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1 | INTRODUCTION
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Abstract

The concept of the circular economy (CE) is currently gaining impetus as a way to
move towards sustainable, low-carbon, resource-efficient, and competitive econo-
mies. However, despite the potential benefits of CE activities, their implementation
remains relatively rare. We use a cross-sectional survey of European small and
medium-sized firms (SMEs) to identify the main barriers firms face to promote the
CE, focusing specifically on the following: those related to a lack of resources (human
and financial) and capabilities (expertise) and those related to the regulatory frame-
work (administrative procedures and the costs of meeting the regulations). Our
results indicate that it is the complexity of administrative/legal procedures and the
costs of meeting regulations/legal standards that constitute the most significant bar-
riers, whereas the lack of human resources is also perceived to be an obstacle by
firms engaged in CE activities. Those obstacles may be considered revealed barriers,
and it is only when the firms become involved in these activities that they actually
perceive them. Furthermore, when we consider the breadth of CE activities, adminis-
trative procedures and regulations once again emerge as the most significant obsta-
cles. Finally, we stress the need to distinguish between different CE activities given
that the perception of barriers differs substantially across these activities. Firms
undertaking a disruptive innovation redesigning products and services to minimize
the use of materials are more likely to perceive all barriers as important. However,
firms implementing such activities as minimizing waste, replanning energy usage, and
using renewable energy only perceive those obstacles related to administrative pro-
cedures and regulations.
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which they can be replaced. At the same time, greenhouse gas emis-

sions, the chief culprit for climate change, continue to increase.

The world is being exposed to profound changes, not least as regards
its attempts to move towards sustainability. The world's population is
growing constantly, and by 2040, it is projected to reach 9.2 billion,
up from today's 7.4 billion (International Energy Agency, 2018).2 In
parallel, this growth will inevitably lead to massive increases in the

demand for natural resources, reaching levels greater than the rate at

Against this backdrop, there is a pressing need to change the way that
citizens, firms ,and governments interact with the environment. Given
the limitations of the conventional linear economy based on its “take,
make, use, and waste” sequence, the concept of a circular economy
(CE) is gaining impetus as a means of moving towards sustainable,

low-carbon, resource-efficient, and competitive economies. However,
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this transition from a linear to a circular model of production and con-
sumption will only be possible if adequate policies are in place within
an enabling framework that stimulates innovation and technological
development (De Jesus, Antunes, Santos, & Mendonca, 2018). First, in
December 2015 and then, later, in January 2018, the European Com-
mission launched a set of legislative proposals to guide European firms
and consumers towards the implementation of the CE (European
Commission, 2015, 2018a).

It is predicted that among the benefits of promoting the CE, we
should witness an increase in the European Union's competitiveness,
the proliferation of new business opportunities, and the creation of
local jobs that can boost social integration and cohesion. At the
same time, it should deliver major energy savings and considerable
environmental benefits (Ellen MacArthur Foundation, 2015). In this
sense, the CE is closely linked to some of the European Union's
most pressing needs as regards jobs and growth, investment, inno-
vation, climate, and energy. Indeed, such is its potential that it has
been recognized as a key strategic priority in meeting the Paris
Agreement temperature objectives for the transition to a net-zero
greenhouse gas emissions economy by midcentury (European
Commission, 2018b).

Although there seems to be an appreciable awareness of the ben-
efits of the CE and substantial public support for such an economy,
implementation remains in its early stages with progress being slow
and neither widespread nor uniform (Kirchherr et al., 2018). The adop-
tion of CE practices means having to overcome a variety of barriers
and challenges in line, that is, with each firm's strategy, resources, and
capabilities. This is especially true of small and medium-sized firms
(SMEs), given that they typically face greater constraints with regard
to the availability of resources than those faced by larger firms
(Ghisetti, Mancinelli, Mazzanti, & Zoli, 2016; Ormazabal, Prieto-
Sandoval, Puga-Leal, & Jaca, 2018). This means that being able to
identifying the factors hindering entrepreneurs' decisions to imple-
ment CE practices should help policy-makers promote the instruments
needed to overcome these barriers. However, to date, data con-
straints have substantially limited empirical analyses of the barriers to
the CE to theoretical and conceptual frameworks and case studies
(Govindan & Hasanagic, 2018) and, as De Jesus and Mendonca (2018)
have recently highlighted, more empirical evidence in relation to these
barriers is still required.

To fill this gap, in the present study, we seek to provide an empiri-
cal answer to the following research question: What barriers do firms
perceive to their engaging in or developing CE activities? To do so, we
use the European Commission's Eurobarometer Survey 441, which
provides the opportunity to study a set of barriers related to the regu-
latory framework (that is, administrative procedures and the costs of
meeting regulations), and to the lack of resources (human and finan-
cial) and capabilities (expertise). According to this survey, CE activities
are understood as any activity related to the way water is used to
minimize usage, the use of renewable energy, the replanning of
energy usage to minimize consumption, the minimization of waste,
and the redesigning of products and services to minimize the use of

materials.>

By applying a multivariate probit model instead of univariate
probit models to 10,098 European SMEs, we account for a certain
correlation between errors due to the relationship of firms' perceiving
more than one barrier jointly. Our results show that barriers related to
the existing regulatory framework are the most important; moreover,
the lack of human resources is also perceived as an obstacle by firms
engaged in the CE. When considering the breadth of CE activities, we
conclude that being engaged in more than one CE activity has effects
on a firm's perception of financial obstacles. Additionally, the results
of our estimations show that a lack of expertise in implementing CE
activities deters firms from engaging in them. Yet, it appears there is a
learning effect and when a firm becomes engaged in more than one
CE activity this obstacle loses importance. Finally, our empirical results
identify a need to differentiate between different CE activities
because the perception of barriers differs substantially across them.

This study makes several contributions. First, the literature to
date has been particularly reliant on the Chinese context* rather than
on other geographical contexts. Although the European Commission
has recently adopted new, encouraging CE policies, we consider the
case of the European Union for this analysis. Specifically, we focus on
the barriers that hinder SMEs, which represent 99% of European firms
and account for more than two thirds of employment. Second, the
most common research methods are case studies or econometric ana-
lyses, based primarily on small samples. Here, we work with a large
dataset of more than 10,000 firms. And finally, we consider not only
the engagement but also the intensity with which firms engage in CE
activities (number of activities) and the type of CE activities. All in all,
this provides interesting results that make a sizeable contribution to
the empirical literature.

The remainder of the paper is structured as follows. Section 2
consists of a literature review. Section 3 presents the database and
the econometric methodology. Section 4 shows our main findings.
The last section presents our conclusions and some policy
recommendations.

2 | BACKGROUND LITERATURE AND
RESEARCH QUESTIONS

Interest in the CE in academic research first emerged around 2006,
but the number of publications has risen significantly since 2015. The
fact that the research in this field is still in its infancy means that the
CE is still a somewhat underspecified notion, laborious to define, and
encompassing a range of diverse areas. Indeed, defining the concept
of the CE, sometimes referred to as a “closed loop economy,” is not a
simple task and several definitions coexist in the literature (see, for
example, De Jesus & Mendonga, 2018; Ghisellini, Cialani, &
Ulgiati, 2016; Zamfir, Mocanu, & Grigorescu, 2017; Govindan &
Hasanagic, 2018; Blomsma & Brennan, 2017; EIO, 2016;
Geissdoerfer, Savaget, Bocken, & Jan, 2017; Kirchherr et al., 2018;
Geissdoerfer et al., 2017; Korhonen, Honkasalo, & Seppal3, 2018).
According to the European Union, broadly speaking, the CE can
be understood as a way to create new business opportunities and
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innovative more efficient ways of producing and consuming among

several key agents, including governments, business, non-
governmental organizations, consumers, citizens, academic, and
research centres (European Commission, 2015). More specifically, the
CE represents a new system of production based on the “reduction,
Ghisetti and

Montresor (2019) claimed, CE practices represent a particular case of

reuse, and recycling” of raw materials. As
environmental innovation (El), with similar enablers and barriers. Here,
we specifically consider the following practices: the replanning of the
way water is used to minimize usage and maximize reusage, the use
of renewable energy, the replanning of energy usage to minimize con-
sumption, the minimization of waste by recycling and reusing waste
or selling it to another company, and the redesigning of products and
services to minimize the use of materials or using recycled materials.

As many authors have pointed out, the CE can be considered a
new business model in which the traditional model of production,
consumption, and disposal is transformed into a production loop char-
acterized by recycling and waste integration processes and in which
renewable and energy efficiency are key, as is the production of
redesigned products and services aimed at minimizing the use of
materials (Feng & Nailing, 2007; Ghisetti et al., 2016; Naustdalslid,
2004). Acceptance of this new model requires changing the mentality
of companies with regards to their involvement in CE activities and
their taking steps towards creating a sustainable world. CE practices
entail not only the use of resources and capabilities to develop new
procedures of recycling and waste management but also the adoption
of green innovations, including the replanning of energy and water
use. At a higher level, companies can eventually engage in the task of
redesigning their products or services so as to be more proactive in
the implementation of the CE. Ultimately, redesigning contributes to
closing the production loop by facilitating recycling and the reintegra-
tion of products into the economic system. It has been estimated that
redesign, waste prevention, and reuse can produce net savings for EU
enterprises of up to EUR 600 billion and a 48% reduction in gas emis-
sions. An increase in resource productivity of 30% by 2030 would
translate into an increase of 1% in GDP and the creation of 2 million
new jobs (European Commission, 2015).

