Journal of Environmental Management 317 (2022) 115386

Contents lists available at ScienceDirect

Journal of Environmental Management

4
L

LSEVIER

journal homepage: www.elsevier.com/locate/jenvman

Check for

Do bureaucratic policy and socioeconomic factors moderate energy e

utilization effect of net zero target in the EU?

Andrew Adewale Alola™™“", Kingsley Ikechukwu Okere ¢, Obumneke Bob Muoneke °,
Glory Chiyoru Dike '

& Department of Economics, School of Accounting and Finance, University of Vaasa, 65101, Vaasa, Finland
Y Department of Economics and Finance, Istanbul Gelisim University, Istanbul, Turkey

¢ Department of Economics and Finance, South Ural State University, Chelyabinsk, Russia

4 Department of Economics, Banking and Finance, Gregory University, Uturu, Abia State, Nigeria

¢ Department of Finance, University of Lagos, Akoka-Yaba, Nigeria

fDepartment of International Relations, Cyprus International University, Via Mersin 10, KKTC, Turkey

ARTICLE INFO ABSTRACT

Keywords:

Bureaucracy
Socioeconomic factors
Fossil fuel consumption
Environmental quality
Carbon emission
European union

Based on the commitment to improve environmental quality across European Union under the United Nations’
Sustainable Development Goals and varying national goals, this study investigates the dynamic linkages between
bureaucracy, socioeconomic factors, conventional fossil fuel energy consumption vis-a-vis aggregate fossil and
disaggregate fossil (oil, coal, and gas) fuels and environmental quality in the panel of selected 25-EU nations for
the period 1990-2017. The study employs relevant second-generation empirical method and unearth the
following results: (1) inverted environmental Kuznets curve was validated while fossil fuel consumption has a
deteriorating impact on environmental performance due to its positive effect on carbon emission; (2) fossil fuel
energy consumption (both aggregate and it components) exerts a dampening impact on environmental perfor-
mance due to its positive effect on carbon emission; (3) that direct effect of bureaucracy and socioeconomic
factors promote environmental quality but the degree or magnitude of influence is significantly different between
bureaucratic system and socioeconomic factor, and (4) the moderating or indirect impact of bureaucracy, so-
cioeconomic on the environment via fossil fuel energy consumption is observed and significantly different across
the model specification. Moreover, the result reveals a unidirectional causal relationship flows from GDP per
capita, bureaucracy and socioeconomic factors to carbon emission, while bi-directional relationships between oil,
gas and carbon emission are established. In policy direction, the study therefore recommend that the European
Union member countries should further explore the opportunities in clean energy development in order to
ameliorate the continent’s environmental concerns. Furthermore, in the quest to scale up the bloc’s energy
transition, significant improvement in the countries’ bureaucracy establishment and socioeconomic conditions
could hasten the energy transition and efficiency policy while improving the environmental sustainability drive.

1. Introduction compared to the value in 1990 and also that the contribution of the

European Union to global greenhouse gas emissions has decreased from

Although European Union (EU) has achieved progress in term of its
environmental sustainability agenda, the continent contributes more to
global greenhouse gas emissions than Africa despite having a lesser
population, estimated at 748 million in 2021 compared to Africa’s total
population estimated at 1.3 billion in 2021. Statistics from the European
Environment Agency (EEA) confirm that the present value of the total
greenhouse gas emissions in the European Union is 23.2% lower

15% to 8% over 1990-2018. Despite this immaculate achievement,
environmental experts, environmental NGOs and think-tanks have
berated the EU on its new policy announcement of a 55% carbon
emissions reduction target by 2030 on the following counts: (a) the 55%
carbon emission (CEM) target is below the recommendation of a 60%
CEM reduction target by the European Parliament environment com-
mittee of September 2020 and it is insufficient to actualize the Paris
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Agreement’s target of below 1.5 °C by 2050; (b) government bureau-
cracy withholding the consideration of increasing the EU’s carbon
emission reduction target to 65% in line with the proposal of the Eu-
ropean Parliament’s rapporteur for climate law.

The justification for studying the EU’s use of fossil fuels arises from
the increasing dependence of EU member states on the importing of
fossil fuels, especially from non-EU member states. This action has
further raised questions about the risks associated with the security of
the energy supply within EU countries and other economies (Aldieri
et al., 2021). Critical examples such as the natural gas transport pipeline
under the auspices of the European Network of Transmission System
Operators for Gas (ENTSOG) show that the energy demands are still
largely by fossil fuels in most EU countries. For instance, despite meeting
the 10% target in 2020, the purported switch to renewable energy for
the EU transport sector is still about 10.2%. Despite the Eurostat figures
obtained from the EU statistical pocketbook 2021 on the share of EU
energy production by source showing that renewable energy and nu-
clear energy constitute a combined 68.4% alongside the recorded
improvement in vehicle efficiency, the EU transport sector is still reliant
on fossil fuels which negates the 90% reduction target goal for transport
emissions by 2050 for the European Union.

The case of bureaucracy was based on the unanimous decision of the
populace to give up decision-making responsibilities to selected in-
dividuals, mostly unelected, which has resulted in a threat and in-
efficiency posed to the citizens, government, and the environment. The
case of the European Union and its climate change goals portrays set-
backs in the climate target attainment owing to the complex permission
processes, country-specific conflicting goals, red-tapism, and over-
regulation in both the home countries and the EU. Italy strikes the
perfect example by illustrating how red-tapism has altered their tran-
sitioning from nonrenewable to renewable energy. The goal of installing
40 GW h of renewable energy in the country to accelerate decarbon-
ization by 2050 has been thwarted by an overly complicated permission
process opined to take up to six years. Despite the EU’s renewable en-
ergy directive stating 3 years as the maximum period for granting per-
mits for power plants, implementation is not yet feasible (see EUCA
Special Report, 2019). In the case of Germany, low bureaucratic
expertise, cumbersome administrative procedures, public resistance,
legal tussles, environmental concerns, political issues, and rigid envi-
ronmental laws have increased the duration of the permitting process for
a variety of renewable energy projects (see Baur et al., 2022; Euractiv,
2020; ReutersEvents, 2021). Cutting down on the duration of the permit
processesing, volume of environmental regulations, and a higher level of
bureaucratic expertise will hasten the progress of using more renewable
energy (see EEA, 2019). The purpose of this study is to examine the
dynamic linkages between bureaucracy, socioeconomic factors, eco-
nomic growth, fossil fuel consumption, and environmental quality in the
selected 25 EU nations.

