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Abstract: The need has arisen to implement a circular economic model that enables economic 
growth and prosperity in accordance with environmental protection and sustainable development 
because of the current unsustainable linear means of production in the economy. The aim of this 
paper is to determine the application of the circular economy concept in member countries of the 
European Union from 2008 to 2016. The purpose is to analyse whether economic development 
measured by GDP (gross domestic product) affects the analysed circular economy variables. Based 
on the hypotheses set, an econometric model was formed where GDP was identified as an 
independent variable, while the dependent variables were the production of municipal waste per 
capita, the recycling rate of municipal waste, the recycling rate of packaging waste by type of 
packaging, the recycling of bio-waste, and the recycling rate of e-waste. The first part of the 
statistical analysis conducted using the Stata software package shows the Pearson correlation 
between the abovestated variables, while the second part explores the univariate regression model. 
The results point towards the conclusion that the application of the circular economy concept can 
ensure economic growth and GDP growth while reducing the use of natural resources and ensuring 
greater environmental protection. 

Keywords: circular economy, economic development, sustainable development 
 

1. Introduction 

In a circular economy, waste generation is minimized through the careful design of new 
products and an industrial process in which materials constantly circulate in a “closed-loop system” 
[1]. Waste has become extremely present across the whole planet, and raw materials are in demand 
more than ever. It is estimated that around 80% of all materials and consumer goods are disposed of 
and that upon entering the food supply chain, over 30% of processed food is thrown away [2]. 
Applying the circular economy concept encourages environmental protection and social prosperity 
[3], while enabling economic growth in line with sustainable development. A circular economy can 
reduce environmental devastation in the whole system, as well as increase the generation of new 
added value. The European Commission has assessed that transitioning to a circular economy would 
mean an additional 600 billion euros in annual economic gains for the European Union (EU) 
manufacturing sector [4]. The current linear production method uses energy in all production phases; 
it is based on the “extract-produce-use-dump” model and represents an unsustainable production 
model. On the other hand, a circular economy enables an economic system in which raw materials 
circulate and are transformed from one form into another, resulting in no or minimal waste 
generation. The idea behind the circular economy concept has been developing as a consequence of 
realising the negative environmental impact of the linear production method. In this paper, we 
determine the application of the circular economy concept in the context of contemporary economic 
development on two levels. The first level encompasses the theoretical consideration of a circular 
economy as needed by contemporary economies worldwide to achieve resource and economic 
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sustainability. The second is the applied level that explores the economic development impact of 
members of the European Union in relation to the implementation of a circular economy, as well as 
achieving the sustainable development of the economy. By using the Eurostat indicators, we 
researched the relationships between the gross domestic product and waste generation per capita in 
particular member countries of the European Union, and we have determined a correlation between 
the use of secondary raw materials in relation to the production of municipal waste per capita/year, 
and have also identified to what extent the number of patents in a circular economy generates a 
higher gross domestic product. Considering the fact that estimates of circularity on the national or 
micro level are very rare and that analyses of the impact of GDP (gross domestic product) on the 
implementation of a circular economy are very insufficient, this paper represents a contribution in 
that field. 

The paper is organised as follows—after the introduction, the second section describes the 
available literature. The third section describes the research methodology and statistical analysis. The 
fourth section presents the research results and the discussion, and the final section is the conclusion. 
The final chapter also presents the limitations of this research but also provides guidelines for future 
research. 

