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a b s t r a c t 

Circular Economy (CE) is a key approach to supporting a transition towards sustainable growth. How- 

ever, due to the lack of understanding of readiness for the CE transition, manufacturing companies still 

face a number of challenges in successfully implementing CE. This paper describes the development of 

a CE readiness self-assessment tool, MATChE (MAking the Transition to a Circular Economy), following 

iterative cycles of theoretical development and empirical co-development with potential users. The re- 

sulting web-based platform enables a self-assessment of manufacturing companies’ readiness to transi- 

tion to CE. In addition to allowing the understanding of strengths and gaps for CE implementation across 

eight key dimensions (e.g. strategy and business model innovation), the tool enables internal and external 

benchmarking studies (at the company or business unit levels); the prioritisation of focus areas based on 

strategic drivers; and the development of transition paths with support of CE-related tools, methods and 

approaches. The MATChE tool is, at the time of writing, supporting over 330 manufacturing companies 

(incl. 900 + users), spread across 16 manufacturing sectors and 38 countries. Future research is ongoing to 

minimise the limitations of the tool and expand its scope beyond manufacturing companies, in a number 

of different directions (e.g. service providers and waste management companies). 

© 2021 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 
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. Introduction 

The increasing recognition of the need to mitigate the effects 

f population growth, wealth increase and human consumption 

s currently leading several international organisations, such as 

he European Union (EU) ( European Commission, 2019 ), the Or- 

anisation for Economic Co-operation and Development (OECD) 

 Steffen et al., 2015 ; OECD 2018 , 2019 ) and the United Nations

UN) ( UN, 2020 ), to consensually highlight the need for a signif- 

cant change in our economic system, in order to respect the plan- 

tary boundaries ( Steffen and Stafford Smith, 2013 ; Häyhä et al., 

016 ). In this context, Circular Economy (CE) has emerged as a key 

pproach to support sustainability transition and enhance indus- 

ry competitiveness, towards sustainable growth ( European Com- 

ission, 2020 ). CE is defined as “an economy that provides multi- 

le value creation mechanisms, which are decoupled from the con- 

umption of finite resources” ( Ellen MacArthur Foundation, 2015b ), 

hich is particularly relevant within the context of manufacturing 
✩ Editor name: Prof. Adisa Azapagic 
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ompanies ( Pieroni et al., 2021a ; Lieder and Rashid, 2016 ). A suc-

essful transition to CE requires a systemic change in the way com- 

anies understand and do business, with sustainability as a strong 

oundation ( Kravchenko et al., 2019 ; Millar et al., 2019 ). 

Currently, industry is faced with a duality of opportunities and 

hallenges ( Hopkinson et al., 2018 ), as described in the following. 

he potential sustainability and business benefits from adopting a 

ircularity mindset in industry are significant. In Europe alone, the 

usiness benefits linked with CE are estimated to be ca. 1.8 trillion 

uro per year up until 2030 ( Ellen MacArthur Foundation, 2015b ). 

evertheless, despite the increased interest in CE implementation 

nd the large amount of research and governmental incentives 

 van den Bergh, 2020 ), companies still face challenges in success- 

ully implementing CE ( Bocken et al., 2016 ). Once having decided 

o implement CE, the key challenges faced by manufacturing com- 

anies are connected to: 

- Systemic nature: creating a CE requires fundamental changes 

throughout the value chain ( Bressanelli et al., 2020 ), from 

new business model innovation ( Galvão et al., 2020 ), prod- 

uct/service design ( Blomsma et al., 2018; Pigosso et al., 2014 ) 

and production processes all the way to consumption patterns 
reserved. 

https://doi.org/10.1016/j.spc.2021.05.011
http://www.ScienceDirect.com
http://www.elsevier.com/locate/spc
mailto:danpi@dtu.dk
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( Geissdoerfer et al., 2020 ) and end-of-life scenarios ( EEA, 2016 ; 

Hopkinson et al., 2020 ). 

- High complexity: new uses of existing material flows in- 

creases the boundaries and the complexity of CE systems 

( Korhonen et al., 2018 ). Furthermore, the evaluation of the sus- 

tainability performance of CE systems presents high complexity 

( Kjaer et al., 2019 ; Rodrigues et al., 2017 ). 

- High risks: the systemic nature and high complexity of CE also 

leads to high risks in the implementation of CE businesses 

( Trigkas et al., 2020 ). Furthermore, a number of risks associated 

with managing hazardous substances in a circular system exist 

( Bodar et al., 2018 ). 

- Multi- and inter- disciplinarity: the complexity and novelty of 

CE requires the combination of a number of disciplines, such 

as natural sciences, engineering, business, economics and man- 

agement ( Sauvé et al., 2016 ), which takes extra effort to orches- 

trate. 

- Lack of knowledge: a successful CE implementation in compa- 

nies requires new knowledge, capabilities and skills (e.g. rang- 

ing from material composition to social behaviour) ( De los Rios 

and Charnley, 2017 ; Kalar et al., 2021 ). 

The aforementioned challenges are mostly experienced by com- 

anies that have already decided to investigate the potential of 

ransitioning for a CE, which correspond to the main scope of this 

esearch. Nevertheless, it is important to highlight that the exis- 

ence of other business-oriented challenges (e.g. economic barriers, 

alue chain barriers, legal barriers, risk barriers ( Rizos et al., 2016 )), 

s well as theoretical challenges (e.g. as the lack of a consistent CE 

efinition ( Kirchherr et al., 2017 ), incl. social and cultural defini- 

ions of waste ( Korhonen et al., 2018 )), also play an important role

n hindering the transition to CE. 

Manufacturing companies play a key role in CE implementa- 

ion, due to their strong contribution to the economy and signifi- 

ant influence in creating, delivering and capturing value from new 

roducts and services across the entire value chain ( Pieroni et al., 

021b ). It is estimated that only 2-5% of companies have currently 

uccessfully implemented circular business models ( OECD, 2018 ). 

he circularity gap (measured in terms of the share of virgin ma- 

erials in relation to the total material consumption, based on the 

ystem of Environmental-Economic Accounting) is currently grow- 

ng ( de Wit et al., 2020 ), indicating that CE is still insufficiently

mplemented worldwide. 

