
Citation: Litră, A.V.; Nichifor, E.;
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Abstract: The European Union’s energy policy confronts the intricate challenge of achieving energy
independence through integration and transition, necessitating a careful calibration of its implemen-
tation scale. Recognizing that the heightened energy dependence represents a threat to the economic
convergence and cohesion of the member states, the authors adopted a comprehensive approach to
scrutinizing the energy landscape. The study examines the orientation toward renewable energy
sources, encompassing their utilization in both transportation and household electricity supply.
Leveraging a combination of statistical and econometric methodologies, the researchers analyzed
the EU’s energy composition, evaluating its far-reaching impact on both micro- and macroeconomic
dimensions. Beginning with the central endogenous variable of the study, dependence on imports, the
research extends to the assessment of gross available energy. Through rigorous examination, the au-
thors underscored the pivotal role of renewable fuels in final energy consumption and demonstrated
the influence of green energy sources on household consumption. This investigation, complemented
by the section of the ARIMA model for electricity price modeling, not only elucidated the dilemma
but also presented renewable energy sources as a viable solution to curtail the European Union’s
dependence on energy imports, even in their current underutilized state.

Keywords: energy independence; the European energy market; the European Green Deal; renewable
energy; solar energy in the field of transport; energy mix

1. Introduction

The change in the approach to energy sources as type and volume, as a result of the
awareness of the climate emergency over the last decades, overlapped with the decline
of economic activity starting in 2020. The current situation was determined by the restric-
tions imposed by the COVID-19 pandemic and the war in Ukraine, which interrupted
the distribution in Europe of natural gas from Russia. All these events, cumulatively,
determined the intensification of companies’ focus on the need to ensure continuity in
the energy supply, concerns to guarantee accessibility, efficient management of limited
resources, prioritization of distribution in relation to consumption needs, and accelerating
the transition to green energy.

The year 2022 is defined as a “convergence year of crises”, which determined in an
imperative way the solution of the trilemma: guarantee/equity/sustainability. The World
Energy Council is a network of organizations from governments, public and private corpo-
rations, academia, NGOs, and other energy stakeholders, covering more than 80 countries,
founded in 1923. The organization formulated the World Energy Trilemma Index as a
combination of three essential targets: energy security—defined as a nation’s ability to
meet energy demand, to adapt, and to recover from shocks with minimal disruption to the
supply system; affordability—assessed as a country’s ability to provide universal access

Sustainability 2023, 15, 15560. https://doi.org/10.3390/su152115560 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su152115560
https://doi.org/10.3390/su152115560
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-7407-1168
https://orcid.org/0000-0003-2838-6155
https://orcid.org/0000-0002-0608-8045
https://orcid.org/0000-0002-6141-443X
https://orcid.org/0000-0002-9636-3660
https://doi.org/10.3390/su152115560
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su152115560?type=check_update&version=1


Sustainability 2023, 15, 15560 2 of 19

to energy at fair prices and in abundance; sustainability—reflects the transition of a coun-
try’s energy system toward avoiding and mitigating potential environmental damage and
climate change [1].

At the height of the energy debate, discussions focus on replacing sources and tech-
nologies with new ones, aiming to move to a different dimension of clean and abundant
energy. A paradigm shift toward sustainable energy sources becomes necessary [2] in
order to meet sustainable development goals [3]. Limiting carbon dioxide emissions and
reducing fossil fuel reserves will be achieved by gradually replacing conventional energy
sources with renewable energy technologies. The paradigm shift is becoming evident: the
future of energy supply systems will be dominated by nonconventional energy sources [4],
for instance, Smart Grid-enabling technologies and applications that “will provide, in long
term, economic benefits for authorities” [5] or “cloud-based environments” such as energy
clouds, which offer more flexibility and autonomy to users [6]. An efficient dissemination
program is needed besides R&D on energy sources [7].

However, the transition to new sustainable energy sources encounters barriers that can
hinder and delay this process. Energies deemed to be sustainable, including solar and wind
technologies, possess a drawback due to their reliance on atmospheric conditions, which
limits their capacity to fully address the shift toward renewable energies [8]. The intermit-
tent nature of these sources introduces volatility and, to a certain extent, unpredictability
when it comes to forecasting [9]. Although energy from any source is vital in modern
society and although access to it has considerably improved in recent decades, there are
still about 3 billion people who have access to electricity (an essential form of energy) in
a very small proportion compared with developed countries and more than 750 million
people have no access to electricity at all [10]. Additionally, green energy sources like wind
and solar necessitate exponentially larger land areas for the same capacity generation when
compared with fossil fuels [11]. This places substantial pressure on land use, impacting
agriculture, biodiversity conservation, residential zoning, topographical considerations,
visual aesthetics, and more [12]. Another challenge raised by the transition to green energy
sources consists of the raw materials used and the recycling of waste in the fields associated
with it. Manufacturers of wind turbines, photovoltaic panels, electric batteries, etc., rely on
inputs from natural resources, rather than those from waste recycling. The management of
waste from renewable resources is also not sufficiently developed [13].

