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Abstract

:

As the fourth industrial revolution drives innovation and economic growth, the energy sector is increasingly recognized for its significant economic contribution. This research aims to investigate the relationship between economic growth and renewable and non-renewable energy consumption in nine southeastern European countries using panel estimation techniques and causal inference. This research employs a unique approach to modeling the energy–growth nexus, incorporating interaction terms to better understand the impact of renewable energy on real GDP growth. The findings are a valuable addendum to the current body of research on the effects of renewable energy consumption on economic growth, and the results contribute to narrowing the empirical research gap in the econometrical field of panel data estimation and endogeneity. This study uses the fully modified OLS (FMOLS) technique for heterogeneous panels to estimate coefficients, while the error correction model (ECM) is used to estimate the cointegration vector between energy variables and GDP. The non-causality test by Dumitrescu and Hurlin (2012) evaluates the causation between energy variables and economic output. Empirical findings indicate that both renewable and non-renewable energy consumption positively affect economic growth. The outcomes of this study hold significant policy ramifications in terms of prioritizing reformation and investment towards specific sectors to foster capital infusion into renewable energy and energy efficiency projects and initiatives, consequently advancing sustainable economic growth.
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1. Introduction


Climate change, urban migration, energy insecurity, and growing energy demand are significant challenges facing the human population. On the positive side, rapid changes driven by the fourth industrial revolution (4IR), digital transformation, and emerging technologies, such as the Internet of Things (IoT) or Intelligent Sustainable Systems, are positively affecting sustainable energy targets and energy efficiency goals. The relationship between the concepts of “green growth” and sustainable development is continuously validated through the process of “green investments and green jobs,” which amplifies the growth ratios, leading to the conclusion that these paradigms are complementary [1]. Nevertheless, to what extent these measures and investments in efficient energy production and consumption impact economic output and growth have been a question of many academic debates. To be able to answer this question, it is crucial to identify the multidimensional function of energy in the integrated (macro) economic framework.



Recent studies, such as those conducted by international organizations IRENA and WBIF, have documented the vital role of renewable energy for the southeastern European (SEE) region. Technical renewable energy potential in the SEE region sums up to approx. 740 GW, of which wind and solar power are mostly unexploited, 532 GW and 120 GW, respectively, with the potential to grow in 2030 and 2050 by more than 650 GW [2].



Due to its vast and unexploited potential for diverse sources of renewable energy, the SEE region and the Western Balkans have been considered of great geopolitical interest and significant contributors to the current and future energy strategy of the European Union. Therefore, exploring the relationship between renewable energy consumption and economic growth for selected SEE countries is especially valuable for future policymakers to drive the agenda of the renewable energy–growth nexus.



Screening the relevant academic literature, only a few most relevant articles with empirical analysis of related countries have been identified as highly pertinent. Akar (2016) [3] used panel data for 12 Balkan countries from 1998 to 2011 to evaluate the statistical significance between renewable energy consumption, trade openness, natural gas rents, and economic growth. Furthermore, an empirical evaluation of the link between renewable energy consumption and economic growth was performed by Esseghir and Khouni (2014) [4]. The two authors studied the relationship between energy consumption and economic growth for a panel of 38 countries where some SEE countries were included, namely, Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Greece, Romania, Slovenia, and Turkey. Furthermore, Acaravci and Ozturk (2010) [5] investigated the causal relationship between energy and economic growth in Albania, Bulgaria, Hungary, and Romania from 1980 to 2006, performing a two-step procedure from the Engle and Granger model. The two authors concluded that evidence of a two-way bidirectional Granger causality between energy and economic growth exists only in Hungary. In the case of Albania, Bulgaria, and Romania, no causal relationship could be estimated.



The principal goal of this research was to investigate whether (renewable) energy plays a crucial role in enabling growth in SEE countries based on the theoretical principles of the conventional neoclassical one-sector aggregate production function and the rationale that economic growth and energy consumption are “jointly determined”; the higher the rate of economic growth, the more energy consumption is required and vice versa [6]. Energy consumption and renewable energy consumption are both “pro-growth” variables that indicate that an increase in (renewable) energy consumption means an expansion in economic growth [7].



Additionally, to attain sustainable economic growth targets and overall efficiency of the energy system (management of the energy sources via smart grids and cheaper energy systems in the context of socio-economic costs), gross domestic product (GDP) growth rates in these nine SEE countries should be evaluated concerning energy efficiency to draw meaningful policy implications and promote allocation of investments into suitable projects.



