
Acta Innovations  2020  no. 36: 5-16  5 

 

 

https://doi.org/10.32933/ActaInnovations.36.1 ISSN 2300-5599   2020 RIC Pro-Akademia – CC BY 

 

“The Stone Age did not end because humans ran out of stones.  
It ended because it was time for a re-think about how we live.”   

William McDonough 
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Abstract 
The concept of sustainability is attracting great attention as societies become increasingly aware of the 
environmental consequences of their actions. One of the most critical challenges that humankind is facing is the 
scarcity of resources, which are expected to reach their limits in the foreseeable future. Associated with this, 
there is increasing waste generated as a consequence of rapid growth in the world population (particularly 
in urban areas) and a parallel rise in global income. To cope with these problems, a linear strategy has been 
applied to increase efficiency by reducing the use of materials and energy in order to lessen environmental 
impacts. However, this cradle to grave approach has proven inadequate, due to a lack of attention to several 
economic and social aspects. A paradigm shift is thus required to re-think and innovate processes (as early as 
in the design phase) in such a way that materials and energy are used more effectively within a closed-loop 
system. This strategy, known as the cradle-to-cradle approach, relies on the assumption that everything is 
a resource for something else since no waste is ever generated in nature. In line with the cradle-to-cradle 
approach, the bio-inspired circular economy concept aims at eco-effectiveness, rather than eco-efficiency. While 
the circular economy has neither a confirmed definition nor a standardized methodology, it nonetheless carries 
significant importance, since it “is restorative and regenerative by design and aims to keep products, 
components, and materials at their highest utility and value at all times, distinguishing between technical and 
biological cycles,” in accordance with the goals of the 2030 Agenda for Sustainable Development. Despite some 
controversial opinions that “circles are not spirals, and for growth to occur, spirals with ever-increasing radii are 
required,” the circular economy concept is taking a central role in the sustainable development debate and, for 
this reason, deserves attention. The aim of this paper is to shed light on this debate, pointing out the main 
features of the emerging circular paradigm along with sustainability transition theories and circularity evaluation 
tools. 
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Introduction  
Humankind is facing difficult challenges associated with our increasingly unsustainable lifestyles (involving, e.g., 
mass consumption, aggressive industrialization, and increased energy demand and urban waste generation), 
aggravated by an ongoing exponential increase in the global population. In response to these threats, societies 
are becoming ever more aware of the consequences of their actions on ecosystems. Thus, there is ongoing search 
for sustainable ways of producing goods used in everyday life and also in modern technological applications. 
In the search for cleaner technologies, raw materials are of crucial importance. Especially, critical raw materials 
(i.e. materials that have high economic value coupled with a high risk of supply) draw great attention since they 
are linked to all industries across all supply chain stages [1]. In addition to the scarcity issues, the low recycling 
rate of these materials results in the loss of significant economic opportunities that, in turn, pushes practitioners 
to develop holistic approaches to evaluate elemental sustainability [2,3]. Due to the scarcity of raw materials 
along with the related economic and environmental impacts, a sustainability debate has flourished among 
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academics, analysts, and policymakers. A commonly proposed solution for the problems associated 
with unsustainable human behaviour is the triple bottom line (TBL) strategy, which aims at evaluating economic 
performance alongside social and environmental impacts. However, TBL strategies do not seek to balance 
economic, environmental, and social aims; rather, they – predictably – hold economic objectives as paramount. 
Thus, a different perspective is required to assess sustainability. A potentially useful strategy could be obtained 
by translating TBL strategies to their triple top line (TTL) counterparts, which aim at enhancing the well-being 
of nature and culture while generating economic value. TTL strategies enable companies to assess the 
environmental and social impacts of their activities while minimizing their ecological footprint [4]. 
 
In the TTL approach, linear cradle to grave strategies are replaced with circular cradle-to-cradle strategies. 
Traditionally, cradle to grave systems focus on reducing energy and material demand, and thus decreasing the 
environmental footprint by increasing eco-efficiency; this strategy is also known as the take-make-waste 
approach. On the other hand, the cradle-to-cradle approach shifts the paradigm by re-thinking the processes in 
terms of material and energy, implementing innovations as early as in the design phase to create a closed-loop 
system for eco-effectiveness [5,6]. This strategy suggests that everything is a resource for something else, given 
the principle that no waste is ever generated in nature. The cradle-to-cradle approach is an idealized pattern for 
sustainability that requires support from driving tools such as the circular economy (CE). Therefore, the focus 
of this paper is on the bio-inspired circular economy concept, which aims – much like the cradle-to-cradle 
approach – at achieving eco-effectiveness, rather than eco-efficiency. 
 