The objective of this study was to scrutinize the energy landscape through an exami-
nation of member states’ dependence on energy imports within the European Union (EU).
This investigation encompassed the utilization of renewable energy sources, considering
their application in both transportation and household electricity supply. Employing a
combination of statistical and econometric methodologies, we conducted a comprehensive
analysis of the EU’s energy composition, evaluating its impact on micro- and macroeco-
nomic dimensions. In other words, the contribution of this research lies in explaining
the macro and micro implications of the EU energy market and the opportunities for
development (solar energy in transport and household consumption).

Taking into account the nominated premises, the authors structured the paper in four
parts: the analysis of the specialized literature, the description of the research methodology,
followed by the review of the results obtained and the complementary discussions, and the
last part includes the conclusions and future research directions.

2. Review of the Scientific Literature

Energy markets have “an oligopolistic structure based on global geographic conditions,
which necessitates the import of energy products.” The European Union is vulnerable from
the point of view of energy due to its dependence on imports (such as from the Russian
Federation) [14].

The EU aims to “create a European energy market” less dependent on imports and
supports a more efficient use of existing resources and finding ways to “obtain energy from
renewable resources” [15]. Studies show that the transition to green energy would be a step
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forward toward sustainable development, with a beneficial impact on the economic, social,
and environmental components, and could generate approximately 1.5 million new jobs by
the year 2050 [16].

A specialized analysis shows that the EU’s response to the COVID-19 crisis has created
a powerful financial and political leverage to accelerate the green transition. However, “the
EU’s energy transition is falling short in fully integrating biodiversity” [17].

Currently, the EU states must deal with major changes due to the multiple problems
they face generated by the COVID-19 pandemic [18,19], rising energy prices, the depletion
of resources, the war in Eastern Europe, and the challenges of Industry 5.0, with specialists
emphasizing the important role of the authorities in educating consumers and compa-
nies [20]. At the same time, it is considered that sustainable practices should be encouraged,
and irresponsible behaviors penalized, continuously monitoring and finding appropriate
criteria for performance evaluation [21].

The specialized literature shows that replacing imports with internal sources of re-
newable energy produces additional positive effects in terms of energy independence and
security and, also, in sustainable development [22].

At the same time, energy organizations also face a series of drastic environmental
problems, heavily affected by the COVID-19 pandemic. The results of a study show that
the key factors that help the sustainable organizational performance of energy companies
are “implementation of knowledge management practices, policy changes” and decentral-
ization [23].

Both the pandemic and the war appeared as opportunities for the energy transition
by changing the behavior of the population [24] in a short period of time and creating the
need to diversify energy sources, but experts draw attention to the fact that the measures
to support the energy industry and the search for new sources of supply with fossil fuels
to improve energy security may in the long term lead to the loss of the opportunity to
transition to sustainable energy systems [18] because renewable energy sources cannot now
“become the backbone of the energy generation system” [25].

The energy transition is a necessity, and this must be based on the use of renewable
energy sources in the energy production process. However, to implement appropriate
strategies, a series of analyses is needed. At first glance, in the EU, we are talking about
a great diversity of countries (for example, countries have different levels of economic
development, different numbers of inhabitants with major differences between populations,
various cultures and customs, and geographical locations) [26]. A general policy is likely to
become very difficult to be applied by all EU countries.

The main objective of the European Green Deal is for the EU to become a modern
and resource-competitive economy by “reducing net greenhouse gas emissions to zero,
delinking economic growth from resource use and no person and no place to be left be-
hind” [27]. The war on the EU’s eastern border and “the use of gas resources as a means of
political pressure have caused an unprecedented energy crisis in the EU”, which has forced
new measures to reduce energy consumption [27]. Because of these aspects, the European
Commission designed the REPower EU plan that aims to build a new infrastructure and a
new independent energy system by 2030 by “saving energy, producing clean energy and
diversifying energy sources” [28]. The implementation of this plan requires a combina-
tion of interconnected factors, namely technological development, political support, and
population behavior [29].

Experts have concluded that the EU might not be able to secure sufficient gas reserves
as proposed in REPower EU, but high gas prices will lead to accelerated decarbonization
of the EU [30], although studies show that there is still potential for improvement in
measures to boost the popularization of investments in renewable energy infrastructure [31].
Specialists believe that, at present, the main objectives at the EU level are the reduction of
energy vulnerability and decarbonization, probably to the detriment of the establishment
of an integrated energy market, and deep involvement of the European institutions because
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the problems require coordination and mobilization of all resources so that the EU can turn
this crisis into an opportunity if it manages it correctly [32].

The idea that multiple concerns about the energy transition can be solved simulta-
neously is not viable, and a “smooth and painless transition to a zero-carbon European
economy seems unlikely” [33]. Efforts toward energy transition aim at preventing energy
poverty among the citizens of the EU and inside the economy, but there is still a risk of
energy shortages in the case of an inadequate restraint on the energy market, with negative
consequences for societies, economies, and the environment [34].

The measures proposed by the EU energy policy are effective; however, they are not
sufficient for a real transition toward renewable resources [35].

