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ABSTRACT  

The world economy rises in the energy sector; with its strategic leadership in economic growth. 

While global development and population increase continues, the demand and need for energy 

scale up. This is the end of the “below average growth” era. With the impact of developing 

technology, renewable energy cost goes down and the transformation process is sped up by 

government incentives for environmentalist energy production. But; it seems that for long years, 

still, fossil fuels system will continue. Developments in fossil fuel-possessing countries, 

especially oil, have a direct impact on energy prices. As a result; the global trend for energy 

demand is towards clean (green) energy sources. The fight against CO2 release and climate 

change will become more important. Although in the predictable future, the supremacy of fossil 

fuels will continue; government policies and incentives will be shaped in support of works to 

minimize their negative impacts on nature. Demand for energy and natural resources has been 

increasing due to economic and population growth. Over recent years, the country has 

experienced the fastest surge in energy demand among OECD countries, and according to the 

International Energy Agency (IEA) forecasts is set to double its energy use over the next 

decade. will provide value to literature by increasing the importance of renewable energy 

sources for nature, humans, and the world. The study aims to reveal whether there is a 

bidirectional interaction between the renewable energy production of countries in Italy and 

Poland and their gross domestic product. In this study, the relationship between renewable 

energy production and gross domestic product was investigated bidirectionally.  

 

Keywords: Energy, Sustainable Development, Renewable Energy, Natural Resource 

Economics 

Jel Codes: F53 International Agreements and Observance . International Organizations, G18 

Government Policy and Regulation, O1 Economic Development, Q2 Natural Resources 

including Energy, Natural Resources Renewable, Z13 Economic Sociology . Economic and 

Social Stratification,  

 

1. INTRODUCTION 

 

World economy rises on energy sector; with its strategic leadership in economic growth. While 

global development and population increase continuesly, the demand and need for energy scales 

up. The fight against CO2 release and climate change will become more important. Although 

in predictable future, supremacy of fossil fuels will continue; government policies and 

incentives will be shaped in support of works to minimize their negative impacts to nature. 
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Demand for energy and natural resources has been increasing due to economic and population 

growth in Turkey. Over recent years, the country has experienced the fastest surge in energy 

demand among OECD countries, and according to the International Energy Agency (IEA) 

forecasts, is set to double its energy use over the next decade. The projections of the Ministry 

of Energy and Natural Resources confirm that this trend will continue for the medium and long 

term.  

 

In my study, I will provide a value to literature by increasing importance of renewable energy 

sources for nature, human and world. I will try to look the impact of renewable energy on 

economic growth specific to Italy. Using clean, renewable energy is one of the most important 

actions you can take to reduce your impact on the environment. Electricity production is our 

first source of greenhouse gases, more than all of our driving and flying combined, and clean 

energy also reduces harmful smog, toxic buildups in our air and water, and the impacts caused 

by coal mining and gas extraction. But replacing our fossil-fuel infrastructure will take time—

and strong, consistent support from both state and federal mandates to build renewable energy 

generation and demand for clean energy from consumers and businesses. Renewable energy 

sources can be used to produce electricity with fewer environmental impacts. It is possible to 

make electricity from renewable energy sources without producing carbon dioxide (CO2), the 

leading cause of global climate change. Renewable energy provides reliable power supplies and 

fuel diversification, which enhance energy security, lower risk of fuel spills, and reduce the 

need for imported fuels. Renewable energy also helps conserve the nation's natural resources. 

 

Turkey has a substantial amount of renewable energy potential, and utilization of this potential 

has been on the rise over the last decade.  

 

2. LITERATURE REVIEW 

Renewable energy has become very hot topic for 20 years. Renewable energy has been analysed 

in different aspects, data and methodology. However, the most attractive topic has become 

searching the relationship between the growth and the renewable energy. They are summarized 

below.  

Rafiq, Salim and Bloch (2014) by the method of multi variable vectoral error correction model 

are studied in China dnd India between 1972-2011. India’s renewable energy Technologies 

contribution to its development; and China’s clean Technologies adoption related to production 

and carbon emission, have impact on their sustainable development.  

Akar, (2016), Dynamic parallel data analysis is applied to Balkan countries between 1998-2011. 

It is determined that there is a negative and meaningfull relation between economic growth and 

renewable energy consumption.  

