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Abstract: The circular economy has become one of the main strategic issues on a global scale in
the striving towards achieving sustainable economic systems. The traditional model of production,
consumption and disposal is being transformed into a recycling and waste integration process from
the beginning of the production cycle of a product until its full use by the consumers. While measuring
the progress towards a circular economy can be a challenging factor, several indicators can be used
to evaluate developments in this direction. That is why recycling in general, as well as recycling
of municipal waste, have become a main strategic issue in the process towards implementation
of circular economy principles. The main objective of the paper is to elaborate a panel regression
model for determining the dependency between main indicators, that are indicating progress of the
circular economy in Europe, such as the recycling rate of municipal waste, circular material use rate,
R&D expenditure by all sectors, trade in recyclable raw materials and environmental tax revenues,
resource productivity and domestic material consumption. Furthermore, the fixed and random effects
regression models estimations are included and tested through the Durbin–Hausman–Wu statistic.
The research in this study is based on the analysis of regressions in the circular economy fields in the
European Union and intends to contribute to the research in the field, being an emerging scientific
topic due to changing technological, economic and environmental factors.
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1. Introduction

The circular economy represents a main concept for the sustainability of the EU economy
representing the creation of certain models of economy where minimum or no environmental negative
impacts are created, thus respecting the triple bottom line, namely people, planet and profit. In the
current society, the recycling efficiency issues especially of municipal waste, as well as the circular
material usage are two of the main subjects of debate for the political, economic and social fields.
These two aspects, as well as the design of non-waste generating products and services represent
some of the main elements for an efficient implementation of the circular economy in the production
and consumption process. In the present study, we will focus mostly on the recycling issue of
the circular economy. According to Yamamoto and Yamamoto [1], circular economy refers to the
recycling based economy of 3R (“reduce, reuse and recycle”) comparing to the classical model of
mass production, consumption and disposal, thus referring to the waste management strategies and
redesigning the whole economic model towards resource reintegration and a thorough minimization
of waste generation.

In order to stimulate this sector, contributing to a circular economy, the European waste policy
was created to form the necessary framework to support waste management strategies. Today, legal
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regulations, such Extended Producer Responsibility standards, further add to the sustainability
requirements in the business field, as they impose to producers to organize and pay for the treatment
and reintegration of their products at the end of the life cycle, being considered as effective for
contributing to circular economy [2]. While the striving towards sustainability and green energy
has become one of the main issues of debate, waste management is still a problem when it comes to
reducing the amount of waste produced on a global scale, as well as its reuse, repair or reintegration
further in other production and consumption processes. Valuable resources, such as metal, wood,
glass, paper and other, can be reused after the main lifecycle of a product, bringing more value
than the main life cycle of a product or material. For example, Cetiner and Shea [3] mention the
importance of materials, such as bio-based natural fibre materials such as cork, cotton, wood fibre,
and hemp, which are already preferred by clients and designers, who are more environmentally
conscious. Van Ewijk et al. [4] underline the importance of used materials, especially paper, as well
as their recycling ratios decrease, underlining also the significance of consumers contribution to
the sustainable behavior overall. Guo et al. [5] mention other sources of waste, such as electric
and electronic equipment, that generate approximately 20 tonnes per year). However, due to
different waste management efficiency in different regions, lacking legal supportive frameworks
in the sense of supporting waste management and poor stimulation of the households, industries
and economic sectors towards contributing to reintegration or repairing waste in several countries,
waste management still is a main strategic issue on a global scale. Other authors have inquired
different aspects of the waste treatment and recycling, such as Yadav and Samadder [6], who
emphasize landfilling as a main method used, but one of the least preferred in terms of circular
economy. Rada et al. [7] emphasize the evaluation of the efficiency of the circular economy through
another indicator, namely the selective collection quality indexexpressed in terms of percentage with
respect to the total amount of waste is conditioned by certain main factors, staring with the typology
of tariff details. As the need for a circular economy becomes a usual standard within the business
field, studies concerning consumers’ behavior towards sustainable production and consumption have
started to emerge, such as the one of Lakatos et al. for the Romanian market [8], which revealed
the interviewed sample of respondents between 35–44 years old, was mostly concerned about less
impact on the environment through sustainable business and consumption model in comparison to
the younger generations from 18–35 years old.

Recycling represents a key factor in the circular economy in terms of waste management strategies,
which implies material recycling or biological treatment, namely composting and anaerobic digestion
according to [9]. Currently, recycling is one of the main strategic issues globally, as more waste is
generated and lacking regulations in several regions, education in the field and other related problems
reduce the amount of waste that is recycled and thus, that is disposed of in the environment, causing
negative effects for the planet, climate, fauna and ultimately for mankind. Regarding circular economy,
the concept refers thus to cleaner production, industrial ecology and ecological modernization as
according to Yuan et al. [10]. Lewandowski [11] proposed a new business model canvas referring to
a circular economy, which comprises the nine building blocks of Osterwalder and Pigneur, namely:
value proposition, main activities, main customer segments, main customer relationship, key resources,
channels, cost structure, revenue streams, key partners by adding two more components take back
management system and adoption factors, such as organizational capabilities and political, economic,
social and technological factors. The author underlines the importance of offering non-tangible services,
where possible in order to avoid waste creation, as well as the take back management system for
reintegration of products and materials at the end of the life cycle. The circular economy has become a
main challenge for business today, as structural changes are needed for the integration of this concept
within the activities of companies, as well as of the consumers. While the ensuring maintenance,
repairing, replacement and recycling of the used products or product parts is already starting to
become a more frequent strategy of companies to ensure their and their customers sustainability,
the tendency towards offering more facilities through intangible goods has also started to become
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a main trend in the sense of implementing circular economy in the business and social activities.
However, recycling is a main strategy of solving partly the problem of non-sustainable behavior
through waste generation.

