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Abstract: Sustainable development and circular economy (CE) policy
perspectives are growing in importance. However, there is little empirical
research about the implementation of a CE or a critical review of its indicators
at the country level. Using an institutional approach, this paper explores CE
implementation strategies in advanced small open economies (SOEs) in the
European Union (EU). We used a principal components analysis (PCA) and a
clustering analysis based on data from the EU monitoring framework for the
CE, specifically 13 small open economies from 2010-2017. The main findings
reveal three CE implementation strategies correlated with CE development
stages: integrated to value chain, focused on institutional compliance and
fragmented profiles. Surprisingly, we found no evidence for the expansion of
CE-related sectors based upon persons employed, value added or gross
investments. This topic deserves further investigation, with important
implications for future research and policymaking.
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1 Introduction

In recent years, the prevailing view in the economic literature has been that sustainability
must come at the price of economic growth (WEF, 2019). Although the circular economy
(CE) is a contested concept (Korhonen et al., 2018), it is often presented as a practical
strategy for implementing sustainable development. To date, a wide variety of CE-related
research has been published worldwide. The majority of papers on CE focus on resource
scarcity and efficiency, followed by waste reduction and recycling (Ghisellini et al.,
2016; Kirchherr et al., 2018), increasing resource productivity and decoupling resource
utilisation from economic growth (D’Amato et al., 2017) at different aggregation levels
as well as identifying Covid-19 implications for sustainable development (Alvarez-Risco
et at., 2021). Overall, the system level (Moraga et al., 2019; D’Amato et al., 2017; Davies
and Hall, 2006) and inter-organisational approach (Korhonen et al., 2018; Kirchherr
et al., 2017) are emphasised strongly by identifying several perspectives of
implementation: micro (Kirchherr et al., 2018; Seth et al., 2018), meso (Baldassarre et al.,
2019; Santagata et al., 2020) and macro (Geerken et al., 2019; Mayer et al., 2018; OECD,
2017; Parchomenko et al., 2019).
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However, a limited number of studies address issues of countries’ CE implementation
and indicators: energy and environmental efficiency (Mavi and Mavi, 2019), the
assessment of environmental and circular economy performance (Giannakitsidou et al.,
2020; Marino and Pariso, 2020; Skrinjarié, 2020) and conceptual insights about
measuring CE (Moraga et al., 2019). Indicators are being developed both to provide
evidence in support of CE policies and to monitor progress. The monitoring of CE at a
macro scale currently includes methods using material flow, energy and input-output
analysis (Moraga et al., 2019), focusing on resource efficiency and waste management.
On the other hand, there are contradictions in implementing CE on a large scale, which
relates mainly to its viability and biophysical feasibility in a given socio-economic
system (Giampietro et al., 2019). Moreover, the large-scale recycling of materials may
slow the economic process (Giampietro et al., 2019) because, currently, neither the global
economy nor the economies of developed countries are circular (Haas et al., 2015).

The empirical focus of this paper is on advanced small open economies (SOEs) in the
EU. In 2018, the EU monitoring framework on CE progress was created. To date,
analyses primarily centre on large economies: China, the United States, Italy, Germany
and the United Kingdom. Large economies have done a lot supporting CE-related
industries and concerning CE in their roadmaps. In comparison, smaller countries have a
tradition of collaborating because they are smaller and more agile. Geerken et al. (2019)
emphasise that more competitive CE sectors in an open economy can benefit from new
CE activities domestically or abroad. Within this context, advanced small open
economies in the EU offer an interesting case to investigate CE implementation.
Specifically, EU directives must be applicable at the same scale for all countries, and the
local context and domestic market are essential in fostering circularity. Compared with
large countries, SOEs usually are exporters and might face challenges in closing the loop.
Therefore, this study poses the following research question: How do SOEs implement a
CE?

Taking into consideration the given trade-offs and the scant research into countries’
historical empirical data concerning CE implementation, this research explores how CE
monitoring indicators could be used to identify CE implementation strategies. The
institutional approach justifies the empirical application of the EU monitoring framework
for the circular economy. We applied a principal components analysis (PCA) to identify
CE strategies in SOEs because it is useful for exploratory data analysis and better
visualises the variation presented in a multivariable dataset. Subsequently, a cluster
analysis was used to indicate the homogeneity of CE strategies among different SOEs.

This paper makes several significant contributions. Firstly, it contributes to the
economic development literature by exploring the concept of CE across macro, meso and
micro levels and using CE indicators to monitor countries’ progress. Secondly, the focus
has been placed on SOEs because CE has been explored more in companies, industries
and large economies. Finally, the paper provides original empirical evidence of CE
implementation strategies in advanced SOEs.

The paper is structured in the following manner. First, it analyses the literature on CE
policies and CE indicators, focusing on advanced SOEs. Then, the research methodology
is introduced. The subsequent section presents the key findings, and the paper concludes
with a discussion of the results, study limitations and directions for further research.
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2 Theoretical background

2.1 Circular economy: policy

The World Economic Forum (WEF), which has been measuring countries’ economic
competitiveness since 1979, defines competitiveness as: ‘the set of institutions, policies
and factors that determine the level of productivity of a country’. Today the
competitiveness of a country results from the entrepreneurial activity of individual firms
and appropriate institutional policies. More importantly, most countries obtain different
results concerning social and environmental factors at the same level of competitiveness
(WEF, 2019). For example, on the environmental front, while Sweden and the United
States both score above 80/100 on competitiveness, Sweden increased its reliance on
renewable energy by 13% over the past 15 years, while the USA did so by only 3%.