Furthermore, foreign direct investments (FDI) will not be used explicitly as an independent variable or, in other words, substitute for a standard input in the neoclassical growth models, such as labor and capital [8], but as a stand-alone control variable to evaluate how GDP growth rates will be affected by FDI inflows in relation to the correlation matrix with other explanatory variables.



The novelties of this research focus in this article will be multiple, starting with the contribution to the scarce empirical research carried out on the sample of SEE countries [4,6]. There is more extensive research with a focus on the qualitative assessment of the regulatory framework, renewable energy potential, as well as a comparative overview of the progress towards energy reforms without modeling and empirically testing the link between renewable energy and economic growth and without formal statistical analysis [9,10].



Furthermore, the expected contribution of this research continues with a different and comprehensive approach that distinctly models the relationships between economic growth and non-renewable and renewable energy variables while controlling for country specifics and de-trending the variables where serial correlation is detected.



In most of the reviewed literature, energy use/total energy consumption is analyzed through a single aspect of energy use (most frequently per capita energy consumption). In this research, we include several key indicators of energy use, namely, total energy use (where energy is a good or a service), the energy intensity level of primary energy in the total economic output (energy intensity), and renewable energy consumption as a percentage of total final energy consumption. Therefore, such a distinct way to model energy impact on growth allows us to capture both the supply and the demand side perspectives of the (efficient) use of energy.



Besides the very comprehensive model design and conceptualization of the relationship between the variables deeply embedded in the relevant theory and based on the vast screened literature covering these specific research domains, the added value of this research lies in its contribution to the econometric field of studies. Conclusive and robust empirical results produced by several model estimations, which included different specifications for the given choice of the moment conditions, are considered fundamental contributions to the econometrical field of panel data estimation and endogeneity.



Finally, the empirical findings will influence current research in further clarifying the role of energy in economic growth theory and therefore contribute to developing future countries’ objectives through adequate policy agendas to exploit their energy potential further and ignite economic growth.




2. Literature Review


The role of energy in the economy is manifold, represented as input (GDP created per unit of energy), output (distributing energy as goods or services consumed), and finally as the sector. Since the reputable work of Kraft and Kraft (1978) [11], the correlation between energy consumption and economic growth has been the focus of many empirical energy economics studies. One central question driving this academic research is whether energy consumption promotes economic growth and (or) economic growth accelerates energy consumption.



The fundamental pillars of energy-led growth from the theoretical standpoint may be categorized into four known hypotheses, each having quite different effects on energy and economic growth policies, namely:




	
The neutrality hypothesis which entails no causality between energy consumption and economic output.



	
The conservation hypothesis which means a unidirectional causality runs from economic growth to energy consumption.



	
The growth hypothesis demands a unidirectional causality runs from energy consumption to economic growth.



	
The feedback hypothesis which means there is a bidirectional causality between energy consumption and economic growth [12].








These represent different perspectives or theories regarding the relationship between energy consumption and economic growth, while the actual nature of the relationship in the energy–growth nexus remains complex and varies across countries, regions, and time periods. The degree of significance of relationships between these variables also varies depending on how developed the country is. In more developed OECD countries, causality from energy to GDP is more significant than in the less developed countries. Research results that are evidence of this pattern have significant practical implications: Reducing energy consumption will have more effect on GDP in developed countries than in less developed ones [13,14].



Up to this date, empirical research continues to explore these hypotheses and investigate the specific dynamics of energy–growth interactions in multivariate econometric models, usually including more than a few additional parameters of economic growth. A survey of the literature on total energy and growth nexus produced diverse results in the context of the causality direction and magnitude of total energy consumption on economic growth in the short and long run [15,16]. The dominant findings are in line with the growth hypothesis, which suggests a unidirectional causality running from total energy to economic growth [17]. Following this hypothesis, increased energy consumption is associated with higher economic growth [18,19].



Additionally, the feedback hypothesis, which proposes a bidirectional relationship and feedback effects between energy consumption and economic growth, is also supported by vast empirical results. This implies that changes in energy consumption can influence economic growth, while economic growth can also impact energy consumption in a reciprocal manner [20,21,22].



In addition to its evident positive climate impact, the utilization of renewable energy sources (RES) also plays a significant role in ensuring the long-term sustainability of the overall economy [23,24]. Like total energy consumption, the specific questions that drive research on the renewable energy and economic growth nexus are focused on the causal relationship between two relevant variables. Existing research recognizes the critical role of renewable energy consumption for economic growth, revealing that efficient energy use contributes positively to economic output by directly reducing energy demand, import requirements, and resource depletion [25,26].