This research differs from the previous studies in the following areas:
1.) From the literature perspective, this study is the first to examine the
combined role of bureaucracy and socioeconomic factors in relation to
carbon emissions in the European Union, further extending to their
direct and indirect effect on carbon emissions through fossil fuel energy
consumption. However, previous studies like those of Alola et al. (2019),
Levay et al. (2021), Sarwar and Alsaggaf (2021) and Povitkina (2015)
have considered bureaucracy and socioeconomic variables to be stand-
alone variables in a model. 2.) To comply with the EU policy on net-zero
carbon emissions by 2050, this study will unearth the role of bureau-
cracy and socioeconomic factors on fossil fuel consumption. In addition,
this study will address the case of how efficient EU countries are utilizing
fossil fuels (oil gas and coal) under the influence of bureaucracy and
socioeconomic factors to protect their environment. In this direction,
our study differs from those of Albulescu et al. (2019), Adedoyin et al.
(2020), and Boluk and Mert (2014) who have investigated the tran-
sitioning process from traditional fossil fuels to renewable energy
without considering the quality of the bureaucratic expertise involved
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and mundane socioeconomic factors, which is relevant in the case of
European Union. Lastly, we consider the emerging econometric prob-
lems as part of the country-specific characteristics such as
cross-sectional dependencies, endogeneity, and multicollinearity. We
implement the second-generation panel unit root, Westerlund, panel
cointegration test, Dynamic common correlated effect mean group
(DCEMG) estimators, augmented mean group (AMG) estimator, and the
Dumitrescu and Hurlin (D-H) non-causality test to eliminate the issues of
slope heterogeneity and cross-sectional dependencies.

This study is arranged as follows. Next is a review of the related
literature on the subject matter, followed by the research and econo-
metric methodologies. The study outcomes are given in the section on
the empirical results and discussion of findings. Finally, the closing
section is comprised of the summary of the findings and policy
implementation.

2. Methodology and data description

Our study utilizes balanced and yearly data from 1990 to 2017 from
the estimated series of 25 EU countries (Austria, Belgium, Bulgaria,
Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Lithuania,
Luxembourg, the Netherlands, Poland, Portugal, Slovenia, Spain, Swe-
den, and the UK). The choice of countries and data is largely due to the
EU policy on a net zero target by 2050 and the limited data on fossil fuel
consumption respectively. By following an existing empirical model, the
modified empirical specification adopted for the current study forms the
basis and analysis of the investigation.

2.1. Model specification and justification

Theories capturing the drivers of environmental quality include the
environmental Kuznets curve (EKC) hypothesis, carbon curse theory,
and the principle of “pollute now and grow later.” The carbon curse
theory, with its primer proponents by Friedrichs and Inderwildi (2013),
documents that fossil-fuel rich countries are associated with high carbon
intensity levels. This study builds on the modelling protocol from the
extant literature, (Bekun et al., 2019; Ghazali and Ali, 2019; Muoneke
etal., 2022; Okere et al., 2021a,b, 2022; Saint Akadiri et al., 2019, 2020,
2021). GDP per capita reportedly plays a major part in carbon emissions
under the theory of growth-induced EKC. However, there are other
human activities that either mitigate or aggravate carbon emission
(environmental degradation) and as such could happen through the
indirect effect of bureaucratic policy and socioeconomic factors.
Accordingly, we incorporate these two variables in the modelling of
carbon emissions, thus our baseline models for this empirical adventure
are expressed as:

CEM;, :f(gdpi,n 8dpsqiy, fossiliy, fossil,, * bur;, bur) (€8]

CEM;; = (gdpis, 8dpsqi., fossiliy, fossili,, * soci,, soc) 2

From equations (1) and (2) above, t indicates the time index and i
indicates the country index. To explain the factors that drive carbon
emission: (i) we disaggregate fossil fuel consumption into three com-
ponents following our empirical discussion oil consumption (oil), coal
consumption (coal) and natural gas consumption (gas); (ii.) we account
for the indirect role of bureaucracy (bur) and socioeconomic factors
(soc) to account their direct environmental impact; (iii.) the interaction
between fossil fuel consumption and bureaucracy (fossil *bur) and fossil
fuel consumption and socioeconomic factors (fossil *soc) were examined
to account for their indirect effects on carbon emission. gdp and gdpsq
represents real GDP per capita and its square that account for EKC. The
log-linear empirical replication of the above equations (1) and (2) is
shown as thus:
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InCEM,, = p, + p,Ingdp;, + p,Ingdpsq;, + psInfossil;, + p,ln (fossiliv, * bur[,,)
+ Pslnbur;; + €;
3

InCEM;; = oy + aIngdp;, + axlngdpsq;, + azlnfossil;, + ouln (fossil,_y, * Soc,-_,)
+ aslnsoc;; + p,
@

where f......... ps are coefficients to be estimated, fyor ap are the
intercept and ¢ is the stochastic error term in the model. The In is the
natural logarithm that informed the coefficients and ease the interpre-
tation of the result. There are five possible ways interpreting EKC hy-
pothesis in equations (3) and (4) with respect to gdp and gdpsq: If
prora; =0, and B, or az = 0 there is no significant relationship be-
tween GDP per capita and carbon emission. If pjora; >0,
and 3, or a; > 0 there is linearly increasing relationship. fjor a; <
and f, or a; < 0 There is linearly decreasing relationship. If g,or a; >
0 and 3, or az < 0, there is presence Inverted U-shape relationship. If
piora; < and f, or az > 0, there is presence of U-shape relationship.
psoras in equations (3) and (4) is expected to be positive and that will
indicate that fossil fuel consumption aggravates carbon emission. 5 or
ay4 is expected to be negative and that will indicate that bureaucracy and
socioeconomic factor mitigate carbon emission. (fossil;, *bur;;) and
In(fossil; s *soc;,) are the interaction term, measuring the combined effect
of bureaucracy and fossil fuel consumption, and socioeconomic and
fossil fuel consumption on carbon emission respectively. Accordingly,
the combined effect/interaction term of bureaucracy and fossil in
equation (3) will lead to a decreasing effect on carbon emission if 5, < 0.
Similarly, the combined effect/interaction term of socioeconomic factor
and fossil in equation (4) will lead to decreasing effect on carbon
emission if a4 < 0. However, the positive effect in equations (3) and (4)
suggest that the interaction between the variables aggravate environ-
mental degradation.

2.1.1. Data description

Because of data restriction, the study is limited to the balanced panel
of 25 countries from 1990 to 2017. The carbon emission (CEM) is used as
a proxy for environmental quality; GDP is gross domestic product per
capita (constant 2010 US$), denoted as GDP and its square is used to
capture the traditional growth-induced EKC hypothesis. Three in-
dicators of fossil fuel consumption/non-renewable energy source are: oil
consumption, coal consumption and natural gas consumption. The bu-
reaucracy (bur) and socioeconomic factors (soc) are the additional
explanatory variables that were retrieved from the Political Risk Ser-
vices (https://www.prsgroup.com/explore-our-products/international-
country-risk-guide/), while the other aforementioned variables are
from the British Petroleum database. For the detailed explanation of the
variable, see Table 1 while the step-by-step description of the methods
are highlighted in Fig. 1.

