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Abstract

:

Although the circular economy (CE) concept is gaining traction and methods to assess companies’ CE-related aspects exist, there is no established CE assessment tool. In many cases, it is not clear how metrics or indicators included in extant CE assessment methods have been selected. To fill this gap, this paper presents a new instrument named Circularity and Maturity Firm-Level Assessment tool (CM-FLAT). The CM-FLAT has been developed starting from a transparent scientific basis, i.e., a recent systematic literature review and comprehensive collection of CE metrics. In addition, it targets the separate assessment of CE maturity, i.e., the presence of documented activities and practices laying the foundations for CE introduction, and circularity, i.e., attained CE-related performances. The development of the CM-FLAT has foreseen its formal evaluation by experts in the field of CE and sustainability, and its testing by a pilot group of companies from South Tyrol, Italy. The multiple verification activities have confirmed its usefulness and usability. Therefore, companies can now benefit from a tool capable of providing a comprehensive framework of factors and organizational areas affecting the introduction of the CE. This will be fostered by a computer-supported tool implementing the CM-FLAT, which represents the authors’ future work.
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1. Introduction


With the circular economy (CE) concept gaining traction over the last decade, companies and policymakers started to direct their attention to what is seemingly a promising tool to foster sustainable development [1,2,3]. As a result, an increasing number of scholars and practitioners have focused on the assessment of the progress of CE initiatives and, accordingly, on the development of performance measurement tools [4,5,6,7,8].



Despite the rising interest towards CE assessment methods, the lack of a sound, commonly agreed scientific basis and the low applicability of those methods in industrial realities are often cited as fundamental barriers to their uptake [9,10,11,12]. As a result, the industry is still characterized by a low CE performance and diffusion [13,14,15], and only a small fraction of companies explicitly addresses CE in their business processes. For these reasons, extensive literature reviews on existing approaches, methods and tools to assess CE [11,15,16] point out the potential usefulness of a more holistic assessment framework/method.



Given the above shortcomings in the field of CE assessment, the goal of our paper is to develop a new Circularity and Maturity Firm-Level Assessment tool (CM-FLAT) able to evaluate both circularity and maturity of companies while being based on a sound and transparent scientific basis. The development objectives include the fulfilment of the requirements and expected properties put forward in recent studies, e.g., [15,16,17].




2. Background and Research Gaps


The need to assess various dimensions of the CE is emphasized by the recent attempts of standardization bodies to develop guidelines or standards for the CE assessment. In this regard, cases in point are the International Standard Organization ISO/WD 59020 “Circular economy—Measuring circularity framework”, as well as the Italian project UNI1608856 currently under development. Research can be plainly supportive in identifying what should be specifically assessed and considered with regard to CE evaluations. In the last decade, a large number of studies have attempted:




	
to propose specific metrics or indicators for assessing CE at different levels (e.g., company, eco-industrial park, regional/national), and



	
to develop comprehensive CE assessment methods.








Both these streams of studies have been recently reviewed from different angles; among the others, the authors of [5,9,10,18] have focused on CE metrics or indicators, while [11,15,16,19,20] have targeted CE assessment methods.



Despite the intense scholarly debate on CE assessment, a common framework has not been agreed on, as clearly pointed out by Niero and Kalbar [21]. In addition, the studies on CE indicators and assessment methods do not always build upon each other; in other words, new CE assessment methods have been developed while overlooking possibly interesting results achieved in systematic research on CE metrics and indicators.



In this paper, we focus on companies as an assessment target, i.e., what is generally referred to as the micro-level. In this specific content, the background below (Section 2.1) documents the main proposals, and limitations thereof, which have led to a particularly fragmented domain. These acknowledged limitations are conducive to the research gap and the consequent objectives illustrated in Section 2.2.



2.1. Approaches, Methods and Tools for CE Assessment at the Company Level


Fonseca and colleagues [13] developed an online questionnaire-based assessment to understand the level of CE implementation in Portuguese organizations. Similar approaches based on national evaluations were also followed in [22,23,24] for Spanish, Basque and Italian SMEs, respectively. Here, the focus is extended to a regional perspective, and this kind of CE assessment applied to a large context is likely unsuitable for organization-based assessments. Indeed, the scope of these approaches is to gather general data and identify potential barriers to the implementation of CE, while they do not aim to guide companies towards higher CE performance levels.



