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Abstract: Low carbon emissions have a great importance in our life. The increasing importance of
carbon emission levels have attracted the interests of researchers and academics in the field. In this
article, a panel data econometric model is developed to measure the relationship between renewable
energy, energy productivity, population, urbanization, motorization, and Gross Domestic Product
(GDP) per capita and their impacts on carbon dioxide CO2 emissions. Data used in this study was
collected from the European Statistical Office (EUROSTAT) and five statistical hypotheses were tested
and validated through a multilinear regression model using the Econometric Views (Eviews) 10.0
statistical software. The Hausman test was used to choose between a model with fixed effects and a
model with random effects, and the variance inflection factor (VIF) was used to test the collinearity
between the independent variables. The author’s findings indicate that renewable energy at the
European Union (EU) level has a positive impact on low-carbon emissions. It was found that a 1%
increase in renewable energy consumption would reduce the CO2 emissions by 0.11 million tons,
while population growth and urbanization degree add more restrictions to the econometric equation
of the impact on carbon emissions.

Keywords: renewable energy; carbon emissions; energy productivity; panel data; GDP; EU

1. Introduction

The country members of the United Nations Framework Convention on Climate Change (UNFCCC)
agreed to intensify the actions against global warming and combat climate change through an accord
to lower the carbon emissions. The Paris Agreement states that each member state should intensify its
energy in order to reduce gas emissions, which should provide direct social and economic benefits.

The use of renewable energy generates concerns for central and local governments as well as for
researchers to find the optimal solution for fighting against climate change. To achieve a low-carbon
environment, the Paris Agreement must be signed and implemented by as many countries as possible.

The main problem in the real world is how to reduce carbon emissions, and one of the possible
solutions is increasing the use of renewable energy. Renewable energy sources (RES) are the least
expensive options for supporting electricity access by cutting carbon dioxide emissions and reducing
air pollution worldwide [1]. The is main issue in the 2030 Agenda for Sustainable Development is
universal access to sustainable, reliable, affordable, and renewable energy [2].

Daily activity is burdening our atmosphere with carbon dioxide (CO2) and other global warming
emissions. These emissions act like an umbrella for the Earth [3]. In contrast, producing renewable
energy results in little to no CO2 emissions. Even when clean energy emissions from life cycles
are included, the emissions that are associated with renewable energy are minimal. Therefore, by
increasing the levels of RES, CO2 levels would decrease and the global warming emissions levels
would be significantly reduced [4].
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The aim of this paper is to measure the renewable energy efficiency at the European Union level
and its impact on low-carbon emissions for panel data from 28 European Union (EU) countries for a
period of eight years, from 2010 to 2017. To attain this goal, an econometric model was estimated with
the random Hausman test method, and the data was analyzed using Econometric Views (Eviews) 10.0
statistical software.

This study is structured as followings. Firstly, the evolution of the macroeconomic key factors,
relevant for CO2 emissions at the European Union level, are presented and research hypotheses are
developed. Then, the multiple linear regression model is estimated using a panel data approach.
Finally, the research hypotheses are tested and the results are discussed. Further research, imitations of
the study, and final conclusions are summarized in the last section of the paper.

2. Literature Review and Hypotheses Development

According to the experts and researchers, conventional energy sources (coal or fossil fuels) will be
exhausted soon. Moreover, the participants at the Paris Agreement Conference of Parties agreed that
the time of crude oil energy is over. At the same time, many countries still depend on conventional
energy, and carbon dioxide levels are constantly increasing. Hence, the goal of increasing the degree of
renewable energy consumption should be a priority for all European Union countries in order to lower
their carbon emission levels. Furthermore, increasing renewable energy consumption is in line with
the Sustainable Development Goals (SDG) 2030, which were adopted by the most-developed countries.

We note that in line with the Communication on Progress (COP) report [5], the countries agreed to
increase investment in renewable energy and make all efforts to lower carbon emissions. Additionally,
they agreed to develop, support, and increase production of energy from renewable sources and to
minimize the carbon emissions as much as possible.