Step 1: We investigate one of the biggest problems in cross-country
study is that of cross-sectional dependence (CSD) in panel data set and
model residual simultaneously. This examination is vital because of the
deep interconnection between the countries. Accordingly, Pesaran
(2004) CSD test is employed to verify the CSD in the variables and panel
model residuals under the null hypothesis of CSD test as thus: H, : py =
corr(eicexe) = OVi # k while Pesaran (2004) cross-section dependent test
is as thus:

2T n—1 n
cSD =, |——— Pu | ~n(0,1)i, k
n(n—1) (121: k:zi;l k) ()
CSD = (1,2, v, N)

Dy in equation (5) introduces the ADF assessment with respect to the
pairwise cross-sectional connection.
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Table 1
Data description.
Abbreviation  Definition Unit of measurement Data
source
Incem log of carbon million tonnes of CO2 emissions BP
emission
Ingdp log of GDP per GDP per capita (constant 2010 US$) WDI
capita
Ingdpsq log of GDP per It measures the square of GDP per WDI
capita square capita
Inoil Natural log Million tonnes per capita expressed BP
in 2010 constant
US dollars
Incoal Natural log Million tonnes per capita expressed BP
in 2010 constant
US dollars
Ingas Natural log Million tonnes per capita expressed BP
in 2010 constant
US dollars
Lnbur Natural log Bureaucracy stands for the ICRG
institutional quality, strength and
shock absorber that tends to reduce
monotonic government policy
change. High points = 4, and low
points = 1 for nations with high or
low strength and expertise to govern
with minimal changes in policy.
Inoilbur Natural log Interaction term BP/
ICRG
Insoc Natural log Social-economic factor stands for the ~ ICRG
constrain on government action on
policymaking. The risk rating is the
total of three subcomponents:
Unemployment, Consumer
Confidence, Poverty, each with a
maximum score of four points and a
minimum score of zero. Very Low
Risk is a 4-point scale, with 0 points
representing extremely high risk.
Inoilsoc Natural log Interaction term BP/
ICRG
Incoalbur Natural log Interaction term BP/
ICRG
Incoalsoc Natural log Interaction term BP/
ICRG
Ingasbur Natural log Interaction term Bp/
ICRG
Ingassoc Natural log Interaction term BP/
ICRG

Sources: Author’s compilation. WDI is world Bank Development Indicator, ICRG
is International country Risk Guide. List of all variable definitions | The PRS
Group. BP Statistical Review of World Energy (2020)

Step 2: We proceed by testing for panel unit root given the presence
of cross-sectional dependence in the data series that may generate
spurious result (Im et al., 2003) leading nullification of 1st generation
estimation procedure. Therefore, the researcher adopts cross-sectional
augmented Im, Pesaran, and Shin (CIPS) and cross-sectional
augmented Dickey-Fuller (CADF) tests orchestrated by Pesaran (2007).
This technique is credited for accounting for heterogeneity and assumes
cross-sectional dependence. The null hypothesis under this technique is
that variables are not stationary. The equation for the CIPS and CADF
are stated as:

P P

AYy=w;+p Vi1 + oY1+ D didY, j+ Y cjdYip + & (6)
j=0 =1

The difference operator is 4, Y is the target variable,i = 1,........ N

represent the countries considered overt = 1,......... T, €; is the sto-

chastic error term. CIPS statistics is estimated as thus:

1 N
IPS =— 'ADF;
CIPS N;c ; @)


https://www.prsgroup.com/explore-our-products/international-country-risk-guide/
https://www.prsgroup.com/explore-our-products/international-country-risk-guide/
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Fig. 1. Schematic path of the study.
Sources: author’s design.
Step 3: The Pesaran and Yamagata (2008) test for slope homogeneity estimation.
of the estimates are carried. The assumption is that a situation where the N
slope coefficients are confirmed heterogeneous but falsely assumed to G, 1 Z di 9
. : . . e N & se(d;)
homogenous, such leads to bias estimates. This produces Delta tilde (/) =
and bias-adjusted delta tests (/\aq) for slope homogeneity that offers 1 TG
whether the slope coefficients are heterogeneous under the null hy- G, =N 21727,(10 (10)
pothesis of homogeneous slope coefficients. =l m=1"im
Step 4: Cointegration Procedure: this study employs the Westerlund a
(2007) approach to offer insight about cointegration among the vari- P, = @ an
ables. The error rectification method (ECM) of the estimation is pre-
sented as thus: P,—Pa (12)

k k
AY;, = J/i»dz +a; (Y[,l—l 7ﬁ;X[,1—l) + Z OimAY;—m + Z QinldXipm + &0 (8)

m=1 m=1

where.

a; is the adjustment coefficient indicating the error coefficient term
and speed of correction towards the equilibrium. Y;, and X;, are the
dependent and independent variables, A is difference operator. We
expect to get four different tests from Equation (8) above from the