2. Literature Review 

The term circular economy has been studied since the 1970s. Pearce and Turner, who studied 
the impact of natural resources on economic systems and impact for linear and open-ended 
perspectives, have provided significant contributions [5]. Bouding (1966) has also influenced such a 
line of thinking because he studied the Earth as a closed circular system with a limited assimilative 
capacity and concluded that the economy and environment should coexist in balance [6]. Stahel and 
Reday stated specific features of a circular economy with a focus on an industrial economy [6]. They 
envisioned the economy as a closed loop with materials circulating, thus preventing the generation 
of waste, creating new jobs, achieving resource efficiency and the dematerialization of the industrial 
economy. Stahel argued that using the term 'consumption' instead of 'ownership' of goods is the most 
relevant sustainable business model for a circular economy, thus enabling the industry to profit 
without the need for external costs and risk regarding waste [6]. In the beginning, the circular 
economy concept was based on the 3R principle (reduce, reuse, recycle), while more recently it has 
turned into the 6R principle (reuse, recycle, redesign, remanufacture, reduce, recover) [3]. The 
implementation of a circular economy has appeared as a response to the need to challenge the flaws 
of the current linear economic system. Contrary to linear production methods, circular economy 
systems retain added value from products for as long as possible with the aim of eliminating the 
generation of waste. 

A circular economy ensures multiple mechanisms of generating new value that are separate 
from the exploitation of limited natural resources. A circular economy can be defined in different 
ways. Here are some of the most cited definitions of a circular economy. “The centre of a circular 
economy is the circular (closed) flow of raw materials and energy consumption in multiple phases” 
[7]. Another definition is that it is “an economy based on a spiral loop, i.e., a system that minimizes 
matter, energy flow and environmental deterioration without limiting economic growth or social and 
technical advancement” [8]. The Ellen MacArthur Foundation [9] presents a circular economy as “a 
regenerative industrial economy by design or purposes.” Webster [10] states that “the purpose of a 
circular economy is to create products, components and materials with the highest service value over 
time.“ “Waste is food” is among the leading principles of circular economies, enabling all expended 
materials or products, as well as those nearing or at the end of their life cycles to be used once again 
as input for manufacturing the next generation of products [11,12].  

A circular economy is based on three main principles, as shown in Figure 1. 
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Figure 1. Principles of circular economy [13]. 

Consumer involvement plays a major role in the implementation circular economy [14], except 
that the circular economy concept encompasses systemic changes based on innovations and using 
new technological systems, as well as by changing how policies, society, business models, and 
funding methods are perceived and managed [15]. The main goal is to build a system that enables 
the regeneration of materials, product components and products in such a way that their highest 
value is preserved for the longest possible duration. Simultaneously, resources should be able to be 
reshaped and reintegrated into the economic system or utilized as nutrients for nature [10]. The 
benefits connected with new business models are truly numerous. Meyer [16] assessed that increasing 
the efficiency in resource consumption can save 17%–24% of raw materials, as well as 630 million 
euros in costs in Europe. Based on product-based modelling, it has been assessed that applying the 
circular economy concept could increase the European Union's GDP by 3.9% by 2030 [17]. 

Even though the idea of implementing the circular economy concept is widely used in EU 
documents and legislation, improvement evaluations differ by author [18–22]. Most research on the 
status of the implementation of the circular economy concept focused on particular products or parts 
of the manufacturing process, so opinions on the possibility of improvement were formed in line with 
that [23]. The knowledge base has truly increased in recent years for some elements of the 
manufacturing cycle [24–28], as well as for the possibility of implementing the circular economy 
concept in a particular company or industry [29,30]. All-encompassing assessments of circularity on 
the national or macro level, however, are very rare [31–33]. There are authors looking into strategies 
and innovations for business models in circular economies sparked by start-ups aiming to add to the 
known theory about sustainable innovations. Additionally, this also contributes to possibilities to 
operationalize circular business models through already established frameworks [34]. A concept has 
also appeared known as the Circularity Deck, described by Konietzko et al. It presents a tool, much 
like a deck od cards, in order to assist companies with analyzing, forming ideas and developing their 
business into a circular ecosystem full of potential innovations [35]. 

The European Union continuously invests effort into transforming its economy into a circular 
economy to achieve better sustainability. The European Commission has adopted a number of 
measures pertaining to a circular economy such as banning the use of single-use plastic, improved 
legislation on preventing waste and critical raw material generation (European Commission), better 
monitoring of circular economy indicators in EU28 (all 28 members of the European Union) [36]. With 
the aim of a more successful implementation of the circular economy in the European economy, in 2015 
the European Union adopted the ‘Circular Economy Strategy and Action Plan’ [6]. This Strategy and 

Achieving optimal contribution from using 
natural resources by repairing deteriorated 

products, reusing dumped production materials 
and recycling.

