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ABSTRACT

Abstract. The increase in CO2 emissions, recognized as a global problem, is significantly influenced by
energy consumption. Turkiye, which is among the developing countries, is a country dependent on
foreign sources to meet its energy needs. Nevertheless, it satisfies its energy requirements through
both renewable and non-renewable sources. The primary objective of this study is to elucidate the
impact of consumption from renewable and non-renewable energy sources in Turkiye between 1990
and 2020 on CO2 emissions and investigate the validity of the Environmental Kuznets Curve
hypothesis. We apply the traditional and structural break unit root tests to check whether the variables
are stationary. We employed the newly accepted Augmented Autoregressive Distributed Lag (ARDL)
method to estimate the long-run relationship between variables. According to the findings, there is a
U-shaped relationship between economic growth and CO2 emissions. It means that the Environmental
Kuznets Curve hypothesis is not applicable in Tirkiye. Moreover, it concluded that non-renewable
energy consumption plays a role in emission increase, while renewable energy consumption is effective
in emission reduction.
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1. INTRODUCTION

The environmental impact of carbon emissions has become increasingly severe. Research and
development efforts, particularly in carbon capture, storage, and clean coal technology, aim to
reduce these emissions. A significant portion of carbon emissions comes from using fossil fuels
in the energy sector, and as energy consumption rises, emissions increase correspondingly. When
fossil fuels are burned for energy, they produce solid and gaseous waste that cannot be repurpo-
sed, leading to further environmental degradation (DEKTMK, 2010; Coban and Kiling, 2015). In
this study, the impact of renewable and non-renewable energy consumption on carbon emissions in
Tirkiye is examined within the framework of the Environmental Kuznets Curve (EKC) hypothe-
sis. This topic has been extensively studied for Tiirkiye, as seen in works by Kocak (2014), Boliik
and Mert (2015), Ertugrul et al. (2016), Lebe (2016), Pata and Yurtkuran (2018), Cetin and Saygin
(2019), Ceylan and Karaagac (2020), Giizel (2021) and Ozbek and Ogul (2022). However, the dif-
ference between this study and the others lies in its use of the newly introduced Augmented
Autoregressive Distributed Lag (A-ARDL) method, which investigates the long-run cointegration
relationship between variables under structural breaks, thereby aiming to contribute to the lite-
rature.

Figure 1: Environmental Kuznets Curve (EKC)

Level of environmental
degradation Industrial Economics

A
Turning point

:

>

GDP per capita (economic growth)

The EKC, depicted in Figure 1, illustrates the relationship between economic growth and envi-
ronmental degradation. This important theory is grounded in the foundational work of Kuznets
(1955), which identified an inverted U-shaped relationship between income distribution and
economic growth. This provides valuable insights into the complexities of economic develop-
ment and environmental sustainability. Subsequently, this approach was developed by various
researchers, who included variables such as per capita income and environmental pollution.
According to this model, environmental pollution initially rises with economic growth. However,
upon reaching a certain threshold, while economic growth continues to advance, environmental
pollution tends to decline. This relationship indicates an inverted U-shaped curve between
economic growth and environmental degradation (Grossman and Krueger, 1991). Therefore,
economic growth does not necessarily lead to continuous environmental degradation; on the
contrary, once a certain income level is reached, environmental pollution gradually decreases.
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Figure 2: Renewable Energy Consumption in Tiirkiye
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Figures 2 and 3 depict the consumption of renewable and non-renewable energy sources in Tiir-
kiye between the period of 1965 to 2023. Figure 2 shows that it is evident that hydro energy, one
of the renewable energy sources, is the most consumed renewable energy source in Tiirkiye. And
it is followed by wind, solar, and other renewable energy sources. In Figure 3, the time series graph
shows the consumption of non-renewable energy sources such as gas, coal, and oil in Tiirkiye. This
graph illustrates that oil was the most consumed energy source in Tiirkiye; however, after 2013, the
consumption of all three sources (gas, coal, and oil) converged, indicating that they followed a similar
consumption pattern.