As the CE is the manifestation of a paradigm shift, it implies significant changes in societal legislation, production, 
and consumption, taking nature as an inspiration for responding to social and environmental needs. CE systems 
maintain the added-value of products by innovating for as long as possible and eliminating waste. This requires 
full systemic change, involving innovation in not only technologies but also organizations, society, finance, and 
policies [6]. 
 
The CE is key to achieving the Sustainable Development Goals of the 2030 Agenda, which rely on a new paradigm 
integrating techniques, tools, and frameworks under principles of circularity, eco-effectiveness, and 
harmlessness [7]. The CE is expected to promote economic growth by creating new businesses and job 
opportunities, reducing material costs, dampening price volatility, and improving supply security, while 
simultaneously reducing environmental pressures and impacts [8,9].  
 
Literature on the CE is increasing rapidly, covering both its conceptualization and its implementation. Korhonen 
et al. made a significant contribution to CE studies with their critical analysis of the role of the CE in sustainable 
development [10]. The study evaluated the CE concept, as well as its limitations, in terms of environmental 
sustainability. Pesce et al. identified the basic drivers and barriers to implementing CE principles at the corporate 
micro level and the organization of CE principles [11]. Beyond these examples, many other studies have 
considered specific CE cases [12-14]. 
 
Some authors have predicted the timing of the sixth Kondratieff cycle, suggesting that it will be driven by 
resource efficiency and clean technology – indicating sustainability [15]. However, a transition to a more 
sustainable regime implies more than simply a shift from one technological configuration to another, but 
“a change of the underlying structure which regulates technical change” [16]. A regime shift arises through 
changes to the regulative (i.e. formal rules, laws, etc.), normative (i.e. values, norms, etc.) and cognitive (i.e. 
priorities, problem agendas, beliefs, etc.) rules guiding behaviour in practice [17]. Such changes may affect 
changes within a particular value chain (i.e. vertical change) or in each part of a particular value chain 
(i.e. horizontal change). In fact, they might even change the entire configuration of an established value chain 
[18]. 
 
As the linear nature of cradle to grave life cycle assessment (LCA) strategies has urged practitioners to adopt 
circular cradle-to-cradle approaches, and as the number of evaluation tools has increased, the need for 
a standardized methodology to measure circularity has arisen. Although some standards for implementing CE 
principles exist (e.g. the British Standard BS 8001:2017 [19], CEN and CENELEC Standards EN45558 [20] and 
EN45559 [21]), none has achieved consensus among practitioners. The latest development to establish 
a common basis was the action plan published by the European Commission on March 11, 2020 [22]. This plan  
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proposed a roadmap for making the EU economy sustainable via “turning climate and environmental challenges 
into opportunities across all policy areas and making the transition just and inclusive for all.” Moreover, some 
organizations and private companies have tried to establish their own circularity measurement tools (e.g. the 
Material Circularity Indicators [23] and Circulytics [24] proposed by the Ellen MacArthur Foundation; the 
CirculAbility Model [25] proposed by Enel); these tools may offer practical potential, and they are examined in 
detail in a later section of this paper. 
 
Before entering into a deep methodological discussion, it should be mentioned that some objections to the CE 
concept have been raised. For example, in his controversial paper, Skene questioned the biological basis claimed 
for the principles underpinning the CE (i.e. thermodynamic and ecological principles) and argued that the natural 
world operates in a very different way from that portrayed in the CE literature [26]. Skene concluded that the CE 
is unfit to deliver both sustainability and growth. Specifically, he held that the CE works against both the laws 
of thermodynamics and the underpinning principles of nature; hence, it can hardly be considered sustainable. 
Moreover, circles do not lead to growth, as this requires ever-increasing spirals. Despite this controversial 
position, the CE has taken a central role in the debate over sustainable development and the sustainability 
transition, and, in this respect, its definition and measurement deserve attention. 
 
This paper has the following structure: Section 2 provides a literature review to introduce the CE concept; Section 
3 explains transition theories with respect to the move from a linear to a circular model; Section 4 introduces the 
tools used for measuring circularity; Section 5 mentions the impacts of CE on sustainability dimensions and, 
finally, Section 6 provides concluding remarks and recommendations. 
 
