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Abstract
Energy is an indispensable requirement for the sustainable development of countries. Turkey has been trying to increase the 
use of renewable sources in electricity energy production with the policies it has implemented recently. This study investigates 
the effect of disaggregate energy consumption on economic growth in Turkey via the Augmented ARDL. Robust results are 
obtained by Augmented ARDL in econometric analysis. In this context, it is to examine the impact of renewable energy, 
natural gas, and coal consumption. Considering the 2001 crisis in Turkey, we add a dummy variable to the cointegration 
equation. The paper employs the recently developed augmented ARDL approach in the presence of one structural break to 
investigate annual time series data during the period 1988–2018. The results obtained in this study showed that all variables 
were statistically significant eventually. Long-term estimation results suggest that among the energy sources examined in the 
study, on economic growth has a positive effect coal consumption, natural gas consumption, and renewable energy. Moreover, 
empirical results indicated that economic growth and energy consumption also contribute to environmental damage. On the 
contrary, natural gas both increases economic growth and is effective in increasing environmental quality. The fact that the 
positive effect of renewable energy sources on economic growth eventually is greater than natural gas is the most striking 
finding of the study. In line with these results, it can be said that Turkey can reduce its energy dependence by increasing the 
use of domestic and renewable energy sources and providing sustainable economic growth.

Keywords  Renewable energy · Economic growth · Energy consumption · Cobb–Douglas production function · Augmented 
ARDL · Turkey

Introduction

Energy is an indispensable need for countries and is an 
important factor in both production and consumption pro-
cesses. Any use of energy is the main factor behind eco-
nomic growth (EG) and prosperity. These energy use sources 
can be renewable or non-renewable (Zafar et al. 2019). 
The increasing energy consumption due to developing 

technology and population growth, with industrialization 
and developing living standards, causes the demand for 
renewable energy (RE) and non-renewable energy (NRE) 
to increase day by day. The main purpose here is to ensure 
the country’s further growth. However, economies reduce 
dependence on fossil resources. The evidence indicates to 
SDG7, which is expressed as clean energy (Caglar 2022). 
The EG and energy variables can provide important infor-
mation for SDG7. Additionally, the consumption of renew-
able resources increased in 2018. In the same year, natural 
gas consumption decreased (IEA 2019). Besides, a report 
issued by the International Energy Agency warned that oil 
and coal prices could be volatile in some years because pro-
duction and refining capacity are not enough to meet world 
energy needs.

Fossil energy resources, which meet a large part of the 
energy needs of countries, are being depleted rapidly. This 
has accelerated the search for alternative energy sources, 
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especially in foreign-dependent and developing countries. 
Turkey is among the developing countries and electricity 
consumption is increasingly growing in this country (Pata 
and Kahveci 2018). This dependency gradually increases 
and creates a great burden on the country’s economy. Today, 
societies are faced with the problem of the continuity of 
electricity supply. Energy is one of the important forma-
tions needed in every field. Additionally, economic growth is 
expected to increase proportionally to energy consumption, 
because the level of growth and development of countries 
largely depends on its level of energy production. Despite 
the extensive literature, countries cannot achieve as much 
growth as they want. In this context, human capital based 
on energy consumption can affect economic growth. Peo-
ple who have reached high-income levels with an increase 
in economic level may be willing to prefer ecological food 
and renewable energy sources. At the same time, of the 
economy growth can provide encouraging people to work 
more efficiently in current conditions. In this context, Tur-
key takes important policies in energy consumption. How-
ever, the effect of Turkey on economic growth in terms of 
the energy resources it uses should also be investigated. 
In this direction, the energy sources used may reduce the 
environmental quality. This paper focuses on the renewable 
energy consumption, natural gas, and coal consumption in 
Turkey which contribute to economic growth. Moreover, it 
is thought that the results of this study will also contribute 
to developing countries.

In cases where energy production does not meet demand, 
it creates a negative impact on the economy. Accordingly, 
more and more investments are made in renewable energy 
sources in Turkey recently. Although it is observed that 
there is a rise in energy consumption in Turkey because 
of these investments, it still has a low share compared to 

non-renewable energy consumption. In this sense, Turkey 
has met its energy needs mostly from domestic and renew-
able resources to reduce its energy imports, alleviate the 
burden of this dependence on the country’s economy, and 
ensure power quantity security. Recently, the number of 
studies among the energy resources consumed on a global 
scale belongs to fossil resources, which are almost at the 
point of depletion as reserves, with approximately 85%. The 
current global (reserve-production) ratio shows that oil, nat-
ural gas, and coal reserves in 2018 were responsible for 50, 
51, and 132 years of current production, respectively. Recent 
studies (Coestar et al. 2018) have shown that RE leads to 
economic growth and that sufficient production capacity 
should be increased as a result. In this context, Turkey’s 
energy consumption is gradually increasing.

