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A B S T R A C T

Analyzing of the effects and the determinants of the energy paradigm changes on influencing the economic
growth in European Union starts from the assumption that the economy is highly dependent of energy
consumption in achieving of the economic growth and welfare for population. Consequently, the changes in the
energy paradigm imply significant transformations in the production structures and their evolution. The aim of
the paper is to present and evaluate the effects and determinants of the energy paradigm changes on assuring
economic growth in European Union, by using the panel data approach and its subsequent techniques. In this
respect, there was considered the evolution of nine economic variables across 30 countries, representing the EU
member States during the examined period, plus Iceland and Norway, in order to revile direct and irrefutable
connections among these variables in shaping the new energetic paradigm in European space. The results
obtained during the research confirm that all nine variables are determinant and significant elements in shaping
a new and proactive energy policy and it undoubtedly contribute in achieving of the sustainable economic
development

1. Introduction

The possibility of changing the energy paradigm at the EU level
represents a complex issue that has attracted particular attention. The
attention paid to energy aspects is linked by the use of energy in the
economic processes, the fluctuations of energy intensities of the
national economies, the effects on the population welfare, amid
worsening the dependence on energy imports, sometimes from sources
affected by conflicts or political instability. In this vision, the energy
and the new energy paradigm represents not just a major research
topic in literature [1–3] and academia, it become a strategic goal, for
policy makers, governments, and public administration structures. All
these stakeholders are involved in a demarche of assurance of the
energy independence and stability, having deferent significance and
impacts on developing the new economic paradigm and in shaping of
the new production structures. In contemporary economic develop-
ments, the energy tends to become a major politic, social and economic
objective. The energy is considered to be among the most important
vectors in assuring and promoting of sustainable economic develop-
ment in actual capitalist societies. The role of energy in society is
complex and often hard to be identified and clearly measured.

The energy and complementary aspects related to the energy sector
tends to become in the near future a fundamental problem not only in
European economic space, but also a factor in achieving of the politic
stability and a key element in limiting of the climate change.

The analysis of the effects and determinants of the energy paradigm
changes on influencing economic growth had faced numerous aspects
in the literature [4,5]. By its essence, the energy represents a factor
with significant influence towards the quality of life and social well-
being, and ensures a smoothly run for the other economic components
and structures as [6] noticed As [7] argues energy represents a vital
input in every economic system in any time period. In recent studies
[8–12]; is emphasized the importance of energy in assuring of the
sustainable economic development and diversification of economic
structures towards their transition to improved energy efficient pro-
cesses. A recent study [13] investigates in a panel of twenty-five OECD
countries for the period 1981–2007, a possible long-run relation
between economic growth and oil consumption. Another research
[14], using the same technique in case of some of OECD countries
for a longer period (1980–2010) identifies significant effects of
economic growth on oil demand. Another study [15] point out the
positive relationship of energy consumption and gross fixed capital on
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economic growth
In the contemporary economic context, the national economies are

generally dependent on traditional energy sources and rely on capita-
lizing on these sources in delivering consistent and long-term economic
growth. Starting from this reality, contemporary economies have
developed a specific energy paradigm [16,17], dependent on the
exploitation and capitalization of classical sources of energy (coal, oil
and natural gas). Nevertheless, the new environmental realities are
urging the additional efforts to think of new sources and possibilities of
sustaining the energy raw materials of the economy. The development
of a sustainable energy policy however, has imposed an irreversible
change from the fossil energy sources to renewable energies, in order to
reduce the dependence on classic resources and to expand the
possibilities of supply and the scientific research in the field. From
this perspective, the examination of the emerging effects and the
determinant factors involved in changing of the current energy para-
digm on the economic growth in Romania and the EU represents an
important analysis.

Generally, addressing the role of energy and its rational use towards
the sustainable economic development in contemporary economies
starts from classical economic theories [18,19]. These theories directly
emphasize the aspects related to the production process, the incorpora-
tion of energy into the produced goods, and consider the energy as a
production factor with special features. However, the energy is not just
a production factor – it plays a complex social role. Considering the
multidimensional nature of energy in contemporary economies, it
exerts complex influences in economy and society; it represents a
compulsory and constant element in determining of the economic
growth, in modeling of the social system and the social consumption
habits. Other researches [20–23] emphasize the importance of the
availability of the energy and its influence in the production processes;
other studies analyze the correlation between energy consumption and
performances of the national economies [4,24].

