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ABSTRACT  

In this study, it is purposed to investigate the determining factors of energy 

consumption in Turkey between the years 1995-2019.  Accordingly, the role 

of foreign direct invesment (FDI) and innovation in energy consumption has 

been examined using the least squares estimation method. The multiple 

regression model was used in the study, and total energy consumption was 

used as the dependent variable, while the ratio of FDI to gross domestic 

product and the total number of patent applications were used as independent 

variables in the model. Annual data from OECD statistics and the World Bank 

were utilised in the study. Consequentially, it is determined that FDI and 

patent applications have a statistically significant and positive effect on 

energy consumption in analysis. The results of the study indicate that FDI and 

innovative activities are the determinants of energy consumption.  

ÖZET 

Bu çalışmada 1995-2019 yılları arasındaki dönemde Türkiye’de enerji 

tüketiminin belirleyici faktörlerinin araştırılması amaçlanmıştır. Bu 

doğrultuda, doğrudan yabancı sermaye yatırımları ve inovasyonun enerji 

tüketimindeki rolü en küçük kareler tahmin yöntemiyle incelenmiştir. 

Çalışmada çoklu regresyon modeli kullanılmış olup, modelde toplam enerji 

tüketimi bağımlı değişken, doğrudan yabancı sermaye yatırımlarının 

gayrisafi yurtiçi hasılaya oranı ve toplam patent başvuruları sayısı ise 

bağımsız değişken olarak kullanılmıştır. Çalışmada OECD stat ve Dünya 

Bankası’ndan elde edilen yıllık veriler kullanılmıştır. Analiz sonucunda, 

doğrudan yabancı sermaye yatırımlarının ve patent başvurularının enerji 

tüketimi üzerinde istatistiksel olarak anlamlı ve pozitif bir etkiye sahip olduğu 
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tespit edilmiştir. Çalışma sonuçları, doğrudan yabancı sermaye 

yatırımlarının ve inovasyonel faaliyetlerin enerji tüketiminin belirleyicisi 

olduğuna işaret etmektedir. 

 

1. INTRODUCTION 

Energy is generally defined as the ability to do business. In addition, energy; it can be found in 

different shapes and fields such as chemical, electrical, thermal, mechanical, nuclear and sound. 

Energy has the ability to store, transform or be strengthened depending on the application. On 

the other hand, energy resources can be classified into three main areas: fossil (oil, coal, natural 

gas, etc.), renewable (geothermal wind, solar, sea, hydrogen, etc.) and divisible (uranium, 

thorium, etc.) (Bilgen, 2014: 891). 

There are various factors together with the energy policies, which are thought to be significant 

in determining the projections of nation states for economic growth and social development. 

Population growth, technological developments, consumer needs, economic performance, and 

the amount of exports and imports can be given as examples of these factors. Along with these 

factors, the energy policies of the states and the developments in the world energy markets may 

play a key role in the future energy production and consumption models (Sözen et al., 2005: 

211). 

The question of whether energy consumption policies have an impact on economic and 

financial activities has attracted great interest in many platforms where global warming and 

greenhouse gas emissions are discussed in recent years. Excess of energy consumption is one 

of the most important issue of today's world. This situation has become important not only 

economically but also ecologically (Butala and Novak, 1999: 241). Historically, various energy 

crises such as oil, climate change and greenhouse gas emissions experienced in the 1970s in 

the world caused a strong destruction on the economies of the countries and caused an increase 

in energy prices. Such developments have brought energy savings to the agenda in national 

economies. In particular, with the oil crisis in 1973, OPEC cut off the supply of crude oil and 

put an embargo on the transfer of crude oil to Western countries, and energy saving gained 

more significance (Soytaş and Sari, 2006: 740). 

The energy demand in the world increased by approximately 44% from 1971 to 2014. In this 

increase, fossil fuels such as oil, gas and coal constitute 80% of production. Due to the carbon 

dioxide released by the large amount of energy consumption into the atmosphere, there has 

been a serious increase in carbon emissions, especially global warming. This situation has 

accelerated the transition of countries to renewable energy in energy consumption. Defined by 

the World Bank as a driving force of technological diffusion in developing countries, FDIs are 

stated to have a positive effect on the use of renewable energy, as well as acting as an important 

intermediary in bringing modern technology to middle-income countries. Otherwise, FDIs play 

an noteworthy role in both reducing non-renewable energy consumption and raising 

environmental standards by providing a basis for making technological and management 

practices with more environmentally friendly methods (Yasmeen et al., 2022: 1). 

