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Abstract

Kavita Miadaira Hamza
Purpose — This study aims to analyze the elements that influence the adoption of
circular economy (CE) activities by European small and medium enterprises (SMEs) Evaluation process:
and how these activities affect firm performance, following a multi-level approach.  Double Blind Review

Theoretical framework — To improve essential transformations, CE implementation

must take place simultaneously in the micro, meso, and macro systems (multi-  This article is open data
level approach); this is necessary to help underscore the holistic, systemic change

that the CE requires. Furthermore, it is hard for SMEs to visualize the economic

benefits, as the implementation of CE practices often involves making additional

investments that SMEs may not consider profitable.

Design/methodology/approach — We developed seven hypotheses and a theoretical
model based on the literature review to answer the research question. The model
and hypotheses were tested using the path analysis method, applying the model
to a sample of 4,550 European SMEs. Our empirical analysis uses data from the
Flash Eurobarometer 441 (European SMEs and the Circular Economy) and the
2016 EUROSTAT database.

Findings — The results support the idea that the financial impact of adopting a CE is
positive and is affected by the level of national economic and environmental performance.

Practical & social implications of research — By connecting the emergence of
the CE to the national context, our study highlights the importance of considering
macro-level factors when analyzing the impact of CE adoption on firm performance.
Public direct investment policies, especially in countries with higher economic
performance rates where firms operate at a higher level of competitiveness, can
improve firm performance indicators and make CE adoption more attractive.

Originality/value — Studies on the exploration of the CE have a predominance
of qualitative research with a single case; however, as the CE is a practice-oriented
paradigm, the use of a quantitative methodology has become crucial to research
articles in this field. This paper develops frameworks and metrics for assessing the
CE at the country, industry, and firm levels using a quantitative methodology.

Keywords: Circular economy, firm performance, SMEs, multi-level.
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1 Introduction

The importance of the circular economy (CE)
in the plans of policymakers and in the discussions
inside firms has grown in recent times. The debate of
policymakers concerning this subject emerges from the
various policies implemented, such as the European
Circular Package and the Chinese Circular Economy
Promotion Law, and the engagement of many firms in
the discussion due to thematic organizations such as the
Ellen McArthur Foundation, which has promoted many
studies in this area (Geissdoerfer et al., 2017).

CE implementation studies follow a multi-level
approach (Ghisellini et al., 2016), considering the existence
of a macro, meso, and micro level (ibid.). The macro level
aims to adjust the industrial composition and structure
of the entire economy, and it can be global, national or
regional, with legislation as the central instrument of
action; the meso level focuses on industrial symbiosis,
that is, the inter-company level, as it involves physical
exchanges between multiple organizations (Chertow,
2000); and the micro level mainly considers individual
enterprises (Feng & Yan, 2007; Ghisellini et al., 2016;
Kirchherr et al., 2017; Merli et al., 2018).

At the micro level, CE studies have been developed
mainly focusing on large industries, and it is observed
that the practice is not sufficiently widespread across small
and medium-sized enterprises (SMEs) (Ormazabal etal.,
2018). Despite the fact that 99% of firms in the European
Union (EU) are SMEs and that these firms create the
majority of new jobs, research focusing on CE activities
conducted by SME:s is scarce. Evidence of the relevance
of SME:s in this field is that the EU has recently funded
some projects fostering CE practices in these types of firms
(European Commission, 2020a). Exceptions are some
recent articles that specifically focus on the barriers and
enablers of SMEs for implementing a CE (Cantt et al.,
2021; Muraetal., 2020; Rizos et al., 2016; Scipioni etal.,
2021). SME:s secking CE activities are more likely to face
additional costs because of their low bargaining power
among stakeholders in the supply chain (Rizos etal., 2016;
Van Eijk, 2015; Wycherley, 1999). For SMEs, it is hard to
visualize the economic benefits as the implementation of
CE practices often involves making additional investments
that SMEs may not consider profitable (Dalhammar,
2016). Thus, our aim is to analyze the factors that influence
SME; to adopt CE activities and how these activities affect
firm performance. Furthermore, to improve the essential
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transformations, CE implementation must take place
simultaneously in the micro, meso, and macro systems;
this is necessary to underscore the holistic, systemic change
that a CE requires (Khitous et al., 2020; Kirchherr et al.,
2017). To support this theory, we also test whether CE
outcomes at the micro (firm) level are influenced by the
macro (country) level. We assume that countries with
better CE performance will provide firms with better

results when they implement CE activities.

2 Literature review

The term CE was first used by Peace and Turner
in 1990, when they inferred how the use of natural
resources as inputs of industries impacts the economy and,
at the same time, how the outputs of the same industries
impact them (Andersen, 2007; Geissdoerfer et al., 2017;
Ghisellini et al., 2016; Merli et al., 2018; Reike et al.,
2018; Suetal., 2013). The term “circular economy” has
been associated with a number of meanings in different
research, but they generally share the concept of a cyclical
closed-loop system (e.g., Bocken etal., 2016; Murray et al.,
2017; Stahel, 2016, 2019).

