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The circular economy creates a robust system that can combat global concerns

like climate change, biodiversity loss, waste, and pollution by decoupling

economic activity from the use of natural resources. This study for the first time

in European Union (EU) countries, examines the impact of economic growth,

urbanization, investment in information technology and communication (IT&C),

oil import prices, environmental technology and environmental tax on energy

consumption. Additionally, it also examined the impact of oil import prices,

urbanization, energy consumption, investment in information technology and

communication, environmental technology and environmental tax on economic

growth by using panel autoregressive distributed lag (ARDL) model for the

estimations over the period 1990–2020. According to the correlation matrix’s

estimations, findings suggest that the economic expansion of the EU member

countries is positively influenced by oil import prices, urbanization, environmental

technology and energy consumption, while negatively impacted by investment in

IT&C and environmental taxes both in the short and long-run. On the other hand,

energy consumption is found to be positively impacted by economic growth,

urbanization and oil import prices while negatively influenced by investment in

IT&C, environmental taxes and environmental related technologies. In addition,

the results of the panel ARDL model indicate that oil import prices positively and

significantly influence the economic growth of the EUmembers. However, results

of urbanization reveal a negative influence on economic growth in the short-term,

but in the long-run, it has a favorable and considerable influence on the economic

growth of the European Union. Finally, the research has implications for policy

makers and regulators in the EU.

KEYWORDS

investment in IT&C, oil import prices, energy consumption, economic growth,

environmental technologies and taxes, panel ARDL model

1. Introduction

The European Union (EU) has set effective strategies to increase the consumption

level of renewable energy through the innovation of finance, technology and

customer engagement (Anton and Nucu, 2020). In order to achieve sustainable

development and tackle environmental setbacks, renewable energy resources
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should be produced and efficiently utilized (Fan and Hao, 2020).

Energy consumption, which is used for social and economic

activities, has been seen as a major determinant of economic

expansion. It is a vital input to enhance a country’s economy

and is often regarded as a key indicator of a nation’s social and

economic progress. Regardless of the European Union’s consistent

and sound renewable energy policies, the consumption of energy

by the households and other sectors of the economy significantly

differs as a result of price and energy availability (Tutak and

Brodny, 2022). For the past years and as of recent, the EU has

been focusing on increasing the renewable energy consumption,

particularly in the transport industry. The need for electricity is

rapidly increasing in every industrialized and emerging economies

particularly in Europe, and as a result, renewable resources are

now being considered as an alternative to supply the world’s energy

demand in the coming years, which will mitigate power shortages

and improve environmental standards and livelihoods. It has been

considered as the basis for the development and modernization

of national economies (Wang et al., 2019). As alluded by Rasheed

et al. (2022), the European states are attempting to realize carbon

neutrality by 2050.

Oil import prices and the consumption of renewable and

non-renewable energy resources in relation to the growth of

EU economies is paramount and as a result, the need for

energy consumption by all national sectors across the EU is

quite different from the rest of the world. The region is heavily

dependent on Russia for energy supply, which has affected their

economies due to the recent Russia-Ukraine conflict coupled with

the outbreak of the COVID-19 pandemic. The consumption of

renewable energy is an effective way to mitigate the rising global

environmental deterioration, and the manner in which the oil

import prices determine the environmental standards and energy

consumption patterns in European countries remains obscure

(Rasheed et al., 2022). There is a limited number of literatures on

the interrelationships among the variables used in our study in

the context of European Union. Hence, the undertaken research

theme is timely and from the perspective of the EU economies, it

concerns a very important subject. Our findings will significantly

contribute to the existing literature and pave a new way for

further research. According to Brodny and Tutak (2022), there is

a significant diversity of the EU economies, enhancement of energy

efficiency and strategy of energy used by household and industrial

sectors. Lovcha et al. (2022) develops a monitoring model of carbon

price dynamics for EU emission trading systems that correlates

the economic activities, energy sector and carbon prices. Their

study outcome unveiled that 90% of carbon price fluctuations are

determined by fundamental market variables.

Our paper explores the impact of economic expansion,

urbanization, investment in information technology and

communication, oil import prices, environmental technology

Abbreviations: ARDL, Autoregressive Distributed Lag; CO2, Carbon

dioxide; CS-ARDL, Cross-Sectional Autoregressive Distributed Lags; DOLS,

Dynamic Ordinary Least Squares; ECM, Error Correction Model; GCC, Gulf

Cooperation Council; GDP, Gross Domestic Product; FMOLS, Fully-Modified

Ordinary Least Squares; OPEC, Organization of the Petroleum Exporting

Countries; VECM, Vector Error Correction Model.

and environmental tax on energy consumption. Additionally,

it also examines the impact of oil import prices, urbanization,

energy consumption, investment in information technology and

communication, environmental technology and environmental

tax on the economic growth by using panel ARDL model for the

estimations and analyses over the period 1990–2020. According

to the correlation matrix’s estimations, our findings suggest that

economic growth of the EU member countries is positively

influenced by oil import prices, urbanization, environmental

technology and energy consumption, while negatively impacted

by investment in IT&C and environmental taxes both in the short

and long-run. On the other hand, energy consumption is found to

be positively impacted by economic growth, urbanization and oil

import prices while negatively influenced by investment in IT&C,

environmental taxes and environmental related technologies.

