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Abstract: Low carbon emission has a major positive impact on our society. Due to the importance
of reducing carbon emission levels, factors that contribute significantly towards reducing carbon
emission levels have attracted the interest of academics and researchers in the field. In this paper,
the author develops a multiple linear regression analysis to examine the relationship between
renewable energy consumption, biofuel production, resources productivity, bioenergy productivity,
the level of urbanization and population and their impact on total carbon dioxide (CO2) emissions.
Data was collected from the European Statistical Office (EUROSTAT) and four statistical hypotheses
were validated through a regression model with panel data using the statistical software EViews 11.
The study was conducted for 27 European Union (EU) countries during 2008 to 2017. The author’s
findings indicate that renewables have a direct and positive influence on the levels of CO2 emissions,
as opposed to population growth and urbanization. These findings suggest that public policy
should be directed towards increasing the use of renewables in EU countries, while the level of
urbanization and the population growth add more restrictions in the modelling equation of the
impact on CO2 emissions.
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1. Introduction

The Member States of the United Nations Framework Convention on Climate Change (UNFCCC)
concluded the Paris Agreement to combat climate change and to intensify the actions needed for a
sustainable transition towards a low-carbon future. Energy consumption will need to grow, taking into
account the possibilities for achieving greater energy efficiency and for controlling greenhouse gas
emissions in general, through the application of new technologies on terms which make such an
application economically and socially beneficial.

The use of energy from green resources generates multiple concerns for academics as well as
for the governments, in order to find the best solution to answer to the challenge of climate change.
Ratifying the Paris Agreement and enforcing it by as many countries as possible would create the
premise for achieving a low-carbon society.

Nowadays, the real problem is how to reduce CO2 emissions and one of the solutions is the
increasing use of renewables.

The aim of this study is to analyze the impact of renewables, biofuels, resources, bioenergy,
urbanization and population on CO2 emissions for a panel of 27 EU countries, between 2008 and 2017.
To achieve this objective, a multiple linear regression model was used with the Pooled Least Square
(PLS) method and the analysis was performed using EViews 11.0 software.

A description of the indicators used in the research model is shown in Figures 1–6. Thus, Figure 1
reveals the levels of CO2 emissions in European Union (EU) countries, between 2007 and 2017.
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Figure 1. CO2 emissions, in millions of tons, in European Union (EU) countries between 2008 and 2017. 
Source: Eurostat [1]. 

The energy available in the European Union comes from energy produced in the EU and from 
energy imported from third countries. In 2017, the EU produced approximately 45% of its own energy, 
while 55% was imported. In 2017, the energy mix in the EU, meaning the range of energy sources 
available, was mainly made up of five different sources: petroleum products (including crude oil), 
natural gas, solid fossil fuels, renewable energy and nuclear energy. In Figure 2, the share of each 
type of energy at the EU level is shown. 

 

Figure 2. Energy mix produced in the EU in 2017. Source: Eurostat [1]. 

From this figure, we can see that renewable energy produced in the EU only counted for 14% of 
total energy production. 
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Figure 1. CO2 emissions, in millions of tons, in European Union (EU) countries between 2008 and 2017.
Source: Eurostat [1].

The energy available in the European Union comes from energy produced in the EU and from
energy imported from third countries. In 2017, the EU produced approximately 45% of its own energy,
while 55% was imported. In 2017, the energy mix in the EU, meaning the range of energy sources
available, was mainly made up of five different sources: petroleum products (including crude oil),
natural gas, solid fossil fuels, renewable energy and nuclear energy. In Figure 2, the share of each type
of energy at the EU level is shown.
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Figure 2. Energy mix produced in the EU in 2017. Source: Eurostat [1].

From this figure, we can see that renewable energy produced in the EU only counted for 14% of
total energy production.
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Figure 3. The percentages (%) of renewable energy in total energy consumption at the EU level, between
2008 and 2017. Source: Eurostat [1].

From the graph above, we can see that the highest level of renewable energy at the EU level in the
past ten years was in Sweden (54%), Finland (41%) and Latvia (39%), while the lowest were in the
Netherlands (7%), Malta (7%) and Luxembourg (6%).

