design 

Engineering III. INGEGRAF 2022. Lecture Notes in Mechanical Engineering. Springer, Cham. 

https://doi.org/10.1007/978-3-031-20325-1_9 

[117] Lu, R. R. I. & Kwan, E. (2023). An investigation of two remedial measures for retailers to 

address the impact of disease threat on sustainable consumption: A moderated moderated 

mediation model. Journal of Retailing and Consumer Services, 72, 103254. 

https://doi.org/10.1016/j.jretconser.2023.103254 

[118] Lu, T. & Halog, A. (2020). Towards better life cycle assessment and circular economy: on 

recent studies on interrelationships among environmental sustainability, food systems and 

diet. International Journal of Sustainable Development & World Ecology, 27 (6), 515-523. 

https://doi.org/10.1080/13504509.2020.1734984  

[119] Luthin, A., Traverso, M. & Crawford, H. R. (2023). Assessing the social life cycle impacts of 

circular economy. Journal of Cleaner Production, 386, 135725. https://doi.org/10.1016/j.jcle-

pro.2022.135725  

[120] Marchesi, M. & Tweed, C. (2021). Social innovation for a circular economy in social hous-

ing. Sustainable Cities and Society, 71, 102925. https://doi.org/10.1016/j.scs.2021.102925 

[121] Margeta, J. (2021). Selection and evaluation of a septage management concept for is-

lands: The case study of Brač Island. Journal of Environmental Management, 285, 112128. 

https://doi.org/10.1016/j.jenvman.2021.112128 

[122] Matuštík, J. & Koči, V. (2021). What is a footprint? A conceptual analysis of environmental 

footprint indicators. Journal of Cleaner Production, 285, 124833. https://doi.org/10.1016/j.jcle-

pro.2020.124833  

[123] Mayoh, J. & Onwuegbuzie, J. A. (2015). Toward a conceptualization of mixed methods 

phenomenological research. Journal of Mixed Methods Research, 9 (1), 91-107. 

10.1177/1558689813505358 

[124] Mazzoli, C., Corticelli, R., Dragonetti, L., Ferrante, A., Oorschot, V. J. & Ritzen, M. (2022). 

Assessing and developing circular deep renovation interventions towards decarbonisation: The 

Italian pilot case of “Corte Palazzo” in Argelato. Sustainability, 14 (20), 13150. 

https://doi.org/10.3390/su142013150 

https://doi.org/10.1007/978-3-031-20325-1_9
https://doi.org/10.1016/j.jretconser.2023.103254
https://doi.org/10.1016/j.scs.2021.102925
https://doi.org/10.1016/j.jenvman.2021.112128
https://doi.org/10.3390/su142013150


 56 

[125] McCarton, L., O’Hogain, S. & Nasr, A. (2022). Special issue: NBS for resilient cities and 

communities – How understanding the micro components of domestic water consumption can 

provide multiple water uses to facilitate a transition to a Circular Economy of Water. Nature-

Based Solutions, 2, 100028. https://doi.org/10.1016/j.nbsj.2022.100028  

[126] Mesa, J., Esparragoza, I. & Maury, H. (2018). Developing a set of sustainability indicators 

for product families based on the circular economy model. Journal of Cleaner Production, 196, 

1429-1442. https://doi.org/10.1016/j.jclepro.2018.06.131 

[127] Mikhno, I., Ihnatenko, N., Cherniaiev, O., Vynogradnya, V., Atstaja, D. & Koval, V. (2023). 

Construction waste recycling in the circular economy model. IOP Conference Series: Earth and 

Environmental Science, 1126. 10.1088/1755-1315/1126/1/012003 

[128] Min, J. & Rao, D. N. (2017). Estimating uncertainty in household energy footprints. Journal 

of Industrial Ecology, 22 (6), 1307-1317. https://doi.org/10.1111/jiec.12670  

[129] Moraga, G., Huysveld, S., Mathieux, F., Blengini, A. G., Alaerts, L., Acker, V. K., de Meester, 

S. & Dewulf, J. (2019). Circular economy indicators: What do they measure?. Resources, Con-

servation and Recycling, 146, 452-461. https://doi.org/10.1016/j.resconrec.2019.03.045  

[130] Morseletto, P. (2020). Targets for a circular economy. Resources, Conservation and Recy-

cling, 153, 104553. https://doi.org/10.1016/j.resconrec.2019.104553  

[131] Motte, J., Nachtergaele, P., Mahmoud, M., Vleeming, H., Thybaut, J. W., Poissonnier, J. & 

Dewulf, J. (2023). Developing circularity, renewability and efficiency indicators for sustainable 

resource management: Propanol production as a showcase. Journal of Cleaner Production, 379 

(2), 134843. https://doi.org/10.1016/j.jclepro.2022.134843 

[132] Nadal, A., Pons, O., Cuerva, E., Rieradevall, J. & Josa, A. (2018). Rooftop greenhouses in 

educational centers: A sustainability assessment of urban agriculture in compact cities. Science 

of The Total Environment, 626, 1319-1331. https://doi.org/10.1016/j.scitotenv.2018.01.191 

[133] Nainggolan, D., Pedersen, B. A., Smed, S., Zemo, H. K., Hasler, B. & Termansen, M. (2019). 

Consumers in a Circular Economy: Economic Analysis of Household Waste Sorting Behaviour. 

Ecological Economics, 166, 106402. https://doi.org/10.1016/j.ecolecon.2019.106402 

[134] Nasar, W., Hameed, I. A. & Giarré, L. (2021). Smart waste management system as a sus-

tainable social enterprise model. 29th Mediterranean Conference on Control and Automation, 

255-260. https://doi.org/10.1109/MED51440.2021.9480168 

https://doi.org/10.1016/j.jclepro.2018.06.131
https://doi.org/10.1016/j.jclepro.2022.134843
https://doi.org/10.1016/j.scitotenv.2018.01.191
https://doi.org/10.1016/j.ecolecon.2019.106402
https://doi.org/10.1109/MED51440.2021.9480168


 57 

[135] Ng, K. S. & Yang, A. (2023). Development of a system model to predict flows and perfor-

mance of regional waste management planning: A case study of England. Journal of Environ-

mental Management, 325 (B), 116585. https://doi.org/10.1016/j.jenvman.2022.116585 

[136] Ollár, A., Granath, K., Femenías, P. & Rahe, U. (2022). Is there a need for new kitchen 

design? Assessing the adaptative capacity of space to enable circularity in multiresidential 

buildings. Frontiers of Architectural Research, 11 (5), 891-916. 

https://doi.org/10.1016/j.foar.2022.03.009 

[137] Opferkuch, K., Caeiro, S., Salomone, R. & Ramos, B. T. (2022). Circular economy disclosure 

in corporate sustainability reports: The case of European companies in sustainability rankings. 

Sustainable Production and Consumption, 32, 436-456. 

https://doi.org/10.1016/j.spc.2022.05.003 

[138] Opferkuch, K., Walker, M. A., Lindgreen, R. E., Caeiro, S., Salomone, R. & Ramos, B. T. 

(2023). Towards a framework for corporate disclosure of circular economy: Company perspec-

tives and recommendations. Corporate Social Responsibility and Environmental Management, 

Early view. https://doi.org/10.1002/csr.2497 

[139] Orellano, A., Valor, C. & Chuvieco, E. (2020). The influence of religion on sustainable con-

sumption: a a systematic review and future research agenda. Sustainability, 12 (19), 7901. 

https://doi.org/10.3390/su12197901 

[140] Otto, S., Strenger, M., Maier-Nöth, A. & Schmid, M. (2021). Food packaging and sustain-

ability – Consumer perception vs. correlated scientific facts: A review. Journal of Cleaner Pro-

duction, 298, 126733. https://doi.org/10.1016/j.jclepro.2021.126733 

[141] Padilla-Rivera, A., do Carmo, T. B. B., Arcese, G. & Merveille, N. (2021). Social circular 

economy indicators: Selection through fuzzy delphi method. Sustainable Production and Con-

sumption, 26, 101-110. https://doi.org/10.1016/j.spc.2020.09.015  

[142] Pan, H., Zhuang, M., Geng, Y., Wu, F. & Dong, H. (2019). Emergy-based ecological foot-

print analysis for a mega-city: the dynamic changes of Shanghai. Journal of Cleaner Production, 

210, 552-562. https://doi.org/10.1016/j.jclepro.2018.11.064  

[143] Paparella, A., Vecchio, R., Cembalo, L. & Lombardi, A. (2023). Measuring consumer effort 

in circular economy initiatives in the food domain: An exploratory analysis. Heliyon, 9 (2). 

https://doi.org/10.1016/j.heliyon.2023.e13373 

https://doi.org/10.1016/j.jenvman.2022.116585
https://doi.org/10.1016/j.foar.2022.03.009
https://doi.org/10.1016/j.spc.2022.05.003
https://doi.org/10.1002/csr.2497
https://doi.org/10.3390/su12197901
https://doi.org/10.1016/j.jclepro.2021.126733
https://doi.org/10.1016/j.heliyon.2023.e13373


 58 

[144] Parajuly, K. & Wenzel, H. (2017). Potential for circular economy in household WEEE man-

agement. Journal of Cleaner Production, 151, 272-285. https://doi.org/10.1016/j.jcle-

pro.2017.03.045  

[145] Peng, Y., Yang, E. L. & Scheffran, J. (2021). A life-cycle assessment framework for quanti-

fying the carbon footprint of rural households based on survey data. MethodsX, 8, 101411. 

https://doi.org/10.1016/j.mex.2021.101411 

[146] Potting, J., Hekkert, M., Worrel, E. & Hanemaaijer, A. (2017). Circular economy: measuring 

innovation in the product chain. PBL Netherlands Environmental Assessment Agency. 

https://dspace.library.uu.nl/handle/1874/358310. Consulted in: 12/03/2023 

[147] Prakash, G. & Ambedkar, K. (2022). Digitalization of manufacturing for implanting value, 

configuring circularity and achieving sustainability. Journal of Advances in Management Re-

search, 20 (1), 116-139. https://doi.org/10.1108/JAMR-01-2022-0010 

[148] Ramos, T. B., Domingues, A. R., Caeiro, S., Cartaxo, J., Painho, M., Antunes, P., Santos, R., 

