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The transition towards a circular economy (CE) has been identified as one of the biggest challenges for our society
in general and for organisations in particular. In this context, organisations have begun to call for methods to
measure their level of circularity and therefore, in recent years, various specific CE tools have been developed.
The objective of this study is to analyse the applicability, utility and user-friendliness of CE tools that autono-
mously measure the level of circularity of organisations by using qualitative data. For this purpose, seven quali-
tative CE tools (CAS2.0, CE-Diagnosis, CircularTRANS, Circulytics, CM-FLAT, INEDIT and MATChE) are selected and
applied to four organisations (two belonging to the service sector and two to the production sector). The results
show that, due to the absence of uniformity, regularity, and singularity in the CE assessment, the circularity indi-
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Keywords: cators included in each CE tool analysed are different; therefore, the level of circularity calculated for each specific
Circular economy organisation by means of the different CE tools are comparable. Moreover, the CE tools are heterogeneous in
SOftWifFe ) terms of content, length and number of questions; and they do not incorporate the specific characteristics of
Organisation the different sectors of the organisations analysed. Furthermore, after gathering the opinions of managers regard-
;Eiicircztlg;/d ing the applicability of each CE tool to each organisation, it is observed that the existing CE tools can be useful but

need further development. For these reasons, further research and development of standardised sectoral CE tools

that consider sector specificities and allow organisations to obtain accurate and comparable results is needed.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of Institution of Chemical Engineers. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In recent years, the concepts of the circular economy (CE) and sus-
tainable development have been recognised by the European Union
(EU) as one of its greatest challenges. Given these circumstances, the
European Commission has recently embraced the European Green Deal
(COM 640, 2019) as a guiding framework to bring about the target of cli-
mate neutrality by the year 2050, with the New Circular Economy Action
Plan (COM 098, 2020) forming its backbone, it being founded on the
earlier CE Action Plan (COM 614, 2015). The aim of this regulatory
framework is to ensure that the value of products, materials and re-
sources is retained in the economy for as long as possible, and that
waste generation is minimised. It involves implementing actions
based on the principle of “closing the loop” of products, services,
waste, materials, water and energy. So, the implementation of the
circular economy is seen as an instrumental strategy to support the
achievement of global resource, energy and climate mitigation goals.
Furthermore, Schroeder et al. (2019) and Rossi et al. (2020) stated
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that CE has the potential to contribute to other dimensions of sustain-
ability beyond de environmental ones, including several Sustainable
Development Goals (United Nations, 2015).

The transition from linear to circular models requires focusing efforts
on the three fundamental levels of the circular economy: the micro level
(organisations), the meso level (eco-industrial parks) and the macro level
(national) (Geng and Doberstein, 2008; Yuan et al., 2006). Advances at
the meso and macro levels have been made recently (Eurostat, 2021);
however, the New Circular Economy Action Plan (COM 098, 2020) widens
the focus to the micro level, encouraging organisations (specifically in-
dustry) to move towards a clean and circular economy (action:
“mobilisation of industry for a clean and circular economy”). Hence, in the
context of organisations, implementing actions to promote a transition
to the circular economy, along with communicating these actions to the
various stakeholders, has come to be a goal of primary concern.

Consequently, organisations are beginning to demand proposals that
can ascertain their degree of circularity and verify the contribution of
their actions in moving towards a circular economy (Vayona and
Demetriou, 2020). To this end, indicators need to be developed to quantify
the current status and progress in terms of circularity (Smol et al., 2017).
At macro level (city, region, nation) a monitoring framework for the circu-
lar economy (COM 029, 2018) composed of a set of 10 key circular
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economy indicators (Eurostat, 2021) was published with the aim of mea-
suring the CE progress at all stages of the life cycle of resources, products
and services. However, although the renewed EU Industrial Policy Strategy
(COM 479, 2017) highlighted the relevance of the circular economy for
EU industry and the New Industrial Strategy for Europe (COM 102, 2020)
identified the necessity of acquiring CE performance indicators to measure
organisations' progress towards the CE, these proposed territorial indica-
tors are not directly applicable to organisations and no standardised indi-
cators have been developed at micro level (organisations) either.

For this reason, in recent years, different approaches have been de-
veloped to measure the level of implementation of the circular economy
in the organisations. For example, indicators have been proposed by dif-
ferent studies such as Rossi et al. (2020) or Ibafiez-Forés et al. (2022);
Eurostat CE indicators have been adapted to organisations by Rincén-
Moreno et al. (2021); new methods or frameworks have been defined
by researchers such as Franco et al. (2021) or Ahmed et al. (2022);
and, finally, automatic CE tools such as CircularTRANS (2020) or CTI
Tool (2020) have been developed; among others.

In light of this context, the objective of this study is to analyse the
applicability and usefulness of tools capable of measuring the level of im-
plementation of circular economy in organisations automatically (CE
tools). To do it, this work is organised as follows: Section 2 explores the
background related to the CE assessment in organisations; Section 3 pre-
sents the five-stages involved in the methodological procedure; the results
obtained are presented and analysed in Section 4; these are then discussed
in Section 5; and finally, the conclusions are detailed in Section 6.

2. Background

In the last decade, the CE has generated interest from organisations,
institutions and academics, making the transition from a linear to a cir-
cular economy a trending topic in research. In fact, the number of pub-
lications related to the measurement of CE implementation in
organisations is growing in recent years, which demonstrates that the
determination of the circularity using a criteria and indicator approach
has been the subject of research in many branches of science. However,
given the lack of standardisation, different approaches for assessing the
level of circularity of organisations have emerged.

In this line, standards have been developed for the application of the
principles of the CE in organisations, such as BS 8001 (2017), aiming to
involve the main economic and social players in the transition towards
the CE, or the XP X30-901, 2018, which is a CE project management sys-
tem, developed with the aim of facilitate dialogues to reflect on modes
of production and consumption and provide a management tool to
plan, implement, evaluate and improve a circular project. Otherwise,
CE guidelines have been developed, which are approaches to identify
potential opportunities to ensure progress towards CE business models
in order to improve the competitiveness of organisations, such as Circle
Economy (2021) and Circulab (2021). However, “what to measure” is
still a matter of debate (Moraga et al., 2019).

So, several indicators and metrics have been developed to measure the
level of circularity of organisations. Indicators, according to Circle Economy
(2020), refer to a single value and its unit, which is used to indicate a spe-
cific circular trend or performance. Whereas metrics, as described by
Vinante et al. (2021), are measurable quantities for tracking an indicator,
where the indicator normally has a broader focus. So, circularity indicators
and its metrics are fundamental approaches in the process of measuring
the progress towards CE, as they provide crucial information for the design
of policies and strategies and allow identifying and evaluating the impacts
derived from their implementation. In this sense, companies, governments
and academics have formulated various proposals to measure circularity,
such as Material Circularity Indicator (MCI) (Ellen MacArthur Foundation
& Granta Design, 2019) or the adaptation of Eurostat indicators to organi-
sations (Rincén-Moreno et al., 2021).

