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Abstract: Based on recent findings of the economic literature on the implications of entrepreneurial
innovation for recycling municipal waste, this paper aims to examine the main factors of recycling
municipal waste at the European Union (EU) level. In this study, the authors developed a
linear regression model to analyze the relationship between business expenditure on research
and development (R&D), private investments, gross domestic product (GDP) expenditures on R&D,
resource productivity, and environmental taxes on the recycling rate of municipal waste (RRMW).
In our analyses, we used data from the Statistical Office of the European Union (EUROSTAT) and five
statistical hypotheses were validated through a multiple regression model with panel data using the
statistical software EViews 11. The study was conducted in 27 European Union countries between
2010 and 2017. Our results indicate that business expenditure on R&D, private investments, GDP
expenditures on R&D, and resource productivity have a direct and significant impact on the RRMW,
while environmental taxes have a significant and inverse impact on the RRMW. These findings
underline that public policies should be focused on increasing the use of private and public investments
on R&D for recycling municipal waste.

Keywords: entrepreneurial innovation; municipal waste; recycling; sustainability; econometric
model; panel data; quantitative analysis; environmental factors

1. Introduction

The purpose of the paper is to examine what the main factors of recycling municipal waste at the
European level are, using a linear regression model in order to discover and analyze the relationship
between several economic factors and the recycling rate of municipal waste (RRMW). The question of
the research is what is the entrepreneurial innovation impact on the RRMW?

Previous studies proved several impacts and answered in different modes to this specific question.
Still, the study intended to demonstrate the impact of entrepreneurial innovation interpreted as
business expenditure on R&D, resource productivity, and environmental taxes on the RRMW.

The motivation for this approach is given by the fact that entrepreneurial innovation is no
longer a desiderate, but rather a constant key activity of our society. Both public policy and business
environment have an interest in all of the innovative solutions for the improvement of their activity,
as well as in the positive impact of the innovation on the return of business. Constant improvement of
the activity is due to the implementation of the innovation results.
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Entrepreneurship is being recognized as the main solution for economic development and social
welfare [1,2]. Still, the economic growth may be determined by many other responsible factors, and
some of them are quite unexpected [3], especially those in the Asian development model. Nevertheless,
entrepreneurial manifestation has the government’s or local public authorities’ support [4], and business
environments sustenance, too. Starting with Schumpeter’s complex definition [5] on entrepreneurship,
there were many conceptual approaches regarding the role of an entrepreneur, from the person
who bears the uncertainty, to that person who allocates resources with multiple uses [6]. Therefore,
entrepreneurship seems to be the foundation of recycling activities even in the municipal waste field.

The link between innovation and entrepreneurship [7] crossed from the historical perspective to
economic growth and innovation entrepreneurship, with two directions: innovation in product-market
and technology innovation. Precursor studies already have demonstrated that innovation and
entrepreneurship are positively related to each other [8] and together will have an impact on economic
growth. Plus, the question still remains: Do they have an impact on the RRMW?

Innovation nowadays becomes important in waste management, too, as it is needed in order to
resolve the issue of the huge annual quantities of municipal waste all over the world and to maintain
urban and rural areas as clear as possible. Taking into consideration that current environment policy is
based on sustainability [9], waste management has at least three dimensions: economic, ecological,
and social [10], especially in highly-urbanized centers. From this perspective, it is very important
to see what would be the solutions for better recycling the municipal waste. The municipalities and
public policy makers try to identify which would be the most effective solution [11,12] for urban waste,
no matter the type—domestic or waste from municipal services, solid, e-waste, dust, food, or any
debris from cleaning activities. Obviously, there are studies that demonstrate an important difference
between urban and rural areas in managing waste [13,14], while taking into consideration the higher
number of solutions in waste management for rural households, legal or less legal, such as burning,
composing, using them as fertilizers for vegetable cultivation, etc.

In this regard, innovation was used and, for example, even green channels were proposed for
e-waste [15] in order for the countries to reach green economy principles. The conclusions of different
other studies demonstrate that even e-waste management is not as developed and as well prepared as
the high-tech industry is and produces [16].