Literature review: Introducing the cradle to cradle CE concept 
Until recently, sustainability assessment strategies used the linear approach of measuring cradle to grave 
material flows in order to model typical take-make-waste behaviours. This strategy aimed at minimizing material 
and energy consumption and thereby reducing the environmental footprint in an attempt to increase efficiency. 
However, as the sustainability concept has widened its perspective to include economic and social aspects, the 
need for a fundamental conceptual shift has emerged, supporting a cradle-to-cradle system. Cradle to cradle 
systems are powered by renewable energy, whereby materials flow in safe, regenerative, closed-loop cycles 
[5,6]. Through this perspective, processes must be re-thought and innovated (as early as in the design phase) to 
ensure that benign, valuable, high-tech synthetics, mineral resources, and energy are used effectively in cycles 
of production, use, recovery and remanufacture.  
 
The cradle-to-cradle approach is an eco-effective strategy that holds that everything can be converted into 
valuable nutrients (value-added products) at the end of its life. The approach involves the design 
of “commercially productive, socially beneficial, and ecologically intelligent” processes [2]. One eco-effective 
strategy is known as stock optimization, which is based on the recognition of the limited nature of Earth’s 
resources and the need to maximizing their value. As summarized by Kalymkova et al., the stock optimization 
concept is directly linked to various economic theories such as spaceman economy, steady-state economy, 
industrial ecology, and cradle-to-cradle [27]. In particular, the cradle-to-cradle perspective has significant 
potential to create a new paradigm for industry, whereby human activity can generate a wide spectrum of 
ecological, social, and economic value. 
 
Similar to the cradle-to-cradle concept, some bio-inspired concepts (e.g. CE, green economy and bioeconomy) 
aim at eco-effectiveness, rather than eco-efficiency. Although these concepts are often used interchangeably, 
there are slight differences between them that should not be overlooked [28]. Geisendorf and Pietrulla 
conducted a comparative assessment of CE concepts, concluding that – even though they do not indicate 
precisely the same thing – the cradle-to-cradle approach is the most aligned with the CE perspective [29]. 
 
The CE concept is mainly based on the idea that products or processes should be designed to turn materials into 
nutrients via two distinct metabolisms defined by the creators of the cradle-to-cradle concept [6]. The biological 
metabolism (or cycle) considers products with the potential to be consumed (i.e. products of consumption). 
At the end of their lives, products of consumption may serve as nutrients for living systems and return to the 
natural environment to feed biological processes. The second metabolism – the technical metabolism (or cycle) 
– considers durable goods that provide a service to customers (i.e. products of service). Products of service can  
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remain safely in a closed-loop system of manufacture, recovery, and reuse, maintaining their highest value 
through many product life cycles. As a result, circular economy systems keep the added-value in products for as 
long as possible and eliminate waste. 
 
Owing to its high potential, the CE approach has gathered great interest from a variety of disciplines, including 
economics, chemistry, engineering, and architecture – despite the lack of an agreed-upon definition and 
a standardized implementation methodology. In their comprehensive review, Prieto-Sandoval et al. provided 
one of the most extensive definitions of the CE as “an economic system that represents a change of paradigm in 
the way that human society is interrelated with nature and aims to prevent the depletion of resources, close 
energy and materials loops, and facilitate sustainable development through its implementation at the micro 
(enterprises and consumers), meso (economic agents integrated into symbiosis) and macro (city, regions, and 
governments) levels [30].” The idea of paradigm shift relates closely to transition theory and, more specifically, 
to the growing debate over the transition to sustainability.  
 
Transitioning from a linear to a circular model 
For many years, environmental impact assessment studies – based on the implementation of technological 
innovations – were considered sufficient to evaluate sustainability. To set a global standard for sustainable 
development, the United Nations proposed 17 Sustainable Development Goals (SDGs) in their 2030 Agenda [7]. 
As a result of their conceptual analysis of each SDG, along with five case studies set across the world, Leal Filho 
et al. noted that all of the SDGs are strongly interlinked in terms of their ability to tackle environmental 
sustainability challenges [31].  
 