Figure 4 presents the evolution of biofuel production in EU countries.
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Figure 4. Biofuel production, in thousand tons, in the selected countries, between 2008 and 2017.
Source: Eurostat [1].
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Figure 4 reveals the fact that the countries with the highest biofuel production, from 2010 to 2016,
were Germany, the Netherlands and Spain, while Sweden, Croatia and Bulgaria came last.

Resource productivity is computed as the quotient between gross domestic product (GDP) and
domestic material consumption (DMC). DMC corresponds to the total amount of materials directly
used by the economy of a country. It is defined as the annual quantity of raw materials extracted from
the internal territory of the selected economy, minus all physical exports, plus all physical imports [1].
In Figure 5, we can see the resource productivity in EU countries.
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Figure 5. Resources productivity (%) at the EU level, between 2007 and 2017. Source: Eurostat [1].Sustainability 2019, 11, x FOR PEER REVIEW 5 of 16 
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Figure 6. Bioenergy productivity (euro/kg) at the EU level, between 2008 and 2017. Source: Eurostat [1].

From the figure above, we can see that the Netherlands, UK and Italy were the top three countries
from the EU with the highest level of the indicator ‘resources productivity’, from 2007 to 2017. At the
same time, the countries with the lowest level of resources productivity were Estonia and Bulgaria.
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The last indicator evaluated at the EU level is bioenergy productivity. This indicator results from
the division of the GDP by the gross inland consumption of energy for a given calendar year [1].
It measures bioenergy productivity in terms of efficient consumption and provides a picture of the
degree of decoupling of energy use from growth in GDP. The unit measure is euro/kg.

This graph reveals the fact that, from 2007 to 2016, Denmark, Ireland and UK were the top three
countries regarding bioenergy productivity at the EU level. At the same time, the Czech Republic,
Estonia and Bulgaria were the three countries with the lowest levels of bioenergy productivity.

This research paper is structured as following. Firstly, it highlights the macroeconomic key
indicators that are relevant for CO2 emissions at the EU level. Then, an evaluation of the panel data
multiple linear regression model is conducted. Finally, the research hypotheses are presented and
tested. Limitations of the study, further research and conclusions are summarized in the last section of
the article.

2. Literature Review and Hypotheses Development

According to scientists and experts, traditional energy resources (crude oil or coal) will soon be
exhausted. Furthermore, the experts at the Paris Agreement Conference of Parties (COP) declared
that the fossil fuels age is over as such. On the other hand, the dependence on energy resources is still
quite strong in most countries of the world, while the levels of CO2 emissions are increasing constantly.
Thus, actualizing the necessity for developing and increasing the share of renewable energy in the
overall energy balance should be a goal for all EU countries in order to lower their CO2 emissions.
Additionally, this development priority corresponds with the Sustainable Development Goals (SDG)
2030, which have been accepted by the world’s leading countries.

It should be noted that, according to the COP 21 Report, the countries had agreed “to undertake
rapid reductions thereafter, in accordance with the best available science, so as to achieve a balance
between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second
half of this century, on the basis of equity and in the context of sustainable development and efforts to
eradicate poverty” [2]. Moreover, they agreed to support, develop, and enlarge the share of renewable
energy and to develop economies with zero net emissions as soon as possible. In practice, this means
that the countries are going to increase their shares of renewable energy and are supposed to decrease
their CO2 emissions.

Previous research studies have analyzed the relationship between CO2 emissions and renewable
energy. Ben Aissa et al. [3] stated that renewable energy consumption had a positive and direct impact
on CO2 reduction for a sample of 11 African countries. Other studies argued that the main contributor
of CO2 emissions is the increasing levels of urbanization and population growth [4–6]. Kumar et al. [7]
and Dietz et al. [8] concluded that renewable energy use has a positive impact on the decreasing
levels of carbon dioxide emissions. Apergis and Payne [9] assessed the correlation between resources
productivity and increasing levels of CO2 emissions in a study of The Organization for Economic
Cooperation and Development (OECD) countries, using a panel data analysis. Shafiei and Salim [10]
examined EU countries, concluding that an increase in the use of biofuels and renewable energy would
lead to a decrease in CO2 levels.