An exceptional feature of CE is that it has primarily emerged from legislation (Davies
and Hall, 2006; Murray et al., 2017; Parchomenko et al., 2019), as exemplified by the
cases of China, Japan and the EU. Murray et al. (2017) notes the development of CE
implementation since 1973, when the first National Environmental Protection Conference
formulated environmental protection policies and guidelines. China is one of the first
countries to implement a national CE strategy; as a result, there is extensive research
material on this case (Geng et al., 2012; Homrich et al., 2018). It should be noted that CE
was primarily an industrial ecology agenda to examine how the waste of one company
could become a resource for another. However, more recent CE policies look at eco-
design, extended producer responsibilities and means of reducing, reusing and recycling
activities in manufacturing, circulation and consumption (EC, 2020).

Table 1 Trade-offs across different levels of CE implementation
Implementation
CE
Short term Long term
Micro level High upfront investment costs and No trade-offs: reduce waste,
(company) higher prices for products (Kirchherr optimise resources and costs (Lieder
et al., 2018; Seth et al., 2018) and Rashid)
Meso level No trade-offs: benefits from the by- No trade-offs: rise of new CE sectors
(industry, city) products across the supply chain and job creation (Geerken et al.,
(Lieder and Rashid) 2019; OECD, 2017)
Macro level Possible trade-offs: large scale Rise of new CE sectors and job

(region, country) recycling (Giampietro et al., 2019) creation (EC, 2015; OECD, 2017)

Nevertheless, the orientation towards greater resource efficiency derives from a scarcity
of natural resources and land. For example, the EU economy depends on raw materials
from the rest of the world. More than 60% of the EU’s total physical imports are raw
products (EC, 2019). In reconciling economic growth with environmental benefits by
moving to regeneration and restoration rather than extraction and consumption, the
European Commission has recognised the urgency of moving towards CE and, in 2015,
adopted the Circular Economy Package and an action plan. At the national level, Member
States identified priorities related to CE in their smart specialisation strategies. The EU
CE policy platform’s construction has evolved from waste management policies, i.e., the
first EU Packaging Directive in 1994, the End-of-Life Vehicles Directive in the late
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1990s and the 2008 Waste Framework Directive. Public policies remain crucial in driving
the EU towards full CE implementation (Cainelli et al., 2020).

Strategic institutional requirements for the implementation of a CE package are being
developed, in which the targeted indicators for reducing the amount of waste and the
negative environmental impact were set forth for each Member State in 2018 (EC,
2018a). At the EU level, CE policy includes actions throughout the value chain (Geerken
et al., 2019) and aims to measure its contribution to at least four areas: production and
consumption, waste management, secondary raw materials and competitiveness and
innovation. According to the estimations of the Ellen MacArthur Foundation (EMAF)
and the McKinsey Institute (2015), applying CE principles in all sectors and industries
will benefit the EU environmentally and socially. It will additionally have the potential to
generate a net economic benefit of EUR 1.8 trillion by 2030.

However, CE is a new policy in the EU, which means that Member States have
diverse implementation levels. Therefore, we apply a systems perspective (Kirchherr
et al., 2017) to present a theoretical discussion on the trade-offs of implementing CE
(Table 1).

2.2 Circular economy: indicators

In scientific publications and studies focused on CE indicators, one can notice the
prevalence of studies that explore indicators to assess CE implementation at different
levels. From the microsystems perspective, a particular company or industry, by reducing
waste and optimising resources for cleaner production, may lessen its environmental
footprint (Lieder and Rashid, 2016) and optimise its cost structure in the long run. In
addition, CE may increase costs and accordingly raise the prices of products, reducing the
competitiveness of a company’s product. However, high upfront investment costs
(Kirchherr et al., 2018; Seth et al., 2018) usually appear when first implementing changes
towards cleaner production or circular design. By measuring corporate CE strategies, Elia
et al. (2017) proposes a taxonomy of environmental indicators split into material and
energy flows, land use and consumption and other life cycle-based assessments.

Lieder and Rashid (2016) further detail the micro level by splitting it into the factory
(cleaner production) and inter-organisational levels, which already verges on the meso
level. The mesosystems perspective looks at interactions among different companies or
industries where each benefit from the by-products of one industry as raw resources for
production, which is analogous to ecological industry concepts. The sectors with great
potential in CE are repair, waste and recycling; rental and leasing; secondary material
production, repair and remanufacture; the service sector; and the sharing economy
(OECD, 2017). Therefore, more competitive CE-relevant sectors in an open economy can
benefit from new CE activities, domestically or abroad (Geerken et al., 2019).

Overall, governmental decisions are crucial in implementing CE, as engineering and
technological barriers do not stop the transition to CE (Kirchherr et al., 2018). Over the
last ten years, there has been much improvement regarding renewable energy
technologies and eco-design. Technical limitations and the continuous increase in
demand might explain why fossil fuels still account for ~80% of total energy
consumption (WEF, 2019). In addition, at the meso level, the role of cities is critical
when implementing CE. About 85% of EU GDP is generated in cities (EC, 2019).
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Therefore, it is not surprising that the most impactful cities consider the principles of CE
in their public strategic documents and need innovative measurement tools. Relatedly,
Santagata et al. (2020) explore circular indicators for urban areas, which include the
following characteristics: network-based, integrative, multi-criteria, preventive eco-
design, regenerative and redistributive.