Videira, N., Walker, R. M. & Huisingh, D. (2021). Co-creating a sustainability performance as-

sessment tool for public sector organisations. Journal of Cleaner Production, 320, 128738. 

https://doi.org/10.1016/j.jclepro.2021.128738 

[149] Rees, W. E. (1992). Ecological footprints and appropriate carrying capacity: what urban 

economics leave out. Environment and Urbanization, 4 (2), 121-130. 

https://doi.org/10.1177/095624789200400212  

[150] Reike, D., Vermeulen, V. J. W. & Witjes, S. (2018). The circular economy: New or Refur-

bished as CE 3.0? – Exploring controversies in the conceptualization of the circular economy 

through a focus on history and resource value retention options. Resources, Conservation and 

Recycling, 135, 246-264. https://doi.org/10.1016/j.resconrec.2017.08.027  

[151] Richter, P. C. (2010). Automatic dishwashers: efficient machines or less efficient consumer 

habits?. International Journal of Consumer Studies, 34 (2), 228-234. 

https://doi.org/10.1111/j.1470-6431.2009.00839.x  

[152] Rincón-Moreno, J., Ormazábal, M., Álvarez, J. M. & Jaca, C. (2021). Advancing circular 

economy performance indicators and their application in Spanish companies. Journal of 

Cleaner Production, 279, 123605. https://doi.org/10.1016/j.jclepro.2020.123605  

https://doi.org/10.1016/j.mex.2021.101411
https://dspace.library.uu.nl/handle/1874/358310
https://doi.org/10.1108/JAMR-01-2022-0010
https://doi.org/10.1016/j.jclepro.2021.128738


 59 

[153] Rizan, C., Brophy, T., Lillywhite, R., Reed, M. & Bhutta, F. M. (2022). Life cycle assessment 

and life cycle cost of repairing surgical scissors. The International Journal of Life Cycle Assess-

ment, 27, 780-795. https://doi.org/10.1007/s11367-022-02064-7  

[154] Rondoni, A. & Grasso, S. (2021). Consumers behaviour towards carbon footprint labels 

on food: A review of the literature and discussion of industry implications. Journal of Cleaner 

Production, 301, 127031. https://doi.org/10.1016/j.jclepro.2021.127031  

[155] Sadowski, K. (2021). Implementation of the New European Bauhaus Principles as a context 

for teaching sustainable architecture. Sustainability, 13 (19), 10715. 

https://doi.org/10.3390/su131910715 

[156] Saes, M. S. M., Saes, B. M., Feitosa, E. R. M., Poschen, P., Val, A. L. & Marcovitch, J. (2023). 

When do supply chains strengthen biological and cultural diversity? Methods and indicators 

for the Socio-Biodiversity Bioeconomy. Sustainability, 15 (10), 8053. 

https://doi.org/10.3390/su15108053 

[157] Saidani, M., Kreuder, A., Babilonia, G., Benavides, P. T., Blume, N., Jackson, S., Koffler, C., 

Kumar, M., Minke, C., Richkus, J., Smith, C. & Wallace, M. (2022). Clarify the nexus between life 

cycle assessment and circularity indicators: a SETAC/ACLCA interest group. The International 

Journal of Life Cycle Assessment, 27, 916-925. https://doi.org/10.1007/s11367-022-02061-w 

[158] Saidani, M., Yannou, B., Leroy, Y., Cluzel, F. & Kendall, A. (2019). A taxonomy of circular 

economy indicators. Journal of Cleaner Production, 207, 542-559. 

https://doi.org/10.1016/j.jclepro.2018.10.014 

[159] Salas, S., De Laurentiis, V., Barbero, V. G., Marelli, L. & Sanyé, M. E. (2022). The consumer 

footprint calculator. European Commission. JRC Techincal Report. Available at: 

https://eplca.jrc.ec.europa.eu/uploads/JRC129382_TR_Consumer_footprint_calcula-

tor_ONLINE.pdf. Consulted in: 06/02/2023. 

[160] Saleem, B. S. & Ali, Y. (2018). Effect of lifestyle changes and consumption patterns on 

environmental impact: a comparison study of Pakistan and China. Chinese Journal of Popula-

tion Resources and Environment, 17 (2). https://doi.org/10.1080/10042857.2019.1574454 

[161] Sánchez-Ortiz, J., Rodríguez-Cornejo, V., Rio-Sánchez, D. R. & García-Valderrama, T. 

(2020). Indicators to measure efficiency in circular economies. Sustainability, 12 (11), 4483. 

https://doi.org/10.3390/su12114483  

https://doi.org/10.3390/su131910715
https://doi.org/10.3390/su15108053
https://doi.org/10.1007/s11367-022-02061-w
https://doi.org/10.1016/j.jclepro.2018.10.014
https://doi.org/10.1080/10042857.2019.1574454


 60 

[162] Sassanelli, C., Rosa, P., Rocca, R. & Terzi, S. (2019). Circular economy performance assess-

ment methods: A systematic literature review. Journal of Cleaner Production, 229, 440-453. 

https://doi.org/10.1016/j.jclepro.2019.05.019 

[163] Saunders, M., Lewis, P. & Thornhill, A. (2016). Research Methods for Business Students 

(7th ed.). Essex, England.: Pearson Education Limited.  

[164] Scarpellini, S., Marín-Vinuesa, M. L., Aranda-Usón, A. & Portillo-Tarragona, P. (2020). Dy-

namic capabilities and environmental accounting for the circular economy in businesses. Sus-

tainability Accounting, Management and Policy Journal, 11 (7), 1129-1158. 

http://dx.doi.org/10.1108/SAMPJ-04-2019-0150 

[165] Scheerder, J., Vos, S. & Taks, M. (2011). Expenditures on Sport Apparel: Creating Con-

sumer Profiles through Interval Regression Modelling. European Sport Management Quarterly, 

11 (3), 251-274. https://doi.org/10.1080/16184742.2011.577931 

[166] Schevchenko, T., Saidani, M., Ranjbari, M., Kronenberg, J., Danko, Y. & Laitala, K. (2023). 

Consumer behaviour in the circular economy: developing a product-centric framework. Journal 

of Cleaner Production, 384, 135568. https://doi.org/10.1016/j.jclepro.2022.135568 

[167] Shi, Y., Ren, X., Guo, K., Zhou, Y. & Wang, J. (2020). Research on the economic develop-

ment pattern of Chinese counties based on electricity consumption. Energy Policy, 147, 111881. 

https://doi.org/10.1016/j.enpol.2020.111881 

[168] Shittu, S. O., Williams, D. I., Shaw, J. P., Monteiro, N. & Creffield, R. (2021). Demonstrating 

EEE recovery for reuse in a distinct urban mine: A case study. Multidisciplinary Journal for Waste 

Resources & Residues, 15, 78-93. https://doi.org/10.31025/2611-4135/2021.15091 

[169] Solarin, A. S., Gil-Alana, A. L. & Lafuente, C. (2021). Persistence and sustainability of fishing 

grounds footprint: Evidence from 89 countries. Science of the Total Environment, 751, 141594. 

https://doi.org/10.1016/j.scitotenv.2020.141594  

[170] Spence, C. (2021). Explaining seasonal patterns of food consumption. International Jour-

nal of Gastronomy and Food Science, 24, 100332. https://doi.org/10.1016/j.ijgfs.2021.100332 

[171] Staelens, Y. (2022). Global Forest Footprints of Household Consumption. Master’s Thesis. 

Department of Environmental Sciences. Faculty of Science of the Open University. Available at: 

https://research.ou.nl/ws/portalfiles/portal/47866778/Staelens_Y_NM990A_AF_NW_scrip-

tie.pdf. Consulted in: 06/02/2023.  

https://doi.org/10.1016/j.jclepro.2019.05.019
http://dx.doi.org/10.1108/SAMPJ-04-2019-0150
https://doi.org/10.1080/16184742.2011.577931
https://doi.org/10.1016/j.jclepro.2022.135568
https://doi.org/10.1016/j.enpol.2020.111881
https://doi.org/10.31025/2611-4135/2021.15091
https://doi.org/10.1016/j.ijgfs.2021.100332


 61 

[172] Stamminger, R., Bues, A., Alfieri, F. & Cordella, M. (2020). Durability of washing machines 

under real life conditions: Definition and application of a testing procedure. Journal of Cleaner 

Production, 261, 121222. https://doi.org/10.1016/j.jclepro.2020.121222 

[173] Sutcliffe, M., Hooper, P. & Howell, R. (2007). Can Eco-Foot printing analysis be used suc-

cessfully to encourage more sustainable behaviour at the household level. Sustainable Devel-

opment, 16 (1), 1-70. https://doi.org/10.1002/sd.327  

[174] Syrovátka, M. (2020). On sustainability interpretations of the Ecological Footprint. Eco-

logical Economics, 169, 106543. https://doi.org/10.1016/j.ecolecon.2019.106543  

[175] Terzioğlu, N. (2021). Repair motivation and barriers model: Investigating user perspectives 

related to product repair towards a circular economy. Journal of Cleaner Production, 289, 

125644. https://doi.org/10.1016/j.jclepro.2020.125644  

[176] Toboso-Chavero, S., Montealegre, A. L., García-Perez, S., Sierra-Pérez, J., Muñoz-Liesa, J., 

Durany, X. G., Villalba, G. & Madrid-López, C. (2023). The potential of local food, energy, and 

water production systems on urban rooftops considering consumption patterns and urban 

morphology. Sustainable Cities and Society, 95, 104599. 

https://doi.org/10.1016/j.scs.2023.104599 

[177] Tolppanen, S. & Kang, J. (2021). The effects of values on carbon footprint and attitudes 

towards pro-environmental behaviour. Journal of Cleaner Production, 282, 124524. 

https://doi.org/10.1016/j.jclepro.2020.124524  

[178] Trollman, H., Colwill, J. & Jagtap, S. (2021). A circularity indicator tool for measuring the 

ecological embeddedness of manufacturing. Sustainability, 13 (16), 8773. 

https://doi.org/10.3390/su13168773 

[179] UN. (2016). Transforming our World: The 2030 Agenda for Sustainable Development. 

