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Abstract: Sustainable economic growth without harming nature is one of the top issues on the agenda of all countries recently. In this 
regard, renewable energy consumption is important for both sustainable economic growth and public health. Along with the 
environmental pollution caused by non-renewable energy sources, the consumption of renewable energy sources has become very 
popular in the global economy. In this direction, the relationship between renewable energy consumption and health expenditures for 
Türkiye was investigated using the 1990-2020 period data using the Toda Yamamato Causality analysis method. The findings show 
that there is a one-way causality relationship from renewable energy consumption to health expenditures. In addition, the findings 
revealed the existence of a one-way causality relationship from economic growth to health expenditures. 
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1. Introduction 
Energy is one of the resources necessary to meet our 
basic needs. Energy, which has become a controversial 
issue today, has reached significant levels of 
consumption thanks to the increasing population and 
developing technology. With the process of globalization 
and industrialization, the intensity of interaction 
between countries is increasing. One of the main 
commodities subject to trade between countries is the 
consumption of fossil energy resources. The dependence 
on fossil fuel consumption has increased the tendency 
towards alternative energy sources due to the negative 
impact on environmental conditions and ecological 
balance, together with the consideration of the extinction 
of these resources at the end of a certain period of time. 
Renewable energy sources are one of them. 
Renewable energy has become increasingly popular in 
recent years. It is defined as energy derived from 
naturally replenished sources. These include solar 
energy, wind, wave, geothermal, biomass, and 
hydroelectric power. Renewable energy sources are 
considered self-sustaining, as they do not deplete with 
use. The key characteristic of renewable energy is its 
renewability (Kızılkan, 2023). The consumption of fossil 
fuels has been rising due to widespread industrialization 
and rapid population growth. This increase depletes 
fossil reserves, exacerbates global climate change, and 
negatively impacts public health (Farhad et al., 2008). 
Consequently, societies are being driven to adopt 

renewable energy sources like solar and wind power, 
which have a lower environmental impact. Health 
expenditures are a significant indicator of economic 
growth.  
These expenditures vary according to a country's level of 
development, and the recent rise in resources allocated 
to health has increased both the amount and the 
importance of efficient and effective use of health 
expenditures (Mutlu and Işık, 2012; Akar, 2014). 
Globally, health expenditures are crucial for enhancing 
welfare and improving the quality of life in societies 
(Yavuz et al., 2013). 
Health expenditures are generally shaped by the 
economic structure of countries, the form of government, 
the policies they implement, and the social and cultural 
values of the country. As can be understood from the 
analysis, economic, social, demographic and 
environmental factors have an impact on health 
expenditures (Hansen and King, 1996). With the 
globalization process, societies are in a constant change 
and development. Depending on factors such as 
urbanization, population growth rate, increase in 
environmental pollution, increase in chronic diseases, 
increase in epidemics, technological developments in the 
field of medicine, factors affecting health expenditures 
also change (Khanolkar et al., 2016). 
The quality of the environment in which people live is 
also seen as an important factor affecting individual and 
public health. The increase in carbon emissions in nature 
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is seen as the main cause of environmental pollution and 
one of the most important factors that increase health 
expenditures. The environmental effects of carbon 
dioxide, which has the highest share among greenhouse 
gases that cause climate change and global warming, are 
of great importance (BÇM, 2015). Increasing carbon 
emission in the atmosphere increases environmental 
pollution and negatively affects individual and public 
health. Living in places where environmental pollution is 
high harms both individual and public health, reduces the 
quality of health and leads to an increase in health 
expenditures. In addition, the increase in diseases in the 
society decreases labor force participation and decreases 
labor productivity, which may negatively affect economic 
growth (Narayan and Narayan, 2008). 
Renewable energy consumption is important in 
preventing global climate change. The use of renewable 
energy consumption sources helps increase energy 
efficiency in countries, reduces the use of carbon 
emissions and provides environmentally friendly energy 
consumption (Çobur and Başel, 2023). As a matter of fact, 
renewable energy resources are important in terms of 
ensuring economic and social development, creating a 
cleaner environment, and minimizing negative 
externalities on human health (Owusu and Asumadu, 
2016). Therefore, the consumption of renewable energy 
resources positively affects individual and public health 
by reducing the use of greenhouse gases and helps to 
reduce the cost of health expenditures (Khan et al., 
2020). In this respect, it is important to examine the 
social-economic-environmental impacts in depth in order 
to better understand and manage health expenditure 
policies more accurately. 

