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Abstract

The paper analyzethe relationship between energy consump
and green GDP asdreased energy consumpticould cause an
increase in GDP. In order to evaludtew and to what extent t
increase in energy consumption affects the size modement o
the green GDP, the aim of this paper istafirm the existence of a
stronglink between energy consumption and green GHaving a
large number of papers linking energy consumptiod &DP,
through this paper, we want to emphasireeven greater role
greenGDP in energy consumption by linkirthe impact of the
consumptio of different energy sources w the movements in
green GDP. Nameljhow much different energy sources affect
gap between green GDP and GDWFithin the empirice analysis,
we use a panel cointegratidlechnique to examine lo-term
relationships among integrated variables. The analyzed in this
model cover 36 countries fane period from 2008 to 2016. The
36 countries include the EU28 countries and padéngindidates fa
accession in the European Unidie results of our analysfollow
the theory as we founthat an increase in energy consump
causes an increase in GDP, hence glreen GDP. However, tt
second part of the analysis suggests dnaihcrease in consumpt
of energy in sectors that are environmentally mdemaginc
emphasize the gap between the G&el green GDP, but that
increase in more enwinmentally cleaner energy consump
curtails that gap.
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Introduction

This paper presents the relationship between erengyumption, GDP, and green GDP. Theoretically, an
increase in energy consumption leads to an automatirease in GDP. Based on a scarce number ofrpape
related to green GDP — energy nexus, we analyzerhogh and in what way this energy consumption &sfec
the movement of green GDP. Green GDP consistsveffakeobserved variables that negatively affect GIDE
reduce it in a certain amount (StjeparpWiomic and Skare, 2019). It is usually calculated asiticathl GDP
minus the costs of environmental pollution and d#ph of natural resources. Stjepargviomic and Skare,
(2017) provided us with a new green GDP measurewhah was initially presented as a growth ratdclvh
makes it much easier to compare with traditiondidators. What makes this calculation of indicatiand out is
that the authors carefully took and calculatedatial costs of environmental pollution and oppatjucosts,
and thus presented certain aspects of social chsésresult of this research brought us an altermatkersion of
GDP that consisted of the variable waste product@®?2 emissions into the atmosphere, and consumpfio
natural resources. All these variables separafédgtaGDP and reduce it in a particular value agss damage
to the environment that will come to charge ondaroligh our paper, we want to analyze the true aattithe
relationship between energy consumption from spesdurces, like solid fuels or natural gas anckegr&DP.
We expect that “greener” the energy source issthaller the negative impact on GDP should be,we.should
have a higher green GDP and vice versa. Our asaltrsérefore, emphasizes various energy sourcdsnwit
today’s high levels of pollution that has a hug@att on people as the environment is becoming a&kegomic
issue. The shortcomings of GDP as a measure ofiatrgts economic prosperity are pronounced todayemo
than ever. One complaint is that GDP as a measwge dot contain precise environmental components,ra
that way only represents a deferred payment thiateipaid by new generations. Therefore, it isassary to
include variables in the presentation of a coustegonomic progress and assess its impact on GBEh are,
in fact, related to the environment and sustainat@eelopment. Only then can we have a more obgectiv
measure that will evaluate economic progress frodiffarent angle and on which we can assess b#tter
efficiency and success of a country's economicesystAfter the introduction, we present a summaryhef
energy consumption and growth research.

The goal of this paper is to study the relationshggween green GDP and GDP, using the energy
consumption variables. Although there are papeatthve dealt with similar topics, but only for oomuntry,
the emphasis of this paper is to study the Europgeantries. By analyzing these countries, we wiline to a
conclusion about the impact of separate energycesusn green GDP. The gap between green GDP sheuld
smaller in those countries that use less harmfelrgn sources for the environment, and larger faséh
countries that use more harmful energy sourcesicBir emphasis is placed on renewable energycssuand
their impact on Green GDP. In our analysis, we aiseual panel data covering the period 2008-201&36or
European countries. Countries involved in the agialyre EU 28 countries plus other European camtri
(Iceland, Norway, Montenegro, North Macedonia, Aliaa Serbia, Turkey, and Moldova). Hence, our
presumption about homogenous data sample sugdrestihe panel data approach should be an apprepriat
method for analyzing this relationship. We expléie data and methods in the next section and disthes
results of the study in the results section. Finalte conclude by giving a summary of remarks aatsf in
conclusion.