The development of the energy transition requires actions not only on production
but also on energy consumption habits [36]. Along with the green investments, economic
openness and the efficiency of public governance proved to have a positive impact on
the green economic growth of countries, which reflects the economic growth along with
the reduction of pollution and a carbon-neutral economy [37]. The green transition to an
environmentally friendly economy also includes implementing policies and practices that
reduce greenhouse gas emissions, promote energy efficiency, increase the use of renewable
energy sources, and reduce waste and pollution [38].

The EU’s energy policy based on integration and transition also requires establishing
an appropriate scale for its implementation [39]—all the more as there are differences in
attitude between EU member countries due to problems related to economic development
(some regional electricity system infrastructures appear to be critical in achieving EU
targets with low costs) [40], energy security [41], or simply in the access to some forms of
renewable energy sources (countries in Southern Europe, such as Spain, Italy, and Greece,
have a significant advantage having abundant sunlight most of the year, making solar
photovoltaic installations productive and efficient compared with the Central Western
European countries where the capacity of wind and solar PV productivity is lower; on the
other hand, the more developed countries are more likely to invest in renewable energy
infrastructure [42]). The need to limit gas consumption after the beginning of the war in
Ukraine forced countries to rethink their transition paths; however, this did not always
happen by investing in various new energy sources but by returning to the previous ones,
which proved to be more polluting [43].

3. Research Methodology

This research adopts a cascading methodology, employing a range of statistical and
econometric tools to address the dilemma surrounding the European Union’s integration
principle and the imperative for the member states to achieve energy dependence. The
heightened significance of energy dependence, particularly in the context of recent geopo-
litical disruptions, has prompted the European Commission’s proactive data collection on
energy mix and import reliance. The database underpinning the study originates from the
European Commission’s 2022 report on this critical subject [44]. Beginning with the central
variable of import dependence, data collection extends to encompass gross available energy,
elucidated through the lens of the energy mix.

Renewable energy sources in final energy consumption garnered particular attention,
along with a close examination of electricity pricing across Europe. The pricing dynamics
were explicated in relation to electricity production, energy flow, heating days, and the
utilization of renewable energy. The selection of variables was steered by the formidable
challenges the EU faces in the energy domain, including import dependence and the
escalating trend of energy price volatility [45].

The database structure used in this study is organized to facilitate the analysis of
energy-related parameters within the European Union. It encompasses several key tables,
each containing specific attributes vital to the research objectives. These attributes include
information on energy sources, consumption patterns, economic indicators, and other rele-
vant variables. Its architecture allows for the systematic retrieval and manipulation of data
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to conduct comprehensive analyses. The central concern focuses on import dependence,
serving as the primary endogenous variable of the study. This table includes entries related
to net imports, gross available energy, and the derived indicator of energy dependence.
Additionally, the dataset extends to incorporate detailed information on the energy mix,
encompassing various fuel types, such as gas, oil, coal, nuclear, and renewable sources.
These components collectively contribute to the overall energy landscape within the EU.

Renewable energy sources, a critical aspect of the study, receive special attention.
The database includes attributes pertaining to their utilization in both transportation and
household electricity consumption. Furthermore, emphasis is placed on understanding
the pricing dynamics of electricity in the European context. This involves variables related
to electricity production, energy flow, days requiring heating, and the use of renewable
energy sources in the energy production process.

Thus, in the context in which the principle of an integrated EU energy market is
wavering in the face of an uncertain future, the sustainability of the European energy
system is called into question. In this context, a scientific concern arises, which the authors
of the study tried to answer: is it possible to reduce the dependence on energy imports by
capitalizing on renewable energy sources? Starting from this research topic, some micro-
and macroeconomic implications that the EU energy policy entails have been addressed in
a carefully explained manner in the following subsections, aiming to increase the awareness
of final consumers and companies on the previously mentioned satellite dilemma and on
the EU’s position toward the policy of promoting the sustainable future of Europeans.

3.1. EU Dependence on Energy Imports

The indicator is described as the share of net imports in gross available energy, repre-
senting the extent to which the EU depends on imports from abroad. The negative share
that some countries show for certain components of the energy mix indicates the status of
an exporting country, such as the example of Norway for gas and oil. Showing a percentage
above 100% shows fuel in stock, like Belgium’s oil and coal situation for instance. In the
case of biofuels, the quantity is considered domestic production, regardless of the biomass
feedstock used for production, imports, and exports—only biofuels in the form of real fuel
are being considered [46]. For the analysis of this variable, the rank method was used, found
in energy studies [47,48], the situation of the 27 member states being approached from the
point of view of total imports as part of the first mathematical expression. Equation (1) plays
a crucial role in assessing the extent to which the European Union relies on energy imports.
It computes the energy dependence on imports by considering the total energy imports
(Imports), subtracting the energy exports (Exports), and then dividing the result by the
gross available energy (Gross available energy). This calculation yields a percentage that
indicates the proportion of energy needs met through imports. This equation serves as
a foundational metric for understanding the EU’s reliance on external energy sources, a
pivotal factor in shaping energy policies and strategies.