In addition, many studies are focused on the assessment methods or
frameworks development, which are methodologies that provide
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guidance on the dimensions and variables that should be taken into ac-
count to measure the circularity, as Sala et al. (2013) indicated they are a
set of indicators, tools and models. In this line, Sassanelli et al. (2019)
analysed the current state of the art on CE assessment methods, while
other authors worked on proposing frameworks. Franco et al. (2021) pro-
posed a strategic measurement framework to monitor and evaluate the
performance of circularity in organisations from a transition perspective,
Ahmed et al. (2022) proposed an assessment framework that enables
comparisons between different products and processes with regards to
their circularity, Sucozhafiay et al. (2022) proposed a circularity frame-
work that includes 81 indicators classified into 11 categories, or Baratsas
etal. (2022) proposed a quantitative and holistic framework for evaluating
the circular economy and validated it for different sectors (energy & utili-
ties, manufacturing, automotive and services), among others.

At the same time, alternative ways of measuring the level of circular-
ity using information that organisations are currently communicating
have been explored. For example, Ibafiez-Forés et al. (2022) analysed
the information currently reported by organisations in their Corporate
Sustainability Reports and proposed a set of indicators and metrics
based on this, or Barén Dorado et al. (2022) analysed the information
reported in the EMAS declarations and concluded that it is neither ex-
tensive enough nor provided as scalable and comparable quantitative
data to be considered as a valid tool to measure the level of adoption
of the circular model in companies.

In this context, numerous reviews focused on identifying CE indicators
for organisations in general can be found in the literature. de Oliveira et al.
(2021) analysed 58 indicators being 20 of them for organisations,
Kristensen and Mosgaard (2020) analysed 30 CE assessment indicators
for organisations, Moraga et al. (2019) analysed CE assessment indicators
for organisations and the Eurostat Indicators for the territorial level and
classified them according to reasoning on what (CE strategies) and how
(measurement scope), Saidani et al. (2019) analysed 55 CE assessment
indicators for organisations, eco-industrial parks and territorial level,
Vinante et al. (2021) reviewed CE metrics for organisations, or
Kravchenko et al. (2019) investigated CE indicators in connection with
implementing CE strategies in organisations, among others.

Significant efforts have been also made related to the CE assessment for
organisations from some specific sectors, such as those from Marino and
Pariso (2021) who analysed and assessed the transition in 13 top perform-
ing small and medium-sized enterprises (SME) in Europe. Within the
manufacturing sector, Negri et al. (2021) reviewed the literature on mea-
suring the performance of the CE for manufacturing companies, and
Trollman et al. (2021) developed a circularity indicator tool for measuring
the ecological embeddedness of manufacturing. Regarding the building
sector, Khadim et al. (2022) conducted a literature review to analyse the
existing nano and macro-level building circularity indicators and frame-
works, Abadi et al. (2021) proposed a framework of 12 indicators to mea-
sure the circularity of projects in the circular economy of construction,
Tokazhanov et al. (2022) developed a circularity assessment tool for con-
struction projects in emerging economies, Drager et al. (2022) adapted the
MCI indicator (Ellen MacArthur Foundation & Granta Design, 2019) to an-
alyse the circularity of construction products available in the German
OKOBAUDAT (2020) database, and Honarvar et al. (2022) used the MCl in-
dicator (Ellen MacArthur Foundation & Granta Design, 2019) to assess the
level of circularity of buildings. Regarding the agricultural sector, Esposito
et al. (2020) conducted a systematic literature review to investigate the
state of the art of research related to the adoption of CE models and
tools along the agri-food supply chain, Rocchi et al. (2021) adapted the
MCl indicator (Ellen MacArthur Foundation & Granta Design, 2019) for bi-
ological cycles, and Silvestri et al. (2022) proposed a set of indicators for
measuring sustainability and the CE in the agri-food sector. Regarding
the textile industry, Hanuldkova et al. (2021) analysed the Slovakian tex-
tile and clothing industry to explain the principles of transition and the po-
tential for change, Mazzoni (2020) analysed which types of eco-
innovation could lead to the implementation of the CE in Italian industrial
clusters, and Galatti and Baruque-Ramos (2022) proposed 40 indicators to



K. Valls-Val, V. Ibdfiez-Forés and M.D. Bovea

measure the capacity of the Brazilian textile and fashion industry to pro-
mote social innovation in the circular economy. Finally, there are some
studies focused on analyzing the circularity of infrastructures, such as
Kovaci¢ Lukman et al. (2022) who proposed a conceptual model to mea-
sure the circular economy of seaports.

The conclusions of reviewing all these studies stated that there is a
lack of homogenisation in assessing circularity in organisations owing to
the great number of existing indicators/metrics and that it is necessary
to standardise and develop more simple methods that encourages and
makes it easier to assess such information in a more concise and useful
way. Accordingly, some circular economy assessment tools (CE tools)
have been developed in recent years, which automatically calculate CE in-
dicators using qualitative and/or quantitative data from the organisation.

On a qualitative level, CE tools such as CAS 2.0 (CAS2.0, 2021),
CircularTRANS (CircularTRANS, 2020), CM-FLAT (Sacco et al., 2021), Inedit
(Inedit, 2020), MATChE (MATChE, 2021) or CE-Diagnosis (CE-Diagnosis,
2017) have been developed. On a quantitative level, CE tools such as
ACODEA (ACODEA, 2018), CTI-Tool (CTI Tool, 2020) or Material Circularity
Indicator (MCI, 2017) have been developed. In addition, there are hybrid
CE tools that include both qualitative and quantitative aspects, such as
CIRCelligence by BCG (Rubel et al., 2020) or Circulytics (Circulytics,
2020). Valls-Val et al. (2022) reviewed these CE tools capable of measuring
the level of circularity of organisations, and concluded that they differ in
terms of the type of data used, the level of accuracy, the indicators calcu-
lated, the scope of application and the reports generated. Furthermore,
they stated that the use of these CE tools by organisations is extremely
low, and the information on their practical application is scarce.