Momete states that the limited implementation of CE might be 

inked to a lack of analytical diagnosis tools, which could offer the 

ig picture about the readiness of companies and economies to 

igrate from an unstainable linear model to a sustainable circu- 

ar one ( Momete, 2020 ) On the one hand, the lack of understand-

ng of the company ́s readiness before starting out on the journey 

owards CE leads to a higher chance of failure during the imple- 

entation ( Zhang et al., 2020 ). On the other hand, the assessment 

f readiness before heavily investing resources into the necessary 

hange process is known to increase the probability of success of 

nitiatives ( Rodgers et al., 2021 ) and ensure a more effective imple- 

entation of complex changes ( Weiner, 2009 ). 

To address these challenges and enhance the potential suc- 

ess of CE implementation in manufacturing companies, this pa- 

er describes the development of a CE readiness self-assessment 

ool, MATChE (MAking the Transition to a Circular Economy), which 

ims to deliver four elements of support for CE transition within 

anufacturing companies: 

i) understanding strengths and gaps for CE implementation. 

ii) perform internal and external benchmarking. 

ii) prioritise focus areas. 

v) plan transition paths with support of CE-related tools, methods 
and approaches. s

347 
The next section ( Section 2 , Literature review) describes the 

heoretical foundation for readiness assessment, highlighting exist- 

ng studies tackling CE readiness at different levels of analysis. It 

s followed by a detailed description of the scientific approach em- 

loyed for the development of the tool ( Section 3 , Methods), in- 

luding the theoretical development based on state-of-the-art re- 

iew within readiness assessment approaches, as well as strong 

takeholder engagement for the empirical co-development through 

ction research and case studies, aimed at enhancing the tool’s 

sefulness and usability. Section 4 , Results, presents the final ver- 

ion of the tool, its key features and the key steps taken for its ap-

lication. The key findings are further discussed in Section 5 , Dis- 

ussion. Finally, the key limitations and potential future research 

re highlighted in Section 6 , Conclusion. 

. Literature review 

The concept of organisational readiness for change is explored 

y a number of different disciplines, such as management, health, 

nformation technology and engineering ( Weiner, 2009 ). Organisa- 

ional readiness is defined as a comprehensive attitude that is in- 

uenced by four main areas: the content of the change (i.e. ‘what’); 

he change process (i.e. ‘how’); the context of the change (i.e. 

where’); and the individuals involved in the change (i.e. ‘who’) 

 Holt et al., 2007 ). In that sense, the readiness concept refers to 

the state of being both psychologically and behaviourally prepared 

o take action (i.e., willing and able)” ( Weiner, 2009 ). 

Readiness assessments aim to provide a systematic analysis of 

n organisation’s ability to change and transition to a new de- 

ired state ( Jöhnk et al., 2021 ), with an indication of opportunities, 

aps and potential challenges ( Pirola et al., 2019 ). The readiness 

ssessment can be performed through qualitative (i.e. interviews 

nd observation) or quantitative (i.e. surveys and questionnaires) 

pproaches, and special emphasis should be given to the reliabil- 

ty and validity of the results ( Holt et al., 2007 ). By assessing the

eadiness level, companies can get a situational analysis of current 

eadiness, as a starting point for prioritising action. The current 

eadiness can also be used as a benchmark for comparison, to sup- 

ort the transition process ( Pirola et al., 2019 ). Studies have also 

emonstrated the relevance of readiness assessments within com- 

lex changes, involving one or more organisations ( Blackman et al., 

013 ), as a precondition for innovation ( Halpern et al., 2021 ), and

s the best early indicator of how organisations will respond to in- 

roducing new business systems ( Ochurub et al., 2012 ). 

Within the broad CE literature, initial studies focused on readi- 

ess assessment on numerous levels, including: at a country level 

 Momete, 2020 ; Garcia and Cayzer, 2019 ); at a sectorial level 

 Siew, 2019 ); at an ecosystem level ( Parida et al., 2019 ); at the

egional level ( Pigosso et al., 2018 ); and at the level of individual

eadiness of employees ( Singh et al., 2018 ), as following described. 

In 2019, Garcia and Cayzer (2019) proposed the assessment 

f CE transition readiness at a national level, demonstrated in a 

olombian case. The framework contains a combination of top- 

own (i.e. policy and legislation, supportive infrastructure and 

wareness) and bottom-up enablers (Information and communica- 

ions technology (ICT) and Business models Design & Supply Chain) 

 Garcia and Cayzer, 2019 ). One year after, Momete (2020) proposed 

 unified framework for assessing the readiness of European Union 

conomies to migrate to a circular modelling, based on the eval- 

ation of the three sustainability pillars (i.e. economic, social and 

nvironmental). In addition to enabling benchmarking at a country 

evel, the framework also supported the identification of systemic 

nterventions needed by the EU in the path towards circularity. 

Siew (2019) evaluated the readiness for CE in the construction 

ector in Malasya based on a survey questionnaire with 100 + re- 

pondents. The survey measured the CE readiness in the sectorial 
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evel based on the evaluation of five indicators (i.e. input in the 

roduction process, utility during the use phase, destination after 

se, efficiency of recycling and complementary risk indicators), fol- 

owing a Likert scale ranging from 1 (not ready) to 5 (extremely 

eady) ( Siew, 2019 ). At an ecosystem level, Parida et al. (2019) de-

eloped a two-stage transformation model for orchestrating indus- 

rial ecosystems in CE. The ecosystem readiness assessment evalu- 

tes trends and regulatory trends across three areas: (i) the exter- 

al environment, (ii) business model, and (iii) ecosystem partner 

 Parida et al., 2019 ). 

At the regional level, Pigosso et al. (2018) propose the evalua- 

ion of the readiness for industrial symbiosis collaborations across 

o-located companies in a given region , actively supported by the 

nvolved municipalities. The readiness is evaluated using a 10-point 

ikert scale across ten different areas: resource minimisation po- 

ential, reuse/recycle potential, change of raw materials potential, 

aste commercialisation potential, potential for business model in- 

ovation, investment potential, readiness to cooperate and commu- 

icate, readiness for knowledge sharing and experience in man- 

ging trade-offs. Finally, at the level of the individual employees, 

ingh et al. (2018) , developed an extended theory of planned be- 

aviour model considering attitude, social pressure, perceived be- 

avioural control, environmental commitment and green economic 

ncentives ( Singh et al., 2018 ). 

Despite the range of existing readiness approaches listed here, 

o readiness approaches address the company organisational level, 

hich is fundamental for supporting the transition to a CE. Fur- 

hermore, none of the approaches identified follow a life cycle per- 

pective, and none of them provide the possibility to perform a 

enchmark with other (internal or external) business units, nor do 

hey couple these to advice regarding how to make a transition to 

E, based on their identified readiness. 