The macrosystems perspective highlights the need to adjust the industrial composition
and structure of the entire economy (Kirchherr et al., 2017). CE might be seen as an
alternative, more sustainable flow model for an economic system, one that is cyclical and
regenerative (EMAF and McKinsey Institute, 2015; Korhonen et al., 2018). Mayer et al.
(2018) explore the progress to CE on an economy-wide scale, examining whether
absolute reductions in resource use and waste flows were achieved. The authors propose
a comprehensive biophysical assessment of CE, linked to official statistics on resource
extraction and use and waste flows in a mass balanced approach. CE is mainly a strategy
for economic growth (Giampietro et al., 2019), and the wider benefits of CE include the
creation of new competitive advantages (EC, 2019).

When it comes to the macro level, some trade-offs regarding inputs, primary flows
and circularity might arise. Economic activity is entropic and cannot be circular.
According to Giampietro et al. (2019), primary flows—including water, energy and
food—cannot be produced by the economic system but depend on eco-system inputs.
Moreover, these flows, essential to provide a life-support system to the economic
process, are orders of magnitude larger than those under human control. Thus, the lack of
circularity of energy and food cannot be solved through technological innovation. Energy
and food flows are degraded through use, and the process is irreversible: one cannot
undigest food or unburn fuels.

The other problem is that in most European, American and Asian cases, the focus is
on waste recycling rather than turning waste into new materials or products (Ghisellini et
al., 2016). The EU economy is not circular and has not become more circular in the last
decade, nor is the global economy or the economies of developed countries circular
(Giampietro et al., 2019; Haas et al., 2015). Moreover, recycling rates differ (Giampietro
et al., 2019), but the level of recirculation of consumable and durable products or their
components is generally low—the average is well below 50% (Cullen, 2017). When
considering the overall recycling rate, Haas et al. (2015) set a value of 13% over the
whole input of 6.7 GT/year when including the recycling of construction material.
Further, the large-scale recycling of materials may slow down the economic process, i.e.
flows that were readily available for consumption need to be produced first and create a
new energy demand (Giampietro et al., 2019).

Moreover, technological innovation may extend product durability and reduce the
requirement of primary energy and agricultural resources. Increased efficiency, however,
may lead to rebound effects such as the Jevons paradox. Therefore, technological
innovations are not enough to transition to more circular economies. The CE in EU
countries makes it possible to boost competitiveness and growth, stimulating local and
regional development, creating new opportunities and jobs and avoiding irreversible
environmental damage (EC, 2015). However, as noted earlier, empirical research
assessing countries’ transition to CE is scant (Table 2 presents a summary).
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Table 2 Summary of related research
Authors Methods Data focus
Mavi and Mavi (2019) Malmquist productivity index OECD countries, 2012-2015
Giannakitsidou et al. (2020) Data envelopment analysis 26 European Union countries,
2014 and 2017
Skrinjarié (2020) Grey relational analysis Selected European countries,
20102016
Marino and Pariso (2020) Comparative statistical ratios 28 EU Member States, 2006—
analysis 2016
Skrinjarié (2020) Data envelopment analysis 37 European countries, 2004—
2016
Momete (2020) Composite index 24 EU Member States, one year

Mavi and Mavi (2019) explore environmental issues arising from energy use and
circularity. Hence, the authors analyse the energy and environmental efficiency of OECD
countries using the Malmquist productivity index. The proposed model enables decision-
makers to assess all the OECD countries on the same basis to reveal their strength and
weaknesses. The results demonstrate that Switzerland had the highest efficiency during
20122014, while Ireland took first place in 2015.

Giannakitsidou et al. (2020) measure the environmental and CE performance of 26
EU countries. The study shows significant disparities among FEuropean countries
concerning their performance. Interestingly, the borders between Western and Eastern
Europe have fallen, but not those between the north and the south: early EU members,
such as Spain and France, perform significantly worse—both from an environmental and
CE perspective—than newer members like Slovenia and Poland.

Skrinjari¢ (2020) evaluates the CE achievements of select European countries and
finds regional discrepancies among them. Namely, the best performing CE countries are
Germany, the Netherlands, Denmark, France and Italy, with the worst performance
appearing in Romania, Greece, Cyprus, Slovakia and Bulgaria. The best-performing
countries have greater GDP per capita and better infrastructure, education and research
and development (R&D). Marino and Pariso (2020) also find that the country’s leading in
CE development have a higher GDP in PPS and GDP/CEI ratio average values. The
results confirm a correlation between these economic elements with the transition of the
countries towards CE. Furthermore, in a further study, Skrinjari¢ (2020) indicates that the
most inefficient countries have shown an increase in their sustainable development
efficiency score from 2004-2016.

Momete (2020) assesses the readiness of EU economies to migrate from a linear
economy to a circular one through a methodology that incorporates economic, social and
environmental factors. Over 40% of EU Member States are ready to embark on a circular
future. This percentage, which comprises both Western and Eastern European countries,
reveals that circular modelling has great potential, especially in Western Europe.

Apart from empirical studies, it is also worth mentioning Moraga et al. (2019), who
provide a conceptual overview of CE measurement indicators across different
perspectives. To illustrate the framework with macro-scale indicators, the authors select
the indicators recently proposed by the European Commission (2018), which we also
applied in our study.
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In sum, the literature review shows some empirical attempts to assess various aspects
of countries CE performance. However, their primary focus is geographic and unrelated
to country size and openness.