Previous studies have analyzed the relationship between renewable energy and carbon emissions.
Sims et al. [6] conducted an analysis to compare the costs of electricity from several current technologies
with future technologies that are expected to be available in the next ten years. The researchers argue
that the green energy industry has great potential to reduce CO2 emissions by more than 14% by
2020, as well as having cost reduction benefits compared to the energy actual generation. Other
researchers [7] studied the causality process between RES consumption, nuclear energy, and CO2

emissions for the United States in the period of 1960–2007, but they did not reach a point from which
an important contribution to carbon reduction could be made.

At the European Union level, some researchers [8] state that to reduce CO2 emissions through
increasing the use of RES investments, full attention needs to be paid to the pricing policies and the
characteristics of the market of each European Union member state. Other economists [9] revealed that
the sale of carbon revenue bonds with maturity at ten years could finance an important share of the
initial cost of the project.

In a recent paper [10], the agricultural value added to CO2 emissions was explored, along with the
impact of RES consumption in five countries of the Association of Southeast Asian Nations (ASAN).
The authors demonstrated that as RES are increasing in ASAN, CO2 emissions in agriculture are
decreasing, while non-RES is positively correlated to CO2 emissions. Another study [11] investigated
the correlation between these indicators using a dynamic model of investment. The authors indicate
that all indicators are useful in attaining a sustainable electricity sector.

The RES sector is developing as a conglomerate category, and thus social relations between
technologies and the public are merging. Utilizing prospects from technology and science studies, [12]
reveals a few methods in which RES have been implemented in the United Kingdom and how these
imply different social organizations and configurations for clean technology. The authors state that a
multitude of roles for the consumers are involved across this complex scene, raising questions and
cutting across subjects of access, interrelation, differentiation, and meaning.

The cost of CO2 deviation from RES portfolio standards was computed by Johnson [13]. Using
the Regulated Product Submissions (RPS) regional requirements deviations, the author estimated the
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confidence interval of the price elasticity of demand of RES to be (1.69, 3.55) at 95% level of confidence.
Using the price elasticity estimation of the demand of RES, the author also computed the deviation of
the marginal cost from RPS to be at least $10 USD per CO2 ton, compared to 4 USD per ton of marginal
cost of the deviation in the Greenhouse Initiative of Regional Gas.

The kaya identity was introduced in 1997. The indicator was introduced by the authors [14]
to express the greenhouse carbon emissions as a product of three other indicators: Gross Domestic
Product (GDP) per capita, human population, carbon intensity, and energy intensity. This methodology
for analyzing the greenhouse emissions was used by many economists. Li et al. [15] estimated the
agricultural CO2 emissions in China between 1995 and 2012 and applied the logarithmic mean divisia
index (LMDI) as a technique used for decomposition. Their analyses reveal that the development of
the economy impacted a reduction of CO2 emissions in the analyzed period. Other researchers [16]
applied the kaya identity to the building sector in Switzerland. The authors demonstrated that after
several modernization scenarios, the performance of buildings under investigation could be analyzed
against CO2 emission targets. By using LMDI approaches, the role of ecologic industrial parks in
reducing CO2 emissions was confirmed, which revealed a reduction of the energy intensity in all South
Korean industrial parks [17].

Recent papers have revealed the significant impact of motorization impacts on carbon
emissions [18–21]. The authors argue that the increasing levels of carbon emissions are a direct
result of the increasing degree of motorization in well developed countries.