The recycling rate of municipal waste is a main indicator of recycling efficiency, being calculated
as a ratio between tonnage recycled from municipal waste divided by total municipal waste arising.
In terms of municipal waste, this refers to “a large extent of waste generated by households, but
may also include similar wastes generated by small businesses and public institutions and collected
by the municipality; this latter part of municipal waste may vary from municipality to municipality
and from country to country, depending on the local waste management system” [12]. Therefore,
the main objective of the current paper was to elaborate models for determining the dependency
between the main selected indicator recycling rate of municipal waste and the other five mentioned
in the methodology and findings parts. While similar indicators have been measured in the past
decade frequently, few studies regarding regression models in the direction of circular economy and
recycling of municipal waste have been published in the scientific literature, being a subject of interest
for researchers and the business field as well.

The objective of the present study is to analyze the impact of circular material use, research
and development expenditure resource productivity and domestic material consumption, trade in
recyclable raw materials, environmental tax revenues of the countries of the European Union on the
recycling rate of municipal waste through the estimation of a panel regression model, where the latter
indicator is the dependent variable. The present study adds to the scientific literature by estimating
the link between new economic and circular economy indicators on the recycling rate of municipal
waste variable, which has not been done previously in other studies.

2. Literature

In the past ten years, the traditional model of “buy, consume and dispose” started to gradually be
replaced by more sustainable thinking, that imposes slowly the concept of circular economy. The Ellen
McArthur Foundation [13] describes the term of circular economy as “as system that is restorative or
regenerative by intention and design that can be achieved by eliminating waste through the superior
design of materials, products, systems and, within this, business models”. The circular economy is
thus a restructuring of whole economic and social systems, which imply a redesign of the products
and services offered from their conceiving phase.

As shown in Figure 1, Weetman [14] summarizes the six necessary factors of the circular economy
framework, which translate the four principles of this concept, namely:

a. Circular economy design meaning designing products from the beginning of the production
to enable product reuse or recycling or cascading in the sense of becoming input for another
product at the end of one life cycle;

b. New, innovative business models to facilitate the transition from the buy, consume, dispose
principle to the sustainability principles mentioned at point 1;

c. Reverse cycles, meaning providing efficient, innovative systems for new materials and product
cascades as well as return of used materials to soil or to production. This implies logistics,
collections, sorting, treatment and segmentation;

d. Enablers and accelerators, namely market mechanisms can encourage reuse of materials and
higher resource productivity, such as educational institutions, policymakers, financing in the
field, etc. According to Vasallo [15], a circular economy shifts the focus to reusing, repairing,
refurbishing and recycling existing materials and products.

When referring to circular economic models, Kiørboe et al. [16] mention the following: product
design, service and function based models, reuse, repair and collaborative consumption, in the sense
that products should be designed from the beginning with the scope of being reintegrated after the
life cycle for reuse or repair in order not to become waste. Other authors have provided several other
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definitions for the concept of a circular economy, such as Benton et al. [17] that mentioned a circular
economy is “one, where the resources coming into the economy are not allowed to become waste
or lose their value”. These resources should therefore be recovered and used for as long as possible
in production processes. As mentioned by several authors, the term of circular economy is strongly
linked to the concept of waste management in the sense of diminishing or eliminating waste after the
main cycle of consumption has been fulfilled. Within the meaning of the concept “waste management”,
Lemann [18] includes the formation, treatment and disposal of waste materials and their resulting
products, whether resulting from households or industry. Furthermore, van Buren et al. [19] mention
the nine elements of the circular economy: refuse or preventing the use of raw materials; reduce in the
sense of reducing the use of raw materials; product reuse (second-hand, sharing of products); repair or
maintenance and repair; refurbishing a product; remanufacture or creating new products from (parts
of) old products; repurpose meaning product reuse for a different purpose; recycle or processing and
reuse of materials; recover energy through incineration of residual flows.
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Thus, this definition also emphasizes the need to minimize waste by reuse and repair referring
ultimately to the concept of circular economy. Waste can have several meanings depending on the
fields of activity, that cause it or debate on it. However, there are some main types of main waste,
such as: household waste, namely the unwanted materials produced by families, homes or apartment
complexes; commercial waste, originating from the business field or retail establishments; e-waste from
electronics; hazardous waste, that is toxic, reactive, corrosive, ignitable; industrial waste from different
industries, such as construction and mining; agricultural waste; and medical waste Vaughn [20].

More indicators are used to measure effectiveness of waste management measures in several
fields, as the issue of waste diminishing has become a strategic issue. For example, Cifrian et al. [21]
mention treatment of municipal solid waste (MSW) (recycling, composting, incineration and landfill),
the recycling rates of glass, paper and cardboard and packaging wastes (metals, plastics and wood)
and the landfill of bio-waste as indicators for municipal solid waste management effectiveness.

One of the main indicators used to calculate the amount of waste generated per community is the
recycling rate of municipal solid waste including residential (single or multi-family), commercial (office
buildings, retail companies, restaurants), institutional (schools, hospitals, etc.), industrial (packaging,
administrative) and municipal origins Pichtel [22]. Recycling as a concept includes material recycling,
composting and anaerobic digestion and in certain cases incineration with energy recovery according
to Williams [23].