On the one hand, regarding the impact in the literature, only three
studies are focused on describing CE tools: Sacco et al. (2021), Pigosso
and McAloone (2021) and Urain et al. (2022) which described the basis
of CM-FLAT, MATChE and CircularTRANS, respectively. Moreover,
Vayona and Demetriou (2020) analysed the Circulytics tool with a focus
on its social dimension, Hofstetter et al. (2021) and Martinetti and
Havas (2021) described and analysed the Circulytics and CTI-Tool, and
Verstraeten-Jochemsen et al. (2020) analysed the Circelligence, Circle as-
sessment, Circulytics and CTI-Tool. In addition, Maranesi and De Giovanni
(2020) used the Circulytics tool to evaluate the circularity of the Italian
company Itelyum, and Schulz-Mdénninghoff et al. (2023) used the CTI-
Tool to measure the circularity of a vehicle manufacturer seeking to im-
prove the circularity of batteries for electric vehicles. On the other hand, re-
garding the impact of these tools in organisations, according to the

STAGE I. SELECTION AND DESCRIPTION OF CE TOOLS

¢ Review of existing tools capable of measuring the level of circularity of organisations using qualitative data.

« Description of selected tools

STAGE Il. SELECTION OF ORGANISATIONS
« Selection of four organisations of different sectors to apply the selected tools.
« Description of the organisations.
STAGE Ill. APPLICATION OF CE TOOLS
Presentation

CE tools application

* Interview method
presentation

* Filling in the tools

* Taking notes on timing

* Tools presentation and number of questions

STAGE IV. INTERVIEW

» Completing the evaluation template for each CE tool: applicability, content, inputs/outputs, design, etc.

* Choice of the preferred CE tool for the organisation

Level of circularity

* Providingthe indicators
and scores obtained in
the tools
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information provided by the CE tools, the most used CE tools are
Circulytics and CTI Tool (both have already attracted over 500 organisa-
tions), followed by CircularTRANS used by 45 companies, and Inedit
which has worked with multinational companies. However, no informa-
tion has been found on the remaining tools. To date there are no studies
that analyse the utility and applicability of CE tools to organisations from
different sectors.

In light of this context and the research gap observed related to the
analysis of the applicability and utility of the CE tools, the aim of this
study is to analyse the applicability, usefulness and user-friendliness
when assessing the degree of circularity in organisations, and what
the users' (organisations) opinions of them are. Based on the conclu-
sions of Valls-Val et al. (2022), which highlighted the difficulty in com-
paring qualitative and quantitative tools, this study focuses on
qualitative ones. For this purpose, the selected qualitative CE tools
were applied to four organisations (production and service organisa-
tions), with the aim of comparing the results achieved by each tool for
each organisation, observing the convergence between the utilities of
the tools and the demands or requirements of organisations, obtaining
feedback from CE tool users (organisations) and observing further as-
pects concerning the implementation of the tools.

To fill these scientific gaps and achieve the goal of this article, three re-
search questions are proposed: RQ1 — Is the level of circularity calculated
for a specific organisation with different CE tools comparable? RQ2 — Are
the CE tools capable of considering the specificities of organisations be-
longing to different sectors? RQ3 — What is the opinion of managers re-
garding the applicability of each CE tool to their organisation?

3. Methods and materials

The methodological procedure adopted in this study was based on
the four main stages shown in Fig. 1 and described below.

3.1. Stage I. Selection and description of CE tools

A literature review was performed in the Google Scholar and Scopus
databases as well as in internet search engines to identify and then se-
lect extant CE tools able to measure the degree of circularity in organi-
sations using qualitative data. To this end, a search was executed that
combined the keywords of “circular economy” or “circularity” with

" o«

those of “calculator”, “tool”, “assessment” or “diagnos*”. The obtained

STAGE V. RESULTS ANALYSIS

APPLICATION
¢ Number and length of questions
* Time per question
INDICATORS
* Indicators provided
ASSESSMENT
Application process
Content of questions
Outputof the tools
Design
Opinion
Knowledge
CONTENT VS REQUIREMENTS
* Relationship between the content of CE
tools and the requirements of organisations
PREFERENCE OR UTILITY
* Analysis of utility
* Preferred tool by organisations

Fig. 1. Methodological approach.
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Table 1

Selected CE tools for evaluating the Circular Economy in organisations.
CE tool Developed by Year Format Ne® Reference
CAs2.0 @ Circular Business Academia in cooperation with Interreg Alpine Space

e 2021  Webpage 29 (CAS2.0,2021)
Project Circular 4.0
CE-Diagnosis
O School of Engineering of the University of Navarra (Spain) 2017 Google forms 20-38 (CE-Diagnosis, 2017)
EC
CircularTRANS i i i i i
H{gher Polytechnlc'School of the Unl\{erS}ty of Mondragon (Spain) and 2020 Webpage 1322172 (CircularTRANS, 2020)
with the collaboration of other organisations
Circulytics ion i i i i
- Ellen McArthur Fgundatlon in collaboration with 13 Strategic Partners and 2020 Qualtrics platform 40 (Circulytics, 2020)
" member companies
CM-FLAT ) Fraunhofer Italia Research, Innovation Engineering Center and the Faculty
y _ (4) _

= of Science and Technology, Free University of Bozen-Bolzano (Italy) 2021 Computer-supported tool 27-45 (Saccoeet al, 2021)
Z
INEDIT
0 Inedit Innova 2020 Webpage 12-22 (Inedit, 2020)
MATChE
o, Technical University of Denmark. 2021 Webpage 37 (MATChE, 2021)
d
-

() Number of qualitative questions, ® Circularity Assessment Score 2.0, ) Circularity and Maturity Firm-Level Assessment CE tool,  CE tool that is currently under development.

outcomes were then filtered in order to select only the CE tools that au-
tonomously measure the degree of circularity in organisations by using
qualitative data, excluding guidelines or recommendations and those CE
tools focused on product circularity. Nine CE tools were initially identi-
fied. Access permission was requested for the CE tools that required it,
and for those where access was not obtained, an information request
was made to identify how the CE calculation is made. If any of this infor-
mation was not obtained, the CE tools were removed from the sample.
Finally, the seven CE tools presented in Table 1 were selected.

Table 1 presents the main aspects of each of the tools selected: the
year of launch, the developer, the format and the number of questions
included. As can be seen, the CE tools for measuring the level of CE im-
plementation are very recent, 85 % were launched in 2020 or later.
Moreover, it can be observed that all of them are available online and
free of charge — which promotes their use — and 60 % are developed
by universities or research centres. Finally, the great variation in the
number of questions, ranging from 12 to 172, should be highlighted.

3.2. Stage II. Selection of organisations for the case studies

Managers from organisations belonging to different sectors were
contacted in order to apply the selected CE tools to their organisations
and gather their opinions on implementing the process. Four organisa-
tions were selected, two of them belonging to the service sector (educa-
tion and wastewater treatment), and two belonging to the production
sector (industrial equipment and construction material). All were lo-
cated in Castell6n (Spain).