However, Demirel and Danisman (2019) present empirical evi-
dence that only redesign innovation exerts a positive impact on the
growth of SMEs, while other types of El activity do not drive firm
growth. Zamfir et al. (2017), using a sample of European SMEs, show
that the most important factors influencing the decision of companies
to adopt CE practices are the country in which they operate, the sec-
tor activity, and the level of investment in research and development
(R&D). In most European countries, SMEs represent the majority of
business companies (99.8% according to Eurostat's Structural Busi-
ness Statistics Database). This means that the determination to sus-
tain, and to implement operations promoting the transition to more
sustainable activities, plays a crucial role in their economies. To
achieve these objectives, however, SMEs need to build capacities and
abilities within their own boundaries using R&D investment.

The adoption of CE practices is not straightforward because it

entails tangible and intangible resources to readapt production

process activities and to transform traditional production methods.
Therefore, the adoption of various types of CE activity can also be
considered to be subject to perceptions of different barriers as well
as the fact that their introduction requires greater resources and
implies additional costs to firms, which could colour their perception
of the barriers to implementing the CE. Although the benefits of
introducing CE activities, such as cost savings, reduction of CO,
emissions, economic growth, and job creation, are being increasingly
recognized (Ellen MacArthur Foundation, 2012), there are still many
barriers to the transition to a CE. A firm that was established in the
linear economy requires time to modify the way it produces and
does business and advances towards the CE. As De Jesus et al. (2018)
pointed out, one of the main drivers to achieving this transformation
is innovation.

The perception of barriers and the impact of these perceptions
on investment decisions and the behaviour of firms have been given
careful consideration in the innovation literature. Studies have typi-
cally adhered to the taxonomy of factors hampering innovation activi-
ties proposed in the Organisation for Economic Co-operation and
Development (OECD) Oslo Manual, which distinguishes between four
groups of barrier: cost factors; knowledge factors (lack of qualified
personnel or lack of information on technology); market factors; and
institutional factors (legislation, regulation, or weakness of property
rights). A significant number of studies have examined the obstacles
that might deter or hamper firms' innovation activities (Blanchard,
Huiban, Musolesi, & Sevestre, 2013; D'Este, lammarino, Savona, &
2012;
Teruel, 2018; Pellegrino and Savona, 2017). Other analyses specifi-

von Tunzelmann, Garcia-Quevedo, Segarra-Blasco, &
cally examine the factors that explain a firms' perceptions of barriers
to innovation (lammarino, Sanna-Randaccio, & Savona, 2009) and the
effects of these obstacles on innovation (Canepa & Stoneman, 2008;
Savignac, 2008). Although most of these studies focus on the effect
of financial barriers, recent research has shown that other barriers to
innovation are also important (see, for example, Blanchard
et al., 2013; Holzl & Janger, 2014; Mohnen, Palm, van der Loeff, &
Tiwari, 2008; Pellegrino and Savona, 2017).

Thus, while various studies have examined the effect of barriers
to technological innovation, they do not specifically address barriers
to EI° or the CE (Blanchard et al., 2013; Hyytinen & Toivanen, 2005;
Mohnen et al., 2008; Mohnen & Réller, 2005; Segarra-Blasco, Garcia-
Quevedo, & Teruel, 2008). Indeed, the literature on barriers to El is
scarce (Ghisetti et al., 2016; Marin, Marzucchi, & Zoboli, 2015), but
among these studies, we can identify a group of barriers that appear
to be common to them all: namely, risk and finance, knowledge and
skills, and market and regulation. Moreover, De Jesus et al. (2018) call
for the need to develop “systemic” El that includes technological abili-
ties, service innovations, and novel organizational set-ups. Finally, in a
recent study, Arranz, Arroyabe, Molina-Garcia, and Fernandez de
Arroyabe (2019) develop a model that separates incentives from
inhibiting factors in the eco-innovation process, and find that while
public funding facilitates El, costs and financing, market uncertainty,
and the lack of information on technology hinder the adoption of eco-

innovations.
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Based on the evidence presented in the literature, here, we spe-
cifically address two sets of barrier: (a) the lack of resources - human
and financial - and capabilities - expertise; and (b) the presence of
regulations and complex administrative requirements.

CE barriers, however, are largely subjective in nature, being based
primarily on personal appreciations and judgments. This subjectivity
requires understanding the phenomena from the perspective of an
entrepreneur's personal knowledge and of the resources and dynamic
capabilities built into every firm. Accordingly, each firm tends to
implement different CE activities and to perceive different barriers.
Here, given our interest in determining managerial perceptions of the
barriers faced, we use subjectivist entrepreneurial theory
(Penrose, 1959), in which the economic importance of an entrepre-
neur's personal knowledge is stressed (Polanyi, 1962), from what is an
intrinsically subjective perspective (Kor, Mahoney, & Michael, 2007).
By adopting Kor et al. (2007) and Penrose's (1959) theories, several
productive opportunity sets are produced—including innovation—to
capture the perceptions and personal knowledge of entrepreneurs in
order to identify the factors that deter SMEs from adopting Els. By
taking such an approach, we are able to understand the different sub-
jective perceptions of business opportunities and the way in which
tangible and intangible resources and capabilities can be used to

achieve a real transformation.

2.1 | Lack of resources and capabilities
According to its technological capabilities and knowledge and
resource base, each firm will seek to design its own specific sustain-
able strategies (Saez-Martinez, Lefebvre, Hernandez, & Clark, 2016).
In keeping with this argument, a resource-based view (RBV) of the
firm (Wernerfelt, 1984) highlights the importance of a firm's internal
resources. Likewise, Rumelt (1984) proposed that a firm's competitive
advantage consists basically in the use of a set of available resources.
Demirel and Danisman (2019) identified the existence of a significant
threshold investment for SMEs (more than 10% of revenues) if they
are to be effective in their implementation of CE activities. For
firms of this size, only equity financing contributes to positive
growth. Aranda-Usén, Portillo-Tarragona, Marin-Vinuesa, and
Scarpellini (2019) seek to link the use of financial resources (that is,
the employment of different sources of funding) with the adoption of
CE activities and show that the level of investment is closely related
to the CE scope. Indeed, the lack of funding is one common obstacle
that firms acknowledge as causing them not to engage in the CE.
Physical, human, and financial resources all foster technology
push; hence, the availability or the lack of resources and the capacity
to innovate condition a firm's propensity to innovate. In this regard,
knowledge resources, human skills, provision, and access to finance
are essential drivers of green innovation and the CE. The lack or scar-
city of adequate human resources or expertise for developing CE
activities is a clear obstacle to engaging in them. Indeed, a firm's ability
to recognize and exploit new resource efficiency opportunities is tra-

ditionally linked to its resources and capabilities and to the pool of

(Cainelli, Mazzanti, &
Montresor, 2012; Horbach, Rammer, & Rennings, 2012; Triguero,
Moreno-Mondéjar, & Davia, 2013). Horbach (2008) and Arranz

et al. (2019) confirm that having financial resources helps in the devel-

knowledge available within the firm

opment of those innovation activities that reduce the impact on the
environment. In the specific case of the adoption of CE activities,
Rizos et al. (2016) highlight two main barriers for SMEs in this transi-
tion: the lack of financial resources and the lack of technical skills,
with the former being especially difficult for SMEs to overcome
because their nonavailability of internal funds combines with the high
costs of having to go to the financial markets.

Although some progress has been made in the literature using the
RBV theory as a potential explanatory variable of engagement in the
CE (Del Rio, Carrillo-hermosilla, Kénndla, & Bleda, 2016), some
aspects of the debate are still open to clarification. A firm's resources
(internal conditions) and capabilities (strategies) are the main elements
facilitating CE activities, and their unavailability can result in the firm
limiting its commitment to the development and engagement in CE
practices.