The recycling rate of municipal waste is a main indicator of recycling efficiency, being calculated
as a ratio between tonnage recycled from municipal waste divided by total municipal waste arising.
In terms of municipal waste, this refers to the main waste generated by households, by small businesses
and public institutions, which is collected by the municipality [24].
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Regarding methods of reintegrating or diminishing waste, several processes can be considered
such as: repairing, reuse of products or product components in other production processes,
transformation of waste into energy, recycling materials, and redesigning processes from the beginning
in order to ensure recyclable products and/or reuse of product, materials or components. Furthermore,
several institutions have already begun to offer instead of a one-time buy product, that is later
disposed, subscriptions that ensure the maintenance of the products, repair and/or replacement after
consumption while the old product is recycled by the company itself. This innovative approach of
redesigning the classical economic system of “buy, consume, and dispose” to a sustainable system of
continuous use and reintegration represents one of the main strategic issues of the current business
sector today. Other authors, such as Lewandowski [11] also emphasize the recycled material used
product value after a certain period of use as a key indicator for measuring the decreasing of
ecological foot print and the obtained direct financial value through recovery of materials and assets.
The relationship of municipal waste in terms of its generation and relationship to economic drivers,
such as income and socioeconomic and policy factors, has been analyzed through a panel regression
by Mazzantti et al. [25] resulting in an empirical evidence in this sense. Thus, this indicator in terms of
its generation and recycling is one of the main factors used in the field of measuring progress in the
field of circular economy.

Other authors inquired different parts of sustainable development of the economy through
variables, such as trade impact on GDP growth and employment level as in the case of Miron et al. [26].
Currently, the internationalization process finds itself in a dynamic rhythm [27] and adds more
pressure towards implementing practically the efforts for a sustainable economic development and
restructuring of the business field in order to reduce waste generation. Practices, such as corporate
social responsibility measures directed towards environmental friendly actions, as well as clearer
legislations, clusters for cooperation of several institutions [28] and partnerships between the academic
field and the business environment [29] are considered to be contributing to the efforts in the sense
of a sustainable approach for the environment protection in the sense of diminishing waste from the
beginning of the production process, as well as after consumption of the product. In order to reduce
generation of waste or emissions, new approaches and methods are starting to be implemented in the
business field, such as in the case of reducing or treatment of municipal waste or reducing the CO2

emissions from the iron and steel processes [30].
Although there are several indicators and management methods in the sense of waste

diminishment, there is still progress needed in the sense of joint efforts from the side of institutions,
populations and business in order to reduce the gaps to increased efficiency of these measures.

3. Methodology

For the present research, we used six variables, namely: recycling rate of municipal waste
(%) (RRMW), circular material use rate (%), environmental taxes (revenues in million Euro), R&D
expenditure (in million Euro), trade in recyclable raw materials (tonne) and resource productivity and
domestic material consumption (Euro per kg). The countries included for the selection were the 28
countries of the European Union between the years 2010–2014. The statistical data was taken from
Eurostat 2018.

Regarding the variables used, we include the following definitions, which are conformed to
the data collected from Eurostat. The circular material use rate is measured in % and represent the
degree of circular or secondary materials in the economy divided by the overall material use. For this
indicator, the quantity of secondary raw materials is approximated by the amount of waste treated in
domestic recovery plants, minus imported waste destined for recovery, plus exported waste destined
for recovery abroad. Recycling rate of municipal waste (%) is calculated as the ratio between recycled
municipal waste (that include also material recycling, composting and anaerobic digestion) in the total
municipal waste generation. Resource productivity and domestic material consumption (Euro per
kilogram) quantify the resource productivity of gross domestic product in relation with the domestic
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material consumption. Trade in recyclable raw materials (tonnes) indicate the quantities of selected
wastes and by products that are shipped across intra- and extra EU borders. The environmental taxes
in our calculations are measured in million Euro. The last indicator that is analyzed in this research
is the R&D expenditure (in million Euro). This indicator calculates the expenditure in all sectors of
performance, respectively business, government, higher education sector and private non-profit sector.

In order to analyze the correlations among the variables, we used the Pearson coefficient, where
E(X), E(Y) are means of the variables X, Y and the division factors include the standard deviations of X
and Y, as mentioned by Coryn [31]:

E[(X− E(X))(Y− E(Y))]/σXσY.

The values of the Pearson coefficient can be between −1 and 1, whereas there can be negative and
positive correlations maximizing with: −1 meaning total negative linear correlation, 1 meaning full
positive linear correlation or no linear correlation if it is the value of 0. The correlation measures the
intensity of a relationship between two variables.

To analyse the dataset further and to analyse the behavior of countries over time, a panel data
set is used so that it allows us to account for individual hetereogenity so that it controls for the
unobserved differences among countries or changes over time. In our data set, the panel consists of an
entity (the country) and time (per year). We used an ordinary least square (OLS) regression method,
where we analyzed the impact the following explanatory variables: environmental taxes (revenues in
million Euro), R&D expenditure (in million Euro), trade in recyclable raw materials (tone) and resource
productivity and domestic material consumption (Euro per kg) on the dependent variable recycling
rate of municipal waste on the dependent (the explained) variable: recycling rate of municipal waste
(%), We used the following specifications for this panel data regression model, as mentioned by Stock
and Watson [32]:

RRMWit= β ∗ Xit + αi + it i = 1 . . . N, t = 1 . . . T,

where Xit includes the explanatory variables, the i represents the cross-section dimension (the country)
and t represents the time-series dimension (the year) and RRMWit is the abbreviation for recycling
rate of municipal waste, namely the dependent variable. The OLS panel regression is estimated using
the statistical package Stata in which the panel variable (denoted as i in the above specification) is set
as country and the time variable (denoted as t in the above formulae) is set as year. An estimation
method by using dummy variables for each country to control for differences between entities would
lead to equivalent estimated coefficients (β). In the first estimation, we will assume that there are no
unique characteristics between entities and that no general effects exist across time, i.e., independently
pooled panels.

The assumption of independently pooled panels does not have to be valid, therefore also a fixed
effects model and a random effects model is specified. In a fixed affects model, it is assumed that the
entities have unique characteristics (the countries) that do not change over time. In a random effects
model, it is assumed that unique and time constant characteristics of entities exist that do not correlate
with the explanatory variables.