Table 2 presents some information about these organisations: sector,
size (number of employees), position of the person in charge of

applying the CE tools and the existence or otherwise of circular econ-
omy and/or environmental action plans.

3.3. Stage III. Application of the CE tools

The process of applying the seven CE tools under study to each orga-
nisation was supervised by a member of the research team (inter-
viewer) with the aim of conducting the process under the same
conditions. Firstly, the researcher briefly introduced each tool to the
contact person of each organisation (respondent). Then, the contact
person (respondent) filled in the seven CE tools with the data of his or
her organisation. Meanwhile, the interviewer observed the process
and took notes to record the time required to complete each CE tool
and the number of questions answered. Finally, the level of circularity
of the organisation was obtained for each CE tool and the reports gener-
ated with each tool were provided to the respondents.

3.4. Stage IV. Interview

After the application process, the interviewer asked the respondents
to answer an evaluation template (Table 3) for each CE tool, in order to
give feedback on how they perceived the characteristics of the applica-
tion process and assess the functionalities of each tool. This template
was designed including aspects related to the application/implementa-
tion, the content, the outputs, the design and utility of the CE tools. Re-
sponses were rated using a Likert scale of 1-5, where 5 always indicates
the most desirable/positive option and 1 the most negative option. It
also included a section for additional comments, a question related to
previous knowledge of the CE tool and a last question related to the per-
sonal choice of preferred tool for their organisation.

Table 2
Description of selected organisations.
Sector Description Size Position Action plan
A Education Higher Education organisation with ~15,000 students >250  Environmental manager EM @) CSRR
B Wastewater treatment  Urban wastewater treatment with a capacity of ~100,000 population-eq 10-49 Operations manager CSRR
D  Industrial equipment International company with two production plants. >250  Quality and environment engineer E (") ; CE
C  Construction material  International company with 3 factories, with a capacity of ~10,000,000 m?/year >250 Industrial engineer EM G

E(D: Environmental action plan, with environmental management system certified according to ISO 14001; E® Carbon footprint calculation, energy saving plan and measures aimed at
promoting climate neutrality; E©*) Environmental action plan with Environmental Product Declaration verified by AENOR for each type of product. CSRR: Annual Corporate Social
Responsibility Report. CE: Circular economy action plan that includes aspects such as redesign, reduce, reuse, repair and recycle.
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Table 3
Evaluation template.
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APPLICATION  Appropriateness of time invested
Appropriateness of the number of questions
CONTENT Clarity of question statements
Repetitiveness of questions High
Consideration of the specificities of the organisation Low
Difficulty in answering the questions High -
OUTPUTS Level of detail of the report Low -
Level of exploitation/use of the report Low -
Level of agreement of the level of circularity obtained to the reality Low -
Utility of the suggestions for improvement offered by the CE tool Low -
DESIGN User-friendliness of the CE tool Low -
CE tool design Bad -
GENERAL Utility of the CE tool Low

Did you know about it before?
Other comments

Which one would you choose to use in your organisation?

3.5. Stage V. Results analysis

After applying the four stages described, the analysis of the results
was carried out following the steps presented in Fig. 1. First, the charac-
teristics of the application process of the CE tools (number of questions,
the length of questions and the time spent) were analysed. Second, the
partial and overall indicators obtained in each CE tool were analysed in
order to ascertain whether the results obtained were comparable. Third,
the assessment provided through the evaluation templates was
analysed. Finally, the convergence between offer and demand was
analysed in order to draw conclusions on the applicability and utility
of the CE tools.

4. Results

The results of the CE tool application process length, number and
time of response per question), the indicators and scores obtained in
the CE tools, the respondents’ assessment of the CE tools and the rela-
tionships between the content of the CE tools and the requirements of
the organisations are analysed below.

4.1. Application process of the CE tools

The application process of each tool ranged from 4 to 40 min, with
the Inedit CE tool taking the least time and the CircularTRANS CE tool
taking the most. The results of the application process of the CE tools
were analysed by considering the number of questions (both manda-
tory and optional), the length of the questions (both statement and
answer sentences) and, finally, the time taken to answer each ques-
tion. This information can be seen in Fig. 2, which analyses the results
taking into account the variability between the organisations
interviewed (A, B, C & D) in the time taken to complete the process,
and can be consulted in more detail in the Supplementary Material
(Table S1).

Fig. 2 shows that, in general, the CE tools that employ Likert scale op-
tions to input responses (CircularTRANS, MATChE or CE-Diagnosis)
were less time consuming, since the user only spends time reading
the question, not the answer for each question, thereby accelerating
the response time. Therefore, it can be stated that Likert responses
make the process faster, although they have the disadvantage that
they may be less accurate and precise, and depend to a greater extent
on the respondent's experience. The CE tool with the lowest time in-
vestment per question was CircularTRANS, probably due to it being
that with the most concise questions (lowest number of words per
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question), and also because it was the tool with the highest number of
questions (the user does not pay as much attention to individual
answers when he/she becomes aware of the significant length of the
process).

4.2. Indicators of the CE tools

After the seven CE tools had been filled in by the respondents from
each of the four organisations detailed in Table 2, the indicators pro-
vided by each tool for each organisation were obtained in order to ascer-
tain the comparability of the results. Table 4 shows the partial indicators
considered by each CE tool with their scale and the weight of each par-
tial indicator in relation to the overall indicator. In addition, the partial
indicators and overall indicators as a measure of the level of circularity
are presented for each organisation (A, B, C & D) and for each CE tool.

As can be seen in Table 4, on the one hand, each CE tool included dif-
ferent indicators; furthermore, although some of them were similar,
their weighted contribution to the overall indicator (level of circularity)
were also different. The common indicators among the CE tools were
the indicators related to the strategy of the organisation and the busi-
ness model (included in CAS2.0, CircularTRANS, Circulytics. CM-FLAT
and Inedit, with a weight ranging from 15 % to 50 %), followed by the in-
dicators related to end-of-life strategies (included in CE-Diagnosis
CircularTRANS, CM-FLAT and MATChE, with a weight ranging from
10 % to 28.5 %), the indicators related to the operational process
(included in CE-Diagnosis, CircularTRANS, Circulytics and MATChE,
with a weight ranging from 13 to 15 %), and finally the indicators related
to resource consumption, symbiosis and cooperation, use/life-cycle
stage and innovation (each one included in two CE tools). On the
other hand, although all the tools presented an overall indicator to rep-
resent the level of circularity (named distinctly in each CE tool), the
scales differed for each tool, so they cannot be easily compared. For
these reasons, the indicators of the organisation obtained in different
CE tools could not be compared on first view.