2.2 | Regulations and costly administrative
requirements

As with other types of innovation, eco-innovations produce benefits
for society rather than solely for the adopter of these new technolo-
gies (Carrién-Flores & Innes, 2010; Costa-Campi, Garcia-Quevedo, &
Martinez-Ros, 2017). In this line, although the thesis first proposed by
Porter and van der Linde (1995), the role of regulation in fostering the
adoption of green technologies has been widely accepted (Carrion-
flores, Innes, & Sam, 2013; Nesta, Vona, & Nicolli, 2014) and, in com-
mon with most discussions of the Porter hypothesis, regulation
emerges as a key tool for overcoming the typical market failures asso-
ciated with innovation. In the case of eco-innovation, the “double
externality” effect applies. As Porter and van der Linde (1995) claim,
environmental regulations provide firms with greater opportunities,
which, in turn, are accompanied by expansion and an increase in
employment. Moreover, polluting firms can benefit from environmen-
tal policies, provided that well-designed, stringent environmental
regulations stimulate innovation. Thus, regulation enters into the
debate as a major barrier or driving force in the movement towards
the introduction of new CE models (Milios, 2018; Pheifer, 2017;
van Eijk, 2015).

According to De Jesus and Mendonca (2018), regulatory barriers
are the second most pressing barrier to the CE. Indeed, the failure to
adopt a strict, coherent legislative framework often impedes SMEs
from integrating green solutions into their operations. Moreover, cir-
cular business models are frequently influenced by low taxes on
resources that incentivize companies to purchase cheaper raw mate-
rials instead of recycled or redesigned resources, which typically incur
higher production costs (Rizos et al, 2016). According to van
Eijk (2015), adjustments to the regulations may frustrate CE business
initiatives, while Kirchherr et al. (2018) identify four types of barrier
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and highlight the need to consider the interrelations between them,
because, in practice, most barriers affect the transition to the CE. As
these authors stress, a market barrier such as high upfront investment
costs could be determined by limited circular procurement by govern-
ments, which constitutes a clear regulatory barrier. Finally, the admin-
istrative burden that the green business transition entails (the
monitoring and reporting of data, for instance) represents a significant
cost to companies in general but even more so for SMEs, although
they cannot afford to run specific departments to deal with the com-
plexity of rules or to hire administrative staff to oversee such
processes.

The evidence from the previous literature, as described above,
highlights the fact that approaches to the study of the CE vary consid-
erably but, nevertheless, it enables us to develop a framework for the
empirical analysis we conduct here. In fact, this review of recent
works analysing the barriers to the implementation of the CE demon-
strates that most papers employ either theoretical frameworks or case
studies but that few use an econometric methodology. Yet, we are
able to draw a number of general conclusions regarding the strength

TABLE 1 Distribution of the sample by cluster, sector, and firm size

EU15 members

Country Firms Percent
FR—France 392 3.88
BE—Belgium 387 3.83
NL—The Netherlands 382 3.78
DE—Germany 373 3.69
IT—Italy 389 3.85
LU—Luxembourg 192 1.90
DK—Denmark 367 3.63
IE—Ireland 379 3.75
GB—United Kingdom 361 3.57
GR—Greece 386 3.82
ES—Spain 386 3.82
PT—Portugal 392 3.88
Fl—Finland 388 3.84
SE—Sweden 367 3.63
AT—Austria 394 3.90
Total EU15 5,535 54.82
Firms by sector

Manufacturing (NACE C) 662 11.96
Retail (NACE G) 1833 33.12
Services (NACE H/I/J/K/L/M/N) 2,329 42.08
Industry (NACE B/D/E/F)? 711 12.85
Firms by n of employees

1to 9 3,494 63.13
10 to 49 1,267 22.89
50 to 249 774 13.98

Source: Flash Eurobarometer Survey 441, European Commission.
2Mining, energy, water, and construction.

of the relationship—and causality—between different variables. In fact,
studies of this type are almost nonexistent, but, see, for example,
Rizos et al. (2016, 2015), Ormazabal et al. (2018),
et al. (2018), and Govindan and Hasanagic (2018). Interestingly, D'Este
et al. (2012) distinguished two types of perceived barriers to the

Kirchnerr

implementation of innovation activities: revealed and deterring bar-
riers. Our analysis uses this approach and we distinguish between
firms that become aware of problems—revealed barriers—as they
begin to engage in CE activities and firms that do not commit to CE
activities because certain problems—deterring barriers—discourage
them from doing so.

3 | DATA AND EMPIRICAL STRATEGY

3.1 | Database and descriptive statistics

The empirical analysis reported here draws on data taken from the
Flash Eurobarometer Survey 441 on “European SMEs and the Circular

New EU members

Country Firms Percent
CY—Cyprus 192 1.90
CZ—Czech Republic 364 3.60
EE—Estonia 369 3.65
HU—Hungary 383 3.79
LV—Latvia 382 3.78
LT—Lithuania 390 3.86
MT—Malta 193 191
PL—Poland 377 3.73
SK—Slovakia 380 3.76
SI—Slovenia 386 3.82
BG—Bulgaria 369 3.65
RO—Romania 384 3.80
HR—Croatia 394 3.90
Total new members 4,563 45.18
Manufacturing 739 16.20
Retail 1,633 35.79
Services 1,548 33.93
Industry 643 14.09
1to 9 2,807 61.52
10 to 49 1,113 85.91
50 to 249 643 14.09
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Economy.” The survey contains information obtained from interviews,
conducted between 18 and 27 April 2016, with 10,618 managers of
SMEs from the 28 Member States of the European Union. The survey
is specifically concerned with micro (1-9 employees), small (10-49
employees), and medium-sized (50-249 employees) firms in the
manufacturing, retail, services, and industrial sectors. This extensive
survey explores SMEs' activities in relation to the CE and the barriers
they face; however, its main disadvantage is that it is a cross-sectional
dataset and so, inevitably, we are unable to determine simultaneity
relations.

Our final database selection was subject to a process of filtering.
The main filters were as follows: (a) in line with D'Este et al. (2012),

we exclude from the analysis those firms that do not undertake CE
activities or do not plan to do so and do not experience any barrier to
CE—these firms with no aspirations or intentions to be resource-
efficient should be distinguished from those firms that are undertak-
ing CE activities; (b) we discard observations with missing values for
the relevant variables. After filtering, our empirical analysis is based
on an extensive sample of 10,098 European SMEs (Table 1). The sam-
ple is clearly dominated by firms belonging to the retail and services,
and also by micro firms (1-9 employees).

Table 2 shows the main characteristics of the sample. Although it
can be seen that there is a high level of involvement in activities con-
tributing to the CE, the heterogeneity across countries is significant

TABLE 2  Descriptive statistics
Variable Obs Mean Std. Dev. Min Max
Dependent variables (Barriers)
Lack of resources and capabilities
Human resources 10,098 0.2066 0.4049 0 1
Expertise 10,098 0.2244 0.4172 0 1
Finance 10,098 0.2367 0.4251 0 1
Regulations and cost of administrative requirements
Administrative procedures 10,098 0.2877 0.4527 0 1
Cost meeting regulations 10,098 0.2624 0.4399 0 1
Independent variables (CE)
CE 10,098 0.7693 0.4212 0 1
Types of CE
Re-plan water usage 10,098 0.1972 0.3979 0 1
Renewable energy 10,098 0.1824 0.3862 0 1
Energy efficiency 10,098 0.4259 0.4945 0 1
Minimize waste 10,098 0.5947 0.4909 0 1
Redesign products 10,098 0.3603 0.4801 0 1
Breadth (number of CE activities)
CE1l 10,098 0.2443 0.4296 0 1
CE2 10,098 0.2227 0.4160 0 1
CE3 10,098 0.1722 0.3775 0 1
CE4 10,098 0.0962 0.2949 0 1
CE5 10,098 0.0338 0.1808 0 1
Control variables
Size 10,098 20.997 38.687 0 250
Young 10,098 0.1638 0.3701 0 1
R&D (%) 10,098 0.0293 0.1058 0 1
High turnover 10,098 0.5007 0.5000 0 1
B2C 10,098 0.4003 0.4899 0 1
Little information CE 10,098 0.2492 0.436 0 1
Manufacturing 10,098 0.1387 0.3456 0 1
Retail 10,098 0.3432 0.4748 0 1
Services 10,098 0.3839 0.4863 0 1
Industry 10,098 0.1340 0.3407 0 1

Source: Flash Eurobarometer Survey 441, European Commission.
Abbreviations: CE, circular economy; R&D, research and development.
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(Figure A.1). In particular, most European SMEs—77% of the sample—
undertake some CE activity to become more resource efficient,
though on average, the SMEs implement just 1.7 CE activities each.
Regarding the frequency with which CE activities are undertaken,
SMEs report implementing one activity almost every quarter (24%),
followed by those implementing two activities (22%) almost every
quarter. Only 3% of the sample reports being involved in all the CE
activities. Although the development of multiple strategies clearly
reduces the risks to sustainability, at the same time, such practices
require extra training for employees, new equipment, and time to
assimilate and adapt the new strategies.

It is also worth mentioning that not all CE activities are adopted
to the same degree. For example, the most commonly adopted prac-
tices within the EU28 are those aimed at minimizing waste by
recycling or reusing waste or selling it to another company (59%) and
improving energy efficiency (43%). In contrast, SMEs are less likely to
implement actions to replan water usage (20%) and to make a pre-
dominant use of renewable energy (18%). The low percentage associ-
ated with renewable energy may be attributable to the fact that it is
cheaper for SMEs to go to the electricity market than it is to invest in
renewable energies to meet their consumption needs, along with the
fact that the energy demand model in which the consumer is at the
same time a producer is still in its very early stages.