The approach might be slightly different and more effective for the food industry [17], as the
innovation brought to light very effective recycling solutions to this sector. This is the place where
entrepreneurs may intervene in an innovative way [18] and boost the link between entrepreneurship
and innovation in order to generate better and more functional recycling solutions.

Therefore, conceptual and empirical studies were run in order to better demonstrate how much
entrepreneurship determines economic growth [19,20], concludes towards a circular economy [21],
boosts innovation or vice-versa [22-24], and even show the link between these three concepts:
innovation, entrepreneurship, and economic growth [25]. Moreover, empirical studies were run in
order to find out innovative solutions for smart partnerships [26] and sustainable development [27].
Considering all these issues, in order to understand the impact of entrepreneurial innovation on the
RRMW, it is important to determine what the business expenditure on R&D and the GDP expenditures
on R&D (as main supportive factors for innovation) are, then private investments in general as key
factors for entrepreneurship and recycling rates.

The connection between entrepreneurial innovation and recycling municipal waste has been
studied by many economists. It was proved that there is a close entrepreneurial link between innovation
and recycling of municipal waste [28]. Other authors [29-31] concluded that business expenditure on
R&D have a positive impact on the RRMW.

Moreover, while some researchers [32,33] underline that private investments have a significant
impact on the RRMW, other scientists [34,35] argue that GDP expenditures on R&D by the business
enterprise sector have a positive impact on the RRMW in EU member states. Nevertheless,
da Cruz et al. [36] and Busu [37] conclude that the environmental taxes and productivity of the
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resources have a direct and significant impact on the RRMW. Resource productivity is the gross
domestic product (GDP) divided by domestic material consumption (DMC), where DMC measures
the total amount of materials directly used by an economy. It is defined as the annual quantity of raw
materials extracted from the domestic territory of the focal economy, plus all physical imports minus
all physical exports.

Starting from the above-mentioned empirical results, we state our research question: “What is
the entrepreneurial innovation impact on the RRMW?” Besides what is already known in this area,
we will try to make an estimation on which of the five independent factors (i.e., business expenditure
on R&D, private investments, GDP expenditures on R&D, resource productivity, and environmental
taxes) has the greatest impact on the dependent variable of the quantitative model.

Nowadays, EU has 28 member states which joined the Union at different times. In the past
20 years, there were three moments when new countries joined EU: In 2004, when 10 new member
states joined EU; in 2007, two new states adhered to EU; and in 2013, when a new state joined EU.
Due to data availability, our analysis covers the period between 2010 and 2017.

This paper has the following structure. Firstly, we make a descriptive analysis of the
macroeconomic key indicators of the RRMW at the EU level. RRMW measures the share of recycled
municipal waste in the total municipal waste generation and the ratio is expressed in percentage
points. Secondly, the relationship between entrepreneurial innovation and RRMW is analyzed.
Research hypotheses are formulated and then tested through the regression analysis. Further research,
limitations, and conclusions are summarized in the last section of the article.

2. Materials and Methods

2.1. Research Methodology

Before starting the quantitative analyses, we have formulated five statistical hypotheses
(see Table 1).

Table 1. Statistical hypotheses.

H; Business expenditures on R&D at the EU level have a positive impact on the RRMW.

H, Private investments are strongly correlated with RRMW at the EU level.

H; GDP expenditures on R&D by the business enterprise sector have a positive impact on the RRMW in EU member states

Hy Resource productivity has a positive impact on the RRMW in EU countries

Hs Environmental taxes have a significant impact on the RRMW at the EU level

R&D = research and development; RRMW = recycling rate of municipal waste; GDP = gross domestic product;
EU = European Union.

These five hypotheses were tested with a multiple linear regression analysis, by the statistical
software Eviews 11.0. A description of the analysis is provided in Section 3.