Nonetheless, even if a product’s environmental performance (i.e. eco-efficiency) is improved, this may not 
always generate greater environmental sustainability [32–35]. By the same token, a greater circularity 
of products or production systems does not always correspond to greater social inclusion (e.g. human rights, 
gender equality, fair trade, etc.). The solution is therefore to identify the best compromise. A global list 
of environmental and/or social priorities should be drawn up and the response strategy built around it. In his 
pioneering study, Geels performed an analysis stemming from the sociology of technology, building upon the 
fact that “technology, of itself, has no power, does nothing. Only in association with human agency, social 
structures, and organizations does technology fulfil functions [36].” Following this line of reasoning, 
a comprehensive sustainability assessment approach would require the evaluation of all societal and economic 
practices, values, and attitudes that result from or lead to technological, social, ecological, and political 
innovations [37–40]. Accordingly, a growing number of studies have examined the sustainability transitions 
of socio-technical systems, especially in the areas of sustainable policymaking and planning activities for a low-
carbon future [41–44]. 
 
Before discussing transition theories, it is worth defining socio-technical systems as “a configuration of products, 
processes, services, and infrastructures, regulations, skills, preferences, expectations, and actors (e.g., 
producers, suppliers, policymakers, users) that fulfil societal needs such as energy, food, or mobility provision” 
[41]. Theories of the transition to sustainability are predominantly based on the ways in which system 
innovations (i.e. transitions from an incumbent socio-technical system to a new and more sustainable system) 
occur and how transition interventions can be organized [46].  
Although the literature on sustainability transition theories is increasing2, this paper focuses on the multi-level 
perspective (MLP) developed by Rip and Kemp [47], Geels [36], Geels and Schot [48] and Grin [49]. The MLP is 
one of the most significant analytical frameworks in the field, owing to its flexibility and usefulness in identifying 
transition patterns and factors contributing to inertia in existing systems [17]. In the remainder of this section, 
the conceptual basis of the MLP is explained; following this, some controversial opinions about its application 
are introduced. 
Originally, the MLP was constructed as a multi-dimensional approach fostering ideas from evolutionary 
economics, the sociology of innovation, and neo-institutional theory to understand technological transitions (i.e.  
“technological changes in the way societal functions are fulfilled”) [36]. Later, it was improved to serve as 
a heuristic device for sustainability transition studies [50-52].  
 

                                                                 

2 See, for instance, Bergek et al. [87], Hekkert et al. [88] and Jacobsson and Bergek [89] for the basics of the methodology; 
and Hacking et al. [90], van Welie et al. [91], Sawulski et al. [92], el Bilali [93] and Kushnir et al. [94] for recent case studies. 
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According to the MLP, a socio-technical transition emerges from the interplay between processes at the three 
levels of a nested hierarchy: (i) niche innovations, (ii) socio-technical regimes, and (iii) the exogenous socio-
technical landscape [36]. Niche innovations occur at the micro-level, where path-breaking transitions tend to 
develop and receive nourishment; the niches function as protective spaces that shield innovations from 
mainstream selection pressures. Socio-technical regimes represent the meso level unit and refer to the semi-
coherent set of rules pertaining to different social groups; the socio-technical landscape refers to wider 
technology-external factors. 
 
Existing regimes are pressured by niche innovations and landscape developments, which open so-called windows 
of opportunity for transitions, in general, and sustainability transitions, in particular [53]. However, socio-
technical transitions do not occur overnight; rather, they progress through four developmental stages, which 
may take several decades to complete [54]. The first phase is characterized by experimentation and trial-and-
error learning, with radical niche innovations that gradually build up internal momentum. In the second phase, 
innovations stabilize in one or more market niches, providing a more reliable flow of resources and placing 
pressure on the system and regime. In the third phase, the radical innovations diffuse into mainstream markets. 
Finally, in the fourth phase, the new socio-technical system disrupts the existing system (fully or in part) and 
becomes institutionalized and anchored.  
 
The MLP perspective forms a bridge between evolutionary economics and technology studies. Its strength is 
simultaneously its weakness. It is a fairly complex perspective, requiring much data – often of a qualitative nature 
[36]. Nevertheless, there are some controversial debates about the ontological and epistemological perspectives 
via critical realism [17,41]. Critics claim that an understanding of why certain developments happen requires 
examination of the relational interplay between the multiple structural factors relevant to the specific 
conjuncture. To understand whether a sustainability transition will occur or not, it is vital to assess both 
landscape pressure and niche readiness, as the first destabilizes the incumbent regime and the second provides 
a viable alternative [15]. However, the MLP approach does not provide an exact solution to such problems. 
 