Despite the current evolution of the European economies, and of a
numerous and important technologic changes, massive investments, a
new policy framework in the field and the changes of the European
energy policy paradigm developments, the energy continues to be a
most disputed topic in the field, which raises numerous approaches,
solutions and academic debates.

As the global environmental situation tends to worsening, is
manifested a growing interest in mitigation of the carbon emissions.
In this respect, exists a large number of researches [18,20,23–25],
regarding the interrelated aspects to energy structure, production,
prices, taxation, consumption, very often in relationship with the
economic growth and economic structure diversification.
Investigating the causality relationship between energy consumption
and Gross Domestic Product (GDP) and the co-movement in case of
eighteen developing countries during 1975–2001, [48] reviles signifi-
cant causality relationships between the considered variables.

The analysis of the energy paradigm transformations during the last
period reviles mostly an un-convergent policy in the field, with
significant challenges of the paradigm, which needs to be properly
understood in the context of the new European energy policy trans-
formations. Obviously, the increasing dependence of contemporary
economies by energy consumption has triggered numerous inner
mechanisms in sustaining an ever more difficult economic growth,
accentuated by the supplying inconstancies. Defining a new energy
paradigm, closer to the actual economic demands it should not be left
exclusively to public authorities and institutions or to the stock market
mechanism. In this context, it is necessary to increase the involvement
of the existing national regulatory authorities in each Member State to
oversee the implementation of specific energy policy instruments. On
the other hand, the academia and the study groups are called upon to
provide the scientific basis for the policy measures and to orient the
system towards the best practice in the field, and, not least, the public
opinion as a barometer in assessment of the energy policy functionality.

The study of the emergence of the effects and determinants of the
energy paradigm changes on influencing economic growth in Europe
has offered numerous valuable insights. [26] noted in his study that the
increases in energy consumption during the years have determined
dramatically changes in historical energy transitions. Also, [21] iden-
tifies the influences of the energy service usage and the changes in
energy consumption behavior towards the economic developments.

Understanding of the role and the energy influence in assuring of
the sustainable development in contemporary economies represents a
great challenge in context of the new energy paradigm adjustments and
approaches. The evolution of the energy paradigm defines, in a tight
manner, the transformation of the contemporary economies and
societies, being a fundamental instrument in achieving of the sustain-
able economic development. In contemporary economies, the energy
represents more than a simple production factor - it had started to
become a determinant instrument in shaping economic structures and
policies, being in the same time instrument in political negotiations.

In this context, achieving of the sustainable economic development
implies not only a rational use of energy, but also new and diversified
sources of energy, stability in supplying and designing a new paradigm.
Energy transformations during the economic processes contribute in
increasing the value of the classical production outcomes, assuring
perspectives in developing economic stability by achieving fulfillment
of the economic policy goals. In a research conducted by [27], they
discovered that 60% of Latin American and Caribbean countries
develop a positive bidirectional long-run relationship between energy
consumption, carbon dioxide emissions, and economic growth.

Staring from the assumption that the energy represents one of the
determinant factors in promoting, diversification and achieving of a
high economic development, but also a constraining element in this
respect it is necessary to examine the effects and determinants of the
energy paradigm changes on influencing economic growth. From this
perspective, the main aim of the paper is to asses a possible existence of
direct and irrefutable connections among considered variables em-
ployed in research in shaping the new energetic paradigm in Europe
from an economic perspective, by using the panel data approach, using
the specific data regarding thirtieth countries including the EU-28
member states plus Iceland and Norway.

2. Data series and preliminary results

In the current research, there are employed the latest available
datasets on the Eurostat website for nine economic variables and thirty
states regarding the importance of the energy and renewable energy
particularly, towards the economic growth. In the table below are
presented the data series considered in designing the research, the
range of data availability, and the symbols used for designate each
series (Table 1).

For the data considered above, Table 2 contains the descriptive
statistics of the datasets considered in the paper. As the common range
of data availability is 2004–2015 and the present work is based on the
panel data approach, the considered period is set accordingly.

In case of Table 2, the results of the Jarque-Bera test reveal that the
considered series are normally distributed, for a significance level of
1%.