In 2006, the CE started to be formalized and
delineated by Chinese policy, which included the CE
as the main purpose of national economic and social
development plans (Su et al., 2013). In this effort, the
Chinese “Circular Economy Promotion Law” aimed at “[...]
improving resource utilization efficiency, protecting the
natural environment and realizing sustainable development”
(Gengetal., 2012, p. 216). In Europe, the CE emerged
later with the launch of the Circular Economy Package
(Masi etal., 2017). Other countries implemented the CE
with different approaches as a guideline (George et al.,
2015). Thus, the definition of CE became notorious
and researchers started to use it (Ghisellini et al., 2016).

A CE is typically implemented in firms (micro-
level), considering two main areas of eco-innovation
(ED): eco-design (a type of product innovation) and
clean production (a type of process innovation) (Jesus &
Mendonga, 2018; Ghisetti et al., 2017). Eco-design, as
a product innovation, occurs in different forms, such as
through the use of recycled materials or the redesign of
products and services to reduce raw material use (Demirel
& Danisman, 2019). Regarding clean production, as an
innovation process, we can mention redesigning water usage
to minimize the expenditure of this resource by promoting

reuse, using renewable energy, redesigning to minimize
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energy usage, and reducing waste by recycling, reusing,
or selling to other firms. These are typical examples of EI
processes that use the principles of subsystem or system
change to increase the eco-effectiveness of operations
(Demirel & Kesidou, 2019; Kiefer et al., 2019). While
product innovations improve performance by expanding
the firm’s market share or facilitating its entry into new
markets, process innovations do so by increasing efficiency
and lowering costs (Coad et al., 2016; Doran & Ryan,
2016).

On this practitioner side, the Ellen MacArthur
Foundation has a critical responsibility to encourage the
adoption of CE practices among firms, being considered
a reference in such practices (Metli et al., 2018). It has
carried out several evaluations confirming that the
implementation of CE activities leads to considerable
cost reductions (Ellen MacArthur Foundation, 2015).
The CE became a policy priority of the EU, among
other proposals, in response to high commodity prices
and lack of resources.

Some researchers have found that investing
in CE can have positive effects on firm performance
(e.g., Aboulamer, 2018; Demirel & Danisman, 2019;
Geissdoerfer et al., 2017; Kirchherr et al., 2017; Moricetal.,
2020). Aboulamer (2018) argued that adopting activities
related to the CE extends the useful life of products while
minimizing resource use and waste, which could be directly
reflected in improved financial performance. Firms could
benefit from CE adoption through cost savings achieved
by reducing the use of raw materials (e.g., metals and
energy) or by creating new markets (Taranic et al., 2016).
In other words, the large-scale adoption of the CE by
firms as a new business model will contribute to the use
of resources in multiple cycles and the reduction of waste
and consumption (Liideke-Freund et al., 2019). These
arguments support the first hypothesis.

Hypothesis 1: CE adoption is positively associated with

firm performance.

Rizos et al. (2016) analyzed the frequency of
different barriers to CE adoption mentioned by SMEs.
The authors understood that this is an indication of how
SMEs feel when confronted with a barrier. The study
concluded that various barriers pose a challenge to SMEs
in their transition to a CE (Rizos et al., 2016).

Lack of capital is a relevant barrier for smaller
companies (Hollins, 2011; Rademaekers et al., 2011).
Kirchherr etal. (2018) found that high upfront investment

costs are one of the most pressing barriers to CE adoption,
as working with a CE involves a significant adjustment
in business planning and strategy, and this shift causes
additional investments. Some of the findings of Rizzo’s
study reveal the concerns of SMEs: “Because of our low
turnover, banks have always been hesitant in releasing
funding to the business. It has been very challenging to
secure a sufficient amount of funds to run our core business,
let alone for greening the business” (Rizos et al., 2016,
p. 12). Neubaum et al. (2004) argued that this lack of
resources and concern for survival could have a negative
impact on CE adoption. The authors believe that leaders
may use the argument of high upfront investment costs
to abandon a CE initiative (ibid.).