Energy dependence on imports =
Imports − Exports

Gross available energy
(1)

The potential of balanced economic growth and upward economic convergence of the
EU member countries was studied from the point of view of the dependence on energy
imports, analyzed in the first stage from the perspective of possible inequalities addressed
with the help of the Gini coefficient. Equation (2) introduces it as a fundamental tool for
evaluating economic disparities in the context of energy dependence. The Gini coefficient
measures the inequality among values in a given dataset, which, in this case, pertains
to energy dependence. It considers observed values, calculates the absolute differences
between them, and normalizes the result based on the mean value. The Gini coefficient thus
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provides valuable insights into the distribution of energy dependence across EU member
states, shedding light on potential disparities that may warrant further examination.

G =
∑n

i=1 ∑n
j=1
∣∣xi − xj

∣∣
2n2x

(2)

in which

x—observed value,
n—number of observations,
x—mean value.

The collection of statistical data was carried out at the territorial level, based on the
energy mix (the share of fuels in the gross available energy). The elements of the energy mix
are represented by gas, oil, coal, nuclear, or renewable energy sources, others representing
manufactured gas, peat, shale, and tar sands. The gross available energy is defined as the
total energy supplied for all activities carried out in the territory. From the total energy mix,
two explanatory variables were chosen for the dependence on imports, namely, renewable
sources and biofuels and solid fossil fuels [49]. Based on the data, the method allowed for
the calculation of final rank, median, and central tendency.

The energy dependence of EU member states was modeled with the help of predictors:
renewable energy sources, as part of the total gross available energy, and fossil fuels, as
part of a country’s energy mix, with the aim of identifying significant exogenous variables
that could explain the dependent variable. In this sense, a linear regression was carried out,
estimated by the ordinary least squares (OLS) method. The reason for deploying OLS was
motivated by its suitability for the dataset, which exhibits linear relationships between the
variables of interest. Additionally, OLS is a widely accepted and well-understood method
for estimating linear models, making it an appropriate choice for research objectives.
By utilizing OLS, the authors aim to provide robust and interpretable insights into the
relationships between the independent and dependent variables. Thus, the linear model
and the typical stochastic error term take the form:

Yi = β0 + β2RESi + β3FFi + εi (3)

in which

Yi—dependence on energy imports of country i;
RESi¯renewable energy and biofuel sources of country i;
FFi—solid fossil fuels from the gross available energy of country i.

The estimation was performed in EViews, the coefficients β̂k, standard deviation, t
test, F test, R2 and R2, the goodness of fit indicators and Durbin–Watson for multivariate
regression model were calculated:

Coefficients β:

β̂1 =

(
∑ yx1)

(
∑ x2

2
)
− (∑ yx2)(∑ x1x2)(

∑ x2
1
) (

∑ x2
2
)
− (∑ x1x2)

2 (4)

β̂2 =

(
∑ yx2)

(
∑ x2

1
)
− (∑ yx1)(∑ x1x2)(

∑ x2
1
) (

∑ x2
2
)
− (∑ x1x2)

2 (5)

β̂0 =Y − β̂1X1 − β̂2X2 (6)

Standard error:

SEE =

√√√√∑n
t=1

(
Yt − b̂0 − b̂1X1t − b̂2X2t − . . . − b̂kXkt

)2

n − (k + 1)
=

√
∑n

t=1 ε̂2
t

n − (k + 1)
(7)
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t test:
t =

βk − βk0
sβk

(8)

F test

F =
RSS

k
SSE

n−(k+1)

=
MSR
MSE

(9)

The coefficient of determination:

R2 =
TSS − SEE

TSS
(10)

The coefficient of determination adjusted for degrees of freedom:

R2
= 1 −

(
n − 1
n − k

)
·
(

1 − R2
)

(11)

After the identification of the significant variable, the nonparametric method of mea-
suring the relationship through the rank correlation method was applied. The calculated
value of the Spearman coefficient was determined using the formula:

θ = 1 − 6∑ d2

n(n2 − 1)
(12)

in which

d2—the difference between ranks (ui and wi);
n—number of series terms.

Durbin–Watson value:

d =
∑T

t=2(et − et−1)
2

∑T
t=1 e2

t
(13)

in which

T—number of observations;
et—residue.

The results of the estimation determined that the study should be continued by
researching and identifying a new perspective to analyze the dependence on energy imports.
After several attempts, the variable renewable energy used in transport at the member state
level was initially analyzed descriptively, with a focus on solar energy. The information
placed the researched variables in a relevant context for continuing the study, and a forecast
was made using the average spore method to graphically represent the situation of energy
from renewable sources until the year 2030.

3.2. Electricity Price for Household Consumers

To highlight the microeconomic impact of the EU’s energy and promotion policies
on the sustainable behavior of Europeans, three explanatory variables were identified for
the price of electricity for household consumers, namely, gross electricity production, EP
(expressed in thousands of tons of oil equivalent), the flow of energy use at the country level,
EF (thousand tons of oil equivalent), the number of days for which the use of energy for
heating is required, Days, and the use of solar energy sources from the total consumption,
SEU (terajoules). The collection of information was carried out in the form of evolution
over time, for the period 2011–2020; the data were cleaned, organized, and imported into
the EViews software 12 program for processing and use.