As shown in Fig. 1, energy consumptions are continu-
ously increasing in Turkey. More than 108.900 metric tons 
of carbon have been released into the atmosphere since 
1990. According to the World Bank (2021), from 1960 
to 2018, global emissions increased by 283%. Turkey has 
set targets for the future in order to use RE sources more 
intensively in energy production. Moreover, Turkey aims 
to achieve economic growth by reducing natural resource 
consumption. This study is important in terms of achieving 
the determined goals. In this context, it examines the impact 
of disaggregate energy consumption on economic growth in 
Turkey. It is thought that it will close the gap in the existing 
literature in terms of the model used and the separation of 
the selected variables.

This study, unlike the studies in the literature, aims to 
contribute to the existing literature on energy consumption 
by disaggregating it based on different variables (renew-
able, natural gas, and coal) using a multivariate model. 
There are several reasons why this study focuses on Turkey 

Fig. 1   Energy consumption in 
Turkey
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for empirical analysis. Firstly, there has been a significant 
increase in economic growth and energy consumption in 
Turkey since the 1980s. The increase in economic growth 
and the tendency to natural gas in energy consumption is a 
matter of curiosity. The second, against this background, 
we wish to explore and answer the following research ques-
tion: Does the renewable energy consumption, natural gas, 
and coal consumption in Turkey contribute to economic 
growth? By answering this question, it will help in devel-
oping countries in economic growth and energy consump-
tion scenarios. Finally, although there are many studies on 
energy, economic growth, and electricity production in the 
domestic and foreign literature, it is important to conduct 
research via the Augmented ARDL (AARDL), different 
variables, and Cobb–Douglas production function in this 
field. The Augmented ARDL approach used in the analysis 
provides more robust results by considering the potential 
dependence in Turkey under consideration. The AARDL 
method is also used for robustness and to generate more 
comprehensive policy recommendations. As a result, Sam 
et al. (2019) showed that the Augmented ARDL is robust. In 
addition, in studies by Pata and Caglar (2021), the AARDL 
method used.

The rest of the article proceeds as follows: the “Literature 
review” section provides the literature review. The “Data 
set and methodology” section provides data set, modeling, 
and methods. The “Empirical results” section provides the 
empirical results. Then, the empirical findings are indicated 
and discussed in the “Empirical findings and discussions” 
section. In the last section, empirical findings are evaluated, 
and policies are presented for the Turkey.

Literature review

In this section, studies on economic growth in domestic and 
foreign literature are presented.

Economic growth and energy in the world

Some studies were conducted on different country groups 
using similar variables (Sebri and Ben-Salha 2014; Chen 
et al. 2020). When the rise in world primary energy con-
sumption is analyzed according to resource types, it is 
seen that the demand for all renewable and non-renewable 
resources (Elahi et al. 2019) has increased. Zhoor et al. 
(2022) determined that polluting energy sources play a role 
in increasing economic growth. Apergis and Payne (2011) 
investigated productive activities in the energy sector and 
energy economic growth by speedily increasing productivity 
and generating enormous revenue as well as gross domes-
tic product (GDP) variables. The study by Halicioglu and 
Ketenci (2018) evaluated the link between RE and NRE 

consumption and variables in the EU-15 countries between 
1980 and 2015 using the function (Cobb–Douglas produc-
tion) with the ARDL method. The investigation suggested 
that the consumption of RE and NRE varies among coun-
tries. In the analysis (Cobb–Douglas) conducted to deter-
mine the effect of RE consumption, it was concluded that a 
1% rise in RE expenditure in China between 1978 and 2008 
increased GDP by 0.12%. Similarly, another study (Inglesi-
Lotz 2016) showed that electricity consumption in OECD 
industrial sectors is based on gray and vector autoregressive 
models. Azat et al. (2014) used the production function, to 
estimate the electricity consumption in energy consumption 
in G7 countries. The result of the study showed that produc-
tion function holds importance for determining the coin-
tegration among mutable. A meaningful relationship was 
found between energy use with growth (Tugcu and Topcu 
2018). Khan et al. (2019) investigated of CO2 increase in 
China. The results show that GDP income positively affects 
the emission level in China. Wan et al. (2022) found evi-
dence of sustainable environment in China. The results show 
that economic growth is a core contributer to ecological 
emissions. Jian and Afshan (2022) made similar study for 
G10 countries for 2000–2018. These researchers used CS-
ARDL as method. Their study supported the validity of the 
EKC hypothesis in G10 countries.