2.3 Circular economy: small open economies

Although there have been several studies on various aspects of CE, researchers (George
et al., 2015; Hoogmartens et al., 2018) highlight the lack of CE assessment at different
levels (especially at the country, region and industry levels). Most of the research is
noticeably focused on large economies (such as the US, China, Japan, Germany and the
UK), and it is argued that a large open economy can influence its domestic interest rates
and substantially impacts world markets and the global interest rate. However, an SOE is
assumed to be too small to influence the level of world output or the global interest rate
(Carlin and Soskice, 2003). What constitutes an SOE and its characteristics varies.
According to Chen et al. (2018), advanced SOEs have the following features:

1 their business cycle volatility is usually comparable in size to that seen in large
wealthy economies

2 their consumption is less volatile than output

3 their interest rates are procyclical (an increase in economic activity is usually
associated with an increase in interest rates today and in the near future).

It can be argued that in order for small economies to thrive, they need to focus on open
trade through partnerships due to the ever-scarce resources and global environmental
boundaries and challenges.

Moreover, since environmental boundaries and challenges are global, solving
environmental threats requires close cooperation among industries and companies. This is
extremely important to SOEs, which usually adjust to the policies carried out by large
countries. EU countries have a significant influence on the world economy, but most EU
countries are classified individually as SOEs. Thus, SOEs play a vital global role, but
there is a lack of comprehensive analysis of CE implementation in SOEs. Recent research
into CE in SOEs is focused on individual case studies of countries (such as Belgium, the
Netherlands, Finland, Sweden and Denmark) and analyses resource productivity (Cainelli
et al., 2020), best practices (Paquin et al., 2015; Su et al., 2013), drivers and barriers
(Fischer and Pascucci, 2017; Ranta et al., 2018; Seth et al., 2018; Whalen et al., 2018)
and opportunities and benefits (Geerken et al., 2019; Kumar et al., 2019). However, the
main challenge for SOEs is competitiveness, which needs to be maintained when moving
from a linear to a circular system due to dwindling resources. This focus is elaborated in
the current research.

3 Research methodology

This section presents the methodology for analysing CE implementation strategies in
SOEs based on a principal component analysis (PCA). The units of research are 13
advanced SOE:s in the EU. The following sampling filters were used for the identification
of advanced SOEs (Table 3):
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e Small population. Traditionally, population size has been used as the metric to
identify a small economy. This paper defines a small population as up to 20 million,
according to OECD (2018) population statistics.

e Advanced. The International Monetary Fund (IMF, 2018) compiles an advanced
economy list based on per capita income, export diversification and degree of
integration into the global financial system.

e  Trade openness—exports plus imports as a per cent of GDP. This paper filters trade
openness by more than 100% (The Global Economy, 2018).

Two countries, namely Estonia and Luxembourg, were eliminated from the research as
official data highly exceeded the group average. In Estonia, the indicator, namely the
generalization of waste, excluding major mineral waste per GDP unit, exceeded the group
average by 10 times (group average 70.20 kilograms per thousand-euro, average indicator
of Estonia 704.35 kilograms per thousand euro). In the case of Luxembourg, indicator,
namely trade in recyclable raw materials (export extra-EU28), lagged behind the group
average 33,397 times (group average 868331 tonne, average indicator of Luxembourg 26
tonne). Therefore, these two countries should be analysed separately.

Table 3 Research sample of advanced SOEs in the EU

No. Countries Small population Advanced Trade openness (%)
1 Ireland 4,830,392 + 206.20
2 Austria 8,822,267 + 105.50
3 Belgium 11,398,589 + 175.65
4 Czech Republic 10,610,055 + 150.76
5 Denmark 5,781,190 + 103.79
6 Cyprus 864,236 + 130.29
7 Latvia 1,934,379 + 118.37
8 Lithuania 2,808,901 + 161.95
9 Malta 475,701 + 267.78
10 Netherlands 17,181,084 + 155.21
11 Slovakia 5,443,120 + 192.35
12 Slovenia 2,066,880 + 160.94
13 Sweden* 10,120,242 + 90.92

Notes: *Additionally, Sweden was introduced into the analysis as a country that is
carrying out numerous CE-related initiatives. For example, a recent regulation in
Sweden cuts the VAT charged on repair work and provides tax rebates for the
labour costs of repairs.

Source: EC (2019)

Despite the unclear concept of CE, it has turned into defined action plans supported by
specific indicators (Moraga et al., 2019), for example, the EU monitoring framework on
CE progress (EC, 2018). Based on the Eurostat data availability for each country
(Appendix A), the analysed period is 2010-2017. All 17 country-level indicators from the
EU monitoring framework have been used. Three indicators related to competitiveness
and innovation, namely persons employed in the circular economy sector, gross value
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added and gross investment in tangible goods in CE sectors, have been distinguished by
the lack of data for six out of 13 analysed countries.

When a country was lacking several years of data, a prediction was conducted as
follows. If only intermediate values were missing in the data, the missing value was filled
in with the mean of the adjacent values. If the missing value was at the end or beginning
of a time series, then linear regression models with a coefficient of determination
satisfying the regression conditions were used to predict this value.

The Czech Republic, Estonia, Ireland, Luxembourg, Malta and Slovenia did not
provide any data for the indicators persons employed in CE sectors, gross value added
and gross investment in tangible goods in CE sectors. Linear regression models predicted
these indicators to maintain a coefficient of determination that was as high as possible.
The employment indicator was projected based on each country’s employment level
compared to the average share of persons employed in CE sectors among the analysed
group of SOEs. The indicators gross value added and gross investment in tangible goods
in CE sectors were projected based on an individual country’s level of gross value added
and investment in tangible goods compared to the average share of gross value added and
investment in CE sectors of the analysed group of SOEs.

