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Abstract: The literature on the circular economy at the micro-level has mainly focused
on the analysis of the circular business model and implementation of different circular-related
practices, but the process of adoption by businesses of the circular economy is still under
investigation. Therefore, through a study in the region of Aragon, Spain, the main circular
economy-related activities implemented by a sample of 52 businesses are classified into four
levels as an approach to the change process that firms can undergo to adopt the circular
economy. In summary, it can be stated that circular economy-related activities are being
introduced by businesses progressively, from a minor activity to a greater number of
activities, but that these activities do not respond to the incremental closure of material loops
within the circular economy framework. The applied indicators enhance the knowledge on
the environmental management accounting applied to the CE for the reporting and the
relations with stakeholders. In addition, the measurement of the introduction of the circular
economy in different businesses is relevant for practitioners and for policy makers, in
response to the institutional initiatives for the promotion of the circular economy at the

territorial level.

1. Introduction
In response to global environmental degradation, some firms have become proactive in
their attempts to introduce cleaner production processes and to adopt the principles of a

circular economy (CE). The CE is an alternative to the linear model, allowing for the added
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value of products to be maintained for as long as possible while contributing to waste
reduction.

The multiple articulations of the CE have made it difficult to converge on a single
definition (Masi et al., 2017). Yuan et al. (2006) pointed out that the main objectives of the
CE are the reduction of the flow of materials, the achievement of energy efficiency, and the
idea that natural and social capital must be constantly renewed through multiple phases. In
summary, in a CE, fewer materials are required to produce a constant level of products, either
because of a reduction in the amount of resources used or because raw materials are replaced
with recycled ones (Figge et al., 2017). The CE, once fully developed, will promote high
value material cycles instead of recycling only for low value raw materials as in traditional
recycling (Ghisellini et al., 2016).

In the literature, the CE is an emerging topic, and research has been gaining ground in
academics, particularly at the macro-level (Merli et al., 2018). Scholars have also studied the
role of firms in the development of the CE at the micro-level (Lewandowski, 2016).
However, only a few authors have investigated how firms might integrate the principles of a
CE into their business practices (Katz Gerro and Lépez Sintas, 2019). To date, in studying
the CE at the micro level, academics have focused their research on the factors that affect the
commitment of private firms to a CE, existing barriers and incentives for its introduction
(Garcés-Ayerbe et al., 2019; Govindan and Hasanagic, 2018; Zhu et al., 2014) and the impact
of circularity on the business model (Pieroni et al., 2019).

Specifically regarding the adoption of the CE in businesses, Mathews and Tan (2011)
indicated that the transformation from a traditional linear economy to a circular one requires
evolutionary processes in which dynamic linkages are established gradually over time. It
could therefore be assumed that a firm’s process of adopting the CE will occur gradually to
allow for meeting the need for organisational learning (Crossan et al., 1999). This pattern
was experienced, for example, in environmental proactivity and in eco-innovation
management (Garcés-Ayerbe et al., 2016). Nonetheless, there has been limited research on
the components that are crucial to the success of the CE in businesses (Witjes and Lozano,
2016).

Some research on metrics for quantifying circularity of products has been performed
(Linder et al., 2017), but it does not include the development of indicators for measuring the
adoption of the CE by a company as a whole. This field of research is not without difficulties
since there is still no consensus on how to measure the different CE-related activities
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implemented by companies. Therefore, an objective of this study is to analyse how
companies adopt the CE principles internally to enhance the knowledge about the
measurement of the engagement of businesses in the CE. Moreover, to the best of our
knowledge, only a few empirical studies have measured the introduction of circular activities
in different industries within a territory (Aranda-Usoén et al., 2018). Thus, another objective
of this study is to fill this gap measuring the CE introduction in businesses from a regional
perspective, as a subject that has been little explored in the academic literature.

Based on the previous arguments, in this study, the adoption of the CE in businesses is
analysed in Aragon, a region located in the northeast of Spain, which was selected with the
aim of understanding how companies have undertaken actions towards implementing the CE.

The remainder of the article is structured as follows. Following a review of the literature
summarised in the background section, the methodology of the analysis and the regional
study are described. The results are summarised and discussed from a regional perspective to

outline the main conclusions and potential avenues for future research.

2. Background

The approach used in this study is not specifically theory driven, and the research
objective is to generate knowledge about how to measure the introduction of the CE in
businesses in a territory. Nevertheless, a summarised theoretical approach is presented in the
following paragraphs to outline the general scope of the research.

Conceptual discussions of the CE are still in their infancy among scholar, and the
literature in the micro field is only emerging. Theory has been mainly approached for
discussing the CE concept (Kalmykova et al., 2018) or its taxonomy (Urbinati et al., 2017),
and there is a need for deeper study of the concept, its units of analysis, and the theoretical
basis of the CE (Korhonen et al., 2018). Some of the most relevant theoretical influences are
cradle-to-cradle and industrial ecology (Geissdoerfer et al., 2017). In the CE literature at the
micro-level, some studies have been conducted in the framework of stakeholder theory
(Walls and Paquin, 2015), institutional theory (Zeng et al., 2017), the resource-based view
(Aranda-Uson et al., 2019), the dynamic capabilities theoretical framework (Katz Gerro and
Lopez Sintas, 2019) or the business model theory (Pieroni et al., 2019). Walls and Paquin
(2015) pointed out that the industrial symbiosis specific literature also remains fragmented
theoretically and has developed separately from corporate environmental strategy, in which
the focus is mostly on intra-firm, rather than inter-firm, action. Thus, the CE could require
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significant re-examination of much of current theory and lead to new practice (Murray et al.,
2017).