FDI refers to the transfer of technology, knowledge, management styles from developed 

countries to underdeveloped economies (Doytch and Narayan, 2016: 291). In other words, FDI 

is explained as a reliable way of improving the domestic production capability of a country's 

economy, expediting its investments through recent financing and accessing innovative 

technologies. In this context, FDIs can bring superior technologies as innovations from 
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developed countries to underdeveloped countries. Similarly, it is emphasized that one of the 

factors that can attract FDIs to countries is energy use (Rafique et al., 2020: 23900). 

In Figure 1, the average energy supply in some selected country groups and Turkey between 

the years 2000-2020 is seen in million tons. Accordingly, while the average energy supply of 

OECD member countries was 82.8 million tons in 2000, it increased to 88.1 million tons in 

2010 and reached 83.1 million tons in 2020. In the G20 countries, beside, while the energy 

supply exhibited an increasing trend in general between 2000-2019, except for 2009, a decrease 

was observed in the energy supply in 2020. While the average energy supply for Turkey was 

76.3 million tons in 2010, this figure increased to 105.7 million tons in 2000 and 147.7 million 

tons in 2020. 

 

Figure 1. Total Energy Supply in Selected Country Groups and Turkey (Million Tons) 
Source: Created by the author using data from the OECD Stat database. 

Information on the types of energy supply in the 11-year period between 2000-2020 in Turkey 

is presented in tons in Figure 2. Accordingly, among the relevant periods, it was observed that 

the highest energy supply in Turkey in general was oil, coal and natural gas. In Figure 2, it was 

noteworthy that oil energy supply was higher than other types of energy especially between the 

years 2015-2020. 

 

Figure 2. Types of Energy Supply in Turkey (Million Tons) 
Source: Created by the author using data from the OECD Stat database. 
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Table 1 indicates the energy consumption in Turkey for the term 2005-2019, the share of FDI 

in gross domestic product and the number of patents. A generally increasing trend was observed 

in energy consumption between the related years. The situation was similar for the number of 

patents. The number of patents increased by more than 8 times, especially in the period between 

2005 and 2019. On the other hand, the average share of FDI in gross domestic product in the 

same period was 1.88%. 

Table 1. Energy Consumption, FDI and Number of Patents in Turkey 

Year Energy Consumption, (Tons) FDI (% GDP) Number of patents(pcs) 

2005 65,378 1.98 928 

2006 72,679 3.62 1,072 

2007 76,642 3.24 1,810 

2008 73,891 2.58 2,221 

2009 74,470 1.32 2,555 

2010 78,458 1.17 3,180 

2011 82,348 1.93 3,885 

2012 86,164 1.56 4,434 

2013 85,568 1.42 4,392 

2014 86,006 1.42 4,766 

2015 93,601 2.23 5,352 

2016 97,863 1.59 6,230 

2017 105,035 1.29 8,175 

2018 103,043 1.65 7,156 

2019 104,394 1.22 7,871 
Source: Created by the author using data from OECD Stat and World Bank databases. 

Within the framework of the above information, in this study, it is purposed to investigate the 

determining factors of energy consumption in Turkey in the context of FDI and innovation. In 

line with this purpose, the study has been completed after the introduction, under four main 

headings: literature review, methodology and conclusion, respectively. 

2. LITERATURE REVIEW 

In the literature, studies on the determining factors of energy consumption focuses on the 

relationship between foreign direct capital investments and innovation and energy consumption 

within the scope of energy efficiency. From a theoretical point of view, the increase in energy 

efficiency attributes to two factors in the literature. The first of these is the transition from low-

efficiency industries to high-efficiency industries and the second is the improvement in energy 

use efficiency through technological development based on innovative activities (Jin et al., 

2019: 62). In this context, as a result of innovative activities, the marginal productivity level of 

production factors will increase, and in this case, it will be able to reduce energy consumption 

by increasing energy efficiency (Peng et al., 2019; Zhu et al., 2019). Another view is that there 

is an inverse relationship between energy efficiency and innovation. Through theoretical point 

of view, it has been expressed as the rebound effect of technological progress. In other words, 
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innovative activities does not occur at an adequate level in energy consumption areas and 

concentrate for different areas (Liu et al., 2018: 887). 