The first step involved using the mathematical operations of logarithm math and
applying the first difference in EViews to the variables of the series (xt − xt−1). Estimation
of the logarithmic equation led to the generation of goodness-of-fit indicators, the Fischer
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test, and the Durbin–Watson value to determine the error autocorrelation. At the same
time, for the autocorrelation of the errors, the correlogram was used, inspecting the size of
the k-order correlation coefficient, calculated below. Equation (14) is employed to investi-
gate autocorrelation within the dataset. Specifically, it computes the k-order correlation
coefficient (ρ_k), a statistical measure that assesses the relationship between variables at
different time points. In this context, it helps discern any patterns or dependencies in the
energy-related data over time. The equation involves calculating the product of differences
between values at specific time intervals and then normalizing the result based on the num-
ber of observations (n) and the mean of the series. By employing this equation, researchers
can gain valuable insights into the temporal dynamics of energy-related variables, which is
crucial for making informed policy recommendations.

ρk =
∑n

t=k+1
((Xt−X) · (Xt−k−X))

n−k

∑n
t=1

(Xt−X)
2

n

(14)

in which

ρk—k-order correlation coefficient;
n—number of observations;
X—mean of the series.

The model is analyzed using a set of tests, explained, and interpreted in the next
section for a more relevant review of the arguments and interpretation of the results.

4. Results and Discussions

Given the perspective of convergence and cohesion at the EU level, the analysis began
with the calculation of the Gini coefficient to identify any possible inequalities between the
member states. Its value G = 0.50941 shows that the EU member countries do not present
large differences from the point of view of dependence on energy imports. However, the
statistics relating to the data from 2020 show major differences between the member states
through deviations from the mean (58%) which calls into question the potential of economic
convergence in Europe (Figure 1).
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As previously stated, the EU is a net importer of energy. Among European countries,
the highest share of energy dependence is recorded by Malta with 97.5%, followed by
Cyprus (93%), Luxembourg (92.4%), and Greece (81.4%). The central tendency is very
clearly highlighted for Austria (58.3%), which is closest to the EU average (57.5%) [50].
On the other hand, the lowest percentages are recorded for Romania (28.2%) and Esto-
nia (10.5%).

4.1. Modeling the Dependence on Energy Imports of the EU Member States

Taking into account the variables—dependence on energy imports, the use of renew-
able fuels in the final consumption of available energy, and fossil fuels in the energy mix of
the member states—the rank method was applied, getting the scores for the three variables
(Figure 2). The results allowed for the presentation of a comparative situation, a graphical
illustration that indicates major differences between the EU member states.
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On this basis, the EU member states could be classified into three categories, depending
on the final score obtained considering the three variables (Figure 3).
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Estonia has the highest score, justified by the lowest level of dependence on energy
imports (10.5%). Estonia’s situation is equally motivated by the negative share of −38.5%,
which shows that this EU member state is a net exporter of renewable energy sources
and biofuels, in this respect surpassed only by Latvia, which presents a share of 41%
of exports of energy sources of this type. It is observed that, by introducing the ranks,
Romania is included in the category of countries with medium dependence versus the first
explanation (Figure 2) regarding the geographical distribution of energy dependence in
Europe (where Romania placed penultimate). It is concluded that the introduction of ranks
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had an important effect on the classification of European countries from the perspective of
energy dependence, by highlighting the modeling of the dependence on energy import.

Through the regression equation to explain the energy dependence of the member
states, the exogenous variable of renewable fuels from the final energy consumption
was identified as significant (R2 = 0.59, F–statistic = 0.00029 < 0.005, p-value = 0.0002,
and DW = 2.02), which allowed to apply the nonparametric method of measuring the
connection through the method of ranks correlation of the two variables. The calculated
indicator, the Spearman coefficient, θ = −0.63, shows an inverse correlation, considered
strong between the two variables. Considering the importance of renewable fuels in the
final consumption of available energy to reduce the dependence on energy imports, the
renewable energy used in transport at the level of the EU states was descriptively analyzed.
During the ten years, it can be observed that the share of energy from renewable sources in
transport has increased slightly. The reference to renewable energy such as solar energy
indicates a sustained growth over the last ten years in the EU area (Figure 4).
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However, the issue of uniformity at the level of all countries raises questions because
only a few countries use solar energy in the field of transport, for example. With an average
of 97.2 days per year identified as necessary for heating using energy, the meteorological
potential that can be exploited to the advantage of decreasing the dependence of energy on
imports is mentioned. Greece and Spain used this type of renewable energy for transport
purposes long before 2011; Belgium, Romania, and Italy started 11–15 years ago, and
Belgium since 2012.