From another perspective, based on the theoretical premise that the economic system is
an open subsystem of the ecological system of land and limited resources, a certain
environmental capacity is related to the CE (Li et al., 2010). At a theoretical level, Geng et
al. (2009) stated that the CE model fits closely with ecological modernisation theory.
However, the theoretical frameworks that can be applied to the CE principles in a spatial
context has not clearly defined, and the measurement methods that have been applied at
regional levels have achieved segmented or partial results to date. It has to be taken into
account that the environmental behaviour of a company in a CE context is influenced not
only by internal factors but also by its external context (Liu and Bai, 2014). Therefore, there
is no doubt that stakeholders play important roles in the adoption by companies of the CE
principles (Lieder and Rashid, 2016).

From a spatial perspective, the theoretical framework of analysis must consider the
necessity of engaging with all relevant stakeholders (Pomponi and Moncaster, 2017), the
collaborative requirements of the CE (Pieroni et al., 2019), the role of wider systems in
business and accounting decisions within environmental management and sustainability
reporting (Murray et al., 2017), and the importance of legitimacy among key stakeholders at
different positions in the value chain needed for a CE (Linder et al., 2017).

It is not our intention to revisit these different bodies of literature; rather, we wished to
examine the literature on these fields in a common framework of analysis, exploring the
potential for adding something of substance to the debate over the measurement of the CE at
the micro-level from a territorial perspective. Nevertheless, in this study, the consideration
of multiple stakeholders beyond the firm-centric view (Reike et al., 2018) brings us closer to
the stakeholders theory when contemplating research focusing on the adoption of the CE at

the micro-level.

2.1 The challenges of adopting the circular economy by firms

Academics have mostly addressed the measurement of the CE from the perspectives of
resource productivity, critical raw materials scarcity, or the reduction of solid waste,
emissions and pollution (Lieder and Rashid, 2016). Although these aspects have been
analysed in the CE literature, the development of an integrated indicator to measure the level

of adoption of the CE by businesses at the organisation level is still under discussion.
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In the absence of a recognised method for assessing how effectively a product or a whole
company makes the transition from a linear model of operation to a circular model, Smol et
al. (2017) recommended indicators based on eco-innovation, but they referred exclusively to
technical cycles and materials from non-renewable sources. Elia et al. (2017) contributed to
filling the current gap in the environmental evaluation of CE strategies at the micro-level
with a taxonomy of index-based methodologies. These authors pointed out the so-called
material circularity indicator (Ellen MacArthur Foundation and Granta Design, 2015) that
can be adopted both at a product level and at a company level to measure how restorative
flows are maximised and linear flows minimised. Di Maio and Rem (2015) introduced the
‘circular economy index’ to measure the circularity level of a product as the ratio of the
material value produced by the recycler (market value) to the material value entering the
recycling facility.

Katz-Gerro and Lopez Sintas (2018) provided a picture of EU businesses engaged in
CE-related activities and pointed out the heterogeneity in the 28 current EU countries
regarding patterns of circular business. Franco (2017) noted the lack of research at the micro-
level, especially when considering that essential activities pertinent to firms that can be
considered pre-requisites for successful deployment of the CE (Lieder and Rashid, 2016).
Urbinati et al. (2017) introduced a promotion dimension of the CE principle, which becomes
part of a company’s positioning against competitors, and Linder et al. (2017) added to the
previous approach with plausible incentives for firms to attempt to present circularity values
that are as high as possible. However, these researchers did not study the degree of adoption
of the CE in firms located in a given region, and they confirmed the need to develop
standardised methods for measuring circularity at the micro-level that include both
businesses and products.

Some of the studies that partially described the activities that companies perform within
the framework of the CE can be found in recent reviews of the literature in this field,
summarised in Table 1. In summary, the CE-related activities performed by businesses that
have been analysed in the literature can be classified into four groups: 1) activities that have
been implemented for waste treatment and recycling (Chen et al., 2010); Il) activities
including dematerialisation secondary raw materials and waste recovery (Winkler, 2011); I11)
activities related to eco-design (Kama, 2015); and 1V) activities in which industrial ecology
and/or symbiosis is considered (Mathews and Tan, 2011; Winkler, 2011). However, there is
no consensus regarding the best method of capturing distinct CE-related activities, nor has it
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discussed how firms can in practice adapt their business models to this new paradigm
(Urbinati et al., 2017).

Furthermore, the descriptions of the activities introduced by businesses do not reveal the
process that firms undergo in adopting the CE. The literature does not elucidate whether the
adoption of new CE-related activities by businesses is undertaken specifically to increase
their level of circularity or to respond to other demands. To investigate the research gap, a

first research question was formulated:
e RQ1) How do companies in a region adopt activities related to the CE?