3. Materials and methodology

In designing of the current research, the main instrument used in
carrying out the analysis is the panel data methodology and its
subsequent techniques. This method is employed with the aim of
identifying the existence of a certain economic behavioral pattern
among the considered economies, regarding the effects and determi-
nants of the energy paradigm changes on influencing economic growth.

The choice of employing this methodology is based on its robust-
ness and its high degree of applicability and it can be used in order to
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identify significant economic transformations in terms of variable
significance and expression. In order to examine different correlations
between the employed considered variables, a framework based on
panel data analysis is proposed and designed. The research approach is
following the methods of LLC designed by [28] and the panel unit root
tests Fisher-ADF and Fisher-PP as in [29].

As presented in the Table 1, the data series are annual, with twelve
years, ranging between 2004 and 2015. The starting moment is 2004,
as beginning with this year starts the availability of data for the
following variables: primary production of renewable energy, electricity
generated from renewable sources, and share of renewable energy in
gross final energy consumption, respectively. Some series of data start
in 1995 (energy productivity, energy intensity, and environmental tax
revenues), other in 1999 (households final energy consumption
originated from renewable sources), 2000 (energy dependence), or in
2002 (implicit tax rate on energy).

From the availability of the data there may be observed that current
the European framework to account for the aspects regarding the
renewable energy was settled in 2004. However, for the present work,
employing longer series of data could represent an advantage, but,
considering the missing variables above named, it would have less
point.

A common trend of the literature concerned in the analysis of
various aspects in the field of energy, is represented by the using of the
panel data approach and of its subsequent techniques, in order to
identify and explain possible correlations and influences between
specific variables.

As the latest developments in the literature in the field [19,22,30];
of energies analysis suggest, the endogeneity of the variables represents

a hypothesis that should be considered with a high degree of
probability. In conditions of a non-stationary and cointegrated panel
with endogenous variables, an adequate econometric specification
represents a basic requirement in order to ensure correct and unbiased
estimations [31]. In application of cointegration techniques, consider-
ing of the Granger non-causality tests represents the essential tool,
aimed to ascertain the error correction mechanism (ECM) and to
explore the short and long-run relationships existent between the
examined variables [32].

As it is shown by numerous studies in the field, [33–35] cointegra-
tion analysis represents the specific technique used to evidence the
existence of a long-term relationship between the set of integrated
variables, but not only time sufficient for accepting the causality
hypothesis two econometric variables. In this context, the cointegration
once proved, the loss of information in the long-run relationship
between the variables induced through differencing is avoided by using
of the ECM, which implies the further existence of a long-term
relationship of equilibrium between the variables in question.

First, it is necessary to test for panel unit root. However, panel unit
root does not represent a fundamental problem in panel data approach,
particularly in cases of relatively short range of time series, as in the
case of present paper.

The heterogeneity of specific parameters for each country-section
induces inherent difficulties in testing for the stationarity of panel data;
on the other hand, if the cross-sectional units are considered as
independent, sometimes, it may not represent the proper approach.
In order collect as much as possible from the virtuous and to avoid
backward aspects of using of these tests, there were considered
examination via the commonly used tests for panel unit root.

These tests represent either specific developments, either improve-
ments of the time series unit root tests, adapted in an applicable form
to the panel data environment. The former include [28], and [36] as
LLC and IPS; and the latter refers to Fisher-type tests based on PP [37]
and ADF tests [29] as (F-PP and F-ADF).

All the four tests employed in this research have the null hypothesis
of a unit root in various forms including against the alternative of
stationarity. Fundamentally, the form of the autoregressive model is
[38]:

∑Δy ρy θ Δy δX ε= + + ′ + ,it i t
L

pi

iL i t L it it, −1
=1

, −
(1)

Implementation of the LLC test consists on running separate ADF
regressions for each country. The null hypothesis assumes the existence
of a common unit root process, thereby ρ has the same value across
countries, against the alternative hypothesis of stationarity.