. Methods 

Assisting companies within the manufacturing sector to assess 

heir readiness to transition to CE must take point of departure in 

he relevant knowledge within the field, to the context of a typical 

anufacturing company. For this reason, the development of the 

ATChE CE readiness self-assessment tool was carried out based 

n a strong methodological approach, in order to ensure: (i) the 

nclusion of relevant dimensions to the industry branch; (ii) the in- 

lusion of state-of-the-art science-based knowledge from literature, 

ollowing the systematic literature review method ( Biolchini et al., 

005 ); (iii) a transparent, verified and validated process to the 

evelopment of the tool based on action research ( Coughlan and 

oghlan, 2009 ) and case studies ( Yin, 2006 ) methodology; and (iv) 

 repeatable and updatable tool design, allowing for later adapta- 

ions, to other industry fields than the manufacturing industry. 

To ensure the above quality dimensions in the design and de- 

elopment of the MATChE self-assessment readiness tool, three de- 

elopment cycles were applied before launch ( Fig. 1 ). 

.1. Cycle 1: theoretical development 

The first step in the MATChE tool development process was to 

arry out a literature review, to firstly ascertain important suc- 

ess factors, drivers and barriers for company transition to CE. As 

he field of CE is relatively young, related studies regarding the 

doption of sustainability strategies in general were also studied 

n the literature review. Two main enquiries were developed in 

he literature review, to enable the first iteration of the readi- 

ess assessment tool, namely: (i) literature regarding readiness as- 

essment approaches, to inform the definition of readiness steps 

 Section 3.1.1 ); and (ii) literature regarding necessary dimensions 
348 
or manufacturing companies to master, when working with CE 

 Section 3.1.2 ). 

.1.1. Developing a readiness scale 

To elicit literature regarding readiness assessment approaches, 

n iterative process was applied to develop the following search 

tring in Scopus: TITLE (readiness) AND TITLE-ABS-KEY ((transition 

R "change management") AND (organi?ation ∗) AND (scale OR mea- 

ure OR evolution OR likert)). The search in Scopus resulted in 28 

elevant papers, which were further evaluated in relation to the 

ollowing inclusion criterion “papers should include the definition of 

 scale for measuring organisational readiness”, resulting in nine pa- 

ers being finally selected. A common characteristic of the major- 

ty of the identified studies was that they used a five-point Likert- 

cale (e.g. ranging from 1 (strongly disagree) to 5 (strongly agree) 

 Haffar et al., 2014 ; La Lopa and Day, 2011 ; Zephir et al., 2007 ),

dapted to their specific aims (e.g. the ability of performing a given 

ask; from not being able to perform a task to being able to sup- 

ort others to perform a task) ( Wijnen-Meijer et al., 2012 ). On the

asis of the scales derived from the literature study, the generic 

ve-point Likert scale was decided, spanning: “1 – Not ready; 2 –

ow readiness; 3 – Medium readiness; 4 – High readiness; and 5 

Ready”. A frequent challenge with generic Likert scales is that 

hey can be subject to multiple and inconsistent interpretations, 

hus essentially rendering them unusable, not least if they are to 

e used for benchmarking. For this reason, the readiness scale was 

ustomised for the CE self-assessment, as described in Section 4.1 . 

.1.2. Developing readiness dimensions and aspects 

Gaining an understanding of the necessary dimensions of im- 

ortance for CE transition was a more involved process, taking 

oint of departure in a comprehensive review of literature to iden- 

ify circular economy dimensions and aspects reported in the lit- 

rature. Given that the field was subject to significant scientific 

nd societal (grey literature) attention at the time of development 

f the readiness self-assessment tool, key systematic literature re- 

iews ( Lieder and Rashid, 2016 ; Tukker, 2013 ; Ghisellini et al., 

016 ; de Jesus et al., 2016 ; Heshmati, 2017 ; Masi et al., 2017 ;

iu et al., 2017 ) on circular economy formed the basis of the re- 

iew of the scientific literature, whereas material (white papers, 

eports) from the European Union ( European Commission, 2015 ), 

llen MacArthur Foundation (Ellen MacArthur Foundation 2015b ; 

ebster, 2015 ; Ellen MacArthur Foundation 2015a , 2012 , 2013b , 

013a ) and SITRA ( SITRA, 2016 ), the key organisation behind the 

orld Circular Economy Forum, formed the point of departure for 

he grey literature. The following search string was used in Scopus 

s a starting point for the literature review, to elicit CE dimensions 

nd aspects of importance to consider for industry, when transi- 

ioning to CE: TITLE (("circular economy" OR circular?) AND (im- 

lementation OR transition OR change OR practice OR business OR 

pplication OR pursuit OR deployment OR execution)) , resulting in 

2 documents. From these, the papers which presented business 

rocesses or life cycle areas of relevance and particular activities, 

chievements, or initiatives were selected; resulting in 61 relevant 

rticles. 

.2. Cycle 2: low-definition prototype for expert testing 

On the basis of the 61 identified articles in the literature review, 

ve initial CE dimensions were identified, covering: organisational 

eadiness; business model readiness; market readiness; (product 

nd service) offerings readiness; and operations readiness. Each of 

he five CE readiness dimensions were detailed according to five 

E aspects, summing up to 25 formulated CE readiness questions 

or the first prototype of the readiness assessment tool. 
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Fig. 1. Overview of the main cycles and steps carried out for the development of the MATChE CE readiness tool. 

Fig. 2. (a) First low-definition (paper-based) prototype of MATChE CE readiness assessment tool; (b) workshop 2 with 35 environmental directors from Danish industry. 
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The low-definition prototype of the CE readiness tool was pre- 

ared as a paper-based prototype, with the intention of testing 

mong experts ( Fig. 2 a). A paper-based prototype was purposely 

hosen to ensure focus on the contents and logic of the self- 

ssessment tool, and not the user interface or functionality, which 

ere not in focus here. 
349 
The low-definition prototype was subjected to four iterations, 

ased on expert feedback in four controlled workshop environ- 

ents. In total, 75 potential users of the tool were involved in 

he workshops, as further described. The participants could freely 

hoose what would be the input context for the self-assessment 

e.g. the entire company or a specific business unit), to allow for a 
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roader test of the tool. In all workshops, data regarding the readi- 

ess assessments performed by the participants were not shared 

ith the researchers, as the workshop process was designed to col- 

ect feedback regarding the dimensions, questions, and the readi- 

ess scale (and not the readiness results). Furthermore, the in- 

olved participants were fully aware of the stage of the research, 

nd the inherent limitations in relation to the quality of the output 

ata to support decision-making. The low-definition prototype was 

nhanced from one workshop to the next, enabling an iterative de- 

elopment and test of new features and elements (i.e. the final 

orkshop corresponded the test of the third iteration of the low- 

efinition prototype which was enhanced after the first workshop 

1 st iteration), second workshop (2 nd iteration) and third workshop 

3 rd iteration) – resulting in the development final 4 th iteration. 