United Nations. Available at: https://sustainabledevelopment.un.org/content/docu-

ments/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf. Consulted 

in: 06/06/2023 

[180] Valderrama-Zurián, J.-C., Aguilar-Moya, R., Melero-Fuentes, D. & Aleixandre-Benavent, R. 

(2015). A systematic analysis of duplicate records in Scopus. Journal of Informetrics, 9 (3), 570-

576. https://doi.org/10.1016/j.joi.2015.05.002 

https://doi.org/10.1016/j.jclepro.2020.121222
https://doi.org/10.1016/j.scs.2023.104599
https://doi.org/10.3390/su13168773
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://doi.org/10.1016/j.joi.2015.05.002


 62 

[181] Valls-Val, K., Ibáñez-Forés, V. & Bovea, D. M. (2023). Tools for assessing qualitatively the 

level of circularity of organisations: Applicability to different sectors. Sustainable Consumption 

and Production, 36, 513-525. https://doi.org/10.1016/j.spc.2023.01.023 

[182] van Bueren, A. J. B., Argus, K., Iyer-Raniga, U. & Leenders, M. A. A. M. (2023). The circular 

economy operating and stakeholder model “eco-5HM” to avoid circular fallacies that prevent 

sustainability. Journal of Cleaner Production, 391, 136096. https://doi.org/10.1016/j.jcle-

pro.2023.136096 

[183] van Loon, P. M., Vonk, J. W., Hijbeek, R., van Ittersum, K. M. & ten Berge, M. F. H. (2023). 

Circularity indicators and their relation with nutrient use efficiency in agriculture and food sys-

tems. Agricultural Systems, 207, 103610. https://doi.org/10.1016/j.agsy.2023.103610 

[184] van Stijn, A., Eberhardt, L. C. M., Jansen, B. W. & Meijer, A. (2021). A circular economy life 

cycle assessment (CE-LCA) model for building components. Resources, Conservation and Re-

cycling, 174, 105683. https://doi.org/10.1016/j.resconrec.2021.105683  

[185] van Weelden, E., Mugge, R. & Bakker, C. (2016). Paving the way towards circular con-

sumption: exploring consumer acceptance of refurbished mobile phones in the Dutch market. 

Journal of Cleaner Production, 113, 743-754. https://doi.org/10.1016/j.jclepro.2015.11.065 

[186] Vanham, D., Leip, A., Galli, A., Kastner, T., Bruckner, M., Uwizeye, A., van Djik, K., Ercin, E., 

Dalin, C., Brandão, M., Bastianoni, S., Fang, K., Leach, A., Chapagain, A., Van der Velde, M., Sala, 

S., Pant, R., Mancini, L., Monforti-Ferrario, F., Carmona-Garcia, G., Marques, A., Weiss, F. & 

Hoekstra, Y. A. (2019). Environmental footprint family to address local to planetary sustainabil-

ity and deliver on the SDGs. Science of the Total Environment, 693, 133642. 

https://doi.org/10.1016/j.scitotenv.2019.133642  

[187] Varotto, A. & Spagnolli, A. (2017). Psychological strategies to promote household recy-

cling. A systematic review with meta-analysis of validated field interventions. Journal of Envi-

ronmental Psychology, 51, 168-188. https://doi.org/10.1016/j.jenvp.2017.03.011  

[188] Voorberg, H. W., Bekkers, M. J. J. V. & Tummers, G. L. (2014). A systematic review of co-

creation and co-production: Embarking on the social innovation journey. Public Management 

Review, 17 (9), 1333-1357. https://doi.org/10.1080/14719037.2014.930505 

[189] Wang, T., Berril, P., Zimmerman, J. B., Rao, N. D., Min, J. & Hertwich, E. G. (2022). Improved 

copper circularity as a result of increased material efficiency in the U.S. Housing Stock. 

https://doi.org/10.1016/j.spc.2023.01.023
https://doi.org/10.1016/j.jclepro.2023.136096
https://doi.org/10.1016/j.jclepro.2023.136096
https://doi.org/10.1016/j.agsy.2023.103610
https://doi.org/10.1016/j.jclepro.2015.11.065
https://doi.org/10.1080/14719037.2014.930505


 63 

Environmental Science & Technology, 56 (7), 4565-4577. 

https://doi.org/10.1021/acs.est.1c06474?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as 

[190] Wang, W., Wei, J. & Wu, D. (2022). The optimal strategy of China’s Plastic Drinking Straws 

Ban Based on Consumer Heterogeneity and Retailer Competition. Sustainability, 14 (2), 745. 

https://doi.org/10.3390/su14020745 

[191] Wu, L., Huang, K., Ridoutt, G. B., Yu, Y. & Chen, Y. (2021). A planetary boundary-based 

environmental footprint family: From impacts to boundaries. Science of the Total Environment. 

785, 147383. https://doi.org/10.1016/j.scitotenv.2021.147383  

[192] Wurster, S., Ladu, L. & Arisaktiwardhana, D. (2019). Bio-Based Products: Suggestions for 

Ecolabel Criteria and Standards in Line with Sustainable Development Goals. The International 

Journal of Standardization Research, 17 (1). 10.4018/IJSR.2019010102 

[193] Xiao, Y. & Watson, M. (2019). Guidance on Conducting a Systematic Literature Review. 

Journal of Planning Education and Research, 39 (1), 93-112. 

https://doi.org/10.1177/0739456X17723971 

[194] Xie, Y., Li, X., Hu, X. & Hu, X. (2020). The landscape of academic articles in environmental 

footprint family research: A bibliometric analysis during 1996-2018. Ecological Indicators, 118, 

106733. https://doi.org/10.1016/j.ecolind.2020.106733  

[195] Yadav, G., Mangla, K. S., Bhattacharya, A. & Luthra, S. (2020). Exploring indicators of cir-

cular economy adoption framework through a hybrid decision approach. Journal of Cleaner 

Production, 277, 124186. https://doi.org/10.1016/j.jclepro.2020.124186  

[196] Yamamoto, H. & Murakami, S. (2021). Product obsolescence and its relationship with 

product lifetime: An empirical case study of consumer appliances in Japan. Resources, Conser-

vation and Recycling, 174, 105798. https://doi.org/10.1016/j.resconrec.2021.105798 

[197] Yazan, M. D., van Capelleveen, G. & Fraccascia, L. (2022). Decision-Support Tools for smart 

transition to circular economy. Smart Industry – Better Management. 28, 151-169. 

https://doi.org/10.1108/S1877-636120220000028010 

[198] Yin, L., Dai, E., Zheng, D., Wang, Y., Ma, L. & Tong, M. (2020). Spatio-temporal analysis of 

the human footprint in the Hengduan Mountain region: assessing the effectiveness of nature 

reserves in reducing human impacts. Journal of Geographic Sciences, 30, 1140-1154. 

https://doi.org/10.1007/s11442-020-1774-z  

https://doi.org/10.1021/acs.est.1c06474?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.3390/su14020745
https://doi.org/10.1177/0739456X17723971
https://doi.org/10.1016/j.resconrec.2021.105798
https://doi.org/10.1108/S1877-636120220000028010


 64 

[199] Zeng, J., Qu, J., Ma, H. & Gou, X. (2021). Characteristics and trends of household carbon 

emissions research from 1993 to 2019: A bibliometric analysis and its implications. Journal of 

Cleaner Production, 295, 126468. https://doi.org/10.1016/j.jclepro.2021.126468  

[200] Zhang, Q., Dhir, A. & Kaur, P. (2022). Circular economy and the food sector: A systematic 

literature review. Sustainable Production and Consumption, 32, 655-668. 

https://doi.org/10.1016/j.spc.2022.05.010  

[201] Zhao, H., Zhao, H. & Guo, S. (2017). Evaluating the comprehensive benefit of eco-indus-

trial parks by employing multi-criteria decision making approach for circular economy. Journal 

of Cleaner Production, 142 (4), 2262-2276. https://doi.org/10.1016/j.jclepro.2016.11.041 

[202] Zotti, J. & Bigano, A. (2019). Write circular economy, read economy’s circularity. How to 

avoid going in circles. Economia Politica, 36, 629-652. https://doi.org/10.1007/s40888-019-

00145-9 

https://doi.org/10.1016/j.jclepro.2016.11.041
https://doi.org/10.1007/s40888-019-00145-9
https://doi.org/10.1007/s40888-019-00145-9


 65 

Annexes 



 66 

A.1 – Overview of household assessment 

tools 

Table A1 - Individual and household assessment tools within the scope of CE: R0 = Refuse; R1 = Rethink; R2 = 

Reduce; R3 = Re-use; R4 = Repair; R5 = Refurbish; R6 = Remanufacture; R7 = Repurpose; R8 = Recycle; 

and R9 = Recover (see Potting et al., 2017 and Čuček et al., 2012). 

Tools 

Circular economy framework 

Description 
Refer-

ence 
R

0 

R

1 

R

2 

R

3 

R

4 

R

5 

R

6 

R

7 

R

8 

R

9 

Blue 

foot-

print 

          

Determines the impact of wa-

ter usage by individuals and 

cities on the world’s freshwa-

ter resources. Considers the 

water consumption, resource 

stress and water quality. 

Hence, it measures the de-

pletion of surface and 

groundwater resources dur-

ing the production of goods 

and services. 

Čuček 

et al. 

(2012) 

and 

Chai et 

al. 

(2020) 

Carbon 

foot-

print 

          

Measures the amount of 

CO2e emitted over the full 

life cycle of a process or 

product. Thus, within the 

household, it calculates the 

amount of CO2e that is emit-

ted into the atmosphere 

based on the energy, product 

and service consumption and 

transportation. 

Čuček 

et al. 

(2012) 

and 

Zeng et 

al. 

(2021) 
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Crop 

land 

foot-

print 

          

Quantifies the necessary land 

area to produce the crops 

consumed by a population. 

 Čuček 

et al. 

(2012) 

and 

Dietz et 

al. 