For the fixed effects model, we used the following specifications:
RRMWit = β0 + β1∗Xit + β2∗Zi + uit , where Zi is the unobserved variable that is assumed to be

time-invariant (and for which we do not have data) and RRMWit is the abbreviation for recycling rate
of municipal waste, namely the dependent variable.

The actual model we regress is:
RRMWit = β1∗Xit + αi + uit, where αi is the intercept for each country [32]. An equivalent method

is to add binary (dummy) variables for n − 1 countries (i), which led to the following model [32,33]:
RRMWit = β0 + β1∗X1it + . . . + βk∗Xkitβ2 + γ2∗E2 + . . . + γn∗En + uit , where Ek are the entities

(the countries).
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For the random fixed effects, the following model specification is used, see Stock and Watson [32]
and Maki [33]:

RRMWit= β0 +β1∗Xit + α+ εit + uit,

where α is the intercept for all countries and εit is the within entity (country) error and uit is the
between entity (country error). The random effects model assumes that the entity’s error does not
correlate with the explanatory variables.

To test whether the fixed effects model or the random effects model is statistically more efficient,
we applied the Durbin–Hausman–Wu test (Hausman test), which tests whether the unique errors
between entities (uit,) are correlated with the explanatory variables, for which we have the following
hypothesis:

H0 = Cov(αi , Xit) = 0,

H1 = Cov(αi , Xit) 6= 0

where Cov stands for covariance [33].
After the Hausman test, the H0 is accepted or rejected. If it is rejected, it means the fixed effects

model is statistically more significant. Stata has a built-in procedure to calculate the Hausman statistic,
which is then accepted or rejected under a chi-distribution while applying a significance level of
p < 0.05.

4. Findings and Results

The first part of the study focused on finding potential correlations between the recycling rate of
municipal waste with the other selected indicators, which were presented in the research methodology.

The paper analyzed correlations between the recycling rate of municipal waste and the
other selected indicators, namely circular material use rate (%), R&D expenditure (million Euro),
environmental taxes (million Euro), trade in recyclable raw material (tone, imports), resource
productivity and domestic material consumption (Euro per kilogram), as shown in Table 1. The highest
correlation was between the recycling rate of municipal waste and resource productivity and domestic
material consumption throughout the years from 2010 to 2014, reaching a correlation level of 0.714
in 2014, and thus a strong intensity of the relationship between these two variables. Another strong
positive correlation was found between recycling rate of municipal waste and trade in recyclable
raw materials, namely in the period 2010–2012 with a level of approximately 0.66, while, between
2013–2014, this level of correlation decreased to 0.51. According to the results based on the Eurostat
data, Germany had the highest level of trade in recyclable raw materials for the analyzed period.

Table 1. Correlations of the recycling rate of municipal waste with the selected indicators (European
Union, 2010–2014).

Recycling rate of municipal waste correlation with: 2010 2011 2012 2013 2014

Circular material use rate (%) 0.593 0.591 0.534 0.520 0.555

R&D expenditure (Mil. Euro) 0.571 0.581 0.350 0.601 0.589

Resource productivity and domestic material
consumption (Euro per kg) 0.647 0.661 0.645 0.717 0.714

Trade in recyclable raw materials (tonne) 0.663 0.653 0.671 0.510 0.535

Environmental taxes (Mil. Euro) 0.530 0.533 0.529 0.538 0.517

Source: Authors’ own calculations based on Eurostat data for the European Union countries [34–39].

The other correlations between the recycling rate of municipal waste and the other three variables
were average correlations. Thus, between recycling rate of municipal waste and R&D expenditure,
there was an average correlation throughout 2010–2014 except 2012 when the correlation level was low
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(0.35). This would imply that an increase in R&D correlates with an increase of the recycling rate of
municipal waste.

Regarding the regression model, first we made the estimations for the OLS panel regression for the
European Union countries in the period 2010–2014. The dependent variable of the model was the recycling
rate of municipal waste, while the rest of the indicators mentioned in Table 2 were independent variables.

Table 2. Ordinary least squares (OLS) panel regression for the period 2010–2014 European Union.

Dependent Variable Recycling Rate of Municipal Waste Coefficients Std. Error T p > ItI

Nr. of observations = 140
F(5, 134) = 39.23

Prob > F = 0.0000
R-squared = 0.5941

Adj R-squared = 0.5790

Independent variables
Circular material use rate (%) 0.359045 0.2035014 1.76 0.080

R&D expenditure (Million Euro) 0.0004891 0.0001212 4.03 0.000
Resource productivity and domestic material consumption

(Euro per kg) 6.424522 1.393285 4.61 0.000

Trade in recyclable raw materials (tonne) 0.00000153 0.000000487 3.15 0.002
Environmental tax revenues (Million Euro) −0.0004006 0.0001205 −3.32 0.001

Const 14.59411 1.701162 8.58 0.000

Source: Authors’ own calculation based on Eurostat data for the European Union countries [34–39].

The results of the regression indicated that, between the years 2010–2014, four coefficients on
the dependent variable, respectively R&D expenditure, resource productivity and domestic material
consumption, trade in recyclable raw materials and environmental tax revenues were statistically
significant with a p-level lower than 0.05 as indicated in Table 2. The highest coefficient was that
of 6.424522 implying that if resource productivity and domestic material use increases with one Euro per
kilogram, it is associated with an increase of 6.42% of the recycling rate of municipal waste. Furthermore,
as shown in Table 2, a one percent increase in circular material use rate is associated with an increase of
0.35% of the recycling rate of municipal waste. In terms of trade in recyclable raw materials, the regression
indicates that a one tonne increase in trade in recyclable raw materials is associated with an increase of
0.00000153 in the recycling rate of municipal waste.

