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Abstract: In the past decades, carbon dioxide (CO2) emissions have become an important issue
for many researchers and policy makers. The focus of scientists and experts in the area is mainly
on lowering the CO2 emission levels. In this article, panel data is analyzed with an econometric
model, to estimate the impact of renewable energy, biofuels, bioenergy efficiency, population, and
urbanization level on CO2 emissions in European Union (EU) countries. Our results underline the fact
that urbanization level has a negative impact on increasing CO2 emissions, while biofuels, bioenergy
production, and renewable energy consumption have positive and direct impacts on reducing CO2

emissions. Moreover, population growth and urbanization level are negatively correlated with CO2

emission levels. The authors’ findings suggest that the public policies at the national level must
encourage the consumption of renewable energy and biofuels in the EU, while population and
urbanization level should come along with more restrictions on CO2 emissions.
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1. Introduction

The use of sustainable energy produced by renewable energy sources (RES) in Euro-
pean countries in order to achieve the objectives set by the European Union (EU) implies
the need for data collection, which relates to knowledge of the RES, government policy, and
economic interests. This is the starting point for a detailed analysis to determine the actual
stage in the transition to clean energy process [1,2]. Economic modelling is the next step in
the contextual conversion plan to respond to the predictions recommended by decision
makers [3]. Research activities in the clean energy field will significantly contribute to
the observation of renewable energy production limits, as well as to the identification of
possible barriers to the development of this industry [4]. In the past two decades, intensive
research was conducted to analyze the challenges and barriers for energy production using
RES, most of them being linked to its costs, transport, and storage, or political and regu-
latory issues [5–7]. Although many European countries have made significant progress
in developing RES capacities, there is still important potential to be explored to meet the
targets imposed by EU.

Regarding the development of clean energy at the national level, we observed the
potential generated by certain industrial branches, specific to the basic sectors, to produce
bioenergy and biofuels. This also includes the bio-industry (i.e., biofuel production and
biodegradable plastic products), as well as the food industry and the other tertiary sectors
that are interdependent on these two sectors, such as the pharmaceutical and chemical
industries [8].

The available energy in the EU relies on the energy imported from other non-EU
member states and the energy produced by the EU member states. In 2018, the EU countries
produced around 45% of the energy they consumed, while they imported about 55%. In
Figure 1, it can be observed the percentages of the energy produced in the EU, by source
of energy.
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Figure 1. Energy produced in the EU in 2019, by source of energy. Source: authors’ own computations on the data collected 
from European Union Statistical Office (Eurostat) [9]. 

From the above figure we could observe that the energy produced in the EU member 
states came from petroleum products (36%), followed by natural gas (23%), solid fossil 
fuels (15%), RES (14%), and nuclear energy (12%). According to Eurostat [9], the RES level 
is still below the 2020 target (20%) and 2030 target (32%).  

Figure 2 reveals the consumption of the RES, at the EU level, as a percentage from 
total energy consumed, in 2018. 

 
Figure 2. The shares of renewable energy sources (RES) in total energy consumption in EU member states, in 2019. Source: 
authors’ own computations on the data collected from Eurostat [9]. 
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Figure 1. Energy produced in the EU in 2019, by source of energy. Source: authors’ own computations on the data collected
from European Union Statistical Office (Eurostat) [9].

From the above figure we could observe that the energy produced in the EU member
states came from petroleum products (36%), followed by natural gas (23%), solid fossil
fuels (15%), RES (14%), and nuclear energy (12%). According to Eurostat [9], the RES level
is still below the 2020 target (20%) and 2030 target (32%).

Figure 2 reveals the consumption of the RES, at the EU level, as a percentage from
total energy consumed, in 2018.
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Figure 2. The shares of renewable energy sources (RES) in total energy consumption in EU member states, in 2019. Source:
authors’ own computations on the data collected from Eurostat [9].
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In the above figure, we can see that the EU member states with the highest level
of RES consumption in 2018 were Sweden (54.6%), Finland (41.2%), and Latvia (40.3%),
while the EU member states with the lowest levels of renewable energy consumption were
Luxembourg (9.1%), Malta (8.0%), and the Netherlands (7.4%).