As for the barriers, most SMEs consider regulation—identified as
complex administrative or legal procedures and the cost of meeting
regulations or standards—the main barrier to carrying out CE activi-
ties. In contrast, relatively few—just a fifth of all the enterprises—

mention the lack of human resources.

3.2 | Empirical strategy

To analyse the relationship between engagement in CE activities and
the challenges faced by firms, we estimate a multivariate probit
model. The model allows the simultaneous estimation of the five bar-
riers to the CE considered in this analysis—human resources, exper-
tise, finance, administrative procedures, and the cost of meeting
regulations. Existing evidence about innovation barriers suggests that
the perceived obstacles are most likely to be correlated (D'Este
et al., 2012), which leads us to consider that the firms' unobserved
characteristics may jointly influence the different types of barrier to
CE activities. Unlike univariate probit models, the multivariate probit
approach allows us to incorporate a certain correlation structure for
the unobservable factors related to different barriers. In this sense,
the model considers the correlations between errors instead of
assuming them to be zero or constant (Cappellari & Jenkins, 2010).
The model has a similar structure to that of a seemingly unrelated
regression model, except that the dependent variables are binary
indicators.

The main specification can be summarized as follows:

Barriers;; = o + p; CEjj + &; Controls;; +&;. (1)

The dependent variables refer to the perception of the obstacles to
the CE as specified by the SMEs. As mentioned in the previous sec-
tion, we specifically address two sets of barrier: the lack of resources
and capabilities, on the one hand, and regulation and complex admin-
istrative requirements, on the other. Limited to the variables available
to us in our dataset, we use the lack of human resources, lack of
expertise and difficulties in accessing finance to capture the first set
of barriers and complex administrative procedures, and the cost of
meeting regulations or standards to capture the second. In total five
dependent variables, one for each Barrier, are constructed as dichoto-
mous variables. Each dependent variable takes the value 1 if the firm
has faced any obstacle in moving towards the CE, and O otherwise.

As explanatory variables (CE), different proxies of CE activities are
introduced. To test our hypothesis, first we include a dummy variable
indicating whether or not a firm is undertaking any CE activities in
order to be more resource efficient. Then, moving on to the empirical
test of whether the breadth of CE activities influences the perception
of barriers, we introduce the number of CE activities implemented by
each firm. Finally, following the idea that a distinction needs to be
drawn between different typologies of CE activities to assess the bar-
riers, we include a vector of five different types of CE activity: rep-
lanning of the way water is used to minimize usage and maximize re-
usage, use of renewable energy, replanning energy usage to minimize
consumption, minimizing waste by recycling or reusing waste or sell-
ing it to other firms, and redesigning products and services to mini-
mize the use of materials or use recycled materials.

To minimize any estimation bias due to an omitted variable, to all
the equations, we have added a series of control variables limited by
the variables available in our dataset. To take into account relevant
observable firm-level characteristics, we include the following controls:
firm size, age (young), the role of technological capabilities (R&D), the
financial situation of the firm (high turnover), whether the firm sells
products or services directly to consumers (B2C), and the importance of
financial support in implementing CE activities (little information CE).
Finally, we introduce sector dummies (manufacturing, retail, services,
and industry) and country dummies (Annex 1, Table A.1).

4 | RESULTS AND DISCUSSION

The results of the estimations are presented in Tables 3 to 5. For all
specifications, we report the correlation parameters. The results show
the convenience of using multivariate probit models so that the possi-
ble existence of complementarities between barriers is taken into
account. In all the estimations, the coefficients of these correlation
parameters are positive and significant. This suggests that the five
barriers related to the lack of resources and capabilities and the pres-
ence of regulations are related and that individual estimations would
be inconsistent. The correlation parameter of administrative proce-
dures and the cost of meeting regulations is the highest, which shows
the high degree of complementarity between these two barriers.

The estimations of the relationship between being engaged in any

CE activity and the perception of barriers regarding the lack of
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TABLE 3  Baseline: Barriers hampering CE
Human resources Expertise Finance Administrative procedures  Cost meeting regulations

CE 0.190°(0.0863)  —0.0831 (0.0615) 0.0391 (0.0541) 0.428" (0.0598) 0.327"7 (0.0689)
Size 0.0142(0.0121)  0.00394 (0.00942)  —0.0431" (0.0161) 0.0231 (0.0149) 0.00980 (0.00951)
Young 0.121" (0.0374) 0.0400 (0.0436) 0.139"7(0.0307)  —0.0101 (0.0404) 0.00928 (0.0399)
R&D 0.541"" (0.130) 0.350" (0.158) 0.561""(0.138) 0.592""(0.110) 0.186 (0.138)
High turnover 0.125"" (0.0378) 0.161"" (0.0431) 0.0554 (0.0365) 0.121"" (0.0366) 0.103" (0.0320)
B2C 0.270"" (0.0570) 0.191" (0.0684) 0426 (0.0570) 0.242"" (0.0666) 0.207" (0.0664)
B2C*CE -0.220" (0.0776) -0.169" (0.0777) -0.33477(0.0668)  -0.212" (0.0773) -0.154 (0.0833)
Little inform. CE 0.271"" (0.0260) 0.285" (0.0294) 0.526 " (0.0449) 0.4217" (0.0384) 0.359"" (0.0391)
Sector: ref. Industry
Manufacturing -0.0209 (0.0571)  —0.0810 (0.0526) -0.1187(0.0529)  —0.153" (0.0570) -0.109 (0.0599)
Retail -0.21477(0.0522)  —0.143" (0.0497) -0.30177(0.0427) -0.236" (0.0568) -0.276"" (0.0569)
Services -0.150"(0.0428)  -0.157 " (0.0426) -0.24577(0.0468)  -0.253"" (0.0521) -0.283"" (0.0616)
Constant -0.69077(0.0725)  —-0.368"" (0.0620) -0.51177(0.0704)  -0.402"" (0.0682) -0.171 (0.0739)
Country dummies Yes
atrho21 0.542"" (0.0231)
atrho31 0.410"" (0.0198)
atrho41 0.4357"(0.0234)
atrho32 0.510"" (0.0187)
atrho51 0.450"" (0.0237)
atrho32 0.475" (0.0185)
atrho42 0.495™" (0.0210)
atrho52 0.428™" (0.0221)
atrho43 0.710"" (0.0249)
atrho53 0.496"" (0.0254)
atrho 54 0.526"" (0.0243)
Observations 10,098
Likelihood ratio test rho21 = rho31 = rho41 = rho51 = rho32 = rho42 = rho52 = rho43 = 5,295.87“'

rho53 = rho54 =0

Log pseudolikelihood -23,459.2

Note. Multivariate probit results. Clustered standard errors by country in parentheses (28 clusters).

Abbreviations: CE, circular economy; R&D, research and development.

“Significance level of 1%. ~Significance level of 5%.  Significance level of 10%.

resources and capabilities and the regulation and cost of administra-
tive procedures show that it is important to distinguish between
deterring and revealed obstacles and that the relationship differs
across the five barriers considered (Table 3). In line with earlier contri-
butions to the literature, our results show that the regulatory
obstacles—that is, the cost of complying with regulations and the exis-
tence of complex administrative and legal procedures—are the main
barriers. Rizos, Behrens, Kafyeke, Hirschnitz-Garbers, and
loannou (2015), for example, identified the lack of effective regulation
and administrative burdens as being perceived by firms as the main
barriers to the development of the CE. In addition, and consistent with
previous evidence (e.g., del Rio et al., 2016), the lack of human
resources is also perceived as an obstacle by firms engaged in CE,
although greater levels of change require more trained and specialized

employees.

The results of the estimations taking the number of CE activities
(breadth) carried out into account (Table 4) confirm the previous con-
clusions and provide new insights into the relationship between being
engaged in CE activities and the role of barriers.

First, these results confirm the importance of the existing regula-
tory framework obstacles. Firms consider administrative procedures
and the cost of meeting regulations and standards barriers to be
highly important. Nevertheless, although all firms perceive the admin-
istrative procedures as an obstacle regardless of the number of CE
activities that they are engaged in, the cost of meeting regulations
only emerges as a significant obstacle when firms begin to become
more evidently involved in the CE activities and are implementing
more than one activity.