Other research papers underlined that there is inequality and an asymmetric relation between
poor and rich countries on CO2 environmental impact [11,12]. The authors studied the effect of the
consumption of biofuel energy on CO2 emissions and concluded that the variation depends on country
development in the world economic system. Moreover, they have investigated the relationship between
renewable energy consumption, population growth and their impact on total CO2 emission efficiency
(CO2 per GDP unit).

The relationship between renewables and a low-carbon society was considered by many researchers.
It was demonstrated that there is a close link between the use of renewables and the reduction of
CO2 emissions [13,14]. The authors concluded that renewables have an extremely important role in a
low-carbon society.
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Moreover, while some researchers [15–17] argue that the use of biofuels and bioenergy have
a strong impact on the reduction levels of CO2, other economists [18–20] conclude that resources
productivity and energy efficiency have a higher impact on CO2 emissions. Nevertheless, while some
authors [21–23] argued that bioenergy productivity and biofuel production have a direct and significant
impact on decreasing the levels of CO2 emissions, other researchers [24,25] concluded that population
and urbanization levels have a significant and negative impact on decreasing the levels of CO2

emissions. An assessment [24] of the European renewable energy source (RES) trajectory towards 2020,
starting from historical values and through common scientific methods, laid down a new approach to
evaluate RES performance in Europe. The proposed framework is based on three indicators: the share
of energy from RESs in gross final energy consumption, RES primary production per capita and the
gross final consumption of RES per capita. Other researchers [25] analyzed the financial issues that
might prevent the investment decisions of green companies. Their conclusions indicate that effective
policy interventions should ensure that objectives are orientated towards the long term with the aim
of reducing the risks perceived by financial institutions in funding biomass producers. Based on a
Fully Modified Ordinary Least Square (FMOLS) regression model analysis, Singh et al. [26] argue
that renewable energy production is associated with a positive and statistically significant impact on
economic growth in both developed and developing countries for the period 1995–2016. Starting with
the analysis based on a Malaysian Case Study, Takeda et al. [27] showed that electricity from renewables
has greater adverse impact on workers from the supply chain than the conventional electricity mix,
in view of the social aspects countered.

In 1997, Kaya and Yokobory [28] introduced “The Kaya identity”, which states that the total
emission levels of the greenhouse gas carbon dioxide can be expressed as a product of four factors:
human population, GDP per capita, energy intensity (per unit of GDP), and carbon intensity (emissions
per unit of energy consumed). This method was used by many researchers. Wu et al. [29] used Kaya to
decompose the contribution of potential driving forces on aviation CO2 emissions. In another study [30],
the authors focused their attention on the Shandong Province in China as an example to determine the
drivers for the carbon density by using an extended Kaya identity and a logarithmic mean Divisia
index model (LMDI) with two layers. They concluded that there are eight positive driving factors of
carbon density during the period 2000–2015, including traffic congestion, land urbanization and seven
negative driving factors, with reference to industrialization, energy intensity and economic structure.
Nevertheless, the increasing levels of population and urbanization in recent decades generated high
levels of CO2 emissions. Moreover, Wu et al. [31] introduced an urbanization factor into the Kaya
identity, and three simulations were conducted to forecast the carbon footprint and to explore the
effects of the energy use paradigm shift policy. Based on the Kaya identity, increasing biomass energy
reduces the energy CO2 footprint and causes overall fossil CO2 emissions to fall. The Kaya identity
also states that population is an important factor of the increasing levels of CO2 emissions. In this view,
it is straight forward to assume that population causes CO2 emissions. Other economists [32] argue
that a shift to renewable energy sources reduces the sources of CO2 emissions. Hence it is reasonable
to assume that renewable energy is one of the causing factors of CO2 reduction. Biofuels are also
used in the transportation sector, a cause of high levels of CO2 emissions. It is therefore reasonable to
assume that one factor to decrease the levels of CO2 emissions is the use of biofuels. According to
Wang et al. [33], urbanization is an important factor in the growth of carbon emissions, as the city is a
dense area of carbon emissions. Likewise, we could consider that urbanization is one of the causing
factors of CO2 emissions. Zha et al. [34] provide a methodology for decomposing the per capital
CO2 emissions into Kaya factors and two interaction terms. The authors demonstrate that resource
productivity is one of the factors causing a decrease in CO2 emissions. It is then reasonable to consider
that resource productivity is one of the drivers that determines the reduction of CO2 emissions.