Some studies analyze renewable and non-renewable poli-
cies implemented in countries (Apergis and Payne 2010a, b) 
at certain periods. In this context, studies assessed the dec-
laration of the electricity sector in Balkan countries (Koçak 
and Şarkgüneşi, 2017) and investigated Turkey’s potential 
for RE research (Shakouri and Khoshnevis 2017) by show-
ing the fastest increase; after 2010, it has almost doubled 
its annual average increase rate of 1.5% in the last decade 
(Dogan 2016; Tugcu et al. 2012). Furthermore, Tugcu et al. 
(2012) evaluated the economic growth, RE, and NRE. They 
used cointegration and causality tests in panel data (Pedroni 
2001a, b; Perdroni, 2001) and showed that growth has a 
positive effect on energy decrease. Additionally, the increase 
in economic growth showed that emissions increased (Zafar 
et al. 2019). Sharif et al. (2019) examined the impact of 
economic growth, technological innovation, globalization, 
and renewable energy for Pakistan. According to the out-
puts of the study, renewable energy has a negative impact 
on carbon emission. Moreover, the costs may decrease. 
However, some scholars have explored the question of how 
environmental pollution can be controlled. Sun et al. (2021) 
focused on the effect eco-innovation and globalization on 
control environmental pollution. They examined the long-
term relationship between CO2 and GDP, environmental 
innovation, and globalization index in the USA by using 
the QARDL method. They showed that eco-innovation con-
tributes to enhancing environmental quality. A similar study 
also showed that renewable energy consumption negatively 
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affects emissions for Pakistan in the short run (Chien et al. 
2021). In another study, Chien et al. (2022) focused on the 
long-term relationship between CO2 with solar energy and 
eco-innovation by using the QARDL method. Their study 
supported that the validity of the increase in GDP degrades 
the environment at higher quantiles. Sun et al. (2022) ana-
lyzed the effect of economic growth and urbanization on 
carbon emissions, using panel data analysis, for the period 
1991–2019 in MENA countries. The authors found that eco-
nomic growth and urbanization contribute to enhance CO2. 
Zafar et al. (2022) found that economic growth increases 
environmental degradation. The results in similar studies 
reveal short-term asymmetric effects in the data. Moreover, 
Bélaïd and Youssef (2017) investigated the link between 
RE and NRE consumption with the economic development 
econometric method and established a significant relation-
ship among related variables. A panel study involving Afri-
can countries and investigating the effect of energy types on 
GDP found that between energy types and growth (Adams 
et al. 2018). Additionally, Dogan and Seker (2016) examined 
the resulting data was then used to estimate renewable and 
non-renewable various factors.

Economic growth and energy in Turkey

In this section, studies carried out in Turkey are given. In 
the study, an examination of the consumption areas of RE 
and NRE energy sources in Turkey with the Cobb–Doug-
las production function showed that 57.12% of the total 
energy was directly used (Dogan and Seker 2016; Erdal 
et al. 2008). Another study using the same method on 
energy consumption and on the areas where this energy 
is consumed showed that energy-related use has a direct 
effect on investments (Atmaca and Basar 2012). In another 
study, the natural gas consumption of Turkey between the 
years 2010 and 2018 was analyzed using machine learning 
techniques. The study Mert and Caglar (2020) showed 
the asymmetric impact of foreign direct investment and 

carbon emissions between the years 1974 and 2018. As 
in similar studies (Eygü, 2022), a positive relationship 
was determined between the variables. Some previous 
research indicates that Turkey will switch to 100% renew-
able energy by 2050 (Kilickaplan et al. 2017). However, 
they stated that there will be environmental degradation 
in this transition. Because of Turkey’s growth policy, final 
energy consumption according to sources is increasing. 
In another study, Sharif et al. (2020) examined the impact 
of renewable and non-renewable energy consumption on 
ecological footprint for Turkey. According to the outputs 
of study, ecological footprint has a negative impact on 
selected variables.

A comprehensive discussion has been made in the lit-
erature on the Cobb–Douglas production function related 
to energy consumption. In a study (Ocal and Aslan 2013) 
examining the relationship between RE and GDP in our 
country, outcomes obtained from the autoregressive models 
showed that RE expenditure negatively affected economic 
growth. The study of Ozkan et al. (2012) studied the link 
between energy production, energy imports, and GDP in 
Turkey for the period 1971–2010 using the same production 
function. The results showed significant differences between 
RE and NRE exploration. In the research considered, the 
effect of RE sources agricultural production is 18.12%, while 
the effect of non-renewable sources is 81.60%. Additionally, 
a bidirectional relationship was found between RE or NRE 
consumption GDP for Turkey. Similar previous studies are 
in parallel with the evidence in the literature (Lise and Mont-
fort 2007; Sari et al. 2008).

Considering the development of total the energy con-
sumption capacity in Turkey according to energy sources 
(see Fig. 2), the total energy consumption capacity was REC, 
NG, HE, and coal with an increase. Since 2010, this rate 
has been seen to be almost 100%. It has been determined 
that more than 45% of the energy consumed especially in 
the last 15 years is produced from natural gas and 5% from 
renewable resources.

Fig. 2   Development of Turkish 
energy consumption by energy 
sources
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As a result, Turkey has set future targets for the more 
intensive use of the country and RE resources in electrical 
energy production, the reliable and economical use of these 
resources, the increase of resource diversity, and the protec-
tion of the environment. Therefore, the relationship to be 
found between the variables with the method used in the 
study is important for the policies to be developed.

Data set and methodology

Data set

This study covers the period between 1988 and 2018. We 
obtained the 1988–2018 time series of economic growth 
(EG), capital (C), and labor (L) from the World Bank online 
database. However, we obtained the renewable energy con-
sumption, natural gas (NGC), and coal consumption (CC) 
from Turkish Statistical Institute.

Within the framework provided by previous studies, the 
energy supply data used in electricity production in this study 
were used as a surrogate for energy consumption (Dogan 2015). 
The explanations for the variables are shown in Table 1.

The data are annual and the data of all variables in the 
econometric model are used in logarithmic form.