Preserving and increasing natural capital by 
controlling the use of natural resources and 

balancing the flow of renewable sources.

Improving efficiency by identifying and 
removing negative external effects present in e.g. 
using agricultural land or the negative influences 
on air, water and other environmental elements.
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Action Plan contains measures which should be undertaken in order to realise the plans for the recycling 
and disposal of waste in the European Union, and all with the aim of the application of the concept of the 
circular economy. Apart from this, measures are stated for effectively “closing the circle” in a circular 
economy and for the handling with a product through all phases of the life cycle of the product, from 
production and consumption to the management of waste. The package of European regulations has the 
aim of reducing the creation and the higher-quality management of waste, the saving of energy, and 
reduction of the consumption of resources by 2030. With this Strategy, the EU has adopted a new legal 
framework through which investment encourages the transition of the economy into a circular economy 
in order to strengthen the economy, increase competitiveness, and ensure economic growth in the future. 
The strategy ensures that developed economies increasingly move away from models of a linear economy 
that is based on the principle of take–produce–dispose. In this way, far fewer amounts of waste are 
created, and, simultaneously, the use of natural resources in the process of production itself is avoided 
[37]. Harley, however, has pinpointed extensive standards regarding procurement, relief, taxation, 
production and expansion of circular products. Additionally, Harley recognized that waste trading was 
liberalized, in the sense that it can better be facilitated through virtual means, and that it can be used as 
support in campaigns that raise awareness and for the purpose of establishing eco-industrial parks [38]. 
Elements of revised proposal on waste management in EU are putted in Table 1. 

Table 1. Key elements of the revised proposals on waste management in the European Union (EU) 
[39,40]. 

Recycling and Reuse Landfilling 

A common EU target for recycling 65% of municipal waste and recycling 
75% of packaging waste by 2030. 

A binding landfill target to reduce landfill to 
a maximum of 10% of municipal waste by 

2030. 

Simplified and improved definitions and harmonised calculation 
methods for recycling rates throughout the EU. 

A ban on the landfilling of separately 
collected waste (except for certain hazardous 

waste and residual waste). 
Concrete measures to promote reuse and stimulate industrial symbiosis 

(turning one industry's by-product into another industry's raw material). The promotion of economic instruments to 
discourage landfilling (charges on 

landfilling). 
Economic incentives for producers to put greener products on the market 

and to support recovery and recycling schemes (e.g., for packaging, 
batteries, electric and electronic equipment, vehicles). 

Even though the topic of the circular economy is still relatively new, unfortunately, the Croatian 
legislative framework does not yet have an implied model of it. Ribić et al. [41] discussed waste 
management methods in the Croatian capital, as well as the need to implement the circular economy 
concept. Car and Jelavić [42] discussed the need to switch from a linear to a circular economy. Runko 
Luttemberger et al. [43] stated that the circular economy is one of the means of achieving resource 
efficiency. Andabaka [44] stressed the possible advantages of applying the principles of the circular 
economy for the Croatian economy, as well as existing limitations when transitioning to such an 
economic model. Drljača [45] pointed out the importance of transitioning from a linear to a circular 
economy. In addition, Škrlec analysed the topic of the circular economy and used a popular method 
to explain the application and benefits of implementing such a manufacturing and waste 
management model [46]. Šverko Grdić et al. [47] researched which funds can be used to realise the 
circular economy concept on the level of the European Union, including Croatia. Apart from the 
scientific community, this concept has also attracted attention among lawmakers and decision-
makers who can, therefore, exert influence on governments and international agencies on the local, 
regional, national, and international levels to promote the new economic concept [48,49]. 