All these studies confirm that, while urbanization and population growth could increase CO2

emissions, renewables represent the drivers for the decrease in the levels of CO2 emissions.
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Taking into account the theoretical framework depicted in this section, the research hypotheses
will be defined.

In order to analyze the impact of independent variables on the dependent variable, four statistical
assumptions were formulated in Table 1. Since we have six independent variables in our model,
we will test our model for multicollinearity, because some other factor, not included in our analysis,
might be the cause of all studied factors.

Table 1. Research hypotheses of this study.

Hypotheses

H1 Renewable energy use at the EU level has a significant and strong impact on CO2 emissions.

H2 Biofuel production at the EU level has a significant and strong impact on CO2 emissions.

H3 Resources productivity has a significant impact on CO2 emissions.

H4 Bioenergy productivity is strongly correlated to the levels of CO2 emissions.

H5 Urbanization level in EU countries has a significant impact on CO2 emissions.

H6 Population level in EU countries has a significant impact on CO2 emissions.

These statistical hypotheses will be tested and validated by a multiple linear panel data regression
model, which will be described in the next section.

3. Research Method

3.1. Sample Description

In the econometric analysis, seven indicators were used—one dependent variable (CO2 emissions)
and six independent factors (renewable energy consumption, biofuel production, resources productivity,
bioenergy productivity, level of urbanization and population). Data was collected from EUROSTAT,
between 2008 and 2017.

3.2. Dependent and Independent Variables

A description of the dependent variable in the model (Y) and the six independent variables (X1–X6)
is shown in Table 2.

Table 2. Descriptive statistics of variables in the model.

Variable Name Definition Unit

(Y) CO2
The total CO2 emissions in each EU country, measured in

millions of tons
Millions of

tons

(X1) Renewable
The rate of renewable energy in total energy consumed. This
indicator represents the percentage (%) of renewable energy in

total energy consumption at the EU level

Percentages
(%)

(X2) Biofuels Total production of biofuels in EU countries Thousand
tons

(X3) Resources The quotient between gross domestic product (GDP) and
domestic material consumption (DMC)

Percentages
(%)

(X4) Bioenergy This indicator results from the division of the GDP by the gross
inland consumption of bioenergy for a given calendar year Euro/kg

(X5) Urbanization The percentage of urban population in the total population Millions

(X6) Population The total population in each EU country Millions
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3.3. Research Methodology

Starting with the empirical results as described, this research paper is focused on the following
question: “What is the impact of the renewables on a low-carbon society at the EU level?”. To answer
this question, the author estimates which of the six independent factors, namely, renewable energy use,
biofuel production, resources productivity, bioenergy productivity, population and urbanization, has a
more significant impact on the dependent variable of the multiple linear regression model. As the
research studies mentioned above, these independent variables are some of the main factors to describe
the levels of CO2 emissions. While the promotion of renewable energy is widely advocated as an
effective solution to the mitigation of CO2 emissions, increasing the quantities of biofuel production
could lead to lowering CO2 emissions. A biofuel is a fuel that is produced through contemporary
processes from biomass. Biofuels could be used for transport as well as for heat and electricity. It is
important to quantify the influence of each driver, based on the specific quantities defined (quantities
of biofuels, as such). Resource productivity is the quantity of good or service (outcome) that is obtained
through the expenditure of unit resource. Resource productivity is a key concept used in sustainability
measurement in an attempt to decouple the direct connection between resource use and environmental
degradation with an important impact on CO2 emissions.

According to Croissant and Millo [35] and Baltagi [36], the F-test should be used to test the validity
of the Pooled Model from the intended Fixed-Effects model against the Static Panel Data Models.
To perform this test, unrestricted and restricted models are required.