Team Apergis N. and Payne, J.E. (2010, 2011, 2012) [23,24,27] were among the first pioneers to start exploring the relationship between renewable energy consumption and economic growth using heterogeneous panel cointegration and error correction models. Their study of the link between RES and economic growth in 20 OECD countries from 1985 to 2005 revealed a long-term positive and statistically significant cointegration between RES, real GDP, gross fixed capital formation (GFCF), and the labor force. Granger’s results validated the bidirectional causality or feedback hypothesis [23].



One of the most cited articles involving the relationship between renewable energy and economic growth is by Menegaki (2011) [28] who evaluated the causal relationship between economic growth and renewable energy for 27 European countries in a multivariate panel data framework (including the variables final energy consumption, greenhouse gas emissions, and employment) for the period of 1997–2007. Menegaki (2011) [28] used a random effect model and failed to detect any causation between renewable energy consumption and GDP in favor of the neutrality hypothesis. There are several limitations of this research, namely, the short sample size, which probably is the reason why any causality could not be detected, as well as using the RE modeling techniques, which might not be so robust when there is endogeneity or cross-sectional dependence for which the authors did not test.



Bhattacharya et al. (2016) [25] evaluated the effects of renewable energy consumption on the economic growth of 38 selected countries that were the largest RES consumers between 1991 and 2012. The authors found evidence favoring heterogeneity between different groups of countries in the context of their renewable energy use and their impact on economic growth. The panel estimated that long-run output elasticities indicate a positive and significant relationship between renewable energy and economic output for 57% of the selected countries.



In the latest study by Rahman and Velayutham (2020) [29], the two authors mention a new strand of empirical research that explores the nexus between energy consumption and economic growth where the impacts on economic growth are separated by renewable and non-renewable energy consumption. Their findings also contribute to this specific body of research since the two authors in this article explore the relationship between renewable and non-renewable energy consumption and economic growth using panel data for five south Asian countries from 1990 to 2014. Rahman and Velayutham [29] used fully modified least squares (FMOLS) and dynamic ordinary least squares (DOLS) estimation techniques and Pedroni (1999, 2004) and Kao (1999) tests for long-run cointegration between variables to find positive impacts of both renewable and non-renewable energy on economic growth. The study also identified a unidirectional causality running from economic growth to renewable energy consumption in evidence of the conservation hypothesis for a selected panel of south Asian countries [29].



Most prominent scholars in energy economics have recognized the importance of looking individually into renewable and non-renewable energy variables and evaluating their impact on growth. Apergis and Payne (2012) [27] studied the correlation between renewable and non-renewable energy consumption and economic growth for 80 countries between 1990 and 2007 in a multivariate panel framework. To identify a long-run equilibrium relationship, the Pedroni (1999, 2004) heterogeneous panel cointegration test has been performed, and positive, statistically significant coefficient estimates have been obtained. The panel error-correction model discovered bidirectional causation between renewable and non-renewable energy consumption and short- and long-term economic growth.



Tugcu, Ozturk, and Aslan (2012) [30] tested the long-run causal relationship between renewable and non-renewable energy consumption and economic growth, comparing the two to determine which energy consumption is more important for the economic growth of G7 countries. The results show the presence of the growth hypothesis only in the case of Japan for the causality between non-renewable energy consumption and economic growth, and the feedback hypothesis was validated for the rest of the countries. For further research, the three authors suggest using the augmented production function, which proved more successful in increasing the model’s explanatory power.



In more recent research, Fareed and Pata (2023) [31] used advanced Fourier-based cointegration and causality methods to analyze the impact of renewable and non-renewable energy consumption on economic growth in the top ten renewable energy-consuming countries over the period of 1970–2019. The long-term findings indicate that in eight of the ten countries, non-renewable energy contributed to economic growth. On the other hand, renewable energy had a positive impact on economic growth specifically in Brazil, the United Kingdom, and France. According to the results of the Fourier causality test, renewable energy was found to cause economic growth in the United Kingdom, the United States, India, Italy, and Spain. This implies that implementing energy conservation policies could potentially hinder economic growth in five out of the ten countries based on the policy implications derived from the findings.