G, and G, are the group statistics employed to predict the null hy-
pothesis of non-cointegration that exit in at least one of the cross-
sections (Hp: a; =0 for all value of i) against the alternative
(H; : a; < O for at leasti). On the other hand, panel statistics (P, and P,)
pool information in all the cross sectional units to predict the null hy-
pothesis (Ho: a; =0 for all value of i) against the alternative
(H; : a; <0 for all i) offer a path for identifying the presence of coin-
tegration for the whole panel.
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Step 5 The Dynamic Common Correlated Effects (DCCE) estimator o <
was employed to estimate the model specification in equations (3) and S E a § %
(4). This technique was proposed by Chudik and Pesaran (2015) with go ? E c;l § § ~
the aim of solving the problem of cross-sectional dependence and effi-
cient for estimation of both short-run and long-run results can be esti-
mated for heterogeneous panels date set. It is based on the standards of 508393« "
s . L SR T
PMG estimation designed by Pesaran et al. (1999), MG estimation of 3 i § 5 § . g
Pesaran and Smith (1995), and common correlated effects (CCE) method FlT3TsR = o
presented by Pesaran (2007) and have carefully implemented by
Chaudhry et al., 2021; Sharma et al. (2021); Ali et al. (2021). ol o
The DCCE can be expressed as thus Zlzad 8 33
Slotasg =
Pr Pr 5 <] S K - oS 3
Yy=pYu1 +0:Xu + Z }'xipXt—p + Z J@,-,,erp + & 13)
P=0 P=0
. . . . 5|88
A one-period lag has been incorporated in the model in order to g8 § = § g b=y §
3 - —
account for the delay between the length of time that it takes for carbon g TN § 299
emission to reach its long-term equilibrium. where, Y; and Y; ; repre-
sent the dependent variable and the lag of the dependent variable which
employed to serve as an independent variable. X, is a vector of inde- 8 § 2 E § E N § é
3 —
pendent variables, while y,;,, and y,,, are the unobserved common fac- glzrcg § _amnaq
tors. Pr and ¢; represent the lags of the cross-sectional averages and
stochastic error term i and T are the number of cross section and time
dimensions. A robust analysis is carried using Eberhardt and Bond guex T § § ©
—
(2009) AMG estimator that deals with the issue of cross-sectional g 8993¢ 23358
dependence through the common dynamic process. s|ecee—n —elles
Step 6: Finally, the Dumitrescu and Hurlin (2012) D-H causality test
that accommodates heterogeneity and CSD in the series was employed to 5
access the direction of causal between the panel date set. Accordingly, X 51388 PR
and Y to be the independent and the dependent variables respectively, gl8g8gste 2333838
then the D-H causality test is expressed
- - 3888
Yi=gi+ > @uYix+ Y 0uXii + € 14 REEEE EEEREE:
5/oNo K N O NN~
k=1 k=1 Ble~aN8 T M=o oo
SElccsoc K ~coco | 1 11
where.
@ik and &y are coefficients of Y;, x and X;,  and the H, : 63 = ... = a3 o3
. . . . —
2 6% =0,¥;=1,...,N is tested against the alternative hypothesis H; : 5| 8 % o % § & % LS ENERS
S1=...=: 6 =0,¥;=1,...,Ny with 63 #or...ordx #0V; =Nj + 1, g ?gcrgl% Hgggggg??
..., N. Also, N; is a natural number that satisfies the condition: 0 < % <
1. Further, the panel data set is expected to balance with k the lag in the ° °
units. Two statistics W- statistics and Z-statistics are computed from D-H - 8882 LSz ISBIB
. gleoh¥ o TOYToCRN W
causality test as thus; S| Ranr 8 SSoNS TS T oM
’ S|l Tl ol 3R S oo | oo o
N
Wi =N"> "W, 15)
i=1 SB8&ER RESRESIEER
=T AN el S N =N OINLWNMNO
glene =8 TR TAN®OTAT
N i=1 "Vt i1 it
L 16)
! 1
\/;Zi:lVAR(VVM) S @
TIBEIE IRIINILIERSA
. st HEEEEE £3558255823¢
where, W;, account for cross-sectional Wald statistics. E(W;;) and Plaftgme - Ip SpuRen Sk SD-I0 JDuTDA Jhh It
VAR(W;;) represent the expectation of cross-sectional Wald statistics )
and its variance respectively. E
. . . . %8@0\%0 SRIIREBERIAITEY
3. Empirical analysis and discussion IR FM AT A M A NN® S
<
Table 2 show the preliminary tests that include the descriptive sta- % §
tistics and the correlation matrix of the variables of interest. According < oo wm R g
to the descriptive statistics, it is clear that gdp and gdpsq occupy the g8 am8Ss 83783 § § E % § § g % S
greatest value, whereas the interaction term of coal and bureaucracy has g|E|"SSeReSS838cs T 1T 11T 171718
2 %)
the lowest value. The correlation matrix shows that the level of carbon % )
emissions, as well as the GDP per capita, oil, coal, and gas, have a @ C o g
cer . .. ST I S [SERSY
moderately strong positive connection. These preliminary findings 2| 5 s g 3 g LE .55 §"§ % <
. . . N Na) = = =
suggest that as fossil fuel consumption increases and as the GDP per ot E| 8 3 cx 25 SHE S H»85258¢80%|8
-_ Q =1 e ] _aEASSSsSSSsS =
capita increases, so too do the emissions of carbon dioxide. Bureaucracy E g S|s&5508 3
w
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and socioeconomic factors have a negative correlation with carbon
emissions and a positive correlation with GDP per capita.

The results of the CD test and a more recent unit test for the variables
are then reported accordingly in Table 3. Pesaran’s (2004) CD test re-
jects the null hypothesis for all variables at a 1% significance level,
indicating that all variables are cross-sectionally dependent. This result
suggests strong evidence of the cross-sectional dependence problem. The
presence of cross-sectional dependence in the variables may lead to
spurious estimations. In line with Pesaran (2007), the CADF and CIPS
panel unit root test was employed to check for the order of integration of
the variables. It is important to ensure that the appropriate methodology
is implemented which ensures reliable and unbiased estimates. The
synopsis from Table 3 avails that the variables are integrated in order
and are mixed, for instance Inoil, Incoal, Ingas, Inoilbur, and Insoc are 1(0)
while the rest are in I(1). The slope homogeneity tests were the next in
line after confirming the cross-sectional dependency and stationarity
test steps 1 & 2 as in the above paragraph. Table 4 reports the results of

the Pesaran and Yamagata (2008) Delta tilde (Z) and adjusted delta

(/A\ag;) tests for slope homogeneity. The null hypotheses were rejected,
confirming that the slope coefficients are homogeneous at a 1% signif-
icance level for all specifications. This implies the presence of hetero-
geneity in the panel data set. It makes the use of Westerlund’s test
(2007), also known as the second-generation cointegration test.

In Table 5, the error-correction panel cointegration test (Westerlund,
2007) is implemented in line with the existing repositories (Anser et al.,
2021; Anser et al., 2021), validating the long-run association among the
variables employed in this study. Accordingly, the group (G, and G;)
and panel (P, and P;) tests are adequate enough to reject the null hy-
pothesis and affirm the long-run association among the data set. To
account for the presence of cross-section dependency and slope het-
erogeneity in the panel data set designed for this empirical adventure,
we employed the DCCE estimator for this study and re-examined the
analysis using AMG, which is robust and consistent with the recently
developed empirical and analytical tool.

3.1. Main empirical results

This study involves the preliminary investigation based on the EU
environmental policies targeting net-zero carbon emissions.

Table 6 above reports the impact of bureaucracy and socioeconomic
factors on fossil fuel consumption (oil, coal, and gas) in the EU member
countries. There is a negative impact due to bureaucracy and socio-
economic factors on fossil fuel consumption across the three specifica-
tions. Specifically, a 1% rise in bureaucracy and socioeconomic factors is
supposed to decrease the fossil fuel consumption by an average of
—0.2112 - 0.0366, ceteris paribus. The negative parameters for
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bureaucracy and the social-economic factors related to fossil fuel con-
sumption reveal their decarbonizing effects where there is a higher level
of bureaucracy and socioeconomic factors in the EU countries. This is in
line with the EU environment policy based on Articles 11 and 191-193
of the Treaty on the Functioning of the European Union.

