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Abstract (ENG)

This thesis analyses the contribution of Environmental Management Systems (EMS)'s in
adopting Circular Economy (CE) principles in manufacturing companies. It explores different
aspects such as the reporting and communication of environmental performance, the
adoption of circularity Key Performance Indicators (KPIs), as well as the possible
configurations of organisational and technological practices focused on CE and,
consequently, the role played by EMS in such configurations.

The dissertation is based on a mixed empirical methodology using, on the one hand, the
environmental statements of companies with EMAS registration at a regional and national
level and, on the other hand, the European Manufacturing Survey 2018 with two sub-samples
from Spain and The Netherlands. Thus, noteworthy results were obtained that answered the
research questions posed. Firstly, out of a sample of 85 companies, a positive relationship was
found between companies that had implemented an EMS and a greater intensity in circularity
practices. Secondly, from the two studies that used data from the EMAS environmental
declarations, the practices reported by the 31 sites at the regional level (Catalonia) and the
122 sites at the national level in Spain were observed. The national study also analysed the
quantitative information within the declarations to check the possibilities of using circularity
indicators with the information that companies share in their environmental reports.
Seventeen CE practices mentioned by the companies were detected, but only three provided
quantitative information applicable to adopting circularity KPlIs.

Thirdly, and under the lens of *Configuration of Practices’, 288 manufacturing companies
were analysed, and the relationship of different organisational and technological practices
focused on CE based on academic literature. We obtained 25 consistent configurations that
promote greater circularity according to each production stage.

According to the results, it can be concluded that EMS contribute to the transition towards
more circular production processes in manufacturing companies. However, in order for EMSs
to be efficient tools in the integration of CE principles, the results of this thesis emphasize
paying more attention to crucial aspects such as management and organisational
commitment, periodic review and verification of results, and communication of
environmental performance. Preferably with quantifiable data that allow the inclusion of

circularity actions within the framework of continuous improvement.

Keywords: Circular  Economy; Environmental Management Systems;

Manufacturing; Production; Circularity practices; Organisational practices; Circularity
indicators; Environmental reporting; Configurations.
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Resumen (ES)

Esta tesis analiza la contribucion de los Sistemas de Gestion Ambiental (SGA) en la
adopcion de principios de Economia Circular (EC) en empresas manufactureras. Explora
distintos aspectos como el reporte y comunicacion del comportamiento ambiental, la
adopcion de Indicadores Clave de Desempeno (KPIs) de circularidad, asi como las posibles
configuraciones de practicas organizativas y tecnoldgicas enfocadas en EC vy, por
consiguiente, el rol que desempefian los SGA en dichas configuraciones.

La disertacion se basa en una metodologia mixta empirica utilizando, por un lado, las
declaraciones ambientales de empresas con registro EMAS a nivel autondmico y nacional en
Espana, y por otro, la Encuesta Europea de Manufactura 2018 con dos sub-muestras de
Espafia y Paises Bajos. Asi, se obtuvieron resultados significativos que respondian a las
preguntas de investigacion planteadas. En primer lugar, de una muestra de 85 empresas, se
encontrod una relacion positiva entre las empresas que habian implementado un SGA y una
mayor intensidad en practicas de circularidad. En segundo lugar, de los dos estudios que
utilizaron datos de las declaraciones ambientales EMAS, se observaron las practicas
reportadas tanto de los 31 centros a nivel autondmico (Cataluiia), como de los 122 centros a
nivel nacional en Espafia. En el estudio nacional también se analizd la informacion
cuantitativa dentro las declaraciones para comprobar las posibilidades del uso de indicadores
de circularidad con la informacidn que las empresas comparten en sus reportes ambientales.
Se detectaron 17 practicas de EC mencionadas por las empresas, pero solo en 3 practicas se
suministraba informacién cuantitativa aplicable en la adopcion de KPIs de circularidad.

En tercer lugar, y bajo el lente de ‘Configuracion de Practicas’ se analizaron 288 empresas
manufactureras y la relacion de distintas practicas organizativas y tecnoldgicas enfocadas en
EC basados en la literatura académica. Se obtuvieron 25 configuraciones consistentes que
promueven una mayor circularidad en cada etapa de produccion.

De acuerdo con los resultados, se puede concluir que los sistemas de gestion ambiental
contribuyen en la transicion hacia procesos de produccion mas circulares en empresas
dedicadas a la manufactura. Sin embargo, para que los SGA puedan ser herramientas
eficientes en la integracion de principios de EC se enfatiza en la necesidad de su
implementacion a partir del compromiso gerencial y organizativo reflejado en la politica
ambiental, en la revision y verificacion periddica de resultados y en la comunicacion de su
comportamiento ambiental, preferiblemente con datos cuantificables que permitan incluir
las acciones de circularidad dentro del marco de la mejora continua.

Palabras clave: economia Circular; Sistemas de Gestion Ambiental; Manufactura;

Produccidn; Practicas de circularidad; Practicas organizativas; Indicadores de circularidad;
Reporte ambiental; configuraciones.






Resum (CAT)

Aquesta tesi analitza la contribucio dels Sistemes de Gestio Ambiental (SGA) en I'adopcio
de principis d'Economia Circular (EC) a les empreses manufactureres. Explora diferents
aspectes com la manera de reportar i comunicar el comportament ambiental, I'adopcid
de KPI's de circularitat, aixi com les possibles configuracions de practiques organitzatives i
tecnologiques enfocades a I'EC i, en consequéncia, el rol que exerceixen els SGA en aquestes
configuracions.

La dissertacio es basa en una metodologia mixta empirica utilitzant, d'una banda, les
declaracions ambientals d'empreses amb registre EMAS a nivell autondmic i nacional a
Espanya, i per l'altra, [I'Enquesta Europea de Manufactura 2018 amb dues sub-
mostres d'Espanya i Paisos Baixos. Aixi, es van obtenir resultats significatius que responien a
les preguntes de recerca plantejades. En primer lloc, d'una mostra de 85 empreses, es va
trobar una relacio positiva entre les empreses que havien implementat un Sistemes de Gestid
Ambiental i una major intensitat en practiques de circularitat. En segon lloc, dels dos estudis
que van utilitzar dades de les declaracions ambientals EMAS, es van observar les practiques
reportades tant dels 31 centres a nivell autonomic (Catalunya), com dels 122 centres a nivell
nacional a Espanya. En I'estudi nacional també es va analitzar la informacié quantitativa dins
les declaracions per a comprovar les possibilitats de I'Us d'indicadors de circularitat amb la
informacio que les empreses comparteixen en els seus informes ambientals. Es van detectar
17 EC practiques esmenades per les empreses, perd només en 3 practiques es subministrava
informacio quantitativa aplicable en I'adopcié de KPI's de circularitat.

En tercer lloc, i sota la lent de *Configuracid de practiques’, es van analitzar 288 empreses
manufactureres i la relacié de diferents practiques organitzatives i tecnologies enfocades en
EC prenent com a referéncia la literatura académica. Es van obtenir 25 configuracions
consistents que promouen una major circularitat en cada etapa de produccio.

D'acord amb els resultats, es pot concloure que els sistemes de gestié ambiental
contribueixen en la transicid cap a processos de produccid més circulars en empreses
dedicades a la fabricacio. No obstant aix0, perque els SGA puguin ser eines eficients en la
integracid de principis d'EC emfatitza en la necessitat de la seva implementacio a partir del
compromis gerencial i organitzatiu reflectit en la politica ambiental, a la revisio i verificacio
periodica de resultats i a la comunicacio del seu comportament ambiental, preferiblement
amb dades quantificables que permeten incloure les accions de circularitat dins del marc de
la millora continua.

Paraulas clau: Economia Circular; Sistemes de Gestio Ambiental; Fabricacio;

Produccid; Practiques de circularitat; Practiques organitzatives; Indicadors de circularitat;
Reporti ambiental: Configuracions.
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Zusammenfassung (GER)

In dieser Doktorarbeit wird der Beitrag von Umweltmanagementsystemen (UMS) zur
EinfGhrung von Grundsadtzen der Kreislaufwirtschaft (CE) in Produktionsunternehmen
untersucht. Sie untersucht verschiedene Aspekte wie die Berichterstattung und
Kommunikation der Umweltleistung, die EinfUhrung von Kreislaufwirtschafts-
SchlUsselkennzahlen (KPI) sowie die moglichen Konfigurationen von organisatorischen und
technologischen Praktiken, die auf die Kreislaufwirtschaft ausgerichtet sind, und folglich die
Rolle, die UMS in solchen Konfigurationen spielt.

Die Dissertation grindet sich auf eine gemischte empirische Methodik, bei der zum einen
Umwelterklarungen von Unternehmen mit EMAS-Eintragung auf regionaler und nationaler
Ebene in Spanien und zum anderen die Europaische Erhebung Uber das verarbeitende
Gewerbe 2018 mit zwei Teilstichproben aus Spanien und den Niederlanden verwendet
werden. Auf diese Weise wurden signifikante Ergebnisse erzielt, die die gestellten
Forschungsfragen beantworten. Erstens wurde bei einer Stichprobe von 85 Unternehmen ein
positiver Zusammenhang zwischen Unternehmen, die ein UMS eingefGhrt hatten, und einer
hoheren Intensitat von Kreislaufwirtschaftspraktiken festgestellt. Zweitens wurden in den
beiden Studien, die Daten aus den EMAS-Umwelterklarungen verwendeten, die gemeldeten
Praktiken sowohl der 31 Zentren auf regionaler Ebene (Katalonien) als auch der 122 Zentren
auf nationaler Ebene in Spanien untersucht. Die nationale Studie analysierte auch die
quantitativen Informationen in den Erklarungen, um die Méglichkeiten der Verwendung von
Kreislaufwirtschaftsschlisselkennzahlen mit den Informationen zu prifen, die Unternehmen
in ihren Umweltberichten verdffentlichen. Es wurden siebzehn von Unternehmen erwahnte
CE-Praktiken ermittelt, aber nur 3 Praktiken lieferten quantitative Informationen, die fir die
EinfUhrung von Kreislaufwirtschafts-KPl anwendbar sind.

Drittens wurden 288 Unternehmen des verarbeitenden Gewerbes unter dem
Gesichtspunkt der "Praxiskonfiguration" analysiert und die Beziehung zwischen den
verschiedenen organisatorischen und technologischen Praktiken auf der Grundlage der
wissenschaftlichen Literatur auf CE konzentriert. Es wurden finfundzwanzig konsistente
Konfigurationen ermittelt, die eine grofRere Kreislauffahigkeit auf jeder Produktionsstufe
fordern.

Die Ergebnisse lassen den Schluss zu, dass Umweltmanagementsysteme zum Ubergang
zu starker kreislauforientierten Produktionsprozessen in Fertigungsunternehmen beitragen.
Damit UMS jedoch wirksame Instrumente fir die Einbeziehung von CE-Grundsatzen sind,
muss ihre Umsetzung auf der Grundlage des Engagements des Managements und der
Organisation erfolgen, das sich in der Umweltpolitik, in der regelmafigen Uberprifung und
Begutachtung der Ergebnisse und in der Mitteilung der Umweltleistung widerspiegelt,
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vorzugsweise mit quantifizierbaren Daten, die die Einbeziehung von MalRnahmen zur CE im
Rahmen einer kontinuierlichen Verbesserung ermdglichen.

Schlisselworter: Kreislaufwirtschaft; Umweltmanagementsysteme; Fertigung;

Produktion; Praktiken der Kreislaufwirtschaft; Organisatorische Praktiken; Indikatoren der
Kreislaufwirtschaft; Umweltberichterstattung; Konfigurationen.
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CHAPTER 1

Chapter 1. Introduction

‘Normality is a paved road. It's comfortable to walk,

but no flowers grow on it"
Vincent Van Gogh

1.1 Circular Economy: the pathway for sustainable development

Since the beginning of the century, the planetary problems of increasing production and
demand, the scarcity of raw materials and the effects of the increase in greenhouse gases
have become more evident. The term sustainability was first mentioned in 1987 in the
Brundtland report "Our Common Future", defining it as "development that meets the needs
of the present without compromising the ability of future generations to meet their own
needs".(Brundtland et al., 1987). In 1987, at the Rio Summit, the objectives of sustainable
development were established, and the concept itself began to take on greater relevance,
including it at different levels of society. Thus, political and organisational entities are trying,
through agendas such as Agenda 21, the Kyoto Protocol, the Paris Agreement and the
Glasgow Climate Pact, to establish goals for reducing the impact of greenhouse gas
production.

Goal 12, related to sustainable production, has been taken as a relevant axis in different
fields of industry and manufacturing companies. Different practices and systems started to
be applied to align with this goal. The creation of Environmental Management Systems
(EMS), green product certificates, implementation of environmental indicators, accounting
of their environmental performance and product life cycle analysis are some of the tools used
mainly by companies from different sectors around the world. However, despite the
implementation of these tools, their results and effects are still insufficient concerning the
objectives set within the sustainability agenda.

The linear economy has been highly successful in generating material wealth in the
industrial nations up to the 20th century (Sariatli, 2017), in which raw materials are extracted,
transformed, used by consumers, and discarded at the end of their life cycle. The problem
with this system is both in the input and output, that is, in the high quantities of raw material
extraction to meet demand, as well as in the high volume of waste that reaches incinerators
or landfills even though it is still in a usable condition. On the other hand, waste management
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costs remain high for both companies and regional administrations, and the loss of value does
not allow waste to be reused or reintroduced into the system.

Making a change of production model and, in this case, also societal, where it requires not
only a change of perspective of the producer but also and mainly of the consumer, requires
great transition efforts. As mentioned Chick & Meleis (1986) the transition conceptualized as
"two points of relative stability with movement in between" is generally associated with
change. However, although "change is inherent in all transitions, not all changes are
transitions" (Meleis et al., 2000). Therefore, transitions should be understood as a set of
processes associated with time and movement, which require facilitating and inhibiting
conditions for them to occur (Willson, 2019).

Therefore, the transition to a new model comprises various aspects and nuances that
make it challenging to approach it holistically and require the intervention and understanding
of the small parts that converge. It is also essential to know the starting point and current
status to define the direction of the transformation more clearly. It is convenient to consider
the tools used so far and to delve deeper into those that have been beneficial or have allowed
progress towards the proposed objectives. As mentioned by van Eijk (2015) "the transition to
the Circular Economy (CE) requires a systemic approach that uses the broad set of policy tools
and measures, across different points of value change and affecting the full set of
stakeholders and public parties".

Marrucci et al. (2019) identified a set of tools as circularity drivers, such as, for example,
Energy Labeling and Environmental Technology Verification (ETV), Ecodesign Directive, Eco-
labeling, Green Public Procurement (GPP), and Environmental Management Systems (EMS),
and points out the latter as the tool with the highest level of integration with CE and requiring
further academic and technical discussion within the future research agenda. Therefore, this
thesis seeks to contribute to the academic organisational literature by analysing EMS from
their intrinsic characteristics, detecting which of them have the potential to streamline
production and manufacturing companies to be more circular.

1.2 Research questions
This thesis then poses the following main research question:
Do EMS contribute to making manufacturing companies more circular?

In order to be able to answer this research question, this thesis takes two management
systems into its analysis. The first one is the Eco-Management Audit Scheme (EMAS), mainly
because of its character as a 'policy and measurement tool' as it is regulated by the European
Commission, in addition to its characteristic of mandatory public reporting of environmental
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performance, objectives and annual achievements. On the other hand, the ISO 14001
standard is the most widely implemented by companies worldwide.

Therefore, this thesis seeks to explore and analyse specific research questions such as:

- Is there a relationship between companies that adopt more circularity practices and those
with an implemented EMS?

- What is the relationship between the reporting and communication of environmental
performance and the adoption of CE?

- Does the reporting of environmental performance allow measuring the implementation of
environmental management within manufacturing firms?

- Is a particular mix of technological and management practices driving CE within
manufacturing companies? What role does EMS play in such a configuration?

Thus, to answer these questions, this dissertation covers the theoretical foundation
composed of Chapter 2 of Conceptual Framework, followed by the research development
and results, with chapters 3 to 6, compounded by the publications of the empirical studies.
Finally, chapter 7 is the discussion and conclusions.

1.3  Thesis methodology and structure

A mixed methodology is used for this research (see Figure 1) to answer the questions posed. The
methodology is explained in detail in each of the empirical studies, such as sample sizes, statistical
tests and software used.

Methodology

SURVEY

1° ESSAY 4° ESSAY 2° ESSAY 3° ESSAY

EUROPEAN EUROPEAN EMAS REGISTERED EMAS REGISTERED
MANUFACTURING MANUFACTURING COMPANIES COMPANIES
SURVEY SURVEY STATEMENTS STATEMENTS

THE NETHERLANDS +
SPAIN
288 COMPANIES

SPAIN
85 COMPANIES

CATALONIA, SPAIN SPAIN
31 STATEMENTS 122 STATEMENTS

SAMPLE

Content Analysis Content Analysis
Qualitative
Comparative
Analysis (QCA)

QUALITATIVE

« Crisp procedure

« One-way ANOVA (Boolean Kendall rank

correlation
i Phi correlation coefficient
P ' ficie 5 -
Pearson's Chi-Square 1 ] ! coefficient test . Pearson’s Chi
test - SPSS v25 Square test

SPSS v25 SPSS v25

test minimization)
« Cross tabulation &

METHODOLOGY

QUANTITATIVE

Figure 1. Methodology Structure. Own elaboration
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The following sections present a review of the empirical studies that drove the research
development and results from the chapters:

Chapter 3 [Essay 1]. Environmental policy and corporate sustainability: The mediating
role of environmental management systems in circular economy adoption

Although some studies have mentioned that implementing an EMS promotes circularity
adoption, we analysed 85 Spanish manufacturing companies in this chapter to corroborate
it. The European Manufacturing Survey was used to establish whether there is a correlation
between the companies that adopt more circularity practices and those that have an EMS.

Circularity practices and initiatives were established based on the model proposed by
Prieto-Sandoval, Ormazabal, et al. (2018) This model classifies circularity at the micro level
through five specific 'fields of action' that cover the product life cycle from beginning to end:
Take, Make, Distribute, Use and Recover. One relevant aspect repeated in the literature is
cooperation and connections between companies. Therefore, industrial symbiosis is treated
independently in this study as a field, although it can intervene transversally in other fields of
action.

Chapter 4. [Essay 2]. Circular Economy Practices among Industrial EMAS-Registered
SMEs in Spain

Chapter 4 discusses the EMAS and its public environmental statements in more detail. The
study begins with a Content Analysis of 33 environmental reports from small and medium
industrial and manufacturing companies in Catalonia, Spain. The objectives of this study are
to find out what kind of information companies report, establish the European Commission's
starting point in the reports and detect the CE practices mentioned by the companies.

The practices are determined through the prism of the fields of action. With the statistical
method of Phi correlation, it sought to establish correlations (not causality) between the
detected CE practices to discover drivers in circularity.

Chapter 5. [Essay 3]. EMAS environmental statements as a measuring tool in the
transition of industry towards a circular economy

This chapter is continued using the methodology of Content Analysis of environmental
statements. However, the sample of analysis is extended from the whole of Spain, and large
companies are considered too. Based on the neo-institutional theory, it was observed
whether there was a mimetic influence between companies of different sizes with a more
intensive reporting of circularity practices. The impact of the cohesive influence exerted by
the European Commission on companies adapting EMAS was also analysed. The latter is
mainly because the European Commission declares its commitment to CE, indicating that
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EMAS is a promising tool towards circularity. Likewise, it indicates that the statements
already have six key indicators that allow measuring circularity.

Thus, 122 environmental statements from EMAS-certified production centres in Spain
were analysed, considering the use of indicators, figures and quantitative information in the
reports. Finally, it was evaluated whether the information contained in the statements allows
the implementation of some circularity indicator at the micro level that facilitates the
measurement of the CE and provides institutional bodies with a tool to know the status of a
sector or region.

Chapter 6. [Essay 4]. Practising more Circular Economy: enabling configurations of
technological and managerial practices in the manufacturing industry

This last essay seeks not only to analyse the EMS as an organisational practice in itself but
alsoto examine in the literature the management and technological practices that contribute
to making companies more circular. Subsequently, under the lens of configurations, the
practices are analysed to discover those sets that allow for greater circularity in the different
stages of production. This study used data from the European Manufacturing Survey of 288
Dutch and Spanish companies using the QCA methodology.
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1.4  Disertation outline

Table 1. Disertation outline

Chapter

Study

1 Introduction
2 Conceptual framework
3 Essay 1. Environmental

policy and corporate
sustainability: The
mediating role of
environmental
management systems in
circular economy adoption

4 Essay 2. Circular Economy
Practices among Industrial
EMAS-Registered SMEs in

Objective

Analyse the

relationship between
the implementation

of EMSs and the
adoption of CE

initiatives in Spanish
manufacturing firms

Analyse EMAS
companies’
environmental

Spain

Essay 3. EMAS

environmental statements
as a measuring tool in the
transition of industry

towards a circular
economy

Essay 4. Practising more

Circular Economy:

enabling configurations of

technological and

managerial practices in the
manufacturing industry

Discussion and
Conclusions

statements in order to
identify and quantify
the CE practices they
have implemented

Analyse the
information reported
in the EMAS
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determines whether it
really is useful to be
able to measure the
level of adoption of
the circular model in
companies

Determine the
configuration of
practices or
‘conventional actions’
that organisations
adopt and favour the
transition towards a
contribution to a
more circular
economy

Theorical focus

-Model of field
of actions
-Life cycle of
products
-Industrial
simbiosis

-Model of fields
of actions
-Environmetal
Maturity Model

-Neo-
institutional
theory: coercive
isomorphism
and mimetic
isomorphism
-10
R'imperatives
/Loop
Strategies

-Managerial
and technical
CE practices
-Organisational
configurations

Scope

-National:
Spain

-Sector:
Manufacturing
-Size: >20
employees

-Regional:
Catalonia
(Northeast
Spain)
-Sector:
Industrial
-Size: SMEs

-National:
Spain
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Manufacturing
-Size: SMEs
and Large

-International:
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Netherlands
and Spain
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Research
design
Method

-Quantitative
-Survey
-Hypothesis test
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Pearson’s Chi-
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Content
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-Mixed method:
-Qualitative
analysis:
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analysis
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Pearson’s Chi-
Square Test
-Mixed method
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-Hypothesis test
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Chapter 2. Conceptual framework

"‘But the way to do it beter later is to do it as well as one can today,

There can't be anything but progress tomorrow”
Vincent Van Gogh

2.1 Whatis Circular Economy?

The concept of ‘Circular Economy’ emerged in the early 1990’s, but it was in 2012 that it
gained more notoriety through the publication of the Ellen Foundation. A review in Scopus
shows the growing interest among academics. Searching for 'Circular economy' in 'Business,
Management, Accounting' and 'Environmental Science' subareas from its inception to 2022
shows an exponential growth in publications in recent years (see Fig. 2), rising from 88 papers
in 2015 to 3393 papers six years later.

4000
3500
3000
2500
2000
1500

1000

Documents by year

500

Figure 2. Evolution of literature including 'Circular Economy' in Scopus. Source: Scopus

Although there is widespread interest in the CE, at a conceptual level, academics have yet
to reach a consensus on the definition of CE. The study by Kirchherr et al. (2017) examined
the different existing definitions, finding a total of 114, pointing out that having such a variety
of interpretations can represent a problem for the scholars in CE. The four most widely
commented definitions in the literature are:

e  “an industrial system that is restorative or regenerative by intention and design. It
replaces the ‘end-of-life’ concept with restoration, shifts towards the use of renewable
energy, eliminates the use of toxic chemicals, which impairs reuse, and aims for the
elimination of waste through the superior design of materials, products, systems and
within this, business models” (Ellen Macarthur Foundation, 2015).
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e “a regenerative system in which resource input and waste, emission, and energy
leakage are minimized by slowing, closing, and narrowing material and energy loops.
This can be achieved through long-lasting design, maintenance, repair, reuse,
remanufacturing, refurbishing, and recycling” (Geissdoerfer et al., 2017).

e “The Circular Economy is an economic model wherein planning, resourcing,
procurement, production and reprocessing are designed and managed, as both process
and output, to maximize ecosystem functioning and human well-being” (Murray et al.,
2015).

e “A circular economy describes an economic system that is based on business models
which replace the ‘end-of-life’ concept with reducing, alternatively reusing, recycling
and recovering materials in production/distribution and consumption processes, thus
operating at the micro level (products, companies, consumers), meso level (eco-
industrial parks) and macro level (city, region, nation and beyond), with the aim to
accomplish sustainable development, which implies creating environmental quality,
economic prosperity and social equity, to the benefit of current and future generations”
(Kirchherr et al., 2017).

It is notorious that it has evolved over time and incorporated different aspects. For this
thesis, we choose the definition proposed by Alfonso et al. (2020), which considering the
previous definitions, defines it more holistically:

“Circular economy is a system that is restorative and regenerative by intention
and design, which supports ecosystem functioning and human well-being with
the aim of accomplishing sustainable development. It replaces the end-of-life
concept with closing, slowing and narrowing the resource flows in production,
distribution and consumption processes, extracting economical value and
usefulness of materials, equipment and goods for the longest possible time, in
cycles energized by renewable sources. It is enabled by design, innovation, new
business and organizational models and responsible production and
consumption”.

It should be noted that the concept of circularity has also moved into other areas, such as
public policy. For example, in 2015, the European Commission published the first Circular
Economy Plan (COM(2015) 614 Final, 2015) comprising 54 key actions, which was reinforced
following the approval of the European Green Pact in 2019. The pact comprises a package of
policy initiatives aiming to put the EU on the path to a green transition and achieve climate
neutrality by 2050 (COM(2019) 640 Final, 2019). Similarly, the Circular Economy Agenda
seeks to be a roadmap for incorporating a model for member countries. Other regions and
countries, such as China, have a long tradition of CE, where they have incorporated
comprehensive legislation and policies since 2000 (Bleischwitz et al., 2022; Yuan et al., 2020).
At theinstitutional level, private bodies such as the Ellen MacArthur Foundation, WBCSD also

10
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support different organisations and companies to migrate their linear models to more circular
and sustainable ones.

2.1.1 Main aspects of the CE

After understanding the concept, it is essential to know the rules or fundamentals that
define the model and bring the conceptual and practical aspects closer together. In this sense,
we have the principles and strategies. The Ellen MacArthur Foundation developed the
butterfly model of circularity that seeks to explain how materials, components and products
can circulate in both technical and biological cycles, retaining their value as much as possible
and making efficient use of the new resources enter the system. Thus, they mention three
general principles:

Principle 1: Preserve and enhance natural capital by controlling finite stock and balancing
renewable resources flows.

Principle 2: Optimise resources yield by circulating products, components and materials
in use at the highest utility at all times in both technical and biological cycles.

Principle 3: Foster system effectiveness by revealing and designing out negative
externalities.

Figure 3 shows the CE butterfly model and its relationship to the principles of circularity.

OUTLINE OF A CIRCULAR ECONOMY

ral capital by controllin >

Regenerate Substitute materials Virtualise Restore

exchang Renewables flow management Stock management

e
_” e
3t
F.\rpﬂ(g/ro)lpchrm
// Parts manufacturer

/' Blochemical l ‘

/ feedstock Product manufacturer

. .

Service provider

Recycle

2 Regeneration

Biogas \ \ Cascades
\

Share remahufacture

Reusd/redistripute

Maintaif/prolghg

Collection Collection

Extraction of
biochemical
feedstock’

Minimise systematic
leakage and negative
) externalities

Figure 3. CE Butterfly model and principles. Source: EllenMacArthur Fundation
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Circularity principles have also been discussed in the literature, often confusing or
overlapping with strategies (Cui, 2021; Geissdoerfer et al., 2017; Stumpf et al., 2021). Having
framed the principles, we turn to loops, all those biological and technical cycles that promote
value retention and lead to lower resource and energy use. Loops have been classified
between short, medium and long depending on the distance between the user/consumer and
the circularity actions performed to retain value. Reike et al. (2018) mention the evolution of
the actions or strategies involved in loops, starting from the well-known 3Rs, until reaching
the 10Rs, also called circularity imperatives. Table 2 shows each of them and their
relationship with the classification of loops.

Table 2. Value retention options — R'Imperatives

Value Retention

options Ro-Rg

Consumers/Users

Producers (Production
and Design)

Refuse The choice to buy less, or use less, refuse the use of specific hazardous materials or
Ro which may apply to any consumption any virgin material; design production processes
article aiming at prevention of waste to avoid waste
creation
Reduce Using purchased products less Stressing using less material per unit of production
Ra frequently; use them with more care or referring to ‘dematerialization’ as explicit steps

and longer. Also, participation in the
‘sharing economy’

function.

in product design.

8 Resell/Reuse Direct re-use of a product, withoutany  “Direct re-use” as economic activity via collectors
é R2 change in its status, after minor and retailers, possibly with quality inspections,
@ adaptations or fine tuning. Thisimplies  cleaning and small repairs; (commercial and non-
g buying second hand or finding a buyer ~ commercial);
?—_ﬂl for a product that was not or hardly in “Direct re-use” of unsold returns or products with
é use, possibly after some cleaning or damaged packaging; multiple re-uses of
minor adaptations for quality (transport) packaging.
restoration by the consumer. “re-use in fabrication” apply recycled materials
Repair Repairing can be done by different Businesses may send recollected products to their
R3 actors and with or without change of own repair centers, to manufacturer-controlled, or
ownership. Repair operations can be to third party repair centers). Finally, we can
performed by the customer or people distinguish ‘planned repair’ as part of a longer
in their vicinity, at the customer's lasting maintenance plan or ‘ad-hoc’repairs
location, and through a repair
company.

