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Abstract: Sustainable development has been at the heart of European sustainability policy for a
long time, firmly anchored in the European Treaties. The 2030 Agenda for Sustainable
Development and its 17 Sustainable Development Goals (SDGs), adopted by the UN General
Assembly in 2015, have given a new impetus to global efforts to achieve sustainable development.
One key challenge of sustainable development policy is the smart orchestration of the circular
economy in relation of economic growth processes. In our current economy, we take materials
from the Earth, make products from them, and eventually throw them away as waste — the process
is very linear. The linear operating model is also short-term. In a circular economy, by contrast, we
stop waste being produced in the first place. We can re-plan, re-use and re-cycle. We may note
that it is not possible to reach a sustainable growth process without well-functioning material
recycling systems and functions of the circular economy. The well-functioning circular economy
is good for business, people and the environment. The circular economy is a systems solution
framework that tackles global challenges like climate change, biodiversity loss, waste, and
pollution. There are needs and questions to transform every element of our take-make-waste
system: (1) how we manage resources, (2) how we make and use products, and (3) what we do
with the materials afterwards and (4) how we make trade with recycled materials. Only then when
answer to these questions, can we create a thriving circular economy that can benefit everyone
within the limits of our planet. Eliminating waste and pollution, circulating materials and products
and regenerating nature are key functions of the circular economy. We must admit that waste is a
human invention. If we move to a regenerative sustainability model, we begin to emulate natural
systems. There is no waste in nature. This is a new invention of the circular economy.

We have seen a lot of discussions about the circular economy, but less attention has been paid to
the critical links between the circular economy and economic growth. The study provides an
empirical contribution to this research gap. This empirical research can open up new insights and
avenues into the development of sustainability science. If policymakers are not aware of the links
between the circular economy and economic growth, it will seriously hamper the development of
the circular economy in the world. In this sense, research in the field of circular economy is very
important and it should be promoted in the world.

The conference paper has a strong focus on the circular economy and changing dynamics of
economic growth with key variables of the circular economy (CE). This comprehensive and
empirical EU study elaborates following key variables of the circular economy: (1) Material
footprint [CEI _PC020], (2) Resource productivity [CEI PC030], (3) Generation of municipal
waste per capita [CEI_PCO031], (4) Generation of packaging waste per capita [CEI_PC040], (5)
Recycling rate of municipal waste [CEI_WMO011], (6) Recycling rate of e-waste [CE]_WMO050],
(7) Recycling of biowaste [CEI_WMO030], (8) Trade in recyclable raw materials, Imports extra-
EU27 (from 2020) [CEI_SRMO020], (9) Exports extra-EU27 (from 2020) [CEI _SRM020], (10)
Private investments, jobs and gross value added related to circular economy sectors [cei cie010]
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and (11) Patents related to recycling and secondary raw materials [cei cie020]. These 11 key CE
variables are analyzed with synergy analysis method in relation to two key indicators of economic
growth, Gross Domestic Product (GDP) and Gross National Income (GNI).

The study is based on synergy analysis method, which reveals both positive and negative
synergies of key variables, and also growth processes without any synergy. The analysis provides
additional strategic information for decision-makers concerning SDGs in the long-run. Presenting
regular monitoring tool of progress towards the SDGs in the EU context is essential for this
conference paper. The method can be applied also in other global sustainability assessments. The
data of study is collected from the Eurostat Circular Economy databases and data set covers years
2000-2020. The indicators of economic growth are from the World Bank Key Indicator database.
This 20 years database provides a reliable empirical foundation to analyze interlinkages between
economic growth and key variables of the circular economy.

The conference paper reports various interesting empirical findings about the circular economy
logic in the European Union. One key finding is that in the European Union the synergy levels
between GDP and GNI indicator variables and the key variables of the circular economy are not at
the same positive or negative levels, but may differ significantly from each other. This is an
interesting finding for the management of economic growth policy in the European Union.