The research question of this work is the determining of the level of the use of the concepts of a 
circular economy and their connectivity with economic growth in member countries of the European 
Union from 2008 to 2016. Further on, we analyse the connectivity of the indicators of a circular 
economy and economic growth. 
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3. Analysis of Circular Economy Indicators and Indicators of Economic Development in the EU 

For the purpose of analysing a circular economy and economic development, for this research, the 
authors used Eurostat indicators where an indicator is defined as “a quantitative or qualitative factor or 
variable that provides a simple and reliable means of measuring achievement.” Eurostat uses indicators 
grouped as follows: production and consumption, waste management, secondary raw materials, 
competitiveness, and innovation, as shown in Figure 2. These groups of indicators are further divided into 
individual indicators calculated for the entire EU, as well as independently for member countries. 

 
Figure 2. Main groups of indicators of the implementation of a circular economy on the EU level [50]. 

The European Union, China, and Japan hold the leading position when it comes to implementing 
sustainable development and sustainable resource consumption policies, but it is also one of the 
greatest resource consumers and sources of greenhouse gas emissions [33]. Indicators are very 
important for the evaluation, monitoring, and improvement of various policies and programmes 
aiming for the implementation or improvement of the circular economy concept [51]. Apart from the 
Eurostat indicators, many others can also be used. Sassanelli et al. investigated through a systematic 
literature review, which is so far the performance assessment methods proposed to measure circular 
economy sites and how they can be characterised and classified. They concluded that circular models 
can be measured taking care of different aspects [52]. Silvestri et al. built two composite indicators— 
the Circular Economy Static Index (CESI) and the Circular Economy Dynamic Index (CEDI)—that 
permitted both a static and a dynamic evaluation of the circular economy (CE) performance of 
European regions [53]. Authors Garcia-Bernabeu et al. used a multi-criteria approach to construct a 
circular economy composite index based on Technique for Order Preferences by Similarity to Ideal 
Solutions methodology [54]. Robaina et al. used cluster analysis with three econometric estimation 
methods: panel unit root test, panel cointegration tests, and vector autoregression model with the 
similar data like in this article [55]. Momete developed an index which intends to provide the best/worst 
performers within the EU area in terms of readiness of EU nations to pass to a sustainable circular 
economy [56]. Scheel et al. developed the linear production model with the United Nations 
Environment Program current four decoupling indicators in order to propose a more robust model [2]. 

In addition to indicators showing the implementation of a circular economy, this paper also 
explores macroeconomic indicators explaining the economic efficiency of particular countries. 
Economic efficiency is often linked to negative environmental impact, raw material and energy 
consumption, and greenhouse gas emissions. The main economic goals include fast and high 
production growth, low unemployment, and price stability, none of which has to necessarily clash 
with environmental protection. In fact, by implementing the circular economy concept, it is possible 
to achieve economic growth and GDP growth while preserving the environment and reducing the 
consumption of natural resources. This paper emphasises the indicators of implementing a circular 
economy and the economic development of the EU, as shown in Table 2. 
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Table 2. Important indicators of implementing a circular economy and the economic development of the EU (2008–2016 average) [50]. 

Country 
GDP per Capita 

in EUR 
Sdg_10_10 * 

Value-
Added  

(million 
EUR) 

Teina444_r2 

No. of 
Patents 

cei_cie 020 

Municipal Waste Generation 
(per capita per year) 

cei_pc031 

Recycling Rate of 
Municipal Waste (%) 

cei_wm011 

Recycling Rate of 
Packaging (%) 

cei_wm020 

Recycling Rate of Bio 
Waste (kg per capita) 

cei_wm020 

 Recycling Rate of 
e- Waste (%) 
cei_wm050 

Austria 37,544 3113 9.71 574 - 67 185 39 
Belgium 34,856 2399 9 443 54 80 91 31 
Bulgaria 5666 466 0.7 490 25 60 21 68 
Cyprus 22,300 148 0.29 665 - 51 10 14 

Czech R. 15,355 - 6.4 282 21 63 10 31 
Croatia 10,588 541 0.29 395 - 57 5 61 

Denmark 45,566 2129 3 789 45 70 133 42 
Estonia 13,511 201 0.71 333 23 57 19 36 
Finland 36,811 1826 9.43 495 - 58 61 36 
France 31755 20,621 53 526 - 62 89 25 