Econometric models

In this study, the investigated renewable energy consumption, 
natural gas, and coal consumption in Turkey contribute to eco-
nomic growth. The models will be estimated by approaches 
based on cointegration techniques. Besides, when working 
with time series, stationarity should be examined first. Many 
recent studies have used energy consumption by adding it to 
the production function, according to the sources (Apergis and 
Payne 2012; Salim et al. 2014). This study considers capital (C) 
and labor (L) as individual factors and examines the relation-
ship between energy consumption and economic growth using 
a modern approach. This research contributes to the existing 

literature by analyzing the impact of energy consumption on the 
Turkish economy by disaggregation based on resources (renewa-
bles, natural gas, and coal) by using a multivariate model. This 
model is the Cobb–Douglas (CD) production function. Gener-
ally, the model is,

where

T,  is the output variable;

Y1,  Y2, …,Yi	� are the (l-1) input variables;

α1,  �is the technical coefficient;

α1,  α2, …, α1	� are the (l-1) regression coefficient showing 
flexibility (input);

ε,  �is the error term;

m,  �is the unobservable variable.

The model has been transformed into a multilinear model 
(2) and the obtained matrices are given below,

where

The LSE of α is gotten through
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�2
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Y
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lk
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⎥⎥⎥⎦
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,

(4)�̂ =
[
Y ∗� Y ∗

]−1
Y ∗� T ∗ and �̂ = antilog

(
�∗

1

)

Table 1   Their representation and construction

Variable names Variable represen-
tation

Variable proxy Source

Economic Growth EG GDP per capita (constant 2010 US$) World Development Indicators
Capital C Gross fixed capital formation (constant 2010 US$) World Development Indicators
Labor L Employment to population ratio, 15 + , total (%) World Development Indicators
Renewable energy consumption REC Electricity production using renewable source Turkish Statistical Institute
Natural gas consumption NGC Electricity production using renewable source Turkish Statistical Institute
Coal consumption CC Electricity production using renewable source Turkish Statistical Institute
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Now the required one is,

Since disaggregated renewable energy sources data (solar, 
wind, geothermal, etc.) could not be obtained during the sample 
period, renewable energy sources were examined in the method. 
An expanded version of the method is given below.

The above-given function in which the constant term (β0) 
and the error variate (εt) are included can be econometrically 
represented as follows.

Empirical results

As a methodology, we can list the things to be done in the study 
as follows. In this study, unit root properties of variables are 
investigated in the first stage of empirical analysis. The unit root 
test developed by Phillips and Perron (1988) was used. Time 
series are affected by structural shocks. This is why structural 
breaks are impotant to consider. After the unit root properties 
of the variables are determined, the extended ARDL approach 
is used to obtain the long- and short-term coefficients by con-
sidering Eq. (7). In this study, AARDL developed by Shin 
and Smith’s (2001) determines the cointegration relationship 
between dependent and independent variables. Cai et al. (2018) 
and Caglar (2020) state that all F, t-test, and Fall tests should be 
used to confirm the difference between cointegration and non-
cointegration degenerate cases. To better explain the AARDL, 
Eq. (7) is rewritten in an error correction form as follows:

where Δ, γ0, and vt indicate the first difference operator, con-
stant term, and i.i.d. residual term, respectively. Dt displays 
the break date obtained from the break unit root test. Use 
all three tests below to ensure that cointegration is valid in 
this test before:

1)	 The F-test should be done for all dependent and inde-
pendent variables (Fall, known in the literature as the 
bound test).

(5)T̂j = �̂1Y
�̂2
2j
Y
�̂3
3j
…Y

�̂l
lj
;j = 1, 2,… ,m.

(6)EGt = f (Ct, Lt,RECt,NGCt,CCt)

(7)
LEGt = �0 + �1Ct + �2Lt + �3RECt + �4NGCt + �5CCt + �t

(8)

ΔLEG
t
= �0 + �1Dt

+ �1LEGt−1 + �2LCt−1

+ �3LLt−1 + �4LRECt−1 + �5LNGCt−1 + �6LCCt−1

+ �1

c∑
i=1

ΔLEG
t−1 + �2

a∑
i=0

ΔLC
t−1 + �3

n∑
i=0

ΔLL
t−1

+ �4

k∑
i=0

ΔLREC
t−1 + �5

l∑
i=0

ΔLNGC
t−1 + �6

r∑
i=0

ΔLCC
t−1 + v

t

H0: θ1 = θ2 = θ3 = θ4 = θ5 = θ6 = 0  (Critical values are 
obtained from Narayan (2005) study.)

2)	 t-test (tdepented) for lag dependent variable, hypothesis,

H0: θ1 = 0. 
(Critical values are obtained from Pesaran et al. (2001) 

study.)

3)	 F-test only for arguments (Findependent),

H0: θ2 = θ3 = θ4 = θ5 = θ6 = 0 (Critical values are obtained 
from Sam et al. (2019) study.)

If all three hypotheses shown above are rejected, we can 
talk about cointegration. In addition to these, two different 
degenerate states can occur in the ARDL model.