In this scenario, it must also be considered that the CE is influenced by geographical
proximity since the availability of activities at local and regional levels helps to reduce the
costs associated with broader circuits involving greater numbers of transactions (Stahel,
2013). Local and regional authorities play important roles in both the launch of and the
transition to a CE (Yi and Liu, 2015) since the implementation of a circular business model
is so closely tied to the territories within which firms operate. Based on these considerations,
a second line of inquiry focusing on the regional level analysis was defined and is developed
in the following section.

2.2 The circular economy in businesses at the regional level

Although the introduction of the circular principles in organisations is increasing, the
engagement of firms with the CE-related practices remains weak (Zamfir et al., 2017). In the
micro-field, commitment to sustainable development and the CE has been consolidated with
the help of environmental regulations and public incentives (Ghisellini et al., 2018; Hu et al.,
2018). Different initiatives to promote the CE at the regional level have been launched in a
number of geographical areas, including Europe (European Commision, 2015; Gharfalkar et
al., 2015), Japan (Despeisse et al., 2015; Van Berkel et al., 2009), China (Mathews and Tan,
2011) and the United States (Zink and Geyer, 2017). In particular, China promulgated
specific laws about the CE that had consequences at technological, economic and social
levels (Dajian, 2008). Thus, at regional level, several studies have been focused on the
Chinese development of the CE and the metrics than could be applied for its measurement in
a territory (Geng et al., 2012, 2009), for waste management (Chen et al., 2010), or for the
businesses’ activity as agents of CE deployment (Ghisellini et al., 2018; Zhu et al., 2014)
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In summary, different factors can influence the adoption of CE-related activities by
businesses, such as the industrial situation, regional businesses, the innovation level, the
legislative profile at the regional or local level and the state of CE development within a given
region. In the area of waste management, Fletcher et al. (2018) emphasised the role of policies
in the transition to a CE: governments facilitate the introduction of CE principles through
incentives to facilitate resource recovery and to guarantee investment. Regulations and public
support increase the adoption of sustainable manufacturing practices, such as the CE
(Moktadir et al., 2018), and the introduction of broader circular principles related to the
exchange of goods and services has been encouraged through policies promoting social
responsibility in companies (Liu and Yang, 2018) and supporting CE-oriented strategies
(Ormazabal et al., 2018). However, research about the uptake of the CE in businesses at the
regional level remains limited. In an attempt to fill this gap in the research, the following

research question was formulated:

e RQ2) Is the adoption of the CE-related activities by companies influenced

by the territories in which they are located?

The line of inquiry drawn in this second research question focuses on the analysis of the
CE at the micro-level in a specific region. To answer the two research questions and to
enhance our knowledge about the measurement of the CE in businesses, a qualitative

methodology was designed to be applied to a study described in the following section.

3. Research design and regional study

The research method was designed to provide a qualitative analysis of a regional study
in Aragon in the northeast of Spain, in response to a commitment of the regional government.

Drawing on the available literature and the experience of the researchers, in the initial
phase of this study, a selection of CE-related activities that could currently be implemented
by companies in the region was made based on the proposal of Aranda-Usén et al. (2019).
The variables designed to measure the selected activities and the main literature to justify this

selection are summarised in Table 1.

CE-related activities Selection of contributions
01. Reduction of the environmental |(Dong-her et al., 2018; Elia et al., 2017; Linder et al., 2017
impact of the company Manninen et al., 2018)
= . |02. Energy efficiency (Kalmykova et al., 2018; Katz Gerro and Lopez Sintas, 2019; Stewart
> 8 and Niero, 2018)
— £ 103a. Waste recycling (Katz Gerro and Lopez Sintas, 2019; Santolaria et al., 2011)
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04. Renewable energy (Elia et al., 2017; European Commission, 2016; Katz Gerro and
Lépez Sintas, 2019; Manninen et al., 2018; Stewart and Niero, 2018)
05. Design for resource efficiency  |(Kalmykova et al., 2018; Katz Gerro and Lopez Sintas, 2019; Liu and
(“dematerialisation”) Bai, 2014; Manninen et al., 2018; Miroshnychenko et al., 2017;
o Moreno et al., 2016; Ormazabal et al., 2018; Stewart and Niero,
u 2018)
- |06. Design for resource recovery (Liu and Bai, 2014; Manninen et al., 2018; Miroshnychenko et al.,
= 2017; Moreno et al., 2016; Stewart and Niero, 2018)
& |07. “Secondary raw materials” (Manninen et al., 2018; Santolaria et al., 2011; Stewart and Niero,
—|(recycled) 2018)
(Bakker et al., 2014; Bocken et al., 2016; Elia et al., 2017; Franco,
= 08. Product-life extension 2017; Linder et al., 2017; Manninen et al., 2018; Moreno et al., 2016;
- Stewart and Niero, 2018)
<>E 09. Design for upgradability|(Bocken et al., 2016; De los Rios and Charnley, 2017; Kalmykova et
— |and multifunctionality al., 2018; Moreno et al., 2016; Santolaria et al., 2011)
% (de Jesus et al., 2018; Dong-her et al., 2018; Ormazabal et al., 2018;
& |10. Eco-innovation Portillo-Tarragona et al., 2018; Prieto-Sandoval et al., 2018;
- Walendowski et al., 2014)
03b. Internal recycling (Dong-her et al., 2018; Liu and Bai, 2014; Ormazabal et al., 2018;
' Stewart and Niero, 2018)
> |11, Energy waste recovery (Bocken et al., 2016; Huysman et al., 2017; Manninen et al., 2018;
= s ' Ormazabal et al., 2018; Singh and Ordéfiez, 2016)
3 = 112. Industrial symbiosis and sharing |(Daddi et al., 2017; Kalmykova et al., 2018; Stewart and Niero, 2018;
= =" |(or similar) Yang and Feng, 2008)