Another important critique states that transition studies do not necessarily indicate sustainability outcomes 
or impacts. Assuming that “green” innovations are intrinsically positive, their degree of sustainability 
improvement is not determined. Geels accepts that the outcomes of impact assessments are often determined 
by the interpretations of life-cycle analysts or modellers [54]. In the authors’ view, this affirmation clearly states 
that the implementation of transition theories must be supported by complementary evaluation tools. This need 
becomes all the more relevant when considering complex transitions such as the transition from a linear 
to a circular model. In this case, multiple technologies are simultaneously involved, in both complementary and 
substitute ways. At the same time, behavioural changes are required for the transition to be effective. In order 
to assess what is truly circular and sustainable (in terms of both production and consumption), specific tools and 
metrics are needed to reduce the risk of greenwashing or – worse – a transition to unsustainability. A brief history 
of circularity measurement studies and a closer look at some of the recently developed tools for measuring 
circularity are presented in the following section. 
 
Tools for measuring the CE 
LCA is classified as a unique environmental management framework for sustainable decision-making [55]. As the 
popularity of the LCA methodology has increased, its potential as a tool to assess circularity has become a matter 
of debate among practitioners. In their recent publication, Corona et al. provided a comprehensive review of the 
most used frameworks to assess the circularity of products and services [56]. They indicated that the LCA was 
the most used framework amongst the seven measurement indices, nine assessment indicators, and three 
assessment frameworks they considered, and concluded that the LCA is a potentially useful tool for measuring 
circularity. Furthermore, Lokesh et al. reported an interesting example of how the LCA can serve as a hybridized 
sustainability metric of circularity [57]. They combined resource efficiency indicators from LCA applications with 
green chemistry metrics and principles to bridge gaps for both bio-based and fossil-based products.  
Despite its great potential, the LCA has limitations that directly affect the quality of its assessment. In particular,  
 
LCA results are difficult to map onto social and economic impacts, as Reap indicated in an extensive two-part 
review [58,59]. Although Bjørn et al. suggested that LCA indicators could be improved by translating midpoint 
indicator scores to absolute environmental sustainability indicators, taking carrying capacity as a reference, 
sustainability assessment studies still require a more comprehensive perspective [32].  
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In addition to enhancing the potential applications of LCA, researchers have also aimed at supporting it with 
other tools to broaden its perspective to include economic and social (in addition to environmental) aspects 
of sustainability [60,61]. This challenge has been taken up by a growing number of scholars, analysts, and 
policymakers, who have proposed decision-making tools such as multi-criteria decision analysis (MCDA) and cost-
benefit analysis (CBA) [62–68]. Furthermore, a number of sustainability assessment studies have applied multi-
pillar analysis, evaluating economic and social aspects as well as environmental factors [69–72].  
 
Several researchers have combined different sustainability evaluation tools to affect a broader perspective, 
in line with the concept of circularity. For example, Niero and Kalbar proposed the combination of different 
circularity and LCA-based indicators to measure CE performance at macro, meso, and micro levels, via MCDA 
[73]. This indicated a novel approach to assessing circularity at a product level, drawing on CE and eco-efficiency 
perspectives. Thus, the study provided a significant contribution to the literature, in terms of both its evaluation 
of suitable metrics and its proposed framework for assessing product circularity.  
 
Numerous evaluation tools and metrics have been reported in the literature. In particular, Elia et al. compared 
index-based methodologies in macro, meso, and micro levels to assess the capacity of certain environmental 
assessment tools to satisfy CE requirements [74]. Mesa et al. referenced sustainability measurement in the 
product development process and existing indicators for the CE [75]. Finally, in their extensive study, 
Parchomenko et al. identified and assessed 63 circular economy metrics and approaches [76]. Overall, these 
three papers (appeared on the Journal of Cleaner Production over the period 2017-2019) provide a rather 
comprehensive overview of the theoretical and empirical debate around indicators and tools developed to assess 
sustainability at various levels (both geographical and technological) with different aspects of the CE.  
 