Related to the specific methodology applied, a principal components analysis (PCA)
was used to identify the strategies of CE implementation among SOEs. The selected 17
indicators of the EU monitoring framework are highly correlated, and PCA has been used
for data reduction to learn more deeply about the underlying structure of the set of
indicators. Before applying the PCA procedure, a KaisereMeyereOlkin measure of
sampling adequacy (KMO) and a Bartlett test of sphericity (p-value) were performed to
test for partial correlation and dependence for excluding the potential non-independence
of the original data, which can affect the result of a PCA. For applicable data, KMO
should demonstrate a value > 0.6. Bartlett’s test of sphericity should be significant (p <
0.05). The Euclidean distance between the PCA dimensions was used to perform k-means
clustering among the countries. A square error function between clusters was used to
determine the optimal number of clusters (3). The number is determined based on the
principle of the elbow. Hierarchical clustering and dendrograms were also performed.

To indicate the degree of homogeneity or heterogeneity of dispersion for each
variable among the clusters, we calculated coefficients of variations (CV=Standard
Deviation (SD)/Mean) (Appendix C). The CVs were sorted by size: the larger, the more
heterogeneous; the smaller, the more homogeneous in their respective distribution and
dispersion among clusters. To build the profiles of CE implementation strategies, the
average indicator of each cluster was compared to the average indicator of all analysed
SOEs. A five-level scale was used for comparison: deviation from the average +/- 5
percent: insignificant (0); +/- 5—15 percent: high (+) or low (-); more than +/- 15 percent:
very high (++) or very low (--).

4 Results

The following subsections summarise the change analysis of principal components for
CE progress and implementation strategies. It should be noted that the empirical research
covers the period 2010-2017. The year 2010 occurs two years after the implementation
of the waste management directive (2008); the year 2017 represents two years after the
EU announced CE as a growth strategy.
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4.1 PCA results of circular economy indicators

The principal components identified and their changes from 2010 to 2017 show different
directions in the areas of the EU monitoring framework for the circular economy, namely
production and consumption, waste management, secondary raw materials and
competitiveness and innovation.

In 2010, the PCA analysis shows that Dimensions 1 and 2 are the most important and
can explain 56.7% (respectively, 42.3% and 14.4%) of CE implementation (Fig. 1a). In
2017, Dimensions 1 and 2 distributed very similarly, i.e., 56.6% (respectively, 40.8% and
15.8%) of CE implementation [Figure 1 (b)].

Figures 2 and 3 (as well as Appendix B) show the distribution of principal
components (i.e., CE indicators) across dimensions in 2010 and 2017.

Figure 1 Decomposition of the total inertia on PCA components (%),(a) 2010 (b) 2017
(see online version for colours)
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Based on the PCA analysis, the key areas from the EU monitoring framework covered
are waste management and secondary raw materials that mainly explain countries’ CE
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implementation in 2010 and 2017. However, the distribution and development of CE
indicators differ over time.

Waste management indicates the recycling rates of municipal waste and all waste
(excluding major mineral waste) and the percentage of specific waste streams that was
recycled or recovered. As expected, different recycling ratios, except for the recycling
rate of e-waste (7) and recovery rate of construction and demolition waste (9), have solid
or average correlations and therefore are significant in measuring CE progress. The
analysed countries improved their waste collection and recycling systems, as waste
management has been a long-term focus of EU countries. Therefore, the positive
influence has been caused by regulatory, institutional factors, e.g., the Waste Framework
Directive (2008).

Interestingly, ratios related to the usage of secondary raw materials (circular material
use rate (10), exports of recyclable raw materials to non-EU countries (11), intra-EU
trade in recyclable raw material (13)) also were significant in 2010. However, the shift to
implement economic policies through secondary raw materials, followed by waste
management, grew after the adoption of the EU Circular Economy plan. In 2017, all
indicators for secondary raw materials, namely, circular material use rate (10), exports of
recyclable raw materials to non-EU countries (11), imports of recyclable raw materials
from non-EU countries (12) and intra-EU trade in recyclable raw material (13) have
strong correlations. The trade of recyclable raw materials, especially exports to non-EU
countries, became more intensive during the analysed period, and this shows a positive
iteration with competitiveness and countries’ increasing global participation in
international trade.

Figure 3 CE implementation in advanced SOEs (2017) (see online version for colours)
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003
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Diml14
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Generation of municipal waste per capita
Generation of waste excluding major mineral wastes per GDP unit
Generation of waste excl. major min. wastes per domestic material consumption .
Recycling rate of municipal waste @ 0,66
Recycling rate of all waste excluding major mineral waste @
Recycling rate of packing waste @
Recycling rate of e-waste )
Recycling of biowaste @
Recovery rate of construction and demolition waste . 0,41
Circular material use rate @)
Trade in recyclable raw materials (exports extra-EU28) .
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Trade in recyclable raw materials (import intra-EU28) . 024
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Gross value added related to circular economy sectors L ] 0,08
Gross investment in tangible goods in circular economy sectors

At a basic level, production and consumption measure how much waste is being
generated and collected per country. Simply speaking, it may reflect the reduction
principle. From the EU monitoring framework, waste generation indicators (such as
generation of municipal waste per capita (1) and generation of waste excluding major
mineral wastes per GDP unit (2)) were insignificant in both periods. Only one ratio,
generation of waste per domestic material consumption (3), grew in relevance from 2010
to 2017. If a country strongly follows a linear economy approach and implements too few
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circularity principles (e.g., low recycling rates), it will generate excess waste (if it is
competitive and has high productivity).

Another interesting observation obtained from the PCA analysis refers to the
monitoring area competitiveness and innovation. Currently, these indicators fail to
explain a higher level of CE implementation. As concerns private investment, jobs and
gross value added related to CE sectors, only persons employed (16) had moderate
correlations as well as value added at factor cost (18) in 2017.