Adjusted R-Square is around 58% in the analyzed model, indicating that the estimated models
have a moderate explanatory power. That implies that about 58% of the changes in the recycling rate
of the municipal waste are explained by the five independent variables: circular material use rate,
R&D expenditure, resource productivity and domestic material use, trade in recyclable raw materials,
and environmental tax revenues, while only about 42% are explained by other factors not taken into
consideration in this paper, which are captured by the error term.

Based on the regression results, we can state that, if the increase of recycling rate of municipal waste is
intended, the factors that can contribute to this boost are for example an increase of resource productivity
and domestic material consumption, as well as the decrease of environmental tax revenues.

Secondly, we estimated a regression with fixed effects through which we can control for time
invariant variables, that differ across countries, but are constant over time—for example, institutional and
cultural factors towards recycling and sustainability, these factors are almost impossible to observe and are
country-specific. A specific example can be Germany, which could have a different institutional attitude
towards recycling than Spain. In the case of fixed effects, we assume that country-specific effects correlate
with the independent variables and this will cause an omitted variable bias. To correct for this omitted
variable bias, we estimate a fixed-effects regression model. This is not different than adding a dummy
variable for each country (except one to avoid multicollinearity) to the regression model as described
in the methodology section. The OLS assumptions require that the errors for each entity (country) are
uncorrelated over time. Below in Table 3, the results are presented. The estimated coefficients are different
than in the regular OLS regression because, by estimating a fixed-effect regression model, the effect for
each country on the dependent variable has been removed from the coefficients in Table 3, which was
previously captured by the coefficients of the independent variables (in Table 2).

Thirdly, we estimate a random-effect regression model (see Table 4). This model differs from the
fixed effect regression model because it assumes that the country-specific effects are uncorrelated with the
independent variables.
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Table 3. OLS panel regression with fixed effects for the period 2010–2014 European Union.

Dependent Variable Recycling Rate of Municipal Waste Coefficients Std. Error T p > ItI

Nr. of observations = 140
F(5, 134) = 2.65

Prob > F = 0.0268
R-squared = 0.5299

Independent variables
Circular material use 0.1968666 0.2121186 0.93 0.355

R&D expenditure 0.0002199 0.0003379 0.65 0.516
Resource productivity and domestic material consumption 5.957318 2.736869 2.18 0.032

Trade in recyclable raw materials 0.00000179 0.00000161 1.11 0.269
Environmental tax revenues 0.0001687 0.0003303 0.51 0.611

Const 12.14507 5.831668 2.08 0.040

Source: Authors’ own calculation based on Eurostat data for the European Union countries.

It captures the deviation of dependent variable in an individual year from the average of the
specific country. To test whether this assumption hold, we perform a Durbin–Wu–Hausman test so
that we can conclude whether the random or fixed model leads to efficient estimators.

Table 4. OLS panel regression with random effects for the period 2010–2014 European Union.

Dependent Variable Recycling Rate of Municipal Waste Coefficients Std. Error t p > ItI

Nr. of observations = 140
Wald chi2(5) = 48.29
Prob > chi2 = 0.0000
R-squared = 0.5814

Independent variables
Circular material use 0.2281417 0.1914176 1.19 0.233

R&D expenditure 0.000308 0.0001991 1.55 0.122
Resource productivity and domestic material consumption 6.437595 1.916318 3.36 0.001

Trade in recyclable raw materials 0.00000161 0.000000828 1.94 0.052
Environmental tax revenues −0.0001674 0.0002075 −0.81 0.420

Const 14.55122 3.230728 4.50 0.000

Source: Authors’ own calculation based on Eurostat data for the European Union countries.

To decide which model generates more efficient estimators, we performed a Durbin–Wu–Hausman
test. Under the null hypothesis as described in the methodology, it is stated that the random effects
model is valid. It tests whether the errors (ui) are correlated with the regressors. The estimators of
both the fixed-effects and random-effects model regressions are used to calculate the Hausman statistic
(Tables 2 and 3). This results in the outcome of Prob > chi2 = 0.7288, as one can notice in Table 5, while
applying a significance level of p ≤ 0.05, the null hypothesis cannot be rejected and it has to be concluded
that the errors are correlated with the independent variables.

Table 5. Results of the Durbin–Wu–Hausman test using the estimators of the previous fixed-effects
and random-effects model.

Coefficients

(b)
Fixed

(B)
Random

(b-B)
Difference

sqrt(diag(V_b-V_B)
S.E.

Cirular material use 0.1968666 0.2281417 −0.0312751 0.0913981

R&D expenditure 0.0002199 0.000308 −0.0000881 0.000273

Resource productivity and domestic
material consumption 5.957318 6.437595 −0.4802778 1.954016

Trade in recyclable raw materials 1.79e-06 1.61e-06 1.84e-07 1.38e-06

Environmental tax revenues 0.0001687 −0.0001674 0.0003361 0.0002569

b = consistent under Ho and Ha; obtained from xtreg
B = inconsistent under Ha, efficient under Ho; obtained from xtreg
Test: Ho: difference in coefficients not systematic
chi 2(4) = (b-B)’[(V_b-V_B)ˆ(-1)](b-B)

=2.04
Prob>chi2= 0.7288

Source: Authors’ own research.
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The random effects regression model is clearly a better model than the fixed effects regression
model. Differently phrased, the country-specific effects do exist, but they are not correlating with the
coefficients on the other dependent variables.