In light of the increasing number of evaluation tools, the need for a standardized methodology to measure 
circularity has become evident. The BS 8001:2017 was the world’s first CE standard, developed to “help 
organizations and individuals consider and implement more circular and sustainable practices within their 
businesses, whether through improved ways of working, providing more circular products and services 
or redesigning their entire business model and value proposition” [19]. Following this, the European Commission 
introduced the first of two CE design protocols (EN45558 and EN45559), constituting a framework for standards 
for “material efficiency that would establish future ecodesign requirements on, amongst others, durability, 
reparability, and recyclability of products” [20,21]. The most recent development by the European Commission 
was the action plan introduced on March 11, 2020. This plan proposed a roadmap for making the EU economy 
sustainable, with the aim of “turning climate and environmental challenges into opportunities across all policy 
areas and making the transition just and inclusive for all [22].” The framework is expected to boost the efficient 
use of resources by promoting clean CE, restoring biodiversity, and reducing pollution. While the number 
of metrics introduced in the literature has steadily increased, no consensus has been reached among 
practitioners as to which metric is superior. In the remainder of this section, three evaluation tools that the 
authors hold to offer practical potential are examined in further detail. 
 
The Circularity Indicators Project, proposed by the Ellen MacArthur Foundation in collaboration with Granta 
Design and financially supported by the EU, represented the first attempt to standardize the methodology [23]. 
The goal of the project was to develop a measurement system to assess the circularity of products 
and companies, using the material circularity indicator (MCI). The MCI shares some commonalities with LCA 
methodologies, such that most of the inventory data required for the LCA are also required for the MCI, and the 
complementary impact indicators may be derived from an LCA approach. Nonetheless, the difference between 
these methodologies rests on their scope: the LCA considers the entire product life cycle, whereas the MCI 
focuses on the material flow in the use phase, only. The MCI had a pioneering role as the first model to assess 
circularity at both a product and a company level (the company level MCI is calculated as a weighted average 
of all product level MCIs). However, it focuses exclusively on technical cycles and materials from non-renewable 
sources, providing very limited insight into consumption products. Thus, a better understanding is required 
to assess all dimensions of circularity. 
 
The Italian multinational energy company Enel recently developed a tool to assess circularity, known as the 
CirculAbility model [25]. This model is based on a set of key performance indicators (KPIs) used to measure, 
compare, and improve circularity in the context of the CE. The goal is to combine a number of KPIs to define 
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a single circularity index covering all circularity parameters of the studied product or project. The tool can be 
used to measure circularity at a company and/or product level. The model covers all pillars of the CE, via two 
indicators: flow circularity and usage circularity. Flow circularity considers sustainable inputs and end-of-life 
activities for materials and energy. Usage circularity, in contrast, pertains to life extension, sharing, and products 
as service activities. The report published by Enel explains the empirical basis of the application procedure; 
however, it does not provide adequate detail on the limitations of the model. The documentation should be 
improved to give practitioners a clearer idea of how to use CirculAbility to evaluate circularity.  
 
To achieve a comprehensive analysis, the material circularity indicator methodology may be enhanced by the 
introduction of consumption products. To this end, a new tool, Circulytics, was recently proposed by the Ellen 
MacArthur Foundation, in collaboration with various global partners and CE100 member organizations [24]. 
The tool is useful for measuring both product and company circularity scores. To produce an overall circularity 
score (i.e. a Circulytics score), a three-step weighting methodology is applied, starting with sustainability 
indicators. First, a number of indicators (specific to the studied case) are selected and used to calculate 
a weighted average for each of seven key themes: (i) strategy and planning; (ii) people and skills; (iii) systems, 
processes and infrastructure; (iv) innovation; (v) external engagement; (vi) inputs; and (vii) outputs. Similarly, 
the second step calculates another weighted average for two category-level scores: enablers and outcomes. 
Finally, the third step produces a single representative Circulytics score. Although the methodology has some 
limitations (such as a limited number of indicators to model the entire mechanism and uncertainties related 
to the normalization and weighting methods applied), it holds significant potential to assist companies in their 
transition to the CE. Moreover, the tool has the advantage of acting as an industrial benchmark over the long 
term, as an increasing number of companies from different industries are adopting the proposed methodology 
to measure their circularity. 
 
The Impacts of CE on Different Sustainability Issues  
The CE approach aims at achieving a continuous, fair, and effective economic system, guaranteed through the 
sustainable use of finite resources; in other words, it recognises both the presence of ecological limits and 
ecosystem constraints and the need of reducing waste and emissions due to human activities [77-79]. It is also 
stated in the EMF report that the CE functions as a value-creation mechanism to “(i) preserve and enhance 
natural capital by controlling finite stocks and balancing renewable resource flows; (ii) optimize resource yields 
by circulating products, components, and materials at the highest utility at all times in both technical and 
biological cycles; and (iii) foster system effectiveness by revealing and designing out negative externalities” [80]. 
In this respect, the CE has significant impacts on various dimensions of the economic system, offering promising 
solutions to the problems associated with linear production and consumption behaviours.  
 