In recent literature, IPS is considered as the most used unit root test
in panel data approach, because it has a greater contribution in
relaxing the restriction of homogeneity specific in case of the LLC test,
also allowing for values of ρi, which in most cases may differ among

Table 1
Variables description and data series availability.
Source: authors based on: Eurostat [54]

Symbol Variable description Data availability

e_dep Energy dependence (%) 2000–2015
e_int Energy intensity (kg of oil equivalent per 1 000 Euro

of GDP)
1995–2015

e_pty Energy productivity (Euro per kilogram of oil
equivalent)

1995–2015

el_rs Electricity generated from renewable sources (% of
gross electricity consumption)

2004–2015

e_tax Environmental tax revenues (Percentage of GDP) 1995–2015
hc_rw Households final energy consumption originated

from renewable sources
1999–2015

i_txe Implicit tax rate on energy (EUR per tonne of oil
equivalent)

2002–2015

pp_re Primary production of renewable energy (ths.
tonnes of oil equivalent)

2004–2015

sh_rec Share of renewable energy in gross final energy
consumption (%)

2004–2015

Table 2
The descriptive statistics of the datasets.
Source: authors’ computations based on Eurostat data.

Variables e_dep e_pty e_tax e_int el_rs hc_rw i_txe pp_re sh_rec

Mean 32.6 6.49 2.6 1.98 26.2 19.1 1.795 5.852 18.86
Median 52.8 6.8 2.48 1.47 17.4 16.1 1.725 2.811 14.30
Maximum 104.1 16.1 4.99 6.31 113.7 52.4 4.360 38.886 72.50
Minimum − 740.1 1.60 1.44 0.62 0.0 0.0 0.764 0.000 0.10
Std. Dev. 122.21 2.92 0.62 1.14 25.7 13.9 0.706 6.899 16.63
Skewness − 4.88 0.44 0.92 1.58 1.6 0.5 1.142 1.815 1.56
Kurtosis 26.6 2.8 4.07 5.34 5.0 2.2 4.695 6.449 5.08
J-B test 9757.8 12.0 67.2 231.1 209.1 25.9 121.1 375.0 211.1
Probability 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Sum 11,705 2330 934 711 9390 6847 644 2101 6771
S.Sq. Dev. 5,347,031 3047 138 469 236,461 69,460 178 17,039 99,063
Obs. 359 359 359 359 359 359 359 359 359
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countries. In this case, the testing procedure for IPS test is based on
computation of the t -statistic as the average of the ADF unit root test
statistics, using the following (2) as in [39]:

t
t

N
=

∑i
N

ρi=1
(2)

In (2), tρi designates the individual t-statistic in case of testing the
null hypothesis represented by each country in the panel which follows
a unit root process as ρ = 0i for all i. The alternative hypothesis in this
case is described by [40]:

H
ρ i N
ρ i N N

:
< 0, for = 1,
= 0, for = + 1,

,i

i
1

1

1
⎪

⎪⎧⎨
⎩ (3)

Also, for a functional version of the alternative hypothesis it is
required that the fraction of stationary cross-sectional series to be
nonzero, by following the condition that γ γlim ( ) = , 0 < < 1N

N
N→∞

1 . For
ensure the consistency of unit root test, if the lag order is always zero
(ρ = 0i , for each i), IPS test provide simulated critical values of t for
different number of time-length series T , and cross-sections, N .

As [36] argues in the general case, in which ρ ≠ 0i for a fraction
cross-sections, IPS shows that a properly standardized t follows an
asymptotic normal distribution [36].

Alike to IPS test, the F-ADF and F-PP tests allow for ρi to vary
across cross-sections and, consequently, a fraction of individuals to
have a unit root. In the general framework of the Granger non-causality
tests, the individuals which are found to follow an integrated process of
the same order, usually, of order one, I (1), this relationship has to be
tested for cointegration.

For testing the cointegration among series in this research is used
[41] Kao test. Although this test was initially designed to be applies in a
bi-variate context, [42] indicates that this test has a higher power in
comparison with other competing tests, especially in homogenous
panels and when, as in our case, the length of time series is relatively
short. Basically [43], Kao test is a version of ADF test, carried out either
on the residual (εit) of the auxiliary regression ε ρε ν= +it it it−1 , either
based on the augmented variant of the pooling specification in (4) as in
[43]:

∑ε ρε λ Δε ν= + +it it
j

p

j it j it−1
=1

−
(4)

Under the null of no cointegration, the augmented version is
constructed upon the (5) [44]:

ADF
t

N=
+

/+
~ (0, 1),

ρ
N σ
σ

σ

σ
σ
σ

6 ˆ
2 ˆ

ˆ
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10 ˆ

v
v

v

v

v

v

0

0
2

2

2

0
2 (5)

Whereby σ̂v
2 is denoted the estimated variance and σ̂ v0

2 represents the
estimated long-run variance of the error term.