Figure 3: Non-Renewable Energy Consumption in Tiirkiye
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The remainder of this paper is structured as follows. The literature review section provides a
comprehensive examination of previous studies that assess the validity of the EKC while
analyzing the impacts of both renewable and non-renewable energy consumption on carbon
dioxide (CO2) emissions. In the third section, we detail the data, the model, and the econometric
methodologies. In the next section, we interpret and discuss the findings in depth. In the
conclusion, we offer policy recommendations for Tiirkiye based on the study's findings.
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2. LITERATURE REVIEW

Since the 1990s, it is noteworthy that the number of empirical studies on EKC has gradually increa-
sed. In the literature, Grossman and Krueger (1991) first proposed the relationship between
economic growth and environmental degradation. This study, which analyzed the NAFTA country
sample, used SO2, smoke, and particulate matter as indicators of environmental degradation. It
has shown that environmental degradation tends to increase during the early stages of economic
growth. However, once growth surpasses a certain threshold, environmental degradation decli-
nes. These findings suggest an inverted U-shaped relationship between economic growth and
environmental degradation. This pioneering study was followed by many important studies in
literature (Shafik and Bandyopadhyay (1992); Panayotou (1993); Selden and Song (1994)).

This section focuses on recent studies from the perspective of the EKC. Studies that examine the
impact of non-renewable and renewable energy consumption and economic growth on carbon
emissions are analyzed. Panel A of Table 1 presents the studies conducted in Tiirkiye, while
Panel B highlights studies from other countries.

Table 1: Summary of previous literature

Panel A: Studies Conducted for Tiirkiye

Author(s) Years Variables Method(s) Results
Kocgak (2014) 1960-2010 CO2,Y,Y% Y3, EC ARDL x
Boluk and Mert (2015) 1961-2010 CO2,Y,Y2 REC ARDL v
Ertugrul et al. (2016) 1971-2011 CO2,Y,Y% EC, TR ARDL v
Lebe (2016) 1960-2010 CO2,Y,Y%EC,FD,TR ARDL v
Katircioglu and Taspinar 1960-2010 CO2 Y, Y% EC, FD DOLS v
(2017)
Pata and Yurtkuran 1981-2014 CO2, Y, Y2 REC, FD, ARDL v
(2018) PD
Cetin and Yuksel (2018) 1960-2014 CO2,Y,Y%EC, TR,FD GMM, DOLS v
Cetin and Saygin (2019) 1960-2014 CO2,Y,Y%EC, TR ARDL v
Ceylan and Karaagac 1960-2014 CO2,Y, Y2 Y3, EC ECM x
(2020)
Okumus (2020) 1968-2014 CO2,AGR, Y, Y2, ARDL v
NREC, REC, TR, URB
Ozdemir and Koc (2020) 1960-2017 CO2,Y, Y2, Y3, NREC, ARDL x
REC, TR
Eylasov et al. (2023a) 1990-2020 CO2, GDP, REN, EX, ARDL and x
IMP Bayer-Hanck
Guzel (2021) 1960-2015 CO2,Y,Y? Y3, EC ARDL x
Ozbek and Ogul (2022) 1990-2018 CO2,Y, Y% EC ARDL, FMOLS, CCR v
Dalli and Kutukcu (2023) 1974-2019 CO2,Y, Y% AGR, ARDL v
NREC, REC, FD, FDI
Eylasov et al. (2023b) 1971-2019 CO2,Y, Y% EC ARDL v
Panel B: Studies Conducted for Other Countries
Author(s) Years Variables Methods Results
(Countries)
Shahbaz et al. (2014) 1971-2010 C Y, Y% EC TR ARDL, Johansen v
(Tunusian)
Ahmad etal. (2016) 1971-2014 COz2, Y, Y% EC Johansen and ARDL v
(India)
Kartal et al. (2023) 1970-2021 CO2z, GAS, NUCLEAR, DYARDL and KRLS x
(France) COAL, OIL, RENEW
Mikayilov et al. (2018) 1992-2013 CO2,Y, Y% Y3 ARDL, FMOLS, and DOLS x
(Azerbaijan)
Rayhan et al. (2018) 1973-2013 CO2,Y,Y?% TR, EC, ARDL v
(Bangladesh) URB, FDI
Hasanov etal. (2019) 1992-2013 CO2,Y,Y% Y3 ARDL, FMOLS, and DOLS x
(Kazakhstan)
Dong et al. (2020) 1995-2015 CO2,Y, Y% REC, MG, CCEMG and AMG v
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Aziz etal. (2021) 1995-2018 CO2,Y, Y2 REC, NAR, FMOLS, DOLS, FE-OLS and v
(MINT) GLOB MMQR