5. Discussion

The present research connects with the theoretical literature; however, there were no studies, that
inquired the relationship of the recyclable rate of municipal waste with other indicators through
regression models, as most studies refer only to the general term. As Stofova [12] mentioned,
the municipal waste was also defined in the case of European Union countries as “a large extent
of waste generated by households but may also include similar wastes generated by small businesses
and public institutions and collected by the municipality; this latter part of municipal waste may
vary from municipality to municipality and from country to country, depending on the local waste
management system”. Furthermore, the recycling rate of municipal solid waste was regarded as
Pichtel [22] mentioned, namely as including residential (single or multi-family), commercial (office
buildings, retail companies, restaurants), institutional (schools, hospitals, etc.), industrial (packaging,
administrative) and municipal origins.

The study focused on the estimation of panel regression models between the recyclable rate
of municipal waste and four other independent variables, namely the circular material use, R&D
expenditure, resource productivity and domestic material consumption, trade in recyclable raw
materials, and environmental tax revenues for the European Union countries between 2010–2014.
As mentioned in the findings and results, the highest coefficient was that of resource productivity and
domestic material consumption (6.424522), being followed by the coefficient of the circular material
use rate.

The study has its limitations based on the sample of variables mentioned; however, it contributes
to the scientific literature through the regression models, which were estimated and that were not
previously studied in other papers.

Regarding future objectives of further connected to the present research to this study, we intend to
expand the research by introducing more uncorrelated variables and adding lags, in order to determine
further factors that could contribute to the causality with the recycling rate of municipal waste.

6. Conclusions

The OLS panel regression model demonstrated the majority of the independent variables are
significantly influencing the main indicator of the circular economy, which was analyzed in this paper
as a dependent variable. The selected circular economy indicator was the recycling rate of municipal
waste, which is the dependent variable of the model. Thus, the coefficients of the independent
variables, namely: R&D expenditure, trade in recyclable raw materials, environmental taxes, resource
productivity and domestic material consumption were significant within the regression model in
relationship to the dependent variable, namely the recycling rate of municipal waste.

In the non-pooled regression, the dependent variable recycling rate has a significant relationship
with four of the five independent variables; while applying a random effects model, these significances
disappear and only resource productivity and domestic material consumption stay significant with the
municipal waste recycling.

We can conclude that resource productivity and domestic material consumption has a strong
statistical relationship with municipal waste recycling and that an increase is associated with a positive
change in municipal waste recycling. Further research is necessary to give advice on any policy
changes, but policies that can affect resource productivity can be associated with a positive effect on
recycling of municipal waste.

In the research, the proposed panel regression model estimated that another indicator frequently
encountered in scientific studies regarding circular economy did not have a significant influence in our
case upon the recycling rate of municipal waste.
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As a result, the case of EU countries in the analyzed period, the highest relevant coefficient
was that of resource productivity and domestic material consumption. Thus, in this model,
the recycling rate of municipal waste was significantly influenced by resource productivity and
domestic material consumption.

The second part of the study, which included the Durbin–Hausman–Wu test, indicated that the
model with the random effects is statistically more significant than the fixed effects model.

The present research can serve as a basis for future studies in the field of circular economy as
more variables to quantify the efficiency of this transition process will also emerge and the existing
ones will continue to develop. As recycling is a main method currently of an efficient reintegration
of waste or of an environmental friendly disposal of waste, the product design from the beginning
of the production process in the direction of producing zero or minimal negative impacts on the
environment already started to gain importance and could be the primary strategy of implementing
a circular economy in the future, thus reducing the need of recycling from the beginning. It is an
interesting cause to observe in future developments globally in order to determine the most efficient
solutions towards a sustainable future. Regarding future developments, the main trends expected
are as mentioned—the redesigning of production–consumption processes, redesigning of products
from the beginning, in order to generate no or less waste, transformation of waste into energy source,
such as biomass, as well as the introduction of new technologies to diminish damaging waste to the
environment. These are future objects of future research as the need for increased sustainable measures
has become a significant part of the business, political and social behavior currently.
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OLS ordinary least squares
R&D research and development
RRMW recycling rate of municipal waste

References

1. Yamamoto, M.; Hosoda, E. The Economics of Waste Management in East Asia; Routledge: New York, NY, USA,
2016; ISBN 13 978-1138805989.

2. Kunz, N.; Mayers, K.; Van Wassenhove, L.K. Stakeholder Views on Extended Producer Responsibility and
the Circular Economy. Calif. Manag. Rev. 2018, 60, 45–70. [CrossRef]

3. Cetiner, I.; Shea, A.D. Wood waste as an alternative thermal insulation for buildings. Energy Build. 2018,
168, 374–384. [CrossRef]

4. Van Ewijk, S.; Park, J.Y.; Chertow, M.R. Quantifying the system-wide recovery potential of waste in the
global paper life cycle. Resour. Conserv. Recycl. 2018, 134, 48–60. [CrossRef]

5. Guo, X.; Zhang, Y.; Xu, K. Metallurgical Recovery of Metals from Waste Electrical and Electronic Equipment
(WEEE) in PRC. In Metal Sustainability: Global Challenges, Consequences, and Prospects; Izatt, M., Ed.; John
Wiley & Sons: Hoboken, NJ, USA, 2016; ISBN 9781119009115.

6. Yadav, P.; Samadder, S.R. A Critical Review of the Life Cycle Assessment Studies on Solid Waste Management
in Asian Countries. J. Clean. Prod. 2018, 185, 492–515. [CrossRef]

7. Rada, E.C.; Zatelli, C.; Cioca, L.I.; Toretta, V. Selective Collection Quality Index for Municipal. Solid Waste
Management. Sustainability 2018, 10, 257. [CrossRef]

http://dx.doi.org/10.1177/0008125617752694
http://dx.doi.org/10.1016/j.enbuild.2018.03.019
http://dx.doi.org/10.1016/j.resconrec.2018.02.026
http://dx.doi.org/10.1016/j.jclepro.2018.02.298
http://dx.doi.org/10.3390/su10010257


Sustainability 2018, 10, 2141 12 of 13

8. Lakatos, E.S.; Cioca, L.I.; Dan, V.; Ciomos, A.O.; Crisan, O.A.; Barsan, G. Studies and Investigation about
the Attitude towards Sustainable Production, Consumption and Waste Generation in Line with Circular
Economy in Romania. Sustainability 2018, 10, 865. [CrossRef]

9. Newton, A.C.; Cantarello, E. An Introduction to the Green Economy: Science, Systems and Sustainability;
Routledge: New York, NY, USA, 2014.