Another important barrier is the lack of technical
skills. The transition to a more circular business requires
a fundamental rethinking of industrial processes and
organizations (Wautelet, 2016). In some situations where
SME: intend to improve the environmental performance
of their business, they are hindered by this barrier. In the
study by Kirchherr etal. (2018), it was assessed that there
is alearning cost to implement a CE, and some firms wait
for others to invest first and move up the learning curve.
Asaresult, the current staff, in many cases with insufficient
knowledge, operates the new technology, which jeopardizes
its adoption. Usually, the lack of technical skills is not
the only barrier, as it is usually correlated with a lack of
resources and time for training to acquire the necessary
skills. Overall, “[...] technical bottlenecks stand out as
the perceived source of the greatest challenges” (Jesus &
Mendonga, 2018). In this study, we use the term “lack of
technical skills” as the: i) lack of human resources (Garcés-
Ayerbe etal., 2019; Garcfa-Quevedo et al., 2020), ii) lack
of competence to implementa CE (Calogirou, 2010; Liu
& Bai, 2014; Rademackers et al., 2011; Van Eijk, 2015),
and iii) lack of knowledge regarding the benefits and
necessary investments (Amec, 2013; Murillo-Luna etal.,
2011; Rizos et al., 2016).

In contrast to the barriers, organizational strategy
is a critical enabler for CE businesses. Generally, firms with
a differentiation strategy (Porter, 1980) are more likely
to be sensitive to changes in the markets and to create
capabilities to meet these changes (Koza & Lewin, 1998).
According to Aboulamer (2018), the relationship between
R&D investment and green activities is well established
in the literature, and it is possible that this relationship
could extend to the adoption and implementation of CE

principles. Companies that invest heavily in R&D activities
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tend to develop more internal innovation capabilities, which
can enable them to develop new technologies, materials,
and processes that are consistent with CE principles.
In addition, companies that invest in R&D may be more
likely to adopt CE principles because they tend to be
more aware of the potential benefits and opportunites
associated with this new economic paradigm. Therefore,
it is possible that R&D investment could be a key driver
of the adoption and implementation of CE principles.
The study by Yamakawa et al. (2011) uses R&D as an
indicator of the level of differentiation strategy, and our
study replicates the same logic. Considering these factors
that positively or negatively influence CE adoption, we

expect that:

Hypothesis 2a: A firm’s choice of differentiation
strategy is positively related to CE adoption.

Hypothesis 2b: A firm’s lack of technical skills is
negatively related to CE adoption.

Hypothesis 2c: A firm’s financial capacity is
positively related to CE adoption.

Although all EU countries are subject to the same
set of policies regarding CE and recycling targets (Sakai etal.,
2011), national plans, financing systems, institutional
context, and incentives are still very heterogeneous across
countries, and this affects the involvement of SMEs in
CE activities (Zamfir et al., 2017). Bacovi et al. (2016)
stated that geographical, environmental, economic, and
social factors influence the CE. For example, factors such
as the accessibility of the region can play a role: in less
accessible areas, the sharing economy could be a major
challenge (ibid.). Analyzing the ESPON GREECO
report (Hansen etal., 2014), Bacovd et al. (2016) showed
that firms in higher performance countries may need
less support in the transition to a CE than those in low
performance regions. This is because countries with
lower environmental performance do not have sufficient
enforcement of environmental regulations, which does
not encourage companies to adopt a circular business
model. The lack of adequate market signals, such as low
raw material prices, also reinforces this scenario. It induces
firms to purchase cheaper raw materials instead of using
recycled ones, which often entails additional processing
costs (Bicket etal., 2014). Similar discrepancies occur in
other policy instruments, such as the lack of “consumption

taxes” to charge for the use of polluting products, which
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could inhibit their adoption by consumers (Geng &
Doberstein, 2008). The diversity of territorial contexts
translates into different needs and opportunities that
any CE should address (Bacovd et al., 2016). Not only
environmental regulations in the national context affect
the involvement of SMEs in CE activities, but also
geographical location (access) and market (price of raw
materials) factors. The main issue is that firms in higher
performing countries may need less support in the transition
to a CE than those in low performing regions. And this
is what the model proposes to test: whether the country’s
performance influences the transition. Exploring the CE in
the context of sustainable developmentcould be a valuable
goal to improve the efforts of policymakers, companies,
and society at large. In the context of CE performance,
there is a need for adequate monitoring with indicators
(Bacova et al., 2016). The EASAC (2016) defines an
interesting approach to CE indicators for sustainable
development, which consists of a panel of indicators
that are divided into the following groups: environment,
material flow analysis, societal behavior, organizational
behavior, and economic performance. In other words,
these indicators represent the main objectives of sustainable
development. In order to carry out valuable economic,
social, and environmental analyses, it is necessary to
adapt to the situation of each country. Considering these
arguments, we hypothesize that:

Hypothesis 3a: The economic performance of the
country in which the SME is located positively
moderates the relationship between CE adoption

and firm performance.

Hypothesis 3b: The social performance of the
country in which the SME is located positively
moderates the relationship between CE adoption

and firm performance.

Hypothesis 3¢c: The environmental performance
of the country in which the SME is located
positively moderates the relationship between

CE adoption and firm performance.