The electricity generation sector is mainly based on the type of primary resource used
in the electricity production process (i.e., thermal, nuclear, hydro, coal, wind, biomass, and
photovoltaic).

In Figure 3 we present the structure of the electricity delivered from the dispatchable
production units, calculated based on renewable and conventional resources.
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Figure 3. The structure of the energy resource shares in EU, in 2019. Source: authors’ own computations on the data
collected from Eurostat [9].

The aim of this research is to model the impact of biofuels, RES, bioenergy, population,
and urbanization levels on the emissions of carbon dioxide in EU member states, between
2000 and 2019, to substantiate the national plan needed to achieve the EU targets. To
perform this analysis, an econometric study was conducted using an econometric model
analyzed with the help of statistical software Econometric Views (EViews) 11.

This manuscript includes a brief literature review followed by the hypotheses’ de-
velopment. Going forward, the evolution of the model indicators is presented, then an
econometric analysis is performed and the parameters of the regression equation are esti-
mated. The research assumptions are presented and tested next. In the Conclusion chapter
are summarized authors’ recommendations, limitations of this study, and future research
implications.

2. Literature Review and Hypotheses Development

The targets set by the EU, both for RES production and for reduction of CO2 emissions,
are well known, but are they linked? Many researchers addressed this question in previous
studies on the CO2 emissions and RES nexus.

It was demonstrated that there is a strong connection between CO2 emissions, RES,
and urbanization level [10,11]. Other authors [12,13] argue that, at the EU level, bioenergy
and RES have a positive and strong impact on CO2 emissions.

Moreover, while some scientists [14–16] concluded that the use of bioenergy and
biofuels is strongly correlated with the reduction of carbon dioxide emissions, other au-
thors [17–19] argue that population level and RES are strongly correlated with CO2 emission
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levels. It was also proved [20–22] that biofuels and urbanization level have a positive and
strong influence on lowering CO2 emissions levels. Nevertheless, other economists [23,24]
demonstrated that population growth and urbanization rate have a strong and indirect
influence on lowering carbon dioxide emission levels.

The CO2 emissions and RES nexus in EU was analyzed by other researchers in the
past decades. Ciupageanu et al. [25] argue that economic and population growths as well
as urbanization are significant factors of increasing levels of CO2. While some authors [26]
consider that investing in biofuels and bioenergy are key factors for a low carbon society,
other studies [27,28] demonstrate that CO2 emissions are highly correlated with urbaniza-
tion, economic growth and renewable energy consumptions. Other researchers [29] argued
that, at a European level, there is still room for improvement in terms of management
practices in the energy sector, and the CO2 emission levels are very high.

The impact of RES on CO2 emissions was analyzed by many researchers. Sims
et al. [30] analyzed the differences in the cost of electricity between present and future
technologies which will be available in the next decade. The authors consider that the new
technologies would reduce CO2 emissions by 14% until 2020. Other authors [31] analyzed
the causality relationship between nuclear energy, RES, and CO2 emissions in the USA
from 1960 to 2007, without reaching a conclusion regarding the impact of the analyzed
variables on CO2 emission reduction.

At the EU level, Kök et al. [32] concluded that an increase of investment in RES would
lead to a consistent reduction of CO2 emissions. Other researchers [33] argued that a
method of financing projects based on reducing levels of CO2 emissions is by selling carbon
revenue bonds at ten years maturity.

All these articles reveal that while some factors, such as population, economic growth,
and urbanization rate could increase CO2 levels, energy productivity and RES are useful
factors for decarbonization at the European Union level. All the above results will be the
basis of our statistical hypotheses developed in the next section.

Nowadays, one of the most important goals of our society is to reduce CO2 emission
levels, thus to develop RES capacities, and to increase consumption of clean energy seems
to be one of the best solutions.

Due to data availability, in our analysis, we will start our research from the year 2000.
The literature review references helped us to formulate our research question: “Which are
the clean energy factors that impact on CO2 emissions in the EU?” Then, we will further
continue our study by making a multiple regression estimation to analyze the impact of
the exogenous variables on the endogenous variable.

Thus, we will develop and test the six statistical hypotheses presented in Table 1.