Other estimations applied by the study include: cross sectional

dependency test, panel unit root test, long-run and short-run

elasticity test, stability test and Granger causality test.

The main conclusions of our study are in line with previous

works of Alper and Oguz (2016), Rafindadi and Ozturk (2017),

Gozgor et al. (2018), Baz et al. (2019), Wang et al. (2019), Zafar

et al. (2019), Rahman and Velayutham (2020), Islam and Islam

(2021), and Jafri et al. (2021). The study meaningfully contributes

to the existing limited literature on the nexus among economic

growth, energy consumption, urbanization and oil import prices

in the European Union. Although, Papież et al. (2019) analyzed

the impact of renewable energy sector development in relation

to economic expansion and energy consumption in the European

Union, with the conclusion that the correlations between electricity

consumption and economic expansion rely on the development

of renewable energy sector, our study incorporates other relevant

variables such as environmental technology, environmental taxes

and investment in IT&C in the model to draw better conclusions

on the economic growth-energy consumption nexus across the

EU. The paper is organized as follows: Section 2 presents the

literature review followed by Section 3, which discusses the research

framework and estimation methodology. The results and analyses

are provided in Section 4. The last section presents the concluding

remarks with policy recommendations.

2. Review of literature

Mukhtarov et al. (2022) applied the General to Specific

modeling technique to explore the impact of higher oil price,

income and CO2 emissions on the consumption of renewable

energy in the context of Iran over the period 1980–2019.

Their findings suggested that renewable energy consumption is

negatively influenced by oil price and CO2 emissions. Gyimah

et al. (2022) examines the effects of renewable energy use

on economic expansion in Ghana by adopting the mediation

model and Granger causality test from 1990 to 2015. The

outcome of their investigations revealed that the consumption

of renewable energy has a positive and significant influence on

Ghana’s economic expansion. Ozturk et al. (2022) adopted the

DOLS and FMOLS to explore the correlations between GDP

growth, energy use, CO2 emissions and pilgrimage tourism in

the context of Saudi Arabia between 1968 and 2017. With the
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exclusion of GDP growth, estimation results unveiled that the

emission of CO2 in Saudi Arabia is positively impacted by the

influx of pilgrims, energy consumption and oil prices. Mukhtarov

(2022) assessed the association between renewable energy use

and GDP growth in Azerbaijan over the period 1992–2015. The

author applied the ARDL-Toda-Yamamoto causality test method

to analyze the correlations among the series. An unidirectional

causality emanating from energy use and to renewable energy use

was unveiled.

Unidirectional causality from energy consumption to economic

growth could negatively affect GDP growth. Although, if

unidirectional causality runs from economic growth to energy

consumption, then energy conservation strategies may be applied

with little or no adverse influence on economic growth (Mahadevan

and Asafu-Adjaye, 2007). The discovery of a correlation absence

in either direction insinuated that rising energy consumption does

not have any impact on GDP growth. Applying the panel ECMs,

Mahadevan and Asafu-Adjaye (2007) reassessed the interactions

between energy consumption and GDP growth on 20 net energy

exporters and importers using annual dataset spanning from

1971 to 2002. Research estimations revealed a short and long-

run bidirectional correlation between GDP growth and energy

consumption among energy exporters from developed countries.

Ocal and Aslan (2013) investigated the causal relationship between

renewable energy and economic growth in the context of Turkey.

Results from the ARDL methods established a negative effect of

renewable energy consumption on economic growth, while Toda

and Yamamoto (1995) causality tests revealed a unidirectional

correlation emanating from economic growth to renewable energy

consumption. Hoshmand et al. (2013) examined the connection

between energy consumption, economic growth and prices among

OPEC member countries by applying panel data modus operandi

from 1978 to 2008. Findings unveiled a long-run bidirectional

association between energy consumption and GDP growth and a

unidirectional short-run causal relationship from GDP growth to

an increase in energy prices.

Payne (2012) analyzed the connection between real GDP,

renewable energy consumption, carbon emissions and real oil

prices using the Toda-Yamamoto long-causality test methods over

the period 1949–2009. Empirical results showed that renewable

energy laws and regulations from 1978 had a meaningful impact

on renewable energy consumption and suggested on the other

hand, that real gross domestic product, real oil prices, and

carbon emissions had a zero-causality effect on renewable energy

consumption. Bildirici and Ersin (2015) used the ARDL model and

other estimations methods to investigate the long-run interactions

between biomass energy consumption, oil prices and GDP growth

in the U.S, Canada, Germany, Austria, Great Britain, Finland,

France, Italy, Mexico and Portugal for the period spanning from

1970 to 2013. A long-run correlation among the series was revealed.

Apergis and Payne (2014) analyzed the empirical literature on the

factors of renewable energy consumption in 25 OECD countries

between 1980 and 2011. The authors applied the ECM and panel

cointegration techniques. The outcome of their study revealed the

existence of a long-run and a feedback association between real

GDP per capita, renewable energy consumption per capita, carbon

dioxide emissions per capita and real oil prices.