Next is the research output that fills in the necessary gaps regarding
the role of bureaucracy and social-economic factors on the energy
consumption mix and carbon emission literature of the European Union
by unearthing whether bureaucracy and social-economic factors indi-
vidually mitigate or dampen carbon emissions and/or if their in-
teractions with energy consumption (oil, coal, and natural gas) enhance
or alter their impact on carbon emissions. We extend the novel proposal
of this study by comparing the degree of influence of bureaucracy and
social-economic factors with carbon emissions. Spec [1] and [2] relate to
the moderating role of bureaucracy and social-economic factors in oil
consumption and the carbon emission nexus, Spec [3] and [4] relate to
the moderating role of bureaucracy and social-economic factors in coal
consumption and the carbon emission nexus, and Spec [5] and [6] relate
to the moderating role of bureaucracy and social-economic factors in
natural gas consumption and the carbon emission nexus. Their corre-
sponding robustness checks using AMG technique are reflected in
Table 8. The analysis and interpretations were recorded in turn.

3.1.1. Short-run and long-run estimates

The results of the short and long-run analysis of the carbon emissions
function reported in Table 7 suggest that there is a positive impact due to
GDP growth per capita in linear terms, whereas the squared terms
suggest a negative impact on carbon emissions across all specifications
[1 to 6], thereby validating the EKC hypothesis (U-inverted shape) in the
presence of fossil fuel intensity under the auspice of “grow now and clean
later” as postulated by Gill et al. (2017). In this context, the development
in some EU countries (Eastern Europe) has increased environmental
pollution in its early stages but reduced pollution in its later stages due
to a massive embrace of environmental-friendly technologies and
eco-friendly processes in multi-sectors (see the empirical verification of
the EKC hypothesis in Alola and Ozturk, 2021; Alola and Donve, 2021).
A similar finding is documented in the study by Kais and Sami (2016) for
the case of the European and North Asian region. However, this research
output is parallel to the findings of Boluk and Mert (2014) who posited
that the EKC hypothesis does not hold in the selected 16 EU. The short
and long-run coefficient of energy consumption (oil, coal, and natural
gas consumption) is positive and a statistically significant predictor of
carbon emissions at a 5% level of significance that varies between
12.9481 and 0.0471 across the 6 specifications respectively. This
outcome is consistent with the work of Akadiri et al. (2019) and Bildirici
and Bakirtas (2016) for BRICTS, indicating that energy consumption
triggers environmental degradation and that an increase in energy

Table 3
Cross-section dependency test and Second generation unit test.
CD test CADF CIPS
Level first diff result level first diff result

Incem -1.397 —3.749%** 1(1) —0.523 —2.582%* I(1)
Ingdp —1.663 (1) —0.442 (1)
Ingdpsq —1.681 1(1) —0.355 1(1)
Inoil —2.114%* —3.652%** 1(0) —1.857** —3.036%*** 1(0)
Incoal —2.205%* —3.993*** 1(0) —2.319%* —4.358%** 1(0)
Ingas —2.398** —3.596%** 1(0) —3.306%** —6.783*** 1(0)
Inbur 17.66%** —0.696 —3.896%*** 1(1) —0.377 —4.355%** 1(1)
Inoilbur 7.070%** —2.426%** —3.982%** 1(0) —1.677%* —4.564%** 1(0)
Insoc 48.55%** —2.108** —3.267*** 1(0) —2.394%** —4.553%*** 1(0)
Inoilsoc 28.07*** -1791 1(1) -1.018 1(1)
Incoalbur o 1(1) —1.184 1(1)
Incoalsoc 1(1) —3.388%%* 1(1)
Ingasbur (1) —2.510%* (1)
Ingassoc 6.960%** 3.326%** 1(1) —0.106 —5.686*** 1(1)

Sources: Author’s compilation Note: at 1%, 5% and 10% indicates significance level, decision based on ***p < 0.01, **p < 0.05, *p < 0.1
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Table 4
Pesaran and Yamagata (2008) slope heterogeneity test.
variables Specl Spec2 Spec3 Spec4 Spec5 Spec6
Delta tilde (A) 1.9436%* 2.5210%* 2.1365%* 3.6880%* 6.8610%** 6.5970%*
0.0520 0.0120 0.0330 0.0000 0.0000 0.0000
Adjusted delta (Aag) 2.5244% 3.3130%* 2.7560%* 4.7620%+* 9.3200%** 9.7910%**
0.0120 0.0010 0.0060 0.0000 0.0000 0.0000
Sources: Author’s compilation. Note: at 1%, 5% and 10% indicates significance level, decision based on ***p < 0.01, **p < 0.05, *p < 0.1
Table 5
Error-correction panel cointegration test (Westerlund, 2007).
Specl Spec2 Spec3 Spec4 Spec5 Spec6
Value Robust P-  Value Robust P-  value Robust P-  value Robust P-  value Robust P-  value Robust P-
value value value value value value
G, —5.501%** 0.000 —3.920%** 0.000 —3.537%** 0.038 —3.952%** 0.002 —4.961%** 0.002 —3.314%** 0.005
Gq —7.045%%* 0.000 —7.059%%* 0.435 —3.163%** 0.035 —5.946%** 0.070 —4.302%** 0.018 —6.768%** 0.006
P, —12.368%** 0.013 0.003 —11.916° 0.000 0.000 —8.346%** 0.048 0.003
P,- 7.218%* 0.035 0.080 —5.145 0.013 0.024 —6.491 0.000 0.000
Note: at 1%, 5% and 10% indicates significance level, decision based on ***p < 0.01, **p < 0.05, *p < 0.1.
Sources: Author’s compilation
Table 6
Augmented Mean Group estimator (Bond and Eberhardt, 2009; Eberhardt and Teal, 2010).
Specl Spec2 Spec3
Coff Prob Coff Prob Coff Prob
Constant 2.1657*** 0.0000 1.4388%*** 0.0000 —1.3697*** 0.0010
Lnsoc —0.2112%** 0.0000 —0.0736** 0.0034 —0.1370** 0.0460
Lnbur —0.03660** 0.0.321 —0.0527*** 0.0000 0.1522** 0.0100
Trend No No No
Wald x2 0.0001 *** 0.000%** 0.000%***
Root mean squared error 0.00822 0.0157 0.0316

Sources: author’s compilation

consumption creates a picture of a “carbon curse” as stated by Friedrichs
and Inderwildi (2013). Regarding the direct environmental impact of
the bureaucracy and socioeconomic factors, their coefficients in the long
and short-run are negative at a 5% level significance. The signs of the
coefficients align with the outcomes of the recent literature that bu-
reaucracy and socioeconomic factors are shock absorbers that have the
strength to consolidate the government policies seeking to enhance the
environmental quality in the EU (see Li Wang, 2012; Wawrzyniak and
Doryn, 2020; and Salman et al., 2019 in the case of China).