Other studies focused instead on developing sectors or niche-based assessment methods, therefore explicitly defining boundaries for their application. For example, Berzi and colleagues [25] developed a method focused on hybrid scooters, while Bilal and colleagues [26] targeted the building sector in developing countries. Even if not focused on a particular industrial sector, the assessment methods introduced in [27,28] apply to specific firms only. The former addressed a peculiar list of companies; the latter targeted a specific supply chain. As a result, these bespoke methods address specific entities and are not applicable outside of their intended domain. Moreover, the exclusive use of questions with yes/no answers used in [27] might underestimate the complexity of CE at the micro-level.



Lonca and colleagues [29] proposed instead a more general “umbrella” methodology for CE assessment based on a structural decomposition of methods for assessing environmental impacts. Similarly, Mayer [30] developed a framework for a comprehensive and economy-wide biophysical assessment of a CE, based on secondary data (official statistics) on resource extraction and use, and waste flows in a mass-balanced approach.



Finally, Benz [31] proposed a company-wide CE assessment tool based on a structured approach swiveling on a review of CE indicators, on a fine-tuned conceptual modeling and on a refinement and validation process. However, as the CE literature evolves quickly, this model includes only a small fraction of the current knowledge regarding CE metrics, indicators and assessment methods.



An additional set of evaluation tools has been developed to provide companies with an indication of their CE performance and readiness. This is for example the case of the assessment method developed by the Ellen MacArthur Foundation, namely Circulytics® [32], which combines general and sector-specific indicators to measure the circularity of companies and communicate their overall score. A similar approach is also adopted by Circle Economy [33] for its Circle Assessment. The CE readiness assessment developed by the Technical University of Denmark [34] adopts an online ready-to-use assessment tool. This format allows a user-friendly experience for companies’ respondents, despite its sole focus on CE readiness.



Overall, significant efforts to develop CE assessment are also paid by practitioners, which is mirrored by the existence of many independent instruments whose validity is, however, subject to controversy due to a lack of transparency on methodologies and theoretical foundations [15]. The online-based assessments such as the one developed by Oakdene Hollins [35] are efficient in calculating an aggregate score for companies’ CE performance, but no references for the methods’ scientific reliability are available, thus potentially failing to address the multifaceted nature of CE [11]. Similar practitioner-oriented CE assessment tools based on the abovementioned Circulytics® have been developed (or applied) by corporations or large companies such as Coca Cola [36] and Enel [37].




2.2. Literature Gaps and Requirements for the Development of a Comprehensive CE Assessment Tool


The wide set of approaches, methods and tools for CE assessment proposed so far strongly diverge in terms of:




	
assessment level, e.g., product (or product category), plant, company, supply chain, material;



	
focus on a specific industry/country;



	
developer of the method, e.g., scholars, advisory bodies, companies, and



	
grounding on other methodologies developed outside the scope of CE, e.g., Life-Cycle Assessment, Material Flow Analysis [15].








Furthermore, only a limited number of papers take into adequate consideration the people or entities in charge of the use/application of the proposed approaches/tools. These altogether discourage the uptake of a single, comprehensive, and widely accepted assessment method or tool [15]. On the other hand, it has to be pointed out that analyzing a subset of CE aspects could lead to misleading interpretation of actual CE performances [38]. Walzberg and colleagues [16] questioned the need for a new (sustainability) assessment method for the CE and concluded that additional research is required in this field. Similarly, more advanced CE assessment tools are demanded in other sources [15,17].



In light of the need to develop a new tool for CE assessment at the firm level, it is worth identifying its main requirements. In this respect, the authors of [15] put forward the following properties of an ideal micro-level CE assessment tool:




	
including all three triple bottom line sustainability dimensions (or if not, at least integrating another existing tool to cover the missing dimensions);



	
strong connection with existing tools/methodologies developed outside the scope of CE, e.g., Life-Cycle Assessment;



	
either sector-specific or general with the option to adjust to the situation (dynamic and flexible);



	
tested using real world data;



	
including a detailed description to guide implementation;



	
strongly considering that end-users are strongly involved in the development process (participatory approach); and



	
easy and clear communication of the assessment outputs/results (see the fifth figure of paper [15]).








In addition to the seven properties above, while extant literature tends to mix these aspects, there is in our view a need to distinguish between



	
maturity, i.e., carrying out in a systematic and documented way activities and practices laying the foundations for CE introduction; and



	
circularity, i.e., the level of CE performance of a company with respect to the maximum performance that can be achieved.