Leitdo etal. (2021) 1990-2015 CO2,Y, Y2, ECI, REC FMOLS, DOLS, FE-OLS and v
(BRICS) MMQR

Ulussever et al. (2023) January 1973 ML and TS x
and December
2021
(USsA)

Ali etal. (2021) 1975-2014 CO2, Y, Y% FDI, NREC  ARDL v
(Pakistan)

Imamoglu and Onbasioglu ~ 1975-2015 CO2,Y, Y2 EC, GLOB ARDL v

(2023) (Pakistan)

Yilanci et al. (2023) 1850-2018 CO2,Y, Y% EC Johansen and time varying v
(United causality tests
Kingdom)

Note: The v“symbol indicates that the EKC hypothesis is valid, and the * symbol indicates that the EKC hypothesis is not valid.
The variable abbreviations mean: CO2: Carbon emission, Y: per capita GDP, EC: Energy consumption, REC: Renewable energy
consumption, NREC: Non-renewable energy consumption, TR: Trade openness, URB: Urbanization, GLOB: Globalization, FD:
Financial development, ECI: Economic complexity index, FDI: Foreign direct investment, ES: Economic structure, PD: Population
density, NAR: Natural resources, AGR: Value-added agriculture. The method abbreviations mean: ARDL: Autoregressive
Distributed Lag, FMOLS: Fully Modified OLS, DOLS: Dynamic OLS, FE-OLS: Fixed effect OLS, MMQR: Method of Moments Quantile
Regression, MG: Mean Group, CCEMG: Correlated effect mean group, AMG: Augmented mean group.

Upon analyzing Panel A of Table 1, it becomes evident that many studies have focused on using
the ARDL bounds test approach to examine the relationships between variables. The prevalence
of this approach in the research is mainly due to its effectiveness in estimating both short-run
and long-run relationships between variables in Turkey (Qoyash ve Eren, 2022). In the majority
of the studies analyzed, the findings indicate that the Environmental Kuznets Curve (EKC)
hypothesis holds true for the sample from Tiirkiye. Additionally, it can be observed that non-
renewable energy consumption significantly contributes to an increase in CO2 emissions,
whereas renewable energy consumption plays a crucial role in reducing CO2 emissions. Similar
results are found in Panel B, which examines samples from other countries.

In summary, this study presents an analysis of samples that encompass both Tiirkiye and other
countries, demonstrating general support for the validity of the EKC hypothesis. A key distinction of
this research lies in its method of incorporating energy consumption variables, which are categori-
zed separately into non-renewable and renewable energy consumption during the investigation of
the EKC hypothesis's validity. This approach enhances our understanding of the relationship
between economic development and environmental impact. Thus, the direct effects of each energy
consumption on emissions can be estimated. Furthermore, the newly accepted A-ARDL bounds test
approach is employed to ascertain both the short- and long-run relationships between the variables
involved. This methodology is anticipated to enhance the existing literature, particularly as it has not
yet been applied in investigating the validity of the EKC hypothesis within the context of Ttrkiye.

3. RESEARCH MODEL AND METHODOLOGY
3.1. Dataset and Model

This study analyzes data from the period 1990 to 2020 to assess the impact of renewable and non-
renewable energy sources on changes in CO; emissions in Tiirkiye. Furthermore, it assesses the
validity of the EKC hypothesis. The renewable energy sources analyzed in this research include
hydro, solar, wind, geothermal, solid biomass, biogas, and waste, while the non-renewable energy
sources addressed are coal, natural gas, and liquid fuels. Detailed definitions and sources of the
variables utilized in the study are presented in Table 4.
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Table 4: Definitions and Sources of Variables

Symbol Variable Unit Source

CO2 CO2 emissions Kiloton World Bank

GDP GDP per capita Constant 2015 US Dollars World Bank

NEC Non-renewable energy consumption Ejoule (EJ) BP

REC Renewable energy consumption Percentage of total final energy World Bank
consumption

In this context, three alternative models have been developed to evaluate the validity of the EKC
hypothesis and to analyze the influence of various energy sources on CO; emissions:

Model 1: [InCO,,; = f(InGDP,,InGDP?,InNREC,, InREC,)
Model 2: InCO,; = f(InGDP;,InGDP?, InNREC,)
Model 3: [InCO,, = f(InGDP,, InGDP?, InREC,)