Cadoret and Padovana (2016), Paralel data analysis is applied to 26 EU countries between 2004-

2011. It is studied that manufacturing industry loby activities delay renewable energy 

management. In addition, according to environment and energy policies analysis income per 

capita has a negative impact on renewable energy distribution.  

Lin, Omoju and Okonkwo (2016), Time series analysis and Vectoral error correction are 

applied to study in China between 1980 and 2011. It is concluded that in China, financial 

development has positive impact on renewable energy’s share on electricity consumption; as 

http://www.e-arceng.com/


ARCENG 

INTERNATIONAL JOURNAL OF ARCHITECTURE AND ENGINEERING 
ISSN 

2822-6895 

Year 4 (2024)   Vol:4   Issue: 1 Issued in June, 2024 www.e-arceng.com 

  
 

 
 

34 34 

well as in GDP and foreign investment.  

Papiez, Smiech and Frodyma (2018); simple linear regression analysis is applied to EU 

countries sample group between 1995-2014. As per this research, renewable energy growth is 

the main indicator to define the components of energy sources mix. These are the GDI, SWI 

and energy consumption cost of fossil fuel.  

Hondroyiannis, (2002) He has worked on the correlation between Greece’s energy consumption 

and economic growth between 1960-1996, by the mean of vectoral error correction model. 

Empirical evidences show that in long run considered variables are co-integrated, and energy 

consumption has a significant role in economic growth.  

Lau vd (2018), Co-integration analysis, Autoregressive distributed delayed boundries test, 

Granger causality test, are applied to Malaysia between 1980-2015. According to this study, 

economic growth and direct foreign investment are the main components of renewable 

electricity consumption. It is determined that renewable electricity consumption has negative 

impact on trade deficit in long run.   

The second attractive topic related to renewable energy is efficiency and utilization. They are 

mainly conducted by Rafiq and Alam (2010), Mehrara, Rezaei and Razi (2015), Marwues vd. 

(2011) and ALTAS, (1998).  

Rafiq and Alam (2010) by using Parallel data and time series analysis he analysed Brasil, China, 

India, Indonesia, Philippines and Turkey as sample group between 1980-2006. This study 

comes to the conclusion that developping countries efforts to decrease carbon density is related 

to their increase of renewable energy efficiency.  

Mehrara, Rezaei and Razi (2015), using Average most smaller squares technique and Bayesci 

model average technique, OECD countries are studied bewteen 1992-2011. It is stated that rural 

population, enviromental institutions and human capital are the most important variables 

affecting renewable energy consumption. Also, adverse effect of CO2 emmission have impact 

on its utilization increase.  

Marwues vd. (2011), by the mean of Dynamic data analysis, 24 countries ( 21 EU countries and 

Turkey, Switzerland and ıceland) are sampled between 1990 and 2006. In this study it is stated 

that , especially at the beginning, encouriging policies to endorse the utilization of renewable 

energy sources should be supported against pressures from fossil fuel lobies.  

3. METHODOLOGY 

 

In this study about the impact of renewable energy on economic growth, ARDL boudary test; 

developped by Pesaran (2001) will be utilized.  This test is more convenient in comparison to 

co-integration methods, developped by Engle & Granger (1987) and Johansen (1988). The 

reason is that, it is able to test the existace of co-integration relation give that series stability 

level is different. 

 

In order to detect an existance of co-integration relation between series, by the mean of ADRL 

boundary test, first; an unlimited error correction model is to be builted. Evidences about the 

existance of co-integration between variables will be obtained and, accordingly, short term and 

long term ARDL models will be created. 

Economic analysis suggests that there is a long run relationship between variables under 

consideration as stipulated by theory. This means that the long run relationship properties are 

intact. In other words, the means and variances are constant and not depending on time. 
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However, most empirical researches have shown that the constancy of the means and variances 

are not satisfied in analyzing time series variables.  

 

In the event of resolving this problem most cointegration techniques are wrongly applied, 

estimated, and interpreted. One of these techniques is the Autoregressive Distributed Lag 

(ARDL) cointegration technique or bound cointegration technique. Hence, this study reviews 

the issues surrounding the way cointegration techniques are applied, estimated and interpreted 

within the context of ARDL cointegration framework. The study shows that the adoption of the 

ARDL cointegration technique does not require pretests for unit roots unlike other techniques. 