Refurbish Buying of reconditioned products. The overall structure of a large multi-component
© R4 Subscription to rental or leasing product remains intact, while many components
s services for products with these are replaced or repaired, re-sulting in an overall
& characteristics. ‘upgrade’ of the product
| Remanufacture Buying of remanufactured products. full structure of a multi-component product is
§ R5 Subscription to rental or leasing disassembled, checked, cleaned and when
= services for products with these necessary, replaced or repaired in an industrial
3 characteristics. process, recycled parts may be used expected
S retained quality more tempered: “up to original
E state, like new”

Repurpose Re-use an already discarded product reusing discarded goods or components adapted

R6 with a new function. for another function, the material gets a distinct

new lifecycle. This seems to denote both low and

12
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high value end-products. It is popular in industrial
design and artists communities e.qg.: ‘rethink’,
‘fashion upgrading’ or ‘part reuse’.

Recycle To give back as separate waste processing of mixed streams of post-consumer
Materials streams products or post-producer waste streams using
R7 expensive technological equipment, including

shredding, melting and other processes to capture
(nearly) pure materials. Wherefore recycled
materials are also called ‘secondary’ materials.
Too, apply recycled materials.

Recover (energy)  Transition to self-sustainable housing capturing energy embodied in waste, linking it to

R8 (solar panels, water recirculation incineration in combination with producing
systems), electric cars and use of energy, distilled water or use of biomass. Services
energy efficient appliances and of reverse logistics.
equipment.

Re-mine n.a. retrieval of materials after the landfilling phase

Rg “cannibalization”; hi-tech landfill mining or urban

mining. Apply recycled materials

Based on Reike et al., 2018; Vermeulen et al. (2019)

2.2 Environmental Management Systems

Although the concept of 'Environmental Management dates back to the late 1990s and is
first mentioned in Gorden & Gorden's book (1972) 'Environmental Management Science and
Politics', it was not until the 1990s that the so-called 'Environmental Management System'
emerged.

The US Environmental Protection Agency (US EPA, 2022) defines it as "a framework that
helps an organisation achieve its environmental goals through consistent review, evaluation,
and improvement of its environmental performance. The assumption is that this consistent
review and evaluation will identify opportunities for improving and implementing the
organisation's environmental performance. The EMS itself does not dictate a level of
environmental performance that must be achieved; each organisation's EMS is tailored to its
own individual objectives and targets".

The main objectives of an EMS, according to Sunderland, (1997) and Watson (1996) are:

v Identify and control environmental aspects, impacts and risks relevant to the
organisation.

v" Improve its environmental policy and facilitate the achievement of its objectives while
complying with environmental legislation.

v' Define the basic principles that guide the organisation towards its environmental
responsibilities in the future.

v' Establish short, medium and long-term objectives for the company's environmental
performance, analysing the cost-benefit balance for the organisation and its
stakeholders (including shareholders).

13
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Determine which resources are necessary to achieve the pre-established objectives,
assigning responsibilities in each case.

Define and document the different tasks and operations, responsibilities, authority and
procedures to ensure that all workers act on a daily basis to minimize or eliminate the
negative impacts that the company could cause on the environment.

Improve the organisation's communication and train people to assume their
responsibilities.

Measure environmental performance daily, making it possible to see if the
predetermined objectives are being achieved and modify what is necessary.

It should be noted that EMS are framed in the "Shewhart cycle" methodology proposed
by W. Edwards Deming. Based on the Plan-Do-Check-Act (PDCA), which must be
implemented repeatedly in spirals of increasing knowledge of the system that converge in

the final objective. Although EMS can vary according to the type of organisation, size,

activities performed, products and services offered, the basic elements (Giménez Leal & Valls

Pasola, 2001) that make it up are:

Environmental policy: It frames the management's commitment to correct
environmental management. It should contain the main objectives that the company
wishes to achieve, as well as the company's intentions in terms of environmental
performance.

Environmental program or action plan: The organisation translates the objectives
into specific and, as far as possible quantifiable activities for subsequent evaluation and
adjustment of actions. It also defines the human and financial resources needed to
meet the proposed objectives in the stipulated period.

Organisational structure: Responsibilities are assigned, and tasks are delegated within
the organisation. In the case of several sites or centres, responsibilities are established
at a general level and for each centre or activity.

Integration of environmental management in the company's operations: A plan of
environmental procedures describing the measures and actions required to implement
the environmental program in the company's operations.

Control, measurement and recording: Documentation and control of the results of
specific actions, as well as the effects of environmental improvement.

Corrective and preventive actions: Adjustments are established to eliminate existing
or potential non-conformities.

Environmental audits: internal checks are performed on the adequacy and
effectiveness of EMS implementation. In some cases, they also perform the task of data
verification and reporting.

Training and information: The environmental policy and the environmental program
of the organisation or facility are disseminated to ensure that the entire organisational
structure is aware of the EMS and its environmental tasks and responsibilities regarding
its workplace activities.
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e Review of the EMS: Periodic evaluation carried out by the Management to know the
effectiveness and implementation of the system.

e External communication and community relations: Finally, the organisation seeks to
communicate its objectives, actions, environmental performance and results obtained
in the improvement plan to society and interested parties.

Fig. 4 shows the guide for implementing an EMS proposed by Barwise (1998), which
includes the different stages, steps and activities related to adopting an EMS.

Setting up an Environmental Management System

Stages Steps Activities / Things to consider

Step 1 )
Commitment Formulating an « Define criteria
Environmental Policy » Policy issues y
N
Step 2 « Identify team
Plannm? & « Prepare for review
Preparafion » Define scope y
Uderstand terminology
Igen{i;y effects;
iti i Step 3 Step 4 entify impacts
Initial Review Regislerpot legal Re is?er of Determine sphere of influence
Requirements Environmental Effects Determine method of prioritisation
Prioritise impacts
Document
>
Step 5 « Setting priorities
Settmgrubjectwes & » Consultation
argets + Monitoring
v .
Structure & responsabilities
Step 6 The environmental Manager /
Establishing E(’“Td'”amr“
Responsabilities nvironment team .
Departamental responsabilities
Training
v
Ste{] 7 s The manual
Environmental Management « Supporting documents
Manual & Related Documents « Document control
Management ¥
System
Step 8 « Procedures
Operational Control « Accident & emergenciy situations
Step 9 Step 10
Monitoring & Non-conformance &
Measurement corrective actions
Step 11
Records
= The auditors
Audit Step 12 « The EMS audit criteria
EMS Audit « The audit programme
» Audit report
N Step 13
Review Management Review
[ 2
Step 14
Statement Environmental
Statement
. . Step 15 « Setting the criteria
Registration Formal RegEistration of « Assessment programme &
an EMS timetable

Figure 4. Setting up an Environmental Management System by Barwise, 1998
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2.2.1 The ISO14001:2015 Standard

Standard published since September 1996 by the International Organization for
Standardization (ISO) specifies the requirements for registration, self-assessment and
certification of an EMS in a company. The organisation's environmental policy must contain
three fundamental commitments: Compliance with environmental legislation and
regulations affecting the company's activities, continual improvement in all environmental
performance and pollution prevention. The standard is based on the PDCA methodology (see
Figure 5) but does not establish specific EMS requirements, which is one of the limitations of
this EMS. Thus, a company with ambitious goals and objectives in its environmental plan and
another with more modest objectives can be equally certified. Finally, ISO 14001 certification
can be granted by governmental or private certifying agencies under their own responsibility.

O Responsibility and assessment O
006,\0 by management Oji\ﬁy iOi
Customers f x Customers
Authorities CONTINUOUS Plannine Authorities
Environmental policy Control and IMPROVEMENT OF » 1t Environmental policy

. erification THE EMS
Public Public

@ Belierme
& J Satisfaction
Implementation and
. Product
Requirements .
Service

execution
Figure 5. 1SO14001 certification process. Source: TUV Rheinland

2.2.2 The Eco-Management and Audit Scheme regulation

EMAS is an instrument created by the European Commission and issued as Regulation
(EC) No 1221/2009 of the European Parliament and of the Council on 25 November 2009
(Regulation (EC) No 1221/2009, 2009), as amended by European Commission Regulation
(EU) 2017/1505 of 28 August 2017 (Regulation (EU) 2017/1505, 2017). EMAS is both an
alternative management system to ISO 14001, as well as an extension of the international
standard (Ociepa-Kubicka et al., 2021), (See Figure 6). Although it fulfils the primary purpose
of an EMS by promoting the establishment and implementation of environmental policies,
programs and management systems, it also has some differentiating features. For example,
the objective and periodic systematic evaluation of the proposed objectives and goals, the
verification of the information by a third party and the publication of its annual environmental
management and performance reports, known as Statements. Table 3 shows the main
characteristics and differences between the two EMSs mentioned above.
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DO o
Implement your Environmental
Management System

Environmental
Policy and
Programme

OACT

Continuous
Environmental
Performance
Improvements

REPORT

EXTERNAL PROCESS

VERIFICATION
and Validation by

your environmental verifier
I

PROMOTE
your environmental
credentials
|

|
REGISTRATION
by your Competent Body

Figure 6. EMAS certification process. Source: EMAS WebPage

Table 3. Characteristics and differences between EMAS and 1SO14001

Elements EMAS

Type of issued

. Governmental
organization:

Name of issued

L European Parliament and Council
organization:

Environmental performance

Objective: .
improvement
Range: European
Nature: Public regulation

Main drivers to adopt

EMS: Internal motivation

Dialogue with
external parties (and
external reporting):

Mandatory

Official registration Publicly accessible register record
by (organization receives

authorities: the registration number)
Inspection of documents and visits in
institutions carried out according to
Audits: regulation. Evaluation of environmental

performance improvement. Data from
environmental statement needs validation.

Comprehensive initial environmental
review of the current status of activities,
products and services.

Environmental
aspects:

1SO 14001:2015
Non-governmental

International Organization
for Standardization

Environmental performance
enhancement through EMS improvement

International

Private standard

Pressure of external stakeholders

Voluntary

No official register

No certification rules in standard
(different standards for auditing and
certification).

Evaluation of EMS performance without
specified frequency.

Requires only a procedure to identify
environmental aspects. Initial review is
recommended, but not required.

Source: Ociepa-Kubicka et al. (2021)
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2.3 Literature Review

After observing the different concepts framing this thesis, we move on to the literature
review (LR). As mentioned Gall et al. (1996), the literature review allows researchers to: a)
delimit the research problem and avoid fruitless approaches, b) search for new lines of
research and identify recommendations for research, and c) obtain methodological
knowledge, as well as seek support for grounded theory. Other relevant characteristics of LR
are rationalising the problem, identifying significant variables related to the topic, and
establishing the context, distinguishing what has been done from what needs to be done
(Hart, 1998).

Examining the adoption of circularity principles and their relationship with EMS in the
manufacturing industry, knowledge in this area is fragmented, so a literature review that
analyses the findings of other research is desirable. Thus, this LR aims to investigate state of
the art in the relationship between EMS and CE and to compare which characteristics and
practices of EMS facilitate the adoption of CE strategies within companies. This knowledge
will establish the key aspects to be considered in designing the empirical studies that make
up this thesis.

The LR comprises the following structure:

1. Description of the methodology

2. General characteristics of the included studies, publication trends, regions and
journals.

3. Synthesis and comparison of the evidence found.

4. Discussion and conclusions

2.3.1 Methodology

This LR used the systematic literature review methodology, summarizing the results of
subsequent literature and explaining the differences in the studies. This methodology allows
quality control by employing academic databases. (SCOPUS & Web of Science).

a. Keywords
The keywords established were ‘circular economy’, ‘environmental management system’,
and related words such as ‘EMAS’, 'ISO14001’ ‘practices’, ‘transition’, ‘principles’, ‘adoption’

e ‘implementation’.

The search was segmented to journal types in the field of '‘Business, Management and
accounting' and to ‘Environmental Science’. The search language was also restricted to
English. This LR started in October 2019 and ended in August 2022, although no specific time
range was established.
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This way, the following results were obtained by word combination in the two databases

(table 4):

Table 4. The number of articles from each combination of keywords search
SCOPU

SLR1
SLR 2

SLR3

SLR 4

SLRg

SLR 6

SLR7

SLR 8

SLRg

SLR 10

SLR11

SLR 12

SLR13

SLR 14

Keywords

"circular economy” AND "environmental management system"
"circular economy" AND "environmental management system" AND
practic*

"circular economy" AND "environmental management system" AND
adopt*

"circular economy" AND "environmental management system" AND
implement*

"circular economy" AND "environmental management system" AND
tool

"circular economy" AND "environmental management system" AND
indicat*

"circular economy" AND "environmental management system" AND
report*

"circular economy" AND "environmental management system" AND
transition*

"circular economy" AND "environmental management system" AND
principl*

"circular economy" AND "environmental management system" AND
industr*

"circular economy" AND "environmental management system" AND
manufactur*

"circular economy" AND "environmental management system" AND
"ISO14001"

"circular economy" AND "environmental management system" AND
"EMAS"

"circular economy" AND "environmental management" AND report*
Total

S
29
8

12

11

22
136

WoS

15
5

36
102

Filter

31
10

13

15

10

11

12

51
186

b. Exclusion criteria

Articles that were not peer-reviewed (4), those focused on other sectors such as Education
or Health (7), and finally, those that did not relate EMS to the adoption of CE (65) were

excluded.

¢. Inclusion criteria

It started with a manual selection process. During the process, we chose articles that test

or explain the effect of EMS on adopting circularity in the manufacturing industry. Finally, 18

articles met these criteria and were included in the review (see figure 7 for the decision tree).
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Keywords SCOPUS
136

Keywords WoS
102

A 4

186

A

A 4

A 4

Exclusion of duplications
92

Remaining articles
94

\ 4
l

A\ 4

Exclusion of
No peer review 4
Education, Healthcare sectors 7
No EMS and CE relation 65
76

Final articles
18

Figure 7. Decision tree of data selection

2.3.2 General characteristics of the included studies

From the included studies, we can see in Table 5 some of their characteristics, such as the
distribution of publications per year, per region and per journal. The country with the highest
number of publications is Italy, with six articles, followed by China, India and Spain, each with
two publications respectively. Denmark, Greece, Pakistan, Portugal, Poland and Sri Lanka

with one publication each.

Table 5. Number of publications by country

No. of

Countries Publications Porcentage
Italy 6 33%
China 2 11%
India 2 11%
Spain 2 11%
Denmark 1 6%
Greece 1 6%
Pakistan 1 6%
Portugal 1 6%
Poland 1 6%
Sry Lanka 1 6%
Total 18 100%
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Although no specific time range was established for the LR, the articles to be reviewed
spanfrom 2018 to 2022, with the year 2022 having the highest number of publications related
to CE and EMS (6).

Table 6. Number of publications per year

No. of

Year Publications Porcentage
2018 3 17%
2019 2 11%
2020 6 33%
2021 4 22%
2022 3 17%
Total 18 100%

Publications are distributed among nine journals (see Table 7): Journal of Cleaner
Production and Business Strategy & the Environmental are the ones where most related
studies are published, 5 and 4 publications, respectively. They are followed by Environmental
Science and Pollution Research and Sustainability, with two publications each. The others
have one publication each: International Journal of Production Research, Journal of
Knowledge Management, Science of The Total Environment, Sustainable Production and
Consumption, Sustainability Accounting, Management And Policy Journal.

Table 7. Distribution of publications by journal
No. of

Journal Publications Porcentage

Journal of Cleaner Production 5 28%
Business Strategy and the Environment 4 22%
Environmental Science and Pollution Research 2 11%
Sustainability 2 11%
International Journal of Production Research 1 6%
Journal of Knowledge Management 1 6%
Science of the Total Environment 1 6%
Sustainable Production and Consumption 1 6%
Sustainability Accounting, Management and Policy

Journal 1 6%
Total 18 100%

2.3.3 Synthesis and comparison of evidence found

Within the LR, we can find studies that corroborate the EMS as facilitating tools in the
transition. However, the discussion focuses on how the incorporation of an EMS, based on
reasons of efficiency or legitimacy (Leseure et al., 2004; Voss, 2005), brings it closer or further
away from being considered an effective tool in the transition towards circularity. In the
following, we will comment on the main findings found in the different studies.
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2.3.3.1 Relationship of EMS with the CE

In the literature reviewed, 15 studies point to the positive relationship of EMS with the
adoption of circularity principles. Marrucci et al., in their 2019 literature review (Marrucci et
al., 2019) analyse different Sustainable Consumption and Production (SCP) tools, among
which they highlight as the first important area of development of the EMS in the production
phase and their level of integration with the CE. Later in their 2022 study, Marrucci et al.
(2022) pointed out that a correct internationalisation of EMS, together with dynamic
capabilities, facilitates the implementation of CE. The study by Jain et al. (2020) revealed that
organisations that leverage EMS to achieve CE performance are more effective in coping with
coercive pressures by leveraging EMS. Also, Kristensen et al. (2021) indicated that the
inclusion of CE in EMS has the potential to provide new value from EMS and provide
companies with a platform for continuous improvement and systematic work with CE.

We also found some studies that reviewed different types of EMS separately. Merli &
Preziosi, (2018) highlighted the positive outcomes of EMAS, such as maximising material
productivity and energy efficiency, creating value from waste and implementing of
standardised environmental indicators and how these can help organisationsin the transition
towards the CE. On the other hand, Yang et al. (2019) proposed subsystem interaction and
complementarity of CE practices. It Highlights EMSs and suggests that a manufacturing
company will be better off adopting an EMS such as ISO 14000 because it will be able to
integrate environmental practices deep into its operational frameworks. Also, Fonseca et al.
(2018) noted that EMS certification and strategic choices to improve environmental
performance and achieve a sustainable business model are related to higher levels of CE
intensity.

In other empirical studies, we find Sharma et al. (2020) in which they mention that the
critical enabler for the e-WM problem is the correct implementation of a comprehensive and
systemic environmental programme within the organisation, such as an EMS. Khan & Ali
(2022) observed 16 critical enablers in the transition to the circular model in Pakistan, finding
EMS as the second most relevant enabler after the design of more effective regulations for
waste management.

2.3.3.2 Organisational enablers

Although studies have looked at the relationship between EMS and CE from different
perspectives, alluding to economic, technological and political or governmental factors, it is
mainly in the organisational sphere where the authors have delved more deeply. Therefore,
under the framework of organisational enablers, understood as the skills, knowledge, tools,
resources and culture of the organisation that will enable it to achieve the strategy (Ball &
Lunt, 2019). we classify the following enablers detected in the literature observed:
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a) Dynamic capabilities: these are essential in the integration of EMS requirements, and
the internalisation of EMS positively influences not only environmental and economic
performance but also CE performance and environmental reputation (Marrucci et al.,
2022).

b) Absorptive capacity building (ACAP): Understanding ACAP as "the ability of a firm to
recognise the value of new and external information, assimilate it and apply it for
business purposes" showed that ACAP would significantly facilitate the
internalisation of CE and EMS (Marrucci et al., 2021a).

¢) Hard and soft elements -Socio-Technical Systems (STS): Integrating CE into EMS
requires both hard and soft elements. Hard elements for EMS include the extension
of existing tools, eco-design, and systems to ensure quality, availability and markets
of secondary raw materials, but also soft tools and capacities such as standardised
indicators for micro-level CE, identification of correct CE targetsin EMS, documenting
CE efforts to stakeholder (Kristensen et al., 2021).

d) Green Human Resources Management (GHRM): 1t measures the influence of human
capital on CE. Integrating GHRM practices into the practical experience of
organisations can stimulate the green behaviour of the organisation's employees, not
only in the context of the workplace but also in their daily life activities (Marrucci et
al., 2021b).

e) Institutional Pressures and Organisational Flexibility: Coercive pressures (CP) and
mimetic pressures (MP) mediate through EMS to achieve CE performance. Flexible
organisations, compared to rigid ones, are more effective in coping with coercive
pressures by harnessing EMS (Jain et al., 2020).

2.3.3.3 Aspects requiring further attention from EMS for the transition to the CE

The authors also suggest a greater focus on the following aspects to harness and enhance
EMS as an effective tool in the transition to circularity:

» Circularity objectives: It requires defining CE objectives and allocating economic and
human resources, encouraging stakeholder participation (Marrucci et al., 2021a).
They also suggest that companies should first set qualitative or soft targets to
experiment with CE strategies and identify relevant initiatives and focus areas,
followed by a possible exploration of quantitative or challenging targets for CE
strategies in the context of each company (Kristensen et al., 2021).

» Indicators: Within soft skills and capacities, Kristensen et al. (2021) mention the need
to establish standardised indicators for micro-level CE. In the case of EMAS, indicators
would allow monitoring of companies by organisations at the meso-level by
establishing a set of mandatory and comparable performance indicators that require
organisations to meet pre-established environmental targets or performance
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indicators that are more aligned with circularity (Marrucci & Daddi, 2021).
Additionally, Merli & Preziosi (2018) also point out, concerning EMAS, that
environmental performance indicators implemented by registered organisations are
the basis of transparency of this EMS and can stimulate follow-up progress towards a
CE, and therefore suggest further exploiting such a system.

Environmental information and reporting: Although EMSs have always been
considered a strategy to overcome information asymmetry between companies and
stakeholders (Marrucci & Daddi, 2021), information reporting presents many things
that could be improved. The authors point out in their study that around 40% of
EMAS-registered organisations did not disclose according to EMAS requirements on
KPls, thus calling into question environmental reporting and environmental disclosure
commitments. However, the authors highlight the importance of documenting CE
efforts to stakeholders (Kristensen et al., 2021), as well as the use of Environmental
Management Accounting (EMA) tools can be associated with CE management in
companies and the quality of disclosure (Scarpellini, Marin-Vinuesa, et al., 2020).
Some scholars indicate the need for global environmental reporting to consider
comparability, verifiability and comprehensibility as characteristics that determine
the quality of reporting (Haller et al., 2018). They also emphasise the need for
environmental reporting to be institutionalised through professionalisation and other
means of global sustainability reporting templates (Dagiliene et al., 2020; de Villiers
& Alexander, 2014).

Verification and certification: Following on from the above, opinions on the sense of
transparency of verification are pretty divided. The study by Marrucci & Daddi (2021)
points out that being verified by third parties may not guarantee the ability of EMAS-
registered organisations to contribute to their environmental performance, in many
cases because of the existing conflict of interest on the part of the verifying
organisations. On the other hand, some organisations may use EMS only to obtain
certification to enhance their environmental reputation rather than to develop
greening practices and environmental performance improvements. On the other
hand, Dagiliene et al. (2020) in their study confirmed that companies that provide
voluntary external verification do report more significant environmental text
information and higher environmental KPIs from an CE perspective than companies
that do not provide such verification.

Regulation and policy: CE activities are still relatively modest, a more favourable
context (fiscal, legal, organisational, and so on) is required, and additional
governmental actions to promote CE would be most welcome (Fonseca et al., 2018).
(Marrucci et al., 2022) point out that policymakers still need to support the transition
with adequate measures and that, for example, in the case of EMAS, they should
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consider revising the requirements (Marrucci & Daddi, 2021). They also point out that
EMS can be effective if it focuses on manufacturing green products, developing
stringent legislation and supporting producers to implement environmental
management practices (Sharma et al., 2020). Some solutions they propose to boost
the adoption of EMS as a tool to control and monitor environmental problems in
industrial areas are regulatory relief measures that should be included in various
legislations and promoted through publicity activities involving stakeholders (Zorpas,
2020). Additionally, it is recommended that policymakers create awareness, develop
infrastructure, enact and enforce laws and support collaborations and help
practitioners improve corporate communication practices while developing business
operations towards a CE (Gunarathne et al., 2021).

» Green clusters: Sharing information and knowledge, focusing on collective goals and
developing cross-organisational partnership management capabilities improve
sustainability, so voluntary environmental practices such as EMSs can foster
sustainability among companies through the development of green clusters (DeBoer
et al.,, 2017; Marrucci et al., 2022; Niesten & Jolink, 2015). For an EMS such as EMAS,
they suggest identifying strategies to locate potential energy and material loops
within and between organisations and using environmental statements to
communicate by-product availability to stakeholders (Marrucci et al., 2019).

2.4  Relationship between State of the art and the contributions

Based on the aspects that require further attention in the field, the following four chapters
seek to contribute to this area of knowledge by incorporating some of the enablers
mentioned and considering the EMS requirements for the transition to CE (See table 8).
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Table 8. Development of research according to literature review

Chapter

Chapter 3: Environmental
policy and corporate
Sustainability: The mediating
role of environmental
management Systems in
circular economy adoption

Chapter 4: Circular Economy
Practices among Industrial
EMAS-Registered SMEs in
Spain

Chapter 5: EMAS
environmental statements as a
measuring tool in the transition
of industry towards a circular
economy

Chapter 6: Practising more
circular economy: enabling
configurations of technological
and managerial practices in the
manufacturing

Research Question

Is there a relationship between
companies that adopt more
circularity practices and those
with an implemented
Environmental Management
System?

What is the relationship
between the reporting and
communication of
environmental performance
and the adoption of CE?

Does the reporting of
environmental performance
allow measuring the
implementation of
environmental management
within manufacturing firms?

Is a particular combination of
technological and
management practices driving
CE within manufacturing
companies? What role does
EMS play in such a
configuration?

Organisational Enables

-Dynamic capabilities

-Dynamic capabilities

-Dynamic capabilities

-Institutional Pressures
and Organisational
Flexibility

-Hard and soft
elements -Socio-
Technical Systems
(STS)

Issues for further
attention in CE+SME
observed in the studies
-Green Clusters

-Environmental
information and
reporting

-Regulation and policy
-Verification and
certification
-Environmental
information and
reporting

-Regulation and policy
-Verification and
certification
-Indicators
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Chapter 3. Environmental policy and
corporate Sustainability: The mediating role
of environmental management systems in
circular economy adoption

This chapter is based on: Baron Dorado, A., Giménez Leal, G., de Castro Vila, R. (2022).
“Environmental policy and corporate sustainability: The mediating role of environmental
management systems in circular economy adoption” Journal Corporate Social Responsability
and Environmental Mangement, 1—-13. https://doi.org/10.1002/csr.2238
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CHAPTER 3

ENVIRONMENTAL POLICY AND CORPORATE SUSTAINABILITY:
THE MEDIATING ROLE OF ENVIRONMENTAL MANAGEMENT
SYSTEMS IN CIRCULAR ECONOMY ADOPTION

CORPORATE SOCIAL RESPONSABILITY AND ENVIRONMENTAL MANAGEMENT

Alexandra Baron Dorado, Gerusa Giménez Leal, Rodolfo de Castro Vila

ABSTRACT

Companies see adopting the Circular Economy (CE) model as an
opportunity to become more sustainable and aligned to the growing demand
for more environmentally friendly products. Governments, institutions and
researchers alike have highlighted the importance of organisations having an
environmental policy, and that this policy be implemented through effective
Environmental Management Systems (EMS) as the way to achieving
corporate sustainability. However, despite exploring the relationship between
EMSs and moving towards the circular model in the business world, research
on thisincreasingly critical issue remains limited. To address this gap, research
was carried out on 85 Spanish manufacturing companies. Results show that
implementing an EMS has a positive effect as the companies analysed
adopted a higher number of CE practices. From a managerial perspective,
managers are challenged to show leadership initiative by exploring new, more
sustainable ways of operating that engage new stakeholders. Implications for
regulators focus on enhancing the circularity of EMS.

Keywords: Circular Economy, Environmental Management Systems,
Environmental Policy, Manufacturing Industry, Sustainability, Survey

3.1 Introduction

According to the Circularity GAP Report 2020, only 8.6% of the global economy is
currently circular, compared to 9.1% two years ago. This negative evolution in the global
circularity gap is explained by high extraction rates, continuous stockpiling and low levels of
end-of-use processing and recycling. In this context of overexploited resources under
pressure, the importance of taking sustainability into consideration in business strategies,
business models and product and service design is no longer being questioned
(Lewandowski, 2016; Manninen et al., 2018; Witjes & Lozano, 2016). The latest
Eurobarometer survey, in July 2020, asked about the objectives of the European Green Pact
(European Commission, 2019), and revealed that Europeans continue to consider CE as a top
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priority. Moving towards a more competitive and responsible CE is key for progress and social
welfare. Thus, the European Union (EU) has made CE a strategic policy to promote this new
model of production and consumption at all levels. Spain is no newcomer to this situation and
already has initiatives at state, regional and local level from which to build a coherent and
systematic CE model. Within this context, the Spanish Circular Economy Strategy
(EEEC)(Ministerio de Economia Industria y Competitividad, 2018) faces the challenge of
implementing circularity in the Spanish economy.

Traditionally, governments and organizations have focused more intensively on the end-
of-production-cycle phase (Ministerio de Agricultura, 2015), but CE aims to concentrate
efforts on the design phase and to achieve product durability by combating programmed
obsolescence and promoting servitisation, reuse, refurbishment, recycling and reprocessing
of components. This transition towards CE should be done in a way that enables companies
to be efficient without incurring excessive burdens or hindering the company’s growth, given
that larger size improves productivity, contracting capacity, investment and
internationalisation. This is of the utmost importance for Spanish manufacturing firms, which
compared to other leading EU countries, are characterised as small companies and micro-
enterprises. The small size of Spanish manufacturing companies often implies lower
investment capacity, especially in product design and R&D&I, and greater difficulty
developing projects which can improve the use of production resources, as well as
internationalisation projects (Ministerio de Economia Industria y Competitividad, 2018).

Governments, institutions and researchers alike have highlighted the importance of EMSs
and eco-labels as tools or instruments to enable circular transformation and the development
of effective eco-innovations in companies (BSI Standards Publication, 2017; European
Comission, 2017; Evans et al., 2015). EMSs enable companies to assess, manage and improve
their environmental impacts, thus ensuring excellent environmental performance. Thus, the
EEEC has established Strategic Orientation #5 in the area of Production Efficiency (SOs) to
introduce guidelines to increase innovation and the overall efficiency of production
processes. This is done through digital infrastructures and services and by adopting measures
such as EMS implementation, thus boosting competitiveness and sustainable business
growth. This strategy, therefore, highlights that EMS, through the necessary analysis of the
life cycle of products/services, implicitly contribute to the CE model approach, and can help
companies make the complex transition to CE. Moreover, proper CE implementation can
boost innovation, financial performance and competitiveness of companies by increasing
their resource efficiency (European Comission, 2017).