10. Yuan, Z.Y.; Bi, J.; Moriguichi, Y. The Circular Economy. A New Development Strategy in China. J. Ind. Ecol.
2006, 10, 4–8. [CrossRef]

11. Lewandowski, M. Designing the business models for circular economy-Towards the conceptual framework.
Sustainability 2016, 8, 43. [CrossRef]

12. Stofova, L.; Szaryszova, P. New Trends in Process Controls and Production Management; CRC Press: London,
UK, 2018.

13. Ellen McArthur Foundation. Available online: https://www.ellenmacarthurfoundation.org/assets/
downloads/publications/Ellen-MacArthur-Foundation-Towards-the-Circular-Economy-vol.1.pdf
(accessed on 1 February 2018).

14. Weetman, C.A. Circular Economy Handbook for Business and Supply Chains; Kogan Page: London, UK, 2016;
ISBN 13 978-0749476755.

15. Vassalo, W. Crowdfunding for Sustainable Entrepreneurship and Innovation; IGI Global: Hershey, PA, USA, 2016;
ISBN 13 9781522505686.

16. Kiørboe, N.; Sramkova, H.; Krarup, M. Moving towards a Circular Economy; Norden: Copenhagen, Denmark,
2015; ISBN 978-92-893-4331-2.

17. Benton, D.; Hazell, J.; Hill, J. The Guide to the Circular Economy: Capturing Value and Managing Material Risk;
Routledge: New York, NY, USA, 2017; ISBN 978-1-910174-35-7.

18. Leemann, M.F. Waste Management; Peter Lang AG: Bern, Switzerland, 2008; ISBN 978-3-03911-514-3.
19. Van Buren, N.; Demmers, M.; van der Heijden, R.; Witlox, F. Towards a Circular Economy: The Role of Dutch

Logistic Industries and Governments. Sustainability 2016, 8, 647. [CrossRef]
20. Vaughn, J. Waste Management. A Reference Handbook; ABC Clio: Santa Barbara, CA, USA, 2009;

ISBN 978-1-59884-150-3.
21. Cifrian, E.; Andres, A.; Viguri, J.R. Estimating Monitoring Indicators and the Carbon Footprint of Municipal

Solid Waste Management in the Region of Cantabria, Northern Spain. Waste Biomass Valorization 2013,
4, 271–285. [CrossRef]

22. Pichtel, J. Waste Management Practices: Municipal, Hazardou, and Industrial, 2nd ed.; CRC Press: Boca Raton,
FL, USA, 2014; ISBN 978-1-4665-8518-8.

23. Williams, P.T. Waste Treatment and Disposal; John Wiley & Sons Ltd.: West Sussex, UK, 2005;
ISBN 978-0470849132.

24. OECD. Available online: https://books.google.ro/books?id=EwjMAgAAQBAJ&pg=PA48&dq=main+
waste+generated+by+households,+by+small+businesses+and+public+institutions+which+is+collected+
by+the+municipality&hl=ro&sa=X&ved=0ahUKEwi3hqPMuLzbAhVdCDQIHUSDBqQQ6AEIJzAA#v=
onepage&q=main%20waste%20generated%20by%20households%2C%20by%20small%20businesses%
20and%20public%20institutions%20which%20is%20collected%20by%20the%20municipality&f=false
(accessed on 4 June 2018).

25. Mazzanti, M.; Montini, A.; Zoboli, A. Municipal Waste Generation and Socioeconomic Drivers Evidence
From Comparing Northern and Southern Italy. J. Environ. Dev. 2008, 17, 51–69. [CrossRef]

26. Miron, D.; Dima, A.M.; Vasilache, S. Models of the intra-regional trade influence on economic sustainable
development in Romania. Amfiteatru Econ. J. 2010, 12, 27–35.

27. Dima, A.M.; Vasilache, S. Trends in internationalization of European higher education in a convergence
perspective. Manag. Mark. 2016, 11, 449–457. [CrossRef]

28. Dima, A.M.; Vasilache, S. An Analysis on the Link between Emerging Markets MNE’s Reputation and
Corporate Social Responsibility. In Advances in Sustainability and Environmental Justice; Emerald Group
Publishing Limited: Bingley, UK, 2013; Volume 12, pp. 51–66. [CrossRef]

29. Dima, A.M.; Hadad, S.; Luchian, I. Review on the dimensions of business-university alliances. Proc. Int.
Conf. Bus. Excell. 2017, 11, 64–73. [CrossRef]