Comparatively, the environmental impact of bureaucracy is found to
be more pronounced across the specifications [1-6] than the socioeco-
nomic factors. For instance, in spec 1 & 2, there is a 1% increase in
bureaucracy which decreases the carbon emission in the selected EU
nation by 40.5374%, and 38.7544% in the long-and short-run, on
average, of the ceteris paribus. Meanwhile, there is a 1% increase in the
socioeconomic factor which decreases the carbon emissions by 0.0471%
and 0.0981% in the long-and short-run on average, ceteris paribus. This
is expected as the bureaucratic system in Europe serve as a stimulus of
economic and environmental performance (Ringquist, 1993; Povitkina,
2015).

Moving towards the contribution of this study to the body of
knowledge, we consider the indirect/moderating or interaction terms
which indicate whether bureaucracy and socioeconomic factors enhance
or distort the fossil fuel-induced environmental impact across all model
specifications [1-6], leading to the mitigation or aggravation of envi-
ronmental degradation. In model specifications [1, 3 & 5] in Table 7, the
coefficient estimates for the interaction terms Inoilbur, Incoalbur and
Ingasbur are similar, negative and significant. So far as the negative
coefficients attached to the interaction terms attached to bureaucracy
and fossil fuel consumption (oil, coal and natural gas) are concerned,

their coefficient estimates reveal that the positive long-and short-run
effects of fossil fuel consumption (oil, coal and natural gas) on carbon
emission in European nations decreases as bureaucracy improves. Thus,
the interaction terms imply that the positive environmental impact of
fossil fuel consumption is conditional on the level of bureaucracy within
the economy. The negative signs of the elasticity parameters attached to
the interaction terms suggest that a higher level of bureaucracy is syn-
onymous to an improvement in the environmental conditions that is
likely to exhibit negative impacts on carbon emissions by reducing the
environmental cost of GDP per capita triggered by energy consumption,
reducing the positive impact of fossil fuels further. Accordingly, pro-
moting a sound bureaucratic system alongside the GDP per capita could
be a viable solution to the environmental challenges within the EU.
Therefore, it is pertinent to promote bureaucracy and socioeconomic
factors to simultaneously pursue GDP per capita and environmental
welfare policies in tandem. This research output is consistent with the
work of Wawrzyniak and Doryn (2020) in the case of emerging coun-
tries, with that of Salman et al. (2019) in the case of East-Asia, and with
that of Abid (2017) in EU countries. However, it is on the contrary to the
study by Saidi et al. (2020) in the case of the MENA Region.

Similarly, for model specifications [2, 4 & 6] in Table 7, the coeffi-
cient estimates of the interaction terms Inoilsoc, Incoalsoc and Ingassoc
are similar, negative and significant. However, the magnitude of these
estimates (socioeconomic factors) is less than bureaucracy, hence the
latter is more pronounced when it comes to exerting more influence on
carbon emissions. So far as the negative coefficient attached to the
interaction between the environmental impact of the socioeconomic
factors and fossil fuel consumption (oil, coal and natural gas) is con-
cerned, the coefficient estimate reveals that the positive long-and short-
run effects of fossil fuel consumption (oil, coal and natural gas) on



A.A. Alola et al.

Table 7
Dynamic common correlation effect by (Chudik and Pesaran (2015).
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Variables Specl Spec2 Spec3

Spec4 Spec5 Spec6

Coff Prob Coff Prob Coff

Prob Coff Prob Coff Prob Coff Prob

short run
Constant
L.cem
Alngdp
Alngdpsq
Alnoil
Alncoal
Alngas
Alnbur
Alnoilbur
Alnsoc
Alnoilsoc
Alncoalbur
Alncoalsoc
Alngasbur
Alngassoc

Long-run
Constant
Ingdp
Ingdpsq
Inoil
Incoal
Ingas
Inbur

8.0238***
—0.7562%**
5.5226**
—0.2392%*
12.9481**

0.0000
0.0000
0.0330
0.0350
0.0500

—13.229*
—1.0443%**
9.4292*
—0.3435*
0.0471**

0.0810
0.0000
0.0780
0.0520
0.0240

6.6919
—0.5361***
2.8300*
—0.1246*

1.4242%*

—40.5374**
—20.3350%**

0.0200
0.0010

—26.7907**

~0.4622*
~0.5354**

0.0520
0.0220
—1.7482%*

1.2192*
5.0614**
—0.2232%**
7.2712%*

0.0880
0.0020
0.0000
0.0040

—7.4037*
5.5336***
—0.2066**
0.0483**

0.0730
0.0000
0.0080
0.0310

4.2226
1.9043+
~0.0856%*

1.0024*

—38.7544**
—11.4296**

0.0190
0.0420

—18.1652*
Inoilbur
Insoc

Inoilsoc

—0.0981**
—0.2526*

0.0600
0.0740
Incoalbur —1.3190%*
Incoalsoc
Ingasbur
Ingassoc
Obsv

No of groups
)

Time(T)

700
25

700
25

700
25
28

28 28

0.6490
0.0000
0.0710
0.0820

—34.545%*
—0.5736%***
6.5311%*
—0.2957**

0.0190
0.0000
0.0150
0.0160

1.8853***
—0.3209**
1.2748**
—5.4038**

0.0000
0.0490
0.0290
0.0280

0.0337
~0.4199*+*
1.5709*
~0.1522%*

0.3870
0.0000
0.0750
0.0450
0.0010  0.8156** 0.0020
3.3274**
—3.8887*

0.0060
0.0860

0.2827** 0.0140

0.0060

—0.3171** 0.0450 —0.0617 0.4270
0.0310

—0.6036** 0.0010

—4.4645 0.2350

—0.1160** 0.0270
0.6210
0.0050

0.0000

0.0160
0.0000
0.0000

0.6313
7.2435%*
—3.3559%**

0.2470
0.0330
0.0000

0.0503
12.1573***
—0.6798**

0.2920
0.0000
0.0010

—0.1818%**

0.0880  0.4884** 0.0020
1.9098**

—2.8876**

0.0540
0.0070

0.2509* 0.0930

0.0820

0.1339** 0.0120
0.0360

—0.3551** 0.0130

—2.6585%* 0.0240

—0.0633**

700

25

0.0070
700
25

700
25
28

28 28

Sources: Author’s compilation. Note: at 1%, 5% and 10% indicates significance level, decision based on ***p < 0.01, **p < 0.05, *p < 0.1

Table 8

Robust test: Augmented Mean Group estimator (Bond and Eberhardt, 2009; Eberhardt and Teal, 2010).