In the world ranking of EMS certifications, data from the ISO Survey 2019 place Spanish
companies in fourth place after China, Japan and Italy in relation to the international standard
ISO 14001, with 12,871 certified companies. Regarding the EMS promoted by the European
Commission (EC), the European Eco-Management and Audit Scheme (EMAS), Spain is in
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third position after Germany and Italy, with 968 companies in January 2021 (EMAS Register).
Despite these outstanding EU and global positions regarding EMS adoption, the latest
Sustainable Development Report 2019 (benchmark) places Spain in 21 position out of 162
countries with respect to Sustainable Development Goals (SDGs). Countries leading the
ranking are Sweden, Denmark and Finland, although the report points out that no country in
the world has yet achieved the 17 SDGs, nor is on track to achieve them by 2030. This report
also mentions that progress towards responsible production and consumption (SDG 12) is a
significant challenge for Spain, highlighting the challenging path we have ahead of us.

Although much research has been conducted on the benefits and effects of environmental
certifications in organisations (Alvarez-Garcia et al., 2018; Bravi et al., 2020; Giménez et al.,
2003; Murmura et al., 2018), the authors have found no studies exploring whether a direct
relationship between these certifications and CE adoption in companies exists. Thus,
exploring the relationship between EMSs and the business world's move towards the circular
model is an increasingly crucial issue.

The main objective of this paper is to analyse the relationship between the
implementation of EMSs and the adoption of CE initiatives in Spanish manufacturing firms.
The rest of the paper is structured as follows. In section 2, the theoretical framework of the
study is presented, including a discussion of the concept of CE and its practices applied to the
manufacturing firm and a description of EMSs; the formulation of the hypotheses of the study
is also presented in this section. Section 3 describes the methodology of the empirical study.
The results of the empirical study are presented in section 4. The paper concludes with a
summary of the main conclusions and implications.

3.2 Theoretical framework
3.2.1 Definition of circular economy

Nowadays the concept of CE is commonly found in the political and scientific sphere, as
well as in business and society in general. There is no consensus on its definition as it varies
according to the issues it seeks to address, or the field of knowledge from which it is
approached (Aranda-Uson et al., 2020; Geissdoerfer et al., 2017; Katz-Gerro & Lopez Sintas,
2018; Pieroni et al., 2019). What is agreed on, however, is that CE is an economic model aimed
at achieving more efficient and resilient production and consumption systems that preserve
resources within a continuous cycle by optimising their value (Ellen MacArthur Foundation,
2017; Murray et al., 2017; Prieto-Sandoval, Jaca, et al., 2018). Thus, among the numerous
definitions of CE proposed in the literature, some authors understand CE as a model with the
objective focused on a closed-loop material flow (Kama, 2015; Li et al., 2010; Yuan et al.,
2006)) while others focus on economic aspects, defining it as an economy integrated with
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resources, environmental factors and territoriality (Andersen, 2006; Ellen MacArthur
Foundation & Granta Design, 2015).

In short, this new economic paradigm implied by CE requires a change of vision which is
both corporate and individual, and which involves rethinking ways of producing and
consuming. Various authors (Kirchherr et al., 2017; Mathews & Tan, 2011; Saidani et al., 2017)
have established three stages of analysis in the field of CE. The upper, so-called "macro" stage
includes the national and supranational level, where the government works on promoting
recyclingand a circularity-oriented society which includes cities and states. The intermediate,
"meso" stage deals with local experiences of industrial symbiosis and eco-parks. The "micro"
stage refers to companies and organisations and the CE objectives are mainly focused on
making production more environmentally sustainable.

The December 2019 Eurobarometer survey revealed that 80% of citizens believe that
industry is not doing enough to protect the environment, rising to 9o% for Spanish citizens.
The July 2020 edition also found that Europeans continue to identify the development of
renewable energy and the fight against plastic waste as top priorities: 36% percent believe
that the main priority should be to promote CE, and 31% think that reducing energy
consumption should be the top priority. Thus, companies in general, and the manufacturing
sector in particular, have a significant role to play in this process of transition towards CE due
to the impact their activities have on the environment. Identifying and highlighting the
progress companies are making in different regions is a necessary starting point in order to
attract new initiatives to help shape a better framework with which to encourage more
circular business strategies. In the process of transitioning towards a CE model, companies
face similar challenges and opportunities (Agyemang et al., 2019; Geng & Doberstein, 2008;
Mura et al., 2020; Ormazabal et al., 2018; Shi et al., 2008). However, their motivation for
moving in this direction and the incentives they pursue may differ, depending on the
particular sector and its geographical scope (Bassi & Dias, 2019). Companies should consider
that there are other ways of approaching business beyond the traditional ones, not only to
be more sustainable (Schoggl et al., 2020), but also more competitive and innovative. They
should therefore analyse the optimal route and the potential benefits that the circular
transition can offer them (Mura et al., 2020; Thorley et al., 2019). Despite the existence of
circularity opportunities along the entire value chain, it is important to incentivise all
developments that have positive impacts, even if they only affect part of the value chain
initially, or only integrate some, rather than all possible actors.

Public incentives promote the adoption of circular practices within companies (Despeisse
et al., 2015; Fischer & Pascucci, 2017; Fletcher et al., 2018; Gharfalkar et al., 2015; Ghisellini et
al., 2018; Hu et al.,, 2018; Moktadir et al., 2018; Testa et al., 2016; Zink & Geyer, 2017), but it
is new circular business models such as circular sourcing, resource recovery, product life
extension, or platform and product-as-a-service sharing (Lacy & Rutqvist, 2015) that
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companies should focus their interest on, and see them as business opportunities to increase
their revenues in this area. New digital technologies such as social media, cloud computing,
analytics and mobility (Accenture Strategy, 2015) are also delivering unprecedented levels of
speed and flexibility. By virture of these business models and technologies, companies can
approach circular advantage from the customer's point of view, and not only from the
perspective of sustainability.

3.2.2 Measuring the implementation of the CE at micro level

Measuring or assessing levels of CE implementation at a business level is a complex task
(Harris et al., 2021) because of the absence of standard indicators to track progress on
circularity (Rincon-Moreno et al., 2021). A number of studies have developed micro level
indicators of circularity (Kristensen et al., 2021; Linder et al., 2017; Mitchell et al., 2020; Rossi
etal., 2020; Walker et al., 2018). Various proposals for models to measure circularity activities
or practices in companies have also been identified, and all of them list circular initiatives
(Masi et al., 2017; Mura et al., 2020) or try to group these concrete circularity actions into key
characteristics (European Environment Agency, 2016), fields of action (Ormazabal et al,,
2018; Prieto-Sandoval, Ormazabal, et al., 2018), factors (Garza-Reyes et al., 2019), levels
(Aranda-Usén et al., 2020), dimensions (Fonseca et al., 2018) or processes (Rizos et al., 2016).
Some of these models have been used to measure the degree to which CE has been adopted
by businesses at both national and regional level (see Table 1). Nonetheless, there is still no
consensus in academia on how circularity should be measured at the micro level.

Table 1. Empirical research on CE implementation in firms

Reference Country (Region) No. Companies / Sector Methods
Colucci and Vecchi
Italy 4 [ Fashion industry Case study
2021
Brydges 2021 Sweden 19 / Fashion industry Interview
Saha, Dey, and Bangladesh, . -
. Y . . g . 114 [ Textile and clothing industry Survey
Papagiannaki 2021 Vietnam, India
2 [ Food, Industry, Manufacturi
Aranda-Uson et al. : , 52/ ! U v vtactung, .
2020 Spain (Aragon) Waste, Service, Transport and Interview
Logistics
Barreiro-Gen and Global Reporting
e 256 Survey
Lozano 2020 Initiative Data base
EMAS

Baron et al., 2020

Elia, Gnoni, and
Tornese 2020

Dey et al. 2020

Spain (Catalonia)

Ellen MacArthur
Foundation Data
base

UK (West Midlands)

31(SME) / Industry

96

130 (SME) / Manufacturing

Statement Review
Case study

Case study/Survey/Focus

group
Mura et al. 2020 Italy 254 (SME? / Manufacturi.ng, T.ourism, Interview/Survey/Focus
Hum services, Plant engineering, ICT group
Trigkas et al. 2020 Greece 32 Leading companies Survey
EMAS
Janik and Ryszko 2019 Poland 66 .
Statement Review
Fonseca et al. 2018 Portugal 99 Survey
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384 (SME) / Agriculture, forestry,
fishing, Industry, Constructin, Trade,

Oncioiu et al., 2018 Romania Survey
Hotels and restaurants, Transport,
Other services
Spain (Navarra -
Ormazabal et al. 2028 95 Survey
Basque Country)
Botezat et al. 2018 Romania 98/ Industry Survey
Spain (Basque
Ormazabal et al. 2016 SME) / Indust Case stud
z * Country) 7 )/ Industry ney

This study follows the model proposed by Prieto-Sandoval, Ormazabal, et al. (2018) as we
considered it the most appropriate for analysing the CE initiatives and actions of
manufacturing companies in Spain, thus fulfilling the aim of the study: to relate CE adoption
to EMS implementation through an analysis of the life cycle of products. This model defines
CE as a cyclical flow that involves extracting, transforming, distributing, using and recovering
materials and energy from products and services. The model proposes assessing circularity
at the micro level through five fields of action covering a product’s life cycle, from extracting
raw materials to recovery of materials at the end of their life: Take, Make, Distribute, Use and
Recover.

If the definition of CE is now approached from the perspective of an integrated economy
with resources, environmental factors and territoriality (Ellen MacArthur Foundation, 2015),
then business initiatives related to industrial symbiosis also need to be analysed. This concept
builds on industrial metabolism to close loops across different value chains and engage
traditionally separate industries in a collective approach to competitive advantage and
involves the physical exchange of materials, energy, water and/or by-products (Marchi et al.,
2017). Industrial symbiosis has been widely documented and applied in ecosystems within
firms (Domenech et al., 2019; Mallawaarachchi et al., 2020; Rincon-Moreno et al., 2021; Wen
& Meng, 2015). This study thus encompasses industrial symbiosis as a further field of action
with which to evaluate companies' circular initiatives. Table 2 describes the circular practices
or initiatives contemplated in the theoretical model proposed by the authors of this study for
each field of action.

Table 2. Circular initiatives in the fields of action model

Fields of action Circular Initiative

Take Incorporating resources from the environment, making more efficient and
responsible use of biological and technical resources. This includes the selection
of suppliers and materials with environmental criteria as well as certifications and
labels

Make Developing the best technological practices and ecological innovations (eco-
innovations) so that both the product/service and the process are carried out in
the most sustainable way possible

Distribute How the product/service is delivered to the customer (traceability and reducing
environmental impact). Includes reverse logistics

36



CHAPTER 3

Use Reducing the energy consumption associated with using the product or the
efficiency of the product itself (allowing customers to return the product after use
or the development of business models where the final consumer is not the owner
of the goods)

Recover Recovering waste as a biological resource that can be returned to the biosphere
or as a technical resource that can be reincorporated into an industrial process.
Industrial Symbiosis  Establishing synergies of exchange and exploitation between industries with the
aim of producing a beneficial relationship for the industries involved (e.g. reusing
outflows from a particular industry as raw material for another industry, or
putting common services, infrastructures and/or projects into effect)

3.2.3 Environmental management systems

A management system is a formal methodology, or framework, that helps companies
control and continuously improve their processes. Its aim is to achieve better results through
actions and decision-making based on data and facts. EMS is the management system to use
if the objective is business sustainability and reducing the environmental impact of products
and processes.

The Pact for a Circular Economy (European Commission, 2015) has guidelines aimed at
increasing innovation and overall efficiency of production processes through measures such
as EMS implementation. Since the Pact was formed, the adoption of certifiable EMSs among
companies and institutions has been remarkable (Chiarini, 2017; Daddi et al., 2015; Matuszak-
Flejszman et al., 2019), and a number of studies have have been published highlighting their
strengths and weaknesses (Baron et al., 2020; Boiral et al., 2018; Daddi et al., 2016; Heras-
Saizarbitoria et al., 2016; Merli & Preziosi, 2018; Testa et al., 2016, 2018). Two EMS models
exist at European level: the ISO 14001 standard and the Eco-Management and Audit Scheme
EMAS; both serve as a basis for developing an effective EMS.

ISO 14001 was originally published in September 1996, and most recently revised in 2015
(International Organization for Standardization-1SO, 2015). This standard is defined as an
overall management system that includes the organisational structure, planning activities,
responsibilities, practices, procedures, processes and resources for preparing and
implementing a company's environmental policy (and also for reviewing and maintaining
that policy in the future). The standard is not intended to measure the environmental impact
of companies that have implemented it, but rather sets out methods for systematising and
formalising environmentally sound procedures. Consequently, ISO 14000 is more about
procedures than targets or results.

EMAS was first introduced in 1993, one year after the Rio Summit, where the United
Nations Commission for Sustainable Development was established, and still continues as a
benchmark of excellence for EMSs today. Over the years, the scheme has evolved by working
hand in hand with organisations, adapting to their needs and expectations and changes in
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European policies and strategies. It has undergone four revisions, the last in January 2019
(European Commission, 2018). The benefits of adopting a circular model are realised by
considering the context and stakeholders; identifying environmental aspects and legal
requirements, and associated risks and opportunities; and, in short, adopting a life-cycle
perspective and risk-based thinking. Furthermore, it enables organisations to ensure legal
compliance and anticipate the adoption of new environmental requirements, which helps
minimise risks and identify new business opportunities. Under EMAS, organisations are
required to demonstrate continuous improvement in their environmental performance on an
ongoing basis. It enables the organisation to investigate resource efficiency, process
changes, search for less polluting materials, and other actions that are drivers of innovation.
The annual publication of the environmental statement also gives EMAS organisations an
opportunity to achieve greater transparency. This additional effort compared to ISO 14001,
for example, is recognised by all stakeholders, including public administrations. This is what
makes it a very powerful communication tool which can be used to highlight actions taken in
order to move towards circular model. It also sets an example for other organisations,
showing them the benefits of adopting the principles of the CE. Both EMS models emphasise
a life-cycle perspective of products and services that is fundamental to companies if they are
to adopt circular initiatives.

3.2.4 Research hypothesis

Although research has been carried out in the field of EMS implementation, the authors
have not found any studies that explore wether there is a direct relationship between those
implementation and CE adoption in firms. Thus, in relation to implementing EMS and
adopting CE initiatives in manufacturing companies, we proposed to test the following
hypothesis:

Ha: There is a correlation between the implementation of EMS and a higher adoption of
CE initiatives in Spanish manufacturing companies.

Based on the proposed theoretical model, two subordinate hypotheses were proposed:

- Hypothesis Hi.1: There is a correlation between EMS implementation and the
adoption of circularinitiatives in the five fields of action covering the product life cycle.

- Hypothesis H1.2: There is a correlation between the implementation of EMS and the
adoption of business initiatives related to industrial symbiosis.

3.3 Methodology

With the aim of addressing the research questions this section describes the methodology
used for the testing of the hypotheses.
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3.3.1 Study sample

The empirical data used to test the hypotheses were collected from the Spanish sub-
sample of the 2018 European Manufacturing Survey. This is an international questionnaire
developed by the Fraunhofer Institute for Systems and Innovation Research (ISl) in 1993 (Lay
& Maloca, 2004) that has been updated every two years since then. The Survey assesses the
adoption of circular initiatives by manufacturing companies together with other aspects of
business innovation. In 2018, the survey received 3,985 responses from 14 European countries
(Austria, Croatia, Denmark, Germany, Lithuania, Netherlands, Norway, Portugal, Serbia,
Slovakia, Slovenia, Spain, Sweden, and Switzerland). The Spanish survey sample comprised
manufacturing establishments (NACE codes 10-33) with at least 20 employees. In total,
15,068 Spanish enterprises from the National Statistics Institute met these requirements. A
questionnaire was sent both by post and telematically to the top management of
approximately 27% of these companies (4000 surveys), followed by a phone-call a week later.
After the initial e-mail, a remainder mail was sent two times (after one and three months).
The final dataset consisted of 85 responses, with a confidence level of 80%, taking into
account a margin of error of 7% (p=q=0.7). The response rate may be attributed to the length
and the complexity of the questionnaire. These results impose precaution for generalizing
the conclusions and stresses the exploratory nature of the performed research. Table 3 shows
some descriptive statistics of the responses.

Table 3. Sample description

No
Companies %
No. Employees
SME <250 80 94.10%
Large >250 5 5.90%
Sector (NACE Code)
Manufacture of food, beverages products (10-11) 16 18.80%

Manufacture of textiles, wearing apparel, leather and related products (13-15) 8 9.40%
Manufacture of wood and of products of wood and cork and furniture (26, 31) 9 10.60%
Manufacture of paper, chemical, pharmaceutical products (17-21) 7 8.20%
Manufacture of plastic and non-metallic mineral products (22-23) 6 7.10%
Manufacture of fabricated metal products, except machinery and equipment and 6
basic metals (24-25)

Manufacture of computer, electronic and optical products, electrical equipment and

7.10%

machinery and equipment (26, 28) 10 11.80%
Manufacture of motor vehicles, trailers and semi-trailers and other transport %

equipment (29-30) 3 3507

Other manufacturing (32) 20 23.50%
EMS Certification

Yes 43 50.59%
No 39 45.88%
N/A 3 3.53%

Total 85
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3.3.2 Measurement

The European Manufacturing Survey covers the implementation of EMS. Thus, the
companies were asked directly whether they had an EMS (ISO 14001 or EMAS). This detailed,
specific question enabled the authors of the present study to classify companies into two
groups according to EMS implementation: companies with an EMS, or in the process of
implementation; and companies with no EMS.The survey also asked questions about various
practices or initiatives associated with CE. Several of these were of interest for the present
study and have been taken as variables. From the survey questions, 22 variables were chosen
for analysis. The first variable is "Intensity in CE practices adoption" (IA), which seeks to
determine the impact of the EMS on the adoption of CE practices. For this variable, g degrees
of intensity were defined, with g being the highest and o the lowest. The one-way ANOVA
test was used for the analysis since these are continuous scale variables. For the other 21
variables a cross-tabulation and Pearson's Chi-Square were used in the statistical analysis as
it was a homogeneous random sample with dichotomous variables, proceeding to the
statistical treatment of the data with the SPSS v25 programme. Table 4 classifies the
variables in relation to the fields of action of the proposed theoretical model.

Table 4. Variables for measuring circular initiatives in the European Manufacturing Survey

Fields of action  # Measurement variables of circular initiatives
Take T Use of reused and/or recycled raw materials
T2 Technologies for recycling and reuse of water
Make M1 Integration of best sustainable manufacturing technologies
M2 Implementation of energy management systems
M3 Implementation of life cycle assessment tools
M4 Introduction of technological improvements
Ms Design aimed at extending product lifetime
Distribute D1 Cooperation in distribution processes
D2 Product end-of-life service - reverse logistics
Use Ui Products with reduced energy consumption during use
U2 Products with reduced environmental pollution during use
U3 Products with ease of maintenance or retrofitting
Ug Product maintenance and repair services
Usg Product refurbishment and modernisation services
ue Product, machinery, or equipment rental services
Recover R1 Kinetic and process energy recovery
R2 Introduction of recycling/recovery improvements
Industrial [S2 Joint purchasing
Symbiosis IS2 Production cooperation
1S3 Cooperation in service
IS4 R&D cooperation with other companies
3.4  Results

The main highlights are shown in Figure 1, Figure 2 and Table 5.

In relation to the descriptive analysis of the results obtained, these show that of the 6 fields
of action contemplated in the theoretical reference model, Take is the one in which most
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companies are working (see Figure 1), followed by business initiatives related to Industrial
Symbiosis. The field of action in which less firms are working on is the one related to Recover.

Take
32
24
Industrial Symbiosis 16 Make
8
Recover Distribute
Use

Figure 1. CE adoption related to the Fields of action model

Figure 2 shows that the circular practice most adopted by the companies in the study is
related to the introduction of technological improvements (M4) with 58% of response rate,
related to the use of new materials and changes in the production system at the Make stage
of the product life cycle. This is followed by practices related to the use of reused and recycled
raw materials (T1) at the Take stage, the product maintenance and repair services (U) at the
Use stage, both with 35% of response rate, the R&D cooperation with other companies (1S4)
related to Industrial Symbiosis with 33% and finally, practices related to the cooperation with
other companies in distribution processes (D1) with 32% at the Distribute stage.

0% 20% 40% 60% 80% 100%

. Use of reused and/or recycled raw materials % S S SRR S R R R R B
o Technologies for recycling and reuse of water o NN OO %
g Integration of best sustainable manufacturing technologies ¥ R )
g Implementation of energy management systems 7 M N N N N Lo
g Implementation of life cycle assessment tools % D R |
%’ Introduction of technological improvements 75 R TS
‘-‘E’ Designaimedatextendingproductlifetime N N DN DN E DO E DN O E DO % |
a Cooperation in distribution processes 5 SRS R SR %]
S Product end-of-life service - reverse logistics e e T % |
5! Products with reduced energy consumption during use X R |
y Products with reduced environmental pollution during use 7 HEHEHHOHOHOHOH O NN W |
« Productswitheaseofmaintenanceorretroﬁtting o D O N L S S D % |
g Product maintenance and repair services 7 NN NN N O O L%)
9 Product refurbishment and modernisation services 75 N S S S D O O N N E R E ES RS E EN NN b
% Product, machinery or equipment rental services A NN R R R I R R R N
2 Kinetic and process energy recovery o MMM MM MMM MMM s
S Introduction of recycling/recovery improvements X |
z Joint purchasing 7 BN N NN MMM NN =~
> Production cooperation L s
8 Cooperation in service 7 NN NN |
z) R&Dcooperationwithothercompanies 75 NN N E E S ES E EN N NN b |

BYES ENO ®N/A

Figure 2. Circular Economy practices adoption
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For the variable of Intensity of adoption (IA) in CE practices Table 5 shows a correlation
between EMS adoption and the intensity of adoption of circular practices, which supports

hypothesis Hi.
Table 5. Correlation between EMS adoption and the intensity of adoption (IA) of circular practices
Sum of Squares df Mean Square F Sig.
Between Groups 34.442 1 34.442 7.877 0.006%*
Within Groups 341.046 78 4.372
Total 375.488 79

*: The correlation is significant at the 0.05 level (p<o0.05)

On the other hand, for the dichotomous variables (see Table 6) a correlation is observed
between the implementation of EMS and the actions that take place at the Make stage of the
product life cycle, particularly in relation to practices related to the Implementation of energy
management systems (M2), Implementation of life cycle assessment tools (M3) and the
Introduction of technological improvements (M4). A correlation is also observed between
EMS and the field of action Use, but only in the practice related with the development of
Products with reduced energy consumption during use (U1). This means that hypothesis H1.1
is only partially supported. The results do not support hypothesis H1.2, and no correlation
was found between EMS adoption and experiences of Industrial symbiosis.

Table 6. Correlation between EMS implementation and the adoption of circular initiatives

Var Description Chi-Square Sig

Ta Use of reused and/or recycled raw materials -0.062 0.582
T2 Technologies for recycling and reuse of water 0.093 0.413
M1  Integration of best sustainable manufacturing technologies 0.082 0.676
M2 Implementation of energy management systems .283* 0.011%
M3 Implementation of life cycle assessment tools .289* 0.01%
Mg Introduction of technological improvements 0.220 0.05*
Ms Design aimed at extending product lifetime -0.321 0.068
D1 Cooperation in distribution processes -0.106 0.351
D2 Product end-of-life service - reverse logistics 0.027 0.82

Ui Products with reduced energy consumption during use .355% 0.042%
U2  Products with reduced environmental pollution during use -0.184 0.305
U3 Products with ease of maintenance or retrofitting 0.050 0.783
Us Product maintenance and repair services 0.022 0.844
Usg Product refurbishment and modernisation services 0.055 0.635
ué6 Product, machinery, or equipment rental services -0.137 0.227
R1 Kinetic and process energy recovery 0.154 0.176
R2 Introduction of recycling/recovery improvements -0.012 0.949
1S1 Joint purchasing 0.170 0.129
IS2 Production cooperation 0.001 0.99

IS3 Cooperation in service -0.036 0.754
IS4 R&D cooperation with other companies 0.213 0.065

*: The correlation is significant at the 0.05 level (p<o0.05)
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3.5 Discussion and Conclusions

This study analysed the relationship between the implementation of EMS by
manufacturing companies in Spain and the adoption of CE initiatives. The results of the study
provide an affirmative answer to the research question posed, indicating that companies
which have implemented EMS show a higher degree of adoption of circularity practices than
those which have not implemented this type of management system.

In relation to the fields of action covering the product life cycle, findings also show that
only the Make field has a clear correlation with the adoption of EMS, i.e. adopting EMS
favourably influences taking up circular initiatives in the field of development of best
technological practices and eco-innovations so that both the product and the process are
carried out in the most sustainable way possible. No relationship was found between
adopting EMS and establising synergies between industries. It can therefore be concluded
that as a management tool, the influence of EMS remains weak with regard to helping
companies in the areas efficient and responsible use of resources; distribution and reverse
logistics; actions associated with the impacts of product use and recovery; and collaborative
practices between companies.

The results of the study can also help public authorities and policy makers to develop
specific plans to encourage organizations to insert more circularity into EMS, for example
when preparing the environmental report or statement firms could include its CE strategy
and clear indicators related to the CE. Public authorities could also reward firms with EMS
primarily through regulatory relief, to encourage the spread of circular economy and best
environmental practices at the same time as highlight the opportunities for stakeholders to
collaborate and help ensure that the future economy is, indeed, circular.

The main contribution of this paper to the academic literature is to explore wheter there
is a direct relationship between the EMS certification and CE implementation in firms. One
of the main limitations that this study bears is the response rate obtained. A larger sample of
participating firms could produce more representative results. The second limitation regards
to the fact that the study reflects the Spanish business environment and the specific
socioeconomic framework. Also, a sector analysis would allow further progress in
determining the role of environmental certifications and CE practices adoption as each
industry sets different priority issues algon their value chains. As indicated in literature review
to the best of our knowledge there is no empirical evidence on this topic, so the present paper
tries to investigate this research gap. Furthermore, similar research should be applied to
analyse other countries in order to assess whether similarities or differences exist according
to parameters such as country, company size or sector.
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CIRCULAR ECONOMY PRACTICES AMONG INDUSTRIAL EMAS-
REGISTERED SMES IN SPAIN

SUSTAINABILITY

Alexanndra Baron Dorado, Rudi de Castro, Gerusa Giménez

ABSTRACT

The Eurobarometer report from December 2019 revealed that 80% of
European Union (EU) citizens believe that industry is doing too little to protect
the environment and that more work needs to be done to help companies
transition to a more sustainable economic model. In recent years, the EU has
made the Circular Economy (CE) a priority, and an environmental
management system based on the EMAS Regulation can help companies
achieve this goal by assisting them in analysing and measuring an efficient and
sustainable use of resources. Thus, this study analyses EMAS companies’
environmental statements in order to identify and quantify the CE practices
they have implemented. Findings identify 23 circular practices and show that
the majority of companies focus their efforts on reducing emissions by
optimizing the materials cycle and improving internal production processes.
Eco-design stands out as the main driver amongst the circular transformation
practices. This study has also detected a lack of uniformity in the way
companies quantify the various circular practices currently operating, or how
they communicate this information. These results may be useful to
companies, professionals and administrations responsible for promoting the
CE, and it can also provide guidance on what information to include in future
environmental statements.

Keywords: Circular Economy (CE); sustainability; circularity;
implementation; Environmental Management System (EMS); Eco-
Management and Audit Scheme (EMAS); Small and Medium Sized
Enterprises (SMEs); industrial; Spain

4.1 Introduction

Neither the planet nor the economy can survive if it continues to follow the traditional
economic model based on raw material extraction, manufacturing, use and disposal.
Preserving valuable resources and fully exploiting their full economic value has become
crucial [1]. The Circular Economy (CE) is rooted in the principles of reducing waste and
protecting the environment as well as dramatically transforming the way the economy
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works. By rethinking the way in which we produce, work and buy products, new opportunities
and occupations can be created [2,3]. The CE needs to be able to generate value which is less
dependent on natural resources by taking a systemic and holistic approach and integrating
the whole value chain. The concept of a CE requires, and accommodates to a greater or lesser
extent, the participation of a wide spectrum of agents varying in size and nature such as public
and private agents, consumers or research centres.

Aspiring to replace single-use products with ones that are circular by design and creating
reverse logistic networks have become powerful stimuli for new ideas. Thus, everything
related to circular supplies, resource recovery, product life extension, sharing platforms and
products as a service represents a vibrant business terrain for entrepreneurs [4]. Businesses
should reap the benefits of an economy that operates with higher rates of technological
development, optimized and improved materials, energy efficiency and greater
opportunities for productive and resource-efficient companies.

Hence, activities and actions aligned with the new CE paradigm in the business
environment have become more and more frequent for all types of organisations and sectors,
and increasingly, researchers are focusing their efforts on studying the key role played by
businesses in developing the CE at company and organization level [5-8]. However, a more
in-depth study of how businesses on the road to circularity integrate the principles of this new
paradigm is needed [9,10].

Companies that have implemented an Environmental Management System (EMS) are
considered to have greater environmental awareness and show a special sensitivity towards
protecting the environment, as well as being one step ahead of the rest [11-13]. The
Environmental Maturity Model (EMM), developed by Ormazabal et al. [14], which assesses
the level of maturity of companies transitioning to a CE, ranging from the most reactive to
the most proactive maturity stage, considers that companies implementing an EMS would
be located at a medium stage of maturity in their progress towards circularity
(Systematization) on a 6-stage scale. Traditionally, proactive EMS adoption and certification
have been associated with large companies, usually endowed with more capital than small
and medium-sized enterprises (SMEs), and which have a clear strategic vision and regard
EMS implementation as a genuine commitment to competition [15]. However, this situation
has been changing, and increasingly, SMEs are also reaping the benefits of implementing
EMS in their organisations. Proof of this are the data available from the European
Commission’s EMAS Helpdesk register of 15 June 2020, which reveals that only 26% of
EMAS-registered businesses are large companies [16]. Nevertheless, a company’s green
image and commitment to a paradigm shift towards the CE needs to be translated into action

[17].