Table 1. Main CE-related activities classified into four levels, the selected variables to measure the
activities and a selection of authors who have studied them within the framework of the CE.

In order to enhance the results obtained by Scarpellini et al. (2019) and Aranda-Uson et
al. (2018), an innovative contribution of this study is the classification of the diverse CE-
related activities that businesses are adopting in the region into four levels considering the
material loops closure that could be achieved in terms of the CE. To this end, the activities
included in group I, defined as level | ‘REC’, are mostly related to recycling and energy
efficiency and are considered as the first stage of CE adoption because they are frequently
introduced by industries, while the so-called level IV SIM group of activities includes
industrial symbiosis solutions or collaborative circular practices that are not frequently
implemented and are the most advanced stages of CE adoption (European Commission,
2018a, 2018b). The second group, defined as level Il ‘DES’, includes activities of
dematerialisation, renewables and secondary raw materials. Finally, other eco-innovations
and eco-design for circular thinking are classified into level 1l “VALW’.

This grouping of activities was tested through semi-structured interviews conducted to
obtain the opinions of experts about the processes that firms implement when they introduce
the CE in the region. In addition, a questionnaire was sent to a sample of firms located in the
region as a complementary analysis to collect the opinions of managers about the introduction
of CE-related activities. The validity of the integration of semi-structured interviews and
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questionnaires applied to a qualitative analysis has been demonstrated for regional studies
(Marco-Fondevila et al., 2018; Marco et al., 2019). This integrated method responds to the
possible limitations of interviews with stakeholders pointed out by Kirchherr et al. (2017).

In summary, multiple sources of data were obtained (Table 2).

Data Source Questions Description
Interviewees ¢ Relevance of the CE for businesses in the region Semi-structured/
o Level of introduction of the CE in regional businesses open questions
« Ranking of the 4 levels of CE-related activities Likert scale!
« Opinions of experts about the CE-related activities that could be | ranking (4
adopted by businesses levels?)

e Opinions of experts about the evolution of the level of interest in the
CE of regional businesses

Questionnaires | e Measurement of the 4 levels of the CE-related activities introduced | Likert scale and
by businesses via the following variables: other scales
01- % of company’s total revenues invested in innovative equipment
to reduce the company’s environmental impact

02- % of equipment or facilities replaced and/or improved for energy
efficiency

03- % of recycling waste (total)

04- % of processes/equipment replaced and/or improved to exploit
renewables

05- % of the products’ design or services modified to reduce the
resource intensity

06- % of the products’ design or services modified to increase their
recyclability (waste prevention)

07- % of resources replaced by other fully recycled materials

08- % of the products’ design or services modified to extend their
durability and reparability

09- % of the products’ design or services modified to increase their
functions and upgradability

10- % of the company’s total revenue invested in eco-innovation
(other activities)

11- % of recycling waste within the company itself

12- % of total revenue invested in energy valorisation of waste

13- % of recycling waste in shared facilities with other companies and
industrial symbiosis.

Table 2. Entries in data display and main variables.
The text of the interviews was based on the existing literature in this field and sent to a

group of 21 experts considered key informants because of their knowledge about the CE at
the regional level. The final list of interviewees was elaborated according to the guidelines
of the regional government and it proportionally represented the main groups of stakeholders,

including society (social agents), administration and the business sector, all of which

1 To facilitate the analysis of the information using a Microsoft Excel spreadsheet, the interviewees were asked to classify
some of their answers using a Likert scale, ranging from 0 to 10, with O expressing total disagreement or a perception of the
statement’s irrelevance and 10 expressing total agreement or a perception of the statement as highly relevant.
2 To rank the CE-related activities, the opinions of the experts were classified into three categories: ‘irrelevant or only
slightly relevant’ (from 0 to 3 points); ‘moderately relevant’ (from 4 to 7 points); and relevant’ (8 or more points).
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contribute to the responsible behaviour of companies (Camilleri, 2017), in line with the
three main stakeholder categories pointed out by Banaité and TamoSitiniené (2016) for a CE
(Table 9). The interviews, each lasting approximately 30 minutes, were recorded, transcribed

and analysed for trends and patterns of response (Dolowitz and Medearis, 2009).