For this purpose, the relationship between renewable 
energy consumption, economic growth, and health 
expenditures in Türkiye is analyzed for the period 1990-
2020 using the Toda-Yamamoto Causality Analysis. The 
study begins with a brief introduction and theoretical 
framework, followed by a literature review in the second 
section. The third section discusses the methodology, the 
variables used, and the empirical findings. The 
conclusion section offers evaluations and policy 
recommendations based on the findings. 
1.1. Literature Review on the Subject 
One of the world's biggest problems is the rapid increase 
in environmental pollution causing climate change and 
the need to tackle the problems caused by this change. 
The health services market is one of the sectors that is 
affected by this process. There are many factors affecting 
health expenditures. As determinants of health 
expenditures, issues such as health expenditures - 
growth (Altunöz, 2020; Emirkadı, 2022) health 
expenditures - carbon emissions (Abdullah et al., 2016; 
Yazdi and Khanalizadeh, 2017; Zaidi and Saidi, 2018) are 
at the forefront. This study tests the relationship between 
renewable energy consumption-economic growth and 
health expenditures. Since understanding the 
relationship between renewable energy consumption-
health expenditures and economic growth is very 
important in recent times, the scarcity of studies and 
information on this issue reveals the main purpose of this 
study. It is seen that the studies on this subject for 
Türkiye are scarce in the literature. It is thought that the 
study will contribute to the literature in this respect. The 
literature review on the subject is summarized in Table 1. 

 
Table 1. Literature review 

Author(s)-Year Country(s)/Period Method Finding 
Apergis et. al. 
(2018) 

42 Sub-Saharan African 
Countries/1995-2011 

Panel Data 
Analysis 

A one-way causality relationship was found from renewable 
energy consumption to health expenditures. 

Çetin (2018) BRICS-T /2000-2015 Panel ARDL 
analysis 

Renewable energy consumption reduces health expenditures. 

Öndeş (2019) 28 EU countries/2000-
2014 

Panel Data 
Analysis 

A unidirectional causality relationship was found from renewable 
energy consumption to health expenditures. 

Ullah et. al. 
(2019) 

Pakistan/1998-2017 Time Series 
Analysis 

A negative relationship was found between renewable energy 
consumption, health expenditures and CO2. 

Caruso rt al. 
(2020) 

1990-2015/12 EU 
countries 

Panel 
Autoregression 

Analysis 

It was found that there is a causal relationship between 
renewable energy consumption and health expenditures. 

Khan(2019) ASEAN /2007-2017 Panel Data 
Analysis 

There is a negative relationship between health expenditures and 
the environment. 

Shahzad et. al. 
(2020) 

Pakistan/1995-2017 ARDL Analizi- 
Causality 
Analysis 

While economic growth and CO2 emissions increase health 
expenditures, renewable energy consumption and information 
communication technologies decrease health expenditures. In 
addition, while a bidirectional relationship was found between 
health expenditures-economic growth-carbon emissions and 

information communication technology, a unidirectional causality 
relationship was found from renewable energy consumption to 

these variables. 
Nawab et. al. 
(2021) 

ASEAN /2000-2018 GMM Renewable energy consumption reduces health expenditures and 
carbon emissions. 

 



Black Sea Journal of Public and Social Science 

BSJ Pub Soc Sci / Ayşe ERYER                                                                     30 
 

Table 1. Literature review (continuing) 

Author(s)-Year Country(s)/Period Method Finding 
Pata (2021) 1982-2016/Japan and 

USA 
ARDL Analysis Renewable energy consumption and health spending improve 

environmental quality. 
Ecevit et. al. 
(2022) 

Türkiye/1985-2018 ARDL, FMOLS, 
DOLS, VECM 

Analysis 

Renewable energy consumption and financial development have a 
negative effect on health expenditures, while economic growth 

has a positive effect on health expenditures. 
Ecevit et. al. 
(2022) 

Türkiye/1988-2018 VECM Analysis Renewable energy consumption in health economic growth, 
financial development and unemployment have a negative impact 

on health. 
Mehmood et al. 
(2022) 

South African 
Countries/1990-2018 

VECM Analysis Renewable energy consumption reduces healthcare expenditures 

Akar et. al. 
(2023) 

13 EU countries /2001-
2019 

Panel Data 
Analysis 

Renewable energy consumption reduces health expenditures. 