Germany 34,377 28,094 88 582 64 64 107 36 
Greece 18,344 730 0.29 489 - 54 13 25 

Hungary 10,466 837 3.83 398 - 52 18 37 
Ireland 42,877 - 3 614 23 67 30 39 

Italy 27,011 17,116 29 515 - 64 72 28 
Latvia 10,811 238 1.14 321 - 50 12 23 

Lithuania 11,100 308 1.14 428 - 59 29 33 
Luxemburg 83,088 - 3.14 647 - 63 124 36 

Malta 17,911 - 0.14 608 - 38 2 11 
Netherlands 39,466 5454 14 552 - 72 141 32 

Poland 10,055 4368 33 305 - 45 10 25 
Portugal 16,844 1313 1.71 444 - 59 55 31 
Romania 7111 1161 4 291 - 48 18 16 
Slovak R. 13,355 604 0.71 317 - 60 16 39 
Slovenia 18,200 459 1 453 - 63 26 26 

Spain 23,066 10,377 19.4 486 - 64 72 23 
Sweden 42,333 3911 3.71 452 - 67 65 58 

U.K. 32,944 23,860 22 496 - 61 77 30 

* Code for different categories in Eurostat. 
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As can be seen in Table 2, the countries with the highest GDP are Luxembourg, Denmark, and 
Ireland, and when looking at municipal waste generation per capita, the leading countries are 
Denmark (789 kg per capita), Cyprus (665 kg per capita), and Luxembourg (647 kg per capita). These 
data already show a correlation between GDP and waste generation. Positive examples in relation to 
this indicator include the Czech Republic (282 kg per capita), Romania (219 kg per capita), and Poland 
(305 kg per capita). An important indicator as well is the recycling rate, which indicates that, even 
though particular countries generate large amounts of waste, they also measure high in the recycling 
rate of packaging waste by type of packaging—Belgium (80%), the Netherlands (72%), and Denmark 
(70%). Germany is the country with the highest annual number of patents (88) by a large margin. 

These are not the only relevant indicators. Huysman et al. [23] proposed and indicator to 
measure the effectiveness of various possibilities for treating plastic waste in a circular economy. This 
measure takes into consideration the stream of plastic waste and its technical quality, and it monitors 
resource consumption through Cumulative Exergy Extraction. Saidani et al. [57] provided a synthesis 
and 36 clarification to the emerging and must-needed research theme of circular economy indicators 
and shed some light on 37 remaining key challenges, like their effective uptake by industry. Moraga 
et al. [58] gave the classification framework to categorise circular economy indicators according to 
the reasoning on what (CE strategies) and how (measurement scope). Howard et al. [59] provided a 
framework for developing circular economy indicators which link to the core goals, principles, and 
building blocks of a circular economy. 

When we investigate a circular economy and economic growth, we can see that author Busu 
presents the economic factors that are at the basis of the development of a circular economy on the 
European Union level [60]. Trica et al. [61] conducted research about the economic factors of the 
sustainable development of a circular economy based on the findings of economic literature in the 
field. Adamo et al. investigated the relationship between recycling, GDP, and population [62]. They 
concluded that increasing of GDP and population means increasing the amount of recycling. George 
et al. constructed a circular economy model with two types of economic resources, namely, a 
polluting input and a recycling input. The results they obtained point towards several factors playing 
a key role in the development of economy. These factors are the levels of pollution stemming from 
using the polluting input, the expenses incurred from using the polluting input, the recycling ratio, 
and recycling input in the sense of its marginal product [63]. A methodology was proposed by Busu 
and Trica that enables the evaluation of a circular economy model’s sustainability by monitoring 
various indicators pertaining to the environment in order to determine the model’s effect on the 
economic growth of the EU [64]. 