The maturity of organizations in terms of CE has been also included in the standard BS 8001:2017, as reported e.g., in [39,40], while being explicitly targeted in [41,42].



The goal of our paper is therefore to develop a new CE assessment tool, the CM-FLAT, with the following characteristics:




	
ability to dynamically evaluate circularity and maturity of companies;



	
being based on sound and transparent theoretic and scientific basis, while encompassing environmental, social, governance and economic aspects;



	
targeting the other desired properties highlighted above based on [15].










3. Methodological Development of the Proposed CE Assessment Tool


The present section documents the steps followed to develop the CM-FLAT. As the scope is to gather indications of firms’ performances across a number of metrics/indicators, the CM-FLAT is consequently developed in the fashion of a structured questionnaire. The development shown in the present section is therefore a process aimed to select metrics to be evaluated and turned into appropriate questions, articulate the questionnaire, and establish criteria to calculate scores for circularity and maturity.



3.1. Choice of a Scientific Reference for the Development of the Tool


To identify an appropriate set of aspects to be assessed, the present work builds upon a recent study, which has collected a comprehensive set of 365 micro-level CE metrics, i.e., [18]. The metrics are organized in a framework, termed circular Value Chain (cVC) framework, which includes a number of categories relevant for CE assessment. All the metrics belong to cVC categories, which, in turn, match with the companies’ organizational functions, based on Porter’s Value Chain (PVC) model (see Table 1), mostly affected by the metrics themselves. The cVC framework has been defined to capture all the relevant aspects to get a complete picture of the degree of maturity and circularity of companies.



Basing the development of the CM-FLAT on a recent systematic review and the cVC framework allowed us to ensure a scientific basis and to comply with comprehensiveness requirements, at least in terms of the organizational functions involved in activities CE impacts on.




3.2. From Metrics to Questions


Metrics belonging to the cVC framework to be included as inputs for the formulation of the questions of the CM-FLAT were initially selected according to the following criteria:




	
ensuring adequate gathering of information about circularity and maturity across all cVC categories;



	
avoiding the collection of redundant information; in case of similar metrics, those easier to evaluate and more widely accepted, i.e., cited in more scientific publications (data made available in [18]), were preferred. This action was considered necessary in light of the large number of metrics available, 365 as mentioned above. However, in the first version of the questionnaire, a limited number of metrics were excluded as comprehensiveness was initially prioritized (see Section 4).








The next step required the transformation of the metrics into questions to verify their evaluation or level of attainment. Questions can be found in the column C of the Supplementary Material. There, questions and answers are coded, as well as they are matched with maturity or circularity, and attributed of the corresponding cVC and PVC categories.



In their original formulation, the selected metrics were inherently expressed in terms of different kinds of variables, i.e., continuous, discrete and dummy. To target usability and avoid the need for detailed, and difficult to get, data to answer questions, it was decided to introduce no open-ended questions in the CM-FLAT. As a result, both quantitative and qualitative questions were assigned corresponding answers expressed in ordinal scales; questions potentially requiring quantitative answers included a predefined range of values. Scales and definitions of attainment levels were adopted from scientific or other authoritative sources whenever possible, namely [43,44,45,46,47,48,49,50,51,52,53,54].



As a further measure to enhance user friendliness, the provision of some questions was structured into matrices where respondents can provide several data concerning specific areas of investigation simultaneously. This is for example the case of environmental management (see rows 174–207 in the Supplementary Material), where a matrix containing a list of practices is presented to the respondent in a single question, and yes/no answers are sufficient to indicate the presence or the absence of these practices in the company. In this way, the number of questions was reduced without dramatically affecting the coverage of CE aspects required for assessment scopes. Definitions of some concepts were given to support respondents with little to no previous knowledge in the field of CE, see additional notes in the column D of the Supplementary Material.




3.3. From Answers to Circularity and Maturity Scores


Scores were then attributed for each question or subquestion (in case of matrices of questions) based on the answer given. In some cases, reference was made to criteria of scores’ attribution already available in the literature, e.g., scores for waste management are in line with [55]. Each question-related score participated in the computation of a specific overall score for circularity or maturity in one of the cVC categories, as inferable from the columns G and J of the Supplementary Material.