To effectively interpret the elasticity of each independent variable present in the equations, loga-
rithmic transformations have been applied to all variables. In Models 1-3, the coefficient associated
with the InGDP variable is positive, whereas the coefficient for InGDP? is negative. This suggests an
inverted U-shaped relationship between per capita income and CO emissions (Kocak, 2014; Aliyev
et al,, 2024). These findings provide support for the validity of the EKC hypothesis. Furthermore,
theoretical analysis indicates that renewable energy consumption is associated with a decrease in
CO; emissions, whereas non-renewable energy consumption correlates with an increase in emis-
sions (Adebayo, 2022; Raihan, 2023; Saba, 2023; Raihan and Tuspekova, 2022; Bekun, 2022). For a
comprehensive overview, Table 5 summarizes the descriptive statistics of the analyzed variables,
while Figure 4 presents a visual representation of the correlation matrix.

Table 5: Descriptive Statistics of Variables

InCO: InGDP InNREC InREC
Mean 12413 8.947 1.319 2.791
Median 12.367 8.942 1.277 2.730
Max 12.943 9.398 1.887 3.193
Min 11.843 8567 0.704 2433
Std. Deviation 0.346 0.278 0.372 0.255
Skewness -0.026 0.269 0.008 0.296
Kurtosis 1.759 1.692 1.793 1.627
Jarque-Bera 1.991 2.585 1.881 2.887
Prob 0.369 0274 0.390 0.236

According to Table 5, all variables are found to have a normal distribution. The p-values from the
Jarque-Bera test are greater than 0.05, indicating that the null hypothesis of normality is not rejected.
Notably, the skewness coefficients for all variables, except for carbon emissions, yield positive values.
This suggests that the normal distribution graphs for InGDP, InNREC, and InREC are skewed to the
right, while the graph for InCO; is skewed to the left. Furthermore, the kurtosis values for all
variables are found to be less than 3, leading to the conclusion that the normal distribution graphs
generally exhibit a platykurtic structure.

Figure 4: Correlation Matrix
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When analyzing the findings of the correlation matrix shown in Figure 4, it is noted that there exists
a significant correlation among all variables. Specifically, a strong positive correlation is observed
between economic growth, non-renewable energy consumption, and carbon emissions. Conversely,
a notable negative correlation is found between renewable energy consumption and carbon emis-
sions.

3.2. Methodology

This section offers a comprehensive overview of the econometric methods utilized in this study.
Figure 5 illustrates the sequence of these methodologies. Initially, we assessed the stationarity of the
variables through both conventional and structural break unit root tests. Following this, we
examined the cointegration relationship among the variables using the A-ARDL approach. Finally, we
present the long-run estimation results from the A-ARDL model in detail. A brief overview of these
econometric methods is provided below.

Figure 5: Methodology Sort

ADF and ZA A-ARDL A-ARDL Long-run
Unit Root Tests Cointegration Test Estimation Results

3.2.1. Augmented Dickey Fuller (ADF) Unit Root Test

In the econometric literature, numerous unit root tests exist to assess the stationarity of variables.
These tests vary based on the characteristics of the time series data. Given the occurrence of sudden
breaks in the time series variables examined in this study, the Zivot-Andrews (ZA) unit root test,
which accounts for structural breaks, was employed in addition to the traditional Augmented
Dickey-Fuller (ADF) unit root test. The ADF unit root test was introduced to the literature by Dickey
and Fuller (1981).

The difference between the ADF test and the Dickey-Fuller (1979) test, which previously introduced
to the literature, lies in its approach to addressing the autocorrelation problem. This new test
effectively addresses the issue of autocorrelation by incorporating a lag of the dependent variable
into the model. The regression equations utilized in the ADF unit root test have been specifically
tailored to align with the variables examined in this study and detailed in Equations 1 to 3.

Model with constant term and no trend.

AlnCO,; = B1InCOy_y + X5, BilnCOe_1 + U, 1)
Model with constant terms and no trend.

AlnGDP, = By + B1InGDP,_; + ¥!_, B;InGDP,_; + u, (2)
Constant and trend model.

AInREC, = By + Bt + B1INREC,_1 + ¥_, BinREC,_; + u, 3)

In the equations, B, represents the constant term, u; denotes the error term, and St represents the
trend. The variable p indicates the optimal lag length calculated using either the Akaike or Schwarz
information criteria. The hypotheses of the ADF unit root test are shown below:

Ho: There is a unit root; the series is non-stationary.
Hi: There is no unit root; the series is stationary.