The first workshop aimed to test the low-definition prototype 

mongst 15 Life Cycle Assessment (LCA) and ecodesign experts 

rom Danish companies, all operating at the ‘specialist’ level in 

heir respective companies (including ARLA, Novo Nordisk, Colo- 

last, Danfoss, Grundfos, LEGO Group, etc.). This workshop reaped 

ery detailed feedback on the readiness scale, the aspects pre- 

ented and highlighted key gaps in the dimensions and aspects, 

eading to a new version of the prototype, with adjusted dimen- 

ions and aspects. The test population within the workshop were 

n important reference for the process, as they were members 

f a closely collaborating open industry interest group, within 

hich the authors were also a member, leading to high trust and 

herefore direct and honest feedback. The respondents represented 

ostly the tactical and operational layers of their respective com- 

anies. 

The second workshop enabled the test amongst 35 sustain- 

bility and environmental managers and directors from 35 Danish 

ompanies, as part of the Confederation of Danish Industry’s Di- 

ector Forum for Environmental Affairs ( Fig. 2 b). This workshop, 

resenting the second iteration of the tool, brought new insights 

nto the necessary iteration of the tool development, due to: (i) it’s 

resentation to potential users at the tactical (management) and 

trategic (director) levels of companies; and (ii) a broader reach 

o companies from numerous sectors (heavy industry, electronics, 

utchers, medico, construction, fast moving consumer goods, etc.). 

he feedback gained from this workshop uncovered the need to 

nclude a more market-oriented view, a consideration of policy 

rivers and barriers, and a more astute focus on the organisational 

spects of CE transition. 

In the third workshop, the CE readiness self-assessment proto- 

ype was tested amongst 25 sustainable product development re- 

earchers, within the authors’ own research network . This work- 

hop ensured an expert-critical view on particularly the aspects 

nd dimensions of the CE readiness assessment tool, questioning 

f the need for an equal amount of aspects covered under each 

imension, and pointing out gaps and overlaps between some as- 

ects. A thorough re-work of the dimensions and aspects was the 

ain outcome of this workshop. 

Finally, the fourth workshop involved a new test amongst the 

5 LCA and ecodesign specialists from Danish companies (same 

roup as workshop 1), in order to verify and validate changes 

nd developments applied since the first iteration. This workshop 

aw the last iteration of the paper-based prototype, which gained 

ositive feedback regarding the new organisation of dimensions 

nd aspects, but added a further dimension of ‘Technology and 

ata’, to capture the importance of the Internet of Things (IoT) 

nd data-driven solutions to CE. The low-definition prototype re- 

ulted in an extensively iterated and validated concept for the CE 

eadiness assessment tool, with a total of eight CE dimensions 

nd 30 aspects (questions) and further described in Section 4.1 .In 

ddition to enabling the consolidation of a robust and industry- 

elevant set of dimensions and aspects, Cycle 2 also supported 
350 
he definition of key features for the development of the MATChE 

ool: 

i) Assessment of CE readiness at different levels in the organisa- 

tion (i.e. both at the company and the business unit levels): this 

feature is especially relevant for large organisations with differ- 

ent readiness across different business units. 

ii) Company-wide assessment, enabled by the possibility of engag- 

ing colleagues from different functions, covering a diverse skill 

set: this feature has been deemed relevant due to the need for 

cross-functional collaboration, avoiding the bias of just one rep- 

resentative within each company providing an often narrower 

view of the company’s readiness. 

ii) Benchmark within the organisation, both internally (across dif- 

ferent business units) and externally (with companies from 

similar sectors, regions and/or sizes): this feature is relevant to 

create the sense of urgency and alignment required for the CE 

transition. 

v) Support for the development of transition paths, so to support 

companies in the prioritisation of the most relevant dimen- 

sions/aspects and the identification of the most relevant tools 

and methods to support the transition. 

The aforementioned features were transformed into a require- 

ents list and served as a key input for the development of the 

igh-definition prototype, in Cycle 3. 

.3. Cycle 3: high-definition prototype for logic development and UX 

esting 

On the basis of the identified requirements for the CE readi- 

ess self-assessment tool, the second prototype of the tool was 

uilt as a digital ‘works-like, looks-like’ prototype. The tool was pro- 

rammed from the bottom-up as PHP-based web-platform, on a 

ecure server, to ensure data security for the later development of 

he final tool. 

The web-based prototype of the MATChE CE readiness self- 

ssessment tool consisted of a fully operational version of the tool, 

hich included not just the contents of the CE dimensions and as- 

ects, but also the logic behind the scoring of individual readiness 

evels and combined readiness levels of multiple contributors from 

he same organisation. 

The logical flow development behind the tool was designed to 

ncourage high quality and robust data from the users, in order to: 

i) provide a transparent and trustworthy presentation of the readi- 

ess score for the company or the business unit being assessed; 

nd (ii) ensure good conditions for the analysis of the delivered 

ata through the resulting tool. 

In preparation for the development of the web-based proto- 

ype of the tool, a study of the user experience (UX) design 

as carried out, by following a User Centred Design methodology 

 Abras et al., 2004 ), and entailing extensive user-journey mapping 

 Patton and Economy, 2014 ), storyboarding and user interface de- 

ign ( Saffer, 2013 ). This element of the development of the tool 

ill not be detailed or discussed in any further detail, within this 

aper. The high-definition prototype was subjected to iterations in 

lpha-version and beta-versions ( King et al., 2017 ). The three iter- 

tions of the alpha-version of the tool entailed the following test 

rocedures: 

- Test 1: Initial testing of the tool with 22 internal research col- 

leagues (professors, researchers, PhD students, admin staff), to 

ascertain the reliability, usability and user journey experience 

of the tool. This test revealed many implicit shortcomings of the 

tool that were based on the authors having taken certain us- 

ability aspects for granted, which other colleagues did not quite 

catch. 
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- Test 2: Volume testing among three classes, ranging from 40- 

70 masters students, in order to: ‘stress-test’ the tool, regard- 

ing its usability within given scenarios; test its ability to act 

as an aggregator of multiple inputs; and test the integrity of 

the server, when receiving multiple responses. These tests gave 

many insights into the need for a more simplified user journey, 

and significant improvements in the registration and identifica- 

tion process, which posed teething troubles in the start. Tests 

within this group were repeated multiple times, on a voluntary 

basis by the students. 