Second, the estimations for the resource and capability obstacles

confirm that the lack of human resources hampers CE activities,
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Administrative

Cost meeting

Finance procedures regulations
—0.118 (0.0608) 0.222"" (0.0572) 0.136 (0.0761)
0.103 (0.0562) 04417 (0.0783) 0.357""(0.0783)
0.142" (0.0660) 0.586""" (0.0666) 0.481"" (0.0808)
0.1517(0.0713) 0.670"" (0.0863) 0.51377(0.0738)
0.200 (0.0999) 0.779"" (0.0996) 0.548"" (0.0959)
-0.0494" (0.0164) 0.0116 (0.0145)  0.000582 (0.00940)
0.146"" (0.0295) 0.00113 (0.0401) 0.0196 (0.0395)
0.519"7(0.138) 0.520"" (0.108) 0.124 (0.138)
0.0530 (0.0366) 0.120"" (0.0365) 0.101" (0.0312)
0.424"" (0.0566) 0.232"" (0.0681) 0.200" (0.0669)
—0.337"" (0.0667) -0.214" (0.0787) -0.156 (0.0845)
0.514"" (0.0447) 0.400"" (0.0367) 0.340"" (0.0388)
-0.123(0.0554) -0.158" (0.0588) -0.115 (0.0595)
-0.292"°(0.0456)  -0.215"7(0.0575)  —0.260"" (0.0578)
-0.238"7(0.0484)  -0.23977(0.0520)  —0.272"" (0.0616)
-0.514"7(0.0707)  —0.403"" (0.0690) -0.169" (0.0768)

TABLE 4  Breadth of CE activities and barriers
Human resources Expertise
Number of CE activities
CE (1) 0.0763 (0.0924) -0.177" (0.0571)
CE(2) 0.240" (0.0942) -0.0237 (0.0821)
CE(3) 0.253" (0.0847) 0.00647 (0.0632)
CE (4) 0.304" (0.108) -0.0799 (0.0815)
CE (5) 0.263" (0.0949) -0.123 (0.0754)
Size 0.0100 (0.0122) 0.00161 (0.00967)
Young 0.128"" (0.0372) 0.0431 (0.0440)
R&D 0.512""(0.130) 0.335(0.156)
High turnover 0.122" (0.0378) 0.159"" (0.0429)
B2C 0.268"" (0.0579) 0.191" (0.0690)
B2C*CE -0.223" (0.0784) -0.171" (0.0784)
Little information CE 0.260"" (0.0272) 0.278""(0.0298)
Sector: ref. Industry
Manufacturing -0.0269 (0.0583) -0.0851 (0.0525)
Retail -0.208"" (0.0525) -0.142" (0.0499)
Services -0.14577(0.0440)  -0.153"" (0.0422)
Constant -0.6897(0.0737)  -0.368"" (0.0624)
Country dummies Yes
atrho21 0.542"" (0.0225)
atrho31 0.407"" (0.0198)
atrho41 0.432"" (0.0237)
atrho51 0.447" (0.0231)
atrho32 0.476"" (0.0180)
atrho42 0.495™" (0.0205)
atrho52 0.427"" (0.0221)
atrho43 0.701"" (0.0249)
atrho53 0.489"" (0.0253)
atrho54 0.519"" (0.0247)
Observations 10,098
Likelihood ratio test of rho21 ~ 5206.15™"
=rho31 =rho41 = rho32 =
rho42 =rho43 =0
Log pseudolikelihood -23,362.0

Note. Multivariate probit results. Clustered standard errors by country in parentheses (28 clusters).

Abbreviations: CE, circular economy; R&D, research and development.

“Significance level of 1%. ~Significance level of 5%. ~ Significance level of 10%.

although being engaged in more than one CE activity increases per-
ceptions of financial obstacles. This result is in line with Aranda-Usén
et al. (2019) who examine the characteristics of the financial resources
used for engaging in CE activities and find that inadequate financial
schemes result in the slower adoption of CE activities, particularly in
the case of SMEs.

Specifically, the firms that engage in three or more CE activities
consider the difficulties in accessing finance as constituting a signifi-
cant obstacle. This result suggests that while firms are able to finance

one specific CE activity, when they become involved in several, they

are very likely to have to resort to external finance and to encounter
difficulties in obtaining the necessary funds to perform these activi-
ties. Finally, the results from these estimations show that a lack of
expertise in implementing CE activities deters firms from engaging in
them. Nevertheless, it seems there is a learning effect and when they
become engaged in more than one CE activity this obstacle loses
importance.

The relationship between being engaged in a specific CE activity
and the perception of barriers differs substantially across CE activities.

When we shift from the engagement in generic to specific kinds of CE
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TABLE 5 Types of CEs and Batrriers
Administrative Cost meeting
Human resources Expertise Finance procedures regulations
Water 0.119"" (0.0328) 0.0322 (0.0305) 0.147"" (0.0407) 0.145"" (0.0345) 0.193"" (0.0363)
Renewable —0.000606 (0.0406)  0.000840 (0.0354) 0.0470 (0.0516) 0.197"" (0.0381) 0.0955" (0.0431)
Energy eff. 0.0314 (0.0361)  —0.0632 (0.0332) 0.00788 (0.0318) 0.110" (0.0411) 0.102" (0.0356)
Waste -0.00548 (0.0431)  —0.0492 (0.0350) —0.0312 (0.0405) 0.137"" (0.0340) 0.0783" (0.0328)
Redesign 0.180"" (0.0330) 0.113" (0.0319) 0.144"" (0.0301) 0.226"" (0.0386) 0.168"" (0.0378)
Size 0.0127 (0.0119) 0.00317 (0.00964)  —0.0470" (0.0167) 0.0130(0.0142)  0.00228 (0.00944)
Young 0.121"" (0.0370) 0.0378 (0.0436) 0.14177(0.0302)  —0.00198 (0.0405) 0.0160 (0.0400)
R&D 0.500"" (0.135) 0.323"(0.159) 0.503"" (0.137) 0.508"" (0.106) 0.112 (0.142)
High turnover 0.128"" (0.0377) 0.161"" (0.0420) 0.0576 (0.0362) 0.1247" (0.0362) 0.106"" (0.0314)
B2C 0217 (0.0574) 0.242"" (0.0643) 0.459"" (0.0587) 0.162" (0.0582) 0.142" (0.0670)
B2C*CE -0.156" (0.0752) -0.234" (0.0715) -0.381"" (0.0676) —-0.126 (0.0698)  —0.0848 (0.0766)
Little information CE 0.263" (0.0271) 0.279" (0.0293) 0.515"" (0.0453) 0.404™" (0.0371) 0.344"" (0.0390)
Sector: ref. Industry
Manufacturing -0.0198 (0.0568)  —0.0847 (0.0507) -0.117" (0.0539) -0.149" (0.0595) —0.106 (0.0616)
Retail -0.198"7(0.0521)  —0.138" (0.0492) -0.28477(0.0429)  -0.20477(0.0580)  —0.250"" (0.0591)
Services -0.146"7(0.0437)  -0.153"" (0.0431) -0.238"7(0.0479)  -0.236"7(0.0527)  -0.274"" (0.0622)
Constant -0.66177(0.0514)  —-0.435 " (0.0545) -0.566"(0.0609)  -0.351"" (0.0591) —0.130" (0.0541)
Country dummies Yes
atrho21 0.538"" (0.0233)
atrho31 0.407"" (0.0198)
atrho41 0.430"" (0.0241)
atrho51 0.445""" (0.0240)
atrho32 0.474"" (0.0180)
atrho42 0.495™" (0.0208)
atrho52 0.428™" (0.0222)
atrho43 0.702"" (0.0249)
atrho53 0.488™" (0.0252)
atrho54 0.517"" (0.0242)
Observations 10,098
Likelihood ratio test of rho21 = 5,193.43"
rho31 = rho41 = rho32 =
rho42 = rho43 =0
Log pseudolikelihood -23,368.1

Note. Multivariate probit results.
Abbreviations: CE, circular economy; R&D, research and development.
“Significance level of 1%. " Significance level of 5%.

activity, we observe that the five CE activities considered (replan
water usage, use of renewable energy, re-plan energy usage, minimize
waste, and redesign products and services) have different effects on
the costs of the firms and are associated with different degrees of
complexity. This indicates that their implementation may require spe-
cific resources and/or capabilities and firms may have to face different
regulatory obstacles.

Our estimations (Table 5) highlight again the importance of regu-
lations and administrative and legal procedures in the transition to a
CE. These obstacles are significant for the five CE activities included

in the estimations. However, the lack of appropriate human resources,

"Significance level of 10%.

which, as pointed out above, appears as a relevant obstacle in general
for performing CE activities, is only perceived as a significant barrier
by firms that are undertaking CE activities to minimize usage of water
and maximize its reusage and to redesign products and services to
minimize the use of materials or using recycled materials. A similar
result is obtained for the obstacle to access finance, which is also con-
sidered important by the firms that are engaged in these two CE activ-
ities related to the use of water and the redesigning of products and
services.

The estimations also show that the five CE activities are notably

different and undertaking one activity may present more obstacles
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than another. This is the case with the redesigning of products—the
activity that requires the most substantial innovations and disruptive
practices—which is the only CE activity for which we find positive and
significant coefficients for all five barriers.