Solar energy produced to be used in transport is an example mentioned because it is
part of the categories of renewable energy sources with micro- and macroeconomic impact
on the EU member states, but for the deep approach to the energy used from renewable
sources, a complex analysis was carried out by the average spore method. It revealed
results that show a sustained increase until 2030 (Figure 5), expecting it to be used up to
18.61%, almost double, by reporting the share to the year 2020 (10.22%).
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4.2. Modeling the Price of Electricity for Household Consumers at the EU Member State Level

Descriptive analysis at the time series level for electricity production, EP, shows an
average of EP = 250, 861.9. The average price per KW-hour is EUR 0.125 at the European
level with a standard deviation of 0.007. Using the database with information on the
endogenous variable and the exogenous variables, the regression was estimated using the
EViews 12 software program, and the following results were obtained:

∆lnYt = −4.709274 + 1.894556lnEPt − 1.619459lnEFt−1
+0.001509lnDayst−2 + 0.120750lnSEUt−3

(15)

The coefficient of determination, R2, and the adjusted coefficient of determination, R2,
show that the model fits well; R2 = 0.84, its value determining that 84% of the variability
of Y around its mean is explained by the exogenous variables. Noting the value of F
statistic = 0.001 compared with the 5% significance level, it can be stated that the model
is globally significant, so at least one of the four independent variables is statistically
significant. In order to interpret the significance of the slope coefficients, the results regarding
their sizes were centralized (Table 1).

Table 1. Estimation of coefficients.

Coefficient The Sign and the Value
of Coeff. Standard Error t-Statistic Probability

β0 −4.709274 6.085400 −0.773864 0.4589
βEP 1.894556 0.775534 2.442906 0.0372
βEF −1.619459 0.656583 −2.469879 0.0356

βDays 0.001509 0.048644 0.031028 0.9759
βSEU 0.120750 0.048410 2.494324 0.0342

According to the presented results, the EP, EF, and SEU variables are significant, and it
is necessary to remove the Days variable from the model. The distribution of the time series
is abnormal from the point of view of skewness and kurtosis, a result confirmed not only
by the graphic illustration (Figure 6) but also by the Jarque–Bera test JP = 2.08; p > 0.05.
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The Dickey–Fuller test run in the EViews 12 software program revealed the quality of
the series to be nonstationary, although it was initially logarithmically transformed (lnY),
the distribution being highlighted in Figure 7a,b. Even if the first-order differentiation was
applied to the series dY = d(logY), the DF test (τ = 0.0512 > 0.05) indicated the rejection
of the null hypothesis as there was no unit root. The analysis revealed constant year-over-
year variations for 1% and 5% DF, and the time series was found to be stationary only at
the 10% confidence level (τDF = −3.1309 < τcrt = −2.7137).
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The value of DW = 1.0037 shows a serial correlation of the errors as it is far from the
value 2. To present the result in a graphic form, the actual value of Y, the fitted value of Y,
and the residual are highlighted (Figure 8).
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Figure 8. Graph for the actual value, the fitted value of Y, and the residual.

Inspecting the errors by analyzing the correlogram, the autocorrelation of the errors
was confirmed. Also, the phenomenon exists even if the sum of the squares of the errors
is analyzed, which indicates the possibility of the existence of ARCH terms. Therefore,
the authors tested heteroscedasticity using the hypotheses H0 (constant variance) and H1
(variance is not constant). The ARCH test generated the value prob. = 0.46 > 0.05, a
result which leads to the acceptance of the null hypothesis, there being a constant variance.
Verification of the result was performed by consulting the histogram statistics information
and identifying the mean as zero (0.0058).

Given this result, the analysis of model stability was pursued to determine whether
changing the sample would change the value of the coefficients. Thus, the CUSUM test for
errors and the sum of the squares of errors were applied, resulting in the existence of the
stability of the coefficients for a significance level of 5% (Figure 9).
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By conducting the Jarque-Bera tests and serial correlation LM for the analysis of the nor-
mal distribution of errors, the positive correlation of the errors was identified, at least at lag
1. By applying the first difference, the correlogram shows a rapid decrease in the autocorrela-
tion coefficient values, ρ̂1 = 0.118, ρ̂2 = −0.376, ρ̂3 = −0.103, ρ̂4 = 0.098, ρ̂5 = −0.070 . . .,
which denotes the possibility of the existence of a first-order AR component ρ = 1. Thus,
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the possible models are identified for explaining the price of energy for domestic consumers,
the results being centralized (Table 2).

Table 2. Results of the models AR (1), MA (1), and ARIMA (1, 1, 1).

Model R2 Aikake Criterion Schwartz Criterion

AR (1) 0.78 −3.91 −3.77
MA (1) 0.68 −3.45 −3.31

ARIMA (1, 1, 1) 0.84 −4.05 −3.86

Table 2 presents the competing models; the choice is based on the classic criteria for
fitting the econometric models (R2, R2, F–statistic) and the Aikake and Schwartz criteria.
Therefore, by integrating the three components, the ARIMA model provided the flexi-
bility needed to model time series patterns. This approach was particularly apt for the
research outcomes. Additionally, the interpretability of the ARIMA model was invaluable
in conveying the findings effectively, ensuring clarity for the analysis. By deploying it,
the authors captured autocorrelation patterns within the data, and its ability to handle
nonstationarity through differencing proved crucial in achieving accurate predictions. The
incorporation of moving average effects allowed to account for short-term fluctuations,
leading to more robust forecasts. These results demonstrate the effectiveness of the ARIMA
model in addressing the unique characteristics of time series data. However, it is impor-
tant to acknowledge that the choice of ARIMA was contingent on the specific nature of
the dataset, and researchers should consider alternative models in cases where complex
nonlinear relationships or multiple interacting variables are present [51].