Consequently, ARDL cointegration technique is preferable when dealing with variables that are 

integrated of different order, I(0), I(1) or combination of the both and, robust when there is a 

single long run relationship between the underlying variables in a small sample size. 

 

In this study about the impact of renewable energy on economic growth, also Granger Causality 

test will be applied. Causality between two variables X and Y can be proved with the use of the 

so-called Granger causality test, named after the British econometrician Sir Clive Granger. This 

test makes use of Student's t-statistic and F-statistic tests and testifies when values of the 

variable X provide statistically significant information about the evolution of the future values 

of the variable Y. Let us assume that Y and X are two variables having stationary time series 

of data or observations. To test the null hypothesis that X does not Granger-cause Y, we first 

find the appropriate p lagged values of Y (the order p of the AR(p) process) to include in an AR 

(autoregression) process of Y. 

 

In order to detect an existance of causal inference relation between series, Granger Causality 

test will be applied. It was fairly quickly understood that, unlike correlation, regression has a 

natural direction: the regression of Y on X does not pro- duce coefficient estimates that are the 

algebraic inverse of those from the regression of X on Y. The direction of regression should 

respect the direction of causation. 

 

We should once again distinguish between correlation and causality. Correlation is the 

existence of a mutual relationship or connection between two or more processes or phenomena 

that tend to vary, be associated, or occur together in a way not expected on the basis of chance 

alone. Causality (referred to also as cause and effect) is the rational relationship between two 

processes, the first of which (the cause) is partially or totally responsible for the second, while 

the second is partially or totally dependent on the first. A process can have many causes, which 

beginning from the past can determine quantitatively the evolution of effects in the future. 

Causality cannot exist without a form of correlation; however, any correlation does not mean 

the existence of causality. In addition, causality cannot exist unless the cause happens prior to 

its effect and moreover it provides statistically significant information about its effect 

 

The null hypothesis that variable X does not Granger-cause variable Y is accepted when no 

lagged values of the variable X are retained, after the application of t-statistic and F-statistic 

tests, in Eq. (7.4). Otherwise, we reject the null hypothesis in favor of the alternative, and we 

conclude that variable X Granger-cause variable Y and thus the future values of variable Y are 

depended on the present values of variable X. 
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Annual renewable energy sources of wind power energy, hdyro power energy and sun power 

energy production capacity data series from 2010 to 2020, eligibility threshold and market 

openness data series from 20010 to 2020 will be used in the study. On the other side Gross 

Domestic Product (GDP) growth, Capital and Labor series will be used in the study. The main 

data series are mostly taken from Ember, EWEA, GWEC, WWEA and others. 

 

 Hypothesis; 

 H0: There is no relationship between economic growth and renewable energy 

sources 

 H1: There is a relationship between economic growth and renewable energy sources 

 The dependent variable, GDP (Production), will be explain with the help of following 

independent variables;  

 The independent variable, Renewable Energy Sources (Wind Power Production+Sun 

Power Production+Hydro Power Production) 

  

Labor 

Capital,  

 Standard error (ui) 

 

GDP = β0 + β1W + β2S + β3H + β4K + β5L + ui 

 

Independent Variables are RES (renewable energy sources) items as  S (solar), W (wind) and 

H (hydro) additionally labor and capital are also taken as independent variable. GDP (gross 

domestic product) is dependent variable and yearly datas of dependent and independent 

variables will be used. 

  

RES S+W+H & L & K independent variable 

GDP dependent variable 

 

Firstly t test and F test will be applied after test results will demonstrate the number of variables 

are decreased or increased. Therafter I will try to apply Granger Causality and ADRL Test for 

my hypothesis conclusion. 

 

The main purpose of this study is to examine the effects of renewable energy sources and some 

macroeconomic indicators on gross dometic products in Italy and POoand for period 1990-2020 

by using ARDL bound testing approach, Granger Causality testing, Vector Error Correction 

Model(VECM) 

 

VECM, Error Correction Model, time series It is a type of econometric model used in analysis. 
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This model long-term balance between variables that are interdependent deals with 

relationships. Error correction model, between variables rapid short-term fluctuations and long-

term differences between these variables. It combines forward balance relations. 

 

The error correction model is usually derived from the VAR (Vector Autoregression) model is 

derived. VAR model calculates past values of a set of variables. It is used to predict future 

values using. However, VAR model deals with long-term equilibrium relationships between 

series can't get it. 

 

The error correction model adds a correction term (error) to the VAR model (correction term). 