Research on CE adoption in companies at regional level is still limited [18], so the aim of
this study is to help reduce this deficit. Therefore, this article aims to identify CE practices
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being reported by SMEs implementing EMS in their move towards a CE model. The following
Research Questions (RQ) have been posed:

e RQai: Do companies include the CE concept in their environmental statements?

e RQ2: What CE activities or practices do companies claim to have adopted? Are
some activities more commonly adopted than others?

e RQ3:How are CE practices reported and quantified in environmental statements?
How are these practices reported to stakeholders?

e RQy4: Does a relationship exist between circularity practices and economic
performance?

e RQsz: What information should be included in environmental statements in the
future to help evaluate the application of circularity practices in EMAS-registered
companies?

The aim of this study is to answer these questions by analysing the environmental
statements of EMAS-registered SMEs in Spain, currently the second country in the EU in
number of companies with EMAS registration (1092 companies), behind Germany (1099
companies). Specifically, we have analysed companies from the industrial sector in Catalonia
(northeast Spain), one of the most industrialized regions of Spain, with a business network
mainly made up of SMEs.

This study is focused on companies in the industrial sector as the challenges of
environmental pollution and worldwide scarcity of resources have meant that these
companies must simultaneously cope with the pressure of environmental regulations, the
challenges of resource price volatility and supply chain risks in a far more critical way [19]. At
the same time, this sector has been included in the priority areas of activity on which the 2030
Spanish Strategy for the Circular Economy is focused.

The main novelty of this research is that it focuses on exploring the actions that industrial
EMAS-registered SMEs have claimed to have taken in relation to adopting CE practices.
These companies are supposedly located at a higher stage of circularity than the rest of
industries that still have a very traditional, linear business model, as suggested by Marrucci
et al. [12]. We believe this study can be useful for other companies operating in similar
contexts, but which have not yet reached the mid-level maturity stage on the EMM scale
developed by Ormazabal et al. [14]. Thus, this contribution aims to provide examples of
practices implemented on the long road of transition towards the sustainable production and
consumption model that the CE involves. Finally, this study also focuses on analysing the way
in which companies quantify different circular variables, such as materials inflow and outflow,
water and energy consumption, and how this information is communicated to different
stakeholders.
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At Spanish state level, studies analysing CE implementation have been conducted in the
Basque Country and Navarra [20,21] and Aragon [22,23]. This study will help expand the
geographical scope of the research by analysing the situation in Catalonia.

This article is organized into 5 sections. Section 2 reviews the literature on CE-related
concepts in the field of SMEs and their relationship with EMS. Section 3 describes the
methodology designed to respond to the research questions based on information in the
environmental statements. The results are presented in Section 4. Finally, results analysis and
the main conclusions and limitations of the study are contained in Section 5.

4.2. Overview of the Research Context

In 2015, the United Nations presented the 2030 Agenda for Sustainable Development,
which established 17 Sustainable Development Goals (SDG) focusing on people, planet and
prosperity. The CE is one of the central elements for achieving some of the goals, among
which five are especially noteworthy:

e SDG 7: Ensure access to affordable, reliable, sustainable and modern energy.

e SDG 8: Promote inclusive and sustainable economic growth, employment and decent
work for all.

e SDG 9: Build resilient infrastructure, promote sustainable industrialization and foster
innovation.

e SDG 12: Ensure sustainable consumption and production patterns.
e SDG 13: Take urgent action to combat climate change and its impacts.

Since then, the CE has been vigorously implemented in the EU Commission’s economic
policy with the aim of promoting the transition towards production and consumption
systems based on the principles of circularity [24]. In a global context of strained, over-
exploited resources, no one questions the importance of taking sustainability into account in
business strategies, business models and product and service design [6,25,26]. It is the key to
moving towards a more competitive, responsible and circular economy for progress and

social wellbeing.

The definition of CE has been widely debated depending on the field of knowledge and
the issues addressed [7,9,23,27-30], but consensus does exist that CE is an economic model
oriented towards achieving more efficient and resilient production and consumption systems
that preserve resources within a continuous cycle optimizing their value [31—33]. Thus, the
numerous, different definitions of CE can be classified according to whether they focus on its
objectives, activities or outcomes [34]. Some of these contributions are summarized briefly
in Table 1.
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Table 1. Contributions to the definition of Circular Economy

Closed flow of materials/Economy References [33,35—-38] Yuan et al., 2006; Ellen
Objectives integrated with resources, environmental MacArthur Foundation, 2015; Li et al., 2010; Andersen,
factors and territoriality 2007; Kama, 2015

References [9,28,29,39—41] Zhijun y Nailing, 2007;
Activities  Production processes /Industrial symbiosis  Ehrenfeld y Gertler, 1997; Jacobsen, 2006; Walls and
Paquin, 2015; Zeng et al. 2017; Katz et al., 2019
Energy efficiency/Waste References [34,42—44] Liu et al. 2009; Morlet et al.,

Outcomes T . . o
minimization/Environmental conservation 2016; Ghisellini et al., 2016; Haas et al., 2015

In short, the new economic paradigm involving the CE requires a change in both business
and individual outlook, rethinking the ways in which we produce and consume. Some authors
[30,45,46] have established varying levels of analysis in the implementation of CE principles:

e Macro: includes national and supranational levels where work is being done to
promote a society oriented towards recycling and circularity implemented nationally
and supranationally. Includes cities and states.

e Meso: contemplates CE implementation through eco-parks, local industrial symbiosis
initiatives and through the management of waste and the inflow and outflow of
resources and raw materials in a territory.

e Micro: refers to companies and organisations and consumers. CE objectives for this
level are focused mainly on more environmentally sustainable production.

e Nano: at process or product level.

Thus, this new paradigm shift should take place under a multi-level approach [47]. It should
also be implemented at all levels simultaneously and always within the framework of the
Triple Bottom Line perspective [48], which intersects economic aspects with social and
environmental ones [39].

4.2.1. Adopting the Circular Economy in SMEs

According to the results of a new Eurobarometer survey (December 2019), 94% of citizens
from all EU Member States said that protecting the environment was important for them.
Ninety-one percent stated that climate change was a serious problem in the EU, and 80% of
respondents, reaching 9o% in the case of Spain, felt that industry was not doing enough to
protect the environment. The survey also revealed that citizens believed responsibility should
be shared by large companies and industry, national governments and the EU, as well as by
the citizens themselves. It was recognized that fundamental changes may be needed as well
as greater investment in research and development, more information and education,
stricter legislative control and the promotion of company participation in sustainable
activities.
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SMEs play a fundamental role in the transition to a CE both at global and European level
and in Spain, where they represent 99.83% of all companies [49]. Thus, SMEs are essential
drivers for the transition towards a CE. Identifying all the opportunities gained and progress
made by these companies in different territories in this field and highlighting their
importance is a necessary starting point to attract new initiatives to help shape an
environment that fosters more CE business strategies.

Challenges and opportunities for companies in their transition towards a CE model have
been identified in different studies [47,50-54]. On this basis, it must be taken into account
that business incentives and motivation to move forward in this direction may differ greatly,
both qualitatively and quantitatively, depending on the sector, the company and its location
[55]. In some cases, the focus will be on transforming existing business activities, while in
others, new business models will have to be introduced for which there may be no precedent.
It is also important to keep in mind that, although circularity may exist across the entire value
chain, it is possible that in the early stages of implementing the new circularity paradigm, all
progress with positive impacts should be recognized and encouraged, even though only one
part of the value chain is affected and only a part of the possible stakeholders have been
integrated.

It is well known that SMEs have a daily work routine that is packed with obligations, and
they are very focused on their business, but they should take a moment to reflect on what
routes to take and the possible benefits that transitioning to the CE can bring them [52,56,57].
Aside from traditional ways of approaching business, many other ways exist and being more
sustainable is not the only reason for making this transition, but also being more competitive,
having a mid- to long-term plan, or being innovative, to name but a few.

Some public incentives can help promote the adoption of sustainable CE manufacturing
practices among SMEs [58-66]. Promoting the introduction of broader circular principles
related to the exchange of goods and services through polices supporting corporate social
responsibility is also useful [67].

At a European level, there are the European Structural and Investment Funds, the SME
Instrument, or Fast Track to Innovation [24]. In Spain, the 2030 Spanish Circular Economy
Strategy was passed on 2 June 2020, in line with the objectives of the two European
Commission Circular Economy Action Plans: (1) Closing the loop: an EU action plan for the
Circular Economy, and (2) A New Circular Economy Action Plan for a Cleaner and more
Competitive Europe (2020) in addition to the European Green Deal and the 2030 Agenda for
Sustainable Development. At the level of Catalonia, the Government of Catalonia Strategy
for Promoting Green and Circular Economy in Catalonia and the Catalan Eco-design Strategy
have been created to promote a CE based on eco-innovation. The PIMEC business
organization has also approved its own strategy for promoting a green and CE.

62



CHAPTER 4

However, apart from the support that SMEs can obtain through the state, regional
governments or business associations, it is worth highlighting where business opportunities
can be found, so SMEs can focus on increasing their income in this area. Lacy and Rutqvist
[68] identified five circular business models (Circular Supplies, Resource Recovery, Product
Life Extension, Sharing Platforms and Product as a Service), and the consulting firm
Accenture [56] highlighted 10 technologies (in particular, digital technologies in the form of
social networks, cloud computing, analytics and mobility), which are enabling levels of speed
and flexibility not seen before. Thanks to these business models and technologies, companies
can focus on circular advantage from the customer’s point of view instead of on simply
improving efficiency.

4.2.2. Environmental Management Systems and the Circular Economy

The Pact for a Circular Economy [24] was spearheaded by various government entities in
order to define the process of transition towards a CE model. One of its actions is to develop
guidelines to boost innovation and the overall efficiency of production processes by
introducing measures such as EMS. Since the Pact was written, certifiable EMS have been
adopted by a significant number of businesses and institutions [69—71], and a considerable
number of studies have highlighted their strengths and weaknesses [72—79]. Other
institutions and researchers have also highlighted the importance of adopting environmental
management standards [80] and eco-labels [81,82] to foster CE within companies.

One of the standards underpinning the transition to CE is the Eco-Management and Audit
Scheme (EMAS). EMAS was developed in 1993, a year before the first version of the
international standard ISO 14001 was published, and a year after the 1992 Rio Summit. At
the Rio Summit, a broad intergovernmental agreement on a global action plan to promote
sustainable development, called Agenda 21, was approved and the United Nations
Commission for Sustainable Development was created. After 27 years, the EMAS model
continues to be a reference of excellence for environmental management systems.
Throughout this time, the scheme has been evolving alongside organisations, adapting to
their needs and expectations, and to changes in European policies and strategies. It has
undergone up to four revisions, the last one in January 2019 [83].

The EMAS Regulation can help businesses on the path towards a CE as it evaluates the
environmental impact of their activities, as well as encouraging improvements in their energy
efficiency and developing systematized audits. It also monitors and gquarantees the
transparency of their processes [80]. In essence, EMAS contributes to circular development
by analysing and measuring the efficient use of resources [12,83,84].

The benefits of a circular model can be reaped by taking both the context and stakeholders
into account, identifying the environmental aspects and legal requirements, as well as any
associated risks and opportunities; in other words, adopting a Lifecycle perspective and risk-
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based thinking. In addition, a circular model enables organisations to not only ensure legal
compliance but also plan ahead for new environmental requirements to be approved, which
in turn contribute to minimizing risks and identifying new business opportunities.

Approaching CE implies changing the business model and incorporating new
management practices. To do so, involving employees is essential. This is a long-standing
requirement in the EMAS and makes employees aware of the importance of participating in
the system. It is particularly important for senior management to be involved as they bear the
greatest responsibility for the company’s environmental strategy and can therefore
demonstrate their leadership.

EMAS requires that organisations demonstrate continuous improvement in their
environmental performance on an ongoing basis. This encourages the organization to
investigate the efficiency of resource consumption, changes in processes, the search for less
contaminating materials and other actions that are a driving force for innovation. The annual
publication of the environmental statement gives EMAS organisations a major opportunity
fortransparency. This additional initiative, compared to the ISO 14001 standard, for example,
is recognized by all interested parties, including public administrations. This is what makes it
a very powerful communication tool which highlights the actions taken to move towards
circular models. It also serves as an example for other organisations to verify the advantages
of adopting the principles that govern the CE.

Hence, this study aims to identify the CE practices currently reported by EMAS-registered
industrial sector SMEs. The question that arises at this point is what adopting a CE model
means for companies in this sector. The literature refers to sustainable manufacturing as a
radical change within the context of closed-loop product systems. The concept of Resource
Conservative Manufacturing, ResCoM, has been introduced as a new paradigm for
sustainable manufacturing [85]. Since traditional business models, products and supply
chains have been designed to operate in linear systems, they are unable to cope with the
dynamics of closed-loop systems. Therefore, a novel approach is proposed in which the
dynamic interaction between business models, product design, supply chains and customers
is essential, and at the same time treated as an integral part of industrial firms [86]. The
concept of ResCoM includes the concept of multiple product lifecycles and, together with
energy conservation, material and added value with waste prevention and environmental
protection are integrated components of the product design and development strategy [10].
A difficulty for many SMEs is the fact that these companies often work on a B2B basis and
producers cannot control the final product. The majority lose their traceability, which means
that they cannot take action in the reclaiming materials stage, and this limits their actions
regarding clean production practices to within the company alone [13,47].
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4.2.3. Models for Measuring Micro Level Circularity Actions

In order to measure the degree to which businesses adopt CE, several studies in the
literature that propose definitions of micro-level circularity indicators were identified [87—92].
Their novelty, together with the very generic definition given to them, may explain the low
degree of CE adopted by businesses [93—95]. Park and Kremer [96] warn that companies
need to understand the usefulness, importance and potential benefits of environmental
sustainability indicators in order to be able to use them in their operations management [97].
Another key issue is obtaining the considerable amount of data these indicators require.
Much of the necessary data is difficult to gather and often has to be provided by various actors
linked to the product lifecycle. This difficulty in obtaining data, both in terms of time and cost,
is one of the main stumbling blocks for extending the use of indicators to a company or
organization level, due to the lack of information exchange between companies and
confidentiality issues [98,99]. Despite this, advances in digital technology should make it
easier and faster to obtain data [27]. Standards publications such as the BS8001:2017-
Framework for implementing CE principles in organisations [92] should also help guide
organisations in implementing the standards.

Various models proposing to measure circularity activities or practices in companies have
been identified in the literature: Garza-Reyes et al. [100] carried out a review of various
models used to measure CE in SMEs and proposed a model that includes 36 practices grouped
into 7 factors; Masi et al. [101] mention 25 CE practices; the European Environmental Agency
(EEA) [3] proposes 16 actions grouped into 5 key characteristics; Mura et al. [52] identify 20
practices; Aranda-Uson et al. [18] propose 13 activities grouped into 4 levels; Fonseca et al.
[13] propose 15 dimensions; Prieto-Sandoval et al. [20] define 11 elements as fields of action
for CE; Janik and Zafraniek [84] establish 12 practices grouped in the 5 categories described
as key elements by the EEA [3]; and Rizos et al. [51] mention 8 main processes.

Some of these proposals have been put into practice, and the models used to measure the
degree to which CE has been adopted by businesses at both national and regional level are
shown in Table 2.

Table 2. Studies on EC implementation in companies

Country

Reference (Region)

Sample Methods Main Conclusions

80% try to reduce consumption raw materials
18% water treatment or recirculate by-products
17 Case study 41% recovery of used products
53% no environmental criteria for supplier
selection
The segregation and valuation of waste is a
priority
Portugal 99 Survey The collection of end-of-life products and
cooperation with suppliers and customers are no
very intense

Ormazabalet  Spain (Basque
al., 2016 [21]] Country)

Fonseca et al.,
2018 [13]
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14% strengthening the guarantees offered to
consumers who purchase goods online
13% use of renewable energy
Romania 384 Survey  13% designing smart and green products and using
energy labelling
10% use of advanced manufacturing facilities to
achieve clean production
42% try to reduce consumption raw materials

Oncioiu et al.,
2018 [102]

. Spain (Navarra Low use of ecological/biodegradable materials
Ormazabal et . o .
-Basque 95 Survey 17% use environmental criteria for supplier
al., 2018 [47] .
Country) selection

Not yet prepared for circular business models
50% try to minimize the waste production

Janik and EMAS 0 A
Syafraniec Poland 66 Statement 47% try to minimize energy and water usage
! . Only 3% work on keeping the value of
2019 [84] Review
products/components/materials in the economy
Most frequently implemented activities:
Aranda-Usdn 82% industrial waste recycling

etal., 2020 [18] Spain (Aragon) 52 Interviews 75% energy efficiency
60% reduction of environmental impact

Casestudy  CE fields of action (Take, Make, Distribute, Use

Kumar et al., . Focus and Recover) are correlated to economic
UK (Midlands) 130
2020 [103] group performance, Only Make and Use are related to
Survey environmental and social performance.
Interviews 84% apply separated waste collection
Surve 8% apply recovery/reuse of packagin
Mura et al., y 3870 apply vi P ging
Italy 254 Focus .
2020 [52] 32% work on energy conservation

group
Only 14% work on resource saving practices

In this study, the model proposed by Prieto-Sandoval et al. [20] was followed to analyse
the CE practices reported in the environmental statements. The underlying concept of this
model is that CE can be understood through 5 areas of action: Take, Make, Distribute, Use
and Recover. Each of these areas is specified in a series of circular practices in line with the
key characteristics proposed by the EEA [3], enabling comparisons with similar studies to be
made (see Table 3). We found that only 3 fields of action (Take, Make and Recover) had key
related characteristics.

Table 3. Circular practices following the model of fields of action

Field of Action Elements EEA Key Characteristic
Non-renewable resources replaced with renewable

lection of e .
Selection o ones within sustainable levels of supply

biodegradable materials

S . Increased share of recyclable and recycled materials
in different value chains

that can replace the use of virgin materials

TAKE
The way in which
industries take energy

Minimised and optimised exploitation of raw
Selection of easy materials, while delivering more value from fewer
recirculated materials in  materials

and resources from the . . .
different value chains ~ Closure of material loops

environment . .
Sustainably sourced raw materials

Reduced import dependence on natural resources

Environmental —
Efficient use of natural resources

efficiency of production —
yorp Minimised overall energy use
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processes to reduce
resources use

Minimised overall water use

Environmental
efficiency of production
processes to reduce
emissions

Reduced emissions throughout the full material cycle
through the use of less raw material and sustainable
sourcing

Less pollution through clean material cycles

Sustainable energy
sources for production

Energy replaced with renewable ones

MAKE
Processes can be carried
out in a sustainable way

with eco-innovations
and the best
technological practices

Environmental
innovation in the design
of sustainable products
and services, in order to

extend their lifecycles
and facilitate recovery in
the future.

Extended product lifetime keeping the value of
products in use

The recovery of raw
materials and resources
in the internal process of

the company

DISTRIBUTE
The way in which a
product or a process is
delivered to the
customer

The development of a
sustainable logistics
systems

USE
Refers to reduce the
environmental impact
associated with the use
of the product

The development of
business models where
the final consumer is not
the owner of the goods

The offer of services that
extended the life of the
products of services

Design of products that
work with sustainable
energies

RECOVER
In the CE, eco-
innovation processes are
boosted to recover the
waste, materials and
energy that remain in
use products at the end
of the lifecycle

Channels of
communication with
costumers to retrieve
products that they no
longer use or that they

want to renew

Recovery and industrial
recirculation of
materials that

consumers do not use

any more

Build-up of waste minimised

Incineration and landfill limited to a minimum

Dissipative losses of valuable resources minimised

Reuse of components

Value of materials preserved in the economy through
high-quality recycling

4.3. Methodology

The research questions posed in the study are answered based on the theoretical
framework described in the previous section, and an analysis of the environmental
statements of EMAS-registered businesses in the industrial sector in Catalonia (northeast
Spain). The study presents an exploratory analysis of public environmental statements, or
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those verified by accredited third parties. To achieve this, the research was carried out in
several stages.

Firstly, access was gained to the European Commission’s EU EMAS Helpdesk register, and
in June 2019, a list of 845 EMAS-verified centres in Spain was obtained. Of these, 233 pertain
to businesses in Catalonia and 5g to the industrial sector. Of these, 31 are SMEs, and make up
the study population (see Table 4).

Table 4. Description of the study population

Sector Number EMAS Register

Industry and manufacturing 59
Services/Education/Health 27
Tourism 37
Retail/Logistics 16
Construction 16

Public administration 23
Waste management 38
Others 17

TOTAL Catalonia 233

The second step was to search for the statements directly on the company websites, or
when they were not found directly, using the web search engine. In the search, the following
criteria were taken into account: (1) most recent environmental statement and (2) Spanish
and/or Catalan language and the key words: “Name of the company” + “EMAS
statement/Environmental statement” and/or "EMAS verification number”. A review process
was then carried out to ensure that the documents met the above criteria and were accessible
for Optical Character Recognition (OCR). In addition, in order to ensure the information was
relevant, all documents were verified by an accredited verification body.

Thirdly, to determine what data should be collected from the statements and which ones
would provide relevant information on circularity practices, the characteristics of the two
models were used in way that was complementary: Fields of action and the EEA key
characteristics (see Table 3). Based on the above, a list of 23 CE practices was obtained,
grouped into 6 categories: Natural Resources (NR), Renewable Energy (RE), Raw Materials
(RM), Reduce Emission (EM), Waste Management (WM) and Product Lifecycle (LC) and
classified according to the fields of action proposed by Prieto-Sandoval et al. [20] (see Table

5).
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Table 5. Elements of Fields of Action model and CE practices

Field of
action Elements Code CE Practices Category
Selection of biodegradable materials in RM2 |Replacement of materials with renewable ones
different value chains RM3 |Selection of biodegradable materials
RM1 |Improved raw materials use efficiency in production
Raw Materials (RM)
Selection of easy recirculated materials in RMgs |Use of sustainable/renovable raw materials
different value chains RMs5  [Use of recycled/recirculated raw materials
RM6 |Certification/evaluation of suppliers' environmental behavior
Take
Environmental efficiency of production NR1 |Improved water efficiency in production
. toreducer " Natural Resources (NR)
processes toreduce resources use NR2 |Improved energy efficiency in production
EM1 |Reduced emissions due to less extraction of raw material
Environmental efficiency of production R . . . o
o EM2 |Reduced emissions stemming from using clean energies Emissions (EM)
processes to reduce emissions
EM3 |Reduced emissions by optimizing materials/machinery/processes
Sustainable energy sources for production RE1 |Use of renewable energy Renewable Energy (RE)
Environmental innovationinthe designof | LC2 |Extended product lifetime
sustainable products and services, in order
-desi Product Lifecycle (LC
to extend their lifecycles and facilitate LG [Eco-design yele(LO)
recovery inthe future. LC6 |Producttraceability
Decreased no-hazardous waste generation concerning production
Make WMz
Decreased hazardous waste generation concerning production
The recovery of raw materials and
resources in the internal process of the WM3 [Waste recovery Waste Management (WM)
company
WMy | By-products
WMs  |Reintegrated waste into the internal production process
LC2 |Reused/refurbished/remanufactured products
Recovery and industrial recirculation of
Recover | materials that consumers donot use any LC4 |Easy components separation Product Lifecycle (LC)
more
LC5 |Returning materials to the factory after use

The data grid (Table S1) was designed, corroborated and validated by the researchers to

establish whether the information was available in the statements. Both qualitative data on

circularity practices mentioned (1) and no mentioned (0), and quantitative data (positive (1)

or negative (o) performance variation) were gathered. Quantitative data compiled

consumption of water, energy, raw materials and waste, which was related to both the

production volume, as well as differences in comparison to the previous year (see Figure 1).
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EMAS Statement

Qualitative

i Mentioned practices

RE1, RM2, RM3, RM4, RM5
{ | RM6, EM1, EM2, EM3, WM3,
‘w4, WMs, LC1, LC2, LC3

LC4, LC5, LCé

Improvement
practices

-

H
= NR1, NR2, RM1, WM1, WM2

Figure 1. Data coding and classification process.

The fourth step involved searching for the data, then coding it using Atlas.ti software. All
three researchers analysed and categorized all the information in the documents following
the research model (see Table S1, Figures S1 and S2 in Supplementary Materials). The same
protocol of action was followed and added the grid designed and agreed by all members of
the group in order to ensure reliability and validity [104].

Finally, the data gathered independently was verified and discussed by the researchers in
order to avoid errors before adding them to the grid with the final information chosen. The
data was subsequently statistically processed using the SPSS v25 software.

4.4. Results

In accordance with the objectives of the study, the Research Questions are thus answered.

4.4.1. RQ1: Do Companies Include the CE Concept in Their Environmental Statements?

Of the 31 statements analysed, only 3 explicitly mentioned the term “Circular Economy”.
It should be noted that the time period of the statements studied is from 2016 to 2019, and
the incursion of the term is relatively recent in the business world.

4.4.2.RQ2: What CE Activities or Practices do Companies Claim to Have Adopted? Are Some
Activities more Commonly Adopted than Others?

Although the term is not explicitly mentioned in most of the statements, one of the aims
of the study was to explore which circularity practices are mentioned in the environmental
statements of EMAS-registered organisations in the industrial sector in Catalonia. A total of
23 practices were identified, which can be grouped into 6 categories (1) Natural Resources,
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(2) Renewable Energies, (3) Raw Materials, (4) Emissions, (5) Waste Management, and (6)
Product Lifecycle. Figure 2 shows the number of companies mentioning these practices in
their environmental statements. We can conclude that the most commonly implemented
practices belong to the fields of action Take and Make.

Reduced emissions by optimizing materials/machinery/improving processes (EM3) [ NN
Waste recovery (WM3) I 02
Improved energy efficiency in production (NR2) [ R
Improved water efficiency in production (NR1) [ M
Product traceability (LCe) NN 15
Decreased hazardous waste generation concerning production (WM2) NG 1
Improved raw materials use efficiency in production (RM1) [ NNNNEGEGEEEEEEN :
Use of recycled/recirculated raw materials (RM5) [ NN
Reintegrated waste into the internal production process (WM5) [ NG
Certification/evaluation of suppliers' environmental behavior (RM6) I (0
Use of renewable energy (RE1) [N 10

Eco-design (LC3) [NNNNEGEGN -

Decreased no-hazardous waste generation concerning production (WM1) - E

Reduced emissions stemming from using clean energies (EM2) _ 9

By-products (WM4) S S
Reduced emissions due to less extraction of raw material (EM1) [NNEGEEN <
Replacement of materials with renewable ones RM2) [ NN <
Returning materials to the factory after use (LC5) | I >
Easy component separation (LC4) [ NI 3
Extended product lifetime (LC1) | NI 3
Use of sustainable/renovable raw materials RM4) [ NN 3
Reused/refurbished /remanufactured products (LC2) [N 2
Selection of biodegradable materials (RM3) [N 2

B Number of companies

Figure 2. Circularity practices mentioned in the Eco-Management and Audit Scheme (EMAS)
Environmental Statements.

To analyse the practices mentioned above, organisations were examined to see how they
were distributed according to size and grouped by industrial sectors (Figure 3).

4
3 3 3
2 2 2 2 2
1 1 1 1 1
d - HEN H-N HEN BN
Chemical/ Textile Metal Minerals/Wood Plastics/Rubber Others
Pharmaceutical

3

B <50 workers B 51-100 workers W 101-250 workers

Figure 3. Population distribution by size and sector.

The practices were divided into two types: quantitative, which enabled the increase or
decrease in yield to be calculated, and qualitative, which determined whether actions related
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to the practices were mentioned or not. For the quantitative practices, the following formula
was used and adapted to either the consumption of natural resources or raw materials:

. m3 consumption(m?)
Water consumption Thergy (MWh) Water “energy(MWR)

Annual production year Annual production

previous year

Performance = - 3
consumption(m?)

energy(MWHh)
Annual production

Water

previous year

and for waste reduction:

Waste generated

Hazardous and Non Hazardous waste car — Hazardous and Non Hazardous waste
Annual production Y Annual production

previous year

Hazardous and Non Hazardous waste
Annual production

previous year

Table 6 shows the practices organisations have implemented corresponding to the size or
industry sector group. In the performance practices (Improved water efficiency in production,
Improved energy efficiency in production, Improved raw materials use efficiency in
production) those with increased performance were counted.