Literature Review

The motive of this paper is to extend previous aesges on this or similar topics. Here are someszap
that tried to link energy consumption and green GORe such paper that seeks to reveal the backdrofutne
relationship between energy consumption growthgreen GDP growth for China is a paper (Hongxiai,80
entitled “Influence energy consumption has on gré®&® growth in China”. In this paper, the authoalsres
the direct and indirect impact on the growth rafegeeen GDP, which affects several ratios of energy
consumption as well as the relationship betweeferdifit energy sources. Likewise, (Al-mulali, 201i4),his
paper, describes the association of GDP growth wstbrgy consumption. The purpose of this paper towvas
investigate the relationship between gross domgsticluct growth and renewable and independent gnerg
consumption in 82 developing countries. One ofghpers that analyzed the relationship between g&ieR
and sustainable development is the paper (VagBeéfiar, and Aziz, 2015), which provides evidencettud
usefulness of alternative measures of GDP, i.eemgGDP. The authors calculated green GDP for Maland
indicated the important role of depleted naturadotgces and environmental damage within the colntry
sustainable development perspective. The probleralolulating green GDP is also studied by WangaHe
Zheng (2014), who describe the way in which theeGr&DP system was designed and developed for China.
The results suggested that China has not achiekean’ ‘economic growth, due to excessive pollutow too
high utilization of natural resources. The authmyacluded that this research confirm #tatus quaf China’s
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current economic development. Similar papers as @hahe authors (Harnphatananusorn, Santipolvod a
Sonthi, 2019), speak of correction of GDP - for &neount it produces for air pollution and waterytidn.

Strong global growth we see in theé"™2end 2% century demands significant energy consumptionrdgnis
considered a complementary growth factor to thesjlay factor. According to the study by Malaczewski
(2018), there is an optimal (golden point) of egeopnsumption proportional to the optimal combioati
between human and physical capital. Energy producind innovation are directly linked to carbonxiie
emissions (CO2e). Present economic growth modetsv sbver-dependency on carbon-intensive energy
consumption (Rahman et al., 2019). Renewable enasgydemands large support schemes to develop an
efficient bio market, leading to an increase ineistyent efficiency and energy transformation (Gavaret al.,
2016).

World energy demand constantly increases and b 20Bxpected to reach 600-1500 EJ. yeand peak
in 2100 with 900-3600 EJ. yedr (Kovacs, 2007). Speeding urbanization is causipgand pressure to the
energy consumption, and thus CO2 emission requirag-evaluate current economic growth models & th
upward trend of urbanization continues (Yazdi amdi@ni, 2019). Study of Katarina et al., (2014ggmsts that
investments in renewable energy sources registgnehiefficiency and are limited by political, ecaomo,
administrative and legal constraints. Transfornmatmgreen economic growth models require sigmnifigaublic
support since investments in renewable energy ssuwll remain unattractive for many years to come
(Sokolovska and KeSeljeyi2019).

Transition to green economic growth models is gidssand feasible. It demands strong public support
schemes accompanied by consistent energy conseryadlicy assuring endogenous growth in the fu(Begsal
et al., 2018). There is a strong need to explaeditik between energy consumption and future econgnowth
models.