This term refers to the long-run equilibrium between series represents their relationships. The 

model uses this long-term relationship between variables tries to return to equilibrium relations, 

that is, between the series tries to correct errors caused by deviations. 

 

The error correction model is usually expressed as: 

 

ΔYt=α(Yt−1−βXt−1)+∑i=1p−1ϕiΔYt−i+ϵt 

Here, Δ denotes the first difference of the variables, Yt and Xt 

variables represent the series at time t, α is the long-run equilibrium 

relationship, β is the error correction term, ϕi is the short-term dynamics and ϵt is 

represents the error term. 

 

Error correction model, long-term relationships between series understanding, identifying 

temporary fluctuations and future values used to predict. error correction model with short term 

questions the status of long-term convergence of knowledge. The error correction coefficient 

being negative and significant indicates short-term It results in the trend getting closer to 

cointegration in the long run. That's exactly the purpose. 

 

Macroeconomic indicators which used in this study are: Capital, Labor, gross domestic product 

(GDP). Renewable Energy Sources indicators which used in this study are: hydro, sun and 

wind. 

 

Hypothesis; 

 

H0: There is no relationship between economic growth and renewable energy sources 

H1: There is a relationship between economic growth and renewable energy sources 

The dependent variable, GDP (Production), will be explain with the help of following 

independent variables;  

The independent variable, Renewable Energy Sources (Wind Power Production+Solar Power 

Production+Hydro Power Production), labor and capital 
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In this study, the determinants of gross domestic products in Italy and Poland for the period of 

1990-2020 empirically questioned. The model established for this purpose is as follows. 

 

gross domestic product (GDP) 

Labor(L),  

Capital(K),  

Wind(W), 

Sun(S), 

Hydro(H), 

Standard error (ui) 

 

Gdp, labor and capital are macroeconomic indicators these dataset obtained from the World 

Bank Development Indicators (World Bank, 2020) 

 

Hydro, wind and sun are renewable energy sources these dataset obtained from Italian Ministry 

of Energy and Polish Ministry of Energy 

 

In the model, datas were taken as per capita and logarithmic (ln) transformations of all data 

were made. 

 

GDP = β0 + β1W + β2S + β3H + β4L+ β5K + ui 

 

4. METHODS and FINDINGS 

 

Firstly t test and F test will be applied after test results will demonstrate the number of variables 

are decreased or increased. Therafter I will try to apply Granger Causality and ADRL Test for 

my hypothesis conclusion. 

 

The main purpose of this study is to examine the effects of renewable energy sources and some 

macroeconomic indicators on gross dometic products in Italy and POoand for period 1990-2020 

by using ARDL bound testing approach, Granger Causality testing, Vector Error Correction 

Model(VECM) 

 

VECM, Error Correction Model, time series It is a type of econometric model used in analysis. 

This model long-term balance between variables that are interdependent deals with 

relationships. Error correction model, between variables rapid short-term fluctuations and long-

term differences between these variables. It combines forward balance relations. 
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4.1. SHORT-TERM – LONG-TERM CAUSATION WITH ARDL TEST 

 

For Italy, ARDL(1, 1, 1, 1, 0, 2, 1, 2) ARDL model independent variable delays were taken as 

max 2 due to the large number of independent variables. 

 

The process of determining the lags of independent variables in the ARDL model has a complex 

structure. Because there are many independent variables involved in the model, it is important 

to determine lag times appropriately. In this context, the maximum number of delays was 

preferred as 2 due to the large number of independent variables. 

 

Additionally, the process of determining appropriate lag times for each independent variable 

included in the model was carried out by the automatic configuration of the model. This is an 

adjustment made to ensure that the model achieves the best performance by considering the 

historical values, interactions and dynamics of each independent variable over a 2-period time 

period. In this way, it is aimed that the model adapts better to the data set and predicts future 

values more accurately. 

 

H0: There is no cointegrated relationship between variables.  

HA: There is a cointegrated relationship between variables. 

 

 Since the 9.276057 f statistic value remains above the I1 bound critical value at 10%, 5%, 2.5% 

and 1%, the hypothesis of no cointegration is rejected. There is a long-term relationship between 

variables. 

 

According to the Bounds test results, the F statistic of 9.276057 exceeds the critical value at the 

1% significance level. This provides statistically significant evidence that independent variables 

causally affect dependent variables in the short run. 