- Test 3: Alpha testing within the 15 LCA and ecodesign spe- 

cialists (same group from ‘low-definition’ workshops 1 and 4), 

to ascertain feedback, regarding the digitisation of the tool, 

based on their earlier experiences and advice. The feedback 

from these trusted colleagues was invaluable, due to their ex- 

tended prior investment into the testing of the tool. The tool 

was also released to these colleagues for test and feedback with 

their respective companies, either as facilitators themselves, or 

in collaboration with the authors. 

On the basis of the three iterations in alpha-version, the project 

oved to the development of a beta-version, for own-use when 

acilitating workshops with single or multiple companies present. 

The beta-testing of the tool was achieved through 20 work- 

hops, in numerous constellations, ranging from single-company 

orkshops (with between 15-80 delegates), to branch organisa- 

ion workshops (often around 30 delegates from 30 companies), 

nd many other setups, in between. The main learnings, at this 

tage, were about the reliability of the software platform for the 

ool, which needed to be upgraded to a dedicated server, in order 

o be able to cope with numerous simultaneous users, without ex- 

eriencing server time-outs. After various iterations – and around 

00 registered users on the tool’s web platform – a full release of 

he tool (for standalone usage) was announced. 

The detailed self-assessment approach for CE readiness is fur- 

her described in the Section 4.1 , which contains the step-by-step 

pproach for the CE readiness self-assessment and key features, as 

ell as the detailed description of the final dimensions and ques- 

ions. The application in a real world setting by users is exempli- 

ed in Section 4.2 , which described the current user status of the 

ool and provides as exemplary demonstration. 

. Results 

The resulting ‘MATChE CE readiness self-assessment tool’, from 

he research, assessment, prototyping and co-development process, 

s a stand-alone tool that can help manufacturing companies to 

arry out a self-assessment of its readiness to transition to CE. 

.1. Step-by-step approach for the CE readiness self-assessment and 

ey features 

The MATChE CE readiness self-assessment tool supports a ten- 

tep approach, which starts with the identification of the current 

eadiness profile and evolves towards planning the implementation 

nd CE transition process ( Fig. 3 ): 

Step 1 starts when the user creates a user profile in the 

ATChE tool ( www.matche.dk ). The tool works by recognising 

he domain of a user’s email address (e.g. “@companyname.com”) 

s the identifier for the company to which the user belongs. 

he first time a new domain name is registered by a user, the 

parent user’ will be asked to provide basic details of the com- 

any, such as a company name, primary sector, market type 

business-to-business (B2B), business-to-consumer (B2C), business- 

o-government (B2G)), size, country, etc. These data are subse- 

uently verified by the research team maintaining the tool, who 
351 
urther enhances the company profile by applying a specific com- 

any sector code, according to the Danish industrial classifications 

ode “Dansk Branchekode 2007 (DB07)” ( Statistikbanken, 2020 ), 

hich is the national classification system based on the “Statis- 

ical Classification of Economic Activities in the European Union: 

ACE rev. 2” ( Eurostat, 2008 ). All subsequent users with the same 

mail domain will be associated with the same company, to enable 

hem to contribute to the same readiness assessment(s). Clustering 

f multiple domains (i.e. for large holding companies with many 

ub-brands) is also possible, but from the tool administrator side, 

nly. 

It is important to highlight that not all users on the MATChE 

ool are within the intended scope of ‘manufacturing companies’; 

n fact, at the time of writing about 1/3 of all users belong to ‘out-

f-scope’ organisations, i.e. non-manufacturing companies, service 

ompanies, consultancies, universities, government agencies, etc. 

hilst it is important, from a research perspective, to keep the 

ata in the platform used for benchmarking and statics ‘clean’, the 

uthors also recognised that the readiness assessment tool and its 

elated tools would be of high interest to ‘out-of-scope’ users. It 

as therefore decided to make the tool available to out-of-scope 

sers, but to: (i) exclude the data entered by an ‘out-of-scope’ user 

rom the statistics calculations; and (ii) disable an out-of-scope 

ser from carrying out an external benchmark from among the ‘in- 

cope’ companies on the tool. 

Step 2 involves the selection of the scope for the readiness self- 

ssessment (i.e. the entire company or a specific business unit). By 

efault, the CE readiness assessment tool establishes a ‘company 

evel’ readiness profile. Based on the recognition, however, of the 

act that a given company might have numerous business units, 

hich might have differing levels of CE readiness, the tool allows 

or the unlimited creation of business units by the user, where all 

ompany participants on the tool can contribute to one or more 

usiness unit and/or the ‘company level’ readiness assessment. The 

ATChE tool aggregates the readiness scores from business units 

p to the company level readiness score, whilst also maintaining a 

eadiness score on the basis of each business unit. 

The user then answers the 30 readiness questions, across the 

ight CE readiness dimensions (Step 3), using the readiness scale 

esigned according to the Likert system, with descriptors that en- 

ble a uniform answer from each respondent: 1: Understanding 

he potential; 2: Planning pilot implementation; 3: Piloting ini- 

iatives; 4: Planning scale up; and 5: Scaling up initiatives. The 

ATChE CE readiness self-assessment tool comprises a total of 

 CE dimensions and 30 aspects (questions), following combined 

usiness process and life cycle perspective ( Table 1 ). 

In Step 4, the user is required to define their skills and expertise 

reas, which will be used for calculating the robustness of the self- 

ssessment. The tool has an in-built feature of recording expertise 

reas of each user. The expertise areas that the user can rate them- 

elves on are: Maintenance and after-sales; Sales and marketing; 

upply chain management and operations; Sustainability; Product 

nd service innovation; Change management; Market intelligence 

 business development; Reverse logistics and waste management; 

ompliance, standardisation and lobbying. By rating themselves on 

 1-5 Likert scale for each of these nine areas, the user contributes 

o painting an overall picture of ‘skills coverage’ for their com- 

any’s readiness assessment profile, which in turn encourages the 

nvitation of sufficient colleagues to complete the CE readiness as- 

essment, thus increasing the trustworthiness of the data. At the 

ame time, these expertise areas tell a story, for the data analysis, 

f the types of users that are using the tool. 

The analysis of the consolidated readiness results for the se- 

ected scope is performed in Step 5. To provide an overview to 

he user, of how much the current readiness score can be trusted, 

ve indicators are included in the results view of the readiness as- 

http://www.matche.dk
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Table 1 

CE readiness dimensions and aspects (questions). 