The selection of the sample of businesses was based on firms that operate in sectors with
potential for engaging with the CE, such as those related to technologies included in the ‘Best
Available Techniques’ -- the so-called ‘BREFs’: industrial; transport and logistics; waste;
extractive industries; the manufacturing industry; electricity, gas, steam and air conditioning
supply; water supply; sewerage; waste management; transport; and storage. In these sectors,
the introduction of the CE is currently considered technologically more feasible, in line with
other studies focusing on pro-environmental change (Rivera-Torres et al., 2015) or eco-
innovation (Garcés-Ayerbe et al., 2016). In addition, the strategic sectors in the region of
environmental services and logistics and transport were also considered according to the
RIS3 regional specialisation (Gobierno de Aragén, 2015).

This complementary analysis was conducted within the framework of a collaborative R&D
project undertaken in the northeast of Spain. The surveys were sent to the managers of
companies directly involved in eco-innovation, eco-design and environmental investments
related to the CE or to the environmental managers of the companies. In the end, 52 valid
observations were obtained from firms located in the region of Aragdn, identified by their
value added tax (VAT) identification numbers. Table 3 summarises the characteristics of the
sample.

Sector No. Size No. Age No. Legal form No.
Food industry 5 Large 14 < 20 years 3 Cooperative society 3
Industry sectors 5 Medium 23 >20 and < 39 years 19 Stock corporation 23
Manufacturing 20 Micro 9 >40 and < 59 years 17 Limited company 26
Waste sector 4 Small 6 > 60 years 13
Service sector 15
Transport and logistics 3

Table 3. Main characteristics of the firms integrated in the sample (number of firms)

4. Main findings and discussion

4.1 The circular economy in businesses at the regional level

The experts were asked to define the relevance of each group of CE-related activities
when regional firms introduce the CE (Table 4).
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Level | -REC  Level Il -DES  Level Il - VALW  Level IV - SIM
Slightly relevant 20% 14% 29% 25%
Moderately relevant 55% 24% 24% 50%
Relevant 25% 62% 48% 25%

Table 4. Opinions about the relevance of the four groups of CE-related activities for the regional
businesses provided by the experts (% of respondents).

In summary, the activities included in levels 11 and 111 were considered the most relevant
and interesting for regional businesses by the majority of the respondents. Level | was
classified as moderately relevant because the experts considered that the activities included
in this group are the ‘first stage of a CE in businesses’. The evaluation offered by the
interviewees on this point confirms the predominance of levels Il and Il but reveals clear

differences of opinion by category of interviewee (Table 5).

Level | ‘REC’ Level Il ‘DES”  Level Il “VALW’  Level IV ‘SIM’ |
Public Administration 7.4 7.1 7.6 5.6
Private Sector 5.3 7.6 6.9 5.9
Society 4.8 5.9 4.9 5.0
Mean (Likert scale to 10 points) 5.85 6.86 6.43 5.48 |

Table 5. Opinions about the relevance of the four groups of CE-related activities for the regional
businesses according to the three categories of interviewees.

If the four groups of CE-related activities are ranked from those currently considered
most relevant (4 points assigned by the respondents) to those considered least relevant (1
point assigned), intermediate levels are classified with 2 or 3 points (Figure 1). Most of the
activities included in the intermediate groups are considered relevant for the introduction of

the CE in regional businesses, with slightly greater relevance for the third group.
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Figure 1. Ranking of the relevance of the four groups of CE-related activities provided by the experts.

When the experts proceeded to order the four groups of activities, they confirmed that
companies located in the region have not addressed the activities associated with the more
advanced levels of circularity included in the last group (level IV ‘SIM’). A representative
of public administration answered at this point that ‘the CE is not widely implemented at
present in the region and is known only by 15% of private companies’. This opinion is
endorsed by some business experts, who declare that ‘the general concept of the CE is known
by businesses, but only a few of them are implementing it” and that ‘it is mostly unknown
among SMESs’. In addition, some of the experts said that ‘only some large companies are
using recycled raw materials and recycling and/or recovering waste within the company
itself’. In Table 6, it can be observed that the opinions of the representatives of society differ

from the opinions of the representatives of administration and the private sector.

Level | ‘REC’ Level Il ‘DES”  Level Il *VALW’ Level IV ‘SIM’
Public Administration 2.6 3.1 2.3 2.0
Private Sector 2.7 34 1.9 2.0
Society 3.4 2.0 2.7 2,2
Mean (ranked from 0 to 4 points) 2.90 2.86 2.27 2.06

Table 6. Ranking of the four CE-related groups of activities according to the three categories of
interviewees.
In summary, based on the opinion of experts, CE-related activities could be introduced

by firms following a partially incremental path because the experts consider that the activities
of the second group (level 1) are currently the most relevant for the regional businesses,
followed closely by those in group I11. Based on analysis of the interviews, this result can be
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explained through the general opinion that the activities related to waste recycling, energy
efficiency or similar (level I) had already been implemented by companies and so were not a
priority in the region in terms of their relevance to the CE. The lower relevance assigned to
the fourth group (level 1V) was expected because the activities included in this group are not
currently considered feasible in the region. In addition, some experts pointed out that the
activities that it contains are expected to be implemented in the medium and long terms.