Restricted model : Yi = α+ Xiβi + ui, (all intercepts are restricted to be the same) (1)

Unrestricted model : Yi = αi + Xiβi + ui; H0 : αi = α; H0 : αi , α (2)

where:

• Yi = the dependent variable;
• Xi = independent variables;
• αi, βi = parametric coefficients;
• ui = error term;

• i = 1, N.

If the null hypothesis is rejected; it will be αi,α. In such a case, a classical model is accepted, and a
solution would be made by using the pooled data technique. Conversely, the Fixed-Effects model will
be valid.

The Hausman test is performed to compare the Random-Effects and Fixed-Effects models.
According to Wang et al. [37], random effects are preferred under the null hypothesis due to the
higher efficiency.

• H0: There is no correlation between independent variables and unit effects;
• H1: There is a correlation between independent variables and unit effects.

Also, in order to make a choice between the Pooled Method and the Random Models,
Lagrange Multiplier Breusch–Pagan Test is used [38]. The null and the alternative hypothesis that the
variance of random effects is zero is as follows:

H0 : σ2
u = 0; H1 : σ2

u , 0,

where σ2
u is the variance of the Random-Effects model.

The results of the econometric analysis will be presented in the results section.
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4. Results

A description of the dependent and independent variables used in the model; the mean, median
and standard deviation are shown in Table 3. These measures of central tendency are indicators of
how close the data points are to a normal distribution. In cases where the data has a standard normal
distribution, the median and the mean values approximate each other [39]. From Table 3, we can see
that for all variables in the model, the median and mean have close values. Hence, we could assume
that all variables in the model are normally distributed.

Table 3. Descriptive statistics of variables in the model.

Variable * Mean Median Standard Deviation N

CO2 (Y) 122.343 120.233 12.134 27

Renewable (X1) 17.322 15.345 3.302 27

Biofuels (X2) 234.654 230.645 56.563 27

Resources (X3) 352.765 344.891 12.547 27

Bioenergy (X4) 34.541 32.653 7.329 27

Urbanization (X5) 23.524 26.344 5.347 27

Population (X6) 543.8761 540.239 0.0987 27

* Y = CO2 emissions—represent the total CO2 emissions in each EU country; X1 = Renewable—the rate of
renewable energy in total energy consumed; X2 = Biofuels—biofuel production in each EU member state;
X3 = Resources—represents resources productivity; X4 = Bioenergy—represents the bioenergy productivity at
the EU level; X5 = Urbanization—the degree of urbanization in the total population; X6 = Population—represents
the total population (in millions) in each EU country. Source: Data analysis was performed by the author using
EViews 11.0 (EViews, 2017).

The matrix of correlations was calculated to test the presence of multicollinearity among the
independent variables used in the regression model. According to Weinberg and Carmeli [40], in a
multiple regression model, there are no multicollinearity problems if the correlation coefficients among
the independent variables are less than ±0.30. Since the correlation coefficients between the explanatory
variables in Table 4 are smaller than ±0.30, we could conclude that there are no multicollinearity
problems among the variables.

Table 4. The correlation matrix.

Variable Y X1 X2 X3 X4 X5 X6

Y 1

X1 0.687 1

X2 0.702 0.044 1

X3 0.545 0.088 0.053 1

X4 0.612 0.132 0.176 0.054 1

X5 0.785 0.129 0.080 0.072 0.105 1

X6 0.856 0.188 0.094 0.097 0.118 0.132 1

Source: Data analysis was performed by the author using EViews 11.0.

After reporting descriptive statistics for the variables used in the model, the Lagrange Multiplier
(LM) Breusch–Pagan Test F-test and Hausman Test were performed to verify whether the method used
in our analysis of the model in Equation (1) has random effects, fixed effects or pooled data.



Sustainability 2019, 11, 5260 10 of 16

The F test statistical results are shown in Table 5. The null hypothesis H0 is accepted since the
probability value (Prob. = 0.321) is greater than the threshold of 0.05. Hence, we conclude that the
Fixed-Effects Model would not be suitable for our analysis.