The CM-FLAT was designed to be used by companies regardless of their peculiarities, e.g., size, industry, products/production processes, and country. To ensure the greatest flexibility, an adaptive branching mechanism was introduced, governed by the dependence of certain questions on the answers of previous questions, introducing the concept of “predecessor”. An example of a predecessor is given in row 109 of the Supplementary Material, which shows that the question 14 is asked just if the answer 13b has been given. Markedly, it was foreseen that some questions would have made sense just in particular circumstances to be verified prior to posing them. There are two main general cases in which the branching mechanism was considered particularly appropriate, which however impact on the score differently.



	
Inapplicable conditions: for instance, if a company does not produce solid waste, all the questions concerning solid waste management, reuse and recycling do not make sense; as for corresponding circularity and maturity scores, those are not penalized by inapplicability conditions.



	
Absence of performances: if a company does not implement any environmental-oriented policies, it is useless to ask further details on the topic, otherwise relevant in other circumstances. In this case, the score is penalized by this answer.






At the end of this process, the first version of the questionnaire comprised 73 thematic questions targeting one or more CE metrics. Out of these, 23 related to the maturity of the company towards CE and 50 to the circularity of its actions. In addition, four questions addressed general information about the company such as sector, prevalent business model (B2B, B2C, etc.) and affiliation to sustainable related associations, bringing the total to 77 questions (Figure 1). We would like to point out that, for the sake of simplicity, the final version only is fully provided (see Supplementary Material for explanations).




3.4. Reporting


The adaptability of the CM-FLAT, and markedly the branching mechanism, was ensured by adopting an online tool, which can be currently accessed and handled by the authors only at the present stage. The online tool facilitated the development of a case-based scoring system. The automatic scoring system is based on the evaluation of the single answers as well as the interaction between different answers in the assessment. The latter feature was introduced to crosscheck the answers and to make sure that no under- or over-performance is reported to the respondents, e.g., sum of resources’ recovery practices exceeding 100%. To simplify the interpretation of the assessment outputs, a radar chart was used as a means to convey the results to the respondents. The example in Figure 2 was built through random answers for illustration scopes. As mentioned, the cVC categories were used to achieve a plurality of circularity and maturity scores (Figure 2a,b, respectively), which clearly indicate areas for improvement. Having disaggregated information at this level of detail supposedly helps companies to get an effective picture of the company’s situation and to target improvement measures to areas of greatest deficiency and strategic interest. The performance values were given as a percentage of the maximum value achievable by the company in a given cVC category, taking into account inapplicable metrics as described above. The maximum is a theoretical optimum that does not consider the average performance of the sector or any technological or regulatory limitations. When cVC circularity or maturity categories are not applicable to the specific case study (e.g., as a consequence of the branching mechanism and specific answers), the corresponding dot is omitted (see some examples in Section 5). In this way, the inapplicability is not confused with missing performances for such categories. Information on these aspects is added in the report in the form of notes, so that companies using the CM-FLAT can still take them into account.



In addition, the CM-FLAT is capable of generating a complete summary of the answers provided by the respondents with the corresponding calculated performance. This feature was introduced to keep track of all the answers and how those affected the circularity and maturity scores.




3.5. Summary of Design Choices to Fulfil the Requirements for the CM-FLAT


In light of the development process, we summarize below the actions, choices and measures taken in order to fulfil the major requirements presented in Section 2.



	
Comprehensiveness: the questionnaire derives from the metrics classified in the cVC framework, with a strong reliance on a recent review.



	
Scientific soundness: the underlying model derives from the scientific literature in the CE field.



	
Maturity and circularity: distinct scores and differentiation of categories ascribable to maturity and circularity, which are enabled by the automatic scoring system.



	
Adaptability/flexibility: ensured by the branching mechanism, influencing the score algorithm.



	
Usability: from the point of view of information acquisition, it presents a limited number of questions and answers’ options despite a large coverage of important areas to be considered in CE assessment; definitions and explanations are present, reports are complete and enriched by graphical elements.








4. Validation and Fine-Tuning of the CE Assessment Tool


4.1. Methodological Approach for and Overview of the Validation Process


The validation process was carried out following the three-stage validation process introduced in [56] and summarized as follows.



	
Self-validation: The first step in the validation process consisted in the gathering of authors’ feedback. An opinion was expressed by each author in full autonomy on an initial draft and later discussed during team meetings. In this way, no team member was biased by other authors and the review process was carried out upon unanimous agreement. The purpose of this phase is: (a) to foster internal alignment on the purpose and structure of each question and answer and on the effectiveness of the questionnaire as a whole; (b) to present each question and answer in a documented and simple way in order to have the highest communicative effectiveness towards respondents and other stakeholders.