Keywords: Circular economy, economic growth, gross domestic product, gross net income, synergy
analysis
Introduction

decision-makers to be aware - not only of the development of the trends themselves, but they should be aware

also of the interactions between the trends. That is why this study of the European Union is important and
interesting. In this study, we present empirical findings in terms of interactions based on synergy analyses. The
results presented in this study show synergy interactions, from 2000 until 2020 between economic growth variables
(GDP, GNI) and circular economy variables. This is a statistical assessment of about two dozen years, which can be
considered a long enough period to look at the trends of the global economy. We know certainly that we have seen a
lot of discussions about the circular economy, but less attention has been paid to the critical synergy links between
the circular economy and economic growth. The study provides an empirical contribution to this research gap. This
empirical research can open up new insights and avenues into the development of sustainability science. If
policymakers are not aware of the links between the circular economy and economic growth, it will seriously
hamper the development of the circular economy in the world. In this sense, research in the field of circular economy
is very important and it should be promoted in the world.

g I Yhis empirical study presents the interaction of key global trends based on synergy analyses. It is good for

There may be positive, negative or no synergy between trends. These three different forms of synergy are therefore
always possible. The form and direction of synergy trends can change over time and if decision-makers are not
aware of the changes in synergy, they can already make the wrong decisions due to this lack of relevant information.
For this logical reason alone, this empirical research is important for the global community.

In recent years, it has been noticed that synergy analysis is a very useful methodological approach to studying
sustainability challenges and processes [1, 2, 3,4, 5, 6, 7, 8,]. In the study of sustainable development, a very central
issue is the temporal development of economic variables, social development variables, and environmental variables
[9, 10, 11,12, 13, 14, 15, 16, 17, 18]. For example, taking demographic trends into account as part of the assessment
of sustainable development challenges is a very broad research theme [19]. The same consideration applies to the
progress of climate change and the associated social, ecological, and economic trends and processes. [20]. It is good
to note that synergy analyses are always related to knowledge management and decision-maki2ng [21]. Several
studies have found that sustainability indicators are not always put to good use or are simply not used [22]. Decision-
makers should be aware of the synergy between key variables, be it positive or negative synergies [23]. For example,
the application and assessment of the well-known nexus model cannot be done properly without synergy analyses
[24, 25, 26, 27]. Synergy analyses should be used more integrated into sustainable development policies.
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The methodological framework of synergy analysis

When we analyse trends, scenarios, or weak signals we typically analyze dynamic social and economic systems.
One key aspect of trend analysis is nowadays the interlinkages of trends. This study focuses on the issue of
interlinkages of global trends. The data of the study is from the Eurostat’s Circular Economy Indicators and World
Bank’s World Development Indicators database [28, 29]

The Synergy Index is calculated in the following technical way (Data analysis phases in Steps 5-6) above: We can
calculate the conventional index number of synergy and average long-run synergy index (see for example [1, 2]). It
can be said that there exists a synergy between two factors when their combined effect is greater or smaller than the
sum of their separate effects. In mathematical form, this can be expressed as

z=ax + by +cxy +d. (1)

where X, y and z are variables and a, b, ¢ and d are coefficients that determine how the output z depends on inputs x
and y. In this case, we assume a time-invariant system, where the parameters remain constant. If y is 0, the output is
determined by x and the coefficients a and d. Coefficients a, b, and d determine the impact of the single inputs on the
output. The synergy of the inputs x and y is determined by the component cxy, i.e. the co-effect of both inputs. The
idea of synergy indicates choosing variables x and y such that an increase in the value of both variables x and y is
desirable and refers to a commonly accepted direction of sustainable development. If we look at a change from A to
B in the Fig. 1, (from the original state xy0 to x1y1) we can determine the change in the area (Az) to be

If we look at a change from A to B in Fig. 1 (from the original state xOy0 to x1y1) we can determine the change in
the area (Az) to be

Az = aAx + bAy + cAxAy = y0Ax + x0Ay + AxAy. 2)

We can interpret the synergy of the inputs to be determined by the shaded area in Figure 3, which equals AxAy. The
synergy can also be negative, as is shown in Fig. 1 where the change in y is negative, and AxAy becomes negative.
This is a trade-off situation: when one factor increases the other factor decreases. In Figure 3. we have presented 3

basic forms of synergy between two variables.
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Figure 1. The alternatives of synergy level between two variables, x and y.
The alternatives of synergy level between two variables, x and y.