Applying the cointegration and error correction modeling

methods, Asafu-Adjaye (2000) investigated the causal correlations

between energy consumption, energy prices and income for

the Philippines, India, Indonesia, and Thailand. Evidence from

granger causality tests showed a positive connection spanning

from energy consumption to income for Indonesia and India.

However, for Philippines and Thailand, a bidirectional correlation

emanating from energy consumption to income and a mutual

causal relationship among the variables observed were founded.

Sarwar et al. (2017) examined the connection between GDP

growth, electricity consumption, gross fixed capital formation, oil

prices, and population using panel data of over 200 countries

for the period 1960–2014. The authors applied the panel

VECM and other econometric estimations to investigate the

relationship between the series. The conclusions drawn revealed

a bidirectional interaction between electricity consumption and

economic growth, oil price and economic growth, fixed capital

formation, population, and economic growth. Talha et al. (2021)

used E-views regression model, correlation model, and descriptive

analysis with a time-series annual data from 1986 to 2019

to explore the effects of energy consumption, oil prices, and

GDP growth on inflation in the context of Malaysia. The

estimates showed a positive association among the series and

that the rate of oil and renewable energy consumption boosts

economic expansion and the inflation rate in Malaysia. These

findings are in order with the study of Taghizadeh-Hesary et al.

(2019).

Yuan et al. (2010) investigated the link between energy

consumption, energy prices, and economic growth using

impulse response functions, cointegration equations, variance

decomposition, and granger causality test in the context of

China. The results suggested that higher energy prices in China

lead to a reduction in energy consumption in the industrial

sector. However, in the long-term, the economic output steadily

expanded despite an increase in energy prices. Brini et al.

(2017) studied the connection between renewable energy

consumption, oil price, international trade, and economic

growth using the ARDL technique and bounds testing method

to cointegration in Tunisia over the period 1980–2011. The

investigations revealed a short-term bidirectional correlation

between international trade and renewable energy consumption

and a unidirectional link between renewable energy consumption

and oil price in the short-run. In the context of Pakistan, Abbasi

et al. (2021) adopted the VECM to assess the interactions

between electricity consumption, price and real gross domestic

product. A long-run connection between series was found

to exist in the industrial sector of Pakistan. Employing the

Granger causality test approach and impulse response function

analysis, Wang et al. (2019) investigated the effects of energy

prices, economic growth and urbanization on per capita energy

consumption for 186 high, upper, and lower-middle income

countries covering the period 1980–2015. Findings from the

Granger causality test exhibit a bidirectional correlation between

urbanization and energy consumption in high and lower-middle

income countries.

Majeed et al. (2021) adopted the CS-ARDL estimator

and advanced econometric approach to explore the effect of
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economic globalization, natural resource abundance, urbanization,

economic growth and disaggregated energy consumption on

the environmental quality of GCC nations over the period

1990–2018. A positive correlation between natural resource

abundance and environmental quality was unveiled. Renewable

energy consumption and economic globalization were found

to mitigate emission levels in the GCC economies, and as

a result, economic growth, urbanization and non-renewable

energy consumption significantly degrade environmental

standards. Hsu et al. (2021) investigated the key determinants

of China’s natural environmental sustainability in the context

of carbon emission, greenhouse gas emission, environmental

taxes, haze pollution, ecological innovation, globalization,

renewable energy. The authors applied the quantile ARDL

technique to evaluate the short and long-run interactions

between the series. Their findings suggested a significant and

negative effect of ecological innovation, renewable energy, and

environmental taxes on carbon emissions in China. In contrast,

the globalization factor was found to significantly enhance carbon

dioxide emissions.

Gozgor (2018) adopted the ARDL model to assess the impact

of U.S. renewable energy consumption on economic growth from

1965 to 2016. Results revealed that the use of renewable energy

is associated with a higher rate of GDP growth. Gozgor et al.

(2018) adopted the ARDL model to study the effect of renewable

and non-renewable energy consumption on economic growth

in 29 OECD countries from 1990 to 2013. The study outcome

unveiled positive impact of energy consumption on GDP growth.

Using quarterly data from 1971Q1 to 2013QIV, Rafindadi and

Ozturk (2017) used the ARDL and other estimations tools to

investigate the impact of renewable energy consumption on GDP

growth in Germany and suggested that Germany’s renewable

energy consumption positively impact economic growth. Alper

and Oguz (2016) used the asymmetric causality test and ARDL

technique to evaluate data from a subset of EU member states

that joined between 1990 and 2009. The investigations suggested

that the utilization of renewable energy sources enhance their

economic performance.

3. Framework and estimation
methodology

There are four primary questions that will be explored during

this investigation. The primary purpose of this research is to

analyze how oil import prices and energy consumption affect

economic growth. A secondary focus of this research is the effect

that economic growth has on the amount of energy used in the

countries under consideration. Energy consumption in the research

countries was also analyzed along with its impacts on urbanization,

IT&C investment, environmental technologies, environmental

taxes, and economic growth. The study’s final objective is

to investigate how energy consumption, urbanization, IT&C

investment, environmental technology, environmental taxation,

and oil import prices affect GDP growth across the EU. Based

on these primary goals, the following set of equations has been

developed for further analysis.

TABLE 1 Details of variables.