72



CHAPTER 4

Table 6. Contingency table. Distribution of practices by company size and sector groupings

Size Sectors
n o g - ]
e | £ 2| 5 2|3 £
] 5 <] < ol-| 2 2 w| ®
i i R R EE g |§| &
CE Practice CE practices by category g ° e = |1 %k|le| 2 w || 3 %
<] s [ef=] ¢ L o185l g
o o a8 g |- b s |O] &
A 2 € < 5 s
- = 4+
o b 2 = o o
0 o [} L
# | Code General distribution of practices by groupings 15 7 9 8 4 |6 4 3 - -
Natural resources category (NR)
1 | NRz1 |Improved water efficiency in production 8 3 5 4 |14 2 4 |12 I 16| |52%
2 [ NR2 |Improved energy efficiency in production 9 6 2 3 313 1 5 2 55%
Renewable energy category (RE)
3 | RE1 |Useof renewable energy 5 | o | 5 3 | o | 2 | 4 | © | e BO | 32%
Raw materials category (RM)
4 | RMa |Improved raw materials use efficiency in production 7 2 5 5 1|2 1 4 1 45%
5 | RM2 |Replacement of materials with renewable ones 3 1 2 3 ofo 1 1 1 I] 6 |19%
6 | RM3 Selection of biodegradable materials o 1 1 1 o|o o o 1 |] 2 6%
7 | RMy |Use of sustainable/renovable raw materials 1 1 1 1 ofo 1 o 1 [| 3 |10%
8 | RMsg |Useof recycled/recirculated raw materials 6 1 5 3 1)1 2 5 o r 39%
9 | RM6 |Certification/evaluation of suppliers' environmental behavior % L 5 e & | 2 & L HO 32%
Reduced emissions category (EM)
10 | EMa1 |Reduced emissions dueto less extraction of raw material 3 1 2 1 o1 2 2 o D 6 |19%
11 | EM2 |Reduced emissions stemming from using clean energies 5 1 3 3 ofo A 1 1 I:|9 29%

Reduced emissions by optimizing

12 | EM3 |materials/machinery/improving processes 10 5 g 5 215 & 5 2 74%

s

Waste management category (WM)

Decreased no-hazardous waste generation concerning

N
N
B
%Y
%Y
w
B
©

13 | WMa |production 3 & 29%
Decreased hazardous waste generation concerning
14 | WM2 |production 7 3 & 2 el 2 4 4 & B 45%
15 | WM3 |Waste recovery 11 4 7 4 3| 4 3 5 3 E 71%
16 | WMy By-products 5 1 2 o 2 |1 3 2 o DS 26%
17 | WMs |Reintegrated waste into theinternal production process 5 2 4 3 3|12 3 1 o El 35%
Product lifecycle category (LC)
18 | LCa |Extended product lifetime 2 o 1 o 1)1 1 o o 3 10%
19 | LC2 Reused/refurbished/remanufactured products 2 o o 1 o]o 1 o o [I 2 6%
20| LG Eco-design 4 o 5 1 1|2 1 4 1 I:|9 29%
21 | LCs4 |Easy componentsseparation 1 o 2 o of|o 1 2 o [I 3 [10%
22 | LCg |Returning materialsto the factory after use 2 1 2 ¢} 1|12 1 1 1 5 |16%
23| LC6 Product traceability 8 3 4 > 1|2 4 4 5 48%

It was noted that some practices were mentioned more frequently in the statements; for
example, reducing emissions by optimizing materials, machinery or improving processes
(74%). Within this practice, it is worth highlighting that the main practice mentioned by the
majority of organisations was that renewing equipment or machinery enables them to reduce
the consumption of natural resources and/or raw materials, which in turn reduces emissions.
The second most frequently mentioned practice is waste recovery (72%), most of which was
carried out through an authorized manager. No information was found in the statements on
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the behaviour of organisations in relation to limits of waste in landfill or incineration, and
confusion was detected when using the terms recovery, waste treatment and by-products.

All the statements were checked for mention of practices employed to improve water and
energy consumption performance, and calculations were made to determine differences in
performance compared to the previous year. Of the 31 organisations analysed, findings
showed that 52 per cent achieved improvements in water use performance and 55 per cent
in energy use performance.

Inthe Product Lifecycle category, fewer CE-related actions were found, with the exception
of product traceability (48%). Organisations generally mentioned that they take the product
lifecycle into account, but there were no details available regarding how they could monitor
or track products, parts or components once they had left their facilities or production plants.

The contingency table (see Table 6), in which binary data compare 3 or more independent
groups, was carried out in order to check whether the participation of the analysed
companies in CE practices according to their sector and size.

Significant associations between circularity practices in size grouping were observed in the
following cases:

e Improved energy efficiency in production: while companies with 51-100 workers
showed increased energy efficiency (6 out of 7), only 1 out of 4 of the companies with
101-250 workers showed a decrease.

e Renewable energy use: companies with <50 workers and those with 101-250 workers
mention renewable energy (5 out of 15, and 5 out of 8, respectively). Companies with
51—100 workers do not report using renewable energy (o out of 7).

e Eco-design: companies with <5o workers and those with 101-250 workers mention
eco-design in their statements (4 out of 15, and 5 out of 8, respectively). Companies
with 51—100 workers do not report any eco-design actions (o out of 7).

By sector, significant differences were found in the following cases:

e Renewable energy use: while the total of the companies in the Minerals/Wood group
(4 out of 4) reported using renewable energies, the Textile and Other industries
groups do not mention using renewable energies (o out of 4 and o out of 6,
respectively).

e Reduction in emissions stemming from using clean energies: The Minerals/Wood
group mentions a reduced emissions from clean energy use (4 out of 4); the Textile
and Metal groups do not mention any actions taken regarding clean energies (o out
of 4 and o out of 6).
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Finally, in order to analyse the relationship between circularity practices, the Phi
correlation coefficient test was carried out as these are nominal dichotomous variables [105].
The correlation matrix (Table S2) indicates that practices are related, both within the same
category (Raw Materials, Emission Reduction, Waste Management and Product Lifecycle)
and between categories. The coloured cells are significant relationships.

Table 7 summarizes the practices most frequently related to CE and Table 8 shows the
cases in which correlations were found between practices in various categories.

Table 7. Relationship between practices considered drivers of change towards a CE

Relationship between Practices Considered Drivers

EM3—Reduced emissions by optimizing materials/machinery/ improving
processes

RMi—Improved raw materials use efficiency in production
LCa—Extended product lifetime

LC4—Easy components separation

LCs—Returning materials to the factory after use

LC3—Eco-design

LC5—Returning materials to RM4—Use of sustainable/renewable raw materials
the factory after use
RMs5—Use of recycled and/or recirculated raw materials
LC1—Extended product lifetime
LC3—Eco-design
LC4—Easy components separation

RMs—Use of recycled and/or . . .
5. y . / EMi1—Reduced emissions due to less extraction of raw material
recirculated raw materials
WMs—Reintegrated waste into the internal production process
LC1—Extended product lifetime

LCs—Returning materials to the factory after use

LC1—Extended product . .
* X. . produ RMs5—Use of recycled and/or recirculated raw materials
lifetime
WMs—Reintegrated waste into the internal production process
LC3—Eco-design
LCs—Returning materials to the factory after use
The aim of colouring the practices is for better understanding. Eco-design coloured in green (5 related
practices), Material return coloured in blue (5 related practices), Use of recycled and/or recirculated raw
materials coloured in yellow (4 related practices) and Product life cycle extension strategies coloured in
grey (4 related practices).
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Table 8. Relationship between CE practices with significant correlation (p < 0.05)

10

11

12

13

14

15

16

17

18

19

Practice a

RM3 - Selection of biodegradable
materials

LCa - Extended product lifetime
LCa - Extended product lifetime
LC3 - Eco-design

LC3 - Eco-design

WMz2 - Decreased hazardous
waste generation concerning
production

WMy - By-products

RE1 - Use of renewable energy

LC4 - Easy components
separation

RMg - Use of
sustainable/renovable raw
materials

RM5 - Use of
recycled/recirculated raw
materials

WMs - Reintegrated waste into
the internal production process

RMs - Use of
recycled/recirculated raw
materials

RMz - Improved raw materials
use efficiency in production

EM2 - Reduced emissions
stemming from using clean
energies

WMa - Decreased no-hazardous
waste generation concerning
production

RE1 - Use of renewable energy

RM2 - Replacement of materials
with renewable ones

RMs - Use of
recycled/recirculated raw
materials

Practice b

RMy - Use of sustainable/renovable
raw materials

LCs - Returning materials to the
factory after use

LC3 - Eco-design

LC4 - Easy components separation

LCs - Returning materials to the
factory after use

WMy - By-products

WMs - Reintegrated waste into the
internal production process

EM2 - Reduced emissions stemming
from using clean energies

LCs - Returning materials to the
factory after use

LCs - Returning materials to the
factory after use

EM1 - Reduced emissions due to less
extraction of raw material

LCz - Extended product lifetime

LCa - Extended product lifetime

LC3 - Eco-design

LC2 - Reused/refurbished/
remanufactured products

WM2 - Decreased hazardous waste
generation concerning production

EM3 - Reduced emissions by
optimizing materials/machinery
/improving processes

EMz1 - Reduced emissions due to less
extraction of raw material

WMs - Reintegrated waste into the
internal production process
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Phi
coefficient

0,802

0,745

0,509

0,509

0,488

0,484

0,48

0,463

0,447

0,447

0,442

0,438

0,408

0,408

0,408

0,408

0,390

0,375

0,367

Correlation

high

high

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

moderate

low

low

low
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RMs - Use Of LCs - Returning materials to the
20 recycled/recirculated raw 0,365 low
. factory after use
materials
21 WM3 - Waste recovery WMy - By-products 0,364 low
EM2 - Reduced emissions EM3 - Reduced emissions by
22 stemming from using clean optimizing materials/machinery 0,361 low
energies /improving processes
EM3 - Reduced emissions by
23 optimizing materials/machinery ~ LC3 - Eco-design 0,361 low
/improving processes
NR2 - Improved energy efficiency low
24 production RE1 - Use of renewable energy -0,381 (negative)

Correlations between practices of the same category coloured in yellow; Correlations between
practices of different categories coloured in green

Within the group of businesses analysed, 23 directly positive correlations were found: 2
high (with correlation strength between 1 and 0.7), 14 moderate (between 0.69 and 0.4), 7
low (between 0.39 and 0.10) and 1 low inverse correlation (<o) was also found. The practices
showing the highest correlation were using biodegradable raw materials and raw materials
of sustainable and/or biodegradable origin (r¢ = 0.802), followed by extending product life
cycle and returning materials to the factory after use (r¢ = 0.745). In contrast, practices
employed to improve energy efficiency and use renewable energies showed a low negative
correlation (r¢ = -0381).

4.4.3. RQ3: How Are CE Practices Reported and Quantified in Environmental Statements?
How Are These Practices Reported to Stakeholders?

As mentioned above, previous studies on implementing circularity practices at micro level,
especially in SMEs, were taken as a reference for this study. From there, the list of search
criteria for CE practices within the statements was established (see Table S1). Although the
majority of the statements are structured in accordance with the indications of the EMAS
regulation, a wide disparity was found in the way the results were presented, especially with
regard to the consumption of natural resources, raw materials, particularly the production
indicator (m3, tones, physical units or by number of workers) which indicate whether yields

show an improvement or a decrease.

The statements also differed widely regarding the number of workers involved, the length
of the documents and the way in which each organisation presents the information.
Standardising the information required by EMAS could help stakeholders access the data in
a clearer and simpler way, as well as enabling comparative studies between companies to be
carried out.
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4.4.4 RQ4: Does a Relationship Exist between Circularity Practices and Economic
Performance?

To analyse the economic performance of the companies in the study, Turnover, Net Profit
and Economic Profitability variables of the SABI database were examined (see Table S1).
Finally, we chose to only focus our analysis on Turnover due to the differences in the types of
organisations in both size and sector. No significant correlation was found which could
determine a relationship between incorporating circularity practices and economic
performance.

4.4.5. RQg: What Information Should Be Included in Environmental Statements in the Future
to Help Evaluate the Application of Circularity Practices in EMAS-Registered Companies?

With a view to strengthening the statements beyond being just a tool for providing
information on the consumption of natural resources, raw materials and environmental
behaviour in generating waste and emissions, it would also be useful to know if the
organisation is registered with an industrial cluster of some kind in order to reuse by-
products, or for companies to provide more precise information on changing to renewable
energies and the percentage of use with respect to total consumption, and whether this is
self-generated.

Of the six categories analysed (see Table 6), Product Life Cycle is the least covered or
addressed, but it offers the most opportunities for entering into CE and close the cycle of
processes and products.

4.5. Discussion and Conclusions

Based on the analytical framework and models proposed at the micro level, this study has
identified 23 circularity practices that are currently being adopted by SME companies with
EMAS regulation in the industrial sector in Catalonia. Based on the model proposed by Prieto-
Sandoval et al. [20], we can conclude that of the 5 fields of action needed to make the
transition to the CE model (Take, Make, Use, Distribution and Recover), the majority of the
practices implemented only mainly refer to Take and to a lesser extent to Make and Recover.
The results of our study are in line with those obtained in Spain by Ormazabal et al., 2016 [21]
(Take and Recover); Ormazabal et al., 2018 [47]] (Take),; and Aranda-Uson et al., 2020 [18]
(Take and Recover). At the European level, in Portugal, Fonseca et al., 2018 [13] highlight
Take and Recover, as does Mura et al., 2020 [52] in Italy. Janik and Szafraniec, 2019 [84],
describe practices associated with Take in Poland. Therefore, it can be concluded that most
of the studies detected coincide in highlighting circular practices mainly in the fields of Take
and Recover.

EMAS companies have made headway in measuring and quantifying consumption of
natural resources and emissions and waste generated. However, it is clear that the EMAS

78



CHAPTER 4

model has not contributed to standardising how information is presented in statements nor
to using general indicators to facilitate comparisons between companies. Several statements
showed that companies report their environmental impacts without making reference to
their annual production volumes. Results also showed that the units used to give the data
differ from one company to another, making it very difficult to compare the progression of
implementing circularity actions between companies, as pointed out by Janik and Szafraniek
[84]. As mentioned by Aranda et al. [18], findings demonstrate that standardized metrics
need to be implemented in order to measure the environmental impact of CE activities within
companies.

To date, no consensus has been reached in the literature as to which indicators are the
most suitable for measuring circularity and can be applied by SMEs. Therefore, the authors
of this study propose taking the key characteristics of CE into consideration according to the
fields of action. The implementation of a production model based on CE means much more
than reducing waste through recycling. It also requires reducing the consumption of raw
materials, designing environmentally friendly products that can be easily recovered and
reused, lengthening product lifetimes through proper maintenance, using recyclable
materials in products and taking actions to recover raw materials from waste streams [1].

In relation to groups by size and sector, the results show that organisations with <50 and
101250 workers, and those in the Minerals/Wood sector are more concerned about practices
related to using renewable energies and the reduction of emissions. These same groups of
companies, by size, also correspond to those that reported practices aimed at product eco-
design. Similarly, the correlation matrix clearly demonstrates that using renewable energies
is linked to emission reduction practices. Future studies could analyse this in greater depth
by looking at different years and standardizing production indicators for CE practices among

companies.

Eco-design was one of the practices with the highest correlation and is associated with
Returning materials to the factory after use, Extending product lifecycle, Reintegrating waste
into the internal production process and Using recycled and recirculated raw materials (see
Table g). This analysis enables associations between practices to be detected; however,
future research could investigate whether causality between CE practices exists and what

factors motivate internalizing environmental discourse within companies [78].

Other practices such as using biodegradable raw materials are closely linked to raw
materials of sustainable origin or from renewable sources.
Reusing/reconditioning/remanufacturing products and parts is beginning to appear in
statements, although in an incipient way and may require emphasising the areas of Distribute
and Use to facilitate its implementation.
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Although waste recovery occurs in 71% of the companies researched, it is only linked to
by-products. This corroborates the study by Daddi et al. [106], which points out the
importance of encouraging the development of eco-industrial parks and strengthening
business associations, clusters, and all kinds of groups and networks in order to work at a
meso level and move towards an economy based on collaborative networks. The fact that no
practices have been detected in the areas of Distribute and Use indicates that CE practices
need to be extended beyond the internal level in EMAS-registered companies in Catalonia’s
industrial sector. It is essential to understand that the CE model does not affect individual
companies but rather refers to the interconnection of the business fabric as a whole [101,107],
as well as the rest of stakeholders in order to successfully introduce the concept of CE on a
large scale [10]. A key factor could be to facilitate communication between the various
stakeholders (organisations, customers, users, administration). However, for this to occur,
more efficient information and communication tools need to be developed that will enable
companies and organisations to continue improving the practices implemented, as well as
making inroads into others that will enhance the circular model.

Finally, along the lines of Aranda-Uson et al. [18], this study has also failed to detect any
significant correlation that could determine any relationship between the incorporating
circularity practices and a company’s economic performance.

This study is limited to analysing CE practices in industrial sector SMEs with EMAS in
Catalonia. Several proposals are put forward for future research: (a) widen the study to
include the trade and service sectors, (b) extend the study to companies with other types of
EMS already in place such as ISO 14001, (c) replicate similar research in other regions or
countries and (d) carry out studies based on developing surveys or questionnaires enabling
an in-depth analysis of the extent to which these CE practices are adopted by businesses.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1,
Figure S1: Example Codification 1 with Atlas.ti. Source: screenshot of document encoding in
Atlas.ti (Version 8.4.24.9), Figure S2: Example Codification 2 with Atlas.ti. Source: screenshot
of document encoding in Atlas.ti (Version 8.4.24.9) Table S1: Data collection grid; Table S2:
Phi coefficient correlation matrix of circularity practices.
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Suplementary Materials

Table S1. Data collection grid

Economic Performance Production

Statement Sector Tumover(€  BN(©"  RECH™ No.Workers - Mesure Previousyear Currentyear NRI® NR2* ER1 RMI® RM2 RM3 RM4 RM5 RM6 EMI EM2 EM3 WMI® WM2' WM3 WM4 WM5 LCI LC2 LC3 LC4 LC5 LC6
T Chemical/Farma 62021634 2195710 180 0 Ua 31641 | s00% 0 o0 1 o 1 0 o o0 o0 o0 o 1 o0 1 1 0 0 0 0 1 0 0 0
2 Chemical/Farma 2257993 783343 9 0 va 13783,0 13037 0 o o o 1 0o 0 0 0o 0 0 o 1 10 0 0 o 0o 0 o0 o0 1
3 Textile 9012862 1676952 15 0 mmpa 364 4710663 1 0o o0 0 0o 0 0 1 1 0 o 1 0 o 1 1 1 1 0o 1 0 1 1
4 Textile 2727791 196801 5 o ta 251410 i1 0o 1 0 0o 0o 0 0 0o 0 0 1 -1 1 1 0 0o 0o 0 0 o
5 Metal 377823 5763 6 0 tmp/a 130 o 1 o 1 0o 0o 0 0 0 O 0 ©0 0 0 0 ©0 0 0 0 0 0 0 0
6 Plastics/Rubber 17404117 4001362 [ 0 Ya 2557 o 1 0o 1 0 0o 0o 1 0 0 0 o0 1 11 0 0o o 0o o0 o0 o0 1
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10 Others 9601006 71002 9% 0 MEF | 5280700064 63511653 0 1 0 0 0 0 0 0 1 0 0 1 1 11 0 o o 0o 0o 0 0 1
n Plastics/Rubber 24772311 2006817 75 0 ta 272210 35749 11 0 1 1 0 0 1 - 1 0 1 - - 0 0 0o 0o 0o o0 0o o0 1
12 Chemical/Farma 31507822 4958146 70 0 ta 153460 18012 i1 0o o o0 o o o0 0 0o 1 1 0o 0 0 0 1 0 0 0 0 0 0
13 Chemical/Farma 14919240 1216151 30 0 va 170026 18510 o 1 1 1 o 0o o0 1 0o 0 o 1 0 0o 1 0o 1 0 0o 0 0 0 0
14 Others 162356000 2632000 239 0 Undla 115737890 16707 0 0 1 1 0 o0 o o0 1 0o o 1 0o 1 1 0 0 0 0 0 0 0 0
15 Textile 14903623 0933 6 0 va 1769,0 202 1 1 0 1 0o 0 0o o 0 0 o 0 1 o 1 0 o0 o 0o 0 0 o0 o0
16 Chemical/farma 53024748 -885906 139 - - - - e e e e e e - e e e e e
7 Plastics/Rubber 52851857 1294282 210 0 va 70974 78254 i1 o o o0 o o 1 1 o 0 1 0 ©0o 1 o0 0o 0 o0 1 1 1 1
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*Sce Formulas,
**Financial statements from SABI Database 31/12/2018
0: No/Negative 1: Yes/Positive
CE Practices NR1  NR2  REI  RMI  RM2 RM3 RM4 RM5 RM6 EMI  EM2 EM3  WMI  WM2 WM3 WM4 WM5 LC1 L2 LC3  Lcd | LG5 | LG
| NRI-Improved water eficiency -
in production
, NR2-Improved energy -0,009
efficiency in production @)
o0 [Last | _
RE1 - Use of renewable energy
= e [0
4 RMI- Improved raw materials 0,205 0126 0236 -
use efficiency in production @) (30) (30)
5 RM2-Replacement of materials 0200 | 0067 | 0177 0134 -
with renewable ones (30) @0) 0) (30)
o RM3-Sclecton of 0018 | 0306 | 0094 | 0018 0134 -
® biodegradable materials @) @0 @0) @) @0)
RM4 - Use of 008 0157 | 0236 | 013 0167 0802 -
7 sustainable/renovable raw
materials ©0) (30) 0) 60) 30) @0)
MS - Use of 0055 | 0165 | 0144 | 005 | 0102 | 005 | 0181 -
8 recycled/recirculated raw o ) - 0 ) 0 0
materials (30) 30) (30) (30) 30) (30) 30)
RM6 - Certification/evaluation 0075 021|006 | 0315 0139|0197 0246 | 0,180
9 of suppliers' environmental
behavior (@9) @9 @9) (29) @9 29 (29) @9
EMI - Reduced emissions due to 0200 0067 | 0177 0301 (0375 | 013 | -0167 0442 0053 -
10 Jess extraction of raw material ©0) 0) @0) ©0) (30) @0) ©0) @0) )
EM2 - Reduced emissions 0117 0161 | 0463 0,029 0218 0117 0,267 0059 | -0016 0218 -
11 stemming from using clean
energies @0 G0) @0) ©0 0) @0 ©0 0) @) ©0)
EMS - Reduced emissions by o016 0005 0390 © | 0200 | 0079 | -0169 0079 | 020 | 0240 | 0276 0361 = -
12 optimizing
materialsfmachinery improving @0) (30) 30 ©0) 30) 30 ©0) 30) 29) ©0) @0)
WMI - Decreased no-hazardous 0175 | 0279 0154 0175 0218 | -0175 | 0218 | 0059  -0123 0218 0111 | 0017 -
13 waste generation concerning
prodacsion @) 0) @0) @) (@0) @0) @) (@0) @) @0) (@0) @0)
‘W2 - Decreased hazardous 023 | 0177 | 0170 | 0243 | 0018 | 0009 | 0125 | 0347 | 0203 | 03% 0247 | 0153 408 -
14 waste generation concerning
mduf,,(m " 9 @9 29 9 9) ©9) 9) @0) ©8) ©9) @9 @) (30)
0191 | 0081 | 0107 | 011 | 0075 | 0161 | 0200 | 018 | 0070 | 0075 0066 | 0202 | 0230 | 0222 -
15 WM3- Waste recovery
’ G0) @0) @0) 60) @0) @0) ©0) @0) ©9) ©0) @0) @0) @0) @)
T 011 0071 0083 0040 03 0061 0050 | 0277 | 0201 | 0264 009 | 0154 | 009 0484 0364
16 WM - By-products
ths 30) 30) 30) (30) 30) 30) (30) 30) @9 (30) 30) 30) @0) (29) (30)
17 W5~ Reintegrated waste into 0018 | 003 | 032 | -0018 | 0208 | 0074 | 0208 037 ' -0119 | 0138 | 0257 | 025  01% | 0095 0010 0480 -
the internal production process @0) (30) 30 ©0) (30) @0) @0) @0) ©9) ©0) @0) @0) @0) ©9) @0) 0)
0134 0157 | 02% | 0134 0067 | -0089 | 025 0408 | 0008 | 0111 | 0024 | 0184 0218 | -0102 | 0050 0302 0438 ~
18 LCI-Extended product lifetime
(30) 30 30 (30) 30 30) (30) 30) 29 (30) 30) (30) 30 29 (30) 30 (30)
LC2 - Reused/refurbished/ 0018 | 0234 | 0094 | 008 | 0200 | -0071 | 036 | 0327 | 0197 | 0200 0408 ' 0147 | 017 | 0282 | 0ll | 0141 | 007 | 035 _
19
remanufactured products @0) 0) @0) 0) @0 @0) 0) 9 @0) @0) @0) 0) 9) @0) 0) @0) (30)
N 0029 0154 o408 | 0036 | 0175 | 004 0297 | 006 0048 |06l | 011 0200 0230 | 0263 | 0106 0509 017 N
20 LC3- Ecodesign
® (30) (30) ©0) 30) (30) 30) 29 (30) 30) (30) ¢0) 29 (30) 30 (30) (30 30
51 L4 Easy components 0089 0000 | 036 017 | 0089 | 0259 0230 | 0167 | 0267 | 018 0218 | 0102 | 0200 | 0050 | 0023 | 0259 | 03% 0509 -
separation @0) (30) @0) (0) (0) @0) 9 @0) (0) @0) 0) 9) @0) (0) @0) @0) (@0) @0)
LC5 - Returning materials to the 0299 | 0150 | 0063 | 0120 0224 | 029 0447 0365 0053 | 0000 | 0098 | 0035 | 0293 | 0258 | 0067 | 0135 | 0217 0745 0239 0488 0447 _
2
factory after use @) (30) @0) 0 (30) (30) @0) (30) (29) 60) (30) 30 (30) (29 0 (30) (30) @0) (30) (30) 30)
013 0202 | 011 | 0000 0167 | -0267 011 | 013% | 0315 | 0167 | 0218 | 0079 0073 | 0105 | 0151 | 0151 | -0069 033 | 0000 | 0218 0333 | 0268
23 LC6 - Product traceability
- (30) (30) (30) (30) (30) (30) (30) (30) (29) (30) (30) (30) (30) (29) (30) (30) (30) (30) (30) (30) (30) (30)

Correlations between practices of the same category

* The correlation is significant at the o.05 level (bilateral).

Correlations between practices of different categories

** The correlation is significant at the o.01 level (bilateral). (n): N Value.

Correlations between practices of the same category coloured in yellow; Correlations between practices of different categories

coloured in green.
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Perspectiva del ciclo de vida

En Gramona somos conscientes que el ciclo
de vida de nuestros vinos y vinos espumosos
conlleva un impacto ambiental asociado.

Por ello, en el marco de la evaluacién
correspondiente al ejercicio 2018-2019, se ha

tenido en cuenta también las siguientes fases:

* Disefio ambiental de los vinos < LC6 Product traceability

*  Gestion sostenible de fincas y vifledos

*  Adquisicion de materias primas

* Subcontratacion de servicios Cabe destacar en este ultimo punto, que & LC3 Eco-design

e Distribucién gracias al impulso del acuerdo de Alianzas

por la Tierra y a la aproximacion biodinamica

~'3p [PUBIqUIe OUBSI + ELY

[du sew soyai soj ap 50Q 7Ly

Uso y disposicién final de las fincas, se observan acciones de

preservacion de la biodiversidad en los

< ! el ds importa 2 - " -
pos de los retos mds importantes en nuestro vifledos y se prevé avanzar en una gestion

sector son el ecodiseno de los vinos y vinos T ———— mismosJ,“

espumosos, asi como la gestion sostenible de

fincas y vifiedos. e e 88 o "

Figure S1. Example Codification 1 with Atlas.ti. Source: screenshot of document encoding in Atlas.ti

(Version 8.4.24.9).

-
RNAgA4 Tipo Indicador {25-0} Pubproducte R4 Tipo de Gestién de Residu...

RNAgS Optimizacin uso (34-1 £ 1a valoritzacié de retalls procedents de Foperaci de tall de cinta, aixi com AT S Valoriacion
RNEN1 Minimizacién uso enere rotlios que no ixen les ificaci Aquest s'entrega a
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CHAPTER 5

EMAS ENVIRONMENTAL STATEMENTS AS A MEASURING TOOL
IN THE TRANSITION OF INDUSTRY TOWARDS A CIRCULAR
ECONOMY

JOURNAL OF CLEANER PRODUCTION

Alexandra Baron Dorado, Gerusa Giménez Leal, Rodolfo de Castro Vila

ABSTRACT

One of the European Commission’s main objectives within its Green Deal
strategy is to encourage organisations to adopt a circular economy (CE).
Although the Eco-Management and Audit Scheme (EMAS) regulation is
highlighted as a tool to help firms evaluate, report and improve their advances
in this direction, no studies have been found that empirically validate the
usefulness of EMAS as a circularity measuring tool. To address this gap, this
paper analyses the information reported in the EMAS statements and
determines whether it really is useful to be able to measure the level of
adoption of the circular model in companies. Content analysis and statistical
methods (Kendall rank correlation coefficient and Pearson's Chi-Square Test)
are employed to provide empirical evidence from 122 companies. Results
show that the information reported in the statements analysed is neither
extensive enough nor provided as scalable and comparable quantitative data
to be able to consider EMAS as a valid tool to measure and report the progress
of companies in the transition towards a more circular model. Outcomes of
the study have useful implications for policy makers and companies.
Recommendations to regulators centre on establishing specific circular key
performance indicators within the EMAS regulation, which would help
companies transition towards a CE. Recommendations to managers include
using EMAS reporting in @ more comprehensive and indicator-focused way,
which could help them visualise their current situation more clearly and be
able to compare themselves to others more effectively, thus moving towards
circularity in a more targeted way.

Keywords: Circular Economy, Environmental reporting, Environmental
statements, Environmental Management System, Eco-Management and
Audit Scheme, Industrial companies, Indicators.
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5.1. Introduction

At the end of 2019, the European Commission (EC) published the European Green Deal, a
strategy that aims to reduce emissions by 55% by 2030 and achieve climate neutrality by 2050
(European Commission, 2019a). In recent years, the call for a more sustainable and circular
economic model has grown, and the increasing support from businesses and governments
shows that it is more important than ever (Blériot, 2020). However, despite this growing
interest, the global economy is currently only 8.6% circular, compared to 9.1% two years ago
(Circle Economy, 2021). This negative evolution in the global circularity gap is explained by
three related latent aspects: high extraction rates, continuous stockpiling and low levels of
end-of-use processing and recycling.