The renewable energy efficiency at the European Union level and its impact on low-carbon
emissions have been analyzed in recent studies. Ho et al. [22] explored the vision, the concept, and the
cost of the implementation of low-carbon scenarios and examined the policy toward the cut of CO2

emission. This paper also prepared a study on the impact of CO2 emissions in Malaysia. In another
study [23], the authors analyzed the correlation between RES and energy efficiency, and their impact on
programs of market facilitation. The paper covered a 5-year analysis in RES energy program delivery
and development of the market in developing countries. In another study [24], it was revealed that the
practices of energy management are still underdeveloped, and it was argued that CO2 emission levels
are very low in Malaysian energy markets. The authors argued that the energy efficiency and audits
are two important factors for lowering CO2 emissions. The research paper underlines that knowledge,
energy awareness, and responsibility are factors of energy efficiency.

All these papers show that while population growth, urbanization degree, and motorization level
could increase carbon emission levels, renewables and energy productivity are drivers for decreasing
the carbon emission levels at the European Union level.

The novelty of this paper is the panel data regression analysis of the 28 European Union countries,
underlining the impact of RES on carbon emissions, and the use of six independent factors that impact
CO2 emissions at the European Union level, namely renewable energy, energy productivity, population,
urbanization, motorization, and GDP per capita.

Based on the theoretical framework developed in the Introduction, the hypotheses of the research
will be further defined. To investigate the impact of exogenous variables on endogenous variables,
four statistical hypotheses were developed and are shown in the table below. In Table 1, economic
development was used as proxy for a combination of three factors: urbanization, motorization, and
GDP per capita. Moreover, since we have more than one exogenous variable in our econometric model,
the model will be tested for multicollinearity.

Table 1. Hypotheses of the research.

Hypotheses

H1
Renewable energy use in the European Union member states has a significant and inverse impact on

carbon emissions.

H2 Energy productivity in the European Union countries is strongly correlated with carbon emissions.
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Table 1. Cont.

Hypotheses

H3 Population level in European Union member states has a significant and direct impact carbon emissions.

H4 Economic development has a significant impact on carbon emissions in European Union member states.

We will test and validate the four hypotheses above by using a quantitative model, which will be
developed in the following section.

3. Materials and Methods

3.1. Sample Description

In the quantitative analyses, we will use one endogenous variable (emissions of CO2), which
was analyzed through a panel of six regressors: renewable energy, energy productivity, population
urbanization degree, motorization rate, and real GDP per capita. The indicators are collected from
Eurostat for all European Union countries between 2010 and 2017. The panel data econometric model
was estimated with Econometric Views (EViews) 10 statistical software.

3.2. Description of the Variables Used in the Econometric Model

The econometric model consists of one dependent variable (Y) and six independent variables
(X1–X6). A description of these variables can be seen in Table 2.

Table 2. Description of variables used in the model.

Variable Name Definition Unit

(Y) CO2 emissions CO2 emission levels in European Union countries Million tons

(X1) Renewable energy Renewable energy consumption in European Union
member states as a percentage of total energy Percentage (%)

(X2) Energy productivity

Measure of the productivity of energy consumption
in a given calendar year in European Union member

states. This results from the division of the gross
domestic product (GDP) by the gross inland

consumption of energy

Euro/kg

(X3) Population Number of inhabitants in each European Union
country Millions

(X4) Urbanization Percentage of total population living in urban areas
at the European Union level Percentage (%)

(X5) Motorization Passenger cars per 1000 inhabitants in European
Union member states Units

(X6) Real GDP per capita Real GDP in European Union countries, in thousands
of euro, divided by the number of inhabitants Thousands of euro

3.3. The Econometric Model

The correlation between the variables in the model were calculated by Pearson’s coefficient (R):

R =
E((X − E(X))(Y − E(Y)))√

var(X)·var(Y)
(1)

where E(X), E(Y) represent the means of Y and X, respectively; var(X) and var(Y) are the variances of X
and Y, respectively. R takes values in the interval [−1,+1]. If the value of R is close to −1 or +1, we say
that the variables are highly (negatively or positively) correlated, and if the value of R is close to 0,
then we conclude that the variables are not correlated.
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Panel data will be analyzed with an econometric model, and the regression equation [25] is
defined as:

Yit = αi + Xitβi + εit (2)

where Yi is the exogenous variable; Xi is the endogenous variable; αi, βi are regression coefficients; εit
is the residual; i is the cross-section dimension, i = 1, . . . , 28; and t is the time series dimension, t =

2010, . . . , 2017.
Further, the Hausman test will used to choose between a model with fixed effects and a model

with random effects. It is a test for the correlation between the independent variables and the residuals.
The testing hypotheses are:

H0 : E(Xit/εit) = 0(the model has random effects)

H1 : E(Xit/εit) = 0(the model has fixed effects)

The Hausman statistic is defined as:

H =
(
β̂FE − β̂FE

)T(
var(β̂FE) − var(β̂RE)

)−1(
β̂FE − β̂RE

)
(3)

where β̂FE is the estimator in the model with fixed effects and β̂RE is the estimator in the model with
random effects.

Now, we will perform the Hausman test to choose between a model with random effects and
a model with fixed effects. In our case, the random effects (RE) hypothesis is accepted because of
its higher efficiency, while the alternative fixed effects (FE) hypothesis is rejected because it is the
least consistent.

The variance inflection factor (VIF) test was used to test the collinearity between the independent
variables. The VIF test is given by the following formula:

VIF =
1

1−R2
j

(4)

where R2
j is the coefficient of determination of the regression equation.

The coefficient of determination is the proportion of the variance in the dependent variable that is
predictable from the independent variables. It provides a measure of how well observed outcomes are
replicated by the model, based on the proportion of total variation of outcomes explained by the model.

VIF reflects all other factors that influence the uncertainty in the coefficient estimates. A value of
VIF close to 1 it means that there is no collinearity, while a value close to 10 implies high collinearity
among the independent variables. A cut-off of 5 is commonly used.

The analyses of the results of the quantitative model will be carried out in the next section.

4. Results

4.1. A Description of the Indicators Used in the Model

A short analysis of the variables used in the econometric model could be seen in Figures 1–7.
Figure 1 presents the evolution of the CO2 emissions in European Union member states from 2010
to 2017.
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Figure 1. Total CO2 emissions in millions of tons in European Union member states from 2010 to 2017.
Source: Eurostat [26].

In the figure above, it can be seen that the total level of emissions of CO2 have decreased from
2010 to 2014 by 11.59%, followed by a small increase from 2014 to 2017 by 2.27%.

According to Eurostat [26], European Union countries imported 55% of the energy consumed,
while 45% was produced in the European Union. The energy mix came from five different sources:
natural gas, petroleum products, nuclear energy, solid fossil fuels, and renewable energy. In Figure 2,
the shares of energy by type in the European Union member states in 2017 are presented.
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Figure 2. Energy mix produced in the European Union in 2017. Source: Eurostat [26].

As can be seen from the figure above, the energy consumed in the European Union came from
nuclear energy (12%), renewable energy (14%), solid fossil fuels (15%), natural gas (23%), and petroleum
products (36%).

The percentages of renewable energy from the total energy consumed in the European Union
member states can be seen in Figure 3.
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Figure 3. The average share of renewable energy from the total energy consumed at the European
Union level from 2010 to 2017. Source: Eurostat [26].

In Figure 3, we can see that the renewable energy share of total energy showed, on average, an
increasing trend. Thus, in 2010 the European Union consumption of renewable energy was about 16%
of the total consumption, while in 2017 the renewable energy consumption among European Union
countries reached 20% on average, which is a 25% increase.

Another useful indicator directly correlated with the CO2 emission levels is population. In
Figure 4, the population levels in European Union member states between 2010 and 2017 can be seen.

As can be seen in Figure 4, the population in European Union countries rose from 511 million in
2010 to 511 million in 2017, which represents a 1.6 increase in the analyzed period.
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Figure 4. Level of population in European Union countries, in millions, from 2010 to 2017. Source:
Eurostat [26].