The collective findings indicate that while non-renewable energy remains a more significant driver of economic growth, renewable energy also plays a notable role in stimulating economic expansion, although to a lesser extent. [17,18,21,30,31]




3. Research Design, Methods, and Data


3.1. Theoretical Approach and the Model


The specific questions that are considered in this research are defined as follows:



Table 1 presents the research hypotheses related to energy–growth nexus that were tested. Two central questions were focused on exploring the relationship between the consumption of renewable energy and non-renewable energy, respectively, and economic growth based on the data for 9 southeastern European (SEE) countries in an integrated panel data framework. Another question that drove this research was an investigation of existence of causality and its direction between above-mentioned key energy variables and economic growth.



The theoretical framework adopted in this research is based on neoclassical growth theory and Solow growth model augmented by the energy-led theory of economic growth. Most growth models rely on creating a dynamic system of variables that can describe the changes or developments in the overall consumption and output (either in aggregate or per capita terms) and the total capital in the economy. These variables form the core elements of fundamental growth modeling concepts, and the following illustration presents the model specification, including the relevant growth factors and variables for this research.



Figure 1 presents the model specification, encompassing the relevant factors or variables, their interdependencies, and their influence on economic growth. Energy variables, including renewable, non-renewable energy, and energy intensity, affect economic growth through several mechanisms, namely, fueling industrial production, creating job opportunities, and stimulating key sectors of the economy. Secondly, renewable energy consumption has an additional positive multiplier effect on economic growth, driving innovation and technological advancements and fostering economic competitiveness and foreign investments. Energy intensity quantifies the effectiveness of energy utilization in economic production. A decline in energy intensity means enhanced energy efficiency, which has the potential to foster economic growth. Foreign direct investment plays a crucial role in economic growth by providing needed additional capital, innovative technology, expertise, as well as market access. All these aspects contribute to the advancement of economic growth. Labor force and gross capital formation are interconnected drivers of economic growth due to their contribution to overall productive capacity of the economy. More precisely, the existence of efficient workforce, coupled with adequate investment in capital formation, leads to increased production, technological advancements, innovation, and improved overall economic performance. Finally, the model also included additional factors specified over interaction effects.



The main theoretical pillars for the analysis were based on the model of effects of non-renewable and renewable energy on GDP growth rates in the neoclassical framework and an extended version of the Solow growth model [32], which supports the theory that economic growth is a function of capital, labor, and energy supply.



However, the final model used in this research was constructed based on the diverse selected model framework (an amalgam of past research), targeting different relationships between the vital subject variables, namely, the extended Solow growth model and the integrated input–output model approach used by Stern (2011) [32] and Arbex and Perobelli (2010) [33]. The model proposed by Wang (2012) [34] was adopted to represent energy efficiency through the energy intensity variables as its closest proxy. Hasanov et al.’s (2017) [35] rationale was adopted to include the role of FDI in the augmented production function as a control variable since it has been a common practice to proxy capital stock with investments to analyze the energy–growth nexus [35].



The general form of a regression model with interaction terms can be written as follows:


  Y =      β   0  +  β 1   X 1  +  β 2   X 2  + ⋯ +  β k   X k  +  β k  + 1  X 1   X 2  +  β k  + 2  X 1   X 3  + ε  



(1)




where    X 1   X 2    and    X 1   X 3    are the interaction terms between independent variables.




3.2. Econometric Approach


In the previous section, we reviewed the theoretical framework and conceptualized the model fit that is most suitable for an estimate of the effects of overall and renewable energy on sustainable growth, including the energy efficiency consideration in the model design via their closest proxies.



The final model is based on a three-factor production function, namely, capital, labor, and energy (KLE), broadening the model beyond the elementary factors, labor, and capital with several distinct energy variables and additional factors based on their theoretical advantages. The methodological approach taken follows the research of Ghali and El-Sakka (2004) [36], Soytas and Sari (2006) [37], Apergis and Payne (2010, 2011) [23,24], Koçak and Sarkgunesi (2017) [38], Ozcan and Ozturk (2019) [39], and finally, Rahman and Velayutham (2020) [29].