The basic assumption of the Kao test is that the value of ρ does not
vary across the countries in the panel. As [45,46] propose in his
research seven types of cointegration tests residual - based that relax
this assumption, and allows for meaningful heterogeneity. All the
Pedroni tests are based on the estimated residuals of panel regression
described by: ε ρ ε ν= +it i it it−1 , under the null hypothesis of no coin-
tegration, where ρ = 1i .

The denomination of error correction term for the cointegration
term is originated in the gradual correction of the deviation from the
long-run equilibrium achieved via a series of partial short-run adjust-
ments [39,40]. The model is specificated upon the following forms
[2,17,39]:

Δedep α β ECT δ Δedep

γ Δe γ Δshrec u

Δshrec α β ECT δ Δedep

γ Δe γ Δshrec w

= + + ∑

+ ∑ int + ... + ∑ +
...

= + + ∑

+ ∑ int + ... + ∑ +

i t i
edep

i
edep

i t
edep

j
m

ij
edep

i t j

s
q

is
edep

t s s
v

is
edep

t v it

i s i
sh rec v

i t
sh rec

j
m

ij
sh rec

i t j

s
q

is
shrect

t s s
v

is
shrec

t v it

, , −1 =1 , −

=1 1, − =1 9, −

, , −1 =1 , −

=1 1, − =1 9, −

As a result of the correlation existent between the lagged endogen-
ous variables and the error term, in specification of VEC models, it is
necessary to be present an instrumental variable estimator. Consistent
with the [39] approach, fixed effects are included into the model to
remove the undetected heterogeneity of the within-dimension, whist
inclusion of orthogonal deviations, alike to differences in the mean
approach, is designed to remove the heterogeneity specific to between-
dimension (panel members).

Following the [32] approach, the long-run causality is measured
through the significance of ECT coefficients (or beta coefficients) using
the standard t statistic, whilst the causality in short-run is evaluated by
the joint-significance of lagged explanatory variables. In order to
ensure the model stability, the ECT coefficient, which expresses the
adjustment rate next to an exogenous shock, is assumed to be negative.

The option for using the panel VEC model approach in present
study is based on its flexibility, which allows for using of heterogeneous
panels and correction for both serial correlation and heteroskedasticity
in standard errors. From the methodological point of view, it is
noticeable that, in case of no significant evidence of cointegration, as
the adequacy of EC models is limited for cases in which the series are
integrated of order one, the EC terms are not included in the ECMs,
and the standard Granger causality models are estimated without an
EC term. In addition, in situations of no cointegration, the comparison
of all the considered variables in the EC model has to be based upon
their stationarity. Nevertheless, if added anyway, the literature indi-
cates that they report insignificant results [43].

4. Results and discussion

As there has been presented in the literature review, a plenty of
recent researches address different interrelations of the energy sector.
Most of these scientific contributions regard the economic growth and
energy taxation, examining the limits of energy taxation as a factor very
specifically correlated to sustainable development, as the human
aggression towards the environment represents an uncontestable
reality. The first researches in the field were deployed from a national
perspective, aimed mainly to compare results of VAR or OLS models
for different countries [46–48].

However, in the first studies conducted in the framework of panel
data approach, the used datasets account for reduced number of
countries, often divided into groups, upon the economic development,
geographical placement, or other criteria. Grouping based on various
criteria represented the factor that leaded to homogenous character-
istics within the respective groups. As presented in the previous
paragraph, employing of the panel data approach allows just for
control of heterogeneity. Despite the homogeneity of the policy,
settings across the European Union countries, regarding the level of
development still stand important disparities.

Our panel consists of the 30 countries, representing the European
Union member states in 2015 plus Iceland and Norway. Other
countries also adhered to the framework of reporting to Eurostat, but
the availability of data concerning them is usually limited at less than
five years. Yet, these data regard the candidate countries, which are
following the specific roadmap in order to ensure the improvement
domestic energy balances as a provision for joining the European
Union.

Choosing to use the Eurostat data is based on their compatibility
along the panel countries. From the econometric point of view, that
ensures the variables compatibility across the considered countries.
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The figures resulted from running of the panel unit root tests are
presented in the Table 3.