(2007) 

Con-

sumer 

foot-

print 

          

Calculates the environmental 

impacts derived from the 

consumers’ choices and con-

sumption patterns.  

 Salas 

et al. 

(2022) 

Ecolog-

ical 

foot-

print 

          

Assesses the human demand 

for land and water ecosys-

tems, by paring the human 

consumption of resources 

and waste production with 

the natural capital capacity to 

regenerate. Therefore, it esti-

mates the user’s/household’s 

ecological footprint based on 

the individual/family lifestyle 

and consumption patterns.  

 Čuček 

et al. 

(2012) 

and 

Kok 

and 

Bar-

endregt 

(2021) 

Energy 

foot-

print 

          

Determines the sum of all ar-

eas used to sequestrate CO2 

emissions from the consump-

tion of non-food and non-

feed energy. Thus, it is the 

necessary area to absorb the 

Greenhouse gases (GHG) 

emissions derived from the 

sum of the energy intensities 

and expenditures of all the 

Čuček 

et al. 

(2012), 

Fang et 

al. 

(2014) 

and 

Min 

and 

Rao 

(2017) 
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household consumption sec-

tors. 

Finan-

cial 

foot-

print 

          

Measures an individual ex-

penses, by analysing their re-

tirement funds, investments, 

insurance, tax, and estates. 

Čuček 

et al. 

(2012) 

Fish-

ing-

Ground 

foot-

print 

          

Quantifies the area needed 

to produce the fish and sea-

food products for human 

consumption. Thus, integrat-

ing demand for inland and 

marine water ecosystems in 

the needs to support aqua-

culture and seafood restock-

ing.  

Čuček 

et al. 

(2012) 

and So-

larin et 

al. 

(2021) 

Forest 

foot-

print 

          

Calculates the volume of tim-

ber and forest area required 

to satisfy the consumption of 

households. 

Čuček 

et al. 

(2012) 

and 

Staelen

s (2022) 

Human 

foot-

print 

          

Assesses the energy quanti-

ties, resources, and products 

consumed by an individual 

throughout their life. Hence, 

it measures land transfor-

mation, population density, 

grazing density, human ac-

cess, and electrical power in-

frastructure. 

Čuček 

et al. 

(2012) 

and Yin 

et al. 

(2020) 

Health 

foot-

print 

          

Determines the individual’s 

health, and its effect on those 

around, by targeting 

Čuček 

et al. 

(2012) 
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consumption and non-con-

sumption-based risk factors 

(diet, physical inactivity, to-

bacco smoking, alcohol). 

and 

Harri-

son et 

al. 

(2011) 

Mate-

rial 

foot-

print 

          

Quantifies the use of materi-

als from a consumption per-

spective, associating the ex-

tracted and used raw materi-

als to its domestic demand. 

In its assessment, it inte-

grates six components: i) nu-

trition; ii) construction and 

housing; iii) consumer goods; 

iv) mobility; v) leisure activi-

ties; and vi) vacations. 

 Vanha

m et al. 

(2019) 

and 

Buhl et 

al. 

(2019) 

Nitro-

gen 

foot-

print 

          

Measures the total amount of 

reactive nitrogen (Nr) re-

leased to the environment as 

a product of an individual ac-

tivities, namely: i) food; ii) 

housing; iii) transportations; 

and iv) goods and services. 

Čuček 

et al. 

(2012) 

and 

Leach 

et al. 

(2012) 

Phos-

pho-

rous 

foot-

print 

          

Assesses the phosphorous (P) 

imbalance within crops, inte-

grating the required P con-

centration and the P loss to 

the environment. 

Čuček 

et al. 

(2012) 

and 

Dhar et 

al. 

(2021) 
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Work 

envi-

ron-

ment 

foot-

print 

          

Determines the number of 

lost days at work per unit of 

product, by analysing eight 

variables: i) Fatal accidents; ii) 

Total number of accidents; iii) 

Central Nervous System 

(CNS) function disorder; iv) 

Hearing damages; v) Cancer; 

vi) Musculo-skeletal disor-

ders; vii) Skin diseases; and 

viii) Psycho-social diseases. 

Čuček 

et al. 

(2012) 

and De 

Bene-

detto 

and 

Klemeš 

(2009) 

Water 

foot-

print 

          

Quantifies the total volume 

of direct and indirect fresh-

water used, consumed, 

and/or polluted to produce 

the goods and services ac-

quired by individuals or com-

munities or produced by the 

business. It integrates three 

components: blue, green, and 

grey water footprints. These 

represent the consumption 

of surface and ground water, 

rainwater, and the volume of 

water necessary to dilute the 

pollutants to water quality 

standards, respectively. 

Čuček 

et al. 

(2012) 

and Fan 

et al. 

(2019) 

Waste 

foot-

print 

          

Calculates the amount of 

waste produced by sourcing 

ingredients and materials, 

manufacturing and pro-

cessing, and transportation. 

Within the household 

Čuček 

et al. 

(2012) 

and 

Beylot 
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consumption scale, it repre-

sents the sum of the waste 

derived from economic activ-

ities associated with the de-

mand for goods and services, 

and the postconsumer waste. 

et al. 

(2017) 
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A.2 - Integrative literature review of HCE 

indicators 

Table A2 - List of HCE indicators. 

Title Author(s) Year Description 10R 

Con-

sumer 

role 

The potential of local 

food, energy, and wa-

ter production sys-

tems on urban roof-

tops considering con-

sumption patterns 

and urban morphol-

ogy 

Toboso-

Chavero 

et al. 

2023 

Sustainability, environ-

mental, social, and eco-

nomic indicators, includ-

ing resource self-suffi-

ciency. 

Rethink User 

When Do Supply 

Chains Strengthen Bi-

ological and Cultural 

Diversity? Methods 

and Indicators for the 

Socio-Biodiversity Bi-

oeconomy 

Saes et al. 2023 Basic sanitation. N.A. User 

Key Corporate Sus-

tainability Assessment 

Methods for Coal 

Companies 

Blinova et 

al. 
2023 

Environmental, social and 

governance indicators, in-

cluding packaging mate-

rials, child labour, among 

others. 

Refuse, 

rethink, 

reduce 

All 

Circularity indicators 

and their relation with 

nutrient use efficiency 

van Loon 

et al. 
2023 

Input/Output analysis-

based indicators. 
N.A. N.A. 
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in agriculture and 

food systems 

Product Design 

Evolves to Implement 

Circular Economy 

Principles 

Lizundia 

et al. 
2023 

Circularity indicators, in-

cluding repairability, use 

of recycled materials in 

the manufacture of the 

product. Also, considers 

lifetime extension, re-use 

of product parts or recy-

clability of materials. 

Re-use, 

repair, 

reman-

ufac-

ture, re-

cycle 

User, 

EoL 

prod-

uct 

holder 

Construction waste 

recycling in the circu-

lar economy model 

Mikhno et 

al. 
2023 

Disassembly related met-

rics, waste sorting, recy-

cling. 

Recycle 

User, 

EoL 

prod-

uct 

holder 

Development of a 

system model to pre-

dict flows and perfor-

mance of regional 

waste management 

planning: A case 

study of England 

Ng & 

Yang 
2023 

Recycling rate, household 

waste sorting. 
Recycle 

EoL 

prod-

uct 

holder 

Developing circularity, 

renewability, and effi-

ciency indicators for 

sustainable resource 

management: Propa-

nol production as a 

showcase 

Motte et 

al. 
2023 

Share of renewable 

sources. 

Refuse, 

rethink, 

reduce 

Cus-

tomer 

How to map industrial 

waste metabolism at 

a geographical level? 

Gamba-

rotto et al. 
2022 Repair of equipment’s. Repair User 
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A proposal for a com-

posite indicator 

An Evaluation of Cir-

cular Economy Devel-

opment in the Baltic 

States 

Jaku-

belskas & 

Skvarciany 

2022 

Circularity, waste, and en-

vironmental related indi-

cators, including packag-

ing, renewable energy, re-

cycling, re-use. 

Refuse, 

reduce, 

re-use, 

recycle 

All 

Does Carbon Foot-

print Play a Relevant 

Role in Food Con-

sumer Behaviour? A 

Focus on Spanish 

Beef 

Lami et al. 2022 

Locally produced food, 

use of bicycles, public 

transport, packaging, effi-

cient use of products (en-

ergy, water), bulk prod-

ucts, recyclable products. 

Refuse, 

rethink, 

reduce, 

re-use, 

recycle 

All 

The (un)shared re-

sponsibility in the re-

verse logistics of port-

able batteries: A Bra-

zilian case 

Castro et 

al. 
2022 

Legal, socioeconomic, or-

ganizational, operational, 

and working indicators, 

including use of protec-

tion equipment. 

Reduce 
Cus-

tomer 

Evaluation of harvest-

ing urban water re-

sources for sustaina-

ble water manage-

ment: Case study in 

Filton Airfield, UK 

Kim et al. 2022 

Water management indi-

cators, including rainwa-

ter harvesting, greywater 

recycling, reusable water, 

resource saving behav-

iour. 

Reduce, 

re-use, 

recycle 

User, 

EoL 

prod-

uct 

holder 

Measuring product-

level circularity per-

formance: An eco-

nomic value-based 

metric with the indi-

cator of residual value 

Jiang et al. 2022 

Circularity metrics, includ-

ing products produced 

with recycled materials. 

Reduce 
Cus-

tomer 

Performance assess-

ment of circular 

driven sustainable 

Kumar et 

al. 
2022 

Sustainability indicators, 

including green material 

consumption, resource 

Refuse, 

rethink, 

reduce, 

All 
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agri-food supply 

chain towards achiev-

ing sustainable con-

sumption and pro-

duction 

utilization, waste man-

agement, employee well-

being. 

recycle, 

recover 

Assessing and Devel-

oping Circular Deep 

Renovation Interven-

tions towards Decar-

bonisation: The Italian 

Pilot Case of “Corte 

Palazzo” in Argelato 

Mazzoli et 

al. 
2022 

Circularity metrics, includ-

ing disassembly, materi-

als' origin, and reusability, 

repairable, refurbish able, 

remanufactured, recycla-

ble. 