Another important factor of the CO2 emissions is the level of urbanization. In Figure 5, we can see
the levels of urbanization as a percentage of the total population in European Union member states.
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In Figure 5, we can see that the urbanization degree increased in the European Union countries
from 72% in 2010 to 74% in 2017, which represents a 2.81 increase.

One of the most important indicators, which is directly connected with CO2 emissions, is the
motorization in European Union countries. Thus, in Figure 6 we can see the evolution of the number
of passenger cars in European Union countries per 1000 inhabitants between 2010 and 2017.
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As we can see in the above figure, in European Union countries passenger cars increased from 452
cars per thousand capita to 497 cars per thousand capita, which represents an increase of 8.55%.

Lastly, GDP per capita is an important indicator of CO2 emissions. In Figure 7, we can see the real
GDP per capita in European Union countries between 2010 and 2017. Real GDP per capita is used to
measure the mean of the national income per person after adjustments for inflation have been made.
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Figure 7. Average GDP per capita in European Union countries (in thousands of euros) between 2010
and 2017. Source: Eurostat [26].

In the above figure, we can see that the average GDP in European Union countries was relatively
constant from 2010 to 2013, followed by a 10.3% increase from 24,200 euro in 2010 to 26,700 euro in 2017.

4.2. The Econometric Model

A statistical interpretation of the econometric model variables can be seen in the following table.
From the measures of the median and mean (measures of central tendency) and standard deviation
(measure of variability), we can obtain useful information regarding the distribution of the analyzed
variables. If the mean is 10% of the median of the absolute value, then we can assume that the
distribution is close to normal [27]. In Table 3, we can see that those values are close to each other
for all variables in the model. Thus, it can be concluded that all indicators in our model follow a
normal distribution.

Table 3. A statistical description of the indicators used in the model.

Variable Mean Median Standard Deviation N

CO2 (Y) 47.72 44.34 12.34 28
Renewable energy (X1) 17.70 18.21 3.45 28

Energy productivity (X2) 6.54 6.78 2.46 28
Population (X3) 18.14 19.20 3.24 28

Urbanization (X4) 73.21 68.56 4.82 28
Motorization (X5) 3791.09 3820 112.34 28

Real GDP per capita (X6) 24.94 26.12 3.21 28

The matrix of correlation between the variables in our model is given in Table 4. The correlation
matrix helps us to determine whether there are multicollinearity problems with the model. Dabholkar
et al. [28] state that if the coefficients of correlation between the exogenous indicators are within ± 0.30,
then there are no multicollinearity problems.

The correlation matrix reveals that the dependent variable is highly correlated with the independent
variables, while the level of correlation between the independent variables is low, as all coefficients of
correlation between the exogenous variables are less than ± 0.30. Therefore, it can be stated that the
econometric model does not have multicollinearity issues. Moreover, the CO2 emission level is highly
correlated with renewable energy (71.2%) and energy productivity (70.5%), while the most correlated
independent variables were renewable energy and motorization (27.8%).
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Table 4. The matrix of correlations.

Variable Y X1 X2 X3 X4 X5 X6

Y 1
X1 0.712 1
X2 0.705 0.203 1
X3 0.648 0.184 0.129 1
X4 0.602 0.196 0.189 0.126 1
X5 0.589 0.278 0.205 0.104 0.134 1
X6 0.604 0.178 0.214 0.206 0.178 0.196 1

Source: Own computation using Econometric Views (EViews) 10.0.

For the econometric model estimation, CO2 emission level was the endogenous variable (Y),
influenced by 6 exogenous variables (regressors): renewable energy (X1), energy productivity (X2),
population (X3), urbanization (X4), motorization (X5), and real GDP per capita (X6). The regression
model was estimated in three steps: development of the model, parameter estimation, and verification
of results.

The Hausman test was applied to the panel data, modelling the CO2 emissions at the European
Union level between 2010 to 2017 in terms of the independent variables of the quantitative model. The
results can be seen in Table 5.