2.2. Description of the Entrepreneurial Innovation and Recycling at the EU Level

Several approaches to recycling businesses and economy models have different emphasis on the
main components [38]. They share several useful principles, aiming to:

e  Use of the “waste = food” approach to help recover waste materials, to make sure that biological
materials could be reused at the end of their life;

e  Extend the life of product and materials, if possible, over multiple “cycles”;

e  Conserve or regenerate living systems and nature;

e  Retain the water, the embedded energy, and other inputs in the material and product for as long
as possible;

e  Push for taxes, market mechanisms, and policies that encourage “polluter pays” regulations.
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A business model and relationship based on a recycling model were given by Weetman [38]
(see Figure 1). The framework was made of six blocks: circular inputs, product design, process design
and circular flows, business models and relationships, and, eventually, enablers and accelerators.

BUSINESS MODELS
and RELATIONSHIPS
¢ Sharing and + Contracts * Recover,
exchange and services recycle, reuse
Circular Product Process Circular
inputs design design flows
* Recycled = Use less * Use less * Reuse
* Renewable * Use it more * Waste = food * Remanufacture

¢ Safe and secure + Use it again * Renewables * Recycle

Enablers and accelerators
* Biomimicry * Product stewardship * Technology
* Green chemistry + Collaboration and digital

* Systems thinking « Certification
SOURCE: © Catherine Weetman

Figure 1. Business models and relationships framework for recycling. Source: Weetman [38].

As can be seen in Figure 1, this definition underlines the need to minimize waste by repairing,
reusing, and innovating the concept of recycling.

In our study, five macroeconomic indicators describing entrepreneurship innovation with
significant impact on the RRMW were used. They will be the independent variables of the linear
regression model in our study.

Figures 2-6 give us a recent picture of entrepreneurship innovation in the recycling sector.

An important indicator is “business expenditure on R&D for recycling”. Business expenditure on
R&D (million euros) between 2010 and 2017 at the EU level can be seen in Figure 2.
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Figure 2. Business expenditure on R&D (million euros) for recycling between 2010 and 2017, at the EU
level. Source: Eurostat [39].
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From Figure 2 we can see that, in 2017, the countries with the most business expenditure on
R&D for recycling were Germany (68.4 million), followed by France (32.5 million), and the United
Kingdom (UK) (26.2 billion). At the same time, in the last rankings were Cyprus (0.04 million), Malta
(0.038 million), and Latvia (0.038 million).

Another important indicator is “private investments, jobs, and gross value added related to the
recycling sector”. The indicator includes the gross investment in tangible goods, the value added at
factor costs, and the number of persons employed in the recycling sector.

As we can see in Figure 3, in 2017, the top countries in the private investment on the recycling
sector rankings were Germany (31.2 billion), UK (29 billion), and France (19.5 billion), while the last
ranking countries were Slovenia (0.4 billion), Latvia (0.3 billion), and Cyprus (0.2 billion).
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Figure 3. Private investments, jobs, and gross value added related to the recycling sector (billion euros)
2017 at the EU level. Source: Eurostat [39].

Another useful indicator in our study is gross domestic expenditure on R&D (GERD) for recycling
by the business enterprise sector. The indicator measures GERD as a percentage of the GDP.

From Figure 4 we can see that the EU countries which spended the most on R&D as a percentage
of their GDP were Sweden (2.42%), followed by Austria (2.22%) and Germany (2.09%). On the opposite
side, the countries which spended the least on R&D as a percentage of their GDP are Romania (0.29%),
Cyprus (0.2%), and Latvia (0.14%).

Resource productivity is another indicator in our analysis. Resource productivity is computed
as the quotient between gross domestic product (GDP) and domestic material consumption (DMC).
DMC is commensurate with the total amount of materials used directly by the economy of a country.
According to EUROSTAT [39], DMC is defined as the annual load of raw materials extracted from
the internal territory of the selected economy, plus all physical imports, minus all physical exports.
In Figure 5, we can see the resource productivity in the EU countries.