	
Experts’ validation: A pool of seven experts was selected by choosing people from both universities and research institutes (5) and consultancy/industry (2). The inclusion criteria were a documented and plurennial experience in the field of CE. This ensured the soundness of this second validation stage. Feedback was gathered from each expert to establish modification actions. The main purpose of this phase is to ensure objectivity through independent expert judgement.



	
Companies’ validation: The final validation stage was conducted by selecting a group of six companies of different sizes and sectors. A complete assessment through the final version of the CM-FLAT was conducted together with companies’ representatives and feedback was gathered directly from the respondents in an oral form. Including companies, which are the final recipients of the CM-FLAT, in the final validation and refinement phase makes it possible to keep the highest possible level of transparency of the tool itself, as well as to test its usefulness and usability with final users. In addition, this allowed us to fulfil one of requirements proposed in [15], i.e., testing our proposal with real data.






The combination of self, experts’ and companies’ validation made it possible to evaluate the consistency of the instrument with the CE paradigm, as well as to understand how companies perceive a questionnaire-based assessment. The different validation stages and the main changes made to the CM-FLAT throughout its refinement are documented in the following subsections. Overall, the most remarkable modification led to enhancing the clarity of the questions, reducing the number of questions through further grouping them into matrices, eliminating some metrics because of too subtle differences with other ones and diffused disagreement on them being considered as qualifiers of CE. This applied notably to circularity-oriented metrics and questions, as inferable from the comparison of Figure 1, Figure 3 and Figure 4.




4.2. Self-Validation and Second Version of the Tool


After the revision conducted by the authors in the self-validation phase, the CM-FLAT included 63 questions, with 32 of them evaluating circularity, 26 maturity and the remaining four used for obtaining information of general relevance to be used as predecessors. Each category is featured by at least one question (Figure 3). Due to the presence of matrices, as recalled in Section 3.1, the number of metrics useful for the scoring was nevertheless higher than the number of questions. This condition is plainly shared by all versions of the questionnaire.




4.3. Experts’ Validation and Third Version of the Tool


Each of the seven experts were provided with the questionnaire in a spreadsheet format similar to the Supplementary Material. All questions, predecessors, categories and scores were therefore made available. The questions listed in the spreadsheet were ordered according to their expected sequence; obviously, questions with predecessors could be skipped based on previous answers. The material provided made it possible to gather specific feedback on questions, corresponding answers, and the overall flow and consistency of the questionnaire.



Feedback was then analyzed and grouped if addressing similar issues. As for common problems, the excessive length of the questionnaire was mentioned by four experts. The same number of comments arose with regard to potentially ambiguous words such as “green”, “circular”, “ecodesign”. Reformulation of questions/answers and more exhaustive definitions were the measures taken to overcome this issue. Less frequent issues concerned language and/or grammar imperfections, and pertinence of some environmental management practices with CE. It is worth noting that no negative comments regarding general form, content and scientific foundation of the CM-FLAT were expressed by the involved experts. Overall, 37 total potentially addressable comments were gathered and 11 corrective actions were implemented.



After the experts’ validation, the number of questions was reduced to 45 in virtue of the possibility of further incorporating multiple aspects in a question. Furthermore, a reduction in the number of questions was achieved by simplifying the questionnaire removing questions whose answers could be determined through other questions. In the so-achieved third version, which underwent a consensus process by the authors, out of the 45 questions:




	
four were meant to gather general information,



	
15 were aimed at measuring companies’ circularity,



	
the remaining 26 were focused on companies’ maturity towards CE.








The achieved distribution of questions among the categories of the framework is summarized in Figure 4.




4.4. Companies’ Validation and Final Version of the Tool


The last step of the validation process involved six Italian companies working in different fields, which were selected as a sample of convenience for a pilot study. The companies are characterized by different features, as summarized in Table 2.



Companies were firstly contacted and briefly presented with the CM-FLAT, its presumed advantages and the means by which it is carried out, i.e., a structured interview where the questionnaire is compiled with the help of one of the authors. Despite the end goal of developing a self-assessment tool, the choice was to carry out the case studies through structured interviews in order to have an immediate feedback from the respondents and promptly individuate potential issues in the CM-FLAT. No particular constraints were posed as for the involved respondents inside the organization; however, we strongly suggested the presence of an executive due to their typical company-wide overview.