Variables Description Data
source

EcoGrowth (economic
growth)

Total, US dollars/capita OECD

EngyCon (renewable energy
consumption)

Total % of primary energy
supply

OilPrice (oil import prices) Total, US dollars/barrel

POP (population) Total, million persons

InvestIT (investment in
information technology and
Communication)

Total, percentage

EnviTech (environmental
technology)

Patents on environment
technologies Total, Percentage

EnviTax (environmental
taxes)

Energy/total/transport/
pollution/resources, % of
GDP

EcoGrowthit = β0 + β1EngyConit + β2OilPriceit + εit (1)

EngyConit = β0 + β1EcoGrowthit + εit (2)

EngyConit = β0 + β1EcoGrowthit + β2POPit + β3InvestITit

+β4Envitechit + β5EnvirTaxit + εit (3)

EcoGrowthit = β0 + β1EngyConit + β2POPit + β3InvestITit

+β4Envitechit + β5EnvirTaxit

+β6OilPriceit + εit (4)

For the purpose of analyzing the results, this study utilized

panel data spanning from 1990 to 2020 for all 27 EU nations.

The variables used in this study were chosen after a review

of the relevant prior research. EcoGrowth demonstrated the

economic growth by following early literature for variable selection,

demonstrating that economic growth is used as a proxy for

measuring the expansion of the economy. This study used

environmental technology and environmental related taxes to

check the impact on the energy consumption and economic growth

in the study countries. Environmental taxes are utilized in order to

regulate the usage of conventional forms of energy and to stimulate

economic expansion. Table 1 provides a description of the variables

that were used.

3.1. Econometric approach for panel ARDL

The following Panel ARDL (P, Q, Q. . . . . . , Q1) model

is estimated using the panel data set with time periods

t = 1, 2, 3, . . . . . . . . . .., T and groupings of nations

i = 1, 2, 3, . . . . . . . . . ..,N.

EcoGrowthit =
P

∑

j=1

λijEcoGrowthit−j +

Q
∑

j=0

δ′ijXit−j + µi + εit (5)
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EngyConit =
P

∑

j=1

λijEngyConit−j +

Q
∑

j=0

δ′ijXit−j + µi + εit (6)

In the above-mentioned panel ARDL (P, Q, Q......, Q1) model,

X it (k X 1) represents the vectors of the regressors groups

i;µi represents the fixed effect, the coefficients of the lagged

regress and, i.e., Economic growth and Energy consumption, λij

represents the scalars in the equation, and δij represents the (k X

1) coefficients vector. If cointegration occurs between regressors

and regressands, the error correction term is applied to all sets of

nations. The key features of cointegrations between regressands

and regressors are the responses to deviations from long-term

equilibrium. This property of the regressand and regressors

reveals the ECM, which specifies how the short-term dynamics

of the regressand and regressors in the system are influenced

by deviations from equilibrium. The following error corrections

equation is described based on the previously stated Panel ARDL

(P, Q, Q......, Q1) equation.

△EcoGrowthit

= ∅i
(

EcoGrowthit−1 − θ ′iXit−1
)

+

P−1
∑

j=1

λ∗ij△EcoGrowthit−1

+

Q−1
∑

j=0

δ
′∗
ij△Xit−j + µi + εit (7)

△EngyConit

= ∅i
(

EngyConit−1 − θ ′iXit−1
)

+

P−1
∑

j=1

λ∗ij△EngyConit−1

+

Q−1
∑

j=0

δ
′∗
ij△Xit−j + µi + εit (8)

Based on the above equations ∅i = −

(

1−
∑P

j=1 λij

)

, θi =

∑Q
j=0

δij

(1−
∑

k λik)
,λ∗ij = −

∑P
m=j+1 λim j = 1, 2, 3, . . . , P −

1, and δ∗ij = −
∑Q

m=j+1 δim j = 1, 2, 3, . . . ,Q − 1. ∅i

demonstrate the speed of adjustment to its equilibrium that is

known as the error correction speed/model. If the studied error

correction speed of adjustment is zero (i.e., ∅i = 0), then there

is no correlation between the regressors and the regressand over

the long-term. Based on the assumption that the variables used

in the equation point toward a long-run equilibrium, a negative

and statistically significant error correction term is anticipated;

the term θ ′i in the aforementioned equation represents the long-

run correlation between the regressors and the regressand. The

following formula is derived from the previously derived formulae

for all relevant variables:

EcoGrowthit

= β0 + β1EngyConit + β2POPit + β3InvestITit + β4Envitechit

+ β5EnvirTaxit + β6OilPriceit + εit (9)

△EcoGrowthit

= β0 +∅1,i
[

EcoGrowthit−1 − θ ′2,i(EngyConit ,OilPriceit)
′
]

+

P−1
∑

j=1

λ∗ij△EcoGrowthit−1 +

Q−1
∑

j=0

δ
′∗
ij△EngyConit−j

+

Q−1
∑

j=0

δ
′∗
ij△OilPriceit−j + µi + εit (10)

△EngyConit

= β0 +∅1,i
[

EngyConit−1 − θ ′2,i(EcoGrowthit)
′
]

+

P−1
∑

j=1

λ∗ij△EngyConit−1 +

Q−1
∑

j=0

δ
′∗
ij△EcoGrowthit−j

+ µi + εit (11)