 

That is, bounds test results, which evaluate the short-term effects of independent variables, 

show that the relationships in the model are statistically significant. This shows that the effects 

of independent variables on the dependent variable are evident at the short-term level, as 

predicted by the model. This analysis is an important tool for evaluating and understanding the 

model's short-term causal relationships. 

 

For Poland, ARDL(2, 2, 1, 1, 2, 1, 2) ARDL model independent variable lags were taken as 

max 2 due to the large number of independent variables, and the lag of all independent variables 

included in the model was determined by the model as 2. 

 

The process of determining the lags of independent variables in the ARDL model has a complex 

structure. Because there are many independent variables involved in the model, it is important 

to determine lag times appropriately. In this context, the maximum number of delays was 

preferred as 2 due to the large number of independent variables. Additionally, the process of 
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determining appropriate lag times for each independent variable included in the model was 

carried out by the automatic configuration of the model. 

 

H0: There is no cointegrated relationship between variables.  

HA: There is a cointegrated relationship between variables. 

 

 Since the 7.259646 f statistic value remains above the I1 bound critical value at 10%, 5%, 2.5% 

and 1%, the hypothesis of no cointegration is rejected. There is a long-term relationship between 

variables. 

 

According to the Bounds test results, the F statistic of 7.259646 exceeds the critical value at the 

1% significance level. This provides statistically significant evidence that independent variables 

causally affect dependent variables in the short run. 

 

That is, bounds test results, which evaluate the short-term effects of independent variables, 

show that the relationships in the model are statistically significant. This shows that the effects 

of independent variables on the dependent variable are evident at the short-term level, as 

predicted by the model. This analysis is an important tool for evaluating and understanding the 

model's short-term causal relationships. 

 

4.2. DIAGNOSTICS TESTS 

 

For Italy,  

 

Ramsey Reset Test: 

 

H0: Model Specification is Correct.  

HA: Model Specification is Incorrect. 

 

Since the probe value is 0.4267>0.05, H0 hypothesis cannot be rejected. There is no 

Specification error in the model. The model is set up correctly. 

 

Breusch-Godfrey Serial Correlation LM Test: 

 

H0: There is no serial autocorrelation among errors. 

HA: There is Serial Autocorrelation Among Errors. 

 

According to the Breusch-Godfrey LM test result, the hypothesis that there is no serial 

autocorrelation between errors cannot be rejected. (PROB>0.05) = There is no autocorrelation 
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problem in the series. 

 

Heteroskedasticity Test:  

 

H0: There is no heteroscedasticity between errors. 

HA: There is Heteroscedasticity Among Errors. 

 

According to the Heteroskedasticity ARCH test result, the hypothesis that there is no 

heteroscedasticity between errors cannot be rejected (prob>0.05) = There is no 

heteroscedasticity problem in the series. 

 

Jarqua-Bera test: 

 

H0: Residuals are suitable for normal distribution. 

HA: Residuals Do Not Suit Normal Distribution. 

 

According to the Jarqua-Bera test result, the hypothesis that the residues are suitable for normal 

distribution cannot be rejected. (prob>0.05). Residues Suit Normal Distribution. 

 

Cusum Squares: 

 

According to the results of Cusum Squares, the parameters have met the stability condition. 

There is no relationship between the variances. 

 

For Poland, 

 

Breusch-Godfrey Serial Correlation LM Test: 

 

H0: There is no serial autocorrelation among errors. 

HA: There is Serial Autocorrelation Among Errors. 

 

According to the Breusch-Godfrey LM test result, the hypothesis that there is no serial 

autocorrelation between errors cannot be rejected. (PROB>0.05) = There is no autocorrelation 

problem in the series. 

 

Heteroskedasticity Test: 
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H0: There is no heteroscedasticity between errors. 

HA: There is Heteroscedasticity Among Errors. 

 

According to the Heteroskedasticity ARCH test result, the hypothesis that there is no 

heteroscedasticity between errors cannot be rejected (prob>0.05) = There is no 

heteroscedasticity problem in the series. 

 

Ramsey RESET Test: 

 

H0: Model Specification is Correct.  

HA: Model Specification is Incorrect. 

 

Since the probe value is 0.9920>0.05, H0 hypothesis cannot be rejected. There is no 

Specification error in the model. The model is set up correctly. 