(1) Maximum synergy can be obtained when relative changes Ax and Ay are equal.

(2) In case the change in y i.e. Ay is larger than changes in x i.e. Ax, the quotient must be inverted to estimate the
potential synergy ratio.

(3) Therefore, potential synergy/trade-off between two variables can be measured between -1 to +1.

(4) Where the negative sign indicates a trade-off between two variables.

Thus, the synergy level can be positive, negative or there is no synergy at all (de-linking). This idea can be applied
in health care and industry field, but maybe in other industrial context contexts, too. Interpretation of the results is
straightforward: the closer the calculated synergy factor is to 1 the stronger the synergy between the two (or three)
variables can potentially be, and the closer the ratio is to —1 the potential for a trade-off is stronger. When the
synergy factor is close to 0 there is delinking between the trends. This kind of analysis does not imply that synergy
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is necessarily good and the trade-off is bad, or vice versa. Such interpretation is case specific; to interpret the results
in more depth, we need to determine how we would like the trends to involve.

Data and variables

In Table 1 we present key data and variables of the European circular economy study.

Table 1. Variable and definitions of data

Variable

Definition

Measurement

Gross Domestic
Product

This indicator provides values for gross domestic product (GDP)
expressed in current international dollars, converted by purchasing
power parity (PPP) conversion factor. GDP is the sum of gross value
added by all resident producers in the country plus any product taxes
and minus any subsidies not included in the value of the products.
PPP conversion factor is a spatial price deflator and currency
converter that eliminates the effects of the differences in price levels
between countries. From April 2020, “GDP: linked series (current
LCU)” [NY.GDP.MKTP.CN.AD] is used as underlying GDP in local
currency unit so that it’s in line with time series of PPP conversion
factors for GDP, which are extrapolated with linked GDP deflators.

Current USD,
European Union

Gross National
Income

Gross National Income (GNI) is the total amount of money earned by
a nation's people and businesses. It is used to measure and track a
nation's wealth from year to year. The number includes the nation's
gross domestic product (GDP) plus the income it receives from
overseas sources. The more widely known term GDP is an estimate
of the total value of all goods and services produced within a nation
for a set period, usually a year. GNI is an alternative to gross
domestic product (GDP) as a means of measuring and tracking a
nation's wealth and is considered a more accurate indicator for some
nations.

Atlas method (current
USS$), European
Union

Material footprint
[CEIL PC020]

The indicator quantifies the worldwide demand for material
extractions (biomass, metal ores, non-metallic minerals and fossil
energy materials/carriers) triggered by consumption and investment
by households, governments and businesses in the EU. Raw material
consumption indicator (RMC) is a measure of material footprints. It
represents the amount of material in terms of Raw materials
equivalent (RME) needed (or, the amount of extraction, domestic and
abroad, required directly and indirectly) to produce the products
consumed in the geographical reference area. It is calculated as Raw
material input (RMI) minus exports in RME (calculated at the
aggregate product level, by material). The indicator RMC gives
insight into the quantity and type of materials required to meet the
EU's demand for products.

Tonnes per capita,

Resource
productivity
[CEI _PC030]

The indicator is defined as the gross domestic product (GDP) divided
by domestic material consumption (DMC). DMC measures the total
amount of materials directly used by an economy. It is defined as the
annual quantity of raw materials extracted from the domestic territory
of the local economy, plus all physical imports minus all physical
exports. It is important to note that the term 'consumption', as used in
DMC, denotes apparent consumption and not final consumption.
DMC does not include upstream flows related to imports and exports
of raw materials and products originating outside of the local
economy.