Degenerate Case 1: This is because the lag-dependent 
variable is significant (θ1 ≠ 0). It also happens when the 
arguments are insignificant (H0: θ2 = θ3 = θ4 = θ5 = θ6 = 0).

Degenerate Case 2: The lag arguments are significant 
(H0: θ2 ≠ θ3 ≠ θ4 ≠ θ5 ≠ θ6 ≠ 0). It also happens when the 
lag-dependent variable is insignificant. Therefore, ARDL 
model will be used in cases where the dependent variable 
is stationary.

Unit root tests

As the first step of econometric analysis in time series, the 
stability of the series is tested. While making economet-
ric estimations, first, the stationarity of the series should be 
checked. The use of the ARDL method in the exploration 
allows the analysis of variables with different degrees of sta-
tionarity. To use the ARDL method, it should be determined 
that any variable is not quadratic stationary. Therefore, first, 
it is necessary to investigate the unit root properties. Accord-
ingly, the results are given in Table 2.

These results show that all series are not stationary at their 
levels. However, it shows that it is stationary in the first dif-
ference. With the 5% significance level, the H0 hypothesis 
could not be rejected and it was determined that the series 
were stable at the level. These results that the ARDL bounds 
testing approach are suitable for this study. When the breaking 
dates are examined, a break in 2000 was found for economic 
growth. This date shows before the 2001 crisis year. While 
the GDP was 6.174 per capita in 1999, it decreased to 5.993 
per capita in the period after 2000. The Perron test considers 
the lowest t-statistic. Therefore, it shows the year 2000 as the 
breaking time. According to the World Bank Report, GDP in 
2001 was the lowest (annual − 5.75%) year in Turkey’s his-
tory. The current study finds 2001 to the cointegration equa-
tion as a dummy variable, as there are policies to increase 
growth in Turkey. When the breaking dates are examined (1st 
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Difference), a break in 2007 was found for economic growth. 
In economics growth variable, there is year 2007 related to the 
financial crisis in the EU. This emerging crisis also negatively 
affected the Turkish economy.

Cointegration tests

In line with the purpose of the study, it is desired to 
examine the effect of energy consumption on eco-
nomic growth. In this direction, it was decided to use 
the ARDL-bound testing approach (Pesaran et al. 2001) 
in the study. To run ARDL models, the maximum lag 

length was chosen as 3. Moreover, the appropriate lag 
length was determined using the AIC (Table 3).

Based on the test results, after the optimal lag length 
was identified as 3, the most appropriate ARDL model 
(1, 1, 3, 1, 1, 1) was determined among the possible 
3072 models according to the AIC criterion.

In this stage, the diagnostic of the tests are examined, 
and the results are given in Table 4.

The assumptions test results show that the model is 
free of autocorrelation, heteroscedasticity, functional 
problems, and normality problems. In addition to diag-
nostic tests, the fixity of the estimated model and the 
fixity of the short-term and long-term coefficients were 
determined (Brown et al. 1975) with the CUSUM and 
CUSUMSQ tests. This stability can be seen in Fig. 3.

As seen in Fig.  3, estimators are stable at the 5% 
significance level. Generally, it can be said that the 
obtained predictive values are fixity throughout the 
process.

After, whether there is a cointegration relationship 
between EG and independent variables was investigated 
according to the Augmented ARDL approach.

The null hypothesis (H0: β1=β2=…=βn), which states 
that there is no long-term relationship, was examined 
against the research hypothesis (H1: β1≠β2≠…≠βn). 
The calculated three test statistic is upper than criti-
cal limits. When the calculated statistics is greater than 
the upper limit of the critical value, the null hypoth-
esis is rejected and there is a cointegration relationship 
between the variables. The fact that all three test sta-

tistics are significant in the model indicates a cointe-
gration relationship between EG and the independent 
variables. Because the calculated (6.635) statistic of the 
EG model is above the upper bounds critical values, the 
null hypothesis of no cointegration is rejected. It can be 
seen from Table 5 that the null hypothesis is rejected at 
the 1% signifivance level for the lagged dependent vari-
able (tdependent=−5.414) and the 5% significance level 
for the lagged independent variables (Findependent=4.901). 
Thus, it is confirmed that there is an exact cointegra-
tion relationship between renewable energy, natural gas 

Table 2   Unit root tests results

***, **, *: p < 0.01, p < 0.05, p < 0.10, respectively. [] shows the 
breaking years.

Constant and trend model

Phillips Perron test Single break Perron test

Variables Level 1st difference Level 1st difference

LEG  − 2.326  − 7.554***  − 3.211
[2000]

 − 4.089*
[2007]

LC  − 2.721  − 6.074***  − 3.171
[1993]

 − 7.094*
[1981]

LL  − 0.877  − 5.678*** 3.177
[2007]

6.287
[2000]

LREC  − 3.026  − 8.799***  − 2.254
[2000]

5.568*
[2002]

LNGC  − 2.618  − 9.312***  − 3.054
[1998]

5.534*
[2009]

LCC  − 0.671**  − 5.012***  − 3.429
[1991]

 − 5.599*
[1988]

Table 3   Optimal lag length selection

AIC Akaike ınformation criteria; LM is the probability value for the 
Breusch-Godfrey Autocorrelation test statistic.
a The appropriate lag length.