Since the CE is an umbrella concept, it is not always possible to draw clear lines between different dimensions 
of sustainability in the application of CE principles. For example, both economic and environmental impacts are 
simultaneously improved when resources are used efficiently and the environmental impacts - associated with 
material extraction and processing, product manufacture, use, and end-of-life activities - decrease. Thus, the CE 
offers a strategy to decouple resource use and environmental impact from economic growth – even though no 
conclusive evidence is proposed so far about how the CE fulfils this mission [77]. Some other authors also argue 
that the CE concept represents a ‘welcome novelty’ because it demonstrates that the linear economy is not 
sustainable and, at the same time, a ‘worrisome novelty’ because it does not seriously engage with 
a comprehensive understanding of the biophysical roots of the economic process [81].  
 
However, there is a consensus on the idea that "the transition to a more circular economy requires changes 
throughout value chains, from product design to new business and market models, from new ways of turning 
waste into a resource to new modes of consumer behaviour. This implies full systemic change and innovation 
not only in technologies but also in organization, society, finance methods, and policies" [82]. As influential actors 
of the value chain, retailers have a special role in linking producers/suppliers and consumers. On the one hand, 
they exert pressure on their suppliers to shift to more sustainable business models while also encouraging 
changes in consumer behaviour, so as to make positive contributions to the environment and society as a whole  
[83,84]. Large retailers such as Tesco, Walmart, and Carrefour are increasingly presenting themselves 
as sustainability drivers that care for the environment, support local communities, provide healthy options 
to customers, purchase and sell products responsibly, and create jobs; i.e. they promote a CE model in an overall 
sense. Several studies mention that market driving companies (e.g. IKEA, Southwest Airlines, and Starbucks, 
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Swatch, Amazon.com, Dell, FedEx, H&M) create a positive public perception and dominate the sector they belong 
to, by integrating CE principles into their agendas [83,85].  
 
Conclusions 
This paper addresses the transition from a linear to a circular model, required to meet global challenges 
pertaining to sustainability. Specifically, it argues that the linear strategy, that has long been applied to increase 
efficiency by reducing the use of materials and energy in a cradle to grave fashion, has proven inadequate 
to effectively tackle sustainability problems, due to a lack of attention to economic and social aspects. 
A paradigm shift is therefore required to ensure that materials and energy are used more efficiently through 
innovations (implemented as early as possible in the design phase) to create a closed-loop system. Thus, the 
cradle to grave approach must be replaced by a holistic cradle-to-cradle approach, which is an idealized pattern 
for sustainability requiring support from driving tools such as the CE.  
The transition to sustainability “must be a qualitative shift, where the new system has qualitatively different 
emergent properties” [17]. For this to occur, in line with the MLP, combined pressure from the macro-level (i.e. 
the landscape on which the vision for a new resource-efficient system is shaped and nurtured) and the micro-
level (i.e. the niches in which innovations are developed and allowed to mature in a protected space) must be 
exerted on the incumbent regime (i.e. the dominant linear model of production).  
 
However, not all changes may point in the right direction, and the current lack of metrics to measure circularity 
may pose a serious hurdle to effective deployment of the new circular economic model. To address this 
challenge, existing indicators were reviewed and their limitations were noted. The authors hope this work will 
provide solid ground for the further development of metrics and indicators and pave the way to a truly 
sustainable transition towards a CE. 
 
This shift from linearity to circularity is all more relevant having in mind the COVID-19 crisis, as it holds 
a significant number of economically attractive answers to the current situation. For example, the fragility 
of many global supply chains, seen in response to the need for medical equipment, opened the debate on the 
need for stock availability and short supply chains to increase systemic resilience. Another important domain is 
the highly sensitive area of centralized food production and the related long-distance transport via supply chains. 
Some cities faced problems with food supply during lockdowns and the need for shorter producer-to-consumer 
models emerged. Some specific measures have already been taken about mobility and transport, i.e. giving more 
space to pedestrians and cyclists and also limiting the speed of motor vehicles across the city. Therefore, the CE 
solutions can find the chance to become the mainstream in such a dynamic environment, combining economic 
regeneration, better societal outcomes, and climate targets [86].  
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