Table 5. Impact of renewable energy, energy productivity, population, urbanization, motorization, and
real GDP per capita on CO2 emissions at the European Union level.

Correlated Random Effects—Hausman Test

Test Summary Chi-Square Statistic Chi-Square D.F. Probability

Random cross-section 10.765397 8 0.0943

Dependent variable Independent variable Coefficient Probability R-squared

CO2

Renewable energy (X1) −0.108 0.042

0.42786

Energy productivity (X2) −0.105 0.038
Population (X3) 0.112 0.018

Urbanization (X4) 0.148 0.028
Motorization (X5) 0.178 0.023

Real GDP per capita (X6) 0.125 0.032

Source: Own computation by harnessing EViews 10.0. D.F. = degrees of freedom.

Analyzing the results of the Hausman test from the above table, it can be seen that the p-value
(probability = 0.0943) is above the threshold value of 0.05. Thus, we conclude that our model is a
random effect model. Also, the econometric model is accurate and all exogenous indicators in the
model are statistically significant. Moreover, 42.78% of the variation of the total CO2 emissions at the
European Union level are described by the independent variables of the model.

The analysis of the results of the estimated coefficients of the econometric model in Table 5
reveals that RES have a significant lowering impact on CO2 emission levels. Thus, a 1% increase in
consumption of renewable energy in European Union member states would lead to a 108,000 ton
decrease of CO2 emissions. Moreover, each euro/kg increase in energy productivity at the European
Union level would lead to a 105,000 ton decrease of CO2 emissions. At the same time, a population
increase of 1 million people in the European Union member states would lead to a 112,000 ton increase
of CO2 emissions. A 1% increase in the levels of urbanization in European Union countries would
increase CO2 emissions by 148,000 tons, a 1 unit increase in motorization degree at the European Union
level would lead to a 178,000 million ton increase of CO2 emissions, and if real GDP increased by 1000
euro per capita, then CO2 emissions would increase by 125,000 tons.

VIF was used to test the collinearity between the independent factors. The test results are given in
Table 6.
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Table 6. VIF test for collinearity.

Variance Inflation Factors
Date: October 17, 2019 Time: 10:31

Sample: 2010–2017
Included Observations: 224

Variable Coefficient Variance Uncentered VIF Centered VIF

C 6.456 NA
Renewable energy 1.345 2.109 1.378

Energy productivity 1.102 2.302 1.786
Population 1.201 2.211 1.203

Urbanization 1.128 2.512 1.215
Motorization 1.832 2.214 1.405

Real GDP per capita 1.389 1.876 1.307

C = constant. Source: Own computation using EViews 10.0.

From the above table we can see that all the VIF values are below the threshold value of 5, and
thus we could conclude that there are no collinearity problems with this model.

Hence, all four statistical hypotheses developed at the end of Section 1 are valid.

5. Discussion of the Results

The impact of renewable energy on carbon emissions has been investigated in many scientific
papers in recent years. The econometric model parameters were estimated by the correlated random
effects Hausman test and the data were analyzed by the statistical software Eviews 10.0.

Analyzing the CO2 emission levels at the European Union level from 2010 to 2017 using the
independent factors, the regression equation resulted from a panel data econometric model (see Table 5):
Y = −0.108X1 − 0.105X2 + 0.112X3 + 0.148X4 + 0.178X5 + 0.125X6. Hence, we could conclude that the
maximum impact on CO2 emissions was given by the motorization level (coefficient = 0.175), followed
by urbanization (coefficient = 0.148) and real GDP per capita (coefficient = 0.118950). Moreover, all six
independent variables have significant impacts on CO2 emissions. While renewable energy and energy
productivity have negative impacts on the increasing levels of CO2 emissions, population, urbanization,
motorization, and GDP per capita have positive impacts on the increasing CO2 emission levels.