In order to compare the results, Fig. 3 represents the overall indicator
(level of circularity) obtained in each selected tool on scale of 0-100. Ad-
ditionally, the overall indicators obtained in the CE tools for each organi-
sation were analysed by using box-plot graphs, where the median, upper/
lower quartiles and upper/lower whiskers were represented for each case
study. The width of each box-plot indicates the variability of the overall
indicator for each organisation depending on the CE tool applied.

As can be seen, the overall indicator obtained in the CE tools differed
greatly. The range of variation in the level of circularity obtained was
38 %, 26 %, 32 % and 30 % for organisations A, B, C and D, respectively.
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Fig. 2. Number, length and time of questions.

Furthermore, no upward or downward trend in the CE tool overall indi-
cator was observed among the CE tools, and the CE tool that scored clos-
est to the average was not the same in all the organisations analysed
(the CE tools with similar overall indicators to the average were CM-
FLAT and Inedit, CAS2.0 and Inedit, MATChE and CE-Diagnosis, and
MATChE for organisations A, B, C and D, respectively). For example,
Inedit obtained a level of circularity very similar to the average for
organisations A and B, a level of circularity above the average for or-
ganisation C and a level of circularity below the average for organisa-
tion D. While CAS2.0 obtained an overall indicator very similar to the
average for organisation B, an overall indicator above the average for
organisation A, and an overall indicator below the average for orga-
nisations C and D. Therefore, although Inedit and MATChE were the
CE tools with the highest percentage of similar overall indicators
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to the average, it was not possible to make any conclusions
about the indicators, except to emphasise that the results were not
comparable.

It is important to note that MATChE CE tool considered all the ques-
tions when calculating the indicators, including those selected as “not
relevant to my company” by the user; that is to say, those not applicable
to the organisation. For this reason, the level of circularity (overall indi-
cator) was lower than the average in some of the organisations analysed
(organisations A and B). If the overall indicator of the MATChE CE tool
were calculated considering only the applicable questions, the level of
circularity would be 41 %, 70 % and 76 % for organisations A, B and D,
respectively.

Finally, it should be noted that the results of the CircularTRANS,
Inedit and MATChE CE tools were obtained instantaneously after the
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Table 4
Partial and overall indicators of the organisations A, B, C & D for each CE tool.
CE tool Indicator Scale Weight Organisations
A B C D
CAS 2.0 Overall (Total CAS2.0 score) 0-100 62.7 59.4 445 48.0
Circular Business Model Potential " 0-50 50 % 31.3 20.8 18.8 20.8
Commitment to the Circular Transformation 0-50 50 % 314 38.6 25.7 27.2
CE-Diagnosis Overall 1-7 3.71 4.77 4.09 4.52
Purchase 1-7 143 % 475 425 4.00 5.00
@ Transform ) 1-7 143 % - 5.00 3.67 6.00
Distribute 1-7 143 % - - - -
Use/Consume ) 1-7 143 % - - 4.60 -
Reintroduce @ 1-7 285% - 5.80 4.80 3.80
Symbiosis ) 1-7 143 % 2.67 3.00 2.67 4.00
CircularTRANS Overall (Maturity level) 0-5 1.6 34 34 34
Strategic Processes () 0-5 n/a 2.0 42 34 37
@ Operational Processes ) 0-5 n/a 0.9 22 3.5 29
Support Processes 0-5 n/a 29 43 33 43
Rethink 0-5 n/a 1.2 34 2.7 2.6
Extend Useful Life 0-5 n/a. 3.2 1.7 3.6 19
Optimise Resources () 0-5 n/a 3.8 41 43 44
Cycle Closure/end of life ) 0-5 n/a 16 2.0 3.1 26
Circulytics Overall (Enablers) A-E D B C- C-
it Strategy and Planning (") A-E 30% D- A- C C
& Innovation ) A-E 20% C- A C C
People and Skills A-E 15% C- A- C- C
Operations () A-E 15% C- C- D D
External Engagement A-E 20% C- C D- D-
CM-FLAT Overall 0-100 42 52 1 1
? Circularity Performance 0-100 61% 49 48 37 36
Z Business Model (") 0-100 10% - 60.00 12.00 -
Eco-design 0-100 23% 72.73 76.19 37.70 50.00
Direct logistics 0-100 2% - - 0.00 0.00
Resource consumption (4 0-100 6% 46.67 46.67 46.67 3333
Waste management () 0-100 6% 30.00 26.67 60.00 33.33
Resource recovery (%) 0-100 13% 46.67 37.78 43.33 29.63
Post sales services 0-100 2% - - 80.00 -
Maturity Performance 0-100 39% 37 57 47 47
Strategy & vision (1) 0-100 5% 25.00 76.92 55.56 44.44
Environmental management 0-100 7% 88.24 70.59 94.12 76.47
Cooperation & industrial symbiosis () 0-100 6% 0.00 53.33 33.33 3333
Training 0-100 2% 0.00 80.00 0.00 40.00
Employee satisfaction & participation 0-100 2% 20.00 40.00 20.00 60.00
Eco-design 0-100 2% 0.00 25.00 50.00 50.00
Supplier selection & auditing 0-100 5% 2143 2143 28.57 2143
Direct logistics 0-100 0% - - - -
Reverse logistics 0-100 4% 0.00 0.00 30.00 0.00
Resource consumption (4 0-100 3% 87.50 62.50 50.00 75.00
Waste management (?) 0-100 2% 75.00 100.00 75.00 75.00
Marketing & communication 0-100 2% 40.00 100.00 40.00 40.00
Inedit Overall (Circularity index) 0-100 42 58 69 40
MATChE Overall (Total readiness score) 0-150 37 70 88 84
’. Organisation 0-20 13% 11 16 11 15
') Strategy & Business Model Innovation (V) 0-25 17% 7 23 15 17
Product & Service Innovation (7 0-20 13% 0 5 12 5
Manufacturing & Value Chain 0-20 13% 8 7 7 14
Technology & Data 0-10 7% 0 5 7 9
Use, Support & Maintenance (®) 0-15 10% 0 5 12 5
Takeback & End-of-life strategies (*) 0-15 10% 0 0 12 8
Policy & Market 0-25 17% 11 9 12 11

(Mindicator related to the strategy of the organisation and the business model, ’’Indicator related to end-of-life strategies and waste management, *’Indicator related to operational
process, YIndicator related to resource consumption, ®Indicator related to symbiosis and cooperation, ‘®Indicator related to use/consumption life-cycle stage, (" Indicator related to

innovation, n/a: not available.