If the tau statistic value calculated for one lag of the dependent variable f3; is found to be significantly
larger in absolute terms than the critical values from MacKinnon (1996), the null hypothesis will be
rejected. Thus, the series will be found to be stationary at the level (Aliyev et. al., 2022; Eylasov and
Cicek, 2024).
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3.2.2. Zivot-Andrews (ZA) Single Break Unit Root Test

The ADF unit root test is not reliable when structural breaks are present. To address this issue, the
study also utilized the Zivot and Andrews (1992) single-break unit root test, which provides reliable
results in the presence of structural breaks. The ZA unit root test, developed by Zivot and Andrews
(1992), accommodates a single structural breakpoint at the level. In this study, the variable InCO2 is
examined in the forms outlined in Egs. 4 to 7.

AlnCO,; = a + alnC0Oy4_4 + bT + cD; 4)
AInCOy = B + BINCOy 1 + ct + bDT, + ¥¥_, d;AInCO,,_; + &, (5)
AInCOy =y + yInCOye_q + ct + dDT, + X5_; d;AINCO,_; + & (6)
AInCOy = 2 + 0INCOy_y + ct + dD, + dDT, + X5, d;AInCOH_; + &, (7)

In the equations, D is a dummy variable representing the mean shift at each point in time. DT}
represents a trend change. According to Zivot and Andrews (1992), the hypotheses of the test are as
follows:

Ho: There is no structural break in the series, and the series is non-stationary.
Hi: There is an unknown structural break in the series, and the series is stationary.

If the calculated test statistic is greater than the critical value, the null hypothesis is rejected. This
indicates that the series is stationary at the level and that there is a significant break.

3.2.3. Augmented Autoregressive Distributed Lag (A-ARDL) Bounds Test

Various cointegration tests are available in the literature that assess the presence of a long-run
equilibrium relationship among variables. Among these, the tests developed by Bayer and Hanck
(2013) and Johansen (1988) are particularly recognized and applicable when the variables exhibit
stationarity at the first difference. Additionally, Pesaran et al. (2001) introduced the ARDL bounds
test methodology, which facilitates the analysis of cointegration relationships in instances where the
dependent variable is stationary at the first difference, while independent variables may be
stationary at different levels. It is essential to highlight that none of the variables should display
stationarity at the second difference. The ARDL bounds test has been adapted for the variables in this
study, as demonstrated in Eqgs 8 to 10.

Model 1;

AlnCO,; = vy +v;DU2001, + ¥P_, a;AlnCOy_; + Y¥_ @z AINGDP,_; + Y5_o a3 AlnGDPE; +
Y4 @y AMNREC,_; + Y1 a5, AINREC,_; + y,InCO4_1 + Y,InGDP,_; + y3LGDPZ ; +

Y4InNREC,_; + ysInREC;_; + & (8)
Model 2;

AlnCO,; = vy + v, DU2001, + X5, @y AlnCO,,_; + Yi_g agiAINGDP,_; + ¥._o as;AlnGDPZ; +
Zf;o a4 AINREC,_; +¥1InCO4¢_1 + V,InGDP,_; + y3LGDPZ ; + y4InREC,_; + & 9)
Model 3;

AlnCO,; = vy +v;DU2001, + ¥P_, ay;AlnCOy,—; + Yk_g @z AlNGDP,_; + Y5_o a3, AlnGDPZ ; +
Z?=0 a4 AINNREC,_; + ¥1InCO4;_1 + ¥,InGDP,_; + y3LGDPZ ; + Y4InNREC,_; + &; (10)

In the equations above, A denotes the first difference of the variable, and &; represents the error term.
v, indicates the break point (dummy variable) found by the ZA unit root test. p, k, ¢, d, and h refer to
the optimal lag lengths determined by the Akaike or Schwarz information criteria. According to the
bounds test by Pesaran et al. (2001), the long-run equilibrium relationship among the variables is
identified using the Fy;; and tgepengent tests. The null hypotheses of the F test by Narayan (2005)
and the t test by Pesaran et al. (2001) are shown in the equations below.
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F and t test hypotheses for Model 1;

Fautest; Hy:y1 =V2=V3=V4=V5=0 (11)
Laependent t€st; Hyp:y1 =0 (12)
F and t test hypotheses for Models 2 and 3;

Fau test; Ho:y1 =V, =V3=v4 =0 (13)
Laependent t€st; Hyp:y1 =0 (14)