Finally, our results regarding the control variables provide infor-
mation about the characteristics of the firms that affect their percep-
tion of the barriers to their undertaking CE activities. The main results
are as follows: First, firm size is related to the perception of barriers
but only in the case of financial obstacles, being nonsignificant for the
rest of the barriers. This result is similar to those obtained in analyses
of the characteristics of firms that account for R&D and innovation
investments, which show that a lack of finance hampers innovation
activities. Second, the age of the firm is also related with the percep-
tion of financial obstacles. Young firms face more difficulties in
accessing the funds required to undertake CE activities, a result also
found for innovation activities. Young firms also perceive the lack of
human resources as a barrier to their performing CE activities. Third,
firms investing in R&D consider all barriers—except the cost of meet-
ing regulations—of high importance. This result suggests, as pointed
out above, that the barriers to undertaking CE activities are more of a
revealed than a deterring nature.

We also analysed whether there are differences between the per-
ceptions of firms that sell goods or services directly to consumers
(B2C) and those of firms that sell to other firms or organizations. Our
results show that the former are especially concerned by the barriers
to undertaking CE activities. Finally, we examined if a lack of informa-
tion, particularly about accessing finance, has an influence on the per-
ception of barriers to undertaking CE activities. The results show that
there is a positive relationship for the five obstacles considered and
the firms that perceive there to be “little or no information readily
available” have a negative perception of the obstacles.

5 | CONCLUSIONS

Over recent decades, the need to advance towards a more sustainable
future by adopting new circular business models has received increas-
ing attention from academics, policy makers, and managers alike. In
the European context, the European Commission, in its recent 2050
strategic vision proposal, identifies the CE as a priority in achieving a
prosperous, modern, competitive, and climate-neutral economy. The
potential benefits of the CE are clear stated in the literature and range
from providing opportunities for reducing negative environmental
impacts and cost savings to increasing possibilities for business
growth, development, and innovation. Yet, achieving those benefits is
not straightforward because activities aimed at boosting the CE face
several barriers that inhibit a firm's implementation of them.

This paper, in an effort to contribute to the literature on firms'
behaviour in relation to environmental practices, has focused specifi-
cally on the barriers to CE activities constituted by the lack of
resources and capabilities and the existing regulatory framework. In
seeking to address some of the limitations of previous studies, which

have employed case study methodologies and that are overly reliant

on the Chinese context, here we use a broad dataset encompassing a
large sample of SMEs in 28 European countries and employ a rigorous
econometric methodology which, compared with case studies, allows
us to draw general conclusions as to the strength of relationships
between different variables. Hence, this study reports novel results
both in terms of both the geographical and methodological dimen-
sions of the literature on CE.

Applying a multivariate probit approach, we obtain empirical
results that suggest that European SMEs innovating in the area of the
CE face various challenges and experience several types of barriers.
SMEs engaging in CE activities are more likely to identify regulatory
obstacles than those that do not engage in such activities. The impor-
tance of the regulation obstacle—complex administrative procedures
and costs of meeting regulations or standards—is further confirmed
when the number and type of CE actions are taken into account.
Additionally, we find that a lack of human resources—that is, a lack of
technical skills—represents a major challenge when seeking to identify
and implement new circular business models.

We also highlight the fact that not all barriers play the same role
or have the same impact and, consequently, it is important to distin-
guish between revealed barriers—that is, those that reflect the degree
of difficulty of implementing CE activities and the learning experience
associated with such processes—and deterring barriers—that is, those
that are considered insurmountable. In this respect, barriers such as
regulatory obstacles and the lack of human resources can be consid-
ered revealed barriers, whereas the lack of expertise in new technolo-
gies and the capability to change the mindset to face the long term
are deterring barriers.

Our empirical results also point to the need to differentiate
between different CE activities, although the perception of barriers
differs substantially across these activities. Firms undertaking a dis-
ruptive innovation redesigning goods and services to minimize the use
of materials are more likely to perceive all five barriers as important.
However, firms implementing such activities such as minimizing
waste, replanning energy usage to minimize consumption, and using
renewable energy only perceive those obstacles related to administra-
tive procedures and regulations.

Our results have a number of policy implications as to how the
main obstacles to implementing CE activities among European SMEs
might be overcome. First, policy makers need to better understand
the complex challenges faced by SMEs, identifying the factors that
hamper or slow down CE activities in order to design appropriate
instruments to tackle this situation. The transition towards the CE
implies a complex set of administrative and legal procedures stem-
ming from environmental legislation that frequently requires SMEs
to dedicate excessive financial and time resources to addressing
them. Indeed, SMEs have made frequent calls for a less strict and
simpler legislative framework as a prerequisite for their moving
towards the CE.

The preceding analysis has provided useful insights into the rela-
tionship between engagement in CE activities and the challenges
faced by SMEs. However, we should mention a number of limitations

that future research might address. First, because we have only
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employed cross-sectional data, some of the variables in the model
could be simultaneously determined, which hinders identification of
causal relationships. This approach could usefully be extended by
introducing temporal dynamics into the analysis as and when data
become available. Panel data models are especially recommendable
because they allow nonobservable heterogeneity to be controlled for
and long-term relationships between variables to be examined. Sec-
ond, we have examined a set of barriers that we consider relevant in
terms of their relationship with CE activities; however, to some
degree, they have been dictated by data availability. Additional
research, though, should seek to extend the analysis to include such
obstacles as technological and social barriers. Finally, although CE pol-
icy programmes have been introduced by the EU, progress is highly
dependent on the national policy frameworks in place. At times, spe-
cific instruments and priorities fall outside the legislative competence
of the EU, leading to countries following quite distinct paths. Our
research here has focused on what it is that hampers CE activities in
the European Union, although a disaggregation of EU into its 28 Mem-
ber States would help provide more specific empirical evidence and
might lead to a broader understanding of the barriers to the CE. This,
in turn, might improve the adaptation of policies to the intrinsic geo-

characteristics of the region or country in question.
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>The European Commission implemented an ambitious Circular Econ-
omy Action Plan which includes 54 specific actions covering the whole
cycle, from production and consumption to waste management and the
market for secondary raw materials, a revised legislative proposal on
waste, and a strategy for reducing plastics among others. For more
detailed information see online (https://ec.europa.eu/environment/
circular-economy/).

SOther papers have used this European database (Demirel &
Danisman, 2019; Zamfir et al., 2017) but with different methodologies and
aims to those employed and identified, respectively, in this paper.
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“China has been at the forefront of circular economy (CE) studies, being
one of the first countries to implement legislation on the CE (Circular
Economy Promotion Law of the People's Republic of China, 2008).

5The terms environmental innovation, eco-innovation, and green innova-
tion, henceforth, are used interchangeably, each being indicative of an
innovation with a lower detrimental impact on the environment.

REFERENCES

Aranda-Usén, A., Portillo-Tarragona, P., Marin-Vinuesa, L. M. &
Scarpellini, S. (2019). Financial resources for the circular economy: A
perspective from businesses. Sustainability, 11(3), 888-911. https://
doi.org/10.3390/su11030888

Arranz, N., Arroyabe, M. F., Molina-Garcia, A, & Fernandez de
Arroyabe, J. C. (2019). Incentives and inhibiting factors of eco-
innovation in the Spanish firms. Journal of Cleaner Production, 220,
167-176. https://doi.org/10.1016/j.jclepro.2019.02.126

Blanchard, P, Huiban, J.-P., Musolesi, A., & Sevestre, P. (2013). Where
there is a will, there is a way? Assessing the impact of obstacles to
innovation. Industrial and Corporate Change, 22(3), 679-710. https://
doi.org/10.1093/icc/dts027

Blomsma, F., & Brennan, G. (2017). The emergence of circular economy: A
new framing around prolonging resource productivity. Journal of Indus-
trial Ecology, 21(3), 603-614. https://doi.org/10.1111/jiec.12603

Cainelli, G., Mazzanti, M., & Montresor, S. (2012). Environmental innova-
tions, local networks and internationalization. Industry & Innovation, 19
(8), 697-734. https://doi.org/10.1080/13662716.2012.739782

Canepa, A., & Stoneman, P. (2008). Financial constraints to innovation in
the UK: Evidence from CIS2 and CIS3. Oxford Economic Papers, 60(4),
711-730. https://doi.org/10.1093/0ep/gpm044

Cappellari, L., & Jenkins, S. P. (2010). Multivariate probit regression using
simulated maximum likelihood. Stata Journal, 10(3), 288-308.