The final model equation that investigates the long-term impact of renewable and non-renewable energy consumption on economic growth is written as follows:


      lnRGDP / Cap    it      = β   0     + β   1    RenEn   it      + β   2    NonRenEn   it      + β   3    EnInt   it      + β   4    IFDI   it    +      β 5    TLF   it      + β   6     GCF / GDP    it      + β   7    EUD   it      + β   8    ALBHD   it      + β   9    INT   it    +    ∑    t = 1    18      β TimeD   t      +    ∑    i = 1   9     β CountryD   i     + ε    it     



(2)







The dependent variable      lnRGDP / Cap    it     represents the natural logarithm of real GDP per capita for a specific country i in period t.     RenEn   it     indicates the percentage of renewable energy consumption for a specific country i in period t.     NonRenEn   it     indicates the percentage of non-renewable energy consumption for a specific country i in period t.     EnInt   it     represents the energy intensity level of primary energy consumed, specifically the ratio of energy use to GDP.     IFDI   it     denotes inward FDI stock as a percentage share of GDP for a specific country i in period t.     TLF   it     represents the labor force participation rate (ages 15–64) as a percentage of the total population, and      GCF / GDP    it     represents total capital formation as a percentage of GDP in a specific country i in period t.



Dummies are included for time (years) and units (country) to account for time and country-specific effects. A binary dummy variable     EUD   it     is introduced to control for EU membership, taking a value of 1 if a country is formal member of EU and 0 otherwise. In addition, a dummy variable     ALBHD   it     is included to control for most underdeveloped countries in the sample, namely, B&H and Albania.     INT   it     represents additional factors specified over interaction effects, and εit is a random error term.



To ensure a scholarly approach to the quality of inference, the econometric analysis started with the investigation of the dataset in detail, identifying a possibility for endogeneity bias and running various steps of the estimation, starting from fixed effects (FE) estimation and concluding with FMOLS.



The goal was primarily to investigate and evaluate the link between renewable energy consumption and economic growth in a specific country over time, employing panel regression estimation techniques. Considering the model designed based on the theoretical framework described in the previous sections, it was more likely to suspect that the omitted effects are correlated with the explanatory variables. More precisely, the variation across countries was not assumed to be random; therefore, the fixed effects estimator would be more suitable.



It was suspected that the estimation results would be overly sensitive to the assumption of cross-sectional dependence; therefore, Westerlund ECM cointegration test with a robust bootstrapping option was recommended. Unit root tests were used to formally confirm whether the variables were stationary and to identify the order of integration of each variable. Furthermore, it was highly recommended to test for the presence of cross-sectional dependency across all 9 SEE countries. The null hypothesis of homoscedasticity of the residuals was employed [40].



The FMOLS estimation-based approach was used to obtain coefficients since this technique tackles non-exogeneity, serial correlation, and cross-sectional dependence and ensures that results are asymptotically efficient and robust estimates. Before proceeding with FMOLS, it is necessary to test normality assumption and, if required, use standardized variables.



Furthermore, due to the endogeneity bias suspected in the research design and the result of our theoretical claims, we already presumed that ordinary least squares (OLS), fixed, or random effects estimation would generate bias and inefficient results. The theoretical assumptions led us to conclude that the variance of the error term may vary across countries, which is known as a heterogeneous variance. In such cases, panel FMOLS with heterogenous variance may not be appropriate, and alternative estimation methods may be required. To capture these biases, a final robustness check was performed using panel corrected standard error (PCSE). PCSE estimation is an accepted method in panel data analysis that adjusts for heteroscedasticity and autocorrelation in the error term using panel-specific estimates of the error variance. These models are generally used with panel data and provide consistent results in the presence of diverse sources of endogeneity [41].



Finally, to gain additional information about estimated dependencies between economic output and renewable energy, test for causal mechanisms, and determine whether the variables are truly exogenous, the Granger non-causality test was performed based on the Dumitrescu and Hurlin (2012) approach. The econometric results were obtained using the Stata software tool for statistical analysis. The econometric strategy adopted in this research is best depicted with the following Figure 2.



The procedure illustrated in Figure 2 and the use of econometric methods was gathered by considering the findings of previous empirical studies and adopting recognized standards.




3.3. Data Collection


The empirical analysis covers southeast Europe’s geographical region and consists of countries that are either member states of the European Union or the contractual parties of the Energy Community Treaty. Economies included in the sample are Bulgaria, Croatia, Romania, Slovenia, Albania, Bosnia and Herzegovina, North Macedonia, the Republic of Moldova, and Serbia.



Kosovo and Montenegro belong to the Energy Community but are not included in the empirical analysis due to a lack of data. Data points were compiled from two different data sources. Energy data was retrieved from World Development Indicators (WDI) to ensure its compatibility across all the selected countries in the panel. Real GDP and FDI inward stock variables were retrieved from Vienna Institute for International Economic Studies (WIIW). Population estimates from the World Bank data source were used to compute the per capita values.