4.2 Measurement of the adoption of the CE by businesses
The level of adoption of CE-related activities in the sample of firms is shown in Table
7, indicating that most of the companies perform between three and eight activities

simultaneously.

No. of CE-related No. of %

activities Firms
0 7 13.46%
1 3 5.77%
2 4 7.69%
3 5 9.62%
4 5 9.62%
5 3 5.77%
6 7 13.46%
7 5 9.62%
8 6 11.54%
9 3 577%
10 4 7.69%
11 0 0.00%
12 0 0.00%

TOTAL 52 100.00%

Table 7. Number of CE-related activities performed simultaneously by the firms of the sample.

It is observed that none of the companies in the sample performs more than 10 activities
simultaneously, and almost 50% of the firms perform half or more of the CE-related
activities. It is also interesting to analyse whether common behaviours can be detected among
firms when they introduce these activities. To this end, the percentages of the companies that
perform each CE-related activity are shown in Figure 2 (level I: orange; level II: yellow, level

I11: green; level 1V: blue).
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Figure 2. Percentage of firms that perform the CE-related activities classified into four levels.

The most frequently implemented activities are waste recycling and treatment, energy
efficiency, reduction of the environmental impact of the company and eco-innovation
(55.77%). Although the general activity of waste recycling and treatment is conducted by a
large majority of firms, only a very small percentage of them perform this activity internally
(which is a more complex activity, assigned to level 1V).

The results obtained through the interviews regarding the relevance of the different
groups of activities at the regional level are confirmed in this stage of the study, since the
CE-related activities included in the second and third groups (levels Il and IlI) show
intermediate levels of adoption by businesses, being performed by 38% and 48% of the
companies, respectively. The activities included in the first group (level 1) are performed by
61.5% of the companies in the sample, and only 14.42% of them carry out the activities in
the last group (level 1V). The particular situation is emphasised of activity number 4 -- which
measures the exploitation of renewables by firms, receiving less consideration than other
activities of the second group because of a stringent national regulation of self-consumption
facilities that limits the net balance and is considered to be a barrier to the exploitation of

renewables, such as photovoltaics, in Spanish firms (Gimeno et al., 2018).
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In Table 8, the level of adoption of different CE-related activities is analysed in relation

to the average turnovers of the companies that implement each activity.

CE-related activities Average annual incomes No. firms %
(€ thousands)
1. Environmental Impact 155,785.71 32 61.5%
Group | | 2. Energy Efficiency 165,195.80 40 76.9%
REC 3. Industrial waste recycling 161,530.62 43 82.7%
4. Renewable Energy 439,150.34 9 17.3%
Group Il | 5. Dematerialisation 240,921.50 24 46.2%
DES 6. Recyclability 250,999.10 23 44.2%
7. Secondary Raw Materials 271,989.50 22 42.3%
8. Eco-design-Durability 82,595.80 24 46.2%
Group Il |9. Eco-design-Multifunction 16,979.20 22 42.3%
VALW 10. Eco-innovation 211,264.50 29 55.8%
3a. Internal Recycling 700,000.00 3 5.8%
Group IV | 11. Energy Waste Valorisation 355,183.52 12 23.1%
SIM 12. Symbiosis 95,623.40 3 5.8%
Total 135,933.08 52

Table 8. Percentage of firms that perform the CE-related activities classified into four levels and their
average turnovers.

In summary, the data indicate that the average turnover of companies is not a significant

variable when introducing the CE-related activities of the first group (level I) within the firm.

However, for the intermediate-groups of activities (levels Il and 111), there is a significant

relationship between the turnover and the number of companies that implement each activity.

Therefore, a higher level of income does not indicate a greater number of activities adopted

by the firms. It should be noted that, to invest in some of the activities, such as renewables,

internal waste recycling, and energy waste valorisation, a higher level of income is needed.

The level of adoption of the CE-related activities by firms is graphically summarised in

Figure 3.
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Figure 3. Graphical analysis of the adoption by firms of CE-related activities classified into four levels.

The nine activities most frequently introduced at the regional level (between 42% and
82% of the sample) are implemented simultaneously by 15% of them. If we consider firms
that undertake at least six of these nine activities, the percentage is 46.2%, while if five

activities are considered, the percentage of firms rises to 55.8%.

4.3 Discussion and implications for a cleaner production from a CE perspective

Based on the main results achieved through the qualitative analysis of a regional study,
we can argue that introduction of the CE in businesses remains in an early stage, and its
measurement for the whole firm requires further investigation.