If the calculated values of the F and t statistics, which are in absolute, exceed the upper critical
values established by Narayan (2005) and Pesaran et al. (2001), the null hypotheses, the above, will
be rejected. This outcome suggests that there is a cointegration relationship among the variables. In
their study, Sam et al. (2019) extended the ARDL bounds test by developing the Fipgependent test,
which tests the cointegration relationship among the independent variables, and provided critical
values that allow for testing the long-run equilibrium relationship among the independent variables
as well. The advantage of this A-ARDL bounds test is that it ignores the requirement of the depen-
dent variable being first-order stationary, as imposed by the traditional ARDL bounds test. The null
hypothesis of the Fi;gependent test developed by Sam etal. (2019) is shown in Equations 15 and 16.

Findepenaent hypothesis for Model 1.

Findependent test; Hy:y2 =V3=Y4=V5=0 (15)
Findependent hypothesis for Model 1 and Model 2.
Findependent test; Hy:y2 =y3=v4 =0 (16)

If the calculated value for the Fipgepenaent test is found to be greater than the upper critical value of
Sam et al. (2019) in absolute terms, the null hypothesis will be rejected, indicating the existence of a
long-run equilibrium relationship among the variables. If any of the Fyy;, tgependent, O Findependent

tests are found to be smaller than the upper critical values of Narayan (2005), Pesaran et al. (2001),
and Sam et al. (2019) respectively, different degenerate cases will emerge, and a cointegration rela-
tionship will not be present.

4. EMPIRICAL RESULTS

In time series analysis, examining the stationarity of the series is crucial to avoid the issue of
spurious regression when establishing relationships among variables. Traditional unit root tests, like
the ADF test, and structural break unit root tests, such as the ZA test, are commonly used to assess
whether the variables under consideration are stationary. The results of these unit root tests are
presented in Table 6.

Table 6: ADF and ZA Unit Root Test Results

Variables ADF Unit Root Test ZA Unit Root Test
Test stat. Lag Test stat. Break Date Lag

InCO2 -2.963 0 -4316 2001 1
AlnCO2 -5.839™ 0 -5.136™ 2005 1
InGDP -2.577 0 -3.855 1999 0
AlnGDP -5.436™ 0 -5.903™ 2003 0
InNREC -3.051 0 -4.255 1999 0
AInNREC -6.478™ 0 -7.255™ 2003 0
InREC -1.921 0 -5.178™ 2007 0
AInREC -6.292™ 0

Note: ™ and ™ denote significance at the 1% and 5% levels, respectively.

The ADF unit root test results indicate that all variables have a unit root at levels. However, they
become stationary when their first differences are taken. In other words, all variables are statistically
stationary at their first differences at the 1% significance level, meaning they are I(1). The findings of
the ZA structural break unit root test indicate that all variables, except for renewable energy
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consumption, are stationary at their first differences. The carbon emissions variable is stationary
when it takes its first difference, with a structural break identified in 2001. This break date
represents the structural break caused by the 2001 crisis. We consider the results of the structural
break unit root test. Because the ZA structural break unit root test is considered more reliable than
the traditional ADF unit root test. Moreover, we apply the A-ARDL model to estimate the long-run
relationship between the variables since the variables have different integration orders. In the study,
the 2001 crisis was included as an exogenous variable in the A-ARDL model, represented by a
dummy variable. In time series analyses, failing to account for structural breaks may result in
unreliable outcomes (Yildirim, 2011). Table 7 presents the findings on a long-run relationship within
the framework of alternative models.

Table 7: A-ARDL Bound Test Results

Models Dummy Lag Length Test stat. Results

Model 1 2001 1,1,0,1,0 F, =247, t; =

InCO2 | InGDP, InGDPZ, InNREC, 99", Fig = Cointegration

InREC 30.6™

Model 2 2001 1,0,0,0 F, =18.81™,

InCO2 | InGDP, InGDPZ, InNREC tg =-7.94™, Cointegration
Fiq = 2486™

Model 3 2001 1,0,3,0 E, = 10.63",

InCOz | InGDP, InGDPZ, InREC tq =-4.327, Cointegration
Fid = 1414’***

Critical Values %1 %5 %10 Fork = 4

Tests 1(0) 1(0) I(1) 1(0) I(1)  Search

Fau 4.768 6.67 3.354 4.774 2.752 3994 Narayan (2005)

taependent -343 -4.6 -2.86 -3.99 -2.57 -3.66  Pesaranetal. (2001)

Findependent 4.60 7.72 2.96 5.14 2.30 411 Sametal. (2019)

Critical Values %1 %5 %10 Fork = 3

Tests 1(0) I(1) 1(0) I(1) 1(0) I(1)  Search

Fau 5333  7.06 371 5.01 3.00 415  Narayan (2005)

taependent -3.43 -4.4 -2.86 -3.78 -2.57 -346  Pesaranetal. (2001)

Findependent 415 683 280 470 2.22 384  Sametal. (2019)

Note: *** and ** denote significance at the 1% and 5% levels, respectively.