The linear economy, understood as the traditional linear production and consumption
system, and all that it entails is still deeply rooted in today’s society. However, despite the
slow progress towards a more circular model, positive bottom-up actions are making
headway worldwide. Entrepreneurs and companies see adopting the CE model as an
opportunity to increase their profit margins through resource and energy efficiency (Mazzi et
al., 2016a). They believe that eco-innovation can help them create new consumer-driven
markets by demanding more sustainable, environmentally friendly products (European
Environment Agency, 2020). Thus, both urgency and opportunity have encouraged an
increasing number of countries and national governments to begin to shape their strategies
to support investment in sustainable, targeted CE agendas.

Authorities can also strengthen the demand for more sustainable goods and services
through green public procurement, thus stimulating eco-innovation (European Commission,
2019b). Corporate Social Responsibility (CSR) involves taking responsibility for one's impact
on society and also advocates compliance with environmental product requirements
(European Commission, 2018a). The UN Global Compact, an initiative that calls on
companies to actively address environmental risks and opportunities, has a strong foothold
in Europe, where it has the highest total number of participants compared to other regions
(United Nations Global Compact, 2018). Representatives of business and industry are also
key stakeholders in the multi-stakeholder platform on the Sustainable Development Goals
(SDG@). Thisis led by the EC, the Circular Economy Stakeholder Platform and the Bioeconomy
Stakeholder Panel (European Commission and The European Economic and Social
Committee, 2019).

One of the debate points in the transition to a CE focuses on evaluating progress towards
the model (Mayer et al., 2019) and the role of various transition enablers. Environmental
performance reporting and the way in which CE should be communicated remains in need of
further clarity and research. The discussion of these topics is limited within both the academic
literature and the reporting approaches related to sustainability and environmental
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performance themselves (e.g. Global reporting initiative (GRI), British Standards Institute
(BSI), Carbon Disclosure Project (CDP), World Economy Forum (WEF), Underwriters
Laboratories Standards (UL) and EMAS) (Opferkuch et al., 2021). Analysing the level to which
companies adopt CE principles requires comprehensive and reliable information and
reporting on progress towards the circular model. The company's environmental impact is
key to the satisfaction of all stakeholders. Literature has been found focusing on the
development of environmental reports from different perspectives. Some studies analyse
this information based on the content of their environmental accounting reports (Lehman,
2017; Liu et al., 2018; Mata et al., 2018; Russell et al., 2017). Others analyse it from the point
of view of legislative compliance (Mazzi et al., 2020). Studies have also been found that
analyse reports from a circular perspective, although they do not use the same analysis
indicators (Ghisellini et al., 2018; Scarpellini et al., 2020; Wang et al., 2014). One study also
highlights the paucity of data provided to assess and compare performance in relation to CE
adoption (Dagiliene et al., 2020).

At European level, the EC supports several approaches by helping companies willing to
adopt CE principles in their production processes and gradually integrate the environmental
dimension into their business models. An example is the EU EMAS, an Environmental
Management System (EMS) that European companies and other organisations can use to
assess, report and improve their environmental performance. Environmental statements,
required by the EMAS, are a reliable information source as they are approved by an external
environmental verifier, and annually updated reports are ratified in well-established
accreditation bodies. The EC emphasises that EMAS organisations "must assess all their
environmental impacts and report on six core indicators: energy efficiency, material
efficiency, water, waste, biodiversity and emissions. Because they have to be publicly
reported, these Key Performance Indicators (KPIs) allow for comparison of the environmental
performance of various organisations and enable public authorities to assess the progress
towards a CE” (European Commission, 2017). However, although companies with EMSs such
as EMAS show a higher level of awareness and sensitivity to environmental protection, and
are therefore one step ahead of companies with no such scheme in place (Baron Dorado et
al., 2022; Fonseca et al., 2018; Marrucci et al., 2019), there has been no evaluation of whether
the available indicators are really capable of assessing progress towards the CE model.

The aim of this study is to evaluate environmental statements published by manufacturing
EMAS companies and to analyse if they provide relevant information on the companies'
circular practices to be considered as measurement tools for the transition towards a CE.
Thus, this article contributes to the existing literature by analysing if the EMAS can be
considered as a measuring tool in industry’s transition towards a circular economy by a)
analysing the CE practices reported by industrial firms; b) analysing differences between
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companies in adopting these practices; and c) analysing the KPIs of circularity revealed in the
statements.

The article is structured in 6 sections. Section 2 provides a literature review of concepts
linked to the relationship between CE and environmental performance reporting. Section 3
describes the methodology used to answer the research questions by using information from
the environmental statements. Section 4 outlines the results. Section 5 covers the discussion,
and section 6 draws the main conclusions and outlines the limitations of the study.

5.2. Literature review
5.2.1 CE practices

Although research on CE has increased in recent years, attempts to find consensus on its
concept, definition and related activities are still ongoing. Practice theory describes practice
as the relationship between human action and its interaction with the system (Ortner, 2006).
Areview of the literature on CE practices at organizational level reveals different approaches
by sector, applicability or degree of implementation (Acerbi and Taisch, 2020; Govindan and
Hasanagic, 2018). Although previous studies often report on objectives or intentions, they
seldom investigate actual actions or performance indicators (Hopwood et al., 2005; Stewart
and Niero, 2018). Furthermore, the main focus of research on the CE practices implemented
in environmental reporting differs from report to report. Some of them are centred on
resource efficiency, increased productivity and making use of environmental information
(D'Amato et al., 2017). Other reports spotlight areas of management accounting such as
material flow, life cycle assessment, or cost-benefit analysis (Dagiliene et al., 2020; lacovidou
et al., 2017). Last, some reports are associated with reusing and recycling (Stewart and Niero,
2018).

Exploring CE practices from a frame of reference delimited within the principles and
concept of CE is useful. One of the reference frameworks for studying CE is classifying 10
R'imperatives or loop strategies to establish the scope of the model (Reike et al., 2018). By
looking at CE practices in the various approaches to sustainability reporting that include
standards, models or frameworks as tools (Opferkuch et al., 2021), different practices studied
within the corporate performance and sustainability reports can be distinguished.
Furthermore, the European Environment Agency (2016) offers a list of characteristics and
actions that companies can consider for the transition of the model, which would enable
framing practices in relation to the R'imperatives. From this perspective, the following
research question emerges:

RQ1. Do companies mention circularity practices in their statements?
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Several studies have addressed the topic of barriers and drivers for a CE regardless of
company size (Holzer et al., 2021). They recognise considerable barriers related to high
investment costs for sustainable innovations (D’Amato et al.,, 2020) and difficulties in
obtaining financial support (Garcés-Ayerbe et al., 2019). Researchers frequently mention
technical factors as another main barrier (e.g., de Jesus and Mendonga, 2018; Govindan and
Hasanagic, 2018). Large enterprises (LE), which are assumed to be well endowed with the
capital and human resources to achieve goals, are leading this transition (de las Casas, 2021).
One of the keys to achieving progress in CE is to establish concrete and measurable
objectives, and it is LE that should promote them so that sustainable initiatives around the
world continue to grow and achieve greater scope. Although LE are reported to have a
greater environmental impact, and are often early adopters of new reporting practices, they
are also more likely to have more environmental impact (Dagiliene et al., 2020). Only large
companies have previously been studied under this approach (Dagiliene et al., 2020), but it is
pertinent to observe what is happening with small and medium sized enterprises (SME),
which in several countries represent a large percentage of the economy.

The neo-institutional theory is taken as a theoretical framework, according to which
organisations are subject to mechanisms of knowledge, dissemination and/or pressure
regarding what is happening in the environment (Demirel et al., 2018), leading to processes
of isomorphism between them (Martinez-Ferrero and Garcia-Sanchez, 2017; Milne and
Patten, 2002). The concept of organisational isomorphism refers to the similarity of
homogenisation that can occur between different organisations (in structure, operational
processes and/or behaviours). Analytically, three types of isomorphism are identified
(DiMaggio and Powell, 1983), although in practice they may coexist: 1) coercive isomorphism,
related to political, legislative or regulatory influences, which does not necessarily mean that
pressure is exerted by force; 2) normative or cultural isomorphism, related to people's
academic training and experience, which standardises their way of acting in organisations so
that they come to behave in a similar way; and 3) mimetic isomorphism, in which uncertainty
due to the environment or the success of other organisations, generates imitation as a
mechanism to help companies make decisions and take actions under conditions of
uncertainty (Daddi et al., 2016).

This research analyses mimetic isomorphism and seeks possible differences between the
adoption and communication of CE practices between SME and LE, and any possible mimetic
influence that the latter exert. A sub-objective linked to RQx is therefore proposed:

RQz1_1. Do the CE practices reported differ according to company size?
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5.2.2 Environmental reporting through EMS

An EMS is defined as "a set of interrelated elements used to establish policies and
objectives, and to achieve those objectives" (International Organization for Standardization,
2015). The two most widely known EMS are 1ISO14001 and EU EMAS. ISO14001 has been in
operation since 1996 and is a private international standard developed by ISO, while the
EMAS regulation was first published in 1993 and developed by the EC.

Different authors have analysed the importance of EMS in improving environmental
performance, finding divided opinions. Some have found significant improvements (Clarkson
et al., 2008; Giménez et al.,, 2003; Herbohn et al.,, 2014), while others indicate that
improvements are difficult to quantify as a result of the relatively high degree of emphasis
placed on qualitative information (Siew, 2015); because of the interpretation and
implementation of these requirements in the scope of the internal dynamics of each
organization can widely differ among companies (Testa et al., 2014); or as a consequence of
the lack of rigorous auditing and control systems for certifications to protect and reinforce
the efforts organizations make in environmental matters (Lannelongue and Gonzdlez-
Benito, 2012). Other authors point that the statements need to be reviewed over time (Iraldo
et al., 2009; Mazzi et al., 2016b; Rennings et al., 2006). Other studies also indicate that firms'
motivations for incorporating an EMS may differ both by firm type and by the cultural and
regulatory environment (Heras-Saizarbitoria et al., 2015; Lam et al., 2011), the latter being
crucial in the need to engage firms in environmental actions. In countries with stricter
regulatory laws, companies tend to adapt less EMS, or at least maintain an internal self-
regulatory system, but not necessarily certify it because the marginal legitimacy benefits of
certification may be quite low (Glachant et al., 2002; Prakash and Potoski, 2014; Watzold et
al.,, 2001). In contrast, some companies with more lax regulations might opt more to
implement these systems as a way to legitimise their actions.

With the aim of deepening the content of environmental reports of an EMS, this research
focuses on EMAS and not on ISO14001 for several reasons:

e EMAS depends on a public body, unlike the private 1ISO 14001 standard (Testa et al.,,
2014), which allows us a glimpse of whether public environmental policies are being
reflected at the operational level, and whether EU strategies are beginning to appear in
the environmental communication discourse of European companies under its coercive

influence.

e EMAS imposes stringent requisites, but the rewards of voluntary participation include
improved environmental performance, enhanced credibility, better compliance with
legislation and increased competitiveness, and also develop a basis from which to face
future economic and ecological challenges (Alvarez-Garcia et al., 2018; Alvarez-Garcia
and del RioRama, 2016).
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e Although both EMS require environmental performance reporting, the EMAS regulation
sets stricter requirements on external reporting, requiring the updating of "environmental
statements" on an annual basis and their availability to different stakeholders.
Additionally, it is requested that the reported data must be validated by an external
verifier (European Commission, 2018b). This feature not only provides some transparency
and legitimacy by openly communicating performance on significant environmental
aspects (Demirel et al., 2018; Mazzi et al., 2016a), but it also allows researchers to have
truthful information for their review.

¢ Inaddition to presentingindicators at the operational level on environmental accounting,
environmental performance reports also allow information at the strategic level to be
observed (Guenther et al., 2016) for environmental policy, improvement targets, record
of achievements and other relevant information on the EMS. The fact that environmental
management processes of EMAS-registered organisations are systemized puts themin a
privileged position regarding circular transition, while having to report on their
continuous improvement through environmental statements makes this document a
potential environmental reporting tool.

5.2.3 CE and environmental reporting

Various organisations, institutions and academics began to consider alternatives that
could move the industry from a linear model based on "take-make-use-recover" to a more
adaptive model that considers the disposal of finite, non-renewable resources, waste
tracking and emissions generated in the manufacturing process. The Ellen MacArthur
Foundation (2015), for example, defines CE as a restorative model that seeks to maintain the
value of products and components within the economy for as long as possible, thereby
reducing over-extraction of raw materials and making use of secondary materials already
within the system or which end up as waste in landfills or incineration. The number of
publications addressing CE from different aspects is growing rapidly, but there are still few
that address it from environmental accounting (Liu et al., 2018) and environmental
performance reporting (Sassanelli et al., 2019).

In recent years, some initiatives for measuring circularity at the micro-level have emerged
with different systems and types of KPIs: MFA Indicator for the mining industry (Lebre et al.,
2017); CE Assessment Index System for phosphorus chemical companies (PCFs) (Liang et al.,
2018); Circularity Assessment Model for the financial sector (Giacomelli et al., 2018); and
other proposals for circularity indicator systems developed by independent organisations
such as the Circulytics tool of the Ellen McArthur Foundation (Ellen MacArthur Foundation,
2020) and the WBCSD Circularity Transition Indicators with KPMG (WBCSD, 2021). However,
very few studies have analysed the applicability of these systems and types of indicators, or
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the possibility of incorporating a circular indicator into the environmental reports currently
used by companies (Bardn et al., 2020; Dagiliene et al., 2020; Scarpellini et al., 2020).

As Arthur Lyon-Dahl (2012) points out, indicators are only as good as the data that support
them, and in this regard, the verified environmental performance information from EMAS
environmental statements could be very useful to implement some measurement indicator
in the transition towards circularity, which is why it is relevant to analyse what kind of
information within the reports can be useful when adopting the model (Mazzi et al., 2012).
Considering the nature of environmental performance reports which, in addition to
"measurable results of an organisation's environmental management (Makeld, 2017),
communicate quantitative and qualitative information on environmental impacts and
consequences of relevant environmental activities that support decision making" (Latan et
al., 2018; Schaltegger et al., 2017), the following research question is put forward:

RQz2. In environmental statements, are there KPIs on circularity practice that enable EMAS
to be considered a measurement tool?

5.3. Material and Methods
5.3.1 Data sample

The sample selection in this research focuses on Spanish industrial companies, mainly
because the study is funded by the Spanish government (Efficiency, Innovation,
Competitiveness and Sustainable Business Performance research project), but also because
Spain is among the countries with the highest number of EMAS-registered companies in the
EU. First, access was gained to the EC's EU EMAS Helpdesk register and, in June 2019, a list
of 845 EMAS-verified sites in Spain was obtained, taking the environmental statements of
the production sites as a unit of analysis. Furthermore, to analyse companies that have a
greater environmental impact and cover a larger number of indicators within the
environmental statements, as mentioned above, 166 sites classified in Industry and
Manufacturing according to NACE codes 10 to 32 were selected. This selection also
considered the size of the company in line with the number of workers (OECD, 2005).

A representative sample was taken for the data analysis, establishing a confidence level of
0.95 and a margin of error of 0.05 (Suchmacher and Geller, 2012), which determined a sample
size of 122 production centres throughout Spain. Of these centres, the sample was
distributed according to the NACE classification by industrial sector and by company size:
57.4% SME and 42.6% LE (see table 1). The five main regions of Spain where the centres in
the sample were found were also observed: Catalonia represents 29.5%, Galicia 14.8%,
Madrid 12.3%, Euskadi 11.5% and Andalucia 9.8%.
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Table 1. Sample Distribution

Industrial Sector Size
SME LE |Total %
Chemical/pharmaceutical industry 100 12 22 18%
Textile industry 6 1 7 6%
Graphicindustry 7 2 9 7%
Food and beverage manufacturing 9 10 19 16%
Metallurgical industry 4 7 6%
Electrical and electronic equipment manufacturing 2 5 7 6%
Manufacture of machinery and equipment, except
electronics 2 3 5 4%
Non-metallic mineral products industry
(glass/ceramics) 6 5 11 9%
Paper industry 4L 6| 10 8%
Other extractive industries 3 o 3 2%
Manufacture of fabricated metal products, except
machinery 6 o 6 5%
Car manufacturing 3 4 7 6%
Wood industry 1 o0 1 1%
Rubber and plastic products industry 7 1 8 7%
Total 70 52 122 100%

Once the sample was defined, the environmental statements were searched for directly
on the companies' websites. Where this was not successful, the web search engine was used
with the following criteria: most recent environmental statements, and the keywords
"company name" + "EMAS Statements/Environmental Statements" and/or "EMAS

verification number" in Spanish and/or Catalan.

Of the environmental statements, only those from the year 2016 onwards were chosen,
considering that the CE action plan for the European Union was published in 2015 (European
Commission, 2015), coinciding with the increase in scientific publications related to the CE
(Korhonen et al., 2018). Of the total sample of 122 sites, the environmental statements of 119

were found, with only 3 of not available and therefore treated as “missing”.

5.3.2 Content Analysis

Starting from the theoretical basis on the different loops of the CE (Reike et al., 2018) and
the key characteristics of it (European Environment Agency, 2016), a list of CE practices
applicable to different types of industrial enterprises was drawn up. After a preliminary
review of the practices with respect to statements, the authors created a search grid to store
both qualitative and quantitative information on each of the practices. To this effect, which
CE practices were most frequently mentioned in the statements were classified and selected,
until those that were the most relevant for the study were defined. Other data were also
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recorded, such as in which statements the term ‘circular economy’ appeared, and the size of
the companies measured by the number of employees.

An Optical Character Recognition (OCR) of the statements was performed in the review
process to ensure that the documents met the selection criteria. This also facilitated the
search for words and concepts. All documents were checked to ensure that they were verified
by an accredited verification body and that the information was relevant, then the content
analysis was used to analyse the information contained in the environmental statements.
Content analysis is a research technique used to make replicable and valid inferences by
interpreting and coding textual material (Krippendorff, 2004), wherein qualitative data can
be converted into quantitative data by systematically evaluating texts. This methodology is
valuable as it enables researchers to retrieve and examine the nuances of organisational
behaviours, stakeholder perceptions and social trends. It is also an important bridge between
purely quantitative and purely qualitative research methods.

EMAS statements report information through qualitative statements and quantitative
facts, followed by graphs and figures (European Parliament and Council of the European
Union, 2009). Thus, in this study, all information included in the documents was analysed and
categorised, both at the level of declarative texts and at the level of reported quantitative
data. For the declarative texts, the research team created a search grid to ensure adequate
reliability and validity for the analysis (Schreier, 2012). The CE practices coding classification
mentioned in the previous section was used to draw up the grid.

With reference to the quantitative data, the environmental indicators were identified from
the numerical or graphic information in the companies’ statements, tables, graphs and the
body of the text. The CE practices sought in the documents were mostly analysed as
dichotomous qualitative variables (yes/no) and as ordinal variables with respect to the
number of CE practices that are reported. All the information was coded using Atlas.ti
software, which was verified and discussed by the researchers to avoid errors before
completing the grid with the final information.

Based on the literature review and the fact that there is still no consensus or general
framework on CE practices adapted to the micro-level, and less so for the industrial sector, a
mixed list of different circularity practices (European Environment Agency, 2020; Prieto-
Sandoval et al., 2018) was reviewed and collated with regard to the structure of the EMAS
environmental statements. Practices that are approached from the perspective of efficient
resource management (e.g., efficient use of natural resources, reduction in the use of raw
materials, reduction of emissions and minimisation of waste generation) were not included
in the list. This is because, following the continuous improvement cycle of EMS and its
primary focus on efficient management of processes and materials, these practices can be
considered more of an outcome of the CE than an enabling practice. This resulted in 17 CE
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practices, which were divided into four groups: Materials, Energy, Waste Management and
Life Cycle. In the coding, the practices that were found to be qualitative were identified with
the word "text", and those with quantitative values (quantities, percentages, indices) with the
word "KPI". Thus, each group contained the following variables:

e Materials: (Mitext) Materials replaced with renewable ones; (M2text) Selection of
biodegradable materials; (M3text) Use of sustainable/renewable raw materials; (M4text)
Use of recycled/recirculated materials; (M5KPI) Quantification of the use of sustainable
materials).

e Energy: (Eitext) Use of renewable energies; (E2KPI) Quantification of the use of
renewable energy.

e Waste Management: (WMzatext) Waste recovery, (WMz2text) By-products, (WM3text)
Reintegrated waste into the internal production process.

o Life cycle: (LCatext) Extended product lifetime, (LC2text)
Reused/refurbished/remanufactured products, (LC3text) Eco-design, (LCs4text) Easy
separation of components, (LCstext) Returning materials to the factory after use; and
(LC6text) Product traceability.

Table 2 shows the classification of practices according to the type of information reported
(Quantitative/Qualitative) and their relationship with the R-Imperatives.

Table 2. CE Practices detected

Theoretical Type of information
framework Code CE practices reported
10R* Qualitative  Quantitative
Ro/R7 Ma1text Materials replaced with renewables ones X
Ro/R7 M2text Selection of biodegradable materials X
R1/R7 M3text Use of sustainable/renewable raw materials X
R7 Mgtext Use of recycled/recirculated raw materials X
R1/R7 Ms5KPI Quantification of the use of sustainable raw material X
R8 Eitext Use of renewable energy X
R8 E2KPI Quantification of the use of renewable energy X
R7 WMatext Waste recovery X
R6/R7 WM2text By-products X
R7 WMstext  Reintegrated waste into the internal production process X
R8 WM4KPI Quantification of waste recovery/re-integrated X
R1/R6 LCatext Extended product lifetime X
R3/R4/R5 LCatext Reused/refurbished/remanufactured products X
Ro/R6/R4 LC3text Eco-design X
R1/Rs5 LCstext Easy separation of components X
R8 LCstext Returning materials to the factory after use X
Ro/R6 LC6text Product traceability X

1. Producer oriented classification based on Reike et al. (2018): Ro-Refuse; R1-Reduce; R2-Reuse; R3-
Repair; R4-Refurbish; R5-Remanufacture; R6-Repurpose; R7-Recycle materials; R8-Recover energy; Rg-
Remine
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5.3.3 Statistical analysis

The statistical analysis was carried out in three steps. First, a descriptive analysis was
performed to identify the type of information used and the CE practices most reported in the
environmental statements (Qualitative/Quantitative). Second, a correlation analysis was
carried out to explore the relationship between the companies that mentioned the term
‘Circular Economy’ in their environmental statements and those that reported a higher
number of CE practices, as well as the type of information used. Kendall's Tau-b coefficient
was used for this, as the variables were both ordinal and categorical (Landis and Koch, 1977).
This enabled the concordant and discordant ranges between factors to be determined. In
practices where significant differences were found, the degree of association of proportions
was observed by taking the standardised residuals to determine which groups showed a
positive or negative association. In addition, the percentage contribution for each case was
calculated. Last, a cross-tabulation and Pearson's Chi-Square Homogeneity test were used to
compare CE practices between firm-size groups and KPIs reported in the environmental
statements. The statistical treatment of the data was performed using the SPSS v2sg
programme.

5.4. Results

Based on the theoretical framework and following the established methodology, 17 CE
practices reported by companies were identified using content analysis. In 334 cases,
qualitative information was found in the statements analysed (79.33%), while quantitative
information was found in only 87 cases (20.67%). The CE practices most reported were
WMztext-Waste recovery (63.90%), Mstext-Use of recycled/recirculated raw materials
(41%), WM4KPI-Quantification of waste recovery/re-integrated (39.3%) and Eatext-Use of
renewable energy (38.5%). The least mentioned practices were M2text-Selection of
biodegradable materials, LCatext-Extended product lifetime, LCatext-
reused/refurbished/remanufactured products and LC4text-Easy Components separation,
each representing 2.5% (see Figure 1).
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CE practices mentioned

WMIltext. Waste recovery = 78 63.9%
Mitext. Use of recycled/recirculated raw materials 50 41.0%
WMIKPI. Quantification of waste recovery/re-integrated = 48 39.3%
Eltext. Use of renewable energy = 47 38.5%
WM3text. Re-integrated waste into the internal production process = 33 27.0%
WM2text. By-products = 30 24.6%
M3text. Use of sustainable/renewable raw materials | 27 22.1%
E2KPL Quantification of the use of renewable energy 24 19.7%
Mltext. Materials replaced with renewable ones = 22 18.0%
LC3text. Eco-design 18 14.8%
M5KPL Quantification of the use of sostenible raw material = 15 12.3%
LCotext. Product traceability 10 8.2%
LC5text. Returning materials to the factory afteruse 7 5.7%
M2text. Selection of biodegradable materials = 3 2.5%
LCltext. Extended product lifetime = 3 2.5%
LC2text. Reused/refurbished/remanufactured products = 3 2.5%
LC4text. Easy separation of components | 3 2.5%
0 10 20 30 40 50 60 70 80

Number of production sites

Figure 1. Frequency and percentage of CE practices

The possible relationship between companies mentioning the term ‘Circular Economy’ in
their environmental statements and those reporting a higher number of CE practices was also
explored. The statistical analysis for ordinal qualitative variables yielded a correlation value
of 0.362 Kendall's Tau-b coefficient, with a significance of 0.000. Therefore, given that this
figure was lower than the p-value of 0.05, there was a correlation between a higher number
of reported CE practices and the mention of “circular economy” in the environmental
statements.

Differences in reported CE practices according to the company size were analysed by
applying Pearson's Chi-square statistical analysis to determine homogeneity between the
groups. To this effect, a value of 13.354 was obtained with a significance of 0.1 (p-value of
0.05). This shows there were no significant differences in the two groups, butimplementation
of some practices was detected as being significantly different between them. Subsequently,
a review was carried out to determine for which practices there was a stronger association
between groups. The results showed that the reporting circularity practices had similar
behaviour in 11 of the 17 CE practices for the two groups analysed (LE and SME), but the
behaviours were not homogeneous in 6 of the 17 CE practices. The results obtained can be
seen in Table 3. Additionally, the standardised residuals indicated a positive association in the
LE group in 5 of the 6 cases, and only in the practice (L6text) was the association positive for
SME companies.
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Table 3. CE Practices with significant differences according to size

CE Practices Chi- Sig.  Association
Square
Eitext. Use of renewable energy 12.797 0.000 LE +
WMzatext. Waste recovery 5.293 0.021 LE +
WMztext. Waste reintegrated into the internal production 12.546  0.000 LE +
process
WM4KPI. Quantification of waste recovery/re-integrated 4.312 0.038 LE +
LC3text. Eco-design 4.548 0.033 LE +
LC6 text. Product traceability 8.317 0.004 SME +

Regarding the quantitative CE practices reported by company size, it was observed that
only 1 of the 3 quantitative practices (WM4KPI, p-value 0.038) had different behaviour in
relation to company size. The number of LE that reports this practice adoption is higher than
the number of SME. Last, by obtaining a value of 0.274 with a significance of 0.002 by
Kendall's Tau-b coefficient test (less than the p-value of o.05), there was a correlation
between the number of quantitative CE practices reported and the mention of "circular
economy" within the statements.

5.5. Discussion

According to Korhonen et al. (2018), many recently published works have focused on more
advanced stages of the adoption of the circularity model, but very few studies focus on the
paradigm introduction. In fact, he also insists on the importance of using more qualitative
research methodologies to address the first stages and the incorporation of practices from
the new model. This paper analysed the information provided by the companies in the
sample under these considerations.

Regarding RQz, in the qualitative analysis of the EMAS statements, it was observed that
the CE practices most mentioned by the companies were those related to Waste recovery,
Use of recycled or recirculated raw materials, and the Use of renewable energy. Other
practices that were crucial in the circular model, such as Reused/refurbished/remanufactured
products and Extended product lifetime, were hardly mentioned, in line with the findings of
Acerbi et al. (2021). In relation to differences in reported CE practices according to company
size, for RQ1_1 no significant difference between the number of CE practices implemented
in firms between LE and SME groups was found. This means that although it can be assumed
that LE may have more resources and tools to initiate the transition to circularity, SME may
have an advantage in terms of the ability to react and adapt certain practices. Of the 17
practices identified in this study, the Chi-square statistical test concluded that in only 6 of
them was adoption behaviour significantly different between LE and SME. In 5 of them, LE
are the main adopters of these practices, and only in the case of product traceability are SME
the main adopters. This behaviour could be because SME can maintain a longer contact with
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their final customers, which allows the producer-manufacturer to follow up until the end of
the product's life.

Regarding RQ2, and in line with the findings of Dagliene et al. (2020), the study shows that
the information reported by EMAS companies in their statements is not extensive enough,
nor is it based on scalable and comparable quantitative data. Specifically, the study analysed
whether there was any quantification of the information expressed in percentages or units.
In this context, only three quantified practices were found (Quantification of sustainable raw
material Mskpi, Quantification of use of renewable energy E2kpi and Quantification of waste
recovery/re-integrated WMgkpi), corresponding to 20.6% of the total number of practices
observed. This indicates the limited or inconsistent CE reporting by companies in the EMAS
statements and the impossibility of considering this European regulation as a tool for
measuring circularity at this time.

Last, the information collected from the environmental statements not only allowed us to
know the level of familiarity of industrial enterprises with the term ‘circular economy’, but it
also revealed that the its introduction is still at a very early stage. Of the observed sample,
18.8% of the companies mentioned the term in their statements, compared to 78.6% who did
not. We have found out companies that mention the term 'circular economy' coincide with
those that adopt a greater number of CE practices. This could indicate that a greater
dissemination of the circularity model in companies could speed up the transition towards
the new paradigm, and that greater knowledge of the CE model mainly among the
company’s workers could act as an accelerating normative force in the incorporation of a
greater number of practices and intensity of their adoption.

Limitations of the study are, first, that only companies in the industrial and
manufacturing sector were considered. Second, the range of years analysed (2016-2019)
should perhaps be extended as many of the policies focused on promoting circularity among
companies were implemented from 2015 onwards. Nevertheless, in 2017 the EC had already
stated that the EMAS Statements should contain 6 core indicators valid for assessing
circularity at the micro-level (European Commission, 2017). Third, the keywords selected in
the content analysis could limit the data, in that while a company may not necessarily report
CE practices in its environmental statement, this does not mean that it is not carrying out
actions in this direction.