△EngyConit = β0 +∅1,i
[

EngyCont−1 − θ ′2,i(EcoGrowthit , POPit ,

InvesITit ,EnviTechit ,EnvirTaxit)
′
]

+

P−1
∑

j=1

λ∗ij△EngyConit−1 +

Q−1
∑

j=0

δ
′∗
ij△EcoGrowthit−j

+

Q−1
∑

j=0

δ
′∗
ij△POPit−j +

Q−1
∑

j=0

δ
′∗
ij△InvesITit−j

+

Q−1
∑

j=0

δ
′∗
ij△EnviTechit−j +

Q−1
∑

j=0

δ
′∗

ij△EnvirTaxit−j

+µi + εit (12)

△EcoGrowthit = β0 +∅1,i
[

EcoGrowtht−1 − θ ′2,i(EngyConit , POPit ,

InvesITit ,EnviTechit ,EnvirTaxit ,EnvirTaxit ,

OilPriceit)
′
]

+

P−1
∑

j=1

λ∗ij△EcoGrowthit−1

+

Q−1
∑

j=0

δ′∗ij△EngyConit−j +

Q−1
∑

j=0

δ
′∗
ij△POPit−j

+

Q−1
∑

j=0

δ
′∗
ij△InvesITit−j +

Q−1
∑

j=0

δ
′∗
ij△EnviTechit−j

+

Q−1
∑

j=0

δ
′∗
ij△EnvirTaxit−j +

Q−1
∑

j=0

δ
′∗
ij△OilPriceit−j

+µi + εit (13)

4. Results and discussion

The results of the descriptive statistics are presented in Table 2.

Descriptive statistics are used to describe the characteristics of

the data that have been utilized. These characteristics include the

mean, standard deviation, minimum, and maximum values for

the variables that have been used. The findings of the descriptive

statistics that were analyzed show that economic growth has a

mean value of 28,713 for the EU states, with the minimum value

in the range being 5,427 and the largest value in the range being
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TABLE 2 Descriptive statistics.

Variable Obs Mean Std. dev. Min Max

Economic growth 791 28,713.061 16,774.826 5,427.022 118,747.49

Energy consumption 791 4,617.897 6,675.735 0 44,019.095

Urbanization 791 0.205 0.846 −2.9 4.008

Investment in IT&C 791 18.345 14.213 2.417 58.347

Environmental technology 791 10.812 5.363 0.84 50

Environmental tax 791 1.9 0.596 0 4.59

Oil import prices 791 52.476 24.540 11.66 115.64

TABLE 3 Matrix of correlations.

Variables (1) (2) (3) (4) (5) (6) (7)

Economic growth 1.000

Energy consumption 0.609 1.000

Urbanization 0.585 0.096 1.000

Investment in IT&C −0.604 −0.121 −0.08 1.000

Environmental technology 0.635 0.079 0.027 −0.099 1.000

Environmental tax −0.46 0.164 0.048 −0.147 0.031 1.000

Oil import prices 0.227 0.125 0.012 0.059 0.055 0.051 1.000

11,874 accordingly. The findings from the investigation into the

consumption of energy indicate that the smallest value is 0 and

the maximum value is 44,019, with the mean value being 4,617.

In addition, urbanization was employed in this study’s descriptive

statistics; the mean value is 0.205, and the standard deviation value

is 0.846; the minimum value is −2.9, and the maximum value is 4,

correspondingly. In addition, the findings indicate that investments

in information technology and communication have a mean value

of 18, a standard deviation value of 14, and a maximum value

of 58 and a minimum value of 2.417. Additional two variables

are included for environmental issues, namely environmental

technology and environmental tax in the economies that are taken

into account. According to the findings, the maximum value

of environmental technology is 50, while the maximum value

of environmental tax is 4.59. The mean value of environmental

technology is 10, while the mean value of environmental tax is 1.9.

Findings about oil import prices suggest that the mean value is 52,

while the standard deviation value is 24, with the minimum and

maximum values, respectively, being 11 and 115.

The results of the correlations matrix are shown in Table 3. In

order to investigate the correlations between the variables being

employed, a correlationmatrix is utilized. According to the findings

of the matrix, economic growth has a positive relationship with

urbanization, energy consumption, environmental technology,

and oil import prices, but a negative relationship with investments

in information technology and communication as well as

environmental taxes. In addition, the data point to a positive

correlation between energy consumption and economic growth,

urbanization, and oil import prices. According to the findings,

the price of oil imports has a positive correlation with economic

growth, energy consumption, urbanization, environmental

technology, environmental taxation, as well as investments in

information technology and communication.

The possibility of a cross-sectional problem exists because of

the nature of panel data; hence, this study explores the cross-

section dependence in the variable by employing the Pesaran

dependency test; the results of this investigation are provided in

Table 4. Based on the findings, it appears that there is a cross-

sectional dependence in the variables. According to the findings,

there is a cross-sectional dependency between economic growth,

energy consumption, urbanization, investments in information and

communication technology, environmental technology, and oil

import prices in the nations that were investigated. In addition,

this research investigated whether or not the variables that were

employed were stationary by employing the Im-Pesaran Shin and

Fisher-type unit root tests, respectively.