 

Cusum Squares: 

 

According to the results of Cusum Squares, the parameters have met the stability condition. 

There is no relationship between the variances. 

 

4.3. VECM TEST 

 

For Italy; 

 

The CointEq(-1) coefficient in the short-term balance model represents the error correction 

coefficient with a value of -0.693307. The probe value of this coefficient is expected to be less 

than 0.05. The value of the coefficient is negative and the probe value appears to be negative. 

This shows that the error correction mechanism is working. It can be said that -0.693307 of the 

error in the model will be eliminated at the end of a period. 

 

When controlled for the short term, the K coefficient appears to be insignificant. All other 

coefficients are significant. It seems that the CO2, H, D coefficients are delayed by one period 

and the W coefficient is positive, and the coefficients other than these coefficients are negative. 

It can be understood that especially the large CO2 coefficient has a high impact on GDP in the 

short term. Again, the magnitude of the S, W and W(-1) coefficients leads to the same 

interpretation. 

 

When we control for the long-term effects of the independent variables, only the independent 

variables H and K appear to be insignificant. Other independent variables are significant. In 

particular, the coefficients of the independent variables E, H, L, S are negative. 
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Evaluating the relationship between increases in CO2 emissions and economic growth, this 

analysis examines the effects of various independent variables on the dependent variable GDP. 

In particular, the coefficient of the CO2 variable, 49862.237783, shows that the effect of this 

variable on GDP is quite strong and significant. Increasing CO2 emissions cause a positive 

impact on GDP in the long term. This indicates the significant effects of environmental factors 

on economic performance. 

 

It is seen that the value of the E variable is negative and the probe value is significant. Its impact 

on GDP appears to be positive but low. 

 

The coefficient of the independent variable L is negative and statistically significant at the 5% 

level. However, it is observed that the impact of this variable on GDP is not high. This suggests 

that the L variable has a more limited effect on economic growth than other factors. 

 

The coefficient of the independent variable S is negative and appears statistically significant. 

When the long-term effect of the S variable on GDP is controlled, it appears to be -2997.63. 

This is a fairly high amount. Its effect is high. 

  

The negative coefficient of the independent variable W indicates that the effect of this variable 

on GDP is positive. When the coefficient is checked, it appears to be 12594.55. This is again a 

very high amount. 

 

 

 

 

 

 

 

 

 

 

 

Table 1 

 

Long Run Coefficients for Italy 
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Long Run Coefficients 

     

     

Variable Coefficient Std. Error t-Statistic Prob. 

     

CO2 49862.237 9373.87273 5.319278 0.0002 

E -0.051322 0.009792 -5.241055 0.0002 

H -72.86660 152.776893 -0.476948 0.6420 

K 0.000000 0.000000 0.387807 0.7050 

L -0.007776 0.003075 -2.528738 0.0265 

S -2997.635 478.197003 -6.268621 0.0000 

W 12594.553 2254.19241 5.587169 0.0001 

                   C 76573.060 54945.1329 1.393628 0.1887 

For Poland; 

 

The CointEq(-1) coefficient in the short-term balance model represents the error correction 

coefficient with a value of -0.229776. The probe value of this coefficient is expected to be less 

than 0.05. The value of the coefficient is negative and the probe value appears to be negative. 

This shows that the error correction mechanism is working. It can be said that -0.229776 of the 

error in the model will be eliminated at the end of a period. 

 

When the short-term impact information is checked, it appears that the variables CO2, E and 

W are insignificant, and the coefficients of all other variables and their lags are significant. It is 

seen that the short-term effect of a one-period lag of the CO2 variable on GDP is quite high. It 

can be seen that the effect of the K variable is almost 0. 

 

When controlled in the long term, all independent variables' probe values appear to be 

insignificant. Any interpretation is not valid on the Dependent variable because it is 

meaningless. 

 

Table 2 
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Long Run Coefficients for Poland 

     

     

Long Run Coefficients 

     

     

Variable Coefficient Std. Error t-Statistic Prob. 