Specl Spec2 Spec3

Spec4 Spec5 Spec6

Coff Prob Coff Prob Coff

Prob Coff Prob Coff Prob Coff Prob

11.9974
2.3728**
—0.1170*
2.4339**

0.8300
0.0090
0.0680
0.0290

16.4643
2.4183**
—0.1059**
0.1737**

0.7890
0.0410
0.0210
0.0070

12.843**
21.7503**

Constant
Lngdp
Lngdpsq
Lnoil
Lncoal
Lngas
Lnbur
Lnoilbur
Lnsoc
Lnoilsoc
Incoalbur
Incoalsoc
Ingasbur
Ingassoc
Trend
Wald x2
Root mean squared
error

1.1068**

—2.3327%*
—3.0358**

0.0930

0.0360
—1.0392%*
0.7751**

0.0050
0.0070

No
0.0000%**
0.0119

No
0.000%**
0.0118

No
0.000:':*7‘:
0.0146

—0.8986**

—1.2724%*

—1.2727%**

0.0050
0.0060
0.0070

—14.996**
25.590**
—1.0720**

0.0020
0.0020
0.0020

—85.5058
13.8309**
—0.5350**

0.2068
0.0026
0.0349

—11.560
1.1021%**
—0.0157*

0.8740
0.0290
0.0760
0.0157  0.7170%*** 0.0000

0.9306*

—0.6908**

0.0710
0.0030

0.7634** 0.0160

0.0260
—0.7511**  0.0034 —0.8751**  0.0680
0.0000
—0.5178**  0.0018
—1.0149* 0.0980
—0.7037*
No
0.000%**
0.0168

0.0720
No
0.000%**
0.0131

No
0.000%**
0.0179

Sources: Author’s compilation. Note: at 1%, 5% and 10% indicates significance level, decision based on ***p < 0.01, **p < 0.05, *p < 0.1.

carbon emissions decreases when the socioeconomic factors improve.
This is another significant contribution to the body of knowledge as it in
tandem with the hypothesis suggesting that a higher level of socioeco-
nomic factor is synonymous to an improvement in the environmental
conditions, and that it is likely to exhibit a negative impact on carbon
emissions by reducing the negative externalities from the environmental
costs aggravated by energy consumption. These findings support the

extant repositories by Bel and Rosell (2017) that education and occu-
pation do not increase the carbon emissions in Barcelona city, Spain, by
proposing that the socioeconomic factor not only supports
multi-dimensional economic activities but also improves the environ-
mental conditions vis-a-vis reducing the positive impact of energy con-
sumption on carbon emissions. On the contrary to this finding, Bello
et al. (2021) argued that education increases environmental pollution
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significantly in the case of sub-Saharan Africa. Vita et al. (2020) and
Ivanova et al. (2017) found there to be an increase in environmental
degradation when the socioeconomic factor increases.

3.2. Robustness check

Estimations in the panel data analysis can lead to several econo-
metrics issues which, when not identified, can lead to misleading results.
Hence, it is important to check the robustness of the DCCE estimates in
Table 7. We implemented the relative novel technique AMG developed
by Bond and Eberhardt (2009) as was carefully applied by Eberhardt and
Teal (2010). The AMG is efficient, unbiased, and robust for different
combinations of time series, cross-section, time dimension with
non-stationary series and it can account for the presence of cross-section
dependence and country-specific heterogeneity in panel data (Eberhardt
and Teal, 2010). The research output is presented in Table 8. Targeting
the key variables of the interaction terms, both estimators of DCCE and
AMG yielded complementary results for the signs but with slit discrep-
ancies, especially for the magnitude of the coefficients. The results
presented in this section further revalidate the research output high-
lighted earlier as thus: i.) Growth-induced EKC reconfirmed ii.) The
result also affirms the positive and negative environmental impact of
fossil fuel consumption, bureaucracy, and socioeconomic factors on
carbon emissions. As expected, the magnitude of bureaucracy is greater
than the socioeconomic factors across the model specification [1-6] iii.)
The parameter estimates for the interaction terms also show as negative
and significant across the model specification [1-6].

Interestingly, this empirical adventure extends the debates in three
strands areas in energy economics. The first strand shows that fossil fuel
consumption has a deteriorating impact on environmental performance
due to its positive effect on carbon emissions (Bekun et al., 2019; Dogan
and Seker, 2016; Al-mulali, 2011; Bildirici and Bakirtas, 2016; Saboori
and Sulaiman, 2013). It can provide a picture of how fossil fuel con-
sumption moderates the relationship between national income and
carbon emissions under the auspices of the EKC hypothesis. The second
strand highlights how the direct effect of bureaucracy and the socio-
economic factors exert a negative impact on the influence of environ-
mental pollution/degradation (Povitkina, 2015; Ringquist, 1993). The
overall consensus among scholars is that the direct effect of bureaucracy
and the socioeconomic factors promotes environmental quality but the
degree or magnitude of influence is more pronounced in a sound
bureaucratic system. The third strand posits that there are indirect ef-
fects due to bureaucracy and the socioeconomic factor on the environ-
ment via fossil fuel consumption within the EU.

Surprisingly, there are no empirical entries to explain the juxta-
posing relationship of the indirect/moderating roles of bureaucracy and
the socioeconomic on environmental quality. In this study, we show how
bureaucracy and the socioeconomic factors can reverse the degrading
environmental impact of fossil fuel consumption by moderating the
relationship between GDP per capita fossil fuel consumption and carbon
emissions, such that bureaucracy and the socioeconomic factors are
more likely to have a mitigating effect on environmental quality due to
ameliorating the effect of fossil fuel-induced environmental impacts in
EU countries. The findings are consistent with the work of Povitkina
(2015) and Ringquist (1993) who provide support for the quality of the
bureaucratic system and the socioeconomic factors effect hypothesis
which has significantly been used to explain the de-carbonation fossil
curse in many nations.

3.2.1. Causdlity result

Additional test i.e the D-H causality analysis is carried out with the
results provided in Table 9. On the causal relationship between GDP per
capita and carbon emissions, the statistical significance of the W-stat and
Zbar-Stat favors the unidirectional causal flows from real gdp and square
rgdp to carbon emissions. This is in line with the regression output and a
potential explanation for this outcome is that expanding the economic
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Table 9
DH Granger causality result.