Data and Methodology

Annual panel data, covering the period 2008-20163f European countries, are taken from the Eurosta
database. The data for green GDP are from the Stjdpanovi, Tomié and Skare (2019) using an alternative
approach in measuring the green GDP (Stjep&ndami¢c and Skare, 2017). Data are expressed in logarithms
and presented as INGGDP as the logarithm of theng@&DP indicator, INGAP as the logarithm of the gam
green GDP to standard GDP measure, INENERG a®gfaeithm of total energy consumption, INFFUEL & th
logarithm of solid fossil fuel consumption, INNGAS the logarithm of natural gas consumption, In@sLthe
logarithm of oil and petroleum consumption and INERV as the logarithm of renewable and biofuel
consumption, so that the energy consumption vasabre expressed as a thousand tonnes of oil ésptiva
(TOE). Countries involved in the analysis are EU @fintries (UK was still a part of the EU) plus eth
European countries (Iceland, Norway, MontenegroittNMacedonia, Albania, Serbia, Turkey, and Moldova
The logical presumption about homogeneity amongfesn countries suggests that the panel data agbproa
should be an appropriate method for replying to regearch question; thus, this presumption wilebaluated
through the results.

Cointegration analysis with panel data usually ezissof unit root tests, cointegration tests, ahd t
estimation of long-run (and short-run) relationstipr that purpose, we applied research logic aptheations
from the paper from Skare, Bengzand Tomé (2016). The panel analysis begins with panel woot tests to
avoid possible spurious results. If the seriesnarestationary, the analysis continues with testorgthe panel
cointegration. Following the panel, unit root tests used in this research: LLC test (Levin, Lid &hu, 2002),
Breitung test (Breitung, 2000), IPS test (Im, Pagaand Shin, 2003), Fisher-type tests using ADFRiRdests
(Maddala and Wu, 1999 and Choi, 2001) and Hadri(tésdri, 2000).

Next, we evaluated panel cointegration tests, aiogrto Pedroni (1999, 2004), Kao (1999) and Maaldal
and Wu (1999). Pedroni and Kao extend the two-Etegle-Granger (1987) framework to tests involviramel
data. Pedroni introduced several tests for coiategr that allow for heterogeneous intercepts amechct
coefficients across cross-sections. The Kao tdktwie the same approach but indicates cross-sespesific
intercepts and homogeneous coefficients on thediegie regressors. Maddala and Wu (1999) appisiteFs
combined test that uses the results of the indalididependent tests and Johansen’s test methgda®@n
alternative approach that combines the tests fratividual cross-sections in order to obtain teatistics for the
full panel.

The long-run relationship is estimated using thel@d Panel Fully Modified Least Squares (FMOLS),
pooled Panel Dynamic Least Squares (DOLS) and Hoblean Group/AR Distributed Lag (PMG/ARDL)
estimation methods. Since FMOLS and DOLS provide dong-run estimates, for the short-run estimation
PMG/ARDL is used. Phillips and Moon (1999), Pedr¢@D00), and Kao and Chiang (2000) proposed
extensions of the Phillips and Hansen (1990) FM@k®mator to panel settings while Kao and Chiar@pQ@,
and Pedroni (2001) propose extensions of the Saékd1992) and Stock and Watson (1993) DOLS estimat
FMOLS and DOLS estimation methods for panel sestiaipw the estimation of panel cointegrating regren
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equation for non-stationary data by correctingstadard pooled OLS for serial correlation and gedeity of
regressors that are usually present in long-rieticgiships. The PMG/ARDL (Pesaran, Shin and Sni@i99)
takes the cointegration form of the simple ARDL rmebdnd adapts it for a panel setting by allowing th
intercepts, short-run coefficients and cointeggatarms to differ across cross-sections.