5.6. Conclusions

The study carried out contributes to the theoretical landscape as it is the first study that
empirically analyses the content of the environmental statements of EMAS companies with
the aim of studying whether the information reported can be useful as a tool to measure the
circularity of a company.
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The paper concludes that the information reported by EMAS companies in their
environmental statements is not extensive enough nor is it based on scalable and comparable
quantitative data to be able to consider this regulation as a tool to help firms evaluate, report,
and improve their advances in the transition towards a circular economy. EMAS could be a
great ally in the new challenge of moving towards circularity, but before proposing to
companies that they adopt complex systems of circularity KPls, efforts should be made to
expand the use of indicators for implementing circularity practices. Environmental
statements according to EMAS would solve some of the drawbacks mentioned by Testa et
al. (2014), such as data reliability and data availability. However, the authors believe that the
results of this study show that harmonisation and comparability of data remains a challenge.
Therefore, it is important to introduce specific modular and scalable circular KPIs into the
EMAS regulation, starting from simple measurements and taking advantage of the current
state of performance measurements. Having a system for measuring circularity at micro-
level, in addition to helping each company implement objectives and improve actions, would
provide meso and macro-level actors with useful information for decision-making, designing
action plans and drawing up political agendas in accordance with the objectives proposed in
the Circular Plan 2030 (European Commission, 2019a; Ministerio de Economia Industria y
Competitividad, 2018). Further efforts are needed to move the CE model from a theoretical
and conceptual level to a practical level.

Recommendations to regulators centre on boosting their coercive leverage to encourage
companies to use standardising indicator statements. This would improve their
measurement mechanisms, which in turn would help companies transition towards a CE.
Results show that the companies most informed on CE mention a higher number of practices,
and also include quantitative data in their environmental statements. This fact potentially
facilitates the adoption of CE indicators. Regarding institutional theory, based on the
coercive influence of an EMS regulated by the EC and reflected in corporate environmental
reports, the need to promote communication of the CE, both internally and externally, is
highlighted, as well as the lack of precise measurement and evaluation requirements for
circularity practices.

Moving from simply mentioning circularity objectives within environmental reports to
actually measuring them is crucial, and using indicators make it easier to ascertain progress,
both in terms of number of actions and the rate at which they are being adopted.
Recommendations to managers focus on using and reporting EMAS reporting in a more
comprehensive and indicator-focused way to visualise their current situation more clearly,
and to compare themselves with others more efficiently, thus moving towards circularity in
a more targeted way.

Valuable conclusions can be drawn from this research; however, its generalisability is
limited. A future line of research would be to replicate the study in different geographic
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regions, which would provide valuable insights, as well as serve validation purposes. The
cost/benefit assessment of CE requires a long-term perspective, so this research could be
extended by carrying out a longitudinal study.
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PRACTISING MORE CIRCULAR ECONOMY: ENABLING
CONFIGURATIONS OF TECHNOLOGICAL AND MANAGERIAL
PRACTICES IN THE MANUFACTURING INDUSTRY

RESOURCES CONCERVATION & RECYCLING

Alexandra Bardn Dorado, Paul E.M. Ligthart, Sjors Witjes

ABSTRACT

Although CE literature mainly focuses on technologies contributing to
enabling more circular economy, some of these papers also suggest
managerial practices associated with CE. Enhancing the understanding of the
link between CE and enabling practices, this paper explores enabling
configurations of supportive technologies and practices discussed in CE
literature using an extensive database of the European Manufacturing Survey
on innovation and sustainability practices in the manufacturing industry.
Using the QCA methodology, analyses show multiple consistent
configurations of technologies and management practices implemented by
the 288 manufacturing companies. The results show that a wide range of
technologies related to CE in combination with managerial practices can lead
to the adoption of more CE in manufacturing companies. While this research
adds the configuration-of-practices lens to debates on CE adoption by
companies, the outcomes provide production managers with more insight
into which configurations technologies and enabling managerial practices
contribute to CE adoption.

Keywords: Circular Economy, Configurational Approach, Manufacturing
Companies, European Manufacturing Survey

6.1 Introduction

In recent decades, the necessity to find solutions to mitigate climate change, biodiversity
loss, and resource scarcity by implementing sustainable production systems has catalysed
research in different disciplines and fields of study. The Circular Economy (CE) has emerged
as an approach that offers solutions for migrating the existing production system toward
closed-loop production/consumption patterns (Geissdoerfer et al., 2017) primarily aiming for
more efficient use of natural resources (Moraga et al., 2022). CE focuses on value retention
of products, materials, and components, and how these can be maintained longer while
decreasing high rates of waste generation (Witjes & Lozano, 2016). CE has become part of
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debates on public policies or corporate strategies as a “new perspective," which has fostered
academic contributions critically defining and testing the factors that drive or hinder the
adoption of CE by the different societal actors (de Jesus & Mendonga, 2018).

For corporate actors, adoption of CE involves practices at both technical and
organisational management level (Lieder & Rashid, 2016). Adoption of CE is hindered by
difficulties such as complexity in the incorporation-transformation in existing manufacturing
processes, high costs associated with new technologies, lack of adequate information in
redesigning products and manufacturing processes, time in the disassembly chain, and
quality compromises (de Jesus & Mendonca, 2018; Hartley et al., 2022; Kirchherr et al., 2018).
Moreover, supporting management practices lack training, communication, and cooperation
between companies and industries, and are confronted with challenges such as varying
degrees of exposure to information, and flow of communication among the various actors
aiming for contribution to CE (Bag & Pretorius, 2022; Jaeger & Upadhyay, 2020).

CE literature shows a focus mainly on the adoption of [often single] CE technologies, with
few studies that consider in-depth an adoption of enabling management practices. To
enhance the understanding of CE adoption by the manufacturing industry, this article focuses
on two primary aspects: first, reviewing technologies and management practices that
coincide in the CE literature; and second, reviewing and validating the resulting
configurations using practices applied to innovation in the manufacturing industry. The
outcomes of this study will allow production managers in organisations to review the
practices they are currently undertaking and, in some instances, to reconfigure their
organisational systems and production processes if they seek to advance their contribution
to CE. It also proposes to academics, from a methodological perspective, to connect 'novel'
concepts of CE with more widely studied fields, such as innovation and organisational
management.

The paper is divided into 5 sections. The literature review section reviews CE literature on
studies combining the use of CE technologies with management practices leading to
propositions on consistent configurations of practices contributing to CE adoption. The
methods section presents the European Manufacturing Survey (EMS) containing data on
innovation and sustainability practices of 288 Dutch and Spanish manufacturing companies,
and the QCA methodology analyses the presence of consistent CE configurations. The
findings section presents the QCA findings. And finally, discussion and conclusions are drawn
from the research conducted.

6.2  Organisational practices contributing to a Circular Economy

The current production system based on the process chain of take-make-use-dispose
faces significant challenges to synchronizing with several Sustainable Development Goals,
e.g., SDG 12 on Responsible Consumption and Production (COM 2016) 736 Final, 2016;
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Rodriguez-Antdn et al., 2022). CE as a sustainable development initiative to reduce the linear
material and energy flows of societal production and consumption systems, by applying
renewable and cascading material cycles and energy flows (Korhonen et al., 2018b), can help
to face these challenges and transform the merely linear process chain. In aiming for more
efficient use of the resources by closing cycles-- on the input side, limiting access to
resources, as well as forecasting material shortages in the short and medium-term, and, on
the output side, preventing high volumes of waste from ending up in landfills or incinerators,
as well as those that might otherwise go directly into ecosystems without prior treatment
thereby increasing pollution rates (Korhonen et al., 2018a). Taking nature's cycles as a
reference, circularity considers cycles or cyclical flows in which "waste" is once again
considered a raw material and where the maximum efficiency of the materials involved is
achieved. CE isalso based on the conformation of loops within the model that seeks to extend
the useful life of products and materials. Underlying the relevance of practices closing the
loops, we define Circular Economy as a socioeconomic system of technologies and practices
aiming at the efficient use of resources and retention of value throughout the life cycle of
products and services (Reike et al., 2018).

6.2.1 CE in the manufacturing industry

In the manufacturing industry, CE adoption can be realized by increasing the durability of
the value of products, reducing inputs and use of natural resources, reducing the loss of
valuable materials, and reducing the level of emissions (Sousa-Zomer et al., 2018). One
common denominator of CE adoption by companies is the increased interest in value
retention: introducing products and components in cascade systems or loops, hereinafter
called Value Retention Options (VRO), that retain their value for a longer period, reducing
negative externalities and increasing their efficiency (Reike et al., 2018; Russell & Nasr, 2020).
Value retention has been studied within the manufacturing industry generally as incremental
innovations or improvements, mainly within direct reuse, repair, and refurbishment of
existing products. Previous approaches have attempted to analyse cycles within production
and supply chains, copying the role of nature in creating efficient solutions applied to the
industry through strategies, tactics, and operational policies (Turken et al., 2020); industrial
ecology (Ayers, 1994; Chertow, 2000; Yu et al., 2013), eco-industrial systems (Conticelli &
Tondelli, 2014; Lowe et al., 1996); and clean production (Tucker, 2017).

Although cascade systems or VRO are interlinked, Reike et al., (2018) differentiate three
main groups: the short ones that are closer to the customer or user, the long ones that are
further away, and where products have lost their original function. Considering VRO from the
producer's perspective, the state of development cycles can vary according to the type of
industry, external conditions, policies, and micro-level objectives. In the short cycle, where
the imperatives of Refuse (Ro), Reduce (R1) and Reuse (R2) manufacturing companies have
focused mainly on the implementation of resource-efficient actions and processes, as well as
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on increasing productivity. Only in the last few years has eco-design (Dahmani et al., 2021)
and re-thinking of products gained higher attention (Bhaskaran & Gilbert, 2015; Jensen et al.,
2021; Shevchenko & Kronenberg, 2020). In the middle cycle, activities related to Repair (R3),
Refurbish (R4), Re-manufacture (R5) and Re-purpose (R6) continue to require more attention
from the industry, either by direct intervention or by supporting third parties to facilitate their
integration (Bocken et al., 2014; Centobelli et al., 2020). In the long cycle, although the
actionsrelated to Re-cycle (R7) and Recover (R8) are most widely recognized at the enterprise
level and discussed in the literature, these actions continue to require greater efforts to move
from purely waste management to the implementation of more advanced processes for this
purpose (Do et al., 2021; Segura-Salazar et al., 2019). The Re-mine loop (R9) requires more
intervention targeting public policies and administrations for its implementation.

When looking at industrial production processes involving products and materials, four
main CE principles can be highlighted (Sousa-Zomer et al., 2018), i.e.,

(i) increase the durability of the value of products;
(ii) reduce input and use of natural resources;

(iii) reduce the loss of valuable materials; and

(iv) reduce the level of emissions.

As CE is not limited to technical implementation but has fundamental organisational
implications (Reike et al., 2018), the CE principles can be better understood when divided
over the organisational production stages (see Table 1):

Table 1. Organisational production stages, CE principles and CE Value Retention Options (VRO)

Stages (When) CE Principles (What) CE value retention options (How)
Stage 1. Pre-production (i-ii) Ro, R1, R2, Rg, R7, R8

Stage 2. Production (iii-iv) R1, R2, R7, R8

Stage 3. Extension and retention of value (i-iv) Ro, R1, R2, R3,R4,R5, R7, R8

CE Principles; Product (i) increase the value durability of products; Materials: (ii) reduce input and use of natural resources; Production
processes: (jii) reduce the loss of valuable materials; (iv) reduce the level of emissions.

where increasing the durability of the product value (i.e., CE principle i) and the reduction
of inputs and use of natural resources (i.e. CE principle ii) are determined before the actual
production (i.e., pre-production stage), the reduction of the loss of valuable materials (i.e. CE
principle iii) can be determined during the production as it entails scrap or waste reduction
(i.e. production stage). To address cascade systems or long-term value retention, reducing
negative externalities and increasing their efficiency (Russell & Nasr, 2019) the combination
of the four CE principles can be used as a final overall stage 3 (i.e., Extension and retention of
value). Thus, when understanding CE in the manufacturing industry a ‘when’ (i.e., production
stage), a ‘what’ (i.e., CE principle) and a ‘how’ (i.e., VRO to closing loops) can be identified.
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Table 1. Organisational production stages, CE principles and CE Value Retention Options (VRO)

Stages (When) CE Principles (What) CE value retention options (How)
Stage 1. Pre-production (i-ii) Ro, R1, R2, R5, R7, R8

Stage 2. Production (iii-iv) R1, R2, R7, R8

Stage 3. Extension and retention of value (i-iv) Ro, R1, R2, R3, R4, R5, R7, R8

CE Principles; Product (i) increase the value durability of products; Materials: (ii) reduce input and use of natural resources; Production
processes: (iii) reduce the loss of valuable materials; (iv) reduce the level of emissions.

6.2.2 CE technologies and organisational practices

Analysing the CE technologies implemented by companies, a non-exhaustive literature
review of CE was conducted, considering empirical studies and literature reviews in line with
the CE principles (Acerbi & Taisch, 2020; Govindan & Hasanagic, 2018). Some of these studies
can be traced back to technological and organisational practices previously studied as
sustainability practices (Fu, 2019).

As for the technologies we found, i.e.,

- End-of-pipe (Demirel & Kesidou, 2011),

- Recycling (Cainelli et al., 2015),

- Material and energy efficiency (Antonioli et al., 2013; Demirel & Kesidou, 2011),
- Emission reduction (Antonioli et al., 2013), and

- Technical, environmental practices (Fu, 2019).

Added sources of practices are seen as in line with the principles of circularity, i.e.,

- Recycling Technologies (Alvarez-de-los-Mozos & Renteria, 2017; Bendikiene et al.,
2019; Scarpellini & Romeo, 1999; Smol et al., 2015),

- Additive Manufacturing (Byard et al., 2019; Clemon & Zohdi, 2018; Despeisse et al.,
2017; Garmulewicz et al., 2018; Giurco et al., 2014),

- Cleaner and Green Technologies (Bhandari et al., 2019; Shi et al., 2008),

- Lean design (Dahmani et al., 2021),

- Waste recovery technologies (Alvarez-de-los-Mozos & Renteria, 2017; Helmer
Pedersen & Conti, 2017; Lahtela & Karki, 2018),

- Remanufacturing Technologies (Alvarez-de-los-Mozos & Renteria, 2017),

- Cloud Manufacturing (Fisher et al., 2018), and

- Tracking technologies (Minunno et al., 2018) open up new perspectives for actions that
contribute to both cycle closure processes and to maintaining the value and reducing
the extraction of primary materials (Acerbi & Taisch, 2020).

To organisational practices related to technologies, we find

- Information and education (Aragén-Correa, 1998),
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- Modern and voluntary prevention (Byard et al., 2019; Clemon & Zohdi, 2018;
Despeisse et al., 2017; Garmulewicz et al., 2018; Giurco et al., 2014),

- Managerial environmental practices (Fu, 2019), and

- Inter-organisational managerial practices (Armbruster et al., 2008).

In the area of circularity, management practices were also detected with an emphasis on
education and communication, such as

- Establishment of effective communication, Support of all partners to develop
awareness and new skills (Unal et al., 2019),

- Leadership and commitment from the top management (Moktadir et al., 2018;
Siemieniuch et al., 2015), and

- Green Human Resources Management considering Recruiting, Involving as facilitators
in the process of CE transition (Marrucci et al., 2021).

Finally, the environmental management systems are considered, taking into account their
two divergent characteristics (Marrucci et al., 2019): Effectiveness which focuses on actions
taken to increase the company's operational performance, and Legitimacy, which seeks to
increase the validity of actions towards stakeholders (Leseure et al., 2004; Voss, 2005). In
total, 16 technological and managerial practices were detected (see table 2 in Appendix 1).

6.2.3 CE configurations involving organisational management practices

The theoretical approach of organisational configurations as “a multidimensional
constellation of conceptually distinct characteristics that commonly occur together” (Meyer
et al., 1993) is appropriate in understanding how transformations unfold. On the other hand,
as commented by Jargensen (2012), “the dimensions of performance focus on actual events,
whether discursive, organisational or material and contribute to the triggers of
transformations and their orchestration”. There are some studies that combine different
multidisciplinary technological and managerial aspects for the development of CE (Unal et
al., 2019), starting from research streams on industrial ecology, sustainable supply chain,
product as a service and C2C design and addressing an interdisciplinary approach from
approaches of circular economy, social psychology and organisational behaviour.
Nevertheless, Unal et al., (2019) and Lieder and Rashid (2016) emphasize the need for a
systemic and holistic view and multidisciplinary approaches that address the very complex
and multifaceted nature of CE.

Abernathy & Utterback’s (1978) A-U model of on the management of technology and
innovation mentions the importance of an adequate articulation in transitions in production
processes to reduce uncertainty about the target and technology. It indicates that such
uncertainty can be reduced by appropriate coordination and control methods that are
adapted with the standardisation of products and production processes, i.e., “to deal with
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complexity by reducing the need for information processing." Yet, the literature is still limited
in studying the application of CE practices together and spanning different dimensions. Fu
(2019) compared the implication of measures in technical practices and management
practices, showing that technical practices seek to adhere to legal environmental
requirements and regulations, while management practices seek long-term change in a more
consistent way. Furthermore, Lieder and Rashid (2016) noted that the technological level is
at a more advanced stage, which would allow the implementation of CE at larger scales, as
opposed to the levels of change management and managerial mindset required for the
transition, which may still be lagging.

Several observations can be made by looking at the CE technologies and practices
detected in the CE literature reviewed, see Table 2 in Appendix 1. First, CE practices applied
by manufacturing firms concern practices related to technologies focused on maximising
resource efficiency and organisational management practices enabling and coordinating
work processes in organisations. In several empirical studies, it was observed that where
technological practices were analysed in more detail, organisational practices are often
mentioned as drivers or enablers of CE adoption in production. Second, the CE practices
observed in the studies are mainly applied and analysed independently or with similar
practices.

Two main organisational management practices mentioned in the CE studies concern
training and communication. The study by Agyabeng-Mensah et al., (2021) considered the
effect of intra -and inter-organisational learning on lean manufacturing, lean product
development and zero waste practices, as well as the influence of organisational practice on
CE performance objectives. Jaeger & Upadhyay (2020) observed the adoption behaviour of
communication-focused organisational practices in large and small manufacturing firms.
They found that although large firms have the necessary knowledge to develop circularity-
focused strategies, they take longer to disseminate information and communications to
subsidiaries. Likewise, if one of these large manufacturing companies establishes a
production policy focused on circular economy and sets as one of its objectives the
remanufacturing of components, it will require the use of technology and processes focused
on disassembly, as well as tests of adaptability and quality of the materials or recirculated
parts. In addition, the same objective will require organisational practices from the
preparation and technical training to carry out specific tasks, to the communication strategy
for its different subsidiaries. Practices such as the standardisation of VRO-related production
processes or the creation of EC-related indicators will also be involved. It is essential to look
at the different dimensions to determine the required characteristics, not only at the
technological level but also in organisational practices, i.e. what individuals do within the
organisation (Jarzabkowski & Spee, 2009).
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We therefore synthesise the organisational management practices found into two main
groups, i.e. organisational learning and production operations (see Table 3). Organisational
learning comprises management activities concerning

a) Knowledge where the knowledge of the organisation (management, administrative and
technical levels, in their general and specific tasks regarding the implementation of
circularity processes) is relevant, as well as the knowledge of buyers/users and
society in general about the circular economy (Alvarez-de-los-Mozos & Renteria,
2017; Dahmani et al., 2021; Fisher et al,, 2018; Garmulewicz et al., 2018; Lahtela &
Karki, 2018);

b) Training and skill development like the way of transmitting knowledge within the
organisation (Alvarez-de-los-Mozos & Renteria, 2017);

¢) Production policy regarding the tools used to facilitate decision making, information
flows (Dahmani et al., 2021; Fisher et al., 2018; Garmulewicz et al., 2018; Shi et al,,
2008);

d) Human resources considering the management and incorporation of personnel with a
high level of skills related to specific tasks focused on processes and products that
consider circularity principles (Bhandari et al., 2019; Garmulewicz et al., 2018),

e) Information and the effectiveness of the message transmitted both intra- and inter-
organisationally (Sousa-Zomer et al., 2018). Management practices concerning
production operations involved

f) Quality Process to establish indicators and improvement systems that consider
circularity, (Bendikiene et al., 2019; Giurco et al., 2014);

g) Manual operation for the integration of tasks, combination of planning operations,
operation and control of human-machine functions (Alvarez-de-los-Mozos & Renteria,
2017; Lahtela & Karki, 2018);

h) Production cooperation in effective coordination between supply chain partners and
support among stakeholders (Chhimwal et al., 2021; Sousa-Zomer et al., 2018);

i) Leadership and commitment to set objectives, lead the team in achieving results and
provide support (Bhandari et al., 2019);

J) Management systems, and

k) Government Support and Legality in the support of institutions and organisations in the
transition to the model (Fisher et al., 2018).
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Table 3 summarizes the combinations of CE technologies and accompanying
management practices found in the different empirical studies involving manufacturing and
production companies.

Table 3. Combining managerial and technological practices in empirical manufacturing studies

Managerial practices (CE)

Organizational learning Production operations
£ &
= - 3
CE g 2 £ s
. ® =}
CE Value retenti = £
Stages (When) | Principles s_l e retention CE Technologies = o @ = E_ n &
options (How) I 2 o o 2 & Z, =
(What) iz =] £ & B c “ &
s T : £ 5 £ L % E B
T 2 £ £ F £ 5 £ B £
T £ 2 E E £ % 2 2 B
5] s =3 2 ] El =3 g z
£ E] « = )
2 5 & F E & 2 £ 2 3
(i) RO, R1,R2, RS, R7 Ecodesign < <
Stage 1. Pre- (i RO, R1,R2, RS, R7 Product design X X
production (i) R1,R2,R7, R8 Lean design X X
(ii) R1,R2 Secondary materials X X
Stage 2. (iii) R1,R2,R7,R8 Clean production X X X X X X X X X
Pro dﬁcti(;on (iii) R1,R2,R7, R8 Additive Manufacturing X X X
(iif) R1,R2,R7, R8 Cloud manufacturing X
(1) (iii) RO, R1, R2, RS, R7 Remanufacturing X X X
Stage 3. (i-iv) R1,R2,R7,R8 Recycling X X X
Extension and (i, i, iv) R1,R2,R7,R8 Waste recover X X X
retention of value (iii) R1,R2,R7,R8 Tracking technnologies

6.2.4 Configuration prepositions

According to the above, we observe that the literature suggests specific interrelations of
practices focused on CE adoption that also present variations depending on the state of
production to which they belong. In order to validate the configurations found considering
CE principles and VRO, we propose the following propositions:

P1. The Pre-Production stage for the CE is configured by the Product Design, Eco-design, Lean
Design and Secondary materials technologies (Technologies) and Knowledge, Training, Flows
information and Environmental Management system (Management Practices)

P2. The production stage for the CE is configured by Clean Production technologies, Additive
and Cloud Manufacturing (Technologies) and Knowledge, Training, Human Resources,
Information, Production Policy, Quality Process, Management Systems, Government
Support  and Production Cooperation (Management Practices).

P3. The extension and retention value stage for the CE is configured by Remanufacture,
Recycling, Waste Recovery and Tracking Technologies and Knowledge, Training and Manual
Operation (Management Practices).

131



CHAPTER 6

6.3  Methodology
6.3.1 Study sample

The sample consists of 288 cases representing manufacturing firms in the Netherlands
(70.5%) and Spain (29.5%). The empirical data used to test the propositions were collected of
the 2018 European Manufacturing Survey. This is an international questionnaire developed
by the Fraunhofer Institute for Systems and Innovation Research (ISI) in 1993 (Lay & Maloca,
2004) that has been updated every three years since then. The survey assesses the adoption
of managerial and technological practices implementation by manufacturing companies
together with other aspects of business innovation. Although the survey does not make a
specific reference to direct questions on Circular Economy, its wide range of innovative
technologies and organisational practices related to sustainability and work practices allows
delimiting those related to circularity. The survey sample comprises manufacturing
establishments (NACE codes 10-33) with at least 10 employees (median of 45 employees). A
questionnaire was sent both by post to the top management, followed by a reminder, and
phone call two weeks later. Table 4 summarizes sample characteristics. The control variables
considered for this study were company size and type of industry.

Table 4. Sample characteristics of manufacturing firms (N= 288)

Total (%) Netherlands (%) Spain (%)

Sample 100 70.5 29.5
Firm size

0-19 13.9 17.2 5.9
20-99 66.3 67.0 64.7
100-249 15.3 12.8 21.2
250 Or more 4.5 3.0 8.2
Industry

Metal 17.1 19.7 10.8
Food 11.5 8.4 19.3
Textile 16.4 14.3 21.7
Construction 3.1 2.5 4.8
Chemical 12.6 12.8 12.0
Machinery 19.9 19.2 21.7
Electronic 19.2 23.2 9.6

6.3.2 Analysis framework and variables

The theoretical framework discussed above revealed a total of 21 technologies and
managerial practices. Applying this framework to the European Manufacturing Survey, we
obtained 20 indicators capturing these technologies and practices applied by the
manufacturing firms (see Table 5 in appendix 2). Two management practices, i.e.,
Management Environmental Systems and Government Support, share the same variable,
i.e., certified environmental management system (e.g., ISO14001 and/or EMAS). An

132



CHAPTER 6

environmental management system such as EMAS can be related to this practice due to its
coercive influence as it is requlated by the European Commission (Barén Dorado et al., 2022).

We conducted a crisp-set Qualitative Comparative Analysis (Ragin, 2006) which employs
a Boolean (AND/OR) logic to examine the asymmetric relationship between all available
combinations, the so-called sets, of multiple binary conditions and an outcome variable. The
QCA analysis is appropriate to analyse the hypothesized relationships between specific
combinations of the technology and management practices (being conditions) and the
outcome variable CE being the total number CE technologies in use by the manufacturing
firms. Following the Boolean logic a condition can be present as well as absent in a set
indicated by capital letters and lower-case letters respectively. The method evaluates the
necessity of each condition to produce the outcome and examines the sufficiency of sets
resulting in a reduced number of sets consistent with the given outcome. The analysis is
performed using the Fuzzy procedure in Stata 17.1 Longest & Vaisey (2008) which enables a
significance test of positive (or negative) associations between a set of conditions given the
initial truth table and the outcome variable. Following the standard QCA procedure of
Boolean minimization (Roig-Tierno et al., 2017) which eliminates the so-called irrelevant sets,
the remaining minimum sets are evaluated on the extent sets are congruent with the
outcome, as indicated by the coverage coefficient, and the extent the outcome is sufficiently
mapped by the sets, as indicated by the sufficiency coefficient. The outcome variable 'CE'
ranging between 0.0-12.0 technologies used (mean of 4.81, stdev 2.33) was transformed into
a percentile score standardized to range from o to 1 (see Table 5).

6.4 Results
6.4.1 Descriptive statistics

An overview of the single CE technologies reviewed management practices and their
matching EMS variables is presented in Table 5 (see appendix 2). The adoption of the single
CE technologies varies across manufacturing firms ranging from 8.7% (Additive
Manufacturing: use of 3D-printing) and 9.4% (Clean production: use of Secondary Materials)
-both production stage 2 technologies- to 67.0% (Lean design: use of Production Planning)
situated in production stage

1. Application of specific management practices vary from 29.9% (Environmental
Management System:  CertifiedEnvMS), 30.2%  (Production  Cooperation:
CollProduction) to most popular supporting Human Resource like staff loyalty programs
(58.0%). As shown in literature overview Table 3, seven CE technologies are mainly
production stage 1 technologies, five are stage 2 technologies, and six are used in
production stage
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2. Interesting to note that most organisational learning focussed CE management
practices appear in multiple production stages, such as Knowledge (RD) and Training
and Skills development (JobTraining).

6.4.2 Prepositions

While the propositions suggest specific configurations of CE technologies and
management practices. Given the selected outcome variable CE (number of CE technologies
adopted), it is expected that many stage 1 CE technologies (A-G) will incorporate in the final
configurations. The propositions suggest that these technologies will be matched by the
hypothesized management practices specified per production stage.

The pre-production proposition (P1) matches 11 CE-practices of which 7 are technologies
and 4 management practices. The QCA procedure resulted in a minimum configuration
reduction set of 11 out of the 14 significant practice configurations having an overall
consistency of 0.753 and a coverage of 0.167 involving 31 (10.7%) manufacturing firms (see
Table 6). All 11 configurations show an individually significant solution consistency with the
outcome variable CE ranging from 0.643 to 0.936, although their unique coverages are low,

i.e., ranging from 0.009 to 0.035.