Foreign direct investment playing a significant role on energy consumption refered to the 

transfer of technology, management skills and knowledge from advanced economies to less 

developed economies (Doytch and Narayan, 2016: 291). From a theoretical perspective, it was 

emphasized that foreign direct investments could be attracted to countries through financial 

development and energy use (Rafique et al., 2020: 23901). It was also observed that the studies 

were conducted by taking into account different country samples and different time intervals 

(Omri and Kahouli, 2014; Adom, 2015; Azam et al., 2015; Leitão, 2015; Amri, 2016; Lin and 

Benjamin, 2018). The results of some empirical studies investigating the relationship between 

energy consumption and foreign direct investment (Sadorsky, 2010; Leitão, 2015; Amri, 2016; 

Behera and Dash, 2017) indicated that there was a positive relationship between energy 

consumption and foreign direct investment. In other words, in studies, results were obtained 

that the increase in foreign direct capital investments would increase energy consumption. In 

the study conducted by Anyanwu (2012), the use of natural resources was pointed out among 

the factors determining foreign direct capital investments. On the other hand, in the literature, 

there were studies revealing a statistically negative relationship between energy consumption 

and foreign direct investment (Mielnik and Goldemberg, 2002; Dube, 2009; Foon-Tang, 2009; 

Adom 2015). In line with the general conclusion drawn from these studies, energy intensity 

will decrease as foreign direct capital investments increase. This situation can be explained as 

a result of the introduction of modern technologies into the country's economy along with 

foreign capital inflows.  

An inverse relationship was discovered between energy consumption and energy demand and 

technological innovation in the studies investigating the relationship between energy 

consumption and innovation (Sohag et al., 2015; Murad et al., 2019; Zeraibi et al., 2020; Zhou 

et al., 2020; Wang and Wang, 2020; Li and Solaymani, 2021; Liu et al., 2021; Naimoğlu, 2022; 

Özbek and Oğul, 2022). In other words, it was revealed in the literature that energy efficiency 

would increase with technological development and there would be a decreasing trend in energy 

consumption. It is also emphasized in the literature that the policy makers should focus on 

innovative activities on issues related to energy consumption due to the more intense energy 

consumption in sectors such as industry and agriculture. Rafique et al. (2020), on the other 

hand, examined the impact of foreign direct capital investments, technological innovation and 

financial development on carbon emissions in his study. As a result of the study, they found a 

bidirectional causality relationship between the variables. 

It can be stated that studies investigating the relationship between energy consumption and 

foreign direct capital investments in Turkey are intensive. It was determined that there was a 

statistically significant relationship between energy consumption and foreign direct investment 

in line with these studies (Altıntaş, 2013; Seker et al., 2015; Gökmenoğlu and Taşpınar, 2016; 

Öztürk and Öz, 2016; Kızılkaya, 2017; Koçak and Şarkgüneşi, 2018; Yalman, 2019; Çetin and 

Kantarcı, 2020; Uğur and Oğul, 2022). Köprücü (2017), Tekin and Şanlısoy (2016) and Mike 

and Oransoy (2017) revealed in their studies that foreign direct capital investments contributed 

to innovative development. On the other hand, no relationship was found between foreign direct 

investment and energy consumption in studies conducted by Polat (2018) and Arı (2021). 

There were also studies in domestic and foreign literature linking energy consumption with 

economic growth and financial development (Mahalik and Mallick, 2014; Bhattacharya et al., 

2016; Tang et al., 2016; Şahin, 2018). The study results revealed that economic growth 
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supported energy consumption. In terms of the financial development factor, attention was 

drawn to the importance of financial development in establishing and mobilizing this fund on 

scarce resources for more efficient industrial investments. On the other hand, Cebi Karaaslan 

and Algül (2023) presented the factors affecting energy use in her study and made policy 

recommendations in order to minimize the risks arising from energy imports and expenditures. 

3. METHODOLOGY 

In this part of the study, the methodology of the study is included. First of all, the data set, 

model and method of the research were included and then the section was completed by 

referring to research findings. 

3.1. Dataset of Research 

In the research, annual data collected from the OECD statistics and World Bank databases and 

for the period 1995-2019 were utilised. The variables utilised in the study and the explanations 

of the variables are illustrated in Table 2. 

Table 2. Variables of Research 

Variable name Variable description 
Abbreviation 

for variable 

Variable 

type 

Data 

source 

Energy Consumption 
Total Energy Consumption 

(tons) 

 

ENERGY 

Dependent 

variable 

OECD 

Stat 

Foreign Direct 

Investments 

Ratio of FDI to GDP (Net 

inflows) 

 

FDI 

Independent 

variable 

The World 

Bank 

Patent Applications 
Total of Residents’ Patent 

Applications 
PATENT 

Independent 

variable 

The World 

Bank 

According to Table 2, total energy consumption was utilised as a dependent variable with the 

symbol ENERGY in the study. The ratio of FDIs to GDP is used with the symbol FDI, and 

total patent applications are used with the symbol PATENT and are considered as an 

independent variable 

3.2. Research Model 

In the research, the effect of FDI and innovation on energy consumption was analysed with a 

multiple regression model. This model is as follows: 

                                   ENERGYt = β0 +β1 FDI t  + β2PATENTt + αt                                                             (1) 

In the model, the constant term is β0, β1 and β2 represents the trend parameters, and t represents 

time (years). ENERGY is the dependent variable, FDI and PATENT are the independent 

variables. 