352 
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Fig. 3. Step-by-step approach for the use of the MATChE CE self-assessment tool, 

with an indication of the value added to the user in each step. 
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essment (see also the examples in Fig. 4 ). ‘Total readiness score’ 

s a count of the aggregated readiness score of 150, considering 

hat there are 30 aspects (questions) with a maximum possible 

core of ‘5’ per aspect. The total score is, in itself, not entirely 

omparable, from business unit to business unit, but it neverthe- 

ess gives an indication of how far on the path that particular 

ompany/business unit is. ‘Assessments’ provides a count of the 

mount of assessments carried out for a particular company or 

usiness unit (i.e. number of different users submitting an assess- 

ent). ‘Agreement’ is a measure (low-medium-high) of the agree- 

ent level of the responses to the assessment for the particular 

ompany/business unit, calculated by measuring the standard de- 

iation between them. ‘Skill coverage’ shows the level of coverage 

f the nine above-mentioned expertise areas. Finally, ‘Robustness’ 

s a measure of how much the user can trust the results on a given

eadiness assessment, which is the product of the number of as- 

essments, standard deviation between the assessments and skill 

overage. 

If the robustness is low (calculated based on the number of 

ssessments, agreement level and skills coverage), the user is en- 

ouraged to invite other colleagues from different functions to en- 

ance the robustness of the results – an indication of missing skills 

s provided by the MATChE tool. Enabled by the allocation and 

omain-based company registration, the MATChE tool allows any 

ser to invite a colleague within the same email domain, borrow- 

ng a principle from ‘viral sharing’ ( Hoffman et al., 2020 ) to en-

ourage as many colleagues as possible from the same company to 

ontribute to the readiness assessment and thus building as true- 
353 
o-reality a picture as possible, of the current readiness of the com- 

any to transition to CE. The more trustworthy the data within the 

ool, the more value it has. One important way to ensure trust- 

orthiness of the data is to ensure multiple data entries per en- 

ity (company) registered on the platform. Therefore, the tool is 

ncouraged to be used by as many colleagues as possible, within 

ach participating company. 

When the robustness is high, Step 6 involves the identifica- 

ion of strengths and improvement opportunities, based on an 

verview of the eight CE dimensions. Depending on the resulting 

onsolidated CE readiness score for a given company and its busi- 

ess units, a summary is provided, aspect-by-aspect, dimension- 

y-dimension, of the current readiness, plus context-specific rec- 

mmendations about how to increase the readiness for a particular 

E aspect. Furthermore, an auto-generated PDF report can be cre- 

ted, summarising the particular business unit or company view, 

egarding current readiness and improvement recommendations. 

Step 7 enables companies to benchmark the results internally 

i.e. across different business units) and/or externally (e.g. compa- 

ies from the same size, sector, region or business type). After hav- 

ng completed at least one readiness assessment, a user is able to 

arry out an internal benchmark between other business units and 

he company level within the company. The tool provides a list of 

omparative strengths and gaps and creates a report for the user 

o download. In addition, it is possible to carry out an external 

enchmark with all other companies on the MATChE tool. Further- 

ore, four filters make it possible for the user to benchmark ex- 

ernal companies according to: primary sector; company type (B2B, 
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Fig. 4. CE readiness profile of companies A and B, with an overview of the readiness indicators and an indication of key strengths (represented in green) and improvement 

opportunities (represented in grey). 
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2C, B2G); country; and company size. These filters only function if 

hey capture a minimum of five external companies with the same 

haracteristics as the filter, in order to preserve the anonymity of 

he data. 

The prioritisation of the key CE dimensions for enhanced readi- 

ess based on their importance (low, medium and high) and time- 

rame (now, near and far) is performed in Step 8. A prioritisa- 

ion of eight CE dimensions is possible to make, through a feature 

f the MATChE tool, in terms of ‘importance’ versus time to im- 

lement. By prioritising the dimensions to work with, a so-called 

transition path’ can be charted, with recommendations for a tran- 

ition process. Step 8 is followed by the selection of the imple- 

entation path and the best tools to support readiness enhance- 

ent, on the basis of current readiness and on the prioritised CE 

eadiness dimensions (Step 9). The MATChE tool is equipped with 

 number of CE methods and tools (101 at the time of writing). 

hese tools are categorised, with respect to their fit to: readiness 

imensions; readiness levels; transition path status; organisational 

evel the tool is suitable for (strategic, tactical, operational); and 

hether the tool is targeted at single users or teams. In addi- 

ion, the tools are made available for download by the user. De- 

ending on the readiness status of the user’s company or business 

nit, the tools are ‘promoted’ as suggestions, to aid the transition 

rocess. 

The readiness can be re-evaluated at a frequent basis, to sup- 

ort the identification of new improvement opportunities for the 

mplementation of new CE initiatives (Step 10). It is possible for 

he user to go in at any time and perform an update of the data

or a readiness assessment. The idea of this feature is to allow 

pdated readiness assessments, after an improvement action, pi- 

ot project, competency lift, or similar has been carried out within 

he company and/or business unit in question. It also allows for the 

ocumentation of the evolution of the company ́s CE readiness over 

ime, which can be used for internal and external communication. 

The final noteworthy feature of the CE readiness assessment 

ool – and in many ways, perhaps the most fundamental – is data 

ecurity. The project responsible for creating the MATChE tool is 

nder the strictest of regulations within its university, regarding 

ata security, both with regards to GDPR and in terms of good data 

anagement practice. Expired or abandoned user data and com- 

any are purged on a regular basis. The MATChE tool is resident 

n a dedicated and encrypted secure server, with no other shared 
a

354 
sers. And with respect to the integrity of user logins, generic 

mail domains (such as @gmail.com, @hotmail.com) are excluded 

rom being able to register on the platform, as are known spoof 

ail domains (a blacklist is maintained). This measure ensures that 

he data on the tool are both kept safe from unwelcomed and 

nauthorised users, as well as kept as ‘clean’ as possible, to allow 

or optimal benchmarking and analytics. 

.2. User status and exemplary demonstration 

The MATChE tool is, at the time of writing, supporting over 

30 manufacturing companies (incl. 900 + users), spread across 16 

anufacturing sectors and 38 countries. The key professional/job 

unctions represented in the tool are: (i) Sustainability; (ii) Re- 

earch & Development; (iii) Product Design and Development; and 

iv) Strategic Planning. B2B and B2C companies are well repre- 

ented, but B2G companies are less so. 