To comprehend the influence of energy consumptiovatds the green GDP, we divide our analysis into
two parts; one is dealing with the direct nexusmeenn the green GDP and total energy consumptionttand
other dealing with an indirect link between the egreGDP and the elements of energy consumption that
comprise the total energy consumption. The diréfeceis, analyzed in a twofold manner; (1) by atvegy the
direct influence of the energy consumption on theeg GDP indicator (as we expect that the risenigrgy
consumption should drive the standard GDP, heregtien GDP) and (2) by observing the direct imftgeof
the energy consumption on the gap GDP indicatothasmeasure that reveals the bias of the stand®i@ G
towards the green GDP (we expect that the rissn@rgy consumption should increase the differendevdsn
two measures). Two equations can represent théesssef

INGGDP, = ag + BiINENERG, + U, i=1,2,K,N, t=1,2,K, T (1)
INGAP; = agi + B INENERG; + 1,  i=1,2,K,N, t=1,2,K, T )

where INGGDR represents the logarithm of green GDP at tima@AP, represents the logarithm of the
gap between the green GDP and standard GDP indiedtdime t, INENERG stands for total energy
consumption at time t, and uit is the error ternilevhand t denote country and time respectively.

Since the energy consumption variable is expeateiddrease the green GDP indicator, through intlirec
effect, we are trying to grasp the background af tklationship by observing how some parts, whiehenergy
consumption indicator is composed of, influencegreen GDP, i.e. do specific parts of the energyamption
deepen or curtail the difference between the GDRsoe and the green GDP measure. This bond can be,
therefore expressed as:

INGAP, = agi + PuINFFUEL + BaINNGAS; + B3InOIL;, + B4INRENEW, + u,,
i=1,2,K,N, t=1,2,K, T 3)(

where INnGAR again represents the logarithm of the gap betwbengreen GDP and standard GDP
indicator at time t, INFFUEL stands for fossil fuel consumption at time t, InA&; stands for natural gas
consumption at time t, InOjLstands for oil and petroleum consumption at timénRENEW, stands for
renewable and biofuel consumption at time t, apdsuhe error term while i and t denote country ainae
respectively.

Panel cointegration results

Regarding the order of integration of our time egriunit root tests indicated that the variables ar
integrated, i.e. they are non-stationary in level atationary in first differences (results avdiabpon request).
Therefore, a panel cointegration test can be imptged. The following tables present the resultbath the
direct and indirect effect of energy consumptiorttengreen GDP.

a) direct effect

The results from Pedroni’s, Kao’s and JohansendFisipanel cointegration tests were evaluated éah,b
equation 1 and equation 2, suggesting that theleeith exists a long-term (direct) relationship betwthe green
GDP and energy consumption as well as betweenaph&dP and energy consumption.

In both cases, with only intercept and again whatercept and trend are included, most of the Pé&dron
statistics reject the null hypothesis of no coindtign between variables indicating the existenténg-run
panel cointegration relationship between the oleskmariables (Table 1). Thus, it can be concludied there
exists a long-run relationship. Kao's panel coirgign test also strongly rejects the null hypoihesf no
cointegration between variables indicating the texise of a long-run panel cointegration relatiopdtetween
the observed variables (Table 2).
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Table 1. Pedroni residual cointegration test

Variables: h\GGDP, INnENERG

Intercept Intercept and trend
Statistic Prob. Weig'ht_ed Prob. Statistic Prob. Weig_htgd Prob.
Statistic Statistic
Panel v-Statistic 0.47 0.32 -1.66 0.95 -3.39 0.99 5.8 1.00
Panel rho-Statistic -1.39 0.08 -1.89 0.03 1.43 0.92 -1.30 0.90
Panel PP-Statistic -4.90 0.00 -6.56 0.00 -6.71 0.00 -8.69 0.00
Panel ADF-Statistic -4.80 0.00 -5.01 0.00 -5.25 00.0 5.67 0.00
Group rho-Statistic 1.45 0.93 3.53 0.99
Group PP-Statistic -6.99 0.00 -15.22 0.00
Group ADF-Statistic -5.58 0.00 -8.25 0.00
VariablesInGAP, INENERG
Intercept Intercept and trend
Statistic Prob. Vg?;%gﬁ:d Prob. Statistic Prob. Vé?;%giﬁ:d Prob.
Panel v-Statistic -0.08 0.53 -1.29 0.90 -3.29 099 -5.21 1.00
Panel rho-Statistic 0.24 0.60 0.15 0.56 3.80 0.99 44 3 0.99
Panel PP-Statistic -2.09 0.02 -3.47 0.00 -1.87 0.03 -4.88 0.00
Panel ADF-Statistic -4.81 0.00 -6.79 0.00 -7.27 00.0 -8.31 0.00
Group rho-Statistic 2.97 0.99 5.25 1.00
Group PP-Statistic -4.19 0.00 -6.51 0.00
Group ADF-Statistic -8.80 0.00 -8.15 0.00

Source: Authors’ calculations.