3 Method

We developed seven hypotheses and a theoretical
model based on the literature review to answer the research
question. The model and hypotheses were tested according
to the path analysis method, which is an extension of the
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regression model (Garson, 2013). A regression is performed
for each dependent variable that the model suggests has
causes. The observed correlation matrix for the variables is
compared to the regression weights predicted by the model,
a goodness-of-fit statistic is calculated, and the best model
is chosen for the theory development (Garson, 2013).
As shown in Figure 1, the model is composed of eight
variables, which are: i) firm strategy; ii) technical skills; iii)
financial capacity; iv) CE adoption; v) firm performance;
vi) economic performance; vii) social performance; and
viii) environmental performance. The variables from i) to
v) are related to the micro level of analysis (firm) and the
rest are related to the macro level of analysis (country).
We also use the following control variables: age, sector,

consumer type and size.
3.1 Description of the data

Our empirical analysis uses data from the Flash
Eurobarometer 441 (European SMEs and the Circular
Economy), a self-reported business survey conducted in
the 28 EU countries in 2016, including 10,618 interviews
(European Commission, 2016), to measure the endogenous
variables and the micro-level exogenous variables (described
in the next section). Despite its limitations in terms of its
cross-sectional nature (which makes it difficult to establish
causal relationships) and its reliance on Flash technology
(specifically, computer-assisted telephone interviewing —
CATT - which can introduce respondent bias), the survey
we use as a baseline includes a wide range of questions.
These questions serve as the basis for constructing the
variables used in our analysis (Supplementary Data
1 — Description of variables and codes). Moreover, these

Macro level
Micro level

Hypothesis 2a |

Firm strategy

data have been used by a significant number of studies
(e.g. Bassi & Dias, 2019; Demirel & Danisman, 2019;
Ghenta & Matei, 2018; Kalar et al., 2021; Moric et al.,
2020; Zamfir et al., 2017). For this research, we excluded
firms that lacked relevant information for our analysis.
Therefore, our final sample contained 4,550 observations
(Supplementary Data 2 — database).

Additional data from the 2016 EUROSTAT
database were used to measure the exogenous macro-level,
or country-level, variables of the analysis. The circular
material use rate was used to measure environmental
performance and gross domestic product was used to
measure economic performance. Social performance
was extracted from the Human Development Report,
using the 2016 Human Development Index (HDI) of

the countries included in this research.

3.2 Model variables

3.2.1 Endogenous variables

Following previous reports (Delmas & Pekovic,
2018; Friesenbichler & Peneder, 2016; Li, 2020;
Moric et al., 2020), our dependent variable, called “firm
performance,” was expressed as the logarithm of sales per
employee (in euros). As a measure of productivity, it allows
for cross-country comparisons as it is not influenced by
firms’ accounting and financing decisions (Li, 2020).
Limitations of this measure include the fact that it does
not account for intermediate inputs. In addition, the
availability of this measure for all firms is not guaranteed

and the use of alternative measures (such as value added

Consumer
type

Sector Size

Hypothesis 2b

Technical skills CE adoption

| Hypothesis 1

Hypothesis 2c

Financial capacity

Firm performan

H_\]M\lh‘\hl.\ 3a J | I]_\'pmh.cw 3b J ‘ HH‘\\E]llL‘\h 3¢ J

Economic
performance

Social
performance

Environmental
performance

Figure 1. Empirical model
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per employee) may reduce the sample size (Friesenbichler
& Peneder, 2016).

The 3R imperatives of “reduce, reuse, and
recycle” are accepted principles of a CE, and the various
R imperatives are the “how-to” of a CE and thus one
of its core concepts (Kirchherr et al., 2017). The survey
used in this study distinguishes five types of activities
related to a CE: (i) redesigning the way water is used
to minimize consumption and maximize re-usage, (ii)
using renewable energy, (iii) redesigning energy usage
to minimize consumption, (iv) minimizing waste by
recycling, reusing, or selling it to another firm, and (v)
redesigning products and services to minimize material use
or use recycled material (European Commission, 2016).

We employ the logic used by Moric et al. (2020)
to analyze the circularity activities in the firms, and we
created the variable “CE adoption.” They created four
levels of CE adoption: (1) “non-adopters” — firms that
have never planned to implement any activity related to
the CE; (2) “planners” — firms that have not implemented
any of the practices aligned with the CE, but are planning
to do so; (3) “potential adopters” — firms that are in the
process of implementing at least one of the types of activities
aligned with the CE; and (4) “adopters” — firms that have
adopted at least one of the types of activities related to
the CE. We code the variable according to this logic: 1,

2, 3 and 4 — according to the classification.
3.2.2 Exogenous variables

Concerning the micro-level (or firm-level)
variables, we previously discussed the influence of the firm’s
organizational strategy on the adoption of CE activities.
We established the variable “R&D investments,” which
represents the percentage of a firm’s turnover allocated
to research and development (R&D) activities, as the
“organizational strategy” variable, with higher levels
indicating a strategic orientation towards differentiation
(Yamakawa et al., 2011).