The econometric analysis completed in this research paper revealed the measures of the exogenous
variables and their impact on the endogenous variable CO2 emissions. Hence, we could make the
conclusion that motorization and urbanization have a greater impact on CO2 emission levels than
RES have.

Given that the R-squared value is 0.4278, we conclude that 42.78% of the dependent variable’s
variation is explained by the variability of the independent variables of the model, and observe that
67.22% of the variability of the dependent variable is determined by other factors not covered by
our analysis.

The analysis of the econometric model reveals that the econometric model was analyzed correctly
and that renewable energy was a significant factor effecting carbon emissions in all 28 European Union
member states, since the estimated regression coefficients were significant and a significant share of
the variability of the carbon emissions was determined by the econometric model. Moreover, both the
lack of autocorrelation and the collinearity between the exogenous variables prove that there is not a
significant juxtaposition among the variables used in the econometric model. These conclusions are
consistent with other recent studies [29–33] on the correlation between renewable energy and carbon
emission levels.

The results of the study validate the statistical hypotheses that renewable energy, energy
productivity, population, urbanization, motorization, and GDP per capita have a strong effect on
carbon emissions. This confirms recent studies [34–37] that state that increasing levels of population
and urbanization are leading to higher rates of carbon emissions.
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The conclusions of our study are in line with Marques [38], who performed a quantitative analysis
to demonstrate the impact of motorization and urbanization levels on CO2 levels in European Union
countries. The results of the study are also related with other research papers [39,40], which argue
that an important step to reduce the CO2 levels in European Union member states is to invest in
renewable energy. The authors underline that energy productivity, renewable energy, and urbanization
are significant indicators of sustainable development and help lower CO2 emissions.

Civil and private society actors, as well as local and central governments, should focus their
attention on changing policies to achieve a low-carbon environment. A transition to a low-carbon
society should be accomplished through governmental programs, grassroots schemes, and with the
involvement of civil society.

The statistical analysis of the macroeconomic indicators reveals that there are significant differences
between developed and emerging economies within the European Union. Thus, while Western and
Nordic European Union countries have excellent results in terms of consumption of RES, the Eastern
European states within the European Union still need to increase their RES consumption.

6. Conclusions

The results of the study confirm the hypothesis of the research, according to which the energy
productivity has a strong and significant impact on CO2 emissions, which are in line with the European
Union allegation that a 10% increase in energy productivity by 2030 may lead to a reduction of carbon
emission levels of almost 1%.

The novelty of this paper comes from the regression analysis of the 28 European Union countries
using a panel data approach, through which the RES efficiency and its impact on CO2 emissions at
the European Union level were analyzed. The quantitative analysis was based on the data collected
from Eurostat over a timeframe of 8 years, and hence the main limitation of this research is related to
the time series used in the quantitative analysis. Therefore, future studies should be performed for
periods of time longer than 8 years, which could lead to a more precise image of the regression model
developed for the economic indicators.

Therefore, we can conclude that the panel data regression model for emission levels of CO2

was accurately defined and valid, and the independent variables of population, urbanization, degree
of motorization, energy productivity, and RES were significant indicators with impacts on carbon
emissions in all European Union member states. This conclusion came from the significant values of
the regression coefficients and from the fact that the CO2 emission variability was mostly explained by
the variability of the independent variables.

The civil and private sectors, government, and civil society must keep their attention and focus on
developing low-carbon policies. While non-state actors and policy makers have underlined the need
for better involvement to sustain CO2 reduction, the general public and governments have shown
better involvement in programs aimed at reducing air pollution and climate change the past few years.
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EU European Union
RES Renewable energy systems
CO2 Carbon dioxide
GDP Gross domestic product
COP Communication on Progress
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RPS Regulated Product Submissions
SDG Sustainable development goal
UNFCCC United Nations Framework Convention on Climate Change
EVIEWS Econometric Views
VIF Variance Inflection Factor
EUROSTAT Statistical Office of the European Union
COP Conference of Parties
LMDI Logarithmic Mean Divisia Index
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