The aim was to build a balanced sample to include data points on the most recently available years and, at the same time, eliminate extensive missing observations. Driven purely by data availability for the respective countries and specific variables, the total sample includes 18-year time-series data points for 9 cross-sectional units, which total 162 observations and a strongly balanced panel data set.



Table 2 presents the variables used in this study along with their respective names, abbreviations, data sources, and fundamental descriptive statistics. The basic statistics demonstrate high heterogeneity across countries in almost all the variables except energy intensity, labor force, and capital. A slight deviation from the anticipated total of 100% between renewable and non-renewable energy sources is presumed to stem from potential measurement errors, particularly inaccuracies in the process of data collection.





4. Empirical Analysis and Results


Even though careful analysis has been dedicated to the research design and conceptualization of the model, fit empirical analysis confirmed that specific econometric issues need to be accounted for by carefully selecting the estimation method. As the unit root tests provided strong evidence that all series are first-order integrated, and diagnostic tests supported concerns regarding serial correlation, heteroskedasticity, and cross-sectional dependence in the panel, the final coefficients for policy recommendations and interpretation were estimated using the FMOLS method for heterogeneous cointegrated panels.



The output of the panel unit root examination in Table 3 reveals that the selected variables are first-order stationary. More precisely, the null hypothesis that the panels have unit roots may not be rejected. All the variables are non-stationary at the level. The results therefore indicate that our variables are integrated into order one at levels.



Subsequently, the first differences were inspected to test unit roots and determine their stationarity. The null hypothesis of the unit root test for all variables is rejected at a 95% critical value, indicating a strong case for the presence of unit roots in all variables across countries, as well as the hypothesis of first-order integration in first differences.



These results suggest that it is possible to continue with panel cointegration and causality methods to inspect whether a stable, long-run relationship exists among the subject variables. More precisely, the Pedroni (1999; 2004; 2007) test for heterogeneous panels and the error-correction-based Westerlund (2007) cointegration tests for panel data were performed. The Pedroni test is based on the residuals obtained from a static model relationship. In contrast, the Westerlund test is based on a dynamic model and accounts for cross-sectional dependence using the bootstrap approach. Furthermore, the Westerlund approach accounts for the likely structural breaks in economic and energy impacts in economies in transition, which are often neglected in many empirical studies. The Pedroni test was performed with a maximum of four variables, while only one explanatory variable was included with the Westerlund error correction cointegration test.



Results of the Pedroni cointegration test in Table 4 demonstrate that in the case of renewable and non-renewable energy, each country follows a different long-run course that points in the direction of factor parameter heterogeneity across countries.



To confirm the non-existence of cointegration and further evaluate whether the individual panel members are error-correcting, the Westerlund (2007) test was performed and outcomes are reported in the Table 5. The error correction model estimated the cointegration vector between energy variables and real GDP. The four tests in Westerlund’s (2007) approach are based on structural dynamics and include the bootstrapping option, producing very robust critical values in the case of cross-sectional dependence.



The Westerlund ECM test has confirmed the Pedroni test results for renewable and non-renewable energy, where, in both tests, the null hypothesis of no cointegration may not be rejected. Failing to reject the null hypothesis does not necessarily mean that there is no relationship between the variables, and there might be short-term dynamics that are not captured by the cointegration test, or there may be other forms of dependence or causality that will be investigated using other econometric techniques in the following text.



The selected nine SEE countries belong to the same geographical region, but they are very different in the level of their economic development, with some being formal members of the EU and some not. Therefore, individual fixed effects per country were suspected, and we confidently estimated the FE estimation that focuses on short-term dynamics and controls unobserved heterogeneity across the cross-sectional units.



Results of the FE model estimation in Table 6 demonstrate a positive and statistically significant relationship between GDP growth and non-renewable energy but a statistically insignificant relationship between renewable energy and economic growth. Most of the variables’ coefficients have the a priori expected sign and significance except for labor force, where a significant negative correlation was found. The FE results show that inward FDI stock and renewable energy consumption are statistically insignificant across most estimated models.



When a new factor, more precisely, an interaction term between renewable energy and the EU dummy, is added to the model, the sign of the coefficient for renewable energy consumption turns statistically significant and is positively correlated with real GDP per capita. Interestingly, this is the most striking result to emerge from the FE estimation. Furthermore, large F statistics (or a small p-value) reject the null hypothesis in favor of the fixed group within the effects for the specified model.