Table 1. Statistical Hypotheses of the Regression Model.

Hypotheses

H1 Renewable energy sources (RES) are highly correlated with CO2 emissions.
H2 Biofuels are a significant factor in CO2 emissions.
H3 Bioenergy productivity is strongly correlated with CO2 emissions.
H4 Population is a significant factor in CO2 emissions.
H5 Urbanization is a significant factor in CO2 emissions.
H6 Real Gross Domestic Product (GDP) per capita is a significant factor in CO2 emissions.

All six hypotheses shall be analyzed with an econometric model, which will be
presented in the following section.

3. Materials and Methods

The panel data multiple regression model is an econometric model with six exogenous
factors: RES, biofuels, bioenergy, urbanization level, and population. These are representa-
tive factors for the dependent variable in our analysis, the carbon dioxide emission levels
in the EU.



Processes 2021, 9, 130 5 of 10

A description of the variables of the econometric model can be observed in Table 2.
The data were collected from Eurostat for all EU member states, 2000 and 2019. The panel
data regression model was estimated with the statistical software EViews 11.

Table 2. A description of the variables of the econometric model.

Variable Name Definition Unit

(Y) CO2 emissions The total CO2 emissions Millions of tones
(X1) Renewable energy Renewable energy consumed divided by total energy Percentages (%)
(X2) Biofuels Biofuels production Thousand tones
(X3) Bioenergy productivity GDP divided by the gross inland consumption of bioenergy in one year Euro/kg
(X4) Population Population of each EU country Millions
(X5) Urbanization Urban population share from total population Percentages (%)
(X6) Real GDP per capita The rate of the Real GDP per capita in EU countries, and the number of inhabitants Millions of euro

The econometric model uses a panel dataset. The selection of the sample and the
results from the data analysis are consistent [34,35]. Thus, we could conclude that the
sample size used in our analysis is significant.

Therefore, the econometric model is described in Equation (1):

yi = β0 + β1(x1)it + β2 (x2)it + β3 (x3)it + β4 (x4)it + β5 (x5)it + β6 (x6)it + ε (1)

where,

• (y)—dependent variable
• x1, x2, x3, x4, x5, and x6—independent variables
• β0, β1, β2, β3, β4, β5, and β6—parametric coefficients
• i—1,..,28—the number of countries; t—1,..20—time frame
• ε—error term

In the econometric model will be used the previously described endogenous and
exogenous variables which will lead to the following econometric equation:

(CO2 emmisions)i
= β0 + β1(Renewable)i + β2 (Biofuels)i + β3 (Bioenergy)i + β4 (Population)i
+β5 (Urbanization)i + β6(Real GDP per capita)i

(2)

where,

• CO2 emissions—the total levels of CO2 emission in EU countries
• Renewable—the rate of RES in total energy
• Biofuels—production of biofuels
• Bioenergy—bioenergy productivity
• Population—represents the total population in EU countries
• Urbanization—the urbanization degree in total population
• Real GDP per capita—real GDP divided by the number of inhabitants

The data used in our analysis for the variables above were collected from Eurostat.
Further, Hausman test will be used to test whether a random effect or a fixed effects

model will be used. The correlation between the exogenous variables and the error term is
tested. The Null and Alternative Hypotheses are:

Ho: The model has random effect: E(Xit/εit) = 0
Ha: The model has fixed effects: E(Xit/εit) 6= 0
The Hausman statistic is calculated with the formula:

H =
(
β̂FE − β̂FE

)T(var(β̂FE)− var(β̂RE)
)−1(

β̂FE − β̂RE
)

(3)

where β̂RE is the random effects model estimator and β̂FE. is the random effects model
estimator.
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Hausman test will be performed to choose between a fixed effects (FE) model and a
random effects (RE) model.

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

VIF =
1

1−R2
j

(4)

where R2
j is the regression coefficient of determination.

The coefficient of determination is defined as the percentage of the variability of the
dependent variable explained by the econometric model.

The VIF value reflects the uncertainty in the coefficient estimates. If the VIF value is
close to 10, we conclude that the exogenous variables are correlated, while a value close to
1 underlines the fact that the independent variables are not corelated. A threshold value of
5 is usually used.