Figure 5 shows us that in the resource productivity ranking, from 2017, Netherlands ranked first
(4.4 euro/kg), followed by the UK (3.8 euro/kg) and Luxembourg (3.4 euro/kg). In the last places on

productivity rankings were Estonia (0.5 euro/kg), Romania (0.4 euro/kg), and Bulgaria (0.3 (euro/kg).
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Figure 4. Gross domestic expenditure on research and development (GERD) by the business enterprise
sector as a percentage of GDP between 2010 and 2017, at the EU level. Source: Eurostat [39].
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Another useful indicator in our research is environmental taxes. Environmental tax revenue series
display total tax revenue by category of environmental taxes: energy taxes, transport taxes, pollution
taxes, resource taxes, and the sum of pollution and resource taxes. The series is presented in billions of
euro. In Figure 6 we can see the amounts (in billion euros) collected by the EU member states in 2017.

From Figure 6 we can see that the EU member states with the highest revenues from environmental
tax collection were, in 2017, Germany (59.3 billion euros), followed by Italy (57.4 billion euros) and
the UK (55.8 billion euros). In this ranking, in the last places were Estonia (0.7 billion euros), Cyprus
(0.6 billion euros), and Malta (0.3 billion euros).

Hence, the description of the above macroeconomic indicators of innovation and recycling
indicates that the Western and Northern EU countries were the top-ranking countries, with the highest
degree of entrepreneurship innovation implementation, while the Eastern and Southern EU countries
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were at the bottom of these rankings. This could be explained by the well-developed environmental
policies in the Northern and Western EU states.
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Figure 6. Environmental taxes (billion euros) between 2010 and 2017 at the EU level. Source: Eurostat [39].

3. Results

For the quantitative analysis, RRMW was set as the endogenous variable (Y), determined by five
exogenous variables. They were: Business expenditures on R&D (X;); private investments, jobs, and
the added value related to the recycling sector (X;); GDP expenditure on R&D (GERD) by the business
enterprise sector (X3); resource productivity (X4); and environmental taxes (Xs). Linear regression
analysis was made through the following steps: performing the quantitative analysis, estimating the
model parameters, and checking the results.

A description of the statistical indicators used in our study (min, max, median, mean, and standard
deviation) is given in Table 2. The values of median and mean are useful indicators of how close the

data is to normal distribution. If the median and the mean approximate each other, we could assume
that the data has a normal distribution [40].

Table 2. Descriptive statistics of the variables in the model.

Variable Unit Min Mean Median Max St. Dew. N
RRMW (Y) % 6.400 37.178 34.800 67.600 14.882 27
Business expend. (X;) Mill. euros 38 7.741 7.800 68.644 12.340 27
Private (X5) Bill. euros 0.200 6.200 6.400 31.200 4.326 27
GERD (X3) % 0.14 0.786 0.710 2.42 0.123 27
Res_prod (X4) Euro/kg 0.300 2.123 2.100 4.400 0.789 27
Environ tax(Xs) Bill. euros 0.303 8.171 7.895 59.259 8.930 27

Source: EViews 11.0 output. RRMW = recycling rate of municipal waste; Business expendit. = business expenditures;
GERD = Gross domestic expenditure on research and development; Res_prod = resource productivity.

In Table 2 we can see that the median and mean values are close to each other; therefore, we could
conclude that the variables in our model are normally distributed.

The multicollinearity test among the independent variables (X1, Xp, X3, X4, and Xs5) used in our
model was performed by the Pearson correlation analysis. In Table 3 we can see the values of the
pairwise correlation coefficients. Since these values are smaller than +0.30, we could assume that there
are no multicollinearity issues among the exogenous variables [41].
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Table 3. Pearson correlation matrix between explanatory variables.

Variable X1 Xz X3 Xq X5

X 1

Xo 0113 1

X3 0125 0137 1

X4 0207 0205 0149 1

Xs 0.198 0278 0098 0101 1

Source: EViews 11.0 output.