The comparison PCA analysis clearly indicates the shift from waste management
(recycling ratios) to close the loop through the usage of secondary raw materials in
manufacturing. Further, waste generation and collecting schemes improved. However, we
cannot find evidence for the expansion of CE related sectors through persons employed,
value added or gross investments.

The following section will introduce what strategies for CE implementation could be
found among countries and discuss how they changed from 2010 to 2017.

4.2  Clustering results of circular economy implementation strategies

A PCA was carried out to determine a group of countries with a similar profile of CE
implementation strategies. The optimal number of clusters was determined based on the
inertia gain obtained. During the implementation of this approach, the countries were
assigned to three clusters; no outliers were determined.

Figures 4(a) and 4(c) illustrate the scattering of countries as clusters adequately based
on Dimension 1 and Dimension 2, while Figures 4(b) and 4(d) reveal the hierarchical
grouping of countries into clusters in 2010 and 2017.

As illustrated in Figure 4, all countries were classified into three separate clusters:

e Cluster 1 consisted of the Netherlands and Belgium

e Cluster 2 in 2010 consisted of Denmark, Sweden and Austria, which were joined in
2017 by four more countries (initially Cluster 3): Slovenia, Lithuania, the Czech
Republic and Ireland.

e  Cluster 3 consisted of Latvia, Malta, Cyprus, Ireland, Slovakia, Lithuania, Slovenia
and the Czech Republic in 2010, decreasing by four countries in 2017.

In 2010, one cluster, and in 2017, two clusters are larger than the rest. Two countries
were assigned to Cluster 1 in 2010 and 2017; eight countries to Cluster 2 in 2010 and
four in 2017; three countries to Cluster 3 in 2010 and seven countries in 2017. Four
countries were transferred from Cluster 3 to Cluster 2 in 2017. The dendrograms [Figures
4(b)-4(d)] reveal how the countries were merged into clusters.

In the following, a detailed description of each cluster (Table 4 and Appendix C) is
presented to build profiles of countries’ CE implementation strategies. Based on
clustering results, we have identified three profiles of countries’ CE implementation
strategies, namely, integrated to value chain (matching Cluster 1), focused on compliance
(matching Cluster 2) and fragmented (matching Cluster 3).
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Figure 4 Hierarchical clustering of countries, (a) clusters in the plane in 2010 (b) cluster
dendrogram in 2010 (c¢) clusters in the plane in 2017 (d) cluster dendrogram in 2017
(see online version for colours)
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Countries that develop an integrated to value chain strategy include CE issues in their
economic growth and competitiveness strategies. This profile may be characterised as
having well-developed waste management systems with no significant fluctuations in
persons employed and CE investments. Trade in recyclable raw materials occurs at a high
level. Although waste generation indicators are quite high, a well-developed waste
management system and trade in recyclable raw materials balance the performance of the
total economy. In this case, the integrated strategy expresses a higher level of
collaboration among main CE actors and indicates a more mature CE development stage.
However, the area of competitiveness and innovation needs additional attention.

Countries that develop a focused-on compliance strategic profile also systematically
include CE issues in their economic growth strategies, but these countries mainly seek to
comply with the legal and mandatory requirements of EU directives. The following
features may characterise the compliance profile: greater focus on the development of a
waste management system, investment and innovation related to CE and less
collaboration among main CE actors.
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Table 4 Characterisation of clusters in 2010 and 2017

Cluster Cluster Cluster Cluster Cluster Cluster

Indicators 1 2 3 ! 2 3
2010 2017

Waste generation

1 Generation of municipal waste 0 + - + 0 0
per capita

2 Generation of waste, excluding + -- + ++ - -
major mineral waste per GDP
unit

3 Generation of waste, excluding ++ - - ++ + -

major mineral waste per domestic
material consumption

Waste management

4 Recycling rate of municipal waste ++ ++ - ++ + -
Recycling rate of all waste, ++ + - ++ 0 -
excluding major mineral waste

6  Recycling rate of packaging ++ + - —+ 0 -
waste
Recycling rate of e-waste + ++ -- 0 + --
Recycling of biowaste ++ ++ - ++ + -

9 Recovery rate of construction and - ++ - - + -

demolition waste
Secondary raw materials
10 Circular material use rate ++ 0 - ++ - -

11 Trade in recyclable raw materials ++ -- -- ++ -- --
(exports extra-EU28)

12 Trade in recyclable raw materials ++ ++ -- ++ - -
(imports extra-EU28)

13 Trade in recyclable raw materials ++ - -- ++ - -
(imports intra-EU28)

Competitiveness and innovation

14 Persons employed in circular -- -- ++ -- + +
economy sectors

15  Patents related to recycling and ++ -- 0 ++ 0 --
secondary raw materials

16  Gross value added related to - - 0 -- + -

circular economy sectors

17 Gross investment in tangible - - ++ - + 0
goods in circular economy sectors

Notes: Deviation from the average +/— 5%: insignificant (0); +/— 5-15%: high (+) or
low (-); more than +/— 15%: very high (++) or very low (--).

The fragmented profile chiefly pays attention to CE infrastructure creation and
employment. This is an early or introductory CE development stage. Simultaneously,
these countries generate a higher level of municipal waste and develop infrastructure by
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employing more persons and innovations. The eco-system of trade in recyclable raw
materials and waste management is still under development. In this case, a collaboration
among main CE actors is fragmented.