In euro per kg, chain-
linked volumes
(2015). Volume
figures show the
development of
aggregates excluding
inflation; to be used
when comparing over
time (various years)
one single country
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Generation of
municipal waste
per capita

[CEI PCO031]

The indicator measures the waste collected by or on behalf of
municipal authorities and disposed of through the waste management
system. It consists to a large extent of waste generated by households,
though similar wastes from sources such as commerce, offices and
public institutions may be included.

Kilograms per capita

Generation of
packaging waste
per capita
[CEL_PC040]

Packaging' in this context means all products made of any materials
of any nature to be used for the containment, protection, handling,
delivery and presentation of goods, from raw materials to processed
goods, from the producer to the user or the consumer. 'Non-
returnable' items used for the same purposes shall also be considered
to constitute packaging. 'Packaging waste' means any packaging or
packaging material covered by the definition of waste in the Waste
Framework Directive 2008/98/EC, excluding production residues
(Art.3(1): ‘waste’ means any substance or object which the holder
discards or intends or is required to discard).

Kilograms per capita

Generation of
plastic packaging
waste per capita
[CEL_PC050]

This indicator includes plastic packaging waste. 'Packaging' in this
context means all products made of any materials of any nature to be
used for the containment, protection, handling, delivery and
presentation of goods, from raw materials to processed goods, from
the producer to the user or the consumer. 'Non-returnable' items used
for the same purposes shall also be considered to constitute
packaging. 'Packaging waste' means any packaging or packaging
material covered by the definition of waste in the Waste Framework
Directive 2008/98/EC, excluding production residues (Art.3(1):
‘waste’ means any substance or object which the holder discards or
intends or is required to discard).

Kilograms per capita

Recycling rate of | The indicator measures the share of recycled municipal waste in the Percentage.
municipal waste | total municipal waste generation. Recycling includes material
[CEI_ WMO011] recycling, composting and anaerobic digestion. The ratio is expressed

in percent (%) as both terms are measured in the same unit, namely

tonnes.
Recycling rate of | The indicator is calculated by multiplying the 'collection rate' as set Percentage
e-waste out in the WEEE Directive with the 'reuse and recycling rate' set out

[CEL WMO50]

in the WEEE Directive; where: o The 'collection rate' equals the
volumes collected of WEEE in the reference year divided by the
average quantity of electrical and electronic equipment (EEE) put on
the market in the previous three years (both expressed in mass unit).
o The 'reuse and recycling rate' is calculated by dividing the weight
of WEEE that enters the recycling/preparing for re-use facility by the
weight of all separately collected WEEE (both in mass unit) in
accordance with Article 11(2) of the WEEE Directive 2012/19/EU,
considering that the total amount of collected WEEE is sent to
treatment/recycling facilities. The indicator is expressed in percent
(%) as both terms are measured in the same unit.
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Recycling of The indicator is indirectly measured as the ratio of Kilograms per capita.
biowaste composted/methanised municipal waste (in mass unit) over the total

[CEI WMO030]

population (in number). The ratio is expressed in kg per capita. The
underlying assumption is that, by and large, the only reasonable
treatment of biowaste is composting or anaerobic digestion.

Trade in
recyclable raw
materials,
Imports extra-
EU27 (from
2020)
[CEI_SRM020]

The indicator measures the quantities recyclable waste and scrap as
well as other secondary raw materials (by-products) that are imported
to the EU borders (extra-EU). This data set is taken from
International Trade in Goods Statistics (ITGS) published by Eurostat.
The data measure the physical quantity of goods traded between the
EU Member States (intra-EU trade) and of goods traded by the EU
Member States with non-EU countries (extra-EU trade).

Trade value in
thousand euro

Trade in
recyclable raw
materials,
Exports extra-
EU27 (from
2020)
[CEI_SRM020]

The indicator measures the quantities recyclable waste and scrap as
well as other secondary raw materials (by-products) that are exported
across the EU borders (extra-EU). This data set is taken from
International Trade in Goods Statistics (ITGS) published by Eurostat.
The data measure the physical quantity of goods traded between the
EU Member States (intra-EU trade) and of goods traded by the EU
Member States with non-EU countries (extra-EU trade).