3.3. Research Method 

In the research, the least squares estimation method was used to examine the effect of FDI and 

innovation activities on energy consumption. 

3.4. Research Findings 

The descriptive statistics of the variables included in the study are indicated in Table 3. 
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Table 3. Descriptive Statistics 

Variable Mean 
Standard 

deviation 
Minimum Maksimum 

Number of 

observations 

ENERGY 73,444.77 18,319.01 48,101.84 105,035.5 25 

FDI 1.3555 0.9023 0.3053 3.6235 25 

PATENT 2,690.84 2,671.93 170 8,175 25 

In Table 3, mean, minimum and maximum, standard deviation, the number of observations 

values of the data belonging to the variables used in the research are presented. Accordingly, it 

is seen that the number of observations of the data on all variables is 25. In the data series of 

the ENERGY variable, it is seen that the average is 73,444, minimum value is 48,101 and 

maximum value is 105,035. The average of the data series belonging to the FDI variable is 

about 1.36, the minimum value is about 0.31, and the maximum value is 3.62. The average of 

the data series belonging to the PATENT variable is 2,690, the minimum value is 170, and the 

maximum value is 8,175. 

Before the least squares analysis, the stationarity test of the variables performed with KPSS 

(Kwiatkowski-Phillips-Schmidt-Shin) test. The results of this test are indicated in Table 4. 

When the results obtained from the KPSS test, which is one of the unit root tests, are compared 

with the criterion values, the result should be less than the criterion value (Sarıkovanlık et al., 

2019: 31). KPSS test statistical results of the series of variables included in the study are smaller 

than the criterion values obtained at the level of 1% significance. In this context, it has been 

determined that the series of variables with intercept and trend-intercept at the level of 1% 

significance are stationary. 

Table 4. KPSS Test Results 

Variable 

Intercept Trend-Intercept 

KPSS test 

statistics 

Asymptotic 

critical value at 

the level of %1 

KPSS test 

statistics 

Asymptotic 

critical value at 

the level of %1 

ENERGY 0.147068 0.216000 0.147068 0.216000 

FDI 0.319210 0.739000 0.134886 0.216000 

PATENT 0.680335 0.739000 0.189485 0.216000 

The model of the study was estimated by the robust standard errors method of least squares. 

The tests of the assumptions regarding the prediction and the findings related to the prediction 

of the model are stated in Table 5. 

Table 5 illustrates prediction results of the resistive standard errors least squares regression 

model. Moreover, results of the tests in which the assumptions about the least squares 

estimation method are tested are also included Accordingly, the Breusch-Pagan/Cook Weisberg 

and White tests were first tested for the presence of heteroskedasticity in the model. As a result 

of both tests, existence of heteroskedasticity in the model was determined. Secondly, whether 

there is autocorrelation in the model was tested by the Breusch Godfrey Lagrange Multiplier 

(LM) and the Durbin Watson test. The presence of autocorrelation in the model was tested with 

the Breusch Godfrey Lagrange Multiplier (LM) up to the fourth order, and it was concluded 

that there was no autocorrelation in the model. In addition, the Durbin Watson value of the 

model is close to 2, indicating that there is no autocorrelation. 
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Table 5. Estimated Results of Robust Standard Errors by Least Squares Method 

Variables Coefficient Robust Std. t statistics Probability 

FDI 3,811.13 517.45 7.37 0.00 

PATENT 6.30 0.2139534 29.43 0.00 

Constant term 51,336.59 1320.79 38.87 0.00 

 R2 
0.9758  F(2,22) 485.43* 

Breusch-Pagan/ Cook 

Weisberg Test 
0.0179 White Test 0.0423 

Breusch Godfrey 

Lagrange Multiplier(LM) 

0.8781 (1) 

0.9458 (2) 

0.9774 (3) 

0.9553 (4) 
Durbin  

Watson 
1.8470 

Jarque-Bera Normality 

Test 
0.1073 

 
VIF Criteria 

FDI(1.09 

PATENT(1.09) 
Note: * indicates significance at the 1% level. 

Third, the Jarque-Bera test was performed to determine whether the error terms of the model 

were normally distributed, and it was determined that the error terms were normally distributed. 

Finally, it was seen that the variance increase factor (VIF) values obtained to detect the 

multicollinearity problem between the independent variables in the model were less than 5 and 

it was concluded that there was no multicollinearity problem between the independent 

variables. After testing the assumptions, it was found that there were no autocorrelation, 

multicollinearity connection problems in the model, and the error terms showed a normal 

distribution. However, both tests performed to determine the presence of heteroskedasticity 

showed that there would be a heteroskedasticity problem in the model. Accordingly, the least 

squares estimation method with robust standard errors to heteroskedasticity was used to 

estimate the model. The probability value of the F statistic obtained as a result of the prediction 

shows that the model is significant in general terms.  