5 Discussion

We found that in advanced SOEs, CE is implemented chiefly through waste management.
This is in line with key trends throughout the EU. Between 2004 and 2016, the amount of
waste generated, excluding major mineral waste, decreased by 6.5% in the EU. Between
2004 and 2014, the EU recycling rate rose slightly from 53% to 55%. It is important to
note that there should be a similar trend in the future: there is a common EU target to
recycle 65% of municipal waste and 75% of packaging waste by 2030; material-specific
targets exist for different packaging materials, and there is a binding landfill reduction
target of 10% by 2030.

The implementation of CE is spread across micro, meso and macro levels: the actors
are the same, but their motives differ. CE implementation is being encouraged mostly by
countries’ policies (e.g., waste management directives, CE action plans) and is
increasingly sensitive to legislation. When it comes to competitiveness, each country is
creating and implementing a distinct strategy, while CE goals are part of the overall EU
agenda. Despite controversial discussions, our findings support ‘boosting countries’
competitiveness through CE’ (EC, 2019), which in turn may guide policymaking.

We elaborated three profiles of CE implementation strategies in relation to CE
development stages: integrated to value chains matches the mature CE development
stage, focused on compliance is related to growing CE importance to the economic
development stage and fragmented matches the early or introductory CE development
stage. An integrated profile might serve as a CE implementation model for SOEs,
fulfilling a higher level of collaboration among leading CE actors at institutional and
organisational levels. Meanwhile, the focused and fragmented profiles clearly show the
lack of integrating CE into value chains. We emphasise the deep analysis of best
practices among Cluster 1 and Cluster 2 countries, especially those that transitioned from
Cluster 3 to Cluster 2.

Only two countries from the analysed SOEs, namely the Netherlands and Belgium,
integrated CE within the entire value chain, i.e., waste collection, higher levels of
recycling and recovery ratios and the usage of secondary raw materials. Belgium has
been revealed as the best performer, both from an environmental and a cyclical economy
perspective, as noted in Giannakitsidou et al. (2020). Surprisingly, we found a low
integration of persons employed in CE sectors by cluster, which is described as integrated
value chains. Although a vast amount of research emphasises a significant increase in
jobs, our empirical research overall shows a gradual decrease. Worldwide employment
would grow by 0.1% by 2030 compared to a business-as-usual scenario, particularly in
the service and waste management sectors, by roughly 50 million and 45 million jobs,
respectively (ILO, 2018a). Moreover, Cambridge Econometrics (2018) has forecast that
CE could add 0.5% to Europe’s GDP and a net increase of 700,000 jobs—mainly located
in Central and Eastern European Member States—by shifting labour from current
resource extraction activities to more labour-intensive recycling plants and repair
services.
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In our opinion, the obtained results might be explained by methodological shortages.
The data about persons employed in CE sectors included in the Eurostat classification do
not cover all sectors related to the CE. Principally, CE jobs are core activities that
preserve and extend what is already made (reuse and recycle) and thus are indirectly
circular (data analyst and design for future). More importantly, Eurostat data covers
mainly core jobs, i.e., the recycling, repair and reuse, and rental and leasing sectors.
Furthermore, only 42% of total Dutch CE jobs align well with the Eurostat classification,
while a 2017 report by Circle Economy and Ehero estimates that 8% of the Dutch
workforce is currently employed in CE jobs. In the past 15 years, activities that involve
‘repair and maintenance’ have remained stable, with the ‘incorporation of digital
technologies’ appearing as an up-and-coming job provider. We anticipate that the impact
of digital technologies will be more substantial for indirect jobs in comparison to core
jobs in CE because of their maturity.

Another important observation that deserves deeper discussion is the challenge of
implementing the EU monitoring framework for CE. In line with the critical analysis of
CE indicators discussed by Mayer et al. (2018), it is crucial to increase statistical
reporting. Waste-related indicators (both waste generation and recycling) comprise
47.4%. Given the context of competitiveness, less waste generation may be related more
to productivity than CE. Therefore, we recommend revising the framework by adding
more economic indicators, which are integral to industrial symbiosis. Countries’
monitoring of CE implementation is crucial for long-term EU policy objectives.
Therefore, data gathering and monitoring systems in each country are essential for
updating CE implementation and timely decision-making.

From a theoretical perspective, our research has implications for institutional theory
by matching typologies of strategies towards CE with CE development stages. We also
contribute to the debate on CE development in SOEs that lack attention in the scientific
literature compared to large economies. We believe that a comprehensive understanding
of CE monitoring indicators and the characteristics of CE implementation strategies will
help policymakers improve and redesign directives for economic growth by prioritising
CE. Promoting CE may have a slower start due to substantial costs, upfront technological
investments, social innovations and acceleration driven by the cumulative effect on
competitiveness.

6 Limitations and directions for further research

We also concede that data-related limitations hampered our research. The selection of
indicators was based on the availability of data and prediction accuracy. Two indicators
from the area of production and consumption (namely, food waste and green
procurement) are currently under development; other indicators are biannual, and some
indicators are data-limited (further details in Appendix A).

There are several future research opportunities available because this is still a novel
research area in the economic development literature. The need for conceptual research
into CE measurements at different scales leads to systemic integration of CE indicators
and may improve the EU monitoring framework for the circular economy. An in-depth
change analysis of PCA, which combines quantitative data and the content analysis of
strategic documents, should be undertaken. A further option includes a larger sample of
countries by adding and comparing CE implementation strategies among SOEs, large
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economies and non-EU SOEs. We also recommend developing and improving scenario-
based models to elaborate upon CE implementation patterns in future research.