     

                  CO2 12889.014 15191.889 0.848414 0.4143 

 

 

E -0.048506 0.054457 -0.890724 0.3921 

 

 

H 23669.883 18369.3163 1.288555 0.2240 

 

 

K 0.000004 0.000003 1.274834 0.2286 

 

 

L -0.037186 0.032297 -1.151352 0.2740 

 

 

W 2217.0001 1766.7977 1.254813 0.2356 

 

 

C 618316.43 536018.488 1.153536 0.2731 

4.4. EVALUATION 

 

It seems that the effects of the Renewable Energy usage amounts of the Italy which are 

considered as Developed Countries, on the GDP amounts have a long-term effect. It seems that 

the correction coefficient of the Vector Error Correction Model in the GDP model of Italy is 

negative and significant. This shows that increasing the use of Renewable Energy has a positive 

impact on GDP in the long term.  
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It seems that the effects of Renewable Energy usage amounts on the GDP amounts of Poland 

which are considered as developing countries, have a long-term effect. It seems that the 

correction coefficient of the Vector Error Correction Model in the GDP model of Poland is 

negative and significant. This shows that increasing the use of Renewable Energy has a positive 

impact on GDP in the long term. It appears that the ARDL hypothesis was rejected in  countries. 

It seems obvious that Renewable Energies have an impact on GDP. 

 

The effect of renewable energy production in the Italy and Poland economies has been 

examined with ARDL, Causality and VECM models. 

 

Boundary tests were performed for ARDL models established to explain the GDP per capita 

variable in both countries and the existence of cointegration was demonstrated. According to 

this result, it has been shown that even if the data are not stationary, they act co-holistic together 

in the long run. Again, ARDL models established in both countries can successfully pass all 

assumption tests. 

 

When the long-term coefficients explaining the Italy GDP per capita variable are examined, it 

is seen that the Capital and Libor variables do not have a long-term effect on the GDP, but Solar 

and Wind energy production from renewable energy sources is relatively effective.  

 

For the model established to identify the determinants of gross domestic product, when the 

ARDL limit test results, which passed some diagnostic tests, are examined, the variables. The 

hypothesis that there is a long-run relationship between variables.  

 

Considering the results of Cusum of Squares and Cusum tests, which investigated whether there 

was a structural break or not, the hypothesis that there was no structural break between the 

1990-2020 periods in the variables in the model is accepted. 

 

5. RESULT 

 

When the developed countries and developing countries selected as examples are checked, it is 

seen that the effects of renewable energy use on GDP are generally positive. In other words, if 

the amount of renewable energy usage increases, it will provide a positive increase in the GDP 

of the countries. Especially the fact that the coefficients of the CO2 type have high and 

significant coefficients in almost all samples shows that CO2 is an important variable. Although 

there is no clear distinction between developed countries and developing countries, it can be 

said that the results of the countries are generally in direct proportion to each other. Considering 

the effects of the amount of each country's own investments, it is seen that the GDP effects of 

the variables vary among themselves. However, when controlled at level, it can be said that the 

effects are generally positive. 

 

In order to understand the effect of renewable energy sources on economic growth in Italy, the 
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stationarity of the data was first investigated in order to avoid the possibility of producing 

spurious regressions in the simple linear regression approach. It was observed that all data were 

stationary at 1st difference, except for the wind variable. First of all, it was tried to prove the 

existence of cointegration in non-stationary data, since the difference equations eliminate long-

term trend relationships and highlight short-term relationships. In this way, regression can be 

established with the normal state of the data by avoiding the phenomenon of spurious 

regression. The existence of cointegration was demonstrated by the Johansen approach in the 

tests performed. Finally, traditional econometric tests were performed on the reduced models 

and the 1-period lags of the residuals were included in the model as a variable for 

autocorrelation correction. 

 

In the final model that meets the econometric assumptions, the Capital variable and the Solar 

variable entered the model significantly. Since the variable coefficients are interpreted, a 1% 

unit increase in the Solar variable (as the model variable is ln(solar)) leads to an increase of 

0.03 units on economic growth. 

 

When the data in Poland is examined, the data are not static, as in Italy. And all except Solar 

are stationary at 1 differences. Co-integration test was performed before going to the difference 

equations, but unlike the ARDL performed in the 1st section, a cointegration test could not be 

detected with the Johansen test. Therefore, in order to avoid the phenomenon of spurious 

regression, the model was established with the 1st order differences of the data. Appropriate 

and meaningful regression model was investigated with the backward method of difference 

equations and unlike the ARDL approach made in the first chapter, no significant variable could 

be found that could show the effect of renewable energy sources on economic growth. The main 

reason for this situation may be the low number of observations in the sample data and the 

investments made in renewable energy sources in Poland accelerated much later than in Italy. 
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