Reduce, 

re-use, 

repair, 

refur-

bish, re-

manu-

facture, 

recycle 

All 

Is there a need for 

new kitchen design? 

Assessing the adapta-

tive capacity of space 

to enable circularity in 

multi residential 

buildings 

Ollár et al. 2022 
Circularity metrics, includ-

ing refurbish, rethink. 

Rethink, 

refur-

bish 

User 

Innovative Develop-

ment of Circular Sys-

tems While Ensuring 

Economic Security in 

the Industry 

Kuzior et 

al. 
2022 

Circularity indicators, in-

cluding change in dura-

tion of use, recycling, re-

source conservation, re-

source intensity. 

Reduce, 

recycle 

User, 

EoL 

prod-

uct 

holder 

Selection of Circular 

Proposals in Building 

Projects: An MCDM 

Model for Lifecycle 

Circularity Assess-

ments Using AHP 

Abadi and 

Moore 
2022 

Circularity metrics, includ-

ing disassembly, longev-

ity, embed recycled mate-

rials, reduce material in-

put, efficient use, repair, 

repurpose. 

All All 
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How to Monitor the 

Transition to Sustain-

able Food Services 

and 

Lodging Accommo-

dation Activities: A 

Bibliometric Approach 

Bux et al. 2022 

Leftovers rate, locally pro-

duced food, among other 

food related indicators. 

Refuse, 

reduce, 

re-use 

Cus-

tomer, 

user 

Stakeholder Assess-

ment on Closing Nu-

trient Cycles through 

Co-Recycling of Bio-

degradable House-

hold Kitchen Waste 

and 

Black Water between 

Rural and Urban Ar-

eas in South India 

Fendel et 

al. 
2022 

Ecological, social, tech-

nical, economical, and 

connective indicators, in-

cluding waste sorting. 

Recycle 

EoL 

prod-

uct 

holder 

A Framework to As-

sess Social Indicators 

in a Circular 

Economy Perspective 

Bianchini 

et al. 
2022 

Tactical objectives and 

operational social-based 

indicators, including child 

labour. 

Refuse 
Cus-

tomer 

Clarify the nexus be-

tween life cycle as-

sessment and circu-

larity indicators: a 

SETAC/ACLCA interest 

group 

Saidani et 

al. 
2022 

Circularity and LCA indi-

cators, including re-use 

rate. 

Re-use 
Cus-

tomer 

Practical solutions for 

circular business 

models in the fashion 

industry 

Dragomir 

& Dumitru 
2022 

Circularity indicators for 

apparel, including type of 

fibre procurement, recy-

clability, water re-use, 

greywater recycling social 

conditions with 

Refuse, 

reduce, 

re-use, 

recycle 

All 
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production, excessive 

packaging among others. 

Improved Copper Cir-

cularity as a Result of 

Increased Material Ef-

ficiency in the U.S. 

Housing Stock 

Wang et 

al. 
2022 

Circularity indicators, in-

cluding energy label. 
Refuse 

Cus-

tomer 

Consumer strategies 

towards a more sus-

tainable food system: 

insights from Switzer-

land 

Frehner et 

al. 
2022 

Consumer food-based in-

dicators, including meat 

consumption reduction. 

Reduce 
Cus-

tomer 

In silico assessment of 

household level 

closed water cycles: 

Towards extreme de-

centralization 

de Walle 

et al. 
2022 

Water circularity indica-

tors, including rainwater 

harvesting, water re-use, 

greywater recycling, 

among others. 

Rethink, 

reduce, 

re-use, 

recycle 

User, 

EoL 

prod-

uct 

holder 

Key metrics to meas-

ure the performance 

and impact of reusa-

ble packaging in cir-

cular supply chains 

Betts et al. 2022 

Circularity indicators, in-

cluding remanufactured, 

re-use, repurposed, recy-

clable, compostable 

products. 

Reduce, 

re-use, 

reman-

ufac-

ture, re-

pur-

pose, 

recycle 

All 

Portfolios of sustaina-

ble practices for pack-

aging in the circular 

economy: an analysis 

of Italian firms 

Cozzolino 

& Gio-

vanni 

2023 

Environmental indicators, 

including energy and wa-

ter consumption. 

Reduce User 
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Consumer attitude 

and acceptance to-

ward fish fed with in-

sects: a focus on the 

new generations 

Baldi et al. 2021 Food-based indicators. Reduce 
Cus-

tomer 

Implementation of 

the New European 

Bauhaus Principles as 

a 

Context for Teaching 

Sustainable Architec-

ture 

Sadowski 2021 

Thermal comfort indica-

tors, renewable energy 

share, energy efficiency of 

buildings, greywater recy-

cling and rainwater har-

vesting, vegetable plant-

ing, self-production of 

food. 

Rethink, 

reduce, 

re-use, 

recycle 

All 

Measuring spatial ac-

cess to the recovery 

networks for WEEE: 

An in-depth analysis 

of the Italian case 

Bruno et 

al. 
2021 

Take-back service, as well 

as spatial access to WEEE 

networks indicators. 

Reduce User 

Framework for Com-

parative Evaluation of 

Car-Sharing Alterna-

tives for Urban and 

Suburban Regions: 

Case Study of Mum-

bai, India 

Das et al. 2021 

Car-sharing and carpool 

related indicators, includ-

ing accessibility. 

Rethink User 

A Circularity Indicator 

Tool for Measuring 

the Ecological 

Embeddedness of 

Manufacturing 

Trollman 

et al. 
2021 

Circularity metrics, includ-

ing locally and ethically 

sourced products/re-

sources, remanufactured, 

refurbished, repurposed, 

repair, longevity, multiple 

functions (multi-function-

ality), among others. 

All All 
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Smart Waste Man-

agement System as a 

Sustainable Social En-

terprise Model 

Nasar et 

al. 
2021 

Use time of products, 

such as vehicles. 
Reduce User 

Energy Refurbishment 

of Family Houses in 

Serbia in Line with 

the Principles of Cir-

cular Economy 

Kosanović 

et al. 
2021 

Circularity metrics for en-

ergy efficiency, including 

refurbishment and ther-

mal comfort, energy con-

sumption. 

Reduce, 

refur-

bish 

User 

Selection and evalua-

tion of a septage 

management concept 

for islands: The case 

study of Brač Island 

Margeta 2021 

Environmental, social, 

economic, and technical 

indicators, including ac-

cess to basic sanitation. 

Reduce, 

re-use 
User 

Social circular econ-

omy indicators: Selec-

tion through fuzzy 

delphi method 

Padilla-Ri-

vera et al. 
2021 

Social circular economy-

based indicators, includ-

ing child labour, sanita-

tion, thermal comfort, la-

belling. 

Refuse 
Cus-

tomer 

Recirculation poten-

tial of post-consumer 

/industrial bio-based 

plastics through me-

chanical recycling - 

Techno-economic 

sustainability criteria 

and indicators 

Briassoulis 

et al. 
2021 

Circularity indicators, in-

cluding biodegradability, 

waste sorting. 

Recycle 

EoL 

prod-

uct 

holder 

Social Life Cycle As-

sessment of Product 

Value Chains Under a 

Circular Economy Ap-

proach: A Case Study 

Reinales 

et al. 
2020 

Social-based circularity 

indicators, including 

products produced with 

recycled materials. 

Refuse 
Cus-

tomer 
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in the Plastic Packag-

ing Sector 

Indicators to Measure 

Efficiency in Circular 

Economies 

Sánchez-

Ortiz et al. 
2020 

Circular economy metrics 

for efficiency. 

Refuse, 

reduce, 

re-use, 

recycle 

All 

The Drivers of Sus-

tainable Apparel and 

Sportswear Consump-

tion: A Segmented 

Kano Perspective 

Baier et al. 2020 

Sustainability-based indi-

cators for apparel, includ-

ing take-back policy. 

Refuse 
Cus-

tomer 

A review of micro 

level indicators for a 

circular economy – 

moving away from 

the three dimensions 

of sustainability? 

Kristensen 

& 

Mosgaard 

2020 

Circularity metrics, includ-

ing recycling, remanufac-

turing, re-use, resource 

efficiency, disassembly, 

lifetime extension, waste 

management, EoL man-

agement, and multidi-

mensional indicators. 

Reduce, 

re-use, 

reman-

ufac-

ture, re-

cycle 

User, 

EoL 

prod-

uct 

holder 

Creating sustainable 

value through reman-

ufacturing: Three in-

dustry cases 

Jensen et 

al. 
2019 

Environmental, economic, 

and social indicators for 

remanufacturing, includ-

ing after-use service ac-

quisition for remanufac-

turing. 

Reman-

ufacture 
User 

Bio-Based Products: 

Suggestions for Eco-

label Criteria and 

Standards in Line with 

Sustainable Develop-

ment Goals 

Wurster et 

al. 
2019 Indicators for labelling. Refuse 

Cus-

tomer 
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Developing a set of 

sustainability indica-

tors for product fami-

lies based on the cir-

cular economy model 

Mesa et al. 2018 

Circularity metrics, includ-

ing multi-functionality of 

a product. 

Rethink 
Cus-

tomer 

Rooftop greenhouses 

in educational cen-

ters: A sustainability 

assessment of urban 

agriculture in com-

pact cities 

Nadal et 

al. 
2018 

Circularity indicators, re-

garding food self-produc-

tion, rainwater harvesting, 

thermal comfort. 

Rethink, 

reduce 
User 

Developing a repara-

bility indicator for 

electronic products 

Flipsen et 

al. 
2016 

Indicator for repairing 

(self and service acquisi-

tion) 

Repair User 

Reducing waste man-

agement challenges: 

Empirical assessment 

of waste sorting in-

tention among corpo-

rate employees in 

Ghana 

Adu-

Gyamfi et 

al. 