Table 5. The Fixed-Effects F-Test.

F Statistics 4.16

Probability 0.321

The Hausman Test, Chi-square statistic and p-value are shown in Table 6.

Table 6. The Hausman Test.

Chi-Square Statistic 1.7982

Chi-Square Statistic Probability 0.8975

Since the p-value (Probability) is greater than the 0.05 threshold, we fail to reject the null hypothesis
and conclude that there is a correlation between the independent variables and unit effects. Hence,
the validity of the fixed model is rejected.

Now, to make a choice between the Pooled Method and the Random Models, the Lagrange
Multiplier Breusch–Pagan Test will be used.

The values of the Breusch–Pagan Test are given in Table 7.

Table 7. The Random-Effects Test.

Cross Section Time Both

Coefficients 28.18 46.432 87.95

Probability 0.091 0.756 0.064

Since all probability values (Probability) in the above table are less than the threshold value
0.05, we conclude that the H0 hypothesis is accepted. Hence, we conclude that the Random-Effects
Model would not be suitable for our analysis. Therefore, the pooling data techniques of the model in
Equation (1) would be appropriate.

The regression equation used to test the four statistical hypotheses would be performed using the
Pooled Least Square Method. This method will be used to estimate the impact of renewables on CO2

emissions the EU level, between 2008 and 2017.
For the quantitative analysis, CO2 emissions were considered as the dependent variable (y)

influenced by a set of six independent factors (regressors), namely, the renewable energy rate (x1),
biofuel production (x2), resources productivity (x3), bioenergy productivity (x4), urbanization (x5) and
population (x6), as independent variables. Multiple linear regression analysis covered the following
stages: the development of the regression model, estimating model parameters and checking the
accuracy of the results.

Analyzing the levels of CO2 emissions during 2008–2017 at the EU level, according to the
independent variables, the following results were obtained for the multiple regression function using
the multifactorial linear regression model (see Table 8):
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Table 8. Impact of renewable energy, biofuel production, resource productivity, bioenergy productivity,
urbanization and population on CO2 emissions at the EU level.

Dependent Variable: CO2
Method: Pooled least squares
Sample: 2008 2017
Total panel observations: 270
CO2 = C(1) + C(2)*RENEWABLE + C(3)*BIOFUELS+ C(4)*RESOURCES +
C(5)*BIOENERGY+C(6)*URBANIZATION+C(7)*POPULATION

Coefficient Std. Error t-Statistic Prob.

C 23.9335 91.346 3.12376 0.0092
RENEWABLE (X1) −0.654523 1.543 4.243033 0.0098

BIOFUELS (X2) −0.983504 1.762 4.762098 0.0153
RESOURCES (X3) −0.567837 1.073 5.120943 0.0082
BIOENERGY (X4) −0.805490 1.476 6.092085 0.0027

URBANIZATION (X5) 1.665434 1.814 6.165498 0.0090
POPULATION (X6) 1.734502 1.654 7.109345 0.0085

R-squared 0.778297 Mean dependent variables 7.21987
Adjusted R-squared 0.693918 S.D.2 dependent var 0.80932
S.E.1 of regression 0.098723 Akaike info criterion 1.98345

Sum squared residual 1.503963 Schwarz criterion 1.87403
Log likelihood 104.4508 Hannan–Quinn criterion 1.98765

Durbin–Watson stat 2.1174520
Prob (F-statistic) 0.0000000

1 S.E. = standard error; 2 S.D. = standard deviation.

The results of the econometric analysis reveal that the model is valid, and all independent
variables are significant for the model. Moreover, most of the variation of the dependent variable is
explained by the model. The main result of the current paper is that renewable energy consumption,
biofuel production, resources productivity and bioenergy productivity are positive and significant
factors of CO2 emissions at the EU level, while the level of urbanization and population have a negative
and strong impact on CO2 emissions in EU member states.