Table 2: Kao residual cointegration test (indivadintercept)

ADF
Variables t-Statistic Prob.
INnGGDP, INnENERG -0.62 0.27
InGAP, INENERG -2.43 0.01

Source: Authors’ calculations.

Finally, Johansen Fisher trace and maximum eigemvedintegration tests reject the null hypothesisoo
cointegration between variables indicating thetexise of long-run panel cointegration relationdtwpween the
green GDP and energy consumption, and gap GDPblarand energy consumption (Table 3). According to
these results, energy consumption could affect lygpden GDP variables in the long-run. Individuabss-
section results (available upon request) suggestathe cointegration relation is present in alnadistountries,
either in the case with restricted or unrestrictedstant.

Table 3: Johansen Fisher panel cointegration (€sace and Maximum Eigenvalue)
Variables: hGGDP, INnENERG

Hypothesized No deterministic trend (restricted constant) Linei@terministic trend (unrestricted constant)
No.of CE (S)| Fisher Stat* Prob. Fisher Stat.** Prob. Fisher ta Prob. Fisher Stat.**  Prob.
None 443.90 0.00 448.50 0.00 4478.00 0.00 623.10 0.00
At most 1 117.80 0.00 115.2 0.00 166.60 0.00 166.60 0.00
Variables:INnGAP, InENERG
Hypothesized ~ No deterministic trend (restricted constant) Lineizterministic trend (unrestricted constant)
No.of CE (S)| Fisher Stat* Prob. Fisher Stat.** Prob. Fisher ta Prob. Fisher Stat**  Prob.
None 565.10 0.00 515.90 0.00 4478.00 0.00 623.10 0.00
At most 1 192.00 0.00 192.00 0.00 293.30 0.00 293.30 0.00

Source: Authors’ calculations.

The following tables present the panel cointegratiesults from FMOLS, DOLS and PMG/ARDL
estimation methods between the observed variaigleting the validity long-run linear cointegratisations.
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Table 4. Panel cointegration results (Pooled estion) — INGGDP, INENERG
Panel Fully Modified Least Squares (FMOLS)