application process. In contrast, the results of the CAS 2.0 and CE-
Diagnosis CE tools required the feedback of the people in charge of
the management of each tool, who are responsible for sending the par-
tial and overall indicators by email. For the Circulytics and CM-FLAT CE
tools, indicators were calculated by the authors of the article following
the instructions given by EMF (2022) and Sacco et al. (2021),
respectively.
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4.3. Assessment of the CE tools

After completing the CE tool assessment, the respondents from each
organisation (A, B, C& D) filled in the evaluation template (see Table 3)
to collect their feedback on the main characteristics of the application
processes of the tools (application, content, outputs, CE tool design
and general comments). The evaluation template responses are detailed
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Fig. 3. Level of circularity (overall indicator) obtained for the organisations A, B, C & D for each CE tool.

in the Supplementary Material (Table S2, Table S4, Table S6 and
Table S8). Fig. 4 presents both the assessment of the characteristics for
each organisation and the average, showing the assessment score ob-
tained. In the case of CE tools that lack some of the functionalities
being evaluated, a score of 0 was given for that item.

As can be seen in Fig. 4, not only were differences found between CE
tools, but also between organisations A, B, C & D.

On an overall level, taking into account the assessment scores ob-
tained in all the aspects analysed, the CE tools with the highest scores
were CE-Diagnosis, CircularTRANS and Inedit. However, it should be
considered that CM-FLAT is not yet implemented in any software and
therefore it is not possible to score the detail and use of the report,
the suggestions for improvement or the design of the CE tool. There-
fore, as this CE tool could not be simply compared with the others, it
was considered appropriate to calculate the percentage that it
achieved with respect to its maximum score. Having calculated
this percentage, the highest-rated CE tools were CE-Diagnosis,
CircularTRANS, Inedit, MATChE, CM-FLAT, CAS2.0, and Circulytics,
with percentages of 80.8 %, 75.0 %, 74.2, 73.1 %, 69.4 %, 66.5 % and
58.1 %, respectively.

Regarding the organisations, in each case there was a top-rated CE
tool. In organisation A, the top-rated CE tool was CE-Diagnosis, followed
by CAS2.0, and with Circulytics in last place. In organisation B, the top-
rated CE tool was CircularTRANS followed by CE-Diagnosis, and with
Circulytics and CAS2.0 in last place. In organisation C, the top-rated CE
tool was Inedit, followed by MATChE and CE-Diagnosis, and the
worst-rated tool was Circulytics. In organisation D, the top-rated CE
tool was CE-Diagnosis, followed by Inedit, and with CM-FLAT in the
last place. In addition, it was observed that the dispersion in the assess-
ment scores with respect to their maximum score in percentage also
varied from one case to another, with more dispersed scores in organi-
sations A and D and scores with less variation in organisations B and C.

Below, the results related to each assessment aspect are presented:

* Application process. In terms of the use of the CE tools, there were no
major differences between them, with CE-Diagnosis being the top-
rated tool, followed by MATChE, Inedit, CAS2.0, Circulytics, CM-FLAT
and, lastly, CircularTRANS. On the one hand, the best-rated CE tool
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in terms of the total time needed to complete it was Inedit, as the or-
ganisations considered it useful to obtain an initial overview of the
level of circularity of the organisation with minimal time investment.
However, this CE tool scored very low on the number of questions as
the organisations considered it too short to properly assess circularity.
On the other hand, the best-rated CE tool in terms of the number of
questions included was CE-Diagnosis, as it included an intermediate
number of questions considering all stages of the life cycle. Finally,
the worst-rated tool was CircularTRANS, both in terms of the time re-
quired and the number of questions included, as the organisations
considered that the total time taken was excessive (around 30 min)
and the number of questions was too high compared to the other CE
tools.

Content of the CE tools. With regard to content, there were greater
differences between the CE tools, with Inedit being the best rated,
followed by CE-Diagnosis, CAS2.0, CircularTRANS, CM-FLAT, MATChE
and, lastly, Circulytics. In this field, the CE tools received positive eval-
uations in terms of the clarity of the statements, the repetitiveness of
the questions and the difficulty in completing the assessment, as the
organisations considered the tools to be clear and simple. However,
the CE tools were given negative evaluations with respect to the con-
sideration of the specific characteristics of the organisation. This may
result either from the differences between organisations or from the
wide variety in the content of the CE tools and the clear differences
in terms of the scope of their application and adaptability to each or-
ganisation, as demonstrated by Valls-Val et al. (2022).

Output of the CE tools. Regarding the output of the CE tools, this cat-
egory had the greatest variation in scores. This is due to the fact that
some tools (CAS 2.0 and Circulytics) did not offer suggestions for im-
provement; therefore, in relation to this aspect they were awarded a
score of 0. Moreover, the CM-FLAT CE tool is not implemented in
any software; thus, the organisations only assessed the match of the
score with respect to the reality of the organisation, with all other as-
pects in this category for this tool scoring 0.

The best-rated CE tool in terms of the level of detail of the report was
CircularTRANS, as it offered the most extensive results report. This in-
cludes a theoretical introduction, the result of the diagnosis (with the
various indicators and a comparison with the sector average), a list of
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Fig. 4. Users' score assessment of the CE tools.

suggestions for improvement (classified into strategic process, opera-
tional processes, support processes and external context), along with
a roadmap and an action plan. It should be noted that it is also
customisable, so the organisation can modify it by adding its own in-
formation or by filling in the roadmap to assess the suggestions for im-
provement proposed by the tool. The worst-evaluated CE tool in this
aspect was Inedit, as it only provided an overall circularity indicator
and a very generic set of suggestions for improvement.

Secondly, regarding the use of the report, the CE tools with the
highest scores were CE-Diagnosis and CircularTRANS. On the one
hand, CE-Diagnosis provided a concise report with information that
organisations consider important (indicators linked to life-cycle
stages and comparison of the score obtained in each case with the av-
erage score for its sector). On the other hand, CircularTRANS, as men-
tioned above, presented a very detailed report from which the action
plan and roadmap could be used. The worst-evaluated CE tools in this
respect were Circulytics and Inedit because their reports only pro-
vided the indicator scores, and although Inedit included suggestions
for improvement, they were very generic.

In addition, the CE tools with the highest scores when it came to
matching the CE tool score with the reality of the organisation were
CircularTRANS and CE-Diagnosis, with Circulytics receiving the lowest
score.

Finally, in terms of the utility of the suggestions for improvement of-
fered by the CE tools, CircularTRANS, MATChE and CE-Diagnosis had
similar scores because they offered suggestions for improvement
that were more customised and adaptable to the organisations
under study. The worst-rated CE tool was Inedit, as the respondents

521

considered that the suggestions for improvement offered were very
generic and not applicable to their organisations.