Lag length AIC LM test

1  − 18.02077 0.2983
2  − 17.32371 0.3213
3  − 18.20847a 0.3126a

Table 4   Diagnositc test results

a The Breusch–Godfrey LM test statistic for no serial correlation.
b The Breusch-Pagan-Godfrey test statistic for homoscedasticity.
c The Jarque–Bera statistic for normality.
d The Ramsey’s reset test statistic for regression specification error.
e,f It determines the stability of the long-term coefficients of the model.

BG LM testa BP Godfrey testb JB testc RR testd Cusume CusumSQf

1.3362 (0.3126) 0.6917 (0.7434) 1.6849 (0.4306) 0.3293 (0.5759) Stable Stable
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consumption, coal consumption, and economic growth 
for Turkey. To sum up, the cointegration relationship exists 
for economic growth in AARDL method.

Long‑run and short‑run estimates

Moreover, long-and short-run estimates are presented, 
respectively, as can be seen in Tables 6 and 7.

Forecast results show that all variables examined in the 
analyzed period are statistically significant and have a posi-
tive effect on EG. An increase of 1% in L and C, which 
appear to have the greatest impact on economic growth, 
increases EG by 0.42% and 0.34%, respectively. In terms 
of the contribution of the energy sources examined in this 
study to EG, it was found that a 1% increase in CC and REC 
increased EG by 0.084% and 0.050%, respectively. While a 
1% increase in NGC increased EG by 0.041% eventually, it 

decreased EG by 0.043% in the short run. An examination of 
the energy sources used for electricity production in Turkey 
in 2018 showed that coal had the largest share in total pro-
duction with a rate of 37%. This rate is a record consumption 
rate for coal after 1989 in the sample period. Renewable 

Fig. 3   The plot of CUSUM and CUSUMSQ tests for ARDL (1, 1, 3, 1, 1, 1)

Table 5   Augmented ARDL test 
results

***, **, *: p<0.01, p<0.05, p<0.10, respectively

Model DU Estimated model Tests Resource and critical values

f(EG/C, L, 
REC, NGC, 
CC)

2001 (1, 1, 3, 1, 1, 1) Fall = 6.635*** Narayan (2005)

%10 %5 %1
3.76 4.44 6.04

tdependent =  − 5.414*** Pesaran et al. (2001)
%10 %5 %1
 − 3.86  − 4.19  − 4.79

Findependent = 4.901** Sam et al. (2019)
%10 %5 %1
3.67 4.40 6.15

Table 6   Long-run estimation

***, **, *: p < 0.01, p < 0.05, p < 0.10, respectively.

Regressors Coeff Std. error p-value

LC 0.343 0.022 0.000***
LL 0.420 0.092 0.000***
LREC 0.050 0.023 0.047**
LNGC 0.041 0.014 0.011**
LCC 0.084 0.035 0.031**
Constant -3.130 0.548 0.000***
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energy resources, which have made significant progress 
recently by virtue of incentive policies applied for their use 
in electricity production, took the second place with a rate of 
32.4%. The rate of use of natural gas, a resource that Turkey 
is highly dependent on foreign sources, in electricity produc-
tion was the lowest with a value of 31%. The contribution 
of natural gas power plants to electricity production in 2018 
draws attention as it is the lowest contribution since 2000 
(TSI). Considering this information, the long-term results 
are not quite surprising. To sum up, in the long run, coal 
consumption should be reduced. Production of renewable 
energy sources should be increased. In this case, economic 
growth will also be positively affected within the macroeco-
nomic performance. Besides, the most influential variable on 
macroeconomic growth was determined by this method. In 
the final step, the error correction coefficient (ECT) is within 
acceptable limits. Short-term estimation is given in Table 7.

In terms of the short-term coefficients of the examined vari-
ables, the first striking difference compared to the long-term 
is that the impact of all energy sources on economic growth 
is negative, but only the short-term elasticity of economic 
growth compared to natural gas is significant at the 5% signifi-
cance level. It was also observed that a 1% increase in NGC 
reduces EG by 0.043%. Another obvious difference is that the 
short-term elasticity of economic growth compared to RE is 
not significant even at the 10% significance level. However, 
a 1% increase in capital (C) stimulates economic growth by 
about 0.33%, while the labor (L) coefficient has a statistically 
significant and positive effect on economic growth in the short 
run and eventually. Moreover, the negative and statistically sig-
nificant coefficient estimation of the delayed error correction 
term (ECTt−1) confirms the existence of a long-term relation-
ship between EG, C, L, REC, NGC, and CC. The coefficient 
(ECTt−1) also indicates that the rate of convergence to the long-
term equilibrium will be 75% in case of shock.

Empirical findings and discussions

In this section, we inspected the results of empirical applica-
tions between LEG, LC, LL, LREC, LNGC, and LCC with 

augmented ARDL approach developed by McNown et al. 
(2018) and Sam et al. (2019).