Constant Constant and trend
Variable Coefficient  Std. Error  t-Statistic  Prob.  Coefficien Std. Error  t-Statistic ~ Prob.
INENERG 0.12 0.04 3.48 0.00 0.07 0.03 2.05 0.04
Panel Dynamic Least Squares (DOLS)
Constant (1,1) Constant and trend (0,0)
Variable
Coefficient ~ Std. Error  t-Statistic  Prob.  Coefficien Std. Error  t-Statistic ~ Prob.
INENERG 0.70 0.17 4.11 0.00 0.13 0.03 3.92 0.00
PMG/ARDL (Pooled Mean Group/AR Distributed Lag) RBL (1,1)
Variable Restricted constant Unrestricted constant
Coefficient ~ Std. Error  t-Statistic  Prob.  Coefficien Std. Error  t-Statistic ~ Prob.
Long Run Equation
INENERG 0.82 0.09 9.38 0.00 -0.24 0.05 -4.41 0.00
Short Run Equation
COINTEQO1 -0.83 0.05 -15.82 0.00 -1.24 0.08 -16.47 0.00
D( INENERG) -0.58 0.15 -3.94 0.00 -0.46 0.10 -4.47 0.00
o 14.93 0.94 15.88 0.00 34.70 214 16.20 0.00
@TREND -0.01 0.01 -0.75 0.45
Source: Authors’ calculations.
Table 5: Panel cointegration results (Pooled esation) — INGAP, INENERG
Panel Fully Modified Least Squares (FMOLS)
Constant Constant and trend
Variable Coefficient ~ Std. Error  t-Statistic  Prob.  Coefficien Std. Error  t-Statistic ~ Prob.
INENERG 0.05 0.06 0.89 0.37 -0.02 0.06 -0.43 0.67
Panel Dynamic Least Squares (DOLS) ‘
Constant (1,1) Constant and trend (1,1)
Variable
Coefficient ~ Std. Error  t-Statistic  Prob.  Coefficien Std. Error  t-Statistic ~ Prob.
INENERG 0.88 0.39 2.27 0.03 5.89 1.74 3.38 0.00
PMG/ARDL (Pooled Mean Group/AR Distributed Lag) RBL (1,1)
Variable Restricted constant Unrestricted constant
Coefficient ~ Std. Error  t-Statistic  Prob.  Coefficien Std. Error  t-Statistic ~ Prob.
Long Run Equation
INENERG 0.72 0.14 5.27 0.00 -0.09 0.03 -2.84 0.01
Short Run Equation
COINTEQO1 -0.66 0.06 -10.88 0.00 -0.82 0.04 -18.39 0.00
D( INENERG) 0.48 0.23 2.09 0.04 -0.88 0.21 4.24 0.00
C -4.42 0.38 -11.55 0.00 0.64 0.12 5.58 0.00
@TREND -0.01 0.01 -2.38 0.02

Source: Authors’ calculations.

Results of (pooled) estimation methods indicate khag-run coefficients are statistically significawith
positive signs, as we theoretically expect. Reduttsr the equation (1) with standard GDP measusbld 4)
indicate that the long-run coefficients obtaineahirall estimation methods are positive and strosgyificant,
varying from 0.70 to 0.82 in the case with constanly FMOLS providing low positive impact), butealow in
the case for constant with trend varying from 0t670.13 (with PMG/ARDL providing significant negei
effect). Hence, it can be concluded that a risen@rgy consumption leads to an increase in thengg&2P, the
coefficients suggesting the relationship that iheainelastic. The increase of total energy comsion over
time did not hamper the growth of green GDP. Zesirictions on the long-run parameters are testedjuhe
Wald test (available upon request), confirming th&tiatistical significance. Short-run evidence frahe
PMG/ARDL model is consistent with the long-run talaship (available upon request), which indirectly
confirms the homogeneity of the sample.
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Results from the equation (2) with gap GDP meagtlisble 5) also indicate the long-run coefficients
obtained from estimation methods are positive arahgly significant, varying from 0.72 to 0.87 ihet case
with constant (again FMOLS providing limited posgiimpact), however, with the results that are nrowing
in the case for constant with a trend for only DOdugigesting a significant positive relation of 5(880 other
methods indicating either insignificant and/or negaimpact). Analogously, it can be concluded thatse in
energy consumption leads to a rise in gap GDP measa. a widening of the gap between the trad#icGDP
indicator and the green GDP. Once more, zero cgistns on the long-run parameters are tested ubmgVald
test (available upon request), confirming theitistizal significance. Short-run evidence from PkRIG/ARDL
model is consistent with the long-run relationskipwever when scrutinizing on the individual shamt- cross-
section results (available upon request), we firndethresults regarding the signs of the coeffigeiut with

error correction coefficients are statisticallyrsfggant for almost all countries suggesting a slmavmoderate
speed of convergence.

b) indirect effect

The results from Pedroni’s and Kao’s panel coirdéign tests (Table 6), from an equation 3, stromgjgct
the null hypothesis of no cointegration betweernaldes, implicating that there also exists a loggrt (indirect)
relationship between the green GDP and energy ogptson, which can be captured by evaluating how
different elements of energy consumption affect ¢fag between the traditional GDP and the green GDP.
Johansen Fisher panel cointegration results vatiedto numbers of lags used or due to insuffictata for
estimation, thus we could not obtain prudent casioks.