Design of the CE tools. In terms of the user-friendliness of the CE tool,
all the tools were positively rated because they did not present any
difficulty for the user, as nowadays people are very familiar with on-
line evaluation CE tools. Regarding the design of the tools,
CircularTRANS, Inedit and MATChE received better scores, as they
have a more attractive design. However, Circulytics and CE-
Diagnosis had the lowest scores because they use Qualtrics and
Google Forms questionnaires, respectively, along with CAS 2.0, be-
cause its design is very simple.

General opinion or commentaries on the CE tools. Regarding the
open-response comments made by the respondents, which can be
consulted in the Supplementary Material (Table S3, Table S5,
Table S7 and Table S9), most focused on the fact that in the case
of the CAS2.0, Circulytics and MATChE CE tools, all the questions need
to be answered, even when they are not applicable to the
organisation, leading to the results distorting the reality. In addition,
the respondents appreciated that the CE tools were available in
their native language, since this allowed them to understand and inter-
pret the questions better. In fact, all the CE tools selected as favourites
were in Spanish, the native language of the respondents. Additionally,
respondents were appreciative of reports being generated instantly.
Prior knowledge of the CE tools. It was noteworthy that none
of the organisations were aware of these CE tools beforehand,
which suggests that the tools should invest a little more in
their promotion and publicity in order to encourage their use in
organisations.
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4.4, Relationship between the content of the CE tools and the requirements
of organisations

Fig. 5 classifies the content/topics considered by the CE tools into dif-
ferent categories based on those from Valls-Val et al. (2022) and shown
in Fig. 5a. Firstly, the questions in the CE tools were classified into the se-
lected categories using the keywords detailed in the Supplementary
Material (Table S10). They were then plotted in Fig. 5b, with the weight
of each question in the calculation of the overall indicator being consid-
ered and indicating the categories not included in each tool. Secondly,
the organisations were analysed to identify which categories applied
to them. Fig. 5¢ presents the aspects applicable to each organisation
and the percentage of each of these addressed by each of the tools
(displayed in the box for each organisation).

Regarding the content of the CE tools, Fig. 5b reveals that none of the
CE tools included all the analysed aspects, and although all the tools
placed importance on involvement in CE, there was a great difference
in the content included in each of them. On the one hand, some tools fo-
cused only on some categories; for example, Circulytics on management
involvement in CE, MATChE on circular economy strategies, and Inedit
on environmental management, inflows and outflows. On the other
hand, other CE tools focused on all categories except outputs (such as
CAS2.0 and CircularTRANS), whereas other, more balanced tools, such
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as CM-FLAT and CE-Diagnosis, considered practically all the categories
equally.

In terms of the organisations, it could be seen that the CE tools
that include the highest percentage of categories of the organisa-
tions in all four cases were CircularTRANS followed by CM-FLAT.
The rest of the tools considered <50 % of the organisations' charac-
teristics. Therefore, it can be concluded that these generic CE
tools make it very difficult to address the characteristics of all
organisations.

4.5. Preference and utility of CE tools by organisation

On the one hand, the preference of the CE tools was assessed in three
ways: first, using the assessment score given by the organisations in the
evaluation template for the utility category; second, using the total as-
sessment score given by the organisations in the evaluation template;
and third, directly from the CE tool chosen by the organisations as that
preferred to be implemented in their organisation.

In terms of the score obtained in the utility question, CE-Diagnosis
and CircularTRANS were the best-rated CE tools. Moreover, regarding
the total score obtained, CE-Diagnosis and CircularTRANS were also
the best rated. In addition, regarding the preferred CE tool to be used
in their organisation, CircularTRANS was selected by organisations B, C
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Fig. 5. Relationship between the topic of the questions included in each CE tool and the organisations A, B, C & D.
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Table 5

Relationship between CE tool ranking and preferred CE tool for organisations A, B, C & D.

Sustainable Production and Consumption 36 (2023) 513-525

Ranking

Preferred CE tool

onNnw>

CE-Diagnosis > CAS2.0 > CM-FLAT* > CircularTRANS > MATChE > Inedit > Circulytics
CircularTRANS > CE-Diagnosis > MATChE > Inedit > CM-FLAT* > CAS2.0 = Circulytics
Inedit > CE-Diagnosis = MATChE > CircularTRANS > CAS2.0 > CM-FLAT* > Circulytics
CE-Diagnosis > Inedit > Circulytics > MATChE > CAS2.0 > CircularTRANS > CM-FLAT*

CE-Diagnosis/CM-FLAT*
CircularTRANS/CE-Diagnosis
CircularTRANS/Inedit
CircularTRANS/CE-Diagnosis

* Under development.

and D, and CE-Diagnosis by organisation A. So, it could be concluded
that the organisations considered CircularTRANS and CE-Diagnosis to
be the most useful CE tools.

Table 5 establishes the relationship between the CE tool selected
as that preferred by the organisations and the score ranking that the
organisations assigned to each tool. As can be seen, in organisations A
and B, the CE tool selected as preferred was, in fact, also that with the
highest score. Meanwhile, in organisations C and D, the CE tool rated
in second position regarding preference received the highest score. In
organisation C, Inedit was not selected as the preferred CE tool because
it was considered too short and simple; and in organisation D,
CircularTRANS was selected as the preferred CE tool because it was
the most comprehensive.

5. Discussion

Having applied and analysed the existent CE tools used to ascertain
the degree of circularity in organisations, the research questions stated
in the introduction were addressed as follows.

Regarding RQ1 (Is the level of circularity calculated with different CE
tools comparable?), it was concluded that the results obtained with dif-
ferent qualitative CE tools are not comparable, as the fact the CE tools
differ in numerous aspects produces mismatches. This concords with
Valls-Val et al. (2022) statements, who highlighted the lack of
standardisation among qualitative and quantitative CE tools. This is
also in line with the conclusions of Vinante et al. (2021), in the sense
that the results for the same organisation obtained from different CE
tools cannot be compared on the face of it, as each CE tool includes dif-
ferent indicators, and even though all of the tools provide an overall in-
dicator (level of circularity), they are on different scales, so they cannot
be easily compared. Moreover, according to the results presented in
Section 4.2 (see Fig. 3), when calculating the overall indicator for all
the CE tools on the same scale, it can be seen that they differ to a great
extent. Specifically, the average range of variation of the level of circu-
larity obtained with the different CE tools analysed exceeded 30 %.
This may be because each CE tool considers distinct areas and elements,
and none includes all the possible aspects — as Corona et al. (2019) and
De Pascale et al. (2021) concluded in relation to the CE indicators
analysed. This implies that it would be impossible to achieve the same
results. The considerable differences observed in the CE tools studied re-
veals the discrepancies in perceptions regarding what should be con-
templated when it comes to assessing CE, along with the varying
interpretations of the CE concept. This finding is in accordance with
the conclusions presented by Saidani et al. (2019), De Pascale et al.
(2021) and Corona et al. (2019), among others, and highlights the diffi-
culty of obtaining comparable results in CE assessments. Therefore, de-
pending on the case of application, the choice of one CE tool or another
will benefit or disadvantage the organisation.

Regarding RQ2 (Are the CE tools capable of considering the specific-
ities of organisations belonging to different sectors?) it was observed
that the organisations under study believed that the analysed CE tools
did not consider the specificities of their particular sector: none of the
organisations were convinced that their characteristics were included
in the CE tools. The organisations also considered that some of the man-
datory questions were not applicable to them, which had a negative ef-
fect on the level of circularity obtained in the CE tool, and that some
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important characteristics of their activity were left outside the scope
of the tool.

According to the results presented in Sections 4.3 and 4.4, it was ob-
served that organisations A and B (service organisations) had more dif-
ficulty in completing the data, and considered that their specifications
were less well covered by the CE tools than in organisations C and D
(production organisations). This is in line with studies published to
date related to CE assessment in some specific sectors, which, as seen
in the background, are mainly focused on production organisations,
such as manufacturing (Negri et al., 2021; Trollman et al.,, 2021), build-
ing sector (Negri et al., 2021; Trollman et al., 2021), textile industry
(Galatti and Baruque-Ramos, 2022; Hanulakova et al., 2021; Mazzoni,
2020), among others. This may be due to the fact that the New Circular
Economy Action Plan (COM 098, 2020) includes the mobilisation of in-
dustry for a clean and circular economy as a line of action, so current ef-
forts are focused on industrial and production sectors. Moreover, among
the production organisations, the organisation involved in the produc-
tion of technological material (organisation C) had a stronger relation-
ship with the questions included in the CE tools (since its product is
more related to the CE strategies such as modularity, repair, etc.),
whereas an organisation involved in the production of a ceramic tile
(organisation D) considered that many of the questions did not apply
to its product since many of the CE strategies considered were not appli-
cable (for example, shared use, product as a service, etc.).

As each organisation under study had different specificities, each
valued different aspects of the CE tools positively; therefore, the selec-
tion of the preferred CE tool to be applied in the organisation was influ-
enced by its sector of activity. In other words, the significant differences
that exist between organisations and the peculiar characteristics of each
sector, require individual approaches and careful analysis. Therefore, it
can be affirmed that generic CE tools make it very difficult to consider
the characteristics of all organisations, so the development of sectorial
CE tools could be an interesting possibility. This is in line with
Koszewska and Bielecki (2020), who affirmed that each branch of in-
dustry must have its specific challenges regarding the circular economy
and its own methods of solving them; and with Lindgreen et al. (2020),
who stated that, depending on their characteristics, different organisa-
tions may require distinct CE tools.

Regarding RQ3 (What are the opinions of managers regarding the
applicability of each CE tool to their organisation?) and according to
the results of 4.3 section, the organisations analysed considered that se-
lected CE tools could be useful, but they need further development to in-
clude the characteristics of different sector activities and greater
standardisation to provide comparable results. Respondents value the
fact that the CE tools use ranges or concrete data instead of Likert scales
because they are more objective, well explained statements to avoid
confusion in the answers, availability in the native language and the
option does not apply in those questions that are not relevant for the or-
ganisation. Studies into methodologies, metrics and indicators to deter-
mine the implementation of CE are currently in ongoing development.
This aspect permits a degree of freedom when it comes to constructing
CE tools; nevertheless, the absence of uniformity and agreement is a
limitation to the understanding and measurement of CE (De Pascale
etal, 2021) and to organisations' acceptance of results from CE assess-
ment approaches (Lindgreen et al., 2020). As a consequence, the organi-
sations did not consider any of the CE tools to be optimal or suitable.
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Moreover, the organisations considered that more resources should
be invested in promoting these CE tools since they were not well
known.

In accordance with the results presented by Saidani et al. (2019),
Sassanelli et al. (2019) or Elia et al. (2017), it can be stated that there
is a lack of standardisation, uniqueness and uniformity in the circularity
assessment in organisations, although there is an appreciable increase
in interest. The circularity assessment is still under development,
which allows the use of tailor-made approaches, and there is a low ac-
ceptance of the results of CE assessment methods on the part of organi-
sations (Lindgreen et al., 2020). Therefore, more research and
development are needed to produce a standardised CE assessment CE
tool that includes the best characteristics of each CE tool and meets
the requirements or demands of the organisations.

6. Conclusion

After applying existing CE tools to ascertain the degree of circularity
in organisations by using qualitative data, it can be concluded that there
are clear differences in their applicability, utility and user-friendliness.
They differ in terms of adaptability to the case study, appropriateness
of content, application and design aspects. Moreover, the results ob-
tained differ considerably from one CE tool to another, which can lead
to advantages or disadvantages for organisations depending on which
one they use in their analysis.

Organisations consider that the CE tools could be useful, but they
need further development as they are too general, heterogeneous and
do not allow the specificities of the different sectors to be modelled. Re-
spondents generally preferred to use CircularTRANS as it was the most
complete; however, this CE tool obtained results that were quite distant
from the average. It could be said that the most suitable CE tool for a de-
tailed analysis would be CircularTRANS, that Inedit would be the opti-
mal CE tool to obtain an initial overview of the organisation's level of
circularity, and that CAS2.0, CM-FLAT MATChE or CE-Diagnosis would
be in an intermediate position, with Circulytics being the CE tool
worst ranked by the organisations.

Therefore, the work carried out is essential to help organisations se-
lect the CE tool best suited to their needs. Moreover, as none of the CE
tools can be classified as optimal, it can be concluded that further re-
search is needed to develop standardised sectoral CE tools that consider
sector specificities and allow organisations to obtain accurate and
comparable results; and the research conducted in this paper is key to
establish the basis for the development of these new standardised CE
tools.

This study has the limitation that it was focused on CE tools that use
qualitative data as input information, are developed in English or Span-
ish language, are currently accessible online or can be downloaded. In
addition, the selected CE tools were applied to four organisations be-
longing to different economic sector. So, for future developments, it is
proposed to extend the number of CE tools and to extend the sample
of organisations at different levels (more organisations, more sectors,
more countries, more years, etc.) or, on the contrary, to focus only on
a specific sector.
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