Argument W-stat Zbar-Stat p-value Direction causality
Ingdp—Incem 3.3116 8.1727 0.0100 Ingdp—Incem
Incem—Ingdp 2.6430 5.8090 0.2700

Ingdpsq—Incem 3.3041 8.1472 0.0100 Ingdpsq—Incem
Incem— Ingdpsq 2.6601 5.8692 0.2500

Inoil—Incem 5.1012 7.7539 0.0300 InoileIncem
Incem—Inoil 3.0915 7.3944 0.0200

Incoal—Incem 4.0496 5.1240 0.0700 Incoal—Incem
Incem—Incoal 1.3808 1.3463 0.7200

Ingas—Incem 4.4261 6.0652 0.0500 Ingas—Incem
Incem—Ingas 2.9834 2.4585 0.4700

Inbur—Incem 7.3200 7.1340 0.0000 Inbur—lncem
Incem— Inbur 6.4200 6.5340 0.0000

Inoilbur—Incem 3.1189 7.4913 0.0100 Inoilbur—Incem
Incem— Inoilbur 1.4762 1.6836 0.6301

Insoc—Incem 3.6488 3.2939 0.0520 Insoc—Incem
Incem—Insoc 1.5009 1.7709 0.6800

Inoilsoc—Incem 3.3853 3.3621 0.0700 Inoilsoc—Incem
Incem— Inoilsoc 1.9141 3.2317 0.3600

Incoalbur—Incem 4.9702 5.8257 0.0630 Incoalbur<Incem
Incem—Incoalbur 1.5164 2.9702 6.9656

Incoalsoc—Incem 3.8618 5.1546 0.0530 Incoalsoc—Incem
Incem—Incoalsoc 2.2250 4.3311 0.1800

Ingasbur—Incem 3.9451 4.8627 0.0700 Ingasbur—Incem
Incem— Ingasbur 1.9794 3.4627 0.3100

Ingassoc—Incem 3.6718 5.3751 0.0400 Ingassoc—Incem
Incem— Ingassoc 2.1040 3.9049 0.2000

Note: at 1%, 5% and 10% indicates significance level, decision based on ***p <
0.01, **p < 0.05, *p < 0.1.

development in the EU nations would promote carbon emissions. Oil
consumption has a bidirectional causality with carbon emissions
whereas coal and natural gas have a unidirectional causality with carbon
emissions. The results suggest that fossil fuels contribute strongly to the
environmental degradation within the EU nations. Similarly, there is a
unidirectional flow between the interaction terms and carbon emissions
with the exception of the interaction term between coal consumption
and bureaucracy that reports a bidirectional causality. This causal
relationship aligns with the extant studies by Akadiri et al. (2019),
Al-mulali (2011), and Saboori and Sulaiman (2013). Bureaucracy and
socioeconomic factors create a mitigation path in relation to environ-
mental quality. In sum, the regression output and the Granger causality
are reported in the schematic diagrams shown in Fig. 2.

4. Summary and policy implications

In recent decades, European nations have continued to witness a
continuous growth. However, this growth has not been immune to the
increase in climatic change emanating from high demand of human and
economic activities. These nations have not been able to maintain the
welfare of their particular environmental qualities while growing
economically. As a result, the macroeconomic elements which can
address the worsening environment issues in these countries are rele-
vant to these economies. It is against this backdrop that this study in-
vestigates the dynamic relationship between bureaucracy,
socioeconomic factors, fossil fuel consumption and environmental
quality in the selected 25-EU nations from 1990 to 2017. After the
preliminary descriptive statistics and correlation matrix tests were car-
ried out, the econometric protocols implemented are as follows. The
second-generation test was implemented following the example of
Pesaran (2004) and Pesaran and Yamagata (2008) to test for CD and
slope heterogeneity problems in the data. Accordingly, the Pesaran
(2007) CIPS and Pesaran (2003) unit root tests were used to check the
stationarity properties of the variables. The second-generation panel test
was assessed using the Westerlund (2007) approach. To assess the
robustness of the long-run estimates and also to account for the
country-specific coefficients and heterogeneity, the short- and long-run
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Fig. 2. Schematic view of research output.
Sources: author’s design.

coefficients were determined using the DCCE method established by
Chudik and Pesaran (2015) and the AMG estimator of Eberhardt and
Teal (2010). The direction of the causality test was implanted using the
example of Dumitrescu-Hurlin.

In terms of the bigger picture, this study covers two key research
issues including i) whether bureaucracy, socioeconomic factors and
fossil fuel consumption exert a significant impact on environmental
quality and ii) whether the efficient implementation of bureaucracy and
improved socioeconomic factors enhances or distorts the environmental
impact of fossil fuel consumption. In particular, the empirical evidence
unearthed the following: (1) fossil fuel consumption has a dampening
impact on environmental performance due to its positive effect on car-
bon emissions; (2) that the direct effect of bureaucracy and socioeco-
nomic factors promote environmental quality but the degree or
magnitude of influence is significantly different according to the
bureaucratic system and socioeconomic factor, and (3) the moderating
or indirect impact of bureaucracy and socioeconomic factors on the
environment via fossil fuel consumption promotes environmental
quality, and it is significantly different across the model specifications;
(4.) there are unidirectional causal relationships from GDP per capita,
coal, bureaucracy and socioeconomic factors to carbon emissions, while
a bi-direction relationship exist between oil, gas, and emissions.

4.1. Policy

The recommendation of this research output is highlighted by
drawing on inference from the meaning of EKC in EU-25, substantiating
that the member states need more in mitigating environmental degra-
dation through making environmental wealth a key pathway toward
attaining economic sustainability. The negative signs of the elasticity
parameters attached to the interaction terms suggest that a higher level

10

of bureaucracy is synonymous with an improvement in the environ-
mental conditions that is likely to reduce the environmental costs of GDP
per capita triggered by energy consumption. The policy option in this
regard should be that the EU governing body has to reinforce a policy
that further assess the feasibility of the scope of action relating to do-
mestic fiscal policies considering the geographical issues associated with
national planning, land use, quantitative water resource management,
the choice of energy sources, and the structure of the energy supply in
the respective member nations. There is also the need to encourage
policymakers within the bloc to relax some of the existing obstacles to
the installation of alternative (i.e wind and solar) energy infrastructures.
Particularly, this includes cutting down on the duration of the permit-
ting processes, providing alternative dispute resolutions for opposing
members, promoting the alignment of country-specific goals to climate
agreements, and reducing the volume of environmental regulations and
higher bureaucratic expertise to hasten the progress towards renewable
energy. The EU can achieve a higher volume of carbon net sink by 2030
by reinforcing the bureaucratic structure such as strengthening the Eu-
ropean Scientific Advisory Board on Climate Change toward providing
independent scientific guidelines and reporting on the EU climate
initiatives.
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