As a micro-level variable, to measure the financial
capacity of the firm to implement CE projects, we also
used the variable “financial capacity,” which is a dummy
for the necessity of access to financing (0) or not (1).
Finally, to measure the firm’s lack of technical skills,
we created a dummy for the firms that declare a lack of
human resources, lack of competence to implementa CE,

or lack of knowledge about the benefits and necessary
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investments: if the firm presents some of these issues,
then (1); if not, then (0).

Regarding the macro-level (or country-level)
variables, economic performance was measured using the
logarithm of the gross domestic product of each country
in the year 2016: the variable name is defined as “GDI”
For social performance, we used the Human Development
Index (HDI) for the same year, by country. According
to the United Nations Development Programme, the
Human Development Index (HDI) is the geometric
mean of normalized indexes of three dimensions: a
long and healthy life, being knowledgeable, and having
a decent standard of living. Finally, for environmental
performance, we use the circular material use rate,
defined as “CMU.” The CMU rate is defined as the ratio
of circular material use (U) to an indicator of the overall
material use (M) (CMU=U/M): The indicator measures
the share of material that is recovered and returned to
the economy — avoiding the extraction of primary raw
materials — in relation to the total material used (European
Commission, 2020b). In summary, the circular material
use rate evaluates the proportion of materials that are
being kept in circulation and used within a closed-loop
system, contributing to a more sustainable and efficient
use of resources. The moderator variables were created
using the product of the mean-centered first-order effect
variables (Little et al., 2006).

CE*GDP = (CE adoption —mean of CE adoption) *

(1)
(GDP —mean of GDP)
CE*HDI = (CE adoption — mean of CE adoption) * )
(HDI — mean of HDI) @
CE*CMU = (CE adoption —mean of CE adoption) * (3)

(CMU —mean of CMU)

Finally, we used some control variables: (i)
“age,” which indicates the time frame in which the firm
was established; (ii) “size,” which represents the number
of employees of the firm; (iii) “consumer type,” which
indicates whether a firm sells to firms (B2B), directly
to customers (B2C), or both; and (iv) “sector,” which
distinguishes between four types of sector: manufacturing
(NACE category C), retail, services, and industry (NACE
categories B/D/E/F).
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3.2.3 Endogeneiry test

To tackle endogeneity issues, we employed an
instrumental variable (IV) approach, which consists of a two-
step logistic estimation method (2SLS) for our dependent
variable. In the first step, our independent variable of interest
is regressed on two instrumental variables: access to financing
information and government incentives. The resulting adjusted
probabilities are then used in the model. This approach is
similar to the two-step least squares approach described by

Bascle (2008), the most commonly used IV estimator.
4 Results

4.1 Sample characterization

Table 1 describes our sample of EU SMEs in

terms of the number of employees, firm age, percentage

of turnover invested in R&D, consumer type, sector,
environmental management issues, and financial capacity.
Most firms have less than 10 employees (61.6%), started
their activities before 2010 (84.8%), belong to the retail
(32.5%) and services (38.8%) sectors, and more than
75% invested less than 5% of their turnover in R&D in
2015. Regarding consumer type, we found that 42% of
the firms are B2B, most of the companies (63.7%) did
not mention environmental management issues, and they
state that they do not require financing to implement
environmental projects (54%).

As previously described, the “CE adoption” variable
is divided into four categories. The “adopters” category
represents 55.8% of the sample, meaning it accounts
for more than half of the variable. As “CE adoption” is
a central variable of the model, we understand that it
would be important to add a more detailed description
of its distribution. Tables 2 and 3 present a more detailed