To exemplify the use of the MATChE tool in a real-life context, 

he CE readiness of two companies from different sectors are de- 

cribed in this section. Company A is a large global manufactur- 

ng company, providing consumer electronic devices (i.e. B2C), with 

eadquarters in Europe. Company A has defined Circular Economy 

s part of their overall sustainability strategy, and wanted to ex- 

lore how to enhance the circularity of their business. In total, 34 

ifferent employees from the company engaged in the CE readiness 

elf-assessment (steps 1-5), which was focused on the entire com- 

any as a whole (i.e. no specific business units were selected) (step 

). Company B is a global manufacturing company providing wood 

roducts in a B2B context, with headquarters in North America. 

ompany B has been working with sustainability for many years, 

nd engaged in the development of Circular Economy initiatives in 

rder to explore new business opportunities for decoupling value 

reation from resource consumption. In total, 24 employees from 

ompany B engaged in the CE readiness assessment, which focused 

n one specific business unit, which had the higher potential for 

ew circular business models. 

The consolidated readiness results for both companies (step 6) 

re presented in Fig. 4 , with an overview of the key readiness indi-

ators and an indication of strengths and improvement opportuni- 

ies. Despite having a skill coverage of 50%, both companies man- 

ged to have a high amount of assessments (34 and 24, respec- 
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ively) and a high agreement level (i.e. low standard deviation), 

hich resulted in a high robustness of the results. 

The total readiness score of Company A is 44 (out of 150), with 

ey strengths in two dimensions: T́echnology & Data ́; and Úse, 

upport & Maintenance .́ Company A is planning scale-up of prod- 

cts monitoring during use and repair services, and has already full 

mplementation of service support provision systems. The key im- 

rovement opportunities within the other six dimensions are re- 

ated to: 

- Organisation: calculating the business case for CE and structur- 

ing the right process and tools. 

- Strategy & Business Model: developing a long-term strategy for 

CE and communicating the overall value proposition to cus- 

tomer. 

- Product & Service Innovation: developing product/service- 

systems, with products designed for end-of-life and sharing 

schemes. 

- Manufacturing & Value chain: establishing new partnerships to 

enable circular solutions and identifying opportunities for in- 

dustrial symbiosis. 

- Takeback & End-of-Life Strategies: designing takeback systems, 

remanufacturing products and recycling materials. 

- Policy & Market: exploring the market for second hand prod- 

ucts and influencing legislation towards higher circularity 

within the electronic sector. 

Company B has a total readiness score of 73 (out of 150). 
´ trategy & Business Model ́; Ḿanufacturing & Value Chain ́; and Úse, 

upport & Maintenance´are the key strengths of Company B in 

erms of strengths. The company is actively implementing circular- 

ty in their key business strategy, and is piloting a number of new 

ircular business models to explore their market potential. Further- 

ore, the company is active in the establishment of new partner- 

hips across the value chain, which are also focused on the inves- 

igation of materials with a higher circularity. Company B is also 

caling-up service support platforms and repair services to extend 

he product life. 

The key improvement opportunities within the other five di- 

ensions are related to: 

- Organisation: being able to take risks and invest for the imple- 

mentation of new concepts and initiatives. 

- Product & Service Innovation: designing for life extension and 

designing sharing systems. 

- Technology & Data: exploring new technologies to allow ex- 

tended product use. 

- Takeback & End-of-Life Strategies: remanufacturing products 

and recycling materials. 

- Policy & Market: exploring the market for second hand prod- 

ucts. 

On the basis of the readiness profile, Companies A and B per- 

ormed an external benchmarking (step 7), which supported the 

rioritisation of the dimensions to focus (step 8). While Company 

 decided to focus on Śtrategy & Business Model´and Ṕroduct & 

ervice Innovation´(two of the identified improvement opportuni- 

ies), Company B decided to continue focusing on their strengths 

e.g. Śtrategy & Business Model ́) in addition to selecting two addi- 

ional improvement areas (i.e. Órganisation´and Ṕroduct & Service 

nnovation´dimensions). At the time of writing, both companies are 

mplementing a number of initiatives within the selected dimen- 

ions, supported by a number of tools proposed from the MATChE 

ool and complemented with other tools that are connected to 

heir key business processes (step 9). Once finalised, it is expected 

hat the companies will perform a new readiness assessment (step 

0), to be able to measure the readiness enhancement and to plan 

he next steps in their journey towards Circular Economy. 
355 
. Discussion 

The successful implementation of circular initiatives demands a 

horough understanding of the company ́s readiness profile (incl. a 

eep understanding of key strengths and gaps) and a tailored ap- 

roach for the development of transition paths for CE implementa- 

ion, which respects and builds upon the identified existing readi- 

ess. Hence, understanding how CE readiness and CE implementa- 

ion relate to each other increases the probability of successful CE 

mplementation and is essential to leverage CE potential towards 

ustainable growth. 

The application of the MATChE readiness tool with the iden- 

ification of strengths and improvement opportunities for CE, as 

ell as the internal and external benchmarking, increase the de- 

ree to which the involved employees perceived the urgency for 

he transition to CE which is one of the key success factors for 

he CE transition. In addition, the application of the MATChE tool 

upports a higher alignment within the organisation in relation to 

n-going initiatives and the priorities for CE implementation. Com- 

ined with the extensive database of methods and tools, which are 

re-selected according to the current readiness and prioritised ar- 

as, the tool enables the development of a feasible transition path 

hich can enhance the success rate of CE initiatives, and ensure 

he evolution from pilot projects to scale-up and full implementa- 

ion. 

Given the amount and granularity of data that the tool is able 

o collect and analyse, the MATChE CE readiness self-assessment 

ool has been designed so as to provide valuable research insights 

nto the readiness of the industry with respect to CE transition. 

hese insights can be created on the basis of many different di- 

ensions, which are of potential use to not only the companies 

hat the tool’s main interface is designed for, but also researchers, 

olicy-makers and strategic funding agencies. In this context, there 

s a potential of using the MATChE tool to continuously provide a 

ashboard with anonymised data of CE readiness in different sec- 

ors, regions, company sizes and types to support further research 

nd policy-making within CE implementation. 