In line with this, and for the purpose of intensifying the implementation of a circular economy, 
it is important to analyse the indicators that measure and quantify the improvement in the concept's 
implementation [65–67]. 

4. Methodology 

There is insufficient research about the impact of the economic development on the 
implementation of a circular economy, and therefore, on achieving the sustainable development of 
an economy. To that end, this research encompasses the following variables: 

• GDP per capita; 
• Value-added Mio EUR; 
• Number of patents; 
• Municipal waste generation per capita (kg); 
• Recycling rate of municipal waste (%); 
• Recycling rate of packaging waste by type of packaging (%); 
• Recycling of bio-waste (kg per capita); 
• Recycling rate of e-waste. 

The variables were calculated independently for each member country of the EU (28) for the period 
from 2008 to 2016. The source of the indicators is the Eurostat database, whose scope is sometimes 
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limited, so some variables for particular years were unavailable. Many authors used Eurostat 
indicators for their research. Authors Ghisellini et al. evaluated the transition to a CE in Italy [68]. 
The goals of circular economy, i.e. how well they measure up to expectations and how much of an 
impact they had in a selection of European countries from 2010 to 2016 was researched by Škrinjarić 
[69]. Additionally, a methodology was designed by Trica at al. that enables the evaluation of a circular 
economy model’s sustainability by using Eurostat indicators and measures to verify the effect of 
environmental factors [61]. 
The pooled approach was used in the research because the authors were interested in determining 
the indicators on the level of the entire EU. Based on research interests, we define three hypothesiss:  

Hypothesis 1 (H1). Higher gross domestic product generates more waste per capita. 

Hypothesis 2 (H2). A higher rate of using secondary raw materials results in lower municipal waste 
generation per capita per year. 

Hypothesis 3 (H3). The number of patents in a circular economy generates a higher GDP. 

Based on the hypotheses, an econometric model was formed in which GDP was identified as an 
independent variable, while the observed dependent variables include Value-added Mio EUR, 
municipal waste generation per capita (kg), recycling rate of municipal waste (%), recycling rate of 
packaging waste by type of packaging (%), recycling of bio-waste (kg per capita), and recycling rate 
of e-waste (%). 

The first part of the statistical analysis explores the Pearson correlation between the stated 
variables, and the second part explores the following univariate regression model: 𝑦 = 𝛽 𝑥 + 𝛼  

where y is one of the dependent variables and x is the independent variable. All analyses were made 
in the Stata 13.0 software package (StataCorp. 2013. Stata Statistical Software: Release 13. College 
Station, TX: StataCorp LP). 

5. Research Results 

A description of the statistics obtained in the analysis (mean, standard deviation) is shown in 
Table 3. 

Table 3. Statistical description of variables in the model. 

Statistical 
Indicators 

GDP/pc 
Value-Added 

Mio EUR 

Municipal 
Waste 

Generation 
per Capita 

(kg) 

Recycling 
Rate of 

Municipal 
Waste % 

Recycling 
Rate of 

Packaging 
Waste by 

type of 
Packaging 

% 

Recycling of 
bio-Waste 

(kg per 
capita) 

Recycling 
Rate of e-
waste (%) 

mean 
27,749.3

5 
5176.746 473.6667 38.66038 59.7191 54.86219 35.19869 

sd 23,130.4 7714.84 130.3471 17.52794 11.24437 49.73981 17.43674 
N 310 209 321 53 267 283 229 

Data analysis was performed by the authors using Stata. 