As mentioned above, we have every reason to suspect that these results are biased and inconsistent due to the variety of econometric concerns suspected, such as heteroscedasticity, cross-sectional dependence, and mostly endogeneity. Therefore, we will not use this panel estimation output to interpret the coefficients in more detail as conclusive findings to be used for policy recommendations. In the next steps of the estimation process, we turned to diagnostic tests to improve the dependability of the empirical estimation and findings.



To verify the consistency of the above results of the FE model estimation, autocorrelation, and heteroscedasticity checks were performed with variable variance L.R. and Wooldridge autocorrelation tests.



The cross-sectional dependence in the error terms may occur due to the existence of common shocks and events, as well as other unobserved components, which may all be common to the selected sample of economies in transition [42]. The hypothesis of cross-sectional dependence is more likely to be confirmed for developed EU and OECD countries since these economies share a higher economic degree of development and have undergone economic and financial integration during the last decade [43,44,45]. Cross-sectional dependence is less likely in the selected data set for the nine selected economies in transition. The above-estimated FE models assume that the cross-sectional units (countries) are independent.



The results obtained in Table 7 reject the null hypothesis that no first-order autocorrelation and serial correlation are detected. The null hypothesis of no heteroscedasticity is rejected, and heteroscedasticity is detected in all the above-tested models. The null hypothesis of cross-sectional independence may not be rejected for Pesaran and Friedman tests, while the Frees test rejects the null hypothesis of cross-sectional dependence since the Frees’ statistic is larger than the obtained critical values, and the null hypothesis of cross-sectional independence is rejected.



There is enough empirical evidence with these tests to suspect that the above-estimated coefficients in FE-estimated models may be biased and inefficient. An alternative method of panel estimation for heterogeneous slopes (FMOLS) was used to correct detected heteroscedasticity, cross-sectional dependence in the panels, and detected serial correlation. FMOLS tackles non-exogeneity and ensures that asymptotically efficient coefficients are obtained.



According to the FMOLS estimation revealed in Table 8, the coefficients of all energy variables are statistically significant and according to the expected sign. The coefficients have a considerable magnitude of the effect of change on the dependent variable and are also consistent with expectations and the theory. Results show that renewable and non-renewable energy consumption is statistically significant and positively correlated with economic output. In the case of a 1% rise in renewable energy consumption, the corresponding increase in real per capita GDP ranges from 0.085% to 0.1%. On the other hand, a 1% hike in non-renewable energy consumption is expected to result in an average rise of 0.17% in real per capita GDP. These findings are like results obtained with FMOLS and DOLS estimation by Rahman (2020) [29] and Apergis and Payne (2012) [27]. In addition, the energy intensity remains with a negative coefficient and is statistically significant across all models.



Furthermore, the null hypotheses that FDI coefficients are equal to zero were rejected at a 10% significance level in 2 estimated models (Model 2 and Model 3). These results suggest that FDI, as measured by inward stock, does have a statistically significant effect on economic growth for nine SEE countries according to the results from these two specified FMOLS estimated models.



As previously mentioned in the section on econometric strategy, an interaction term between RES and an EU dummy was used to investigate the differences and impact of RES on real GDP depending on whether a country belongs to the EU or not. Two models with interaction terms were estimated, more precisely, Model 4, which elaborates on the renewable energy and EU dummy multiplicative term, and Model 5, involving the multiplicative term between FDI and RES. Model 4 revealed negative and statistically insignificant interaction terms between RES and EU dummies at 1%, 5%, and 10% confidence levels. Negative signs independent of the statistical significance of the interaction terms indicate the weakening effect of RES on economic growth in the EU member countries. The negative correlation points in the direction that EU membership does not mean that EU member states are in any more of a favorable position regarding the potential RES impact on economic output for the selected sample of countries. On the contrary, several studies have been published so far demonstrating that consumption of renewable and non-renewable energy drives economic growth in non-OECD countries, pointing out the theory that developing countries play an important role in the transition to renewable resources [43,44].



To be precise, the negative coefficient and declining correlation coefficient of renewable energy on economic growth, once the interaction term with the EU dummy was introduced, is not an insightful indicator for any other policy formulation based on these findings since it is not statistically significant.