Accordingly, the model is generally significant. The R2 value, which expresses the explanatory 

power of the model, has been calculated as approximately 98%. Accordingly, the FDI and 

PATENT variables explain the ENERGY variable by 98%. Independent variables’ level of 

explanation of the dependent variables is quite high. When the coefficients and probability 

values related to the variables have been examined, it is determined that they are significant 

and positive. Accordingly, while the effects of other variables were constant, an increase of 1% 

in the FDI variable causes increase the ENERGY variable by 38.11%. Namely, an increase of 

1% in the ratio of FDI to GDP cause increase the total energy consumption by 38.11%. 

Additionally, an increase of 1 unit in the PATENT variable causes increase the ENERGY 

variable by 6.30 units. In other words, an increase of 1 unit in total patent applications causes 

increase the total energy consumption by 6.30 units. In line with all the findings obtained, it is 

determined that the increase in FDI and PATENT variables has caused an increase in the 

ENERGY variable. Therefore, FDI and PATENT variables have been discovered to have a 

statistically positive and significant effect on the ENERGY variable, according to the results of 

least squares estimation with robust standard errors. 

4. CONCLUSION  

In the study, the effect of innovation and FDI on energy consumption in Turkey in the period 

of 1995-2019 was investigated utilising the least squares method through multiple regression 

model. In the model, the ratio of FDI to GDP and the total number of patent applications were 

considered as independent variables, while total energy consumption was considered as 
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dependent variables. The data on the variables in the research were obtained from the World 

Bank and OECD statistics database. 

The least squares method was used to estimate the model in the study. Depending on the 

assumptions of the method, the existence of normality, heteroscedacity, autocorrelation and 

multicollinearity in the model were investigated. The following tests were applied in the model: 

Jarque-Bera test for normality of error terms; Breusch-Pagan/Cook Weisberg and Durbin 

Watson test for testing autocorrelation; Breusch Godfrey Lagrange Multiplier (LM) and White 

test for testing heteroscedasticity. In addition, the VIF values of the model were examined to 

detect the multicollinearity problem. As a result of the tests, it was determined that there was a 

heteroscedasticity problem in the model, but there was no autocorrelation, multicollinearity 

problem and the error terms were normally distributed. Accordingly, the model was estimated 

using the least squares method robust to heteroscedasticity. 

Regarding estimation of the model, the statistically positive effect of foreign direct capital 

investments on total energy consumption was determined. This situation could be explained as 

an increase in foreign capital investments, more energy demand and accordingly, more energy 

use. Additionally, it could be stated that energy use was required in increasing foreign direct 

capital investments. On the other hand, a positive relationship was observed between 

innovation and energy consumption. This situation could be explained as the rebound effect of 

technological development in the literature (Liu et al., 2018: 887). In other words, it can be 

stated that there is no technological development at a level that will reduce energy demand and 

energy consumption in Turkey, or that technological development is concentrated in different 

areas. In the literature, energy price, urbanization and energy use have also been identified as 

determinants of energy intensity (Özbek, 2023: 124). 

Consequently, one of the main purpose of the energy policies of nation states is to use energy 

more effectively and efficiently. Thus, it is observed that environmental factors are starting to 

come to the forefront by countries with alternative energy use options such as wind, bioenergy 

and solar energy. It can be said that in recent years, countries have turned to more renewable 

energy sources in order to achieve their economic growth and development goals with climate 

change. In this context, within the framework of the results obtained from the empirical study, 

it is seen that innovative activities such as more foreign capital and patents are required in order 

to meet the energy consumption adequately. Therefore, incentive policies are supposed to be 

developed to increase FDI and patent applications as the determining factors of energy 

consumption. In addition, FDI might be invested in more innovative and environmentally 

friendly technologies. In future studies, a comparison of the determining factors of energy 

consumption between countries or between certain country groups could be performed. 

Economic and socio-cultural variables at macro and micro level could be also examined at the 

point of investigating the determining factors of energy consumption. 

REFERENCES 

ADOM, P. K. (2015). “Asymmetric Impacts of The Determinants of Energy Intensity in 

Nigeria”, Energy Economics, 49, 570-580. 

ALTINTAŞ, H. (2013). “Türkiye’de Birinci Enerji Tüketimi, Karbondioksit Emisyonu ve 

Ekonomik Büyüme İlişkisi: Eşbütünleşme ve Nedensellik Analizi”, Eskişehir 

Osmangazi Üniversitesi İİBF Dergisi, 8(1), 263-294. 