Table 1
Sample characterization (N=4,550)
Non-adopters Planners Potential adopters Adopters Total
CE adoption 18.5% 5.5% 20.2% 55.8% 100%
Number of employees
1 to 9 employees 13.7% 3.7% 11.7% 32.4% 61.6%
10 to 49 employees 3.6% 1.3% 5.2% 14.2% 24.3%
50 to 250 employees 1.3% 0.5% 3.2% 9.0% 14.1%
Date firm established
After Jan 1% 2015 0.3% 0.2% 0.3% 0.6% 1.3%
From Jan 1*2010 to Jan 1% 2015 3.0% 0.8% 2.7% 7.3% 13.8%
Before Jan 12010 15.3% 4.6% 17.1% 47.8% 84.8%
Sector
Manufacturing (NACE category C) 1.4% 0.7% 3.2% 8.5% 14.0%
Retail 5.8% 1.6% 6.6% 18.4% 32.5%
Services 9.1% 2.2% 6.8% 20.6% 38.8%
Industry (NACE categories B/D/E/F) 2.2% 1.0% 3.5% 8.1% 14.8%
Consumer type
B2C 3.5% 1.3% 3.2% 10.5% 18.5%
B2B 9.5% 2.1% 8.7% 21.7% 42.0%
Both 5.6% 2.2% 8.2% 23.5% 39.6%
Lack of technical skills
Not mentioned 11.6% 2.1% 13.4% 36.6% 63.7%
Have some lack 6.9% 3.5% 6.7% 19.1% 36.3%
R&D investments
Less than 5% 16.1% 4.3% 15.5% 43.2% 79.2%
From 5% to0 9.9% 0.9% 0.4% 2.3% 5.3% 9.0%
From 10% to 14.9% 0.6% 0.4% 0.9% 3.2% 5.2%
From 15% to 19.9% 0.0% 0.1% 0.4% 1.4% 2.0%
20% or more 0.9% 0.2% 1.1% 2.5% 4.7%
Financial capacity
Need for financing 12.7% 4.0% 8.1% 21.2% 46.0%
No need for financing 5.8% 1.6% 12.1% 34.6% 54.0%
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description of the percentage of the types of activities
adopted and also the amount of activities adopted by
the firm.

We can see that the activity most implemented
by companies is “minimizing waste by recycling, reusing,
or selling it to another firm.” This may be because these
solutions are more mature and readily available, which
makes it easier for companies to implement them. Most
of the adopters implemented only one type of CE-related
activity.

The following table shows the Pearson’s correlations
between all the variables of the model (Table 4). From
an inferential perspective, we conclude that all SME
characteristics (age, sector, consumer type and size) are
statistically correlated with the CE adoption variable
(p-value < 0.01), and that the factors R&D investments,
environmental management issues and financial capacity are
also correlated. The correlation between firm performance
and CE adoption shows significance (p-value < 0.01).
Among the moderating variables, only the moderation of
environmental performance (CE*CMU) is not significant

Table 2
Number of activities

Number of activities adopted % Activities

when correlated with firm performance. Nevertheless, it
is necessary to test these relationships in the proposed
model. To test the multicollinearity of the independent
variables, we calculate the VIF: a very common cutoff
reference corresponds to a VIF value of 10 (Hair Jr. et al.,
2018). Our results show a low VIF for the control variables
(age: 1.024; sector: 1.021; consumer type: 1.011; and
size: 1.036), as well as for the independent variables (firm
strategy: 1.011; technical skills: 1.011; financial capacity:
1.041; and CE adoption: 1.066). For the moderator
variables, we identify a higher VIF value, but still lower
than the cutoff value (CE*CMU: 1.218; CE*GDP: 7.271;
and CE*HDI: 7.244).

4..2 Empirical model results

In line with our objective, the results on the
relationship between CE and firm performance are
presented in Figure 2 and the results of the hypotheses
tests are presented in Table 5. The adjusted model shows
suitable results: standardized root mean square residual
(SRMR) = 0.067 (<0.08) and standardized root mean
square error of approximation (RMSEA) = 0.0224 (<0.08).
When we compare our model to a null model, the results
are consistent: comparative fit index (CFI) = 0.986 (>0.95).
The squared multiple correlations (R?) for the dependent
variable “firm performance” is 0.142 and for the explanatory
variable “CE adoption” it is 0.127. R? values must be at
least 0.10 for an endogenous construct to have its variance
adequately explained (Falk & Miller, 1992). When we
run the model using only the control variable, the R* for
the dependent variable “firm performance” is 0.034 and

One type of CE-related activity 40.7%
Two types of CE-related activities 28.9%
Three types of CE-related activities 17.3%
Four types of CE-related activities 10.2%
Five types of CE-related activities 2.9%
Macro level
Firm strategy e Secr
068+*

Environmental

Micro level

Consumer

type

Size

management e CE adoption . Firm performance
%ﬂ -075% 013 043%%
Financial capacity
Economic Social Environmental
performance performance performance

Figure 2. Empirical model results
**p < 0.01 (2-tailed); *p < 0.05 (2-tailed)
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for the explanatory variable “CE adoption” it is 0.025,
which supports the proposed model.