Any comments directly and indirectly emerging from the interviews were noted by the interviewers to draw potential changes to the CM-FLAT. After each interview, the answers were used to feed the scoring algorithm, which automatically analyzed them and generated the final report. Companies were then individually contacted to present them the report with their overall circularity and maturity performance. This last step made it possible to obtain additional feedback from the respondents to fine-tune the CM-FLAT.



The main remarks made by the interviewees concerned the supposed irrelevance of certain aspects previously participating in the determination of the score. An additional important point that was modified regarded questions on the flows of material in input and output, which have been addressed in recently introduced standards or regulations. It followed that the previous formulation of some of these questions looked obsolete. Nevertheless, the changes made did not affect the number of questions included in the CM-FLAT, nor the distribution thereof among circularity and maturity, as well as across cVC categories. As aforementioned, the final version of the CM-FLAT is available in the Supplementary Material (file CM-FLAT.xlsx).



Yet, despite the changes, the data collected were sufficient for recalculating scores of the companies interviewed at the beginning of the process, hence before the final modifications. These companies were duly informed, and they received an updated report.





5. Examples of the Application of the CE Assessment Tool and Discussion


5.1. The Maturity and Circularity Assessment Tool for Companies


The multi-stage validation resulted in a version of the CM-FLAT that was perceived by respondents as a good compromise between the efforts required to carry out the assessment and its potential usefulness. The appropriateness of the completion time, the degree of detail of the information requested, and the completeness of the company’s situation as a whole were the main objects of discussion between the authors and company representatives. While the number of companies involved is too limited to draw general conclusions, it is considered sufficient for a pilot study and to evaluate the applicability of the CM-FLAT. By the way, the aim of the paper is not to present general results in terms of maturity and circularity for companies in a specific territory, rather to draw conclusions on the potential and usefulness of the CM-FLAT.



However, interesting examples of CM-FLAT outputs are reported. The insights gained by the interplay between circularity and maturity outcomes might be representative of diffused situations in the industry.



The company referred to in Figure 5 is a SME that does not prioritize CE yet, but it is very focused on the innovation of management and production processes. In this case, high values of circularity and maturity (Figure 5a,b, respectively) correspond to practices adopted for legislative reasons, market drives, economic convenience, and sensitivity of the corporate culture. This demonstrates how companies that are alert to industrial trends and managed in a far-sighted manner can become the fulcrum for virtuous change in the productive system of a territory or a sector. In this specific case, environmental management regulations (in particular quality standards and waste management) give clear indications on various environmental aspects of the CE. Another interesting result of this case study is that regulations are not always favorable to circular actions. In this context, for example, product quality standards limit the amount of incoming material from recycling, thus influencing the performance for the categories “Reverse logistics” and “Ecodesign on materials”.



The company referred to in Figure 6 is completely different in terms of sector, size, and management practices. The most interesting aspect, however, concerns the fact that the company in question has a great maturity and awareness of environmental and sustainability issues. It is currently involved in innovation in this field, also collaborating with other companies. This emerges from the high scores obtained for the Strategy and vision, Ecodesign and Cooperation categories (Figure 6b). The interview was useful to improve some points in the questionnaire and to grasp some differences and peculiarities of the CE with respect to environmental sustainability in a broader sense. In this respect, environmental management and material and waste flows scored very well, while the more specific questions on CE alone received the lowest scores (Figure 6a).




5.2. Further Evidence Achievable from the Reports


The ultimate aim of the CM-FLAT is to increase companies’ awareness of viable practices targeting CE, and to take improvement actions accordingly. To this aim, the final phase of returning the results to the company is of fundamental importance. After building the CM-FLAT on a solid scientific basis and validating the algorithms behind it, the usefulness for companies depends on usability, i.e., the ability to effectively communicate the results obtained. From the interviews conducted, the feedback on this aspect was positive, as aforementioned. In general, the time needed to answer the questionnaire is less than an hour. In cases where the interviews lasted longer, the respondents described some of the practices they had adopted or commented on the questionnaire while completing it.



We noted that companies that did not consciously have a CE culture in place or were in the process of doing so were more willing to test the tool and willing to discuss results. Very interesting considerations emerged, particularly when comparing maturity and circularity. Circular actions are implemented by companies, even with low maturity, for several reasons. The main reasons concern waste management, which—particularly in some sectors—is extremely virtuous in a circular perspective, driven by sector regulations and cost cutting (e.g., packaging reduction). Other actions, such as the reduction of plastic in the company (e.g., replacing packaged water with tap water devices) or the choice of suppliers with an eye to their environmental performance, depend on the company management, and were also found in companies with medium to low maturity in terms of CE.