2023 
Waste sorting indicators 

in corporate employees 

Recycle, 

recover 

EoL 

prod-

uct 

hold-

ers 

Dynamic capabilities 

and 

environmental ac-

counting for the 

circular economy in 

businesses 

Scarpellini 

et al. 
2020 

Multi-functional products, 

equipment or products 

replaced to energy con-

sumption reduction 

Refuse, 

rethink, 

reduce 

Cus-

tomer 
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A Comprehensive 

Sustainability Assess-

ment of Battery Elec-

tric Vehicles, Fuel Cell 

Electric Vehicles, and 

Internal Combustion 

Engine Vehicles 

through a Compara-

tive Circular Economy 

Assessment Approach 

Ahmed et 

al. 
2023 

Energy consumption, wa-

ter consumption, recycla-

bility rate, energy source 

utilization percentage, 

emissions produced, 

technology readiness 

level, vehicles' efficiency, 

total cost of ownership, 

national incentives, vehi-

cles' lifetime, range on 

full tank/charge, range 

anxiety, recharging/refu-

elling time and number of 

available refuelling/re-

charging stations 

Reduce, 

repair, 

refur-

bish, re-

pur-

pose, 

recycle 

All 

DECISION-SUPPORT 

TOOLS FOR SMART 

TRANSITION TO CIR-

CULAR ECONOMY 

Yazan et 

al. 
2022 Energy certificates Reduce 

Cus-

tomer 

Assessing Lifestyle 

Transformations and 

Their Systemic Effects 

in Energy-System and 

Integrated Assess-

ment Models: A Re-

view of Current Meth-

ods and Data 

Andreou 

et al. 
2022 

Ratio of private to public 

transport, avoidance of 

airplanes in favour of 

trains, use of active 

modes of transport (bicy-

cles, walking), carpool 

commuting , car-sharing 

schemes, eco-driving 

practices (lower speeds), 

conservation of hot water, 

recycling, re-using, ex-

tending lifetime of con-

sumer goods 

Rethink, 

reduce, 

re-use, 

repair, 

repur-

pose, 

refur-

bish, re-

manu-

facture, 

recycle 

All 
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The circular economy 

and bioeconomy in 

the fashion sector: 

Emergence of a “sus-

tainability bias” 

Colasante 

& 

D'Adamo 

2021 

Use of frequency for vari-

ables: recycling fre-

quency, avoid buying 

products from companies 

that do not respect the 

environment in their pro-

duction cycles, frequency 

of acquisition of products 

with little packaging or 

recyclable packaging, use 

of public transports, ac-

quisition of products in 

packs that can be re-

filled/re-used, acquisition 

of re-usable 

All All 

Co-development of a 

framework for circular 

economy assessment 

in organisations: 

Learnings from the 

public sector 

Droege et 

al. 
2021 

Set of CE indicators for 

public sector organisa-

tions 

All All 

The lifestyle of sus-

tainability: Testing a 

behavioral measure of 

precycling 

Klug & 

Niemand 
2021 

Refusal of overpackaged 

products or of products 

due to environmental or 

social reasons, acquisition 

of products in bulk stores 

(stores for self-filling, self-

bottling), prioritizing sus-

tainability made products, 

self-production of prod-

ucts (cultivating peppers 

at home, producing one’s 

own cosmetics, etc.), 

Refuse, 

rethink, 

reduce, 

re-use, 

recycle 

All 
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package re-using, full use 

of products without waste 

production (e.g., food) 

Food packaging and 

sustainability – Con-

sumer perception vs. 

correlated scientific 

facts: A review 

Otto et al. 2021 

GWP, recycling rate of 

packages, re-use rate of 

packages, biodegradabil-

ity of packages 

Re-use, 

recycle 

Cus-

tomer 

CIRCULAR FASHION 

FROM THE PERSPEC-

TIVE OF YOUNG 

CONSUMERS – 

MEASUREMENT AND 

MANAGERIAL RELE-

VANCE 

Kovacs 2021 

Acquisition of long-last-

ing clothes, repurposing 

clothes, clothes made 

from sustainable fabrics, 

second-hand acquisition, 

purchasing less, rent 

clothes, clothes give away 

or swap 

Rethink, 

reduce, 

re-use, 

repur-

pose 

All 

Tools for assessing 

qualitatively the level 

of circularity of or-

ganisations: Applica-

bility to different sec-

tors 

Valls-Val 

et al. 
2023 

Set of indicators for dif-

ferent aspects of CE in an 

organization, including 

purchasing, transform, 

use, reintroduce, rethink, 

waste management, 

among others 

All All 

What will lead Asian 

consumers into circu-

lar consumption? An 

empirical study of 

purchasing 

Chun et al. 2022 

Re-use/resold a 

smartphone, refurbished 

smartphone acquisition, 

environmentally friendly 

products prioritization 

Re-use, 

refur-

bish 

Cus-

tomer, 

user 
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refurbished 

smartphones in Japan 

and Indonesia 

Consumer Demand 

for Circular Products: 

Identifying Customer 

Segments in the Cir-

cular Economy 

Boyer et 

al. 
2021 

Acquisition of products 

with recycled materials, 

acquisition of products 

with refurbished/re-used 

parts 

Re-use, 

refur-

bish, re-

cycle 

Cus-

tomer 

Product obsolescence 

and its relationship 

with product lifetime: 

An empirical case 

study of consumer 

appliances in Japan 

Yama-

moto and 

Murakami 

2021 

Measure to improve 

physical durability of a 

product, encourage re-

pairing, improve modular 

upgradability 

Reduce, 

repair, 

refur-

bish 

Cus-

tomer, 

user 

A quantitative and 

holistic circular econ-

omy assessment 

framework at the mi-

cro level 

Baratsas 

et al. 
2022 

Set of CE indicators for 

reduction of material 

losses/residuals, reduc-

tion of input and use of 

natural resources, in-

crease in share of renew-

able resources & energy, 

reduction in emission lev-

els and increase the value 

durability of products 

All All 

Durability of washing 

machines under real 

life conditions: Defini-

tion and application 

of a testing procedure 

Stam-

minger et 

al. 

2020 

Average energy or water 

consumption of a wash-

ing machine in function 

of the load and selected 

temperature 

Reduce User 

Community repair in 

the circular economy 

– fixing 

more than stuff 

Bradley 

and 

Persson 

2021 Repairability index Repair User 
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The development of 

an index for assessing 

the circularity level of 

eco-labels 

Lanaras-

Mamounis 

et al. 

2022 

Eco-Label circularity in-

dex, considers reduce, re-

pair, sustainability, refur-

bish/remanufacture, safe 

disposal indicators 

Reduce, 

repair, 

refur-

bish, re-

manu-

facture, 

recycle 

All 

DEMONSTRATING 

EEE RECOVERY FOR 

REUSE IN A DISTINCT 

URBAN MINE: A CASE 

STUDY 

Shittu et 

al. 
2021 

Re-usable, donated, re-

sold products 
Re-use 

User, 

EoL 

prod-

uct 

hold-

ers 

The destiny of re-

placed technological 

products: The influ-

ence of perceived re-

sidual value 

Kréziak et 

al. 
2020 

Return the product in-

stead of throwing, sell 

privately, return for a dis-

count, recycle, give away 

Re-use 

EoL 

prod-

uct 

hold-

ers 

Plastics: friends or 

foes? The circularity 

and plastic waste 

footprint 

Klemeš et 

al. 
2020 

Plastic re-use, mechanical 

recycling and chemical 

recycling 

Re-use, 

recycle 

EoL 

prod-

uct 

hold-

ers 

Environmental sus-

tainability of liquid 

food packaging: Is 

there a gap between 

Danish consumers' 

perception and learn-

ings from life cycle 

assessment? 

Boesen et 

al. 
2019 

Return or refill package, 

package made of envi-

ronmentally friendly ma-

terials (renewable 

sources, recycled mate-

rial, biodegradable, com-

postable), package can be 

repurposed into other ac-

tivities (storage) 

Refuse, 

rethink, 

re-use, 

repur-

pose 

Cus-

tomer, 

user 
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A systematic review of 

research on food loss 

and waste prevention 

and management for 

the circular economy 

Do et al. 2021 

Energy and water con-

sumption, waste sorting, 

among others 

Reduce 

Cus-

tomer, 

user 
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B. QUESTIONNAIRE SURVEY 

This questionnaire was developed in the scope of the master thesis "Circular Economy Self-

Assessment Tool for Households: A Collaborative Approach" that is being developed by Alex-

andre Rodrigues da Silva, student of the Integrated master’s in environmental engineering 

(School of Sciences and Technology, NOVA University of Lisbon (SST NOVA), Portugal) and 

supervised by Prof. Dr. Tomás B. Ramos (FCT NOVA, Portugal). 

The questionnaire is anonymous. However, there is some personal information collected, in-

cluding age, gender, level of education, type of household and number of people in their res-

idence. This information is necessary to characterise the respondents. The data will be used in 

aggregate form, never explicitly identifying respondents. Your answers will be entirely confi-

dential, ensuring the security of the information collected, in strict compliance with the General 

Data Protection Regulation (GDPR). If you have any questions, you can direct them to the data 

protection officer, by emailing amfr.silva@campus.fct.unl.pt. 

Your participation in this study is very important but completely voluntary, and you can with-

draw from the questionnaire at any time, as well as request the correction or cancellation of 

the data already provided. 

This survey should take about 3 to 5 minutes of your time, where you will provide your opinion 

based on your life experiences. There are no right or wrong answers.  

Therefore, we would like to confirm that you understand the objectives and scope of this ques-

tionnaire, as well as how the data collected are collected, processed, and analysed, and whether 

you agree to participate in this study. 

 Yes, I agree 

 No, I disagree 

Welcome! 

Thank you for agreeing to participate in this survey on developing a self-assessment tool that 

fosters circular economy progress. We appreciate your insights. 

Personal information 

Please provide some information about yourself. This is necessary to understand the profile 

of the respondents. 

1.1 What is your age group? 

 15 - 24 years old 
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 25 - 34 years old 

 35 - 44 years old 

 45 - 54 years old 

 55 - 64 years old 

 > 65 years old 

1.2 What is your gender? 

 Female 

 Male 

 Non-binary 

 Other 

 Prefer not to indicate 

1.3 What is your level of education? 

 High School 

 Bachelor's Degree 

 Master's Degree 

 Doctorate 

1.4 In what type of residence do you live? 

 Apartment  

 Townhouse 

1.5. How many people live in your residence? 

 1 

 2 

 3 

 4 

 > 4 

1.6. Are you familiar with the concept of Circular Economy (CE)? 

 Yes 

 No 

2. 'Customer' in a circular economy 

This section aims to understand the level of importance you attach to circular economy (CE) 

strategies that can be used as a customer, namely in the process of purchasing products/re-

sources for your home. In the context of CE, the customer has the role of purchasing prod-

ucts/resources (e.g. food, energy, water, clothing, household tools, electrical and electronic 



 90 

equipment) with minimal environmental impact, and refraining from purchasing when possible 

(Shevchenko et al., 2023). 