Table 2 shows that the empirical model supports
most of the five hypotheses. The regression weight of
Hypothesis 1 is 0.052 (p-value < 0.01), while those
of Hypotheses 2a, 2b, and 2¢ are 0.068, -0.038, and
0.230, respectively (all with a p-value < 0.01). The test
of Hypothesis 3a showed a negative effect (-0.075 with
a p-value < 0.05) that was not expected and it was thus
rejected. The test of Hypothesis 3b showed a regression
weight 0f0.013, but it does not show statistical significance
for this model (p-value = 0.723). Hypothesis 3¢ was
supported with a regression weight of 0.043 (p-value <

0.01). The control variable “age” also does not present
statistical significance when associated with “CE
adoption,” even though it influences “firm performance.”
All other relationships presented statistical significance

for inference analysis.
4..2.1 Robustness test

In order to understand whether a different approach
to classifying the variable “CE adoption” would lead to
different results in the model, we ran a robustness test with
anew classification. In this new classification, “adopters” are
divided into two new categories: (4) adopters of one type of

activity and (5) adopters of two or more types of activities.

Table 4
Types of activities
Types of CE-related activities % Adopters
(i) redesigning the way water is used to minimize usage and maximize re-usage 14.6%
(ii) using renewable energy 13.9%
(iii) redesigning energy usage to minimize consumption 29.6%
(iv) minimizing waste by recycling, reusing, or selling it to another firm 42.3%
(v) redesigning products and services to minimize the use of materials or use recycled material 23.2%
Table 5
Hypothesis test results
Relationship Std Regression Weight P Hypothesis test
CE adoption <--- Firm strategy 0.068 o H2a supported
CE adoption <--- Lack of technical skills -0.038 o H2b supported
CE adoption < Financial capacity 0.230 * H2c supported
CE adoption <--- Age 0.010 0.493 -
CE adoption < Sector -0.066 o -
CE adoption <--- Consumer type 0.041 o -
CE adoption <--- Size 0.145 o -
CE adoption < Environmental performance -0.048 * -
CE adoption < Economic performance 0.285 * -
CE adoption < Social performance -0.092 * -
Firm performance <--- CE adoption 0.052 o H1 supported
Firm performance < Age 0.097 o -
Firm performance < Size -0.087 x -
Firm performance <--- Consumer type 0.032 * -
Firm performance < Sector -0.084 * -
Firm performance < Environmental performance 0.073 x -
Firm performance < Economic performance 0.274 * -
Firm performance < Social performance 0.024 0.496 -
Firm performance < CE * Economic performance -0.075 * H3a rejected
Firm performance < CE * Social performance 0.013 0.723 H3b rejected
Firm performance <--- CE * Environmental performance 0.043 o H3c supported

**p < 0.01 (2-tailed); *p < 0.05 (2-tailed).
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The result of the tested model was similar to
that of the original model: there was no difference in the

hypotheses tested.

5 Discussion

The results are related to other studies and
theoretical literature. Hypothesis 1 was also empirically
confirmed by Zamfir et al. (2017), which was one of the
few studies that explored the relationship between CE
and firm performance. The study by Zamfir etal. (2017)
showed that redesigning water usage, using renewable
energy, minimizing material use, and minimizing waste
are decisions that are beneficial to the environment and
lead to improved economic performance.

Moric et al. (2020) showed in their research
the influence of the stage of CE implementation on
firm performance and found that adopters have higher
productivity than potential adopters, who in turn are
more productive than planners. Our study was able to
add to their research by showing that firm performance is
moderated by the influence of the country’s environmental
performance (Hypothesis 3¢). The efficient use of resources
reduces the dependence of the European economy on
imports of raw materials (Ellen MacArthur Foundation,
2015; Rizos etal., 2016). With less dependence on foreign
raw materials, the costs of production and management
could be reduced, leading to an increase in productivity
outcomes for firms. In addition, Kirchherr et al. (2018)
infer that with higher raw material prices, circular products
would be more affordable, which could stimulate the
interest of consumers and increase firm results.

On the other hand, the high economic performance
of a country negatively influences firm performance.
According to Ellen MacArthur Foundation (2015), the
implementation of CE activities could increase GDP and
competitiveness. With our results (Hypothesis 3a), we can
conclude that countries with a high GDP have a more
intense competitive environment for firms, which may
result in low profit margins for their products and services.
The investments necessary to implement CE activities may
put pressure on the costs of the implementing firm, thus
affecting its productivity. The results of the country’s social
level (Hypothesis 3b) do not show statistical significance
to infer its impact on productivity. Perhaps another proxy,
such as consumer culture and lifestyle, could produce
different results. Padilla-Rivera et al. (2021) proposed

that consumer health and safety are the most relevant

social CE indicators, based on the literature review and
the ranking according to CE experts’ value judgments.
In addition to this fact, Kirchherr et al. (2018) found
that some of the main barriers to a CE were lack of
consumer interest and lack of awareness. This implies
that countries with healthier and safer consumers have a
higher environmental awareness.