http://dx.doi.org/10.3390/su10030865
http://dx.doi.org/10.1162/108819806775545321
http://dx.doi.org/10.3390/su8010043
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Ellen-MacArthur-Foundation-Towards-the-Circular-Economy-vol.1.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Ellen-MacArthur-Foundation-Towards-the-Circular-Economy-vol.1.pdf
http://dx.doi.org/10.3390/su8070647
http://dx.doi.org/10.1007/s12649-012-9150-6
https://books.google.ro/books?id=EwjMAgAAQBAJ&pg=PA48&dq=main+waste+generated+by+households,+by+small+businesses+and+public+institutions+which+is+collected+by+the+municipality&hl=ro&sa=X&ved=0ahUKEwi3hqPMuLzbAhVdCDQIHUSDBqQQ6AEIJzAA#v=onepage&q=main%20waste%20generated%20by%20households%2C%20by%20small%20businesses%20and%20public%20institutions%20which%20is%20collected%20by%20the%20municipality&f=false
https://books.google.ro/books?id=EwjMAgAAQBAJ&pg=PA48&dq=main+waste+generated+by+households,+by+small+businesses+and+public+institutions+which+is+collected+by+the+municipality&hl=ro&sa=X&ved=0ahUKEwi3hqPMuLzbAhVdCDQIHUSDBqQQ6AEIJzAA#v=onepage&q=main%20waste%20generated%20by%20households%2C%20by%20small%20businesses%20and%20public%20institutions%20which%20is%20collected%20by%20the%20municipality&f=false
https://books.google.ro/books?id=EwjMAgAAQBAJ&pg=PA48&dq=main+waste+generated+by+households,+by+small+businesses+and+public+institutions+which+is+collected+by+the+municipality&hl=ro&sa=X&ved=0ahUKEwi3hqPMuLzbAhVdCDQIHUSDBqQQ6AEIJzAA#v=onepage&q=main%20waste%20generated%20by%20households%2C%20by%20small%20businesses%20and%20public%20institutions%20which%20is%20collected%20by%20the%20municipality&f=false
https://books.google.ro/books?id=EwjMAgAAQBAJ&pg=PA48&dq=main+waste+generated+by+households,+by+small+businesses+and+public+institutions+which+is+collected+by+the+municipality&hl=ro&sa=X&ved=0ahUKEwi3hqPMuLzbAhVdCDQIHUSDBqQQ6AEIJzAA#v=onepage&q=main%20waste%20generated%20by%20households%2C%20by%20small%20businesses%20and%20public%20institutions%20which%20is%20collected%20by%20the%20municipality&f=false
https://books.google.ro/books?id=EwjMAgAAQBAJ&pg=PA48&dq=main+waste+generated+by+households,+by+small+businesses+and+public+institutions+which+is+collected+by+the+municipality&hl=ro&sa=X&ved=0ahUKEwi3hqPMuLzbAhVdCDQIHUSDBqQQ6AEIJzAA#v=onepage&q=main%20waste%20generated%20by%20households%2C%20by%20small%20businesses%20and%20public%20institutions%20which%20is%20collected%20by%20the%20municipality&f=false
http://dx.doi.org/10.1177/1070496507312575
http://dx.doi.org/10.1515/mmcks-2016-0008
http://dx.doi.org/10.1108/S2051-5030(2013)0000012008
http://dx.doi.org/10.1515/picbe-2017-0007


Sustainability 2018, 10, 2141 13 of 13

30. Melinte, I.; Balanescu, M.; Hritac, M.; Tantau, A.; Samoila, I.; Necsulescu, A. The substantiation of the
methods for reducing the CO2 emissions in iron and steel processes, based on integrated approach, both
technological and energetic. Metal. Int. 2009, 14, 33–40.

31. Coryn, A.L.B.J. Practical Bayesan Interference; Cambridge University Press: Cambridge, UK, 2017;
ISBN 978-1-107-19211-9.

32. Stock, J.H.; Watson, M.W. Introduction to Econometrics; Pearson: Essex, UK, 2014; ISBN 0133592693.
33. Maki, A. Introduction to Estimating Economic Models; Routledge: New York, NY, USA, 2011;

ISBN 978-0-415-58986-4.
34. Eurostat. Recycling Rate of Municipal Waste. Available online: http://ec.europa.eu/eurostat/tgm/

download.do?tab=table&plugin=1&language=en&pcode=cei_wm011 (accessed on 15 March 2018).
35. Eurostat. Circular Material Use Rate. Available online: http://ec.europa.eu/eurostat/tgm/download.do?

tab=table&plugin=1&language=en&pcode=cei_srm030 (accessed on 28 April 2018).
36. Eurostat. Environmental Tax Revenues. Available online: http://appsso.eurostat.ec.europa.eu/nui/

submitViewTableAction.do (accessed on 28 April 2018).
37. Eurostat. Resource Productivity and Domestic Material Consumption (DMC). Available online: http://ec.

europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=sdg_12_20&plugin=1 (accessed
on 21 April 2018).

38. Eurostat. Trade in Recyclable Raw Materials. Available online: http://ec.europa.eu/eurostat/tgm/
download.do?tab=table&plugin=1&language=en&pcode=cei_srm020 (accessed on 20 April 2018).

39. Eurostat. Research and Development. Available online: http://appsso.eurostat.ec.europa.eu/nui/show.do?
dataset=rd_e_gerdfund&lang=en (accessed on 20 April 2018).

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://ec.europa.eu/eurostat/tgm/download.do?tab=table&plugin=1&language=en&pcode=cei_wm011
http://ec.europa.eu/eurostat/tgm/download.do?tab=table&plugin=1&language=en&pcode=cei_wm011
http://ec.europa.eu/eurostat/tgm/download.do?tab=table&plugin=1&language=en&pcode=cei_srm030
http://ec.europa.eu/eurostat/tgm/download.do?tab=table&plugin=1&language=en&pcode=cei_srm030
http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=sdg_12_20&plugin=1
http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=sdg_12_20&plugin=1
http://ec.europa.eu/eurostat/tgm/download.do?tab=table&plugin=1&language=en&pcode=cei_srm020
http://ec.europa.eu/eurostat/tgm/download.do?tab=table&plugin=1&language=en&pcode=cei_srm020
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=rd_e_gerdfund&lang=en
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=rd_e_gerdfund&lang=en
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Literature 
	Methodology 
	Findings and Results 
	Discussion 
	Conclusions 
	References