Now we will perform the Lagrange multiplier (LM) Breusch-Pagan test and the F-test to determine
whether the research model we used in our analysis, given by Equation (1), was pooled data, fixed effects,
or random effects.

The F-test was used for testing the validity of the pooled model against the fixed effects model [42].
In order to perform this test, we will consider the unrestricted and restricted models.

(i) Restricted model:

Y; =XB+¢,i=1N. €))

(ii) Unrestricted model: Y; = X;B; + u.
The fixed effects estimator or within estimator of the slope coefficient 3 estimates the within
model by ordinary least square (OLS) analysis:
p=(x"x)"xTY. @)
The null and alternative hypotheses are:

[ ] H():‘Bi:ﬁ,‘
o Hyi:Bi#p.

If the null hypothesis is accepted, then the restricted model is accepted. Otherwise, the fixed effect
model would be suitable for our analysis.
The F-test results can be seen in Table 4.

Table 4. Fixed effect test.

F-Statistic 3.48
Probability 0.190

Since the probability p-value (probability = 0.190) is greater than the 0.05 threshold, we will accept
the Null Hypothesis and conclude that random effect model should be used in our study.

Now, in order to make a choice between random models and pooled data we will use the LM
Breusch-Pagan test [43].

By means of this test, we analyzed the existence of the kth order autocorrelation of residual values.
We assumed that the errors regression model is given by the following equation:

Ur = P1Up—1 + PoUt—2 + ... + Prlp_i + V4, fort = k,_i’l and v; ~ N(O, 0'12/) 3)

In order to assess the presence of the kth order autocorrelation, we tested the following null and
alterative hypothesis:
e Hyo2=0;
° Hll O‘%l #0;
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If the null hypothesis is accepted, then the pooled model will be suitable for our analysis.
The results of the LM Breusch—Pagan test can be seen in Table 5.

Table 5. The Lagrange Multiplier Breusch-Pagan test.

Cross Section Time Both
Coeff. 29.13 52.28 82.48
Prob. 0.091 0.583 0.036

Upon analyzing the results of the random effect test in Table 5, we accepted the null hypothesis,
since the probability p-value (probability = 0.091) was greater than the threshold 0.05. Hence,
we concluded that the pooling of the model in Equation (1) was suitable for our analysis.

The five statistical hypotheses formulated in the previous section were tested with a multiple
regression equation using the pooled least square (PLS) method. We used this approach in order to
analyze the impact of the entrepreneurial innovation on the RRMW at the EU level between 2010
and 2017.

The evolution of the RRMW between 2010 and 2017 in EU countries was analyzed with a regression
model and we obtained the following results (see Table 6):

Table 6. Impact of independent variables on the RRMW in the EU countries during 2010 to 2017.

Dependent Variable: RRMW
Method: Pooled Least Square
Sample: 2010-2017
Total panel observations: 216
RRMW = B(0) + B(1) x BUSINESS_EXPEND + B(2) X PRIVATE + B(3) x GERD + B(4) x RES_PROD +
B(5) x ENVIRON_TAX

Coefficient Std. Error t-Statistic Prob.
C —2.23786 1.165 4.298750 0.0009
BUSINESS_EXPEND 0.658946 1.235 3.674397 0.0023
PRIVATE 0.764987 1414 4.096785 0.0019
GERD 0.385684 1.152 2.673098 0.0175
RES_PROD 0.276856 1.167 1.987658 0.0210
ENVIRON_TAX —-0.187912 1.725 1.678934 0.0421
R-squared 0.729867 Mean dependent var 7.6882
Adjusted R-squared 0.684598 S.D. dependent var 0.9876
S.E. of regression 0.198763 Akaike info criterion 1.9287
Sum squared resid. 1.765487 Schwarz criterion 1.8035
Log likelihood 112.7623 Hannan—Quinn criter. 1.7036
Durbin-Watson stat 2.060983

According to the table above, the regression equation is:

Y = —2.237 + 0.658X; + 0.764X, + 0.385X3 + 0.276X, —0.187Xs, @)

where:

e Y =recycling rate of municipal waste;

e  Xj = business expenditures on R&D;

e  Xp = private investments, jobs, and gross added value related to the recycling sector;
e X3 =GDP on R&D by the business enterprise sector;

e X4 = resource productivity;

e X5 = environmental taxes.