OK-ERGÜN & ERGÜN 

 

1038 

AMRI, F. (2016). “The Relationship Amongst Energy Consumption, Foreign Direct 

Investment and Output in Developed and Developing Countries”, Renewable and 

Sustainable Energy Reviews, 64, 694–702  

ANYANWU, J. C. (2012). “Why Does Foreign Direct Investment Go Where It Goes?: New 

Evidence From African Countries”. Annals of Economics and Finance 13(2), 425–

462. 

ARI, A. (2021). “Yenilenebilir Enerji ve Doğrudan Yabancı Yatırımlar: Türkiye Örneği”, 

KMÜ Sosyal ve Ekonomik Araştırmalar Dergisi, 23 (40), 122-131. 

AZAM, M., KHAN, A.Q., ZAMAN, K., & AHMAD, M. (2015). “Factors Determining Energy 

Consumption: Evidence From Indonesia, Malaysia and Thailand”, Renewable and 

Sustainable Energy Reviews, 42, 1123-1131. 

BEHERA, S. R., & DASH, D. P. (2017). “The Effect Of Urbanization, Energy Consumption, 

and Foreign Direct Investment on The Carbon Dioxide Emission in The SSEA (South 

And Southeast Asian) Region”, Renewable and Sustainable Energy Reviews, 70, 96-

106. 

BHATTACHARYA, M., PARAMATI, S. R., OZTURK, I., & BHATTACHARYA, S. (2016). 

“The Effect of Renewable Energy Consumption on Economic Growth: Evidence from 

Top 38 Countries”, Applied Energy, 162, 733-741. 

BİLGEN, S. (2014). “Structure and Environmental Impact of Global Energy Consumption”, 

Renewable and Sustainable Energy Reviews, 38, 890-902. 

BUTALA, V., & NOVAK, P. (1999). “Energy Consumption and Potential Energy Savings in 

Old School Buildings”, Energy and Buildings, 29, 241-246. 

ÇEBİ KARASLAN, K., & ALGÜL, Y. (2023). “Determinants of Energy Expenditures for 

Turkish Households Using Quantile Regression and Data from an Original Survey in 

Turkey”, Environmental Science and Pollution Research, 30, 38939-38954. 

ÇETİN, M., & KANTARCI, T. (2020). “Türkiye Ekonomisinde Yabancı Sermaye Yatırımları 

İle Enerji Tüketimi Arasındaki İlişki: Simetrik/Asimetrik Nedensellik Analizi”, 

Uluslararası Yönetim İktisat ve İşletme Dergisi, 16(4), 817-839. 

DOYTCH, N., & NARAYAN, S. (2016). “Does FDI Influence Renewable Energy 

Consumption? An Analysis of Sectoral FDI Impact on Renewable and Non-

Renewable Industrial Energy Consumption”, Energy Economics, 54, 291-301. 

DUBE, S. (2009). “Foreign Direct Investment and Electricity Consumption on Economic 

Growth: Evidence from Africa”, International Economics, 62(2), 175-200. 

FOON-TANG, C. (2009). “Electricity Consumption, Income, Foreign Direct Investment, and 

Population in Malaysia: New Evidence from Multivariate Framework Analysis”, 

Journal of Economic Studies, 36(4), 371-382. 

GÖKMENOĞLU, K., & TAŞPINAR, N. (2016). “The Relationship between CO2 Emissions, 

Energy Consumption, Economic Growth and FDI: The Case of Turkey”, The Journal 

of International Trade and Economic Development, 25(5), 706-723. 



ALANYA AKADEMİK BAKIŞ DERGİSİ 7/3 (2023) 

 

1039 

JIN, W., ZHANG, H-Q, LIU, S-S., & ZHANG, H-B. (2019). “Technological Innovation, 

Environmental Regulation, and Green Total Factor Efficiency of Industrial Water 

Resources”, Journal of Cleaner Production, 211, 61-69. 

KIZILKAYA, O. (2017). “The Impact of Economic Growth and Foreign Direct Investment on 

CO2 Emissions: The Case of Turkey”, Turkish Economic Review, 4(1), 106-118. 

KOÇAK, E., & ŞARKGÜNEŞİ, A. (2018). “The Impact of Foreign Direct Investment on CO2 

Emissions in Turkey: New Evidence from Cointegration and Bootsrap Causality 

Analysis”, Environmental Science and Pollution Research, 25, 790-804. 

KÖPRÜCÜ, Y. (2017).“Doğrudan Yabancı Yatırımların Teknolojik Yayılma ve Ekonomik 

Büyüme Üzerindeki Etkisi: Türkiye Örneği”, Yönetim Bilimleri Dergisi, 15(30):105-

122. 