In the next section, the results will be discussed and analyzed.

4. Results and Discussions

We have used the multiple regression method to estimate the econometric model. The
six statistical hypotheses described above were also tested through this methodology. The
panel data linear regression equation evaluates a multivariable function of the dependent
variable to analyze the independent variables.

In Table 3 are presented the factors used in the panel data regression model.

Table 3. Descriptive Statistics.

Variable Mean Median Standard Deviation N

CO2 emissions (Y) 68.6 68.2 13.18 560
Renewable (X1) 21.7 22.5 3.02 560

Biofuels (X2) 3.51 3.64 0.35 560
Bioenergy (X3) 3.32 3.4 0.78 560
Population (X4) 22.52 22.52 0.25 560

Urbanization (X5) 53.6 53.8 0.45 560
Real GDP per capita (X6) 5.68 6.35 2.03 560

Source: Authors’ own calculations using EViews 11.

The correlation matrix between the indicators of the econometric model is presented in
Table 4. The correlation matrix enables us to verify whether the model has multicollinearity
issues. According to Dabholkar [36], the independent factors are not correlated when the
correlation coefficients have values within ±0.30.

Table 4. The Correlation Matrix.

Variable Y X1 X2 X3 X4 X5 X6

Y 1 - - - - - -
X1 0.714 1 - - - - -
X2 0.689 0.098 1 - - - -
X3 0.702 0.134 0.078 1 - - -
X4 0.544 0.198 0.105 0.102 1 - -
X5 0.612 0.233 0.099 0.105 0.112 1 -
X6 0.623 0.203 0.104 0.125 0.107 0.188 1

Source: Authors’ determined values by using EViews 11 software package.

In the table above, we could observe that there is high correlation between the depen-
dent variable and independent variables, while the exogenous variables are low correlated.
Hence, we could conclude that the independent variables are not correlated. Additionally,
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we could see that there is high correlation between CO2 emission levels and RES (71.4%)
and energy productivity (70.2%), while renewable energy and urbanization (23.3%) were
the most correlated independent variables.

For the panel data model estimation, the dependent variable (Y) was CO2 level,
influenced by 6 independent factors: RES (X1), biofuels (X2), bioenergy (X3), population
(X4), urbanization (X5), and real GDP per capita (X6).

The panel data model was estimated with the Hausman test. The test quantifies the
impact of the independent variables on the dependent variable and the time frame is from
2000 to 2019. The results of the Hausman test could are revealed in Table 5.

Table 5. Hausman Test Results.

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

Random cross-section 11.3245 8 0.1103

Endogenous variable Exogenous variable Coefficient Probability R_squared

CO2

Renewable energy (X1) −0.218 0.039

0.5564

Biofuels (X2) −0.182 0.041
Bioenergy (X3) −0.125 0.037
Population (X4) 0.139 0.029

Urbanization (X5) 0.164 0.032
Real GDP_per_capita (X6) 0.137 0.012

Source: Authors’ determined values by using EViews 11.0.

From the Hausman test results, revealed in Table 5, we could observe that the p_value
(probability = 0.1103) exceeds the cut-off value of 0.05. That takes us to the conclusion
that our model has random effects. Moreover, the panel data quantitative model is well
defined and all independent factors in the econometric model are significant. We could
also conclude that 55.64% of the variability of the CO2 emission levels in EU countries are
described by the factors of the panel data regression model.

Since the parameters of the exogenous variables in the model are statistically sig-
nificant (Significance less than 0.05) (see Table 5), we could state that all six exogenous
variables in the econometric model are statistically significant. In addition, the negative
values of β1, β2, and β3 coefficients lead to the conclusion that renewable energy, biofuels,
and bioenergy have a positive impact on CO2 rates, which validates all hypotheses from
Table 1. Moreover, the positive values of β4, β5, and β6 also validate our assumptions that
population, urbanization, and economic growth have negative and significant impact on
the increasing rates of CO2 emissions.