2.1. Please indicate the degree of importance attached to the following situations:  

"When you buy a product/resource, do you think it is important..." 

 1 2 3 4 5 

 

Not im-

portant at 

all 

Of little 

im-

portance 

Of average 

importance 

Very im-

portant 

Absolutely es-

sential 

2.1.1. Acquiring 

eco-labelled 

products? 

     

2.1.2. Re-

ject/avoid prod-

ucts produced 

through child la-

bour or in other 

abusive and ob-

jectionable 

ways? 

     

2.1.3. Search for 

the shop with 

the least nega-

tive environ-

mental impact 

(with a recog-

nised environ-

mental certifica-

tion)? 

     

2.1.4. Search for 

the shop with 

the least nega-

tive social im-

pact (with a 
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social responsi-

bility certifica-

tion)? 

2.1.5. Looking 

for the product 

in the form of a 

service?  

     

2.1.6. Looking 

for electrical or 

electronic prod-

ucts with the 

best perfor-

mance in the en-

ergy certificate? 

     

2.1.7. Seek out 

locally produced 

foods/food 

products? 

     

2.1.8. Re-

ject/avoid prod-

ucts with exces-

sive packaging 

or packaging 

quantities where 

possible? 

     

2.1.9. Look for 

bulk products or 

with reduced 

packaging quan-

tities if packag-

ing is unavoida-

ble? 
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2.1.10. Looking 

to buy second-

hand rather than 

new products? 

     

2.1.11. Trying to 

buy repaired 

products instead 

of new ones? 

     

2.1.12. Seek to 

purchase refur-

bished/recondi-

tioned products 

(e.g. an old 

product that has 

been upgraded 

to current qual-

ity standards) ra-

ther than new 

ones? 

     

2.1.13. Try to buy 

"remanufac-

tured" products 

(made from 

parts of another 

product with the 

same function) 

rather than new 

ones? 

     

2.1.14. Try to buy 

"re-purposed" 

products (prod-

ucts that have 

acquired a new 
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function) rather 

than new ones? 

2.1.15. Try to buy 

products made 

from recycled 

materials rather 

than new ones? 

     

2.1.16. Try to buy 

recyclable prod-

ucts or products 

that can be dis-

mantled? 

     

2.1.17. Seek to 

purchase the 

product in its 

dematerialised 

format, where 

possible? 

     

2.1.18. Try to buy 

the product with 

the longest pos-

sible durability? 

     

2.1.19. Look for 

reusable prod-

ucts, rather than 

single-use 

items? 

     

2.1.20. Look for 

products that 

can be shared, 

when bought to-

gether? 
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2.1.21. Seek to 

rent the product 

rather than own 

it? 

     

2.1.22. Seek die-

tary alternatives 

with better envi-

ronmental per-

formance? 

     

2.1.23. Seek to 

buy foods that 

partially replace 

animal-based 

consumption? 

     

2.1.24. Try to sat-

isfy the resi-

dence's energy 

needs through 

renewable 

sources? 

     

2.1.25. Try to buy 

products that 

minimise energy 

consumption 

needs without 

losing thermal 

comfort? 

     

2.1.26. Try to buy 

products that in-

crease the dura-

bility of the main 

product? 
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2.1.27. Look for 

multifunctional 

products, rather 

than one prod-

uct for each 

function? 

     

2.1.28. Try to buy 

products with a 

money-back 

guarantee? 

     

 

2.2. If you answered positively to question 2.1.10. "Try to buy second-hand rather than new 

products", which of these products did you buy second-hand? 

 Electrical and/or electronic equipment 

 Vehicle(s) 

 Clothing and/or other textile products 

 Home furnishings (e.g. sofa, chairs, tables) 

Other(s) ________________ 

2.3. Do you think it is important to stop or avoid purchasing a product or service or to reduce 

consumption in general for environmental or social reasons (e.g. avoid/reduce the consump-

tion of animal products or the frequency of car and air travel)? 

 Absolutely essential    

 Very important 

 Of medium importance 

 Not very important 

 Not at all important 

2.4. If you have comments on other good procurement practices you have adopted, please 

write here: 

___________________________________________________________________________________________________

__________________________________________________________________________________ 

3. 'User' in a circular economy 

This section aims to understand the level of importance you attach to Circular Economy (CE) 

strategies that can be implemented as an user, namely in the use of products/services. In the 

context of CE, the user has the role of carefully using and maintaining the product, seeking 
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technical and repair services, and selling or donating the products if they are no longer needed 

(Shevchenko et al., 2023). 

3.1. Please indicate the degree of importance attached to the following situations:  

"As an user of a product/resource, do you think it is important..." 

 

 1 2 3 4 5 

 

Not im-

portant at 

all 

Of little 

im-

portance 

Of average 

importance 

Very im-

portant 

Absolutely es-

sential 

3.1.1. Use the 

product in the 

method that al-

lows the great-

est economy of 

resources (for 

example, use the 

washing ma-

chine when it is 

full and when-

ever possible 

with the lowest 

temperature)? 

     

3.1.2. Avoid/re-

ject using the 

product if there 

is a more sus-

tainable alterna-

tive (e.g. avoid 

using the printer 

if it is possible to 

scan the docu-

ment; use the bi-

cycle, walk, or 
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use public 

transport in-

stead of own car 

where possible)? 

3.1.3. use the 

product in the 

most 'use-inten-

sive' way possi-

ble (e.g. share 

the tools with 

family, friends, 

or neighbours, 

rather than each 

purchasing their 

own)? 

     

3.1.4. Save lefto-

vers for con-

sumption at an-

other time, when 

possible, rather 

than discarding 

them? 

     

3.1.5. Repair the 

product or pur-

chase a repair 

service, rather 

than disposing 

of it when neces-

sary? 

     

3.1.6. Reno-

vate/recondition 

the product or 

purchase a 
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renovation/re-

conditioning 

service (e.g. re-

upholster a sofa) 

instead of dis-

carding it? 

3.1.7. Remanu-

facture the 

product or ac-

quire a remanu-

facturing service 

instead of dis-

carding it (e.g. 

use parts of a 

product that has 

been discarded 

or that you in-

tend to discard)? 

     

3.1.8. 'Repur-

pose' the prod-

uct or purchase 

a service that al-

lows you to 're-

purpose' it, ra-

ther than discard 

it (e.g. turn an 

old t-shirt into a 

cleaning cloth, 

rather than dis-

card it)? 

     

3.1.9. Use the 

land of your res-

idence to 
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produce your 

food, when pos-

sible? 

3.1.10. Sell or 

donate the 

product, rather 

than dispose of 

it, if it is still in 

good condition 

and able to fulfil 

its function? 

     

 

3.2. If you have comments on other good practices in product/resource use and maintenance 

that you have adopted, please write here: 

___________________________________________________________________________________________________

___________________________________________________________________________________________________

____ 

4. “End-of-life product holder” in a circular economy 

This section aims to understand the activities you practice as an end-of-life product holder. In 

the ambition of the Circular Economy (CE), the individual should dispose of the product in a 

timely manner and use the most appropriate final destination channel (Shevchenko et al., 

2023). 

4.1. Please indicate the degree of importance attached to the following situations:  

"When disposing of a product, do you find it important..." 

 1 2 3 4 5 

 

Not im-

portant at 

all 

Of little 

im-

portance 

Of average 

importance 

Very im-

portant 

Absolutely es-

sential 

4.1.1. Give prior-

ity to the use of 

recycling con-

tainers, where 

appropriate, 
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rather than the 

undifferentiated 

waste containers 

(e.g. use the re-

cycling container 

for plastic when 

you want to dis-

pose of plastic 

rather than the 

undifferentiated 

waste con-

tainer)? 

4.1.2. Give prior-

ity to sending 

organic waste 

(e.g. food scraps, 

plant pruning’s) 

for composting, 

rather than us-

ing the undiffer-

entiated waste 

container? 

     

4.1.3. Give prior-

ity to using a 

container or 

special waste 

collection ser-

vice rather than 

disposing of the 

waste in a public 

place (e.g. using 

a container ra-

ther than leaving 
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the waste in the 

street, beach, 

park, library)? 

4.1.4 Do you 

separate your 

waste at home? 

     

 

4.2. If you have comments on the timely disposal of a product and the use of other good 

disposal practices you have adopted, please write here: 

___________________________________________________________________________________________________

___________________________________________________________________________________________________

_________ 
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C. Semi-structured interview guide 

Introduction: Thank you for voluntarily participating in this interview on the evaluation of the 

household circular economy self-assessment tool. The purpose of this interview is to collect 

information on the use of the self-assessment tool, understand whether the indicators are clear 

and adequately communicate circular economy progress. Your participation in this study is 

very important but completely voluntary, and you can withdraw from the questionnaire at any 

time, as well as request correction or cancellation of data already provided. 

1. Personal Information 

- What is your age group? 

- What gender do you identify with? 

- What is your level of education? 

- In what type of residence do you live? 

- How many people live in your household? 

- Are you familiar with the concept of circular economy? 

2. Evaluation of the self-assessment tool 

After using the self-assessment tool,  

- Were you able to use the tool?  

- Is it easy to use? 

- Do you find it useful? 

- Did you find the indicators easy to understand? If not, which were the most difficult to in-

terpret? 

- What would make the indicator(s) easier to understand? 

- While using the self-assessment tool, were you able to reflect on the actions you take as (i) 

customer, (ii) user and (iii) end of life product holder? If yes, will you consider implementing 

circular economy practices in your household?  
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D. Developed self-assessment tool 

HCE dimension Product/resource Question Type of Answer 

(categories/ranges) 

General information  Where do you live? Country name 

 What is your age 

group? 