From the above data, it is obviously that, in general, the cross-
sectional units and the cross-sections are integrated of order one. Only
the using of the LLC test reported a significant part (though, a
minority) of the cross-sections to be stationary, for various levels of
significance. The results of the pairwise Granger non-causality tests for
the considered variables are presented in Table 4; consistent with the
approach described in [32], the running of the cointegration test is
performed considering, both variables as the dependent variable.

The results in the Table 4 suggest that, in majority of the cases, exist
a biunivocal significant relationship of Granger causality between the
considered datasets. According to these results, the energy dependence
represents a causal variable for energy productivity; electricity gen-
erated from renewable sources, primary production of renewable
energy and is caused by all these variables, plus share of renewable
energy in gross final energy consumption.

The energy intensity is in a biunivocal causal variable with
electricity generated from renewable sources and share of renewable
energy in gross final energy consumption, and is caused by energy
productivity.

Besides, the energy productivity represents a causal variable for
electricity generated from renewable sources and share of renewable
energy in gross final energy consumption, and is in a biunivocal cause
relationship with energy dependence.

The electricity generated from renewable sources represents a
causal variable for households final energy consumption originated
from renewable sources, is in a biunivocal cause relationship with
energy dependence, energy intensity, and primary production of
renewable energy and is caused by share of renewable energy in
gross final energy consumption.

Despite the series of researches aimed to highlight the importance
of taxation for economic growth and social welfare, based on the
available data may be observed that, in fact, the environmental tax
revenues does not cause any of the considered variables. This may be
considered consistent to the resultative specific-character of this
variable. Interestingly, this variable is caused only by households final
energy consumption originated from renewable sources, which may
represent a proof for the effectiveness of the specific policies put in
place by the appropriate authorities.

Besides the environmental tax revenues, the households final
energy consumption originated from renewable sources represents a
causal variable for electricity generated from renewable sources and
primary production of renewable energy, is in a biunivocal relation-
ship of causality with implicit tax rate on energy and causes electricity
generated from renewable sources and share of renewable energy in
gross final energy consumption.

The primary production of renewable energy is also in a biunivo-
cal relationship of causality with both electricity generated from
renewable sources and energy dependence, causes implicit tax rate
on energy and is caused by share of renewable energy in gross final
energy consumption.

The share of renewable energy in gross final energy consumption
also causes energy dependence, electricity generated from renewable
sources and households final energy consumption originated from
renewable sources; it is in a biunivocal relationship of causality with
energy intensity, and is caused by energy productivity.

The results of the pairwise Granger causality may suggest that the
variables are in a relationship of contegration. In order to ensure a
double-check of this relationship of cointegration the authors consid-
ered to examine the partial correlation between the considered vari-
ables. The results are presented in the Table 5.

Table 3
Panel unit root tests.

Variable LLC IPS ADF-Fisher Chi-square PP-Fisher Chi-square

Level Differenced Level Differenced Level Differenced Level Differenced

e_dep − 4.2*** − 17.18*** − 0.29 − 13.98*** 58.4 267.2*** 66.7 366.7***

e_int − 4.68*** − 15.76*** 1.10 − 9.66*** 53.6 193.7*** 69.9 256.7***

e_pty − 1.22 − 15.04*** 3.70 − 9.52*** 36.94 199.39*** 38.13 274.135***

el_rs 10.44 − 9.07*** 11.58 − 6.69*** 19.17 159.24*** 23.03 179.19***

e_tax − 5.49*** − 10.7*** − 0.81 − 6.35*** 70.61 143.9*** 83.53** 179.1***

hc_rw − 1.75** − 14.74*** 2.96 − 9.42*** 37.11 203.4*** 44.65 264.75***

i_txe − 0.646 − 14.87*** 1.99 − 9.6*** 58.38 195.46*** 76.2 302.13***

pp_re 1.23 −15.23*** 5.25 − 10.02*** 28.39 209.7*** 35.81 261.22***

sh_rec 1.96 − 11.46*** 7.13 − 7.3*** 17.62 158.35*** 40.08 211.57***

Notes: Lag length determined upon the modified Schwartz Info Criterion.
Probabilities for the LLC and IPS tests are computed assuming asymptotic normality. Probabilities for Fisher tests are computed using an asymptotic Chi-square distribution.
All tests equations include individual constant term („fixed effects”).
Differenced refers to series resulted from first-difference.
***, **, * indicates the rejection of the null hypothesis at 1%, 5%, and 10% levels of significance (one tailed test).