In the alternative models presented in Table 7, which examine the effects of renewable and non-
renewable energy consumption on CO; emissions and test the validity of the EKC hypothesis, the
2001 structural break period was included as an exogenous variable. For Model 1, the calculated test
statistics Fgy; , tgependent> @A Fingependent are greater in absolute terms than the critical values
provided by Narayan (2005), Pesaran et al. (2001), and Sam et al. (2019) at the 1% significance level.
Therefore, the null hypothesis, which states that there is no long-run equilibrium relationship among
the variables, is rejected. Similarly, the calculated test statistics Fuy;, taependents and Fingependent for
both Model 2 and Model 3 are also greater in absolute terms than the critical values provided by
Narayan (2005), Pesaran et al. (2001), and Sam et al. (2019). The results indicate that we can reject
the null hypothesis of no long-run relationship between the variables in all models, thereby
confirming the existence of a cointegration relationship. The diagnostic tests must be valid to ensure
the reliability of the results derived from the A-ARDL approach. Table 8 demonstrates the outcomes
of these diagnostic tests for alternative models.

Table 8: Results of Diagnostic Tests for A-ARDL

Models Model 1 Model 2 Model 3

Tests F stat. Prob F stat. Prob F stat. Prob
BPG 0.462 0.868 0.612 0.756 0.728 0.608
LM 1.481 0.252 0.666 0.526 1.834 0.183
JB 0.573 0.750 1.882 0.390 0.383 0.825
RR 1.169 0.292 1.822 0.193 0.167 0.686
CUSUM Stable Stable Stable
CUSUMsq Stable Stable Stable

Note: BPG stands for Breusch-Pagan-Godfrey heteroscedasticity test, LM stands for Breusch-Godfrey LM autocorrelation test,
JB stands for Jarque-Bera normality test, RR stands for Ramsey-Reset specification error test.
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The results presented in Table 8 reveal that the A-ARDL residuals of all models do not exhibit issues
related to heteroscedasticity, autocorrelation, normality, or model specification errors. Additionally,
cointegration results across all three models are deemed reliable. Figure 6 illustrates the CUSUM and
CUSUMSQ graphs for each model. It indicates that the parameter estimates remain within the 95%
confidence interval, demonstrating stability. Table 9 presents the long-run parameter estimates
among the variables.

Figure 6: CUSUM and CUSUMsq Graphs
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Table 9: Augmented ARDL Long-run Estimation Results

Variables Model 1 Model 2 Model 3
Coefficient Prob Coefficient Prob Coefficient Prob
InGDP -6.335 0.003 3.129 0.574 1418 0.597
InGDP? 0.335 0.003 -0.124 0.680 -0.082 0.567
InREC -0.363 0.000 -0.524 0.013
InNREC 0.978 0.000 0.958 0.000
Dummy2001 -0.029 0.016 -0.041 0.073 0.010 0.600