LEİTÃO, N. C. (2015). “Energy Consumption and Foreign Direct Investment: A Panel Data 

Analysis for Portugal”, International Journal of Energy Economics and Policy, 5(1), 

138-147. 

LI, Y., & SOLAYMANI, S. (2021). “Energy Consumption, Technology İnnovation And 

Economic Growth Nexuses in Malaysian” 232, 1-12. 

LIN, B., & BENJAMIN, I. N. (2018). “Causal Relationships Between Energy Consumption, 

Foreign Direct İnvestment and Economic Growth For MINT: Evidence From Panel 

Dynamic Ordinary Least Square Models” Journal of Cleaner Production, 197,708-

720. 

LIU, Y., LI, Z., & YIN, X. (2018). “Environmental Regulation Technological Innovation and 

Energy Consumption A Cross Region Analysis in China”, Journal of Cleaner 

Production, 203, 885-897. 

LIU, H., FAN, L., & SHAO, Z. (2021). “Threshold Effects of Energy Consumption, 

Technological Innovation, and Supply Chain Management on Enterprise Performance 

in China’s Manufacturing Industry”, Journal of Environmental Management, 300, 1-

9. 

MAHALIK, M. K., & MALLICK, H. (2014). “Energy Consumption, Economic Growth and 

Financial Development: Exploring the Empirical Linkages for India”, The Journal of 

Developing Areas, 48(4), 139-159.  

MIELNIK, O., & GOLDEMBERG, J. (2002). “Foreign Direct Investment and Decoupling 

between Energy and Gross Domestic Product in Developing Countries”, Energy 

Policy, 30, 87-89. 

MIKE, F., & ORANSOY, G. (2015). “Altyapı ve İnovasyon Değişimlerinin Doğrudan Yabancı 

Yatırımlar Üzerine Etkisi: Türkiye Üzerine Ampirik Bir Uygulama” Akademik Sosyal 

Araştırmalar Dergisi, 3(2), 372-381.  

MURAD, V., ALAM, M., NOMAN, A. H., & OZTURK, I. (2019). Dynamics of Technological 

Innovation, Energy Consumption, Energy Price and Economic Growth in Denmark”, 

Environment Progress & Sustainable Energy, 38(1), 22-29. 

NAİMOĞLU, M. (2022). “The Impact of Economic Growth, Trade Openness and 

Technological Progress on Renewable Energy Use in Turkey: Fourier EG 

Cointegration Approach”, Ege Aakademik Bakış, 22(3), 309-321. 



OK-ERGÜN & ERGÜN 

 

1040 

OMRI, A., & KAHOULI, B. (2014). “Causal Relationships Between Energy Consumption, 

Foreign Direct Investment and Economic Growth: Fresh Evidence From Dynamic 

Simultaneous-Equations Models”, 67, 913-922. 

ÖZBEK, S. (2023). “Enerji İthalatçısı Gelişmekte Olan Ülkelerde Enerji Yoğunluğunun 

Belirleyicileri”, Journal of Economics and Administrative Sciences, 24(1), 114-126. 

ÖZBEK, S., & OĞUL, B. (2022). “Çevresel İnovasyon Yenilenebilir Enerji Tüketimini 

Artırıyor Mu? Türkiye Ekonomisi Üzerine Ampirik Bir Uygulama”, Dokuz Eylül 

Üniversitesi Sosyal Bilimler Enstitüsü Dergisi, 24(3), 1007-1024. 

ÖZTÜRK, Z., & ÖZ, D. (2016). “The Relationship between Energy Consumption, Income, 

Foreign Direct Investment, and CO2 Emissions: The Case of Turkey”, Çankırı 

Karatekin Üniversitesi İktisadi ve İdari Bilimler Fakültesi, 6(2), 269-288. 

PENG, J., XIAO, J., WEN, L., & ZHANG, L. (2019). “Energy Industry Investment Influences 

Total Factor Productivity of Energy Exploitation: A Biased Technical Change 

Analysis”, Journal of Cleaner Production, 237, 1-16. 

POLAT, B. (2018). “The Influence of FDI on Energy Consumption in Developing and 

Developed Countries: A Dynamic Panel Data Approach” Journal of Yasar University, 

13(49), 33-42. 

RAFIQUE, M. Z., LI, Y., LARIK, A.R., & MONAHENG, M. P. (2020). “The Effect of FDI, 

Technological Innovation, and Financial Development on CO2 Emissions: Evidence 

from the BRICS Countries”, Environmental Science and Pollution Research, 27, 

23899-23913. 