The negative coefficient of variable X1 reveals that the renewable energy variable has a negative
and significant effect on CO2 emission, and a one-unit increase in the rate of renewable energy in total
energy consumed will lead to a decrease in CO2 emission rates by 0.654, which is congruent with
the findings achieved by [41]. Also, the negative coefficient of X2 means that biofuel production has
a negative and strong impact on CO2 emissions, and a one-unit increase in biofuel production will
lead to a decrease in CO2 by 0.983, which is in line with [42]. Moreover, the negative coefficient of X3
explains that resources productivity has a negative and strong effect on the decrease in CO2 emissions,
which confirms the study by [43]. The negative coefficient of X4 reveals that bioenergy productivity has
a negative and significant effect on CO2 emission. This indicates that a one-unit increase in bioenergy
productivity will lead to a decrease in CO2 emissions by 0.805, which confirms the work of Proskurina
et al. [44]. Also, the positive coefficient of X5 means that urbanization has a positive and significant
effect on CO2 emissions. This indicates that a one-unit increase in the rate of urbanization will lead to
an increase in CO2 emissions rates by 1.665, which is incongruent with the findings of [45]. Finally,
the positive coefficient of X6 in Table 8 reveals the fact that population has a positive and significant
effect on CO2 emission. This indicates that a one-unit increase in population will lead to an increase in
CO2 emission rates by 1.734. This result is in line with the work of [46].

Since the value of R-squared in Table 6 is 0.778, we conclude that 77.8% of the variability of
the dependent variable is explained by the variation of the independent variables in the model.
Moreover, the Durbin–Watson (DW) Test indicates that there are no autocorrelation problems between
the explanatory variables in the model since the value of the statistical test is DW = 2.11, which is very
close to 2, and leads to the conclusion that the errors are not auto-correlated. The inverse correlation
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between the renewables and carbon dioxide emissions is confirmed, while urbanization and population
growth are proportional with increasing levels of carbon emissions.

Collinearity will be tested with the Variance Inflection Factor (VIF) test. The results are shown in
Table 9.

Table 9. The Variance Inflection Factor (VIF) test for collinearity.

Variance Inflation Factors
Date: 9 May 2019 Time: 09:32
Sample: 2008 2017
Included observations: 270

Variable Coefficient Variance Uncentered VIF Centered VIF

C 6.956 NA
RENEWABLE 1.543 2.508 1.348

BIOFUELS 1.762 2.876 1.876
RESOURCES 1.073 2.012 1.012
BIOENERGY 1.476 2.817 1.817

URBANIZATION 1.814 2.265 1.265
POPULATION 1.654 1.983 1.103

C = constant; Source: Data analysis was performed by the author using EViews 11.0.

Since all the VIF values corresponding to the independent variables are between 1 and 5, we could
conclude that the model does not have collinearity problems.

From Table 8, we observe that the model estimation results are statistically significant at a
significance level of 95% for all six explanatory variables in the model, as their corresponding p-values
(Prob.) are smaller than the 0.05 threshold.

In Table 10 we could see the results of the validation of the statistical hypotheses.

Table 10. Validation of the statistical hypotheses.

Hypothesis Validated (Yes/No)

H1 Yes

H2 Yes

H3 Yes

H4 Yes

H5 Yes

H6 Yes

Thus, according to the statistical analysis results, all four statistical assumptions were valid.

5. Discussion

In this section, we discuss the multiple linear factor analysis results using the Pooled Least
Squares (PLS) method. The method was used in this study to make an estimation of the impact of the
renewables on low carbon emissions at the EU level.

The relationship between the levels of CO2 emissions and renewables has received attention
in recent economic literature. Multiple linear regression model parameters used in this study were
estimated by PLS, and the analysis was performed using EViews 11.0 software.