Another contribution to the research is the result
of Hypothesis 2a: firms with higher R&D investments,
which indicates a strategic orientation of differentiation,
tend to adopt CE activities more often than other firms,
reinforcing the assumption that the implementation of
circularity involves reorganizing the strategy and industrial
process, and that firms with a differentiation strategy have
more capacities for these changes. The technical skills are
higher in firms with CE activities adoption, as stated in
Hypothesis 2b: the higher the lack of technical skills, the
lower the CE adoption. This indicates that the organization
needs to invest in technical skills to implement circularity
activities. Neubaum et al. (2004) found that CE adoption
is negatively influenced by resource scarcity and survival
concerns. This was confirmed in our results for Hypothesis
2c¢: firms with financial capacity implement a CE more
often than other firms. This could be explained by the fact
that SMEs often face difficulties in obtaining guarantees
to secure the necessary funding from traditional banks
(Dervojeda et al., 2014; Hyz, 2011; Rizos et al., 2016).
Moreover, the study by Ghisetti and Montresor (2020)
shows that self-financing is more important than debt
financing for the implementation of CE activities. In turn,
public financing is in the middle as a fundamental source,
reinforcing the importance of direct government support
for CE promotion.

When analyzing the influence of control variables,
we found similar results compared to other studies: age
does not show statistical significance in CE adoption.
This result was also found by Hoogendoorn et al. (2015),
who stated that age does not influence environmental
practices. Sector, size, and consumer type influence CE
adoption, which was also demonstrated by Zamfir et al.
(2017).

Figure 3 and Figure 4 show the moderation effect.
These results show a further step in CE research, especially
when we evaluate the interaction between the levels of
implementation (macro and micro). The economic and
environmental development observed at the macro level
can influence (positively or negatively) the results at the
micro level (firm performance).
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Figure 3. Economic performance moderation effect
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Figure 4. Environmental performance moderation effect

6 Conclusions

Studies on CE exploration have a predominance
of qualitative research with a single case; however, as CE
is a practice-oriented paradigm, the use of a quantitative
methodology has become crucial for research articles in
this field. This paper was able to develop CE assessment
frameworks and metrics at the country, industry, and firm
levels with a quantitative methodology. The paper examined
the relationship between CE adoption and firm performance
for SMEg, testing the influence of firm-level or micro-level
factors and moderating this relationship with country-
level (or macro-level) performance indexes. Applying an
empirical model to a sample of 4,550 European SMEs, the
results indicated that the country in which they operate
may affect firm performance and influence companies’
decisions to implement CE practices. A management
approach to CE development should help understand
the conditions for transforming a linear economy into

a circular one.

432

By connecting the emergence of a CE to the
national context, our study highlights the importance
of considering macro-level factors when analyzing the
impact of CE adoption on firm performance. The results
support the view of some researchers that a CE must be
proposed with an integrated approach across different
levels of implementation. The need to move from a linear
economic model to a more circular economic solution
requires going beyond stimulating increased CE design
and innovation efforts, in other words, it requires going
beyond a micro-level analysis. It also requires increased
investments in this field. Since enterprises are still one of
the key players in this transition process, they must be
more competent at meeting their needs by supporting
relevant investment, infrastructure, technology, and
skills plans, especially small and medium enterprises
(European Commission., 2014). We emphasize that our
results reveal that firm location directly influences the
results of companies committed to adopting circularity

activities. The country’s environmental performance
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could contribute positively to firm performance, but
the contribution of its economic performance could be
negative if the firm adopts more CE activities. Since a
CE may perform differently depending on the location,
copy-paste solutions will not be effective. Each firm and
region should plan based on its own challenges.

Public direct investment policies, especially
in countries with higher economic performance rates
where firms operate at a higher level of competitiveness,
can improve firm performance indicators and make
CE adoption more attractive. Financial support for CE
activities can be provided directly by the public sector
or via other institutions (e.g., business associations and
business development agencies), in different forms, such
as grants, tax incentives, loans, or investment guarantees.
In addition, countries that already operate with more current
environmental legislation, with better environmental results,
also help firm performance by stimulating a reduction
in the cost of raw materials, which makes CE adoption
more attractive due to the economic benefits generated.
Therefore, some of the main reasons why European
SMEs are proactively adopting the CE are the savings in
material costs, the creation of competitive advantages,
and the opening up of new markets.

The study has some limitations. For instance,
the empirical model used did not include all possible
exogenous variables, since it is difficult to represent the
full diversity of indicators that influence the relationships.
The use of secondary data also made this study challenging,
as the development of the constructs depended on the
available data, which required adaptations. Future research
could use the empirical model presented in this study
and implement other variables or use new constructs
to understand the integration between levels of CE
implementation, using other secondary data or surveys.
In this study, we could not account for the influence of
the social dimension on the results of firms. This should
be addressed in future studies. Some authors have already
proposed some indicators that could be more suitable for
measuring circularity indexes that are not yet present in
the European Commission reports, such as the Consumer
Health and Safety Index.
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