Table 6: Cointegration tests — INGAP vs. energyscanption by products
Variables: INGAP, INnFFUEL, INNGAS, InOIL, InRENEW

Pedroni residual Intercept . Intercept and t.rend
cointegration test Statistic Prob. ng;%g:iecd Prob. Statistic Prob. Vg?;?ig?cd Prob.
Panel v-Statistic -1.85 0.97 -3.29 0.99 -2.69 099 -5.15 1.00
Panel rho-Statistic 5.10 1.00 5.05 1.00 7.02 1.00 .94 6 1.00
Panel PP-Statistic -2.47 0.01 -7.63 0.00 -0.69 0.24 -10.25 0.00

Panel ADF-Statistic -2.61 0.01 -5.58 0.00 - - - -

Group rho-Statistic 7.52 1.00 8.55 1.00
Group PP-Statistic -11.52 0.00 -18.54 0.00

Group ADF-Statistic -4.69 0.00 - -

c oﬁg gr reastliglrﬁle st t-Statistic Prob.
ADF -3.34 0.00

Source: Authors’ calculations.

The following table presents the panel cointegratiesults from FMOLS and DOLS estimation methods
between the green GDP and selected factors of gmergsumption (by products), testing the charasties of
the long-run linear cointegration relations. Readd® PMG/ARDL estimations could not be obtainedydifiore,
we opted not to apply this method.

Table 7: Panel cointegration results (Pooled eation) — INGAP vs. energy consumption by products
Panel Fully Modified Least Squares (FMOLS)

No constant no trend Constant and trend

Variable | coefficient Std. Error  t-Statistic  Prob.  Coefficien Std. Error  t-Statistic  Prob.
InFFUEL 0.16 0.05 3.13 0.00 0.08 0.06 1.37 0.17
INNGAS -0.29 0.05 -5.70 0.00 0.26 0.11 2.33 0.02
InOIL -0.09 0.09 -1.03 0.31 0.09 0.22 0.41 0.68
INRENEW 0.24 0.09 2.85 0.01 0.03 0.14 0.21 0.84

Panel Dynamic Least Squares (DOLS)
Variable No constant no trend (0,0) Constant and trend (0,0)

Coefficient  Std. Error  t-Statistic  Prob.  Coefficien Std. Error  t-Statistic ~ Prob.

InFFUEL 0.12 0.05 2.11 0.04 0.32 0.09 3.67 0.00
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INNGAS ‘ -0.25 0.06 -4.01 0.00 -0.11 0.16 -0.74 0.47
InOIL ‘ -0.03 0.11 -0.26 0.79 -0.09 0.83 0.24 0.00
INRENEW ‘ 0.17 0.11 1.50 0.14 0.18 0.17 1.07 0.29

Source: Authors’ calculations.

Results from the equation (3) that captures th&enteffect (Table 7) indicate long-run coefficierthat
are most significant with expected signs. Solidsilofuel coefficients are positive and strongly réfgcant
(except in the case with constant and trend wiBMOLS where it is statistically insignificant), wéng from
0.8 to 0.32 suggesting that an increase in fossil donsumption widens the gap between the GDRataii and
Green GDP. Such results are expected for the cautsamof fossil fuels that could be the driversti@ditional
GDP measures. However, their environmental impbeat could be a limiting factor for green GDP grbwt
However, natural gas coefficients are negative stnohgly significant (except in the case with canstand
trend within FMOLS where it is positive) varyingpfn -0.11 to -0.29, implying that an increase iture gas
consumption decreases the gap GDP measure. Sitgelngas consumption generates less environmental
pollution, it can be represented as a strong divgreen GDP development. Oil and petroleum coieffits are
mostly statistically insignificant. However, itsghi positive correlation with green GDP and modereggative
correlation with gap GDP measure suggests thatiskeof oil and petroleum consumption could be éasing
the difference between the traditional and greenPGBee correlation matrix and scatter diagram i th
Appendix). The same problem arises when observargwable and biofuel consumption, which displays
positive and insignificant coefficients, but witligh positive correlation with green GDP and weakate
correlation with gap GDP measure (with an incorigkuglisplay from the scatter diagram), it could &an
opposite implication, therefore curtailing that gap