Turning now to the empirical evidence provided by the estimation of Model 5, where the interaction term between RES and FDI was introduced, different insights emerged. According to the findings of the interaction term between RES and FDI, the sign of the correlation points to the clear conclusion that RES is more tightly coupled with GDP growth for countries with a higher level of FDI. However, the coefficient of the interaction term is not statistically significant and therefore could not be interpreted in the context of reliable empirical findings to support further policy recommendations.



The above-performed diagnostic tests demonstrated that the disturbances are heteroscedastic and contemporaneously correlated across our panels, which demand more robust estimation methods and model validation with plausible alternative model specifications. This validation process is usually performed by running robustness checks that test whether estimated effects of interest are sensitive to model specification changes or estimation technique changes.



When diagnostic tests lead to the conclusion that more robust estimation methods should be used, in the case of panel estimation methods, two options seem most applicable [45], namely:




	
The feasible generalized least-squares estimator (FGLS) (random effects);



	
Panel-corrected standard error (PCSE).








Due to possible common factors between the countries that belong to the same geographical region, to ensure that this correlation and heterogeneity in the analysis of the specified models are controlled, robust standard errors with PCSE methods were estimated.



The following Table 9 summarizes the outcome of PCSE analysis for all specified models:



The most interesting aspect of the results is a significantly reduced rho, indicating a corrected temporal autocorrelation between the variables compared to the rho values in the FE estimation. What stands out in the results of the PCSE estimation is that most coefficients are of the same sign, statistical significance, and small variability in magnitude compared to the parameters received from the FMOLS estimation. We also emphasize that the results of these models are directly comparable. Comparing the two results from the FMOLS and PCSE empirical estimations and considering the consistency of obtained coefficients, the choice of PCSE estimation method is an acceptable alternative panel estimator considering the data properties of the selected sample. Furthermore, these results demonstrate reliable theoretical model fundamentals and indicate the low possibility of an important omitted variable that might be correlated with our instruments. In other words, it verifies that the specification of models is built on sound theoretical reasoning, increasing the validity of inferences.



Below Table 10 is a comparative overview of the sign and statistical significance of the parameters across all three performed estimation methods (FE, FMOLS, and PCSE) and a priori expected coefficient signs.



In the phases of research design and model specification, endogeneity and the existence of reverse causality were considered an issue for the robustness and reliability of an estimation. The issue of endogeneity was tackled through the employment of the Dumitrescu-Hurlin (2012) approach to a Granger non-causality test utilizing a heterogeneous panel and results are presented in the Table 11. The objective of this investigation is to test for non-causal linkages between the consumption of renewable energy and real per capita GDP. This causality test is recommended for heterogeneous panels where dependence between the countries is detected [38].



Results of the p-values indicate the causal effect running from real GDP per capital towards renewable energy consumption. Therefore, the Granger causality test shows a unidirectional causality from economic growth to RES, confirming the conservation hypothesis for the nine selected SEE countries. The tests also reject the assumption of reverse causality and the presence of endogeneity in the model estimation results.




5. Discussion


The main empirical evidence points to the conclusion that renewable energy consumption and non-renewable energy consumption positively affect economic growth [21,23,24,25,27,29,38,46,47]. The FMOLS estimation of the coefficients resulted in all energy variables being statistically significant and according to the expected sign. The coefficients have a significant magnitude of the effect of change on the dependent variable. The obtained results also confirm a significant and inverse relationship between energy intensity and economic growth, which is consistent throughout the estimation process. In addition, the statistically significant and inverse relationship between real GDP per capita and energy intensity is theoretically conclusive and points out the energy inefficiencies in the selected markets where energy efficiency improvements still need to be visible in these nine SEE countries [48]. In conclusion, for the sample of a total of nine selected SEE countries, a dynamic panel model estimation resulted in a statistically significant coefficient of all energy variables, pointing out that energy is a critical growth factor in the output functions of the selected SEE countries and plays a major role as the transformation factor in the transition toward sustainable economic growth [49,50].



Gross fixed capital formation and FDI are equally important growth factors based on the magnitude of the elasticity’s coefficients, with GFCF being significant at the higher confidence level [35,49,51]. A positive relationship between GFCF and real GDP indicates that growth-inducing policies might also focus on capital and other infrastructural-related productivity inputs, which is complementary to promoting energy efficiency measures [50]. On the other hand, the labor force is not a significant growth factor since most of the studied economies are heavily dependent on the service sector, and generally, the industrial sector (which is underrepresented in the selected economies) is more energy intensive compared to the service sector. Furthermore, the negative correlation between labor force participation and economic growth shows an alarming indicator of SEE countries’ lack