SADORSKY, P. (2010). “The Impact of Financial Development on Energy Consumption in 

Emerging Economies”, Energy Policy, 38(5), 2528-2535. 

SARIKOVANLIK, V., KOY, A., AKKAYA, M., YILDIRIM, H. H., & KANTAR, L. (2019). 

Finans Biliminde Ekonometri Uygulamaları Kavram Uygulama Analiz. Seçkin, 

Ankara. 

SEKER, F., ERTUGRUL, H. M., & CETİN, M. (2015). “The Impact of Foreign Direct 

Investment on Environmental Quality: A Bounds Testing and Causality Analysis for 

Turkey”, Renewable and Sustainable Energy Reviews, 52, 347-356. 

SOHAG, K., BEGUM, R. A., & ABDULLAH, S. M. S. (2015). “Dynamics of Energy Use, 

Technological Innovation, Economic Growth and Openness in Malaysia”, Energy, 90, 

1497-1507. 

SOYTAŞ, U., & SARI, R. (2006). “Energy Consumption and Income in G-7 Countries”, 

Journal of Policy Modeling, 28, 739-750. 

SÖZEN, A., ARCAKLIOĞLU, E., & ÖZKAYMAK, M. (2005). “Turkey’s Net Energy 

Consumption”, Applied Energy, 81, 209-221. 

ŞAHİN, D. (2018). “Asya Ülkelerinde CO2 Emisyonu, Doğrudan Yabancı Sermaye 

Yatırımları, Ekonomik Büyüme ve Enerji Tüketimi İlişkisi”, Yönetim ve Ekonomi 

Araştırmaları Dergisi, 16(3), 210-218. 

TANG, C. F., TAN, B. W., & OZTURK, I. (2016). “Energy Consumption and Economic 

Growth in Vietnam”, Renewable and Sustainable Energy Reviews, 54, 1506-1514. 



ALANYA AKADEMİK BAKIŞ DERGİSİ 7/3 (2023) 

 

1041 

TEKİN-ARMUTÇUOĞLU, H., & ŞANLISOY, S. (2016). “Yabancı Patentlerin Doğrudan 

Yabancı Sermaye Yatırımları Üzerindeki Etkisi:1974-2012 Türkiye Örneği”, Kafkas 

Üniversitesi İktisadi ve İdari Bilimler Fakültesi, 7(12), 65-88. 

UĞUR, B., & OĞUL, B. (2022). “Doğrudan Yabancı Yatırım Çıkışlarının İhracat Üzerine 

Etkileri: G-20 Örneği”, Malatya Turgut Özal Üniversitesi İşletme ve Yönetim 

Bilimleri Dergisi, 3(1), 1-15. 

YALMAN, İ. N. (2019). “Yüksek Teknolojili Ürün İhracatı, Doğrudan Yabancı Sermaye 

Yatırımları, Enerji Tüketimi ve Karbon Emisyonunun Ekonomik Büyüme İle İlişkisi: 

BRICS-T Ülkeleri Örneği” S.C.Ü. İktisadi ve İdari Bilimler Dergisi, 20(2), 1-23. 

YASMEEN, R., ZHAOHUI, C., SHAH, W.U.H., KAMAL, M.A., & KHAN, A. (2022). 

“Exploring the Role of Biomass Energy Consumption, Ecological Footprint throught 

FDI and Technological Innovation in B&R Economies: A Simultaneous Equaion 

Approach”, Energy, 244, 1-13. 

ZERAIBI, A., BALSALOBRE-LORENTE, D., & SHEHZAD, K. (2020). “Examining the 

Asymmetric Nexus between Energy Consumption, Technological Innovation, and 

Economic Growth; Does Energy Consumption and Technology Boost Economic 

Development?”, Sustainability, 12, 1-17. 

ZHOU, H., QU, S., WU, Z., & JI, Y. (2020). “A Study of Environment Regulation, 

Technological Innovation, and Energy Consumption in China Based on Spatial 

Econometric Models and Panel Threshold Models”, Environmental Science and 

Pollution Research, 27, 37894-37910. 

ZHU, W., ZHANG, Z., LI, X., FRENG, W., & LI, J. (2019). “Assessing the Effects of 

Technological Progress on Energy Efficiency in the Construction Industry: A Case of 

China”, Journal of Cleaner Production, 238, 1-12. 

WANG, H., & WANG, M. (2020). “Effects of Technological Innovation on Energy Efficiency 

in China: Evidence from Dynamic Panel of 284 Cities”, Science of the Total 

Environment, 709, 1-13. 

https://data.oecd.org/ (27.02.2022). 

https://data.worldbank.org/ (20.02.2022). 

https://ec.europa.eu/eurostat/web/main/home (12.02.2022). 