7 Conclusions

The PCA analysis results clearly indicate the shift from waste management (recycling
ratios) to a closure of the loop through the usage of secondary raw materials and the trade
in recyclable materials. In addition, waste generation and collecting schemes improved.
Nevertheless, we did find evidence for the expansion of CE related sectors through
persons employed, value added or gross investments. Thus far, the results allow us to
conclude that reasonable institutional policies and actions impact CE. The results support
the EU political agenda and the current scientific consensus, which states that CE
emerges gradually and is visible only over time.

In addition, we built profiles of countries’ CE implementation strategies based on the
EU monitoring framework for CE. The countries that prioritised waste management
issues and the development of secondary raw materials market match the integrated to
value chains profile. Focus on a compliance strategy confirms the importance of
institutionalisation, as countries seek to achieve legal guidelines set by EU directives. Our
results also support the conclusion that countries could shift from fragmented and focused
profiles by adopting CE development tools, such as collaboration among main CE actors.
The findings are important for fostering a circular environmental approach across EU
countries.
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Appendix A

Table A1  Indicators of EU monitoring framework on CE

Sub-index

(directions or Indicators

areas)

Production Waste generation

and ) 1 Generation of municipal waste per capita (available; no
consumption data for some years: Denmark, Ireland)

2 Generation of waste, excluding major mineral waste per
GDP unit (available each second year)

3 Generation of waste, excluding major mineral waste per
domestic material consumption (available each second
year)

Green public procurement (as a financing indicator) —
under development
Food waste — under development
Self-sufficiency of raw materials for production in the
EU - only EU level
Waste Overall recycling rates Six indicators

management 4 Recycling rate of municipal waste (available; no data

for some years: Denmark, Ireland)

5 Recycling rate of all waste, excluding major mineral
waste (available each second year, no data for Latvia

Recycling rates of specific waste streams

6 Recycling rate of packaging waste by type of packaging
(available)

Recycling rate of e-waste (available)

Recycling of biowaste (available; no data for some
years: Denmark, Ireland)

9 Recovery rate of construction and demolition waste
(available each second year; no data for some years:
Denmark, Latvia, Slovakia)

Secondary Contribution of recycled materials to raw material demand —
raw materials only EU level

10 Circular material uses rate (available) Trade of
recyclable raw materials among EU Member States and

abroad

11 Trade in recyclable raw materials (import extra-EU28)
(available)

12 Trade in recyclable raw materials (exports extra-EU28)
(available)

13 Trade in recyclable raw materials (imports intra-EU28)
(available)

were selected
for calculation

Four indicators
were selected
for calculation
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Sub-index
(directions or
areas)

Indicators

Competitiven
ess and
innovation

Private investments, jobs, and gross value added related to

14

15

16

17

circular economy sectors

Gross value added related to circular economy sectors
(value added % of GDP) (no data: Czech Republic,
Ireland, Luxembourg, Malta; some years: Belgium,
Cyprus, Estonia, Finland)

Gross investment in tangible goods in circular economy
sectors (% of GDP) (no data: Czech Republic, Ireland,
Luxembourg, Malta; some years: Cyprus, Belgium,
Estonia, Finland, Slovenia)

Persons employed in circular economy sectors (% of
total employment) (no data: Czech Republic, Ireland,
Luxembourg, Malta; some years: Belgium, Cyprus,
Estonia, Finland, Slovenia)

Patents related to recycling and secondary raw materials
(available, no data for 2016)

Four indicators
were selected
for calculation

Appendix B

Figure B1  The distribution of principal components
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Appendix C

Coefficients and indicators of clusters

Table C1  Coefficient of variations among clusters in 2010 and 2017

2010 2017

Indicators Cluster Cluster Cluster Cluster  Cluster Cluster

1 2 3 1 2 3
Generation of municipal waste per 0.16 0.30 0.30 0.16 0.25 0.27
capita
Generation of waste, excluding 0.33 0.10 0.33 0.24 0.44 0.46
major mineral waste per GDP unit
Generation of waste, excluding 0.03 0.06 0.33 0.01 0.21 0.29
major mineral waste per domestic
material consumption
Recycling rate of municipal waste 0.08 0.13 0.71 0.01 0.24 0.65
Recycling rate of all waste, 0.04 0.08 0.24 0.08 0.24 0.26
excluding major mineral waste
Recycling rate of packaging waste 0.05 0.13 0.23 0.05 0.08 0.40
Recycling rate of e-waste 0.06 0.23 0.39 0.06 0.12 0.76
Recycling of biowaste 0.25 0.51 1.44 0.40 0.63 1.11
Recovery rate of construction and 1.00 0.09 0.70 0.64 0.09 0.26
demolition waste
Circular material use rate 0.47 0.10 0.75 0.36 0.49 0.49
Trade in recyclable raw materials 0.32 0.65 0.74 0.26 0.84 0.42
(exports extra-EU28)
Trade in recyclable raw materials 0.72 1.08 1.37 0.64 1.23 1.12
(import extra-EU28)
Trade in recyclable raw materials 0.19 0.88 0.89 0.07 1.28 1.73
(imports intra-EU28)
Persons employed in circular 0.05 0.11 0.46 0.06 0.49 0.54
economy sectors
Patents related to recycling and 0.47 1.35 1.35 0.36 0.97 0.24
secondary raw materials
Gross value added related to 0.12 0.08 0.15 0.09 0.12 0.30
circular economy sectors
Gross investment in tangible goods 0.09 0.19 0.62 0.33 0.73 0.92

in circular economy sectors
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Indicators of clusters in 2010

Table C2
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Indicators of clusters in 2017

Table C3
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