Carrion-Flores, C. E., & Innes, R. (2010). Environmental innovation and
environmental performance. Journal of Environmental Economics and
Management, 59(1), 27-42. https://doi.org/10.1016/j.jeem.2009.
05.003

Carrién-flores, C. E., Innes, R., & Sam, A. G. (2013). Do voluntary pollution
reduction programs (VPRs) spur or deter environmental innovation?
Evidence from 33/50. Journal of Environmental Economics and
Management, 66(3), 444-459. https://doi.org/10.1016/j.jeem.2013.
05.002

Costa-Campi, M. T., Garcia-Quevedo, J., & Martinez-Ros, E. (2017). What
are the determinants of investment in environmental R&D? Energy Pol-
icy, 104, 455-465. https://doi.org/10.1016/j.enpol.2017.01.024

De Jesus, A., Antunes, P, Santos, R., & Mendonca, S. (2018). Eco-
innovation in the transition to a circular economy: An analytical litera-
ture review. Journal of Cleaner Production, 172, 2999-3018. https://
doi.org/10.1016/j.jclepro.2017.11.111

De Jesus, A., & Mendonga, S. (2018). Lost in transition? Drivers and bar-
riers in the eco-innovation road to the circular economy. Ecological
Economics, 145(September 2017), 75-89. https://doi.org/10.1016/j.
ecolecon.2017.08.001

Del Rio, P., Carrillo-hermosilla, J., Konnola, T., & Bleda, M. (2016).
Resources, capabilities and competences for eco-innovation. Techno-
logical and Economic Development of Economy, 22(2), 274-292. https://
doi.org/10.3846/20294913.2015.1070301

Demirel, P., & Danisman, G. O. (2019). Eco -innovation and firm growth in
the circular economy: Evidence from European small- and medium-
sized enterprises. Business Strategy and the Environment, 28, 1-11.
https://doi.org/10.1002/bse.2336

D'Este, P., lammarino, S., Savona, M., & von Tunzelmann, N. (2012). What
hampers innovation? Revealed barriers versus deterring barriers.
Research Policy, 41(2), 482-488. https://doi.org/10.1016/j.respol.
2011.09.008


https://orcid.org/0000-0001-8078-1203
https://orcid.org/0000-0001-8078-1203
https://orcid.org/0000-0001-6145-0230
https://orcid.org/0000-0001-6145-0230
https://orcid.org/0000-0003-0088-4611
https://orcid.org/0000-0003-0088-4611
https://ec.europa.eu/environment/circular-economy/
https://ec.europa.eu/environment/circular-economy/
https://doi.org/10.3390/su11030888
https://doi.org/10.3390/su11030888
https://doi.org/10.1016/j.jclepro.2019.02.126
https://doi.org/10.1093/icc/dts027
https://doi.org/10.1093/icc/dts027
https://doi.org/10.1111/jiec.12603
https://doi.org/10.1080/13662716.2012.739782
https://doi.org/10.1093/oep/gpm044
https://doi.org/10.1016/j.jeem.2009.05.003
https://doi.org/10.1016/j.jeem.2009.05.003
https://doi.org/10.1016/j.jeem.2013.05.002
https://doi.org/10.1016/j.jeem.2013.05.002
https://doi.org/10.1016/j.enpol.2017.01.024
https://doi.org/10.1016/j.jclepro.2017.11.111
https://doi.org/10.1016/j.jclepro.2017.11.111
https://doi.org/10.1016/j.ecolecon.2017.08.001
https://doi.org/10.1016/j.ecolecon.2017.08.001
https://doi.org/10.3846/20294913.2015.1070301
https://doi.org/10.3846/20294913.2015.1070301
https://doi.org/10.1002/bse.2336
https://doi.org/10.1016/j.respol.2011.09.008
https://doi.org/10.1016/j.respol.2011.09.008

GARCIA-QUEVEDO ET AL.

2462 Business Strat &
2462 | \WILEY_Bihessen R

—&

EIO. (2016). Policies and Practices for Eco-Innovation Up-take and Circular
Economy Transition.

Ellen MacArthur Foundation. (2012). Towards the circular economy. Eco-
nomic and business rationale for an accelerated transition.

Ellen MacArthur Foundation. (2015). Growth Within: A Circular Economy
Vision for a Competitive Europe.

European Commission. (2015). Closing the loop—an EU action plan for the
circular economy. Brussels.

European Commission. (2018a). A European strategy for plastics in a circu-
lar economy. Brussels.

European Commission. (2018b). A Clean Planet for all: A European strate-
gic long-term vision for a prosperous, modern, competitive and climate
neutral economy. Brussels 28.11.2018 COM(2018) 773 final.

Feng, Z., & Nailing, Y. (2007). Putting a circular economy into practice in
China. Sustainability Science, 2, 95-101. https://doi.org/10.1007/
s11625-006-0018-1

Garcia-Quevedo, J., Segarra-Blasco, A., & Teruel, M. (2018). Financial con-
straints and the failure of innovation projects. Technological Forecasting
and Social Change, 127, 127-140. https://doi.org/10.1016/j.techfore.
2017.05.029

Geissdoerfer, M., Savaget, P., Bocken, N. M. P,, & Jan, E. (2017). The circu-
lar economy—A new sustainability paradigm? Journal of Cleaner Pro-
duction, 143, 757-768. https://doi.org/10.1016/j.jclepro.2016.12.048

Ghisellini, P,, Cialani, C., & Ulgiati, S. (2016). A review on circular economy:
The expected transition to a balanced interplay of environmental and
economic systems. Journal of Cleaner Production, 114, 11-32. https://
doi.org/10.1016/j.jclepro.2015.09.007

Ghisetti, C., Mancinelli, S., Mazzanti, M., & Zoli, M. (2016). Financial bar-
riers and environmental innovations: Evidence from EU manufacturing
firms. Climate Policy, 3062(December), 1-17. https://doi.org/10.1080/
14693062.2016.1242057

Ghisetti, C., & Montresor, S. (2019). On the adoption of circular economy
practices by small and medium-size enterprises (SMEs): does “financ-
ing-as-usual” still matter? Journal of Evolutionary Economics, 1-28.
https://doi.org/10.1007/s00191-019-00651-w

Govindan, K., & Hasanagic, M. (2018). A systematic review on drivers, bar-
riers, and practices towards circular economy: A supply chain perspec-
tive. International Journal of Production Research, 7543, 1-34. https://
doi.org/10.1080/00207543.2017.1402141

Holzl, W., & Janger, J. (2014). Distance to the frontier and the perception
of innovation barriers across European countries. Research Policy, 43
(4), 707-725. https://doi.org/10.1016/j.respol.2013.10.001

Horbach, J. (2008). Determinants of environmental innovation—New evi-
dence from German panel data sources. Research Policy, 37(1),
163-173. https://doi.org/10.1016/j.respol.2007.08.006

Horbach, J.,, Rammer, C., & Rennings, K. (2012). Determinants of eco-
innovations by type of environmental impact—The role of regulatory
push/pull, technology push and market pull. Ecological Economics, 78,
112-122. https://doi.org/10.1016/j.ecolecon.2012.04.005

Hyytinen, A., & Toivanen, O. (2005). Do financial constraints hold back
innovation and growth? Evidence on the role of public policy. Research
Policy, 34, 1385-1403. https://doi.org/10.1016/j.respol.2005.06.004

lammarino, S., Sanna-Randaccio, F., & Savona, M. (2009). The perception
of obstacles to innovation. Foreign multinationals and domestic firms
in Italy. Revue d'Economie Industrielle, (125), 75-104. https://doi.org/
10.4000/rei.3953

International Energy Agency. (2018). World Energy Outlook 2018.

Kirchherr, J., Piscicelli, L., Bour, R., Kostense-Smit, E., Muller, J,
Huibrechtse-Truijens, A., & Hekkert, M. (2018). Barriers to the cir-
cular economy: Evidence from the European Union (EU). Ecological
Economics, 150, 264-272. https://doi.org/10.1016/j.ecolecon.2018.
04.028

Kor, Y. Y., Mahoney, J. T., & Michael, S. C. (2007). Resources, capabilities
and entrepreneurial perceptions. Journal of Management Studies, 44(7),
1187-1212. https://doi.org/10.1111/j.1467-6486.2007.00727 .x

Korhonen, J., Honkasalo, A., & Seppil4, J. (2018). Circular economy: The
concept and its limitations. Ecological Economics, 143, 37-46. https://
doi.org/10.1016/j.ecolecon.2017.06.041

Marin, G., Marzucchi, A., & Zoboli, R. (2015). SMEs and barriers to eco-
innovation in the EU: Exploring different firm profiles. Journal of Evolu-
tionary Economics, 25(3), 671-705. https://doi.org/10.1007/s00191-
015-0407-7

Milios, L. (2018). Advancing to a circular economy: Three essential ingredi-
ents for a comprehensive policy mix. Sustainability Science, 13(3),
861-878. https://doi.org/10.1007/s11625-017-0502-9

Mohnen, P, Palm, F. C., van der Loeff, S. S., & Tiwari, A. (2008). Financial
constraints and other obstacles: Are they a threat to innovation activ-
ity? De Economist, 156(2), 201-214. https://doi.org/10.1007/s10645-
008-9089-y

Mohnen, P., & Réller, L. H. (2005). Complementarities in innovation policy.
European Economic Review, 49(6), 1431-1450. https://doi.org/10.
1016/j.euroecorev.2003.12.003

Naustdalslid, J. (2004). Circular economy in China—The environmental
dimension of the harmonious society. International Journal of Sustain-
able Development and World Ecology, 21(4), 303-313.