Triki et. al. 
(2023) 

Saudi Arabia/1980-
2020 

ARDL and 
NARDL analysis 

The existence of a long-run relationship between the variables 
was found. 

Dorbonova and 
Sugözü (2024) 

Asian Countries/2000-
2020 

Dumitrecu 
Hurlin(2012) 

Causality 
Analysis 

A causality relationship was found between renewable energy 
and health expenditures. 

 
Table 2. Descriptive information on variables 

Variables Description Source 
Per Capita Health Expenditure (HE) Per Capita Health Expenditure (US$) OECD 

Renewable Energy Consumption (REC) Renewable energy consumption (share in total energy 
consumption) 

World Bank 

Gross Domestic Product (GDP) Gross Domestic Product per capita (US$) World Bank 
 
Table 3. Descriptive statistics 

 LHE LGDP LREC 
Mean 1.398074 8.710979 2.781597 
Median 1.474992 8.946385 2.690547 
Maximum 1.703657 9.439719 3.194583 
Minimum 0.894454 7.714503 2.433613 
St.Deviation 0.251315 0.586629 0.257827 
Jargue -Bera 4.972071 3.731352 3.074372 
Jargue –Bera Probability 0.832345 0.154792 0.214985 
 
2. Methodology and Econometric 
Estimation Results 
2.1. Data Set 
The explanations of the variables used for econometric 
analysis in the study are shown in Table 2. The data set 
for Türkiye for the 1990-2020 period is used in this 
study, where the health expenditure variable is obtained 
from the OECD database and the renewable energy 
consumption and GDP per capita variables are obtained 
from the World Bank database. 
 

𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡 + 𝛽𝛽2𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡 + 𝜇𝜇𝑡𝑡 (1) 
 

In the equation 1, “�” represents both the coefficient and 
the elasticity coefficients of the variables and “��” 
represents the error term. In the model, health 
expenditures are considered as the dependent variable, 
while economic growth and renewable energy 
consumption are considered as independent variables. 
Since it is recommended to work with the logarithmic 
forms of the variables used in econometric analysis, the 

logarithms of all variables in the equation are taken. The 
descriptive statistics of the variables are presented in 
Table 3. 
This dataset analyzes the variables of health 
expenditures, renewable energy consumption, and 
economic growth. The table presents the mean, median, 
maximum, minimum, standard error, and Jarque-Bera 
values for these variables. The Jarque-Bera probability 
values for all variables in the model exceed the 1% 
significance level, indicating that the variables are 
normally distributed. 
2.2. Methodology and Findings 
The econometric method of the study consists of two 
parts. In the first part, the stationarity levels of the 
variables are analyzed with the ADF unit root test. Then, 
the causality relationship between the variables is 
determined by Toda Yamamoto analysis. 
2.2.1. Unit root test 
The long-run characteristics of any series are revealed by 
examining how the value of the variable in the previous 
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period affects the current period. To understand the 
process from which a series originates, it is necessary to 
regress the value of the series in each period with the 
values from the previous period. Therefore, the 
stationarity levels of the series should be determined 
using unit root tests, which are among the most common 
methods (Tarı, 2015). 
Unit root tests can determine whether the variables are 
stationary. It is noted that analyses conducted with non-
stationary variables may yield misleading results. Hence, 

the stationarity of the series should be confirmed before 
starting the analysis (Coşkun and Eygu, 2020). 
To determine the unit root levels of the series in the 
model, the Augmented Dickey-Fuller (ADF) unit root test 
was employed. The null hypothesis (H0) of this test is 
that the series contains a unit root, while the alternative 
hypothesis (H1) is that the series is stationary. The unit 
root test results of the variables in the study are 
presented in Table 4. 

 
Table 4. ADF unit root test results 

 Level First difference 
 Constant Prob. Constant and 

trend 
Prob Constant Prob. Constant and 

trend 
Prob 

LHE -2.053 0.2638 -1.0526 0.9216 -3.7597 0.0007* -3.9238 0.0022* 
LREC -1.6197 0.4600 -2.4341 0.3561 -6.4368 0.0000* -6.7859 0.0000* 
LGDP 1.1322 0.6901 1.3294 0.8614 5.7934 0.0000* -5.8222 0.0002* 
*= P<0.01. 
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Table 5. Determination of the appropriate lag length of the Var model 

Lag  LogL LR FPE AIC SC HQ 
0 20.06226 NA 6.43e-05 -1.137628 -0.997508 -1.092808 
1 95.17480 130.1913 7.88e07 -5.544987 -4.984508* -5.365685 
2 106.3242 17.09567* 6.98e-07* -5.688277* 4.707439 -5.374498* 
LR= Likelihood Ratio FPE= Final Prediction Error AIC= Akaike Information Criteria SC= Schwarz İnformation Criteria HQ= Hannan 
Quinn. 
 