Trade value in
thousand euro

Private
investments, jobs
and gross value
added related to
circular economy
sectors
[cei_cie010]

The indicator includes “Gross investment in tangible goods”,
“Number of persons employed” and “Value added at factor costs” in
the following three sectors: the recycling sector, repair and reuse
sector and rental and leasing sector. The recycling, repair and reuse
and rental and leasing sectors are defined and approximated in terms
of economic activity branches of the NACE Rev. 2 classification.
The following NACE codes have been selected to compute this
indicator: (see list of codes selected) [0]. This indicator is collected
within the frame of the Structural Business Statistics (SBS), as
required in Commission Regulation N° 250/2009[1].

Value added at factor
cost - million euro

Patents related to
recycling and
secondary raw
materials
[cei_cie020]

The indicator measures the number of patents related to recycling and
secondary raw materials. The attribution to recycling and secondary
raw materials was done using the relevant codes in the Cooperative
Patent Classification (CPC) (list of CPC codes selected [0]). The term
'patents' refers to patent families, which include all documents
relevant to a distinct invention (e.g. applications to multiple
authorities), thus preventing multiple counting. A fraction of the
family is allocated to each applicant and relevant technology.

Number

Now we have presented key variables of this study. In the next chapter, we present key results in short form.

Economic growth and the circular economy in the European Union: Results, key findings and discussion

In this section, we focus on key results and findings of synergy levels between economic growth indicators and
circular economy indicators. First, we report synergy analyses between growth indicators (GDP and GNI) and

circular economy indicators. We shall summarize the key results in the form of tables 2-5. First in Table 2 we report
synergy analysis results between Gross Domestic Growth (GDP) and eleven circular economy variables.
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Table 2. Synergy analysis between Gross Domestic Product and 11 circular economy indicators. European Union.

Average  Max Min Standard Deviation Skewness
in Synergy

Synergy Synergy Synergy
GDP-Material footprint [CEI_PC020] 0,23 0,91 -0,51
GDP-Resource productivity [CEL_PC030] 0,01 0,91 -0,96
GDP-Generation of municipal waste per capita [CEL_PC031] 0,03 0,98 -0,97
GDP-Generation of packaging waste per capita [CEL_PC040] 0,18 0,91 -0,65
GDP-Recycling rate of municipal waste [CEI_WMO011] 0,06 0,88 -0,96
GDP-Recycling rate of e-waste [CEL. WM050] 0,17 0,69 -0,66
GDP-Recycling of biowaste [CEL_ WMO030] -0,07 0,86 -0,72
GDP-Trade in recyclable raw materials, Imports extra-EU27 (from 2020) [CEL_SRM020] 0,35 0,94 -0,62
GDP-Trade in recyclable raw materials, Exports extra-EU27 (from 2020) [CEL_SRMO020] 0,26 0,98 -0,77
GDP-Private investments, jobs and gross value added related to circular economy sectors 0,26 0,97 -0,39
GDP-Patents related to recycling and secondary raw materials -0,19 0,65 -0,90

In Fig. 2 we report the skewness of synergy observations. Key empirical finding is that skewness varies concerning
synergy observation between gross domestic product and various synergy indicators. We can also observe that
normal distribution cases cannot be observed. This empirical finding creates a big challenge for decision-makers in
sustainability policy of the circular economy because synergy levels are not only positive or negative but synergies
vary in a considerable way. Some indicators are having very positive synergy levels with Gross Domestic Product
developments, but some are having very negative synergies with GDP indicator. This fact can create policy

dilemmas for the European decision-makers.
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Figure 1. Skewness of synergy observations between Gross Domestic Product and various synergy variables.
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In Fig. 2. we report a visualization of key statistical indicators of synergy level observations (in relation GDP in the
EU).

GDP and Circular Economy variables: Statistical Analysis
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Figure 2. Gross Domestic Product and Circular Economy Variables. A data visualization of the basic statistical
analysis.

Fig. 2 informs us about considerable standard deviations and range between max and min synergy observations.

Secondly, in Table 3, we report synergy analysis results between Gross National Income (GNI) and eleven circular
economy variables.