Table 5 displays the results of the panel unit root tests that were

conducted. In order to determine whether or not the variables that

were utilized in the analyses were stationary, Im-Pesaran Shin and

Fisher-type unit root tests were carried out. The findings reveal that

GDP growth is not stationary at level; nevertheless, it does become

stationary at first difference with both Panel root tests; namely, the

Im-Pesaran Shin and Fisher-type tests, respectively. In addition, the

results of the Im-Pesaran Shin unit root test indicate that variables

such as urbanization, environmental technology and oil prices are

stationary at level, whereas variables such as energy consumption,

investment in information technology and communication, and

environmental tax are not stationary at level. However, the results

of this test indicate that these variables become stationary at

first difference. In addition, the results of a Fisher-type unit root

test indicate that energy consumption, urbanization, investments

in information technology and communication, environmental
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TABLE 4 Cross sectional dependency test.

Variable CD-test p-value corr abs (corr)

Economic growth 5.520 0.000 0.052 0.478

Energy
consumption

96.560 0.000 0.972 0.972

Urbanization −1.680 0.094 −0.017 0.259

Investment in IT&C 2.130 0.033 0.020 0.447

Environmental
technology

2.430 0.015 0.022 0.238

Environmental tax −0.220 0.825 −0.003 0.407

Oil import prices 12.08 0.000 0.118 0.478

TABLE 5 Panel unit root tests.

Variables Im-Pesaran-Shin
unit-root test

Fisher-type
unit-root test

At level 1st di� At level 1st di�

Economic growth 14.4617 −9.5957∗∗∗ −4.8698 22.4675∗∗∗

Energy
consumption

0.3987 −14.6367∗∗∗ 9.5083∗∗∗ 60.8828∗∗∗

Urbanization −3.5355∗∗∗ −13.7873∗∗∗ 14.8706∗∗∗ 65.9786∗∗∗

Investment in
IT&C

1.9241 −10.1893∗∗∗ 0.8242∗∗∗ 51.8923∗∗∗

Environmental
technology

−8.2319∗∗∗ −17.8687∗∗∗ 30.0525∗∗∗ 116.3459

Environmental
tax

−0.6233 −12.0187∗∗∗ 1.4028∗ 49.3784∗∗∗

Oil import prices −1.6368∗ −13.0123∗∗∗ 0.5152 42.3072∗∗∗

∗, ∗∗∗ shows 10% and 1% level of significance.

technology, and environmental taxes are stationary at level and first

difference, which validates the fact that a panel ARDLmodel can be

utilized with the variables.

In order to investigate whether or not the variables shown

in Table 6 exhibit cointegration, we subjected them to three

distinct cointegration tests: the Westerlund, Pedroni, and Kao

cointegration tests. This study looked at the cointegration in

energy consumption, oil import prices, and economic growth

in the nations that were studied using the first equation in

the equation set. The results of the cointegration experiments

conducted by Westerlund, Pedroni, and Kao revealed that

cointegration does, in fact, exist in the variables that were

studied. In addition, the cointegration between economic growth

and energy consumption was investigated in this study using

the second equation. Findings from the second equation show

that cointegration does exist, as shown by the outcomes of the

Westerlund, Pedroni, and Kao cointegration tests in that order. In

addition, urbanization, investments in information technology and

communication, environmental technologies, and environmental

levies were included in this study alongside economic growth

in order to investigate the cointegration of these factors with

energy consumption. In accordance with the findings of the

Westerlund, Pedroni, and Kao cointegration tests, the solutions

to the third equation point to the existence of cointegration in

the following areas: urbanization; investments in information and

communication technology; environmental technology; economic

growth; environmental taxes; and energy consumption. In the final

step of this investigation, cointegration was investigated through

the utilization of Westerlund, Pedroni, and Kao cointegration

tests in the areas of energy consumption, urbanization, investment

in information technology and communication, environmental

technology, environmental taxes, oil import prices, and economic

growth. Cointegration in the research variables was shown to exist

according to the findings of the Westerlund, Pedroni, and Kao

cointegration tests.

The findings of the panel ARDL model illustrated in Table 7

indicate that oil import prices positively and significantly influence

the economic expansion of the European Union countries. The

examined results of the oil import prices indicate that 1% increase

in the prices of oil import causes to increase the economic growth

of the EU members countries. On the other hand, the investigated

panel ARDL data reveal that economic expansion in EU nations

induces an increase in energy consumption. Furthermore, the data

show that a 1% rise in economic growth induces an increase

in energy consumption of around 2.93, 0.89% in the short-run,

and ∼0.35, 2.91% in the long-run. Consumption of energy has

a positive and substantial effect on economic growth across EU

member states, as shown by results from both short and long term

pooled mean group estimators. According to the estimations, a one

percent rise in energy consumption boosts the economies of the

EU member nations by 1.60, 0.96 percent in the short term and

by 0.91, 2.03% in the long run. These findings are in line with

the estimations of Alper and Oguz (2016), Rafindadi and Ozturk

(2017), and Gozgor (2018).