According to Table 9, the long-run parameter estimation findings for Model 1 indicate that InGDP
negatively affects carbon emissions, while the InGDP? positively affects carbon emissions. This finding
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suggests a U-shaped relationship between economic growth and carbon emissions, indicating that
the EKC hypothesis is not valid in Ttrkiye. This result is consistent with the findings of Kocak (2014),
Giizel (2021), and Ceylan and Karaagac (2020), but it does not align with the findings of Lebe (2016),
Ozbek and Ogul (2022), Boliik and Mert (2015), Pata and Yurtkuran (2018), and Cetin and Saygin
(2019). Additionally, a 1% change in non-renewable energy consumption leads to a 0.97% increase
in carbon emissions, while a 1% change in renewable energy consumption leads to a 0.36%
reduction in carbon emissions. This finding suggests that the consumption of non-renewable energy
contributes to an increase in emissions, while the utilization of renewable energy plays a significant
role in their reduction. These results are consistent with the findings of Ertugrul et al. (2016), Katir-
cioglu and Taspinar (2017), Cetin and Yiiksel (2018), and Dalli and Kiitlikeii (2023). Furthermore,
the 2001 structural break period included in the model is statistically significant and negative,
indicating a reduction in carbon emissions during the 2001 crisis period in Tiirkiye. For Model 2, the
long-run estimation results show that the coefficients of InGDP and InGDP? are statistically insigni-
ficant. Similarly, it is found that renewable energy consumption has a statistically significant and
negative effect on CO, emissions. These findings align with the studies of Cetin and Saygin (2019),
Ceylan and Karaagac¢ (2020), and Pata and Yurtkuran (2018). The break date was also found to be
negative and significant. Lastly, similar findings to Model 2 were obtained for Model 3. In this alter-
native model, it was concluded that InGDP and InGDP? have no statistically significant effect on
emissions. However, non-renewable energy consumption has a statistically significant and positive
effect on carbon emissions. A 1% change in non-renewable energy consumption increases CO; emis-
sions by 0.96%. This result is consistent with the findings of Ozdemir and Ko¢ (2020), but it does not
align with the findings of Okumus (2020) and Qoyash and Eren (2022). Unlike the other models, the
break date added to Model 3 was found to be insignificant and positive.

The differences observed between the empirical findings of this study and prior research concerning
Tiirkiye might be attributed to the various methodologies employed in time series or panel data
analyses, as well as the specific periods chosen for study. Notably, some studies have implemented
methods that account for structural breaks, whereas others have not incorporated these approaches.
This divergence in methodology may clarify the conflicting results presented in the existing literature.

5. CONCLUSION

This study examines the effect of renewable and non-renewable energy consumption on carbon
emissions in Tiirkiye, framed within the context of the (EKC) hypothesis. Initially, we employed the
ADF and ZA unit root tests to assess the stationarity of the variables. The results indicated that all
variables, except for renewable energy consumption, are stationary at their first difference. To
explore the long-term cointegration relationship among the variables, we applied the A-ARDL
approach and confirmed the presence of a long-run cointegration relationship between them.
According to the A-ARDL long-run estimation results, the InGDP variable negatively affects carbon
emissions, while the [nGDP? variable has a positive effect. This finding suggests a U-shaped
relationship between economic growth and carbon emissions in Tirkiye. It means that the EKC
hypothesis is not valid. Additionally, the analysis reveals that renewable energy consumption
negatively impacts carbon emissions in Tiirkiye, while non-renewable energy consumption
contributes positively to these emissions. The findings of this study provide several policy
recommendations aimed at improving environmental sustainability and reducing carbon emissions
in Tirkiye. The research indicates that increased renewable energy consumption significantly
reduces carbon emissions. Therefore, it is essential to boost investments in renewable energy
sources, focusing on sustainable energy projects such as solar, wind, and hydropower, along with
appropriate government support. As non-renewable energy consumption contributes to increased
carbon emissions, it is essential to implement policies should be adopted to limit the use of fossil
fuels. It includes enacting environmentally friendly regulations such as imposing taxes on coal and
natural gas usage and implementing carbon taxes. Additionally, the study reveals that economic
growth influences carbon emissions in a U-shaped relationship. Therefore, environmental factors
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should be taken into consideration while formulating Turkey's economic growth policies. It is crucial
to harmonize policies with sustainable development goals. In addition, it is very important to adopt
"green growth" strategies and to increase the use of clean technologies and energy efficiency.
Furthermore, it is necessary to promote energy efficiency, encourage the use of energy-saving
technologies both in the industrial sector and in households, and implement measures to reduce
energy waste. Reducing carbon emissions should be addressed as a societal issue, and governments
should organize educational campaigns to improve environmental awareness. These campaigns can
encourage individuals and companies to shift towards eco-friendly energy consumption.
Additionally, Tiirkiye should consider establishing national or regional carbon markets with carbon
trading. Such market mechanisms can help limit emissions in sectors with high carbon outputs.
Lastly, to finance renewable energy projects and accelerate the transition to sustainable energy,
Tirkiye should seek funding and technical support from international organizations and develop
policies aligned with international agreements such as the Paris Climate Agreement. These
recommendations can contribute to reducing Tiirkiye's carbon emissions while advancing economic
growth on a sustainable path.
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