Table 4 presents the results of the ADF unit root test. The 
stationarity analysis of the variables used in the study 
reveals that all series are not stationary at the level. To 
determine the maximum degree of integration (dmax), 
the first differences of the variables were taken to assess 
the stationarity levels. According to the ADF unit root test 
findings for these first-differenced series, all variables in 
the model are I(1), and the maximum degree of 
integration (dmax) is determined to be 1. 
2.2.2. Toda Yamamoto causality analysis 
In Toda Yamamoto Causality analysis, the level values of 
the series are used. The main difference between this test 
and other causality tests is that the series are not 
required to be stationary at the same level and no 
cointegration relationship is sought between the 
variables (Ak et al., 2016). 
In order to determine the Toda Yamamoto causality 
analysis, it is first necessary to determine the extended 
VAR model with (k+dmax) lags. Where k is the lag length 
of the model and dmax is the highest degree of 
cointegration of the series. It is emphasized that the lag 
length of the WALD test is determined by summing these 
two values. Determination of these two values allows the 

model to be estimated accurately, preventing data loss 
and achieving more successful results at the level level 
(Toda and Yamamoto, 1995; Okur and Çiçek, 2023; 
Karakaya and Oktay, 2024). The model of the Toda and 
Yamamoto test is constructed as given in equation 2 and 
3: 
The hypotheses for equation 2 are as follows:  
�0: � is not the grenger cause of �′ .  
�1: � is the grenger cause of �′ 
The hypotheses of equation 3 are as follows:  
�0: � is not the grenger cause of �′ . 
�1: � is the grenger cause of �′ .  
In this model, the test statistic value is tested with the 
Wald Test with X-squared distribution (Meçik and 
Koyuncu, 2020). 
After the unit root test of the series, the VAR model 
should be created and the lag length (k value) should be 
determined. Table 5 shows the results of the appropriate 
lag lengths in the VAR model. 
It is stated that determining the appropriate lag length 
while constructing the VAR model is very important in 
econometric analysis (Özkurt, 2024). According to Table 
5, SC information criterion indicates the first lag, while 
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LR, FPE, AIC, HQ criteria indicate 2 lags. As a result, 
according to the findings in Table 4, the appropriate lag 
length k for the VAR model is determined as 2. In the 
study, it was previously determined by the unit root test 
that the maximum stationarity level of the series is I(1) at 
first difference and the dmax value was calculated as 1. 
The third order VAR model analysis was performed by 
adding the maximum degree of cointegration of the 
variables to the appropriate lag length of the VAR model 
(k+dmax= 1+2=3). In the Toda-Yamamoto Causality 
analysis, various diagnostic tests are first performed to 
determine whether the model is reliable. The results are 
shown in Table 6. 
 
Table 6. Diagnostic tests 

Tests Statistical 
Value 

Probability 
Value 

Lagrange Multiplier (LM) 
Autocorrelation Test 

9.244 0.4185 

White Variance Test 107.66 0.4909 
 
Table 6 shows that the null hypothesis of “no 
autocorrelation” in the VAR model at lag lengths is 
accepted and no autocorrelation problem is detected. In 
addition, according to the test for changing variance, it is 
summarized in the table that the VAR model has constant 
variance. It is seen that the diagnostic tests investigated 
in the VAR model are determined in accordance with the 
expectations. As a result of the findings, the study 
continued with Toda Yamamoto causality analysis. 
 