According to the data, ARIMA is a valid model that no longer presents autocorrelation
and indicates homoscedasticity.

Thus, the forecast of the price of electricity for domestic consumers can be predicted
for the researched context. Furthermore, it is important to note that the assumptions of OLS,
such as linearity, independence of errors, and homoscedasticity, were carefully assessed
and found to be reasonably met in the dataset. This further justifies the choice of OLS as
the preferred method for regression analysis in this context [52,53].

The results after the forecast of the price of electricity for domestic consumers show
that the adjustment is relevant for research because the value of the Theil coefficient (0.01)
is placed in the range [0–1], being very close to 0, and the BIAS proportion indicator has a
value below 1, which indicates a distance not very far from the average of the predicted
and actual values, which gives it a representative character. Moreover, estimated values
fall within the limits of standard deviation (Figure 10).
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sumers at the level of the EU member states. Regarding the first component, by applying
the rank method, it was possible to describe a comparative situation that indicates major
differences between EU member states, presenting the example of Estonia and Latvia that
are exporters of renewable energy sources and biofuels. Then, in order to present the
connection between the energy dependence of the member states and renewable fuels from
the final energy consumption, the method of rank correlation was used, concluding an
inverse correlation, which is considered strong between the two variables. It was followed
by the application of the average spore method where the results obtained within the article
present an increase maintained by 2030 in the solar energy produced to be used in the
transportation sector.

Within the second component, an econometric model regarding the price of electricity
for domestic consumers at the level of the EU member states is generated. Thus, by applying
all the methods presented, modeling the price of electricity for domestic consumers at the
level of the EU member states has achieved its purpose because the validity of the model
has been demonstrated. A series of analyses, methods, and adjustments of the model have
been used, finally reaching the conclusion that the ARIMA model validated for explaining
the price of energy for domestic consumers no longer presents autocorrelation and indicates
homoscedasticity; based on it, the data forecast was made.

5. Conclusions

The manuscript provides a comprehensive analysis of the complexities surrounding
the energy transition within the European Union. It underscores the multifaceted nature
of this transition, emphasizing that achieving a seamless shift to a zero-carbon economy
is likely unattainable. The authors aptly assert that energy transition efforts should focus
not only on production but also on altering energy consumption habits, recognizing the
risk of energy shortages if the energy market is not adequately regulated. This highlights
the intricate balance required for a successful transition [34]. While the EU’s energy policy
measures are acknowledged as effective, the authors astutely point out that they may not be
entirely sufficient for a comprehensive shift toward renewable resources. They advocate for
a holistic approach, emphasizing the need for changes in both production and consumption
patterns. Furthermore, the study highlights the positive impact of green investments,
economic openness, and efficient public governance on the green economic growth of
nations. This reflects not only economic expansion but also a reduction in pollution and a
move toward a carbon-neutral economy [36–38]. A critical aspect raised is the necessity
of establishing an appropriate scale for implementing the EU’s energy policy based on
integration and transition. The authors aptly acknowledge that differing attitudes among
EU member countries, stemming from economic development discrepancies, may pose
challenges. This is particularly evident in regional electricity infrastructure, which plays a
critical role in achieving EU targets cost-effectively. Additionally, concerns regarding energy
security and access to renewable energy sources underscore the nuanced approach required
for a unified energy policy [39–42]. The study’s examination of energy dependence among
EU member states provides valuable insights. It identifies Croatia, Slovenia, Austria, and
Greece as having the highest levels of energy dependence, while Estonia, France, Malta,
Luxembourg, Ireland, Spain, Denmark, Sweden, Cyprus, and the Netherlands exhibit the
lowest levels. This geographic distribution underscores the need for tailored strategies to
address specific challenges faced by individual member states [34].

The paper enriches the knowledge and explains the implications at the macro- but
also microeconomic level of the energy market in the EU member countries. The model
presented and proposed can be considered innovative due to the two mentioned compo-
nents. It can also be considered an innovative approach to the presentation of solar energy
used in transport and household consumption and as development opportunities in the
future. Moreover, the use of solar energy in the field of transport is a determining factor for
the dependence of the EU member states, in the opposite direction. The approach of the
subject of energy dependence at the European level in relation to the principle of European
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integration, implies the location of the highly actual problem, the green energy, in a less
favorable context at the 2030 horizon promoted by the EU. The real problems regarding the
macroeconomic implications generated by the different dependence of the EU countries
on the import of energy can affect the vision of “unity in diversity”, or even worse, cause
disorders within the EU. Highlighting the dilemma presented at the beginning of the article
offers the opportunity to look at renewable energy sources as one of the solutions to reduce
the dependence on the energy imports of the EU member states, even if they are currently
used to a very small extent.