Table 3. Synergy analysis between Gross National Income and 11 circular economy indicators. European Union.

Average Max Min Standard Deviation Skewness
Synergy Synergy Synergy of Synergy

GNI-Material footprint [CEI_PC020] 0,05 0,84 -0,63 0,348 -0,17
GNI-Resource productivity [CEL_PC030] -0,01 0,45 -0,67 0,305 -0,46
GNI-Generation of municipal waste per capita [CEI_PC031] -0,22 0,86 -0,78 0,439 0,48
GNI-Generation of packaging waste per capita [CEL_PC040] 0,13 0,97 -0,67 0,461 0,05
GNI-Recycling rate of municipal waste [CEI_WM011] -0,01 0,83 -0,98 0,526 -0,42
GNI-Recycling rate of e-waste [CEl_WMO050] -0,10 0,38 -0,89 0,366 -0,80
GNI-Recycling of biowaste [CEL_ WM030] -0,07 0,86 -0,72 0,412 0,47
GNI-Trade in recyclable raw materials, Imports extra-EU27 (from 2020) [CEl_SRM020] 0,21 0,91 -0,26 0,418 0,62
GNI-Trade in recyclable raw materials, Exports extra-EU27 (from 2020) [CEI_SRM020] 0,25 0,82 -0,85 0413 -1,00
GNI-Private investments, jobs and gross value added related to circular economy sectors =~ -0,038 0,656 -0,738 0,495 -0,01
GNI-Patents related to recycling and secondary raw materials -0,097 0414 -0,615 0,295 -0,01

In Fig. 3 we report the skewness of synergy observations. Key empirical finding is that skewness varies concerning
synergy observation between gross national income and various synergy indicators. We can also observe that normal
distribution cases can be observed in two cases, concerning a variable (1) private investments, jobs and gross value
added to CE sectors and concerning a variable (2) patents related to recycling and secondary raw materials. Also,
this empirical finding creates a big challenge for decision-makers in sustainability policy of the circular economy



because synergy levels are not only positive or negative but synergies vary in a considerable way. Some indicators
are having very positive synergy levels with Gross Domestic Product developments (for example, import trade
variable), but some are having very negative synergies (for example, export trade variable) with the GNI indicator of
the European Union. This fact can create policy dilemmas for the European decision-makers. Observed difference
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between export and import trade synergy can be such a source of serious policy dilemmas.

Figure 3. Skewness of synergy observations between Gross Net Income and various synergy variables.

In Fig. 4. we report a visualization of key statistical indicators of synergy level observations (in relation GNI in the

EU).

Figure 4. Gross National Income and Circular Economy Variables. A data visualization of the basic statistical

analysis.
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In Table 4 we report a statistical comparison of statistical skewness results of synergy observations. Table 4 shows
differences of skewness levels of synergy observations of two key economic growth variables, Gross Domestic
Product (GDP) and Gross Net Income (GNI).

GDP, skewness of synergy observations GNI, skewness of synergy observations

0,13 | Weakly positively skewed distribution -0,17 | Weakly negatively skewed distribution

-0,24 | Negatively skewed distribution -0,46 | Negatively skewed distribution

0,21 | Positively skewed distribution 0,48 | Positively skewed distribution

-0,12 | Weakly negatively skewed distribution 0,05 | Very weakly positively skewed distribution

-0,73 | Strongly negatively skewed distribution -0,42 | Negatively skewed distribution

-0,53 | Negatively skewed distribution -0,80 | Strongly negatively skewed distribution

0,47 | Positively skewed distribution 0,47 | Positively skewed distribution

-0,61 | Strongly negatively skewed distribution 0,62 | Very strongly positively skewed distribution

-0,28 | Negatively skewed distribution -1,00 | Strongly negatively skewed distribution

Very weakly negatively skewed distribution, almost
0,25 | Positively skewed distribution -0,01 | normal

Very weakly negatively skewed distribution, almost
-0,01 | normal

0,50 | Positively skewed distribution

Table 4 shows very clearly that there is not linear relationship between economic growth variables (GDP and GNI)
and CE variables. Decision-makers in the European Union will face complexity of the circular economy issues in
various policy topics.