Table 4
The results of the pairwise Granger causality tests.

Variable e_dep e_int e_pty el_rs e_tax hc_rw i_txe pp_re sh_rec

e_dep – 1.18 15.94*** 4.57*** 0.20 1.27 1.55 6.16*** 1.68
e_int 0.96 – 1.25 5.97*** 1.29 1.56 0.68 0.22 6.36***

e_pty 1.57** 3.51** – 9.24*** 1.84 0.54 2.01 4.43 2.73*

el_rs 3.78** 6.02*** 0.51 – 0.53 3.05** 0.12 8.52*** 1.64
e_tax 1.37 0.059 0.13 1.01 – 1.82 1.30 0.20 0.46
hc_rw 0.42 1.79 2.19 1.48 3.45** – 3.13** 3.26** 1.13
i_txe 1.94 1.88 1.65 0.01 0.69 3.45** – 2.01 1.13
pp_re 4.08** 0.027 1.53 3.67** 0.64 0.52 2.87** – 0.15
sh_rec 5.34*** 4.35** 1.23 3.20** 0.90 6.78*** 0.20 9.38*** –

Notes: In the first columns, the explanatory variable in the cointegrating relation; in the headings, the dependent variable.
***, **,* Indicates rejection of the null hypothesis of no cointegration at the at the 1%, 5%, and 10% levels of significance.
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In the Table 6 are presented the results reported from Pedroni and
Kao panel tests for cointegration, with the remark that the conducting
of the Pedroni test is adapted to the Eviews software package specific
that supports maximum seven cointegrated series. Therefore, consid-
ering the results of the partial correlation analysis, which indicate a
significant and high value of the correlation coefficients between share
of renewable energy in gross final energy consumption and electricity
generated from renewable sources, and respectively, between energy
productivity and energy dependence, there was considered three
subgroups.

In this respect, every subgroup contains one of the two correlated
variables, as follows: subgroup one (energy productivity and energy
generated from renewable sources), subgroup two (energy depen-
dence and share of renewable energy in gross final energy consump-
tion), and subgroup three (energy dependence and energy generated
from renewable sources), plus the other six remaining variables
respectively.

From the Table 6, there might be observed mixed results leading to
different conclusions. However, the null hypothesis of no cointegration
is rejected in majority of cases. As stated in the above paragraph,
Pedroni considers that in cases of rho and pp tests exists a bias to
under-reject the hypothesis no cointegration, especially in the case of
small samples. In our case, it is possible one may observe that, for all
the considered cases, for the rho test is accepted the null hypothesis,
whereas, for the pp-test the results are opposite. In addition, consider-
ing the result reported by the Kao test, besides the results of the
pairwise non-causality Granger tests, the inclusion of the EC term in
the VEC model is suitable. The estimation for the VEC model, using
GMM method, consistent with the approach of Arellano-Bover are
presented in the Table 7.

The significant results in the estimated αi (Error-Correction-Term)
highlight different situations of the considered variables. Therefore, the
negative values tending towards zero indicate that the long-term
adjustment process is slow; this is the case for the energy intensity

and electricity generated from renewable sources. Primary produc-
tion of renewable energy the acts as variable that tend to overshoot the
economic equilibrium of the system. In case of share of renewable
energy in gross final energy consumption, the positive coefficient
expresses that the action of this variable is toward a deflection of the
considered system from the long-run equilibrium path.

5. Conclusions

During the recent years, many studies have focused on the different
connections between energy and energy consumption and different
economic aspects. However these researches, previously conducted
have taken into consideration just direct connections between these
aspects, without establishing future influences on the economic devel-
opment. In the introduced approach, the measuring of the effects and
determinants of the energy paradigm changes on influencing economic
growth in European Union is carried out by employing of the panel

Table 5
Results of partial correlation analysis.