In the first phase of the econometric analysis, the unit root 
features of the variables are examined. We use both ordinary 
and single break unit root testing to achieve this aim. Table 2 
depicts the findings of Phillips Perron and single-break Per-
ron unit root tests. All variables contain unit root at the level, 
indicating variables are stationary at first differences, except 
CC in terms of Phillips Perron findings. According to Per-
ron test outcomes, all variables contain unit root at level. 
Moreover, it is determined that the variables are stationary 
at first differences. Time series can be by affected random 
shocks (economic crisis, earthquake, etc.). Therefore, the 
unit root test with break is also used. The Perron test is more 
robust test than the Phillips Perron test. In Table 3, the lag 
length is given. Moreover, the appropriate lag length was 
determined using the AIC. Table 4 depicts the diagnostic test 
results show that the model is free of autocorrelation, hetero-
scedasticity, functional problems, and normality problems. 
Figure 3 illustrates a graph of CUSUM and CUSUMsq plot 
tests. According to the results of the test, it can be said that 
the model is valid. The graphs have illustrated in Fig. 3 that 
the estimators are stable at the 5% significance level.

According to Table 5, the significance of three differ-
ent test statistics was tested by considering the augmented 
ARDL model. According to these results, the existence of 
cointegration was decided as the upper bound of the three 
test statistics was higher than the critical values. The find-
ings summarized in Table 5 illustrate that the F-statistics 
(6.635) exceeds the critical value of 4.44 and is therefore 
statistically significant at 5% level of significance. Addition-
ally, Findependent and tdeperndent tests are also significant at 5% 
vs 1% levels, inferring robust evidence of cointegration.

This robust evidence of cointegration leads us to check 
the long-run impact of EG. In Table 6, the estimates depict 
that there is Cobb–Douglas production function in Turkey 
because the coefficient of C and L is positive. Further, REC, 
NGC, and CC have a positive and statistically significant 
effect on economic growth.

Proceeding to the main finding, renewable energy con-
sumption (REC), the additional variable in our CD produc-
tion function, has a significant coefficient and the sign of the 
coefficient is positive. Going into more detail, a 5% increase 
in REC will alleviate EG by 0.050%. The coefficient of natu-
ral gas (NGC), included to capture the effect of the natural 
gas in the Cobb–Douglas production function, is also signifi-
cant indicating that NGC promotes EG. Apart from this, coal 
consumption (CC) is positive and significant. These results 
show that it increases economic growth. Lastly, the dummy 
variable (DU2001) decreases EG.

There is empirical evidence for an increase in economic 
growth in terms of the variable used. Oryani et al. (2021) 
confirmed the existence of a long-run relationship between 

Table 7   Short-run estimation

***, **, *: p < 0.01, p < 0.05, p < 0.10, respectively.

Regressors Coeff Std. error p-value

ΔLC 0.331 0.013 0.000***
ΔLL 0.177 0.057 0.008***
ΔLREC  − 0.019 0.012 0.143
ΔLNGC  − 0.043 0.014 0.011**
ΔLCC  − 0.044 0.021 0.056*
DU2001  − 0.170 0.068 0.061**
ECT (− 1)  − 0.759 0.093 0.000***
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economic growth and the variables studied. Further, Nawaz 
et al. (2019) also determined that capital, labor, and natural 
resources positively affect economic growth. The results are 
similar to our study. Similarly, another study found (Okumus 
et al. 2021) a positive and statistically significant relation-
ship between renewable energy consumption, labor, capital, 
and economic growth in the long and short runs. Azad et al. 
(2014) used the production function, to estimate the electric-
ity consumption in energy consumption in G7 countries. This 
study showed that C, L, and energy consumption positively 
affect growth in Austria. Lastly, in the causal outcomes, 
another study (Bilgili and Bağlıtaş 2022) found a positive and 
statistically significant relationship between energy consump-
tion, labor, capital, and economic growth in the long and short 
runs in OECD. In addition, long-run causality results indi-
cate that economic growth causes carbon emissions in MENA 
countries (Sun et al. 2022) and our findings are compatible 
with this results. These findings show that the production 
function is valid between economic growth and renewable 
energy, natural gas, and coal production in Turkey.

Conclusions and policy recommendations

This paper investigates the effect of disaggregate energy 
consumption on economic growth in Turkey via the Aug-
mented ARDL. In this context, it is to examine the impact of 
renewable energy, natural gas, and coal consumption. To this 
end, the effects of renewable energy, natural gas, and coal 
consuption on economic growth are investigated using the 
recently developed AARDL approach with single-break unit 
root test. In this direction, using annual data for the period 
1988–2018, long- and short-run relationship were examined 
with AARDL cointegration approach.

Turkey is among the developing countries and is highly 
dependent on foreign energy due to its limited energy 
resources. This dependency, which is increasing day by day, 
creates a great burden on the country’s economy. To reduce 
this burden, Turkey, which is considered among the rich 
countries in terms of renewable energy resources, should use 
these resources effectively. Thus, as of 2021, the government 
has started to make great amounts of investments in this field 
to reduce foreign dependency.