From a managerial point of view, although numerous initiatives and directives of
the European Commission are heading toward promoting sustainable behavior, it can be
seen that the real reason for the adoption of green policies is to stimulate final consumers
and companies to contribute to reducing dependence on imported energy. In the same
context, the academic and pre-pre-university environment must get involved in the process
of ecological education of the students, provided they have the appropriate infrastructure,
program, and environment.

The main limitation of the present study is the possibility of omitting an important
variable in the model. Taking into account the controversies regarding the durability
and efficiency in time of lithium-ion batteries and the discussions about the necessary
infrastructure and the change in the mentalities of the final consumers and the managers of
companies, the energy issues strongly affect the sustainable future of Europe.

Also, the accuracy of data can be a potential limitation, even including research that
employs data analysis and econometric methods. In many cases, data may be subject
to measurement errors, missing values, or other sources of imperfection. These discrep-
ancies can introduce uncertainties and affect the reliability of the results. Additionally,
the assumptions underlying the econometric models used may not always align perfectly
with the real-world data. This can potentially lead to discrepancies between the model’s
predictions and actual outcomes. Therefore, it is crucial to acknowledge that while we have
taken steps to ensure data quality and rigor in our analysis, there may still be inherent
limitations related to data accuracy. These limitations should be considered when inter-
preting the findings of the study. First, while efforts were made to ensure data accuracy
and reliability, inherent limitations or errors within the dataset may affect the validity
of the findings. Second, econometric models rely on assumptions about the underlying
data and relationships, potentially introducing uncertainty. Additionally, controlling for
all possible variables that influence the outcome of interest is challenging, and omitted
variables may introduce bias. Moreover, the sample used in the analysis may not fully rep-
resent the broader population, potentially limiting the generalizability of the conclusions.
Finally, there is a risk of overfitting if models become overly complex, potentially leading
to less reliable predictions for new data. However, one of the advantages of conducting
research based on the methodology described is the ability to apply rigorous econometric
techniques to analyze the data. This approach allows for a systematic and quantitative
examination of relationships, providing a robust foundation for drawing meaningful con-
clusions. By employing established methods, the authors can uncover underlying patterns,
test hypotheses, and generate empirical evidence with a high degree of precision. This
methodology also facilitates the replication of the study, allowing for validation and further
exploration of the research findings. Additionally, the use of econometric methods enabled
us to quantify the magnitude and significance of various factors, enhancing the depth and
clarity of our insights. Overall, this approach ensures a structured and evidence-based ap-
proach to addressing the research objectives, contributing to a comprehensive and reliable
body of knowledge in the field. In the case of this study, the utilization of econometrics
presents a distinct advantage. This methodological approach empowered the authors to
systematically analyze the intricate dynamics of European energy independence within
the framework of European integration. By employing rigorous econometric models, we
can quantitatively examine the various factors influencing this crucial principle, offering
a comprehensive understanding of its complexities. This meticulous approach not only
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advances the understanding of the energy independence dilemma but also enriches the
discourse on European integration policies and strategies. Ultimately, the paper endeavors
to provide valuable insights that can inform policy decisions and shape the future trajectory
of European energy independence.

Finally, it becomes a necessity for future research to aim to design and implement
studies that can help determine the behavior of organizations, as well as of the inhabitants
of the EU member countries regarding the new ecological paradigm generated by the
European Green Deal. Research can be followed by experimental studies so that the
companies and individuals considered vulnerable in the process of major behavioral
change generated by the new ecological paradigm should be helped by the EU states, from
a financial point of view and by ensuring the appropriate logistics. Future directions offer a
wide research space, within which it becomes necessary to carry out a detailed analysis of
the behaviors that the final consumers will have.
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İktisat Dergisi 2021, 71, 133–162. [CrossRef]
15. Comisia Europeană. Energie—Politici. Available online: https://commission.europa.eu/topics/energy_ro (accessed on 19

December 2022).

https://doi.org/10.1016/j.apenergy.2022.119900
https://sdgs.un.org/goals/goal7
https://doi.org/10.3390/en15217934
https://doi.org/10.1016/j.renene.2019.08.092
https://doi.org/10.1002/er.8094
https://doi.org/10.1016/j.rser.2010.01.020
https://doi.org/10.1016/j.ijhydene.2022.09.107
https://doi.org/10.1109/TPWRS.2019.2897727
https://explorer.aapg.org/story/articleid/63781/the-role-of-hydrocarbons-in-the-energy-transition
https://explorer.aapg.org/story/articleid/63781/the-role-of-hydrocarbons-in-the-energy-transition
https://www.bloomberg.com/graphics/2021-energy-land-use-economy/?leadSource=uverify%20wall
https://www.bloomberg.com/graphics/2021-energy-land-use-economy/?leadSource=uverify%20wall
https://doi.org/10.1016/j.enpol.2018.08.023
https://doi.org/10.1016/j.rser.2020.110604
https://doi.org/10.26650/ISTJECON2021-942116
https://commission.europa.eu/topics/energy_ro


Sustainability 2023, 15, 15560 18 of 19
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