Therefore, we could conclude that all independent variables in our model had a significant impact
on the dependent variable and, hence, all five hypotheses were validated.
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4. Discussion

In this section we discuss the results of the multiple linear regression analyzed by the PLS method.
The method was used by the authors to estimate the impact of entrepreneurial innovation on recycling
municipal waste.

Analyzing the RRMW evolution in the 27 EU countries, from 2010 to 2017 through independent
variables (business expenditures on R&D, private investments, jobs, and value added related to
recycling sector, GDP on R&D by business enterprise sector, resource productivity, and environmental
taxes), through the multifactorial linear regression analysis, we obtained the following equation
(see Table 6): Y = —2.237 + 0.658X; + 0.764X, + 0.385X3 + 0.276X4 — 0.187X5, with the standard error
coefficients (1.235), (1.414), (1.152), (1.667), and (1.162). Moreover, since the value of R-squared was
0.729, we could conclude that 72.9% of the variability of the endogenous variable is explained by
the variability of the exogenous variables. Additionally, the value of the Durbin-Watson statistic
(DW = 2.06) is close to 2 and; therefore, we could affirm that the regression errors are not autocorrelated.

The positive coefficients of X, X5, X3, and Xy in the PLS model reveal the fact that business
expenditures on R&D, private investments, jobs, and added value related to the recycling sector, GDP
expenditure on R&D by the business enterprise sector, and resource productivity have a positive
impact on the RRMW, while the negative coefficient of X5 leads to the conclusion that any increase
in environmental taxes would lead to a decrease in RRMW. The regulatory framework plays an
essential role in modeling RRMW. This explains the fact that an increase of the expenses related to the
environmental taxes could be an impediment for potential investors in ecological projects. No matter
how peculiar this conclusion may appear at a first glance, there are situations when the increase of the
environmental taxes in the field of the waste can lead to the decrease of RRMW. First of all, a unitary
environmental tax in the field of waste does not lead directly to the increase of the RRMW, but a
differentiated tax system is required depending on the category of waste for which it is applied. Then,
there is the entrepreneurs’ perspective: Decreasing the economic facilities of waste generators and
increasing their contributions will just demotivate them to get involved in recycling actions. Moreover,
the opportunistic behavior of entrepreneurs may be developing, as they will look for other ways to
elude the law and to be able to strengthen their profit. Additionally, the p-values associated with
the independent variables in Table 6 (prob.), compared to the 0.05 threshold, give us the conclusion
that all independent variables of the regression model were significant in their relationship with the
endogenous variable, the RRMW.

The quantitative analysis concluded that the model was valid and the independent variables
were significant for RRMW in all 27 EU countries, since the values of the estimated coefficients of
the regression model were statistically significant. The results of the paper confirm recent studies of
entrepreneurship innovation for recycling municipal waste [44,45].

5. Conclusions

The conclusions of our study were in line with the work of Bell et al. [46], who developed a
multiple linear regression analysis to determine the impact of entrepreneurial innovation on the
recycling of municipal waste in EU countries, partially explained by business expenditure on R&D,
private investments, jobs, and the added value with respect to recycling. The results are also connected
to other studies [47,48], which underline that an important step of achieving a high rate of recycling
municipal waste is to rise resource productivity. The authors underline that resource productivity,
private investments on recycling, and business expenditure on R&D for recycling are significant factors
of recycling management.

The regression analysis was based on a panel data retrieved from EUROSTAT over a timeframe of
eight years, so one of the limitations of this study is related to the time length of the analysis. Hence,
future studies should consider longer periods of time for their analyses, which may reveal a more
accurate picture of the econometric model applied for the analyzed macroeconomic indicators.
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RRMW Recycling rate of municipal waste
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DMC Domestic material consumption
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