Environmental improvement towards circular business models is associated with change
since it requires transformations in different areas of firms. Sustainability, moreover, requires
coordinated change because the introduction of changes in a single business area is not
enough (Del Rio Gonzélez, 2009). Indeed, partial measurement is not sufficient to understand
the CE adoption by businesses; a greater transformation is required, affecting the entire
organisation. Thus, given the increasing institutional pressure for the implementation of the
CE (Zeng et al., 2017) and the pressure of stakeholder for reporting (Stewart and Niero,
2018), firms can analyse their level of adoption of the CE through the measurement of

different activities related to the EC already being implemented. This approach to the

16


https://doi.org/10.1016/j.jclepro.2019.119648

Aranda-Usén, A., Portillo-Tarragona, P. Scarpellini, S., Llena-Macarulla, F. (2019 on-line) The progressive adoption of a
circular economy by businesses for cleaner production: An approach from a regional study in Spain. Journal of Cleaner
Production. Vol. 247(2020) 119648 - https://doi.org/10.1016/j.jclepro.2019.119648

measurement of the corporate CE, in line with Aranda-Usén et al. (2019), has been applied
to a territory to analyse the main initiatives that could be planned by the regional government
to encourage the CE among businesses (Scarpellini et al., 2019).

The results of this study indicate that CE-related activities are being adopted by
companies progressively, from a small number to a greater number of simultaneous activities.
This progressive adoption of the CE by businesses is not clearly related to the closing level
of the material loops in terms of the CE. The activities that are usually introduced first by
businesses are those with the lowest index of circularity. In facts, waste recycling and
treatment are generally addressed first in the analysed region. Recycling has benefited from
a large number of technological eco-innovations achieving greater efficiency, and this fact,
along with sectoral regulation, has motivated companies to implement these activities
(Scarpellini et al., 2016). Nevertheless, internal waste recycling in-house is not being
implemented by companies mainly due to the regional regulations that limit such activities
and promote the external management of waste through accredited and specialised firms
(Portillo-Tarragona et al., 2017). Based on these results, it must be considered that the
progressive approach to environmental strategy provides a continuum of possible behaviours
-- based on a similar structure -- from passive or reactive to environmentally advanced or
proactive strategies (Garcés-Ayerbe et al., 2016).

From another perspective, the opinions of experts and the data obtained from the
companies surveyed are better aligned regarding the intermediate groups of activities, but the
experts’ opinions differ in certain respects from the results of the questionnaires collected
from businesses about the CE-related activities that they consider relevant in the region. Most
of the experts advocate the introduction of the circular model specifically to increase the level
of the material loops closing, while the companies are introducing CE-related activities based
on the volume of and return on the investment and are influenced by regulations and the
market.

In summary, we observe that companies have widely implemented the activities in group
I, which are considered first steps towards a more circular model. However, the regional
experts interviewed do not identify the activities in group | as relevant, precisely because, in
their opinions, businesses have already introduced them; these activities therefore bear less
relation to a CE in terms of the closing of material loops. In many cases, companies have
implemented the activities in group | to comply with regulations, due to the maturing of
technologies or because the investments were profitable. Thus, as a result of this study to be

17


https://doi.org/10.1016/j.jclepro.2019.119648

Aranda-Usén, A., Portillo-Tarragona, P. Scarpellini, S., Llena-Macarulla, F. (2019 on-line) The progressive adoption of a
circular economy by businesses for cleaner production: An approach from a regional study in Spain. Journal of Cleaner
Production. Vol. 247(2020) 119648 - https://doi.org/10.1016/j.jclepro.2019.119648

discussed more deeply in future research, it can be argued that only firms with change
processes of integrating a wide range of CE-related activities, industrial symbiosis or/and
collaborative solutions can achieve the most advanced levels of a CE.

It is undoubtedly that factors such as the sectors in which companies operate, the
production processes that they must implement and the volume of investment required
influence the process of adoption of the CE by firms (Aranda-Uson et al., 2019; Scarpellini
et al., 2018). However, spatial factors and legal frameworks across local, regional and
national levels add an additional layer of complexity to introducing the CE into businesses.
From a regional perspective, it is important, therefore, to encourage the engagement of
companies with the CE and to alleviate the difficulty in making these investments (Katz
Gerro and Lopez Sintas, 2019). In addition, the measurement of specific impacts of the
business CE on the territory allows for focusing on the general drivers of the CE identified
by Ranta et al. (2018) from each institutional environment, regulatory measures, normative
indicators and institutional support at the territorial level to influence CE development
(Aranda-Uson et al., 2018).

In summary, there is no doubt that the implementation of standardised metrics for
measuring the environmental impact of CE-related activities and their impacts on linear
models is required, in line with what was recommended by Lacy and Hayward (2011).
However, the results obtained in this study suggest that existing sources of information can
be used as a first approach to measuring the level of circularity adopted by a firm as a whole,
at least until more specific metrics can be applied. Taking into account that the introduction
of the CE at the micro-level is in the initial stage, the CE metrics have to be defined from
different perspectives depending on the scope of the analysis, such as regional or sectoral.
The metrics proposed in this study can offer selected insight into a company's sustainability
work since they outline key topics of the year, filtered by the company's communication team
and according to stakeholders' concerns. (Ortas et al., 2019; Stewart and Niero, 2018) and
corporate social responsibility (Zubeltzu-Jaka et al., 2018).While metrics and international
standards are being developed for the CE, companies can measure their progressive
approaches to the circular model through existing internal indicators and their environmental
accounting and reporting practices, facilitating the internal measurement of circularity, which

companies can perform to improve their cleaner production practices.