The multiple regression analysis concluded that the model was valid and correctly specified and
the renewables were significant indicators of low carbon levels in all 27 EU countries, since the values
of the estimated coefficients of the regression model were significantly different than zero and most of
the variation of CO2 emissions in EU countries was explained by the model. The results of the paper
confirm recent studies of renewable energy impact on low carbon levels [47–53]. In addition, the novelty
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of this study resides in the fresh outlook taken for a set of 27 EU countries for the period 2008–2017,
in order to assess the interaction between renewables and CO2 emissions. Finally, the results of the
regression model validate the statistical hypothesis, mainly related to the significant and strong effect
of resources productivity on low carbon emissions, confirming the EU statement that a 30% increase in
resource productivity by 2030 would lead to an increase in GDP by 1 percentage point [54]. These results
are consistent with the study by Puigcerver-Peñalver [55], who developed a regression model for CO2

emissions, which was partly explained by resources productivity and population growth.
The conclusions of our analysis were consistent with the work of Marques [56], who developed a

multiple linear regression model to determine the factors of the low carbon levels of EU member states,
partly explained by the levels of urbanization and renewable energy use. The results are also connected
to other studies [57,58], which underline that an important step of achieving a low-carbon society is to
increase the use of renewables. The authors argued that bioenergy productivity, resources productivity
and renewable energy are important factors of low carbon levels and sustainable development.

The multiple regression analysis performed in this study demonstrates the impact of the
independent factors, i.e., renewables, on the dependent levels of CO2 emissions. As such, as a
way of example, we conclude that resources productivity and renewable energy use play a greater
role in terms of the impact of low carbon emissions compared to the impact of renewable energy
on CO2 emissions. Moreover, the Kaya identity helped us to determine a casualization between
the independent factors and CO2 emissions. It was shown that increasing biomass correlates with
decreasing fossil CO2. It therefore seems reasonable to assume that one of the driving forces behind
decline in fossil CO2 emissions has been increasing biomass usage.

6. Conclusions

The European Commission Report on environmental policy confirms Europe’s commitment to
lead global climate action and presents a vision that can lead to achieving net zero greenhouse gas
emissions by 2050. In 2018, the EU adopted legislation aiming to reduce its greenhouse gas emissions
by at least 40% by 2030, as compared to 1990. When the agreed EU legislation is fully implemented,
the cut to EU emissions is estimated to reach approximately 45% by 2030.

Reducing the levels of CO2 emissions requires constant and significant investments in the
renewable energy infrastructure in order for EU countries to develop towards meeting the EU
climate change objectives. For instance, the Nordic countries have implemented the “Circular Public
Procurement in the Nordic Countries” (CIPRON), which is a process expected to provide conditions
and criteria that can stimulate energy and material savings and close material loops, spread innovative
solutions and create markets for clean solutions. Moreover, the Nordic countries have implemented
alternative energy use with direct impact on lowering CO2 emissions.

This paper contributes to the results of the scientific research on the evaluation of the benefits
achieved by using renewables for a low-carbon society. Building a climate-friendly, low-carbon society
and economy is a big challenge, but also a huge opportunity. Increasing the rates of renewable energy
in total energy consumption at the EU level, the production of biofuels in all EU countries, and having
better resources productivity and bioenergy productivity in all member states are the main factors of a
low-carbon society.

This study could count for regional, local and national public authorities from all the EU member
states involved in law making, as well as for companies, which could develop their business plans
according to the predicted effects of reducing carbon dioxide emissions for their benefits.

This quantitative analysis was based on the data values of EU macroeconomic indicators over a
period of 10 years and, therefore, the main limitation of this study is associated with the length of the
time period used in the econometric research. Thus, future research should be conducted for longer
time periods, which may reveal a better picture of the econometric model applied for the analyzed
macroeconomic indicators.
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To conclude, we observe that the econometric model on CO2 emissions was valid and accurately
specified, and that the factors of renewable energy, biofuel production, resources productivity and
bioenergy productivity were significant factors of CO2 emissions for the EU member states. This was
due to the fact that these drivers registered significant values for the estimated coefficients, significantly
different from zero, and that the model explained most of the variation in the CO2 emissions of the EU
member states. This paper adds to the recent studies of the impact of renewables on CO2 emissions at
the EU level [59–62].

Practical implications of government, private and civil society actors to develop low-carbon
societies have gained increasing attention in the EU in recent years. While policy makers and a
range of non-state actors have long championed the need for individual responses to climate change
through shifts in attitudes and behavior, the past five years have witnessed an increasing emphasis on
(area-based) communities as the means through which a low carbon transition should be achieved by
the government-based programs, civil society involvement and grassroots schemes.
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