The CO2 emission levels in EU countries were analyzed from 2000 to 2019 with a panel
data econometric model by independent factors and the model estimation (see Table 5) is:
Y = −0.218X1 − 0.182X2 − 0.125X3 + 0.139X4 + 0.164X5 + 0.137X6. Thus, it could be con-
cluded that all exogenous variables are strongly correlated with carbon dioxide emission
levels. Moreover, while RES, bioenergy, and productivity of energy have positive impacts
on lowering the CO2 emissions, any increase of urbanization rate, population, and real
GDP per capita would lead to increasing levels of CO2 emissions.

Since the value of the coefficient of determination is 0.5564, we conclude that the
model explains 55.64% of the variation of CO2 emission levels in EU member states.

The econometric model is well defined and significant. Moreover, the residuals are
not autocorrelated and there are no collinearity problems among the independent variables.
The conclusions are in line with other recent papers [37–41] on the nexus between RES and
CO2levels.

Our results validate all six hypotheses and we conclude that bioenergy, RES, energy
productivity, urbanization rate, population, and real GDP per capita have a significant
impact on CO2emission levels in EU countries. These confirm other recent studies [42–45],
which argue that urbanization rates and population are significant factors for CO2 emission
levels.
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5. Conclusions

In this article, the authors demonstrated that one of the most important factors for
CO2 emissions are RES, biofuels, bioenergy, level of urbanization, and population. While
renewable energy, biofuels, and bioenergy factors are negatively correlated with CO2
emissions, the other two exogenous factors in the model, population and urbanization,
have a strong impact and are correlated with increasing levels of CO2 emission in the
EU. Given that the independent factors of the econometric model explain an important
share of the CO2 emissions, there are still other variables correlated with carbon dioxide
emission levels in EU countries. The results confirm other recent studies on carbon dioxide
emissions and renewable energy nexus at the EU level [46–51].

Additionally, both the lack of collinearity and autocorrelation between the exogenous
factors demonstrate that the linearity assumption of econometric model is valid.

One limitation of this analysis is that the econometric analysis covers only a twenty-
year period of time, due to data availability. Thus, further research should be based on a
longer time period and may also use other macroeconomic indicators, such as Industrial
Production or Car Registrations.

In terms of recommendations, designing supporting schemes or incentives for RES
capacities, both for producers as well for consumers, along with media campaigns focused
on increasing the awareness level are needed to be addressed by the national public authori-
ties. Additionally, considering the impact of biofuels and bioenergy on the decarbonization
goals, more efforts should be oriented on clarifying the existing legislation at a national
level and to develop appropriate policies in order to increase their use. The national plan to
achieve the targets of CO2 emissions’ reduction should take into consideration the influence
of urbanization and population by developing specific means, in appropriate geographical
and territorial conditions.

The panel data econometric model for estimating the carbon dioxide levels in the EU
between 2000 and 2019 was valid and well defined, and the exogenous variables were
important factors with significant impacts on CO2 emissions in all EU countries. This
conclusion is underlined by the fact that all regression coefficients were significant and
more than 55% of the variance of the CO2 emissions was explained by independent factors.

In the past decade, EU paid increasing attention to the governmental and private soci-
ety implications of developing low-carbon environments. The policy makers manifested
the need for individual implications towards climate change, and the last few years has
witnessed increasing implications of the communities in lowering CO2 emission levels in
their countries. The transition to a low carbon environment could be attained by state aid
schemes, governmental programs, and civil society involvement.
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References
1. Fogarassy, C.; Toth, L.; Czikkely, M.; Finger, D.C. Improving the efficiency of pyrolysis and increasing the quality of gas production

through optimization of prototype systems. Resources 2019, 8, 182. [CrossRef]
2. Tun, M.M.; Juchelková, D. Biomass sources and energy potential for energy sector in Myanmar: An outlook. Resources 2019,

8, 102. [CrossRef]
3. Busu, M. Assessment of the impact of bioenergy on sustainable economic development. Energies 2019, 12, 578. [CrossRef]
4. Rada, E.C.; Andreottola, G.; Istrate, I.A.; Viotti, P.; Conti, F.; Magaril, E.R. Remediation of soil polluted by organic compounds

through chemical oxidation and phytoremediation combined with DCT. Int. J. Environ. Res. Public Health 2019, 16, 3179. [CrossRef]
5. Beck, F.; Martinot, E. Renewable energy policies and barriers. Encycl. Energy 2004, 5, 365–383.
6. Verbruggen, A.; Fischedick, M.; Moomaw, W.; Weir, T.; Nadaï, A.; Nilsson, L.J.; Sathaye, J. Renewable energy costs, potentials,

barriers: Conceptual issues. Energy Policy 2010, 38, 850–861. [CrossRef]
7. Marra, A.; Colantonio, E. The path to renewable energy consumption in the European Union through drivers and barriers:

A panel vector autoregressive approach. Socio Econ. Plan. Sci. 2020, 100958. [CrossRef]
8. Cioca, L.-I.; Ivascu, L.; Rada, E.C.; Torretta, V.; Ionescu, G. Sustainable development and technological impact on CO2 reducing

conditions in Romania. Sustainability 2015, 7, 1637–1650. [CrossRef]
9. Eurostat. 2020. Available online: https://ec.europa.eu/eurostat/data/statistics-a-z/abc (accessed on 26 May 2020).
10. Busu, M.; Trica, C.L. Sustainability of circular economy indicators and their impact on economic growth of the European Union.

Sustainability 2019, 11, 5481. [CrossRef]
11. Porter, M.E.; Van der Linde, C. Toward a new conception of the environment-competitiveness relationship. J. Econ. Perspect. 1995,

9, 97–118. [CrossRef]
12. Demirbas, A. Biodiesel production from vegetable oils via catalytic and non-catalytic supercritical methanol transesterification

methods. Prog. Energy Combust. Sci. 2005, 31, 466–487. [CrossRef]
13. Frondel, M.; Ritter, N.; Schmidt, C.M.; Vance, C. Economic impacts from the promotion of renewable energy technologies:

The German experience. Energy Policy 2010, 38, 4048–4056. [CrossRef]
14. Tugcu, C.T.; Ozturk, I.; Aslan, A. Renewable and non-renewable energy consumption and economic growth relationship revisited:

Evidence from G7 countries. Energy Econ. 2012, 34, 1942–1950. [CrossRef]
15. DeCicco, J.M. Methodological issues regarding biofuels and carbon uptake. Sustainability 2018, 10, 1581. [CrossRef]
16. Gomiero, T. Are biofuels an effective and viable energy strategy for industrialized societies? A reasoned overview of potentials

and limits. Sustainability 2015, 7, 8491–8521.
17. Salman, B.; Ong, M.Y.; Nomanbhay, S.; Salema, A.A.; Sankaran, R.; Show, P.L. Thermal analysis of nigerian oil palm biomass with

sachet-water plastic wastes for sustainable production of biofuel. Processes 2019, 7, 475. [CrossRef]
18. Hou, Y.; Iqbal, W.; Muhammad Shaikh, G.; Iqbal, N.; Ahmad Solangi, Y.; Fatima, A. Measuring energy efficiency and environmen-

tal performance: A case of South Asia. Processes 2019, 7, 325. [CrossRef]
19. Hsiao, W.L.; Hu, J.L.; Hsiao, C.; Chang, M.C. Energy efficiency of the Baltic Sea countries: An application of stochastic frontier

analysis. Energies 2019, 12, 104. [CrossRef]
20. Cucchiella, F.; D’Adamo, I.; Gastaldi, M. Future trajectories of renewable energy consumption in the European Union. Resources

2018, 7, 10. [CrossRef]
21. Lage, S.; Gojkovic, Z.; Funk, C.; Gentili, F.G. Algal biomass from wastewater and flue gases as a source of bioenergy. Energies

2018, 11, 664. [CrossRef]
22. Al-Esawi, N.; Al Qubeissi, M.; Kolodnytska, R. The impact of biodiesel fuel on ethanol/diesel blends. Energies 2019, 12, 1804.

[CrossRef]
23. Banga, J.R.; Menolascina, F. Computational methods enabling next-generation bioprocesses. Processes 2019, 7, 214. [CrossRef]
24. Busu, C.; Busu, M. How does renewable energy impact carbon emissions? An Eu level analysis. In Proceedings of the International

Management Conference, Bucharest, Romania, 2–4 November 2017; Volume 11, pp. 502–510.
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