These results make it possible to confirm the usefulness of keeping the concepts of maturity and circularity separate. This gives companies a complete overview of the level they are at, immediately highlighting which aspects could be improved. Indeed, the actions to be taken are very different depending on whether the intervention concerns business models, design, waste management, company culture, etc.



The importance of distinguishing maturity and circularity is stressed in Figure 7, which shows the result of the overall performance assessment (maturity and circularity) for two of the test companies (Figure 7a,b, respectively). Here, all the scores were summed without any weighing irrespective of their belonging to maturity and circularity in the CM-FLAT. These two companies obtained very similar total scores (48 and 50% out of the maximum achievable), but as can be seen from the graphs (Figure 7a,b), they resulted from a different distribution of performances. It follows that for the companies a. and b., information on their maturity and circularity performance in the different aspects of cVC represents added value for business decisions.




5.3. Additional Remarks


While the CM-FLAT has been developed and streamlined to evaluate CE performances of companies, some firms agreed with the interviewers on changing the focus of analysis. Markedly, a company asked to analyze a specific production line, which was intended to undergo major changes in the short term with an eye on targeting CE objectives. This would allow the company to compare the attainment of CE objectives if the CE assessment tool will be used again after the reorganization of the mentioned production line. Similarly, a company focused on a specific product they develop, which is considered as a case in point in terms of sustainable design and manufacturing. Moreover, another company decided to focus on a whole supply chain, which was supposed to highlight virtuous sustainable practices better than if the specific firm were analyzed in isolation. All these examples, where the application of the CM-FLAT was possible and successful, mark its flexibility beyond our intended scopes.



Some companies added comments in terms of the alignment of the scores received with their expectations. While there was a general consensus on the presented CE performances, in a few cases expectations were higher. This was due to the fact that organizations establish sustainability targets, but those are not always in line with CE objectives, which we formally considered because of building the CE assessment tool starting from acknowledged CE metrics. This aspect might well contribute to boost the scientific discussion on nuances of misalignment between sustainability and CE perspectives, e.g., [57]. This also complicates the matters in terms of fulfilling one of the requirements for CE assessment tools laid bare in [15], namely linking CE assessment with more consolidated sustainability assessment methods. Actually, we claim that the CM-FLAT fulfils all expected requirements except for this one.





6. Conclusions


The starting point of the present research was an observed lack of consistency between CE micro-level metrics and existing CE assessment frameworks. Despite the increasing number of assessment models developed by scholars and practitioners, a low adoption of circular practices is still highlighted by most studies [9,10,11]. One of the reasons behind this fact could be the perception companies might have regarding a concept that is still evolving, hence its dubious definition and benefits. This urges the development of new CE assessment methods that can simplify the first interaction businesses might have with CE and its scopes, thanks to the following characteristics:




	
they do not require a significant amount of resources (whether money or time);



	
they are able to adapt themselves to different contingency factors such as company size, industry, starting circularity and maturity levels;



	
they do not focus on a single aspect of CE and try to maximize the assessed aspects of CE in a limited number of questions;



	
they are tailored for companies, i.e., they target the micro-level specifically;



	
they provide respondents with a clear and effective indication of their starting performance levels and allow a quick identification of critical points, thus suggesting potential priorities in defining corrective actions.








Although some of the existing CE assessment models might satisfy one or more of the above requirements, a critical missing feature concerning most of them is the lack of a sound and transparent scientific basis and validation. Being based on a structured literature review and a multiple stages validation process, the CM-FLAT, i.e., the CE assessment tool presented in this work, is believed to be a useful tool for companies willing to boost their CE performance, and/or introduce CE-oriented business models, products and processes. In relation to the trend of introducing standards about CE and practices therefor, as mentioned in Section 2, the CM-FLAT represents a useful instrument to verify the fulfillment of requirements, and, consequently the possibility to obtain certifications. This is nevertheless restricted to companies, i.e., the focus of the CM-FLAT. It is also worth noting that the usefulness of the CM-FLAT in this regard will be increased if the standards under development will decide




	
to include a comprehensive number of CE-related aspects (here the proposed scheme of the circular Value Chain is particularly pertinent), and



	
to consider the scientific research on CE as the reference for selecting relevant CE metrics and indicators.