When discussing GDP per capita and when these data are compared with the data in Table 2, it 
can be seen that 17 countries are underperforming, i.e., their GDP per capita is lower than the mean 
value, while 11 countries are achieving better results. When looking at the standard deviation for the 
same variable, it can be seen that the average deviation is 23,130 EUR GDP per capita. When 
observing Value-added Mio in euros, then it is clear that only 6 countries show better results than the 
mean value—France, Germany, Italy, the Netherlands, Spain, and the UK. Countries with lower 
municipal waste generation than the mean value are Belgium, the Czech Republic, Croatia, Estonia, 
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Hungary, Latvia, Lithuania, Poland, Portugal, Romania, Slovakia, Slovenia, and Sweden. Excluding 
Belgium and Sweden, these are primarily countries with a lower GDP and weaker purchasing power, 
thus generating less waste. The recycling rate of municipal waste indicator has a mean value of 38%. 
Countries with a better percentage than the mean are Belgium, Denmark, and Germany. These data 
were not available for all countries so the number of observations (N) is very low. The recycling rate 
of packaging waste by type of packaging indicator shows a mean value of 59%. Countries with lower 
results than the mean are Cyprus, Croatia, Estonia, Finland, Hungary, Latvia, Malta, Poland, and 
Romania. The recycling of bio-waste indicator has a mean value of 54% and a total of 16 countries 
have a lower percentage than the mean. The recycling rate of e-waste indicator shows a mean value 
of 35%. A total of 15 countries, i.e., 53% of the EU, show a lower percentage than the mean value. 

There is a positive correlation between GDP per capita and all other variables, which indicates 
that by increasing GDP, it can be expected that the other variables will increase as well which is 
shown in Table 4. All correlations are statistically significant. Those under 0.3 can be considered 
weak, i.e., increasing GDP will not impact them too significantly. In this case, they have a value-
added Mio and recycling rate of packaging waste by type of packaging. Correlations between 0.3 and 
0.6 can be considered moderate, so a greater impact is expected. In this case, it is the recycling rate of 
e-waste variable. Coefficients over 0.6 imply a strong correlation, thus making the impact great as 
well. Among the researched variables, they are the municipal waste generation per capita, the 
recycling rate of municipal waste and the recycling of bio-waste. The aim of further analysis was to 
define to which degree GDP influences particular elements of sustainable development, i.e., to 
quantify the impact of GDP on the dependent variables. Furthermore, a regression analysis was 
performed, which is shown in Table 5. Using the univariate pooled regression analysis; the 
independent variable is the logarithm of GDP per capita, while the other variables are dependent and 
non-logarithmic. 

Table 4. Correlation analysis between the GDP variable and other variables. 

Statistical 
Indicators 

Value-
Added 

Mio 
EUR 

Municipal 
Waste 

Generation 
per Capita 

Recycling 
Rate of 

Municipal 
Waste % 

Recycling 
Rate of 

Packaging 
Waste by 
Type of 

Packaging % 

Recycling of 
Biowaste (kg 

per capita) 

Recycling 
Rate of e-
Waste (%) 

Correlation 
coefficient 
(Pearson) 

0.2829 0.6202 0.7782 0.2308 0.6727 0.4551 

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Source: The data analysis was performed by the authors using STATA 

Table 5. Regression analysis. 

 
Value-
Added 

Mio EUR 

Municipal 
Waste 

Generation per 
Capita (kg) 

Recycling 
Rate of 

Municipal 
waste % 

Recycling Rate 
of Packaging 

Waste by Type 
of Packaging % 

Recycling of 
bio-Waste (kg 

per capita) 

Recycling 
Rate of e-
waste (%) 

Coefficient 4433.913 104.5971 15.55376 5.08293 50.92421 6.243479 
R 0.1460 0.4032 0.5136 0.1070 0.4929 0.0671 

p (t-test) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

95% CI 
2942.416–

5925.41 
90.06577–
119.1285 

11.29854–
19.80898 

3.289594–
6.876266 

44.75851–
57.08991 

3.197911–
9.289048 

N 203 299 53 262 274 229 

Source: The data analysis was performed by the authors using Stata. 