The listed configurations are mainly characterized by g9 CE practices; five of the 7
technologies and 4 management practices. The technologies with the highest presence in

the configurations:

A: Eco-design (ProdEnvinno),
E: Lean Design (Assemble20rder),
F: Lean Design (ProdPlanning),
and a medium presence of D: Lean Design (Make20Order), and
G: Secondary Materials (SecMaterials).
All management practices show a notable presence in the sets:
H: Knowledge (RD),
I: Training and skills development (JobTraining),
J: Information (DisplayBoards), and

K: Environmental management systems/governmental support and legality
(CertifiedEnvMS). The presence of many management practices matching CE technologies
is consistent with the pre-production proposition. Interesting to note that the two CE
technologies that are included indicate the more generically applicable technologies than the
technologies not included in the emerging CE configurations such as Product design
(VirReality, Prototype3D).
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Table 6. Final Reduction Set, stage 1 Pre-production (given significant high outcome CE)

Set Coverage Consistency
a*b*c*d*E*F*G*h*i*J*K 0.009 0.643
a*b*C*D*e*F*g*h*i*J*k 0.014 0.668
A*b*c*d*e*Frg*h*[*J*K 0.022 0.771
A*b*c*d*e*F*G*H*I*j*K 0.010 0.695
A*b*c*d*E*F*g*H*i*j*k 0.014 0.668
A*b*crd*E*F*G*h*|*j*k 0.013 0.936
A*b*c*d*E*XF*G*h*[*J*K 0.011 0.771
A*b*c*D*e*F*g*H*i*J*k 0.014 0.653
A*B*crd*EXFHgFH*|*]*k 0.012 0.834
A*B*C*D*e*F*g*H*I*J*k 0.012 0.834
b*c*D*e*Frg*H*[*J*K 0.035 0.808
Total 0.167 0.753

Technologies: 4 mngt(H-K) practices: A: Eco-design (ProdEnvinno), B: Product design (VirReality), C: Product design (Prototype3D),
D: Lean design (Make2Order), E: Lean design (Assemble20rder), F: Lean design (ProdPlanning), G: Secondary materials (SecMaterials),

Management practices: H: Knowledge (RD), I: Training and Skills development (JobTraining), J: Information (DisplayBoards), K:
Environmental Management systems/ Government support and legality (CertifiedEnvMS).

The second Production stage proposition (P2) combines 5 CE technologies with 8
management practices. The QCA procedure resulted in a minimum configuration reduction
set of 4 out of the g significant practice configurations having an overall consistency of 0.810
and a coverage of 0.070 involving 12 (4.2%) manufacturing firms (see Table 7). All four
configurations show an individually significant solution consistency with the outcome
variable CE ranging from 0.758 to 0.849. Their unique coverages are low, i.e., ranging from
0.012 t0 0.013.

The listed configurations are characterized mainly by six CE practices, i.e., two CE
technologies:

B: Clean production (CleanProdData),

E: Cloud manufacturing (RealtimeControl) - and four matching management
practices -

G: Training and Skills development (JobTraining),
I: Human resources (StaffLoyalty),
J: Information (DisplayBoards),

K: Quality Process (QualityMeasures).
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In line the Production stage proposition, most of the management practices are included
in the majority of configurations, except for the practice Production Cooperation (L), which

appears only in one configuration.

Although the management practices cover both types of managerial practices, i.e.,
organisational learning as well as production operational practices, not many CE
technologies are involved in most configurations of the final solution. For the included CE
technologies, the availability of Clean Production and Cloud Manufacturing is dominant
which underlines the relevance of data-producing technologies in the Production Stage.

Table 7. Final Reduction Set, stage 2 Production (given significant high outcome CE)

Solution
Set Unique Coverage Consistency
a*B*c*d*e*f*Gxh*|*J*K*L*M 0.012 0.849
a*B*c*D*E*f*G*h*|*j*k*|*m 0.012 0.849
a*B*c*d*E*XF*GFH*|*J*K*| 0.012 0.758
a*B*c*d*E*F*G*H*|*J*K*M 0.013 0.784
Total 0.070 0.810

Technologies: A: Secondary materials (SecMaterials), B: Clean production (CleanProdData), C: Additive Manufacturing (Print3D), D:
Cloud manufacturing (DigExchange), E: Cloud manufacturing (RealtimeControl),

Management practices: F: Knowledge (RD), G: Training and Skills development (JobTraining), H: Production policy
(Workinstruction), I: Human resources (StaffLoyalty), J: Information (DisplayBoards), K: Quality Process (QualityMeasures), L: Production
Cooperation (Collproduction), M: Environmental Management systems/ Government support and legality (CertifiedEnvMS)

The Extension and retention value stage proposition (P3) for the third proposition couples
the six stage 3 technologies to three management practices. The QCA procedure resulted in
a minimum configuration reduction set of 10 out of the 17 significant practice configurations
having an overall consistency of 0.756 and a coverage of 0.242 involving 45 (15.6%)
manufacturing firms (see Table 8). All 10 configurations show an individually significant
solution consistency with the outcome variable CE ranging from 0.643 to 0.887. Their unique

coverages are low, i.e., ranging from 0.009 to 0.047.

In line with the proposition, all the three management practices appear in the majority of
configurations, i.e., two having an organisational learning focus, one production operation
focus. Regarding technological practices, only one does not seem to be predominant:
Tracking Technologies. Remanufacturing Practice, together with Water and Energy
Recycling Technologies seem to dominate the co-incidence of these three management
practices in the Extension and Retention production stage.

Table 8. Final Reduction Set, stage 3 Extension and retention of value (given significant high outcome)
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Solution

Unique Coverage Consistency
a*b*c*D*exfrgrH*| 0.009 0.643
a*b*C*D*E*f*g*H*| 0.013 0.887
A*B*C*d*e*f*G*h*i 0.011 0.806
a*b*c*d*e*F*H*| 0.024 0.679
a*b*C*d*e*f*g*h 0.018 0.643
a*b*C*e*f*G*H*| 0.020 0.774
a*b*C*D*e*f*G*H 0.013 0.867
B*c*d*e*f*G*H*| 0.020 0.707
A*B*crd*E*f*G*i 0.025 0.727
A*B*c*d*E*f*H 0.047 0.826
Total 0.242 0.756

Technologies: A: Remanufacturing (Modernization), B: Remanufacturing (Maintenance), C: Recycling (SusWater), D: Recycling
(SusEnergy), E: Waste recover (TakeBack), F: Tracking technologies (PLCsystems),
Management practices: G: Knowledge (RD), H: Training and Skills development (JobTraining), I: Manual operation IntegrationTasks)

Figure 1 summarized the emerging configurations containing the most relevant CE
technologies and enabling management practices for each production stage.
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Fig 1. Technological and managerial practices with most presence in configurations

6.5  Discussion and Conclusions

The study of circularity involves increasing challenges. From the academic field,
represents the difficulty of transferring complex and theoretical models to the practice field
in an effective and agile way. Also, in the organisational field, it represents the challenge of
identifying, within the broad spectrum of practices used and available, which facilitate the
route to circularity in production processes. The number of studies analysing CE technologies
in combination with management practices needs to be increased (see Table 1) in which the
enabling function of practices (Dahmani et al., 2021; Garmulewicz et al., 2018) is studied in

more detail.

Following the call by, among many, Reike et al, (2018) and Unal et al, (2019) for more
research on management practices in combination with technological practices that enable
CE adoption, this paper firstly identified the most determinant organisational and
technological practices in CE depending on the production status. When delimiting the
principles of CE, contradiction and conflict were detected in the literature. Therefore, one of
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this study's contributions is understanding the 'When', 'What', and 'How' in the adoption of
CE in the manufacturing sector.

Then, adopting the lens of configurations, it was obtained that CE technologies and
management practices seem to operate in specific combinations that also depend on the
stage of their production process (see Figure 1). Moreover, findings show that in the Pre-
production and Value Retention stages, as suggested by P1 and P3, respectively, CE
technologies prevail over managerial practices. The opposite is the case in the Production
stage, where managerial practices are more relevant than technologies within the detected
configurations. A common finding in each stage is the relevance of training employees on CE
and related technologies. Knowledge, particularly about implementing circularity processes,
is relevant in the pre-production and value retention stages.

Despite the high levels of overall consistency, the findings indicate multiple consistent
pathways by which configurations are associated with more CE adoption reaffirming what
was observed by Alvarez-de-los-Mozos & Renteria (2017), Dahmani et al., (2021);
Garmulewicz et al., (2018) and Sousa-Zomer et al., (2018). Manufacturing companies have
not found a standard configuration of technologies and management practices prevailing at
each stage of the production process. It may be due to the industrial sector and firm size,
which could be further investigated in future research. Thus, the research shows that the
combinations presented here for each production stage are a good starting point for
adopting CE in companies in the manufacturing sector and reveal which practices require
more emphasis in their application.

Among the limitations of this study, we find:

a) The central focus of the EMS survey is on organisational and technological
innovation; it does not have a primary focus on circularity. However, from a methodological
point of view, it is interesting to rely on more widely studied fields with which
organisations are more familiar such as innovation.

b) The configuration of associated technologies and organisational practices, not
implying causal (in either direction) relationships with CE. Moreover, although the
empirical results of this study are supported by high consistency, the configurations
coverage levels are low, indicating the impact of multiple other factors at play, such as
the industrial sector or the type of production system.

Therefore, we encourage replication of the validation of the propositions and, thus, of the
configurations mentioned here in further studies focusing on circularity.

This research empowers managers, administrators, and decision-makers in organisations
with better ideas on approaching their goal of adopting CE principles. First, it shows the
importance of combining/shaping management and technological practices to achieve the
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set objectives in general and adopting the CE principles in particular. It also shows that
companies adopt CE principles while striving for optimization and innovation of production
processes in the manufacturing industry.
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Appendix 1 -Table 1

Table 1. Technological and managerial CE practices suggested in CE literature.

Dimensions

CE practices

Recycling
technologies

Additive
manufacturing

Cleaner and green
technologies

Lean design — Eco-
design

Waste recovery
technologies

Remanufacturing
technologies

Cloud manufacturing

Tracking technologies

Lean manufacturing

Product design &
clean production

Secondary materials
technologies

Description

To recycle metals and recover resources

To facilitate resource circularity at products end-of-
life. This technology is proved to be energy and
cost-efficient with respect to traditional
production, but it can be adopted only for small-
scale production

To improve functional efficiency but are also
considered more sustainable in terms of lesser
pollution and resource consumption

To maximise customer value and reduce waste at
all stages of the product life cycle by optimising
product design.

To dismantle waste generated by manufacturers by
also handling hazardous waste

Technical equipment and technologies are required
to develop products in different ways if they are to
be remanufactured

To promote resource recovery, recycling and waste
minimization giving greater flexibility to systems
Measurable data to measure the environmental
performance in regards of the initiatives by
implementing CE

Organisational learning positively impacts lean
product development, zero waste practices and
lean manufacturing practices and zero waste
practices.

The manufacturers investigated focus mostly on
recycling and waste reduction. These policies have
low or very low CE effect

Material flows, technology policy, and facilities—in
order to assess 3D printing’s viability as an enabler
of a circular economy at the local level
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(Alvarez-de-los-
Mozos & Renteria,
2017; Bendikiene et
al., 2019; Kulczycka et
al., 2016; Smol et al.,
2015)

(Byard et al., 2019;
Clemon & Zohdi,
2018; Despeisse et al.,
2017; Garmulewicz et
al., 2018; Giurco et
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(Bhandari et al., 2019;
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2020; Sousa-Zomer X X
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CE practices

Effective
communication
Support and
commitment

Leadership and
visionary thinking

Green Human
Resources
Management

Training in regards of
CE in supply chain

Education on
recycling,
remanufacturing and
reuse

Performance
indicators and
Environmental
Management Systems

Industrial symbiosis

Description

Establishment of effective communication, Support
of all partners to develop awareness and new skills
Support and commitment from top management is
an essential link to enhancing and introducing CE
practices

To implement circular economy in the supply chain,
the firm should have visionary thinking and the
same should be integrated with the firm’s overall
motto. However, this kind of thinking involves
technical creativity, on-site thinking and so on
GHRM practices, i.e., recruiting and involvement,
are effective in increasing circularity in
organisations. To Give incentives to increase
employment rates in a circular economy

Not only university education is important, but also
virtual education is essential to educate and
prepare the workforce for the new shift in the
manufacturing industry toward the circular
economy

Sustainable education serves as a tool to educate
and increase awareness among the actors involved
in supply chain. It assists top-level managers to
know about the long-term importance of
implementing cleaner production. In addition, this
practice can bring change in the social thinking
towards the circular economy

Measuring the enterprises’ implementation of
circular economy and how they are doing, so it can
be done better. It should be able to evaluate how
much the products affect the environment, and it
must be known to the consumer

Collaboration and cooperation with other industries
and industrial parks can improve the effectiveness
of circular economy implementation through
sharing economy to make it possible to
reuse/recycle/ remanufacture

References

(Unal et al., 2018)

(Moktadir et al., 2018;
Siemieniuch et al.,
2015; Sihvonen &
Partanen, 2016)

(Jawahir & Bradley,
2016)

(Lieder & Rashid,
2016; Marrucci et al.,
2021)

(Ili¢ & Nikoli¢, 2016;
Jawahir & Bradley,
2016; Lieder &
Rashid, 2016; Su et
al., 2013)

(Ili¢c & Nikoli¢, 2016;
Jawahir & Bradley,
2016; Lieder &
Rashid, 2016; Su et
al., 2013)

(Fonseca et al., 2018;
Franklin-Johnson et
al., 2016; Marrucci et
al., 2019; Reuter,
2016)

(Ghisellini et al., 2016)

Dimensions

Note: capital X indicates main focus, small x minor focus.
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Appendix 2 -
Table 5. Overview of Outcome and CE practices suggested in CE literature and congruent EMS variables
Practices type EMS variables and labels Stage O]_c Range Adopted (%)
production
Outcome of CE CE Number of technological and oto1 99.3
managerial practices applied (mean: 4.81,
sd: 2.33)
Technology practices
Eco-design ProdEnvinno:  New orimproved products alsolead 1 o/1 31.6
to an improved environmental
impact when using or disposing of
them (health, energy, retrofit,
lifetime, pollution, recycling)
Product design VirReality: Virtual Reality or simulation for 1 o/1 14.2

product design or product
development (e.g., FEM, Digital
Prototyping, computer models)
3Dprototype: 3D printing technologies for 1 o1 16.3
prototyping (prototypes,
demonstration models, o series)
Lean design Make20rder: ~ Manufacturing - Upon receipt of 1 o/1 33.7
customer's order, i.e., made-to-order

Assemble20r  Manufacturing - Final assembly of 1 o/1 45.5
der: the product is carried out upon
receipt of customer's order

ProdPlanning  Software for production planning 1 o/1 67.0
and scheduling (e.g., ERP system)

Secondary SecMaterials: ~ Secondary metals or plasticsusedin =~ 1 o/1 32.3
materials your factor for manufacturing of your
main product
Clean production SecMatTech: Integrate specific technologies into 2 o/1 9.4
your manufacturing process for that
use secondary materials or plastics
CleanProdDat  Machines or systems in your 2 o/1 44.8
a: production that automatically store
operating data - optimizing,
maintenance, resource utilization,
productivity
Additive 3Dprint: 3D printing technologies for 2 o/1 8.7
Manufacturing manufacturing of products,
components and forms, tools etc.)
Cloud DigExchange: Digital Exchange of product/process 2 o/1 26.7
manufacturing data with suppliers / customers
(Electronic Data Interchange EDI)
RealtimeCont  Near real-time production control 2 o/1 25.0
rol: system (e.g., Systems of centralized
operating and machine data
acquisition, MES
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: : Stage of
Practices type EMS variables and labels . Range Adopted (%)
production
Remanufacturing Modernizatio  Product-related services do you offer 3 o/1 21.2
n: your customers - Revamping or
modernization
Maintenance:  product-related services do you 3 o/1 35.4
offer your customers - Maintenance
and repair
Recycling SusWater: Technologies for recycling and re- 3 o/1 20.8
use of water (e.g., water recirculating
system)
SusEnergy: Technologies to recuperate kinetic 3 o/1 17.4
and process energy (e.g., waste heat
recovery, energy storage)
Waste recover TakeBack: Product-related services do you offer 3 o1 19.1
your customers - Take-back services
(e.g., recycling, disposal, taking
back)
Tracking PLCsystems:  Product-Lifecycle-Management- 3 o/1 11.5
technologies Systems (PLM) or Product/Process
Data Management
Managerial practices
Knowledge RD: Research and development (R&D) or  1,2,3 o/1 47.9
award R&D contracts to external
partners in 2017
Training and Skills JobTraining: Training on the job (e.g., job 1,2,3 o/1 57.6
development rotation, organised exchange of
experiences with colleagues, TWI)
Production policy Worklnstructi  Standardized and detailed work 2 o/1 47.6
on: instructions (e.g., standard operation
procedures SOP, MOST)
Human resources StaffLoyalty:  Instruments to promote staff loyalty 2 o/1 58.0
(e.g., attractively designed
responsibilities, offering learning
opportunities, flexible working
house, childcare)
Information DisplayBoard  Display boards in production to 1,2 o/1 45.8
s: illustrate work processes and work
status (e.g., Visual Management)
Quality Process QualityMeasu  Methods of assuring quality in 2 o/1 55.2
res: production (e.g., CIP, TQM,
SixSigma, preventive maintenance)
Manual operation IntegrationTa  Integration of tasks (planning, 3 o/1 TYAA
sks: operating, or controlling functions
with the machine operator)
Production CollProductio  Production co-operation (e.g., for 2 o/1 30.2
Cooperation n: capacity compensation or for joint
utilization of machinery)
EMS & Government  CertifiedEnv Certified environmental 1,2 o/1 29.9
support and legality ~ MS: management system (e.g., EN ISO
14001)
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Chapter 7. Discussion and Conclusions

"And what | believe does a great deal of good is if one doesn't work absolutely
alone, because the work inevitably absorbs one, but one doesn't become lost in
that absorption because each advises the other, can keep the other on the
right path”

Vincent Van Gogh

7.1 Discussion and conclusions

The first dissertation (Chapter 3) seeks to answer the first specific research question, which
asks whether'ls there a relationship between companies that adopt more circularity practices
and those that have implemented an Environmental Management System?'. Through a
survey of 85 Spanish manufacturing companies, it was observed that the implementation of
an EMS has a positive relationship with circularity. The analysed companies adopted a higher
number of CE practices, thus corroborating what Fonseca et al. (2018) mentioned, who noted
that EMS certification and strategic choice to improve environmental performance are
related to higher levels of CE intensity. This study also explored the model of the fields of
action of CE (Prieto-Sandoval et al., 2018) and their relationship (Take, Make, Distribute, Use,
Recover) with companies that have an EMS. It was found that only in the Make field does the
adoption of EMS favourably influence the taking of circular initiatives, such as in the
development of better technological practices and design oriented to the extension of the
product's useful life.

Additionally, and to contrast what is mentioned in the literature by DeBoer et al. (2017),
Marrucci et al. (2022) and Niesten & Jolink (2015) on the need to analyse green clusters or
cooperation and partnership between companies for circularity, the field of Industrial
Symbiosis was added to Prieto-Sandoval et al. (2018) 's model. Although it can be a cross-
cutting aspect in the different fields of action, it was observed separately in this study. The
results indicated no relationship between the implementation of an EMS and circular
initiatives in the establishment of cross-industry synergies. Therefore, strategies that act as
connectors between companies considering circularity and sustainability in their
environmental policies could be promoted.

The second dissertation (Chapter 4) sought to answer the second specific question: What
isthe relationship between reporting and communication of environmental performance and
the adoption of CE by companies? This study used EMAS public statements as an instrument,
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mainly to take into consideration two of the most mentioned aspects in the literature review:
first, the need to expand research on how regulation and public policies intervene in the
adoption of circularity practices in companies (Fonseca et al., 2018; Marrucci & Daddi, 2021),
and second, the role of EMS verification and certification (Dagiliene et al., 2020).

The environmental declarations of 31 sites belonging to the industrial and manufacturing
sector in Catalonia, Spain, were analysed, and the same conceptual framework of the
previous study (Chapter 3) on fields of action was maintained (Prieto-Sandoval et al., 2018).
Several relevant results were reached in the analysis of the statements. First, 23 CE-related
practices were identified within the statements. Second, most of the practices mentioned are
mainly related to the Take, Make and Recover fields, leaving aside the Distribute and Use
fields. Third, the most frequently reported practices related to natural resource consumption,
emission reduction and waste management. However, practices concerning product life
cycle and value retention options are scarcely mentioned.

Applying a CE-based production model means much more than reducing waste through
recycling. It requires more outstanding efforts in implementing strategies focused on short
and medium-cycle loops (Reike et al., 2018; Vermeulen et al., 2019). Such as reducing the
consumption of raw materials, designing environmentally friendly products that can be
quickly recovered and reused, extending the lifetime of products through proper
maintenance, using recyclable materials in products and taking actions to recover raw
materials from waste streams.

On the other hand, we analysed whether there was a relationship between circularity
practices by applying the Phi correlation coefficient test. Found that eco-design was the
practice with the highest correlation with other CE practices, such as returning materials to
the factory after use, extending the product life cycle, reintegrating waste into the internal
production process and using recycled and recirculated raw materials. Finally, it was found
that, although in very few statements, the term ‘Circular Economy’ is directly mentioned,
there is a report of linked practices. EMAS has as its strong points the transparency and
communication of the commitments, policies and actions undertaken by companies in the
field of circularity and sustainability by requiring in its requirements the submission of annual
reports and the periodic verification of the system. However, if the potential of the
quantitative information reported in the statements is to be fully exploited, it is necessary to
standardise the presentation of data. Thus, to facilitate interpretation and comparison
between firms by sector or region and using CE indicators.

The third dissertation (Chapter 5) was developed by adopting the methodology of Content
Analysis of EMAS environmental statements used in the previous dissertation (Chapter 4),
extending the study to the whole Spanish territory and including large companies. This
consideration allowed us to contribute to one of the gaps mentioned in the literature review
by Jain et al. (2020). The exploration of the role of institutional pressures on the adoption of
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circularity. Furthermore, more specifically, whether the reporting of circularity practices
differs according to company size. In our study, no significant differences were found
between the two groups, so we can conclude that there is no mimetic influence between large
and SME firms in reporting circularity practices.

Considering the European Commission's commitment to CE (European Commission,
2017; COM(2015) 614 Final, 2015, COM(2019) 640 Final, 2019), the coercive influence was
analysed based on the environmental statements of companies that had implemented an
EMS regulated by the same European Commission. To this end, the possible relationship
between companies mentioning the term ‘Circular Economy’ in their environmental
declarations and those reporting a higher number of CE practices was explored. Using
Kendall's Tau-b coefficient, statistical analysis showed a correlation between a higher
number of reported CE practices and the mention of ‘Circular Economy’ in environmental
statements. This result also suggests that companies aware of the CE model are more
committed to implementing more actions aligned with circularity principles. Regarding
circularity practices, in this study, compared to the previous study carried out in Catalonia,
only 17 practices were included. The number of practices to be considered was reduced by
implementing the R'Imperatives.

To answer the specific research question, Does environmental performance reporting allow
measuring the implementation of CE within manufacturing firms?, the study indicated that the
information contained in the declarations is not sufficiently comprehensive, nor is it based on
scalable and comparable quantitative data. In particular, the study analysed whether any
measurement is expressed in percentages or units, finding only three quantified practices in
some declarations: ‘Quantification of the number of raw materials from sustainable sources’,
‘Quantification of the use of renewable energy’ and ‘Quantification of waste
recovery/reintegration’. These results contradict the EC's 2017 statement that the six core
indicators that environmental declarations should contain are valid for assessing circularity
at the micro-level (European Commission, 2017).

The fourth dissertation (Chapter 6) departs from the focus on environmental reporting and
statements covering other aspects: Is there a particular combination of organisational and
technological practices that drive CE within manufacturing companies? What role do EMS play
in such a configuration, and what is the role of EMS as an organisational practice in itself and
its relationship to other organisational and technological practices focused on circularity?
This study addresses EMS as an organisational practice in its own right, and its relationship
to other organisational and technological practices focused on circularity. First, following a
literature review focused on this area, ten organisational and eleven technological practices
aimed at promoting CE principles in manufacturing firms were identified within the broad
spectrum of business practices. A sample of 288 Dutch and Spanish companies that
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participated in the European Manufacturing Survey was taken to test the hypothesis of the
existence of specific configurations of practices that promote the CE.

After applying the Qualitative Comparative Analysis methodology, possible
configurations for the production stages (Pre-production, Production and Value Retention)
were explored. The findings indicated eleven (11) configurations for the Pre-production
stage, four (4) configurations for the Production stage and ten (10) configurations for the
Value Retention stage. Despite the high levels of overall consistency, there are multiple
consistent pathways by which configurations are associated with more CE, i.e.
manufacturing companies have yet to find a standard configuration of technologies and
management practices that prevail at each stage of the production process. However, the
combinations presented for each production stage are a good starting point for adopting CE
in manufacturing and reveal which practices require more emphasis in their application. The
study also corroborated two of the critical organisational practices most often mentioned in
the literature: employee training on CE and related technologies and the practice of
Knowledge, particularly on the application of circularity processes within manufacturing.

Within the set of configurations, we found that EMS are most relevant in the pre-
production stages, with presence in all eleven configurations and presence in tree out of four
configurationsin the production stage. This result indicates that in its current form, EMS need
more tools to support the value retention stages in the manufacturing industry. However, it
does have a preponderant role in the initial and intermediate stages. On the other hand, the
application of an EMS could enhance the use and adaptation of other organisational CE
practices such as Information: internal and external communication of environmental
policies, environmental performance reports and status of progress on the objectives set;
Training and Skill development: training and education in soft and hard skills that facilitate the
transformation of processes and products to be more circular; Knowledge: Detection of
opportunities to incentivise innovation and R&D processes; Quality process: improvements in
the efficiency of materials and products; Human Resources: staff awareness of circularity;
Production cooperation: the creation of green clusters that incentivise the connection
between companiesto detect opportunities; and Government Support and legality: in the case
of EMAS that can introduce CE concepts in registered organisations.

The following are the contributions and implications of this dissertation:
Theorical Contribution

e The analysis of the reporting of circularity practices in environmental statements from

institutional theory, mainly from mimetic and coercive influence.

e To the contradictions and conflicts in the literature related to circularity principles (Cui,
2021; Geissdoerfer et al., 2017; Stumpf et al., 2021), this study seeks to contribute by
delineating concepts such as Principles and Strategies for production stages, by
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proposing an understanding of the ‘When’, ‘What’ and ‘How' in the adoption of CE in the
manufacturing sector.

It proposes a conceptual starting point in developing organisational and technological
configurations that promote CE in manufacturing companies at different stages of
production.

Implications for governments, policy makers and Institutions

This thesis, through the results obtained, indicated that EMS contribute to making
manufacturing companies more circular. However, turning them into efficient tools in the
transition requires further efforts from the managing bodies to a legitimate commitment
of the companies seeking environmental certification.

Crucial aspects discussed in the EMS+CE literature, such as communication and reporting
of environmental performance and periodic verification of the EMS. In this sense, the
European Commission, through the EMAS regulation, could incentivise mechanisms for
implementing more EMAS in European companies. Also, by adjusting the EMAS regulation
to align it more closely with the circularity objectives set out in the CE: Action Plan
(COM(2015) 614 Final, 2015) and the European Green Deal (COM(2019) 640 Final, 2019).

Finally, this thesis demonstrates the relevant role of public environmental reports coupled
with an EMS. Mainly because an environmental report in itself, apart from communicating
the results regularly, does not offer the possibilities that an EMS offers. By setting policies
in favour of circularity and establishing intra- and inter-organisational commitments under
management's leadership (Marrucci et al.,, 2021a), as well as setting guidelines for
continuous improvement in the established actions. Also, indicating that the annual
verification from the EMS could reduce one of the most commented problems in the
literature: environmental certification for "greenwaching" (Scarpellini, Valero-Gil, et al.,
2020). That is, reducing certification for marketing or promotional reasons and promoting
those aspects of the EMS that encourage firms to assume a legitimate commitment to the
continuous improvement of environmental performance.

Implications for businesses

It shows the interest and actions of companies to improve their environmental
performance in the long loop with practices such as recycling and waste management.
However, it points out the importance of delving into the short and medium loops, mainly
by adopting practices focused on product life cycle, eco-design and value retention.

Within the study of particular combinations of practices that drive CE in manufacturing
companies, it is noted that two of the essential practices for becoming more circular and
facilitating the incorporation of other practices and technologies are the 'Training' of
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employees in CE and related technologies and the practice of 'Knowledge', particularly in
the application of circularity processes within manufacturing.

Implications for consumers

e Although this thesis did not analyse the role of consumers directly, according to the
results obtained, it is suggested that consumers and users can play a more proactive role
by requesting environmental management certificates and, even more, by demanding
periodic and publicly available environmental reports to know the environmental
performance of companies and their genuine commitment to the efficient use of
resources, as well as the achievement of goals and objectives focused on Sustainability
and Circular Economy.

7.2 Limitations and future research directions

The essays that led to the results and conclusions of this study found some limitations,
which need to be addressed with further research in the future:

The first essay (Chapter 3) has the limitation of a low response rate; this is mainly due to
the complexity of the European Manufacturing survey, which has been reflected in a
reduction in the response rate over the years. Therefore, we invite extending the sample in
future studies to contrast the results obtained and include other aspects such as company
size and sector.

The second and third essays (Chapters 4 and 5) were carried out only with EMAS
environmental declarations as an instrument of analysis, so other instruments, including
other EMSs such as 1ISO14001, or even environmental reports independent of an EMS, should
be used to compare the results. Additionally, it would be convenient to extend the analysis to
primary sources such as interviews or surveys considering the CE practices that
manufacturing companiesimplement. Itis also suggested that longitudinal studies be carried
out to analyse the impact of the growing debate on climate change and the broader
dissemination of policies in favour of sustainable production and consumption on the
behaviour of companies.

The fourth and last essay (Chapter 6) is limited by the fact that it was conducted on a
survey more focused on innovation than on circularity, which is why future studies are invited
to use instruments more focused on CE and sustainable production. It is also interesting to
analyse causality between organisational practices and technologies in future research, as
this study was only observed under the configurational prism.

Generally, this doctoral thesis was developed during the COVID-19 juncture, which
required some changes in the research plan and the impossibility of carrying out a case study
that would allow us to observe all the analysed aspects of previous studies of EMSs as
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facilitators of CE in companies with a high intensity of circularity practices or whose
productive system was based on regenerative and circular models. We leave this aspect as a
suggestion for future lines of research, which in turn would make it possible to validate or
corroborate the hypotheses put forward in this thesis. Finally, we invite to consider in future
studies the critical aspects of the evolution of production systems and their impact not only
at the environmental level but also at the social and economic level.

Figure 8 shows a graphical summary of the results of the thesis.
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