The results of urbanization reveal a negative influence on

economic growth in the short-term, but in the long-run, it

has a favorable and considerable influence on the economic

growth of EU members. Further the findings show investment

in information technology and communication, environmental

related technologies and environmental taxes causes to increase

the economy growth of the EU member countries both in the

short-run and the long run-respectively. Findings of the investment

information technology and communications causes to increase

the economic growth of the European countries about 0.092%

in the short-run and 1.80% in the long-run. The findings of

environmental technology indicate positive and significant impact

on the economic growth in the short and in the long-run,

respectively. In the short run, 1% increase in environmental

technology causes to increase the economy growth about 3.29%,

while in the long-run it causes to boost the economy growth

about 0.63%. On the other hand, the results of Panel ARDL

indicate that taxes related to environment causes to boost the

economy growth by 0.95 and 1.52% both in the short and

long-run, respectively.

Findings of the (Equation 4) indicate that urbanization causes
to increase the energy consumption both in the short and long-
run in the EU countries. The examined results indicate that in
the short-run, 1% increase in urbanization causes to increase

the consumption of energy by 0.081% while in the long run

it causes to boost the use of energy about 1.58%. The findings

of the environmental technology and taxes demonstrate negative

and significant impact on the energy consumption both in the
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TABLE 6 Panel cointegration tests.

Equation Westerlund
test

Pedroni test Kao test

EcoGrowthit = β0 + β1EngyConit + β2OilPriceit + εit

EngyConit = β0 + β1EcoGrowthit + εit Cointegration Cointegration Cointegration

EngyConit = β0 + β1EcoGrowthit + β2POPit + β3InvestITit + β4Envitechit + β5EnvirTaxit + εit

EcoGrowthit = β0 + β1EngyConit + β2POPit + β3InvestITit + β4Envitechit + β5EnvirTaxit + β6OilPriceit + εit

TABLE 7 The results for long-run and short-run elasticities.

Eq-1 Eq-2 Eq-3 Eq-4

Short run results

Economic growth Energy consumption Economic growth Energy consumption

Economic growth 2.938∗∗∗ (4.81) 0.892∗∗∗ (5.20)

Oil import prices −0.438∗∗∗ (−2.91) 3.296 (0.39) −3.041∗∗∗ (−5.01)

Energy consumption 1.602∗∗∗ (3.02) 0.961∗∗ (2.52)

Urbanization −2.042∗∗∗ (−4.98) 0.081∗∗∗ (3.11)

Investment in IT&C 0.092∗∗∗ (2.96) −0.209∗∗ (−1.99)

Environmental technology 3.296∗∗∗ (4.30) −1.083∗∗∗ (−4.82)

Environmental tax 0.958∗∗∗ (3.99) −0.421∗∗∗ (−2.91)

Cons 898.5∗∗∗ (8.85) 546.8∗∗∗ (4.07) 452.1∗∗∗ (3.34) 972.8∗∗∗ (4.25)

ECT −0.920∗∗∗ (−3.09) −0.213∗∗∗ (−4.18) −0.533∗∗∗ (−4.13) −0.583∗∗∗ (−3.05)

Long run results

Economic growth 0.358∗∗∗ (3.31) 2.912∗∗∗ (3.27)

Oil import prices 2.811∗∗∗ (4.98) 0.682∗∗∗ (2.19) 0.302∗∗∗ (3.51)

Energy consumption 0.912∗∗∗ (4.82) 2.031∗∗ (1.92)

Urbanization 3.941∗∗∗ (4.81) 1.580∗∗∗ (2.11)

Investment in IT&C 1.802∗∗∗ (6.16) −6.239∗∗∗ (−2.39)

Environmental technology 0.630∗∗∗ (2.30) −0.383∗∗∗ (−3.02)

Environmental tax 1.528∗∗∗ (7.59) −2.217∗∗∗ (−4.38)

Hausman test ChiSq 5.92 5.01 7.93 6.10

R-Square 0.639 0.401 0.795 0.862

∗∗, ∗∗∗ shows 5% and 1% level of significance.

TABLE 8 Stability tests.

Diagnostic test Equ-1 Equ-2 Equ-3 Equ-4

P-value of the serial
correlation test

0.582 0.609 0.843 0.877

P-value of the
heteroscedasticity test

0.398 0.611 0.691 0.490

short and in the long-run. The ECT coefficient is negative

and statistically significant, indicating the long-term equilibrium

relationship between the research variables. Pooled Mean group

estimator is selected based on the examined value of Hausman test.

Table 8 demonstrates the results of different test to check the

stability of the used model. The examined findings indicate that

there is no problem of serial correlation and heteroscedasticity in

the used models.

The empirical estimations of the Granger causality test shown

in Table 9 indicate that the consumption of renewable energy

granger causes economic growth in the EU states, while GDP

growth Granger causes the consumption of energy. These findings

confirm that there is a bidirectional interaction between the

study series. On the other hand, the data shows that growth

in the economy causes an increase in oil import prices via
granger causality, which confirms that there is a bidirectional

correlation between these two variables. In addition, the findings

of the pairwise Granger causality test reveal that investments in

information technology and communication have a link that is

both forward and backward with the expansion of EU economies.

Moreover, this research investigated the causality in environmental
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TABLE 9 The results for Granger causality tests.

Pairwise Granger causality tests

Null hypothesis Obs F-statistic Prob.