Table 7. Toda Yamamoto causality analysis results 

Dependent Variable LHE Wald Ist. Probability 
Value 

LGDP  16.276 0.0001*** 
LREC 12.952 0.0047*** 
Dependent Variable LGDP   
LHE 1.877 0.5983 
LREC 5.344 0.1482 
Dependent Variable LREC   
LHE 10.371 0.1157 
LGDP 5.285 0.1521 
 
According to the results of the Toda-Yamamoto causality 
analysis in Table 7, for Model 1, health expenditures are 
considered the dependent variable, while renewable 
energy consumption and economic growth are the 
independent variables. The first model shows a 
unidirectional causality from GDP, representing 
economic growth, to health expenditures, as well as a 
unidirectional causality from renewable energy 
consumption to health expenditures. Thus, there is a 
causality relationship from economic growth and 
renewable energy consumption to health expenditures in 
Türkiye. 
From the Toda-Yamamoto causality analysis results 
given in Table 7, economic growth is considered the 

dependent variable in the second model, with the other 
variables as independent variables. The analysis 
indicates no causality relationship from health 
expenditures and renewable energy consumption to 
economic growth in Türkiye. 
In Model 3 in Table 7, renewable energy consumption is 
the dependent variable, while health expenditures and 
economic growth are the independent variables. The 
causality analysis for Model 3 found no causality link 
from economic growth and health expenditures to 
renewable energy consumption.  
There are four main hypotheses to explain the 
relationship between energy consumption and economic 
growth. The first of these is the growth hypothesis. 
According to this hypothesis, there is a unidirectional 
relationship between economic growth and energy 
consumption. The direction of the relationship is from 
energy consumption to economic growth. In the growth 
hypothesis, energy consumption plays a role both 
directly and as a complement to capital and labour 
(Alper, 2018). Another hypothesis is the conservation 
hypothesis. According to this hypothesis, a unidirectional 
causality relationship from economic growth to energy 
consumption is considered. The third hypothesis argues 
that there is a bidirectional causality relationship 
between energy consumption and economic growth. 
According to this hypothesis, energy saving measures 
and energy supply shocks will have a negative impact on 
economic growth, which will naturally be reflected in 
energy demand. The last hypothesis is the neutrality 
hypothesis. According to this hypothesis, it is argued that 
it will be valid if no causality relationship is detected 
between economic growth and energy consumption 
(Alper, 2018; Ataş and Güler, 2020). In the period 
considered in this study, no causality relationship was 
found between economic growth and renewable energy 
consumption. It can be said that the null hypothesis is 
valid in the period in question. 
The results of this study align with those of Apergis et al. 
(2018), Öndes (2019), and Caruso et al. (2020). It can be 
inferred that renewable energy consumption impacts 
efforts to improve health expenditures in Türkiye. This is 
because increasing the share of renewable energy 
consumption reduces environmental pollution, positively 
affecting public health and lowering health expenditure 
costs. 
 
3. Conclusion 
With the process of industrialization, the demand for 
energy is increasing day by day. Most developed 
countries meet a significant portion of their energy 
demands from fossil fuels. However, since fossil fuel 
resources are finite and harmful to the environment and 
public health, the necessity of using alternative energy 
sources has emerged. In this context, there has been a 
shift from fossil fuels to renewable energy sources to 
achieve sustainable economic growth and protect public 
health. The widespread use of renewable energy sources 
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eliminates greenhouse gas emissions and reduces fossil 
fuel use, thereby minimizing negative effects on public 
health. 
In this study, the relationship between renewable energy 
consumption, economic growth, and health expenditures 
in the Turkish economy for the period 1990-2020 is 
analyzed using the Toda-Yamamoto causality analysis. 
Firstly, the ADF unit root test is employed to assess the 
stationarity of the series. According to the results of the 
Toda-Yamamoto causality analysis, a unidirectional 
causality relationship is found from renewable energy 
consumption to health expenditures. Additionally, a 
unidirectional causality relationship is identified from 
economic growth to health expenditures, but no causality 
link is found between economic growth and renewable 
energy consumption. 
Based on the results, it can be said that policies that can 
be followed on renewable energy consumption in 
Türkiye can have an impact on health expenditures. Since 
Türkiye is a country rich in renewable energy resources 
in terms of geographical location, it should be able to 
utilize renewable energy resources effectively and 
efficiently. In this case, air pollution caused by fossil fuel 
sources will be significantly reduced. This would lead to 
improvements in the quality of health of individuals and 
society. Furthermore, the use of clean technology should 
be encouraged for sustainable economic growth and a 
sustainable environment. The use of medical 
technologies should be encouraged, as the transfer of 
environmentally sound technologies contributes to 
sustainable economic growth and development, as well 
as reducing health costs in the long run. 
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