Our empirical models provide valuable insight ithe background and the relationship between thengre
GDP and energy consumption for European countsigggesting that an increase in total energy consamp
leads to an increase in green GDP variables (ads@t consists of standard factors of economic dgrpwt
However, it also deepens the difference betweeltrsaitional GDP measure and green GDP measurdyfimgp
that it hampers the green development of an ecohoWiihien decomposing total energy consumption in its
integral elements (consumption by product) we fimat an increase in consumption of energy in sedtwat are
environmentally more damaging (like solid fossiélsiand oil and petroleum) emphasize the gap betwee
traditional and green GDP, but that an increasaane environmentally ‘friendly' consumption (likataral gas
and renewables and biofuels) curtails and allevib#e gap. These models illustrate when it comegrézn
GDP, green growth and green economy, the contdbuif natural gas consumption should have a greater
in promoting economic growth for European countead that this consumption of, for example, fokssls and
oil, which bring a substantial proportion of theegn cost, should be incorporated with sound enriemtal
strategy.

Conclusion

In our analysis, we used two models to observeeffeet of energy consumption on GDP and green GDP.
In one model, we look at the relationship betwestaltenergy consumption and GDP growth, hence therg
GDP, while in the other model, we concentrated epagate variables related to different energy ssjrfrom
which we then analyzed their individual impactstioa difference between GDP and green GDP.

The results confirm theoretical expectations as pvevided evidence that an increase in energy
consumption affects an increase in GDP and greeR.GIdwever, the second part of the analysis coefirthat
solid fuels and oil have a much greater impacttendifference between green GDP and GDP than réslewa
resources and natural gas, which are a much cldarmarof energy source. These results coincide hth
results of other research related to green GDRydimgy (Al-mulali, 2014), that displayed a cleamKibetween
GDP growth and energy consumption. Other studias pinovided similar results, like (Vaghefi, Siwamd
Aziz, 2015 or Wang, He and Zeng, 2014), also predigimilar thoughts on the structure and system of
designing research patterns on green GDP.

In general, we can accept the main hypothesis apneeide enough evidence to show that energy
consumption has an important effect on green GDRIdpment. Though the paper deals with relativélgrs
time series (data (un)availability is a major obktan achieving more (time) extensive researchactross-
country base for which most of the data needeadtrulation of the green GDP are published irredyland
basic empirical modeling (without a strong backgmbun theory), we are of the thought that futursegech
endeavors should include reassessments of theemtituof specific elements of energy consumptiogreen
growth and economic sustainability. Our approacth deductions made above present only our reseagit |
and could/should be subject to revision in the reitlFuture research patterns related to this tepauld be
pointed towards expanding the definition of greddFGwvith new variables, which will take in detail gipes of
pollution produced by the economic system or thenemy of a country, and all forms of consumption of
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natural resources, and calculate the negative ingrathe health of the inhabitants of a particetauntry, which
then represents an indirect or direct cost toebanomy.
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Appendix
Table 8. Correlation matrix
Correlations INGGDP INGAP InFFUEL INNGAS InOIL INRENEW
INnGGDP 1 -0.45 0.60 0.83 0.97 0.78
INGAP -0.45 1 -0.09 -0.49 0.4¢€ -0.23
InFFUEL 0.60 -0.09 1 0.61 0.6€ 0.60
INNGAS 0.83 -0.49 0.61 1 0.84 0.69
InOIL 0.97 -0.46 0.66 0.84 1 0.80
INRENEW 0.78 -0.23 0.60 0.69 0.8 1
Source: Authors’ calculations.
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