RE_ENERGY does not Granger cause GDP 737 3.46486 0.0318

GDP does not Granger cause RE_ENERGY 4.88018 0.0078

OILIMPORTPRICES does not Granger cause GDP 737 5.49379 0.0000

GDP does not Granger cause OILIMPORTPRICES 6.03701 0.0000

INVESTIN_IT does not Granger cause GDP 737 9.07519 0.0001

GDP does not Granger cause INVESTIN_IT 4.98926 0.0000

ENVITECH does not Granger cause GDP 737 6.85853 0.0000

GDP does not Granger cause ENVITECH 5.31172 0.0000

ENVIRTAX does not Granger cause GDP 737 4.83626 0.0000

GDP does not Granger cause ENVIRTAX 8.44426 0.0000

OILIMPORTPRICES does not Granger cause RE_ENERGY 737 1.61400 0.1998

RE_ENERGY does not Granger cause OILIMPORTPRICES 0.79402 0.4524

INVESTIN_IT does not Granger cause RE_ENERGY 737 5.16574 0.0000

RE_ENERGY does not Granger cause INVESTIN_IT 3.18520 0.0419

ENVITECH does not Granger cause RE_ENERGY 737 4.17278 0.0000

RE_ENERGY does not Granger cause ENVITECH 3.23455 0.0000

ENVIRTAX does not Granger cause RE_ENERGY 737 4.48676 0.0000

RE_ENERGY does not Granger cause ENVIRTAX 7.11254 0.0000

INVESTIN_IT does not Granger cause OILIMPORTPRICES 737 1.51310 0.2209

OILIMPORTPRICES does not Granger cause INVESTIN_IT 0.88941 0.4113

ENVITECH does not Granger cause OILIMPORTPRICES 737 6.04110 0.0000

OILIMPORTPRICES does not Granger cause ENVITECH 0.02398 0.9763

ENVIRTAX does not Granger cause OILIMPORTPRICES 737 4.51748 0.0000

OILIMPORTPRICES does not Granger cause ENVIRTAX 3.34327 0. 0000

ENVITECH does not Granger cause INVESTIN_IT 737 2.42154 0.0895

INVESTIN_IT does not Granger cause ENVITECH 2.93970 0.0535

ENVIRTAX does not Granger cause INVESTIN_IT 737 0.11444 0.8919

INVESTIN_IT does not Granger cause ENVIRTAX 0.97031 0.3795

ENVIRTAX does not Granger cause ENVITECH 737 1.21753 0.2966

ENVITECH does not Granger cause ENVIRTAX 1.20800 0.2994

linked technology and economic growth. The data suggest that

there is a connection that goes in both directions between

these two factors. Environmental taxes are another important

aspect of economic expansion that contribute to the growth of

the economy. The findings unveil that there is a link going

in both directions between environmental related levies and

economic growth.

5. Conclusion and policy implications

The primary purpose of this research is to explore how

energy consumption and oil import prices impact economic

expansion in the EU. A secondary focus of this research is

the effect that economic growth has on the amount of energy

consumption. The study’s final objective is to analyze how energy

use, urbanization, IT&C investment, environmental technology,

environmental taxation, and oil import prices, affect GDP growth.

For the purpose of analyzing the results, we applied a panel ARDL

model with panel data spanning from 1990 to 2020 for all 27 EU

nations. According to our econometric estimations, EU’s economic
expansion has a positive relationship with urbanization, energy
consumption, environmental technology and oil import prices, but
a negative relationship with investments in information technology

and communication as well as environmental taxes. The findings
of the panel ARDL model indicate that oil prices positively and
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significantly influence the EU’s economic expansion, which in turns
increase energy consumption. This is conformity with the findings

of Brini et al. (2017). There is a short-run negative impact of

urbanization on economic growth, but in the long-run, it has a

favorable and considerable influence on the economic growth of

EU members.

Further, the findings show investment in information

technology and communication, environmental related

technologies and environmental taxes enhances economic

expansion in the EU both in the short and longer terms.

Accordingly, urbanization leads to an increase in energy

consumption among the EU countries. The environmental

technology and taxes demonstrate negative and significant

impact on energy consumption. Consumption of energy has been

discovered to have a short and long-term positive and substantial

effect on economic growth across EU as shown by the results of

the Pooled Mean Group estimators. According to the results, a one

percent rise in energy consumption boosts the economies of the

EU member nations by 1.60, 0.96% in the short-term and by 0.91,

2.03% in the long-run. The main estimations of our study are line

with the feedback hypothesis, which states a two-way causal link

between energy consumption and economic growth and among

most of the series analyzed. The studies of Hwang and Gum (1991),

Glasure (2002), Wang et al. (2016), and Liu and Hao (2018) drew

similar conclusions.

Given the above circumstances, policy makers and regulators

should map out sound energy policies across the EU members.

The energy infrastructures should be enhanced and sustained. The

energy pricing framework should be adopted as this is very vital

for the European Union as an oil-dependent region. Since the

European Union largely depend on Russia for energy supply and

currently termed as consumers of a significant portion of world’s

energy, there is a need for expansion of research and development

(R&D) in all energy sectors. Further, sound policies that minimize

the consumption of imported oil and gas, particularly from Russia

would stabilize economic expansion across the EU.
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