Correlation e_dep e_int e_pty el_rs e_tax hc_rw i_txe pp_re

e_int 0.086
e_pty − 0.234*** − 0.854***

el_rs − 0.583*** 0.042 0.134**

e_tax − 0.074 − 0.185*** 0.235*** − 0.047
hc_rw 0.003 0.280*** − 0.374*** 0.156*** 0.141***

i_txe − 0.152*** 0.265*** − 0.194*** 0.193*** − 0.120** 0.369***

pp_re − 0.179*** − 0.306*** 0.304*** 0.279*** − 0.210*** − 0.126** − 0.0004
sh_rec − 0.556*** 0.230*** − 0.071 0.922*** − 0.070 0.266 0.291*** 0.212***

***, **, * indicates the significance of t-statistic at 1%, 5%, and 10% levels, respectively.

Table 6
Results of Pedroni and Kao panel cointegration tests.

Test statistic Subgroup 1 Subgroup 2 Subgroup 3

Statistic Weighted-stat Statistic Weighted-stat Statistic Weighted-stat

Panel v-Statistic − 2.579 − 4.507 − 2.241 − 4.063 − 2.527 − 4.853
Panel rho-Statistic 6.053 5.755 5.912 6.544 5.570 6.546
Panel PP-Statistic − 4.772*** − 10.855*** − 8.014*** − 5.200*** − 9.273*** − 10.358***

Panel ADF-Statistic − 3.731*** − 6.747*** − 5.582*** − 2.984*** − 6.861*** − 4.779***

Group rho-Statistic 8.143 – 8.581 – 8.699 –

Group PP-Statistic − 15.96*** – − 12.692*** – − 16.338*** –

Group ADF-Statistic − 6.346*** – − 4.377*** – − 5.151*** –

Kao test ADF t-Stat − 4.082*** ρ = − 0.120 (− 3.842)***

Notes: Lag length determined upon the modified Hannan-Quinn Criterion.
All tests equations include individual constant term (“fixed effects”).
For the coefficient ρ afferent to the Kao test t-Stat value in parenthesis.
***, **, * indicates the rejection of the null hypothesis of no cointegration at the 1%, 5%, and 10% levels of significance (one-tailed test).

Table 7
Estimation of error-correction-term in the vector error-correction model.

Variables ECT coefficients
(t-statistic)

Speed of
adjustment
(t-statistic)

Lag coefficient
(t-statistic)

F-statistic

e_tax 1.000 − 0.002 (− 1.150) 0.161 (2.878)
***

2.639**

e_int − 0.069 (− 4.926)
***

− 0.124 (− 2.155)
***

0.005 (2.575)
***

5.271***

el_rs − 0.098 (− 0.576)
***

− 0.005 (− 0.522) 0.010 (0.654) 9.458***

ppre − 2.263 (− 8.361)
***

− 0.025 (− 8.365)
***

− 0.042 (−
1.045)

11.357***

sh_rec 0.739 (2.657)*** − 0.007 (− 1.371) − 0.015 (−
0.527)

3.535***

Notes: Lag length: 1, 1.
***, **, * indicates the significance at the 1%, 5%, and 10% levels of significance.
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data approach and its subsequent techniques in a panel investigating
the interrelated evolution of nine economic variables within 30
European countries, (EU-28 in 2015, plus Iceland and Norway).

One of the major challenges in contemporary economies is repre-
sented by the transformation of the current energy paradigm which
implies a proper approach in the field, as it is remarked in literature
[49–53] in connection with complementary issues in the field (envir-
onmental performance, environment protection, sustainable develop-
ment and EU institutions).

The analysis of the variables employed in the research reviles multi-
objective combinations and inter-correlations among countries and
variables. In this context, the emergence of the effects and determi-
nants of the energy paradigm changes on influencing economic growth
in European Union represents a determinant research topic in litera-
ture by its main implication in designing the new energy paradigm.

Referring to the speed of adjustment, the results express the
significant influence of energy intensity and primary production of
renewable energy. Considering the significance of the lagged explana-
tory variables, which expresses the causal effect in short-term, the
results indicate important evidence in favor of variables environmental
tax revenues and primary production of renewable energy. It is
remarkable that the latter variable takes significant values for all the
aspects in the VEC model, despite the reduced and various shares of
renewable energies in total consumption, in most of the considered
countries. This situation may be interpreted in connection with the
important investments and production capacities in the field of renew-
able energies deployed especially in some European countries, aiming
to comply with the Kyoto Protocol provisions.
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