Nesta, L., Vona, F., & Nicolli, F. (2014). Environmental policies, competition
and innovation in renewable energy. Journal of Environmental Econom-
ics and Management, 67(3), 396-411. https://doi.org/10.1016/j.jeem.
2014.01.001

Ormazabal, M., Prieto-Sandoval, V., Puga-Leal, R., & Jaca, C. (2018). Circu-
lar economy in Spanish SMEs: Challenges and opportunities. Journal of
Cleaner Production, 185, 157-167. https://doi.org/10.1016/j.jclepro.
2018.03.031

Pellegrino, G., & Savona, M. (2017). No money, no honey? Financial versus
knowledge and demand constraints on innovation. Research Policy, 46
(2), 510-521. https://doi.org/10.1016/j.respol.2017.01.001

Penrose, E. (1959). The theory of the growth of the firm. New York: Wiley.

Pheifer, A. (2017). Barriers and enablers to circular business models. The
Netherlands.

Polanyi, M. (1962). Personal Knowledge: Towards a Post-critical Philosophy
(University.).

Porter, M. E., & van der Linde, C. (1995). Toward a new conception of the
environment-competitiveness relationship. Journal of Economic Per-
spectives, 9(4), 97-118. https://doi.org/10.1257/jep.9.4.97

Rizos, V., Behrens, A., Kafyeke, T., Hirschnitz-Garbers, M., & loannou, A.
(2015). The circular economy: Barriers and opportunities for SMEs.
CEPS Working Document 412. https://www.ceps.eu/publications/
circular-economy-barriers-and-opportunities-smes

Rizos, V., Behrens, A., Van Der Gaast, W., Hofman, E., loannou, A.,
Hirschnitz-garbers, M., & Topi, C. (2016). Implementation of circular
economy business models by small and medium-sized enterprises
(SMEs): Barriers and enablers. Sustainability, 8(11), 1-18. https://doi.
org/10.3390/su8111212

Rumelt, R. (1984). Towards a strategic theory of the firm. In R. Lamb (Ed.),
Competitive strategic management (pp. 556-570). Prentice-Hall: Upper
Saddle River.

Saez-Martinez, F. J., Lefebvre, G., Hernandez, J. J., & Clark, J. H. (2016).
Drivers of sustainable cleaner production and sustainable energy
options. Journal of Cleaner Production, 138(Part 1), 1-7. https://doi.
org/10.1016/j.jclepro.2016.08.094

Savignac, F. (2008). Impact of financial constraints on innovation: What can be
learned from a direct measure? Economics of Innovation and New Technol-
ogy, 17(6), 553-569. https://doi.org/10.1080/10438590701538432

Segarra-Blasco, A., Garcia-Quevedo, J., & Teruel, M. (2008). Barriers to
innovation and public policy in Catalonia. International Entrepreneurship
and Management Journal, 4(4), 431-451. https://doi.org/10.1007/
s11365-008-0086-z

Triguero, A, Moreno-Mondéjar, L., & Davia, M. A. (2013). Drivers of differ-
ent types of eco-innovation in European SMEs. Ecological Economics,
92, 25-33. https://doi.org/10.1016/j.ecolecon.2013.04.009


https://doi.org/10.1007/s11625-006-0018-1
https://doi.org/10.1007/s11625-006-0018-1
https://doi.org/10.1016/j.techfore.2017.05.029
https://doi.org/10.1016/j.techfore.2017.05.029
https://doi.org/10.1016/j.jclepro.2016.12.048
https://doi.org/10.1016/j.jclepro.2015.09.007
https://doi.org/10.1016/j.jclepro.2015.09.007
https://doi.org/10.1080/14693062.2016.1242057
https://doi.org/10.1080/14693062.2016.1242057
https://doi.org/10.1007/s00191-019-00651-w
https://doi.org/10.1080/00207543.2017.1402141
https://doi.org/10.1080/00207543.2017.1402141
https://doi.org/10.1016/j.respol.2013.10.001
https://doi.org/10.1016/j.respol.2007.08.006
https://doi.org/10.1016/j.ecolecon.2012.04.005
https://doi.org/10.1016/j.respol.2005.06.004
https://doi.org/10.4000/rei.3953
https://doi.org/10.4000/rei.3953
https://doi.org/10.1016/j.ecolecon.2018.04.028
https://doi.org/10.1016/j.ecolecon.2018.04.028
https://doi.org/10.1111/j.1467-6486.2007.00727.x
https://doi.org/10.1016/j.ecolecon.2017.06.041
https://doi.org/10.1016/j.ecolecon.2017.06.041
https://doi.org/10.1007/s00191-015-0407-7
https://doi.org/10.1007/s00191-015-0407-7
https://doi.org/10.1007/s11625-017-0502-9
https://doi.org/10.1007/s10645-008-9089-y
https://doi.org/10.1007/s10645-008-9089-y
https://doi.org/10.1016/j.euroecorev.2003.12.003
https://doi.org/10.1016/j.euroecorev.2003.12.003
https://doi.org/10.1016/j.jeem.2014.01.001
https://doi.org/10.1016/j.jeem.2014.01.001
https://doi.org/10.1016/j.jclepro.2018.03.031
https://doi.org/10.1016/j.jclepro.2018.03.031
https://doi.org/10.1016/j.respol.2017.01.001
https://doi.org/10.1257/jep.9.4.97
https://www.ceps.eu/publications/circular-economy-barriers-and-opportunities-smes
https://www.ceps.eu/publications/circular-economy-barriers-and-opportunities-smes
https://doi.org/10.3390/su8111212
https://doi.org/10.3390/su8111212
https://doi.org/10.1016/j.jclepro.2016.08.094
https://doi.org/10.1016/j.jclepro.2016.08.094
https://doi.org/10.1080/10438590701538432
https://doi.org/10.1007/s11365-008-0086-z
https://doi.org/10.1007/s11365-008-0086-z
https://doi.org/10.1016/j.ecolecon.2013.04.009

GARCIA-QUEVEDO ET AL.

van Eijk, F. (2015). Barriers & Drivers Towards a circular economy. The
Netherlands.

Wernerfelt, B. (1984). A resource-based view of the firm. Strategic Man-
agement Journal, 5(2), 171-180. https://doi.org/10.1002/smj.
4250050207

Zamfir, A. M., Mocanu, C., & Grigorescu, A. (2017). Circular economy and
decision models among European SMEs. Sustainability, 9, 1507-1522.
https://doi.org/10.3390/5u9091507

APPENDIX A

TABLE A.1  Variable definitions

Variable definitions

Dependent variables
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Barriers to CE Human resources: dummy variable that takes the value 1 if the firm has faced an obstacle to CE activities related to lack of

activities human resources; 0 if not

Expertise: dummy variable that takes the value 1 if the firm has faced an obstacle to CE activities related to lack of expertise; O

if not

Finance: dummy variable that takes the value 1 if the firm has faced an obstacle to CE activities related to difficulties in
accessing finance (external or internal financial support); O if not
Administrative procedures: dummy variable that takes the value 1 if the firm has faced an obstacle to CE activities related to

complex administrative or legal procedures; O if not

Cost meeting regulations: dummy variable that takes the value 1 if the firm has faced an obstacle to CE activities related to the

cost of meeting regulations or standards; O if not

Independent variables

CE activities Circular economy: dummy variable that takes the value 1 if the firm states it undertook any of the following activities in the last

3 years; O if not

> Water: replan the way water is used to minimize usage and maximize reusage

> Renewable energy: use of renewable energy

> Energy efficiency: replan energy usage to minimize consumption

> Waste: minimize waste by recycling or reusing waste or selling it to another company

> Redesign: redesign products and services to minimize the use of materials or use recycled materials
Breadth: number of circular economy activities undertaken by the firm (range from O to 5)

Control variables

Size Log of the total number of a firm's employees

Young Dummy variable that takes a value equal to 1 if a firm is less than 6 years old; O if not

R&D Percentage of a firm's turnover invested in R&D activities

High turnover Dummy variable that takes a value 1 if a firm's total turnover is higher than 100,000 euros; O if not

B2C Dummy variable that takes a value 1 if a firm sells products or services directly to consumers; O if not

Little information Dummy variable that takes a value 1 if a firm states there is little or no information available to help firms access finance for
CE activities related to CE; O if not

Sector Sector-specific dummy variables. This indicates the main activity of the company: manufacturing, retail, services, and industry

Abbreviations: CE, circular economy; R&D, research and development.
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Source: Based on Flash Eurobarometer Survey 441, European Commission
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FIGURE A.1 Map of circular
economy (CE) activities across European
Countries. Source: Based on Flash
Eurobarometer Survey 441, European
Commission [Colour figure can be viewed
at wileyonlinelibrary.com]
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