>64; 55-64; 45-54; 

35-44; 25-34; 15-24; 

<15 

What gender do you 

identify with? 

Male; Female; Non-

binary; Other; Prefer 

not to answer 

What is your highest 

completed educa-

tion? 

PhD; Master; Bache-

lor; Secondary 

school; Middle 

School; Primary 

School 

How many people do 

you live with? 

>4; 4; 3; 2; 1; 0 

What type of house 

do you live in? 

Single-Family; Semi-

Detached; Multifam-

ily; Town home; 

Apartment; Condo-

minium; Co-op; Tiny 

home  

What is the approxi-

mate surface area of 

your house (m2)? 

>400; 301-400; 201-

300; 101-200; 51-

100; <50 

Are you familiarized 

with the concept of 

circular economy? 

Yes; No 
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Customer Food How often do you 

procure? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never 

 Eggs   

Yoghurt 

Cheese 

Plant based milk 

Milk 

Soy-based substi-

tutes 

Beef meat 

Pork meat 

Poultry meat 

Fresh seafood 

Shelf-stable seafood 

Pasta 

Cereal grains 

Biscuits and cakes 

Chocolate 

Pre-prepared meals 

Bread 

Bottled mineral wa-

ter 

Coffee 

Tea 

Beer 

Wine 

 How often did you 

acquire locally pro-

duced foods? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

How often did you 

reject food produced 

Almost always; Of-

ten; Sometimes; 
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in socially irresponsi-

ble ways? 

Seldom; Never; I 

don’t know 

How often did you 

reject food products 

with excessive pack-

aging? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

How often did you 

acquire these prod-

ucts in bulk? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

Electric and elec-

tronic products 

How many do you 

own, currently? 

>4; 4; 3; 2; 1; 0 

Refrigerator + 

freezer 

  

Additional freezer 

Air conditioning sys-

tem 

Oven 

Laptop 

Coffee maker 

Kettle 

Dishwasher 

Washing machine 

Tumble dryer 

Tv screen 

Vacuum cleaner 

Hair dryer 

Mobile phones 

Vehicle 

Moped or motorcy-

cle 

Heat pump 

Radiator 



 106 

Microwave 

Stove 

Printer 

 How often did you 

reject electric or elec-

tronic products pro-

duced in socially irre-

sponsible ways? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

How often did you 

reject electric or elec-

tronic products with 

excessive amounts of 

packaging? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

What percentage of 

these products were 

acquired to increase 

your energy effi-

ciency? 

% 

What percentage of 

these products were 

acquired in second-

hand? 

% 

What percentage of 

these products were 

produced with recy-

cled material? 

% 

What percentage of 

these products are 

recyclable? 

% 

What percentage of 

these products are 

dismantlable? 

% 
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What percentage of 

these products were 

acquired with dura-

bility as a priority? 

% 

What percentage of 

these products were 

co-acquired? 

% 

What percentage of 

these products have 

a take-back policy? 

% 

Did you acquire a 

product to increase 

the longevity of an-

other product? 

Yes; No 

How often did you 

acquire the locally 

produced version of 

these products? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

Clothing How many did you 

procure? 

>25; 20-25; 15-19; 

10-14; 5-9; 1-4; 0 

 Waterproof shoes  

Sport, leisure, or 

fashion shoes 

T-shirts 

Blouses 

Trousers 

Jeans 

How often did you 

reject electric or elec-

tronic products pro-

duced in socially irre-

sponsible ways? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 
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How often did you 

reject electric or elec-

tronic products with 

excessive amounts of 

packaging? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

What percentage of 

these products were 

acquired in second-

hand? 

% 

What percentage of 

these products were 

produced with recy-

cled material? 

% 

What percentage of 

these products are 

recyclable? 

% 

What percentage of 

these products were 

acquired with dura-

bility as a priority? 

% 

What percentage of 

these products have 

a take-back policy? 

% 

How often did you 

acquire the locally 

produced version of 

these products? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

Other products How many times do 

you procure? 

>25; 20-25; 15-19; 

10-14; 5-9; 1-4; 0 

Newspapers   

Books 

Cosmetic products 

Hygiene products 
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 How many do you 

own, currently? 

>25; 20-25; 15-19; 

10-14; 5-9; 1-4; 0 

Kitchen items   

Bicycle 

Couch 

Chairs 

Tables 

Desks 

Beds 

 How often did you 

reject electric or elec-

tronic products pro-

duced in socially irre-

sponsible ways? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

How often did you 

reject electric or elec-

tronic products with 

excessive amounts of 

packaging? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

How often did you 

acquire these prod-

ucts in bulk? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

What percentage of 

these products were 

acquired in second-

hand? 

% 

What percentage of 

these products were 

produced with recy-

cled material? 

% 
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What percentage of 

these products are 

recyclable? 

% 

What percentage of 

these products were 

acquired with dura-

bility as a priority? 

% 

What percentage of 

these products have 

a take-back policy? 

% 

How often did you 

acquire the locally 

produced version of 

these products? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

What percentage of 

these products are 

re-usable, instead of 

single use? 

% 

Did you acquire a 

product with its mul-

tifunctionality in 

mind? 

Yes; No 

Housing Total energy con-

sumption (kWh) 

>10 000; 8 001-

10 000; 6 001-8 000; 

4 001-6 000; 2 001-

4 000;0-2 000; I don’t 

know 

 Renewable energy 

consumed (%) 

% 

Level of thermal 

comfort 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never 
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Water consumption 

(m3) 

>120; 101-120; 81-

100; 61-80; 41-60; 

21-40;1-20; 0 

Rainwater harvested 

(m3) 

>120; 101-120; 81-

100; 61-80; 41-60; 

21-40;1-20; 0 

Water re-used (m3) >120; 101-120; 81-

100; 61-80; 41-60; 

21-40;1-20; 0 

Wastewater recycled 

(m3) 

>120; 101-120; 81-

100; 61-80; 41-60; 

21-40;1-20; 0 

Access to basic sani-

tation 

Yes; No 

User  When you’re using a 

product (e.g. dish-

washer), how often 

do you use it in the 

most energy saving 

method? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

 When you’re using a 

product (e.g. dish-

washer), how often 

do you use it in the 

most water saving 

method? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

When doing your 

daily activities (e.g. 

commuting), how of-

ten do you use public 

transportation? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

When doing your 

daily activities (e.g. 

Almost always; Of-

ten; Sometimes; 
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commuting), how of-

ten do you use a bi-

cycle? 

Seldom; Never; I 

don’t know 

When doing your 

daily activities (e.g. 

commuting), how of-

ten do you go by 

foot? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

When doing your 

daily activities (e.g. 

commuting), how of-

ten do you carpool? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never; I don’t 

know 

What percentage of 

your food leftovers 

do you consume? 

% 

How many times do 

you procure a repair-

ing service or do it 

yourself? 

Service acquisition: 

[>25; 20-25; 15-19; 

10-14; 5-9; 1-4; 0]; 

Did it myself: [>25; 

20-25; 15-19; 10-14; 

5-9; 1-4; 0] 

How many times do 

you procure a refur-

bishing service or do 

it yourself? 

Service acquisition: 

[>25; 20-25; 15-19; 

10-14; 5-9; 1-4; 0]; 

Did it myself: [>25; 

20-25; 15-19; 10-14; 

5-9; 1-4; 0] 

How many times do 

you procure a re-

manufacturing ser-

vice or do it yourself? 

Service acquisition: 

[>25; 20-25; 15-19; 

10-14; 5-9; 1-4; 0]; 

Did it myself: [>25; 

20-25; 15-19; 10-14; 

5-9; 1-4; 0] 
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How many times do 

you procure a repur-

posing service or do 

it yourself? 

Service acquisition: 

[>25; 20-25; 15-19; 

10-14; 5-9; 1-4; 0]; 

Did it myself: [>25; 

20-25; 15-19; 10-14; 

5-9; 1-4; 0] 

How many products 

(type of product) do 

you produce yourself 

(e.g. gardening vege-

tables, producing 

own cosmetics)? 

>25; 20-25; 15-19; 

10-14; 5-9; 1-4; 0 

How often do you 

donate products in a 

good condition and 

able to fulfil its func-

tion, instead of dis-

carding? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never 

How often do you 

sell products in a 

good condition and 

able to fulfil its func-

tion, instead of dis-

carding? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never 

Electric and elec-

tronic products 

How many hours did 

you use the? 

>60; 45-60; 30-44; 

15-29; 1-14; 0 

Refrigerator + 

freezer 

  

Additional freezer 

Air conditioning sys-

tem 

Oven 

Laptop 
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Coffee maker 

Kettle 

Dishwasher 

Washing machine 

Tumble dryer 

Tv screen 

Vacuum cleaner 

Hair dryer 

Mobile phones 

Vehicle 

Moped or motorcy-

cle 

Heat pump 

Radiator 

Microwave 

Stove 

Printer 

EoL product holder  How often do you re-

cycle? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never 

 How often do you 

compost? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never 

How often do you lit-

ter? 

Almost always; Of-

ten; Sometimes; Sel-

dom; Never 

In your household, 

do you separate your 

waste per type of 

waste? 

Yes; No 
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E. Interviewees characteristics 

    
No. of re-

spondents 

% of re-

spondents 

Gender 

Male 10 47.6% 

Female 10 47.6% 

Nonbinary 1 4.8% 

Age 

group 

15 - 24 

years 
8 38.1% 

25 - 34 

years 
7 33.3% 

35 - 44 

years 
1 4.8% 

45 - 54 

years 
1 4.8% 

55 - 64 

years 
4 19.0% 

Education 

Non-uni-

versity 
2 9.5% 

Bachelor 14 66.7% 

Master 5 23.8% 

Type of 

housing 

Apartment 9 42.9% 

House 12 57.1% 

House-

hold di-

mension 

(no. of in-

dividuals) 

1 2 9.5% 

2 5 23.8% 

3 9 42.9% 

4 3 14.3% 

> 4 2 9.5% 

Familiarity 

with the 

Yes 9 42.9% 

No 12 57.1% 
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concept 

of CE 
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