The analysis conducted indicates that increasing GDP per capita by 1% would mean an average 
increase of around 44.33 EUR Value-added Mio, 1.04 kg waste per capita, 0.1555% in the recycling 
rate of municipal waste, around 0.05% in the recycling rate of packaging waste, around 0.5 kg per 
capita in the recycling of bio-waste, and 0.06% in the recycling rate of e-waste. 
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By looking at the analysis conducted, it can be concluded that all three hypotheses have been 
confirmed. It can be seen in the example of all EU countries that the greater the GDP, the greater the 
municipal waste generation per capita. In 2008, Denmark had the highest GDP (44,000 EUR per 
capita), while also having the highest waste generation at 830 kg per capita. Denmark retained these 
tendencies in 2016 as well. The hypothesis that using more secondary raw materials means reducing 
municipal waste generation has been proven. In 2016, the country with the highest rate of using 
secondary raw materials was the Netherlands, and it has a lower rate of waste generation among the 
observed countries in the higher GDP range. The hypothesis regarding the relationship between the 
number of patents and a higher GDP is proven by the fact that all developed countries among the 
observed, such as Germany, Austria, the Netherlands, Denmark, and Sweden, have a greater number 
of patents in a circular economy and a higher GDP. 

The analyzed data show that developed EU countries generate more waste but also have better 
indicators of the application of the circular economy. On the other hand, to achieve better results in 
less-developed countries of the world, it is necessary to invest more financial resources in activities 
such as R&D, new technology development, and innovation. Very important also is better 
involvement of customers in activities that promote a circular economy [14]. Achieving these two 
goals would enhance the implementation of sustainable economic development in EU member 
countries. 

6. Discussion and Conclusion 

The research topic determines the application of the circular economy concept in member 
countries of the European Union from 2008 to 2016 and how the implementation of a circular 
economy has influenced economic growth. The most common linear economic model is based on the 
conviction that resources are unlimited and that there is limitless space for waste disposal. Such a 
model is clearly unsustainable, and changes have to be made. The circular economy concept remains 
an insufficiently understood term to all economic stakeholders and the general public. Transitioning 
to a circular economy requires not only to change one single activity, but systemic changes in 
industry, social components, energy, transportation, agriculture, and more. Each economic sector has 
its own principles and limitations, and each country in the EU has its own specificities, which results 
in different approaches and time frames for transitioning to a circular economy. It can be concluded 
from the results of this research that there is a connection between economic development and 
circular economy indicators, and all three hypotheses have been confirmed. It is not possible, at least 
not without a time delay and in-depth analysis, to copy a system from across Europe and expect great 
results, but there are definitely various examples of adopting the circular economy concept from 
around the world with excellent results from which it is possible to learn. Implementing the circular 
economy concept should not only be a matter of waiting for state interventions and subsidies. 
Companies and citizens can undertake their own initiatives for the transition, starting with sorting 
and recycling waste, saving energy, etc. Adopting the circular economy concept can help companies 
get ahead of potential limitations such as a lack of resources, taxation, externalities, and more. The 
circular model can generate income and create new jobs, which most countries need, especially 
Croatia. The circular economy model does a good job of connecting economic and ecological benefits, 
which further helps to develop entrepreneurship. By using waste as a resource and applying the 
principles of a circular economy, it is possible to reach new milestones in economic development. It 
is necessary to continuously stimulate citizens both financially and in terms of education, as 
transitioning to a circular economy cannot be boiled down to a matter of infrastructure and 
technological advancement. It requires far stronger social involvement, collaboration on both the 
local and national levels, adopting new business models (encouraging consumers to adopt renting 
instead of owning), supporting industry clusters to trade in by-products, and a new urban 
management system that will require time to fully complete the transition. The authors are aware of 
this paper's limitations, one of them being the fact that some variables have a very low R2 value, 
meaning that, for those variables, GDP will have a weaker predictive value, but a connection remains 
evident. In such cases, it is possible that nationality has a stronger influence, which would be better 
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explored through a panel analysis. The recommendation for further research is to definitely explore 
if the Republic of Croatia is capable of transitioning to a circular economy, as well as which countries 
could be used as examples of good practices. Even though scientists face additional challenges in 
research, technologies, and infrastructure, it is individual papers such as this one that provide a 
humble contribution to this contemporary subject. It can be concluded that, in addition to investing 
in spreading information, education, and technology, it is also required to develop and strongly 
promote entrepreneurship that applies the circular economy concept. 
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