One of the main objectives was to develop a questionnaire that could represent a satisfactory trade-off between the effort made by the respondents to answer and the information provided upon the questionnaire’s completion. Positive feedback was gathered in the last validation step in this respect. The balance between completion time and completeness of the assessment was also crucial in the development phase since it represented a critical point for the scalability of the assessment.



Future work includes the transformation of the present version of the CM-FLAT into a freely accessible web application. This action would allow the unsupervised use of the CM-FLAT, which could lead to the gathering of a much larger number of data about circularity and maturity. Eventually, this would make it possible to launch a large-scale campaign and gather evidence of the overall CE performances of firms operating in specific sectors and geographical areas. In addition, a large number of outcomes in terms of maturity and circularity could lead to the definition of typical industrial situations, to be addressed by similar measures and initiatives with the aim to move towards the CE.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/su13095288/s1. In the Supplementary Material (file CM-FLAT.xlsx), the final version of the CM-FLAT is presented. Markedly, each question (column C) includes a code (column A), the presence of a predecessor in the format of one or more answer codes (column B), additional notes including explanations presented to interviewees (column D), corresponding category (both cVC and PVC in columns H and I, respectively), the reference to maturity or circularity (M/C, empty for general purpose questions, column J), the possible reference to a scale from the literature (column K). For each question, column E presents the codes associated to each possible answer, fully reported in column F, along with the associated score in column G.
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Figure 1. Number of questions included in the first version of the CM-FLAT, subdivided into cVC and PVC categories; the latter are distinguished by color. The sizes of cVC-related rectangles are proportional to the number of included questions. The numbers indicate the quantity of questions targeting maturity and circularity, respectively. GP stands for “Green products performances”. 
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Figure 2. CE assessment outputs summarized with a radar chart for the overall company’s performance in terms of circularity (a) and maturity (b) for the categories relevant to a company (randomly answered questions). 
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Figure 3. Number of questions included in the second version of the CM-FLAT. The interpretation of the diagram follows the indications given in the caption of Figure 1. 
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Figure 4. Number of questions included in the third and in the last version of the CM-FLAT. The interpretation of the diagram follows the indications given in the caption of Figure 1. 
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Figure 5. Example of results: company with no previous experience in CE practices. The circularity (a) and maturity (b) categories that do not present a dot are not applicable to the specific case study, which has been revealed by the branching mechanism (e.g., business model and waste management for circularity). 
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Figure 6. Example of results: company with previous experiences in sustainability practices and assessments. Categories within circularity (a) and maturity (b) with missing dots to be interpreted in line with the caption of Figure 5. 
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Figure 7. Example of results where maturity and circularity are not distinguished for two different companies (a) and (b). Missing dots to be interpreted in line with the caption of Figure 5. 
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Table 1. Circular Value Chain and Porter’s Value Chain categories for the classification of the questions inside the CM-FLAT [18].
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Circular Value Chain (cVC) Categories

	
Porter’s Value Chain (PVC) Categories






	
Strategy & vision

	
Firm infrastructure




	
Business model




	
Environmental management




	
Cooperation & industrial symbiosis




	
Training

	
HR management




	
Employee satisfaction & participation




	
Ecodesign

	
Technology development




	
Supplier selection & auditing

	
Procurement




	
Direct logistics

	
Inbound & outbound logistics




	
Reverse logistics




	
Resource consumption

	
Operations




	
Waste management




	
Resource recovery




	
Marketing & communication

	
Marketing & sales




	
Green products performances




	
Post-sales services

	
Service
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Table 2. Summary of the main characteristics of the companies used as case studies for the third stage validation of the CM-FLAT.






Table 2. Summary of the main characteristics of the companies used as case studies for the third stage validation of the CM-FLAT.












	
	Industry (According to NACE Classification 1)
	Firm Size (Number of Full-Time Equivalent Employees)
	Respondent
	Assessment Duration (min)





	Case study 1
	Machining
	43
	Business partner and manager
	74



	Case study 2
	Post-harvest activities
	180
	CEO
	56



	Case study 3
	Post-harvest activities
	92
	Brand and

communication B2B
	46



	Case study 4
	Manufacture of

construction products
	34
	Consulting, sales,

customer service
	46



	Case study 5
	Online sale of products for children and adults
	2
	Employee
	48



	Case study 6
	Business consulting services for the textile industry
	5
	Business partner and manager
	58







1 Statistical classification of economic activities in the European Community (https://ec.europa.eu/eurostat/documents/3859598/5902521/KS-RA-07-015-EN.PDF, accessed 10 April 2021) (NACE).
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