We performed some synergy trend analyses with both GDP and GNI indicators in relation to CE indictors. We
shortly summarize these synergy analysis in a form of Table 5 just in order to report main directions of synergies
between growth and CE variables.

Table S. The directions of synergy trends associated with Gross Domestic Product and Gross New Income.

GDP, linear synergy trend line GNL linear synergy trend line

Material footprint
Resource productivity

Slightly decreasing linear synergy trend [Slightly ascending synergy trend

Slightly decreasing linear synergy trend |Slightly ascending synergy trend

Generation of municipal waste per capita Slightly decreasing linear synergy trend |Slighly ascending synergy trend

Generation of packaging waste per capita Clearly ascending linear trend Slightly ascending synergy trend

Recycling rate of municipal waste Clearly ascending linear synergy trend Cleary decreasing synergy trend

Recycling rate of e-waste Clearly decresing linear synergy trend Decreasing synergy trend

Recycling of biowaste Clearly decresing linear synergy trend Clearly decreasing synergy trend

Trade in recyclable raw materials, Imports extra-EU27 (from 2020)

Decreasing linear synergy trend

Clearly ascending synergy trend

Trade in recyclable raw materials, Exports extra-EU27 (from 2020)

Steady unchanged neutral trend

Upward sloping synergy trend

Private investments, jobs and gross value added related to circular economy sectors

Clearly ascending linear trend

Slighly decreasing synergy trend

Patents related to recycling and secondary raw materials

Decreasing linear synergy trend

Slightly ascending synergy trend

In Fig. 5 we report synergy developments between gross domestic product (GDP) and recycling biowaste and gross
net income (GNI) and recycling biowaste. In this case there is not big differences between GDP and GNI indicators.




Kaivo-oja / OIDA International Journal of Sustainable Development, 15:05,2022 33

The European Union: GDP-Recycling biovaste synergy and GNI-
recycling biovaste synergy
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Figure 5. European Union: GDP-Recycling biowaste synergy and GNI-recycling biowaste synergy.

In this special case economic growth and CE synergies are quite similar and follow the same logic. Just to show
another interesting case with the EU import and export data of recyclable raw materials, we visualize this case with
Fig. 6, where can see a case, where economic growth and CE variable synergies are not following similar analogical

logic.
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Figure 6. European Union: GDP-Trade in recyclable raw materials, Imports, extra-EU27, GDP-Trade in recyclable
raw materials, Exports, extra-EU27 and GNI- DP-Trade in recyclable raw materials, Imports extra-EU27 and GNI-
DP-Trade in recyclable raw materials, Exports extra-EU27.
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In this case there is big differences between GDP and GNI indicators. This kind of information may be useful
background information for decision-makers.

Conclusions

In international scientific discussions have seen a lot of discussions about the circular economy, but less
attention has been paid to the critical links between the circular economy and economic growth. The
synergy study provides an empirical contribution to this obvious research gap. This empirical research can
open up new insights and avenues into the development of sustainability science. This empirical synergy
study focused on the circular economy of the European Union, and it is clear that situations in EU Member
States and other regions of the word may vary in terms of circular economy and economic growth
variables. Still, this EU-wide synergy study offers a lot to think about how the circular economy works in
relation to economic growth. The results contribute to confirming the not linear nature of the circular
economy. It is more about complex interactions and evolutionary development.

This study made it clear that the synergy between very key circular economy variables and economic
growth variables varies considerably between both positive and negative synergies. Synergies between
GDP and GNI variables and CE variables were also found be quite different in this empirical synergy
study. Interesting case of import and export of renewables trade with cyclical positive and negative
synergies was found in this empirical study. If policymakers are not aware of the synergy links between the
circular economy and economic growth, it will seriously hamper the future development of the circular
economy in the world.

We propose that research in the field of circular economy is very important and more research should be
systematically promoted in this field in the world.
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