This study, unlike the studies in the literature, aims to 
contribute to the existing literature on energy consumption 
by decomposing it based on different variables (renewable, 
natural gas, and coal) using a multivariate model. In this 
study, the relationship among the variables examined the 
CD production function established by econometric analysis. 
The results showed that there is a long-term relationship 
between economic growth, renewable energy consumption, 
natural gas consumption, coal consumption, capital, and 
labor. Additionally, it was seen that the capital and labor 

variables included in our model had a significant, positive 
effect on economic growth in both the short and long terms, 
and had a greater effect than energy sources. The results 
of this study will contribute to the decision-makers in the 
energy sector in Turkey in terms of reducing foreign depend-
ency, ensuring resource diversity, and making energy supply 
cost-effective. Additionally, these results are important both 
for the developed countries to maintain their current situa-
tion and for the developing countries to see the contribution 
of the selected variables to economic growth. Future studies 
should investigate the effects of disaggregated RE sources 
(hydroelectric, wind, solar, geothermal, and biomass) on 
GDP eventually, if a sufficient sample size is obtained in 
terms of data availability.

To apply the AARDL method, the analyzed series should 
not be I(2). The findings of the Phillips Perron unit root test 
also indicate that EG, C, L, REC, NGC, and CC are station-
ary at their first differences. This result is consistent with 
the findings in Dogan (2015), and Nazlioglu et al. (2014). 
According to the results of the single break unit root test, all 
series do not contain unit root at their first differences except 
L. A cointegration relationship is found for EG model. The 
estimation results presented in this article have determined 
the existence of a long-run relationship between economic 
growth, renewable energy consumption, natural gas con-
sumption, coal consumption, capital, and labor. In the short 
run, renewable energy has no impact on economic growth, 
while the 2001 global crisis reduces economic growth. To 
sum up, in terms of the short-term coefficients of the exam-
ined variables, the first striking difference compared to the 
long-term is that the impact of all energy sources on eco-
nomic growth is negative.

The results obtained from the study contain important 
clues and implications for policymakers. The energy con-
sumed in every imaginable area is an indispensable require-
ment for a country’s economic development to achieve a 
sustainable structure. The increase in production affects 
energy. With the increase in production and consequently 
energy demand, economic growth occurs in countries rich 
in resource potential, while countries that do not have suffi-
cient capacity remain foreign-dependent in energy and there-
fore economic growth slows down in these countries. The 
energy field is one of the growth indicators for a developing 
Turkey. Therefore, most of the energy provided in this area 
is obtained from fossil sources. Turkey has limited under-
ground wealth in terms of fossil resources and natural gas. 
The large gradual rise in energy imports causes significant 
economic problems eventually. This makes it inevitable for 
Turkey to follow an accurate and effective energy policy, 
considering the increasing energy demand, limited resource 
potential, and energy supply security.

The findings of this study show that the consump-
tion of both RE and NRE resources (coal and natural 
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gas) impacts economic growth eventually. This effect is 
important for Turkey, which reduces its dependence on 
foreign energy because it is a negative factor in obtaining 
goals and in terms of the country’s economy. Natural gas, 
another non-renewable resource in the study, was found to 
have a positive effect on growth eventually. Nonetheless, 
approximately 99% of all natural gas consumed in Turkey 
is imported. This means that Turkey’s national income is 
transferred to energy-rich countries every year, which is 
a negative result for the country’s economy. As a matter 
of fact, this finding regarding natural gas emerged in the 
short-term results of the study.

According to the long-term results of the study, it can be 
said that growth is possible with renewable energy sources 
as a production factor. However, these sources did not 
appear to have any impact on EG in the short run because 
they have not yet been used effectively and efficiently. Tur-
key, which has an important position on a global scale, 
especially in terms of solar, wind, geothermal, and bio-
mass resources, has installed power and production at a 
level well below the potential of these resources. Remark-
ably, the effect of renewable resources on growth eventu-
ally is greater than the impact of natural gas, which Tur-
key is highly dependent on foreign sources as a resource. 
Accordingly, Turkey should take this long-term effect into 
account and include more renewable energy sources in 
its production, in line with its aims regarding sustainable 
growth. Moreover, with its incentive and support policies 
in the field of renewable energy, Turkey should provide 
consumers with a purchase guarantee for surplus produc-
tion and meet their own electricity needs. Policymakers 
should consider economic growth policies at the same time 
while producing energy policies.

The study disaggregated the effects of energy consump-
tion on the Turkish economy based on resources (renew-
ables, natural gas, and coal) with a multivariate model. 
The findings were evaluated not only around a specific 
variable but also in terms of several different variables. In 
this respect, considering the current economic and tech-
nological conditions in Turkey, it does not seem possible 
to completely abandon the use of imported energy sources 
in the near future. However, it can be said that the more 
intensive use of domestic and renewable energy resources 
in the production process, the reliable and cost-efficient 
use of these resources, and the increase in resource diver-
sity can reduce Turkey’s dependence on foreign energy 
and provide long-term sustainable growth for the country. 
Future studies can repeat this study by making investiga-
tions for developing countries or European Union coun-
tries using panel data.

Finally, this study provides new research opportunities. 
Our paper focuses on mostly economic growth and energy 
sources. However, if there are enough data set for future 

studies, we recommend using the AARDL method to focus 
of renewable energy in countries.
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