5. Conclusions
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In this paper, a qualitative analysis based on a regional study was performed to measure
the level of adoption of different CE-related activities by businesses and their engagement in
the CE from a regional perspective. To this end, the main CE-related activities that can
currently be implemented by companies have been categorised in this study through
interviews with representatives of main stakeholders to define the relevance of the CE for
businesses in the region.

As a general remark, we affirm that the level of adoption of the CE by businesses can be
measured using a set of indicators able to define the volume of the CE-related activities
performed by businesses that are considered relevant in a given territory. A certain
incremental tendency can be appreciated through analysis of the specific activities that have
been introduced at the micro-level in terms of the CE. However, we cannot affirm that the
CE is being adopted by businesses with the principal aim of closing the material loops.

This approach to the CE from the micro-level allows us to elucidate the progressive
process of adoption of the CE undertaken by businesses, influenced by different factors
intrinsic to the regional contexts in which firms are located. At the first level of the CE - for
those activities mainly related to recycling or energy and resource efficiency, renewables and
eco-design - the CE introduction in firms is influenced by the specific regulations in the
region and institutional planning (Scarpellini and Romeo, 1999). In this specific study, it has
been emphasised that regulations regarding renewables and waste treatment have limited the
introduction of some of the key activities for the deployment of the CE frequently addressed
in other European regions. In addition, the most advanced levels of circularity are not
considered by the firms located in the region. Subsequently, the implementation of new
activities by firms would be conditioned on the volume of investment, the degree of
uncertainty (legal and/or financial), and the public initiatives undertaken by administrations
to promote new collaborative actions between companies in the territory to promote a greater
degree of circularity. We conclude that, to improve institutional support for the CE and allow
it to fulfil its potential as a sustainable growth model, diversified institutional support for
reducing the products manufactured and materials used, as well as increasing reuse, is
needed.

The main contribution of this paper to the academic literature is the measurement of the
CE adoption by businesses in the area of the environmental management accounting,
providing information about the progressive process of change and pointing out how firms
could evolve to more advanced stages of a CE. This study enhances our knowledge about the
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scarce introduction of the CE among businesses and offers empirical evidence for the great
difficulty in measuring internal processes that depend on different factors and often differ
between companies. The proposed measurement represents a first approach to the
stakeholders’ theoretical framework applied to the CE, i.e.,, that of a subject still
underexplored in the literature.

For policy makers, the availability of specific information about the level of adoption of
the CE by businesses in a territory facilitates the development of environmental regional
plans to promote the CE through specific actions depending on the level of adoption of the
CE by businesses located in the region. This perspective can reduce the time required to
introduce the CE through environmental planning to foster the most advanced stage of
cleaner production based on the CE principles in the regional context.

This study has also important implications for management because the different CE-
related activities can be used as a tool for the environmental management accounting to
achieve competitive advantages and to change those processes to integrate progressively the
CE-related practices. The measurement in a common framework of the proposed indicators-
that are being measured at present by most of the firms- facilitates the decision-making to
adopt a more circular business model or to introduce new CE-related activities to achieve a
more advanced stage of circularity. In addition, this integrated measurement provides more
detailed information for the social corporate responsibility and the sustainability reporting in
terms of CE and facilitates to practitioners the estimation of the firms’ impacts in response
to the institutional initiatives that promote the CE in the territory. Thus, the measurement of
this process at a territorial level is a complementary knowledge for both, the managers
responsible for the environmental accounting processes for designing and developing
environmental strategy, and for policy-makers to evaluate their environmental planning
actions.

This study is not exempt from limitations, mainly due to the difficulty of obtaining
internal data from the firms and the geographic limitations of this regional study. The
evolution of the CE in a broader and ongoing organisational framework requires further
investigation and must be thoroughly discussed. The individual business interplaying with
the regional government and its institutional inference have not been specifically addressed
in this study. A future line of inquiry should investigate how the different levels of adoption

of the CE by businesses can be scaled up to the regional level.
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Given its potential to provide information about corporate finance, environmental
strategy, environmental management accounting, organisational issues, or the relations with
stakeholders, now the CE literature at the micro level could be considered from both
theoretical and applied environmental management angles and set different approaches for
future research in the interrelation theoretical areas that the CE encompasses for cleaner
production and sustainability.
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8. Annex

Interviewees’
categories

Public
Administration

Society

Private
Company/
Organisation

Entities

Regional Government - Directorate-General for Industry
Regional Government - Directorate-General for Structuring and Mgmt. of the Territory
Regional Government - Directorate-General for the Economy
Regional Government - Directorate-General for Sustainability and Rural Development
Regional Technology Institute

Public Institute for Electronic Administration

Public Institute for Water Management

Regional Media

ONGs Specialising in Environmental Sustainability
Consumers' Organisation

Sustainable Buildings Expert

R&D - University Institute

Labour Union

Sociology Expert

Large Private Industry - Manufacturing Sector

Association of Firms in the Building Sector

Medium Private Company - Chemical Sector

Private company - Electronic Devices Sector

Small Private Company - Industrial Sector

Private Renewables Company

Large Private Organisation - Waste Sector

Table 9. List of the 21 entities that collaborated through semi-structured interviews,
classified into three categories.
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