In addition to the practical contribution to the manufacturing 

ndustry, the MATChE tool also contributes to the state-of-the-art 

n the CE literature, enabling the understanding of the key di- 

ensions and aspects to evaluate CE readiness at an organisa- 

ional level. MATChE complements existing similar CE readiness 

ools with different analysis levels: country level ( Momete, 2020 ; 

arcia and Cayzer, 2019 ); sectorial level ( Siew, 2019 ); ecosystem 

evel ( Parida et al., 2019 ); regional level ( Pigosso et al., 2018 );

nd individual employee level ( Singh et al., 2018 ), as described in 

ection 2 , Literature review. In relation to the scope (i.e. circular- 

ty evaluation at the company level), the most similar approach to 

he MATChE tool is Circulytics®, launched by the Ellen MacArthur 

oundation in 2019. Despite not being developed to evaluate the 

E readiness and not having been published in academic literature, 

he Circulytics® tool ( Ellen MacArthur Foundation, 2020 ) presents 

 number of similarities to the MATChE platform, which are worth 

iscussing. The key characteristics of the MATChE CE readiness 

elf-assessment tool and its comparison to Circulytics® are sum- 

arised in Table 2 . 

Despite the similarities between MATChE and Circulytics® in 

ontributing with the overall understanding of CE implementation 

t a company context, each tool has different overall goals and 

pproaches. In future studies, it might be interesting to explore 

he potential synergies of both approaches, to enable companies in 

heir CE transition, when applied in a combined fashion. It would 

urthermore be interesting to compare the results of companies 

hat have engaged in both initiatives to understand whether there 

s a correlation between the CE readiness score (MATChE) and the 

E circularity index (Circulytics®). 
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Table 2 

Comparative tool of the MATChE platform and the Circulytics® tool ( ∗ corresponds to estimations by the authors). 

Characteristic MATChE CIRCULYTICS®

Main goal Measure and enhance readiness for CE transition, based on a 

customised transition path 

Measure the circularity level of companies 

Score calculation 30 aspects, divided across 8 dimensions 18 indicators, divided across 11 themes 

CE dimensions measured Organisation; Strategy & Business Model; Product & Service 

Innovation; Manufacturing & Value Chain; Technology & Data; Use, 

Support & Maintenance; Takeback & End-of-life; Policy & Market 

Strategy and planning; People and skills; Innovation; 

Operations; External engagement; Product & Materials; 

Services; Assets; Water; Energy; Finance 

Data input Qualitative Mix of qualitative, semi-quantitative and quantitative data 

Level of depth High-level High-level 

Scope Company level Company level only 

Business unit level 

No. of users involved in 

assessment 

Min. 1, max. ∞ One representative per company 

In-built consolidation feature of readiness profile 

Reliability of results Robustness function, calculated based on the agreement level 

(standard deviation), skill coverage and number of assessments 

Reliability is solely based on the input/output data from the 

user, and not evaluated within the tool 

Advice after completing Readiness dashboard Scorecard Communications toolkit 

Full report with current status and recommendations 

CE transition paths, based on 99 + tools and supporting cases 

Benchmarking possibilities Internal benchmarking Indirectly, through annual data insights 

External benchmarking 

Availability Online, 24/7 Registration-based, based on a 3rd part software 

Time to complete Circa 1 hour per person for the self-assessment, can be completed as 

a workshop 

Data collection: weeks-months ∗ Questionnaire: 2-3 hours ∗
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. Conclusions 

The MATChE tool was developed based on the identification 

f the eight key dimensions that are necessary for manufactur- 

ng companies in making the transition to CE: (1) Organisation; (2) 

trategy and Business Model Innovation; (3) Product & Service In- 

ovation; (4) Manufacturing & Value Chain; (5) Technology & Data; 

6) Use, Support & Maintenance; (7) Takeback & End-of-Life Strate- 

ies; and (8) Policy & Market. In total, 30 aspects were identified to 

upport the identification of the companies´readiness in each one 

f these dimensions, which are used for a self-assessment by man- 

facturing companies. By analysing a number of contextual factors 

e.g. organisational culture; policies and procedures; past experi- 

nce; organisational resources and organisational structure), the CE 

eadiness self-assessment tool provides important guidance to sup- 

ort the successful transition towards of manufacturing companies 

n a CE, which has the potential to support minimising the cur- 

ently observed circularity gap. The CE readiness profile enhances 

he understanding of strengths and gaps for CE implementation 

ithin an organisation, based on a cross-functional effort within 

 company. In addition to that, the MATChE tool also allows com- 

anies to perform internal and external benchmarking studies to 

upport the prioritisation of key CE focus areas and dimensions; 

nd to plan relevant transition paths with support of CE-related 

ools, methods and approaches. 

At the same time, the MATChE tool has clear limitations. Firstly, 

he scope of the tool is currently limited to manufacturing compa- 

ies. This delimitation was chosen in order to be fully applicable 

o the main focus group for the research and to be as specifically 

seful as possible to this sector. Future directions from this initial 

coping could go a level deeper and more specific (e.g. electronic 

quipment manufacturing, packaging manufacturing), or broadly to 

ther sectors (e.g. maritime branch, agro-food sector, service indus- 

ry). Such an expansion of the scoping for the tool (which the au- 

hors are currently planning), should be carried out with the in- 

ention of retaining as many of the current dimensions and as- 

i

356 
ects as possible, to preserve comparability, whilst obviously hav- 

ng to change some dimensions and aspects, to be more relevant 

or the new scope. The second limitation of the tool is that it pro- 

ides a consensual starting point to measure readiness in a com- 

any, but does not attempt to provide any quantitative goals or 

argets, as such. This was, again, a conscious choice, when develop- 

ng the MATChE tool, in order to retain focus on creating an initial 

aseline for companies to build on. One development, in the fu- 

ure, could be to build quantifiable indicators, to lead the change, 

lso in relation to specific performance targets – but such an ad- 

ition to the tool would clearly require more granularity of mul- 

iple scopes, within each sector. The third main limitation of the 

ool is that it does not consider material and energy flows as an 

ndicator for the calculation of the CE readiness profile, nor for 

he prioritisation of the CE focus areas. While the understanding 

f the organisational readiness remains as the main goal of the 

ool, it might be relevant to support the prioritisation process of 

ocus areas by combining the readiness profile (i.e. the results of 

he MATChE tool) with the circularity potential of different busi- 

ess units/CE dimensions, by using existing metrics for circularity 

ssessment at company level (e.g. Circulytics®). In that case, the 

valuation should be done based on quantitative data, which will 

ost likely be provided by one representative from the company 

nd/or business unit. 

Finally, there has been an increased interest in the use of the CE 

eadiness approach by other types of stakeholders than only man- 

facturing companies. Future research is ongoing for the expansion 

f the scope of the MATChE tool in a number of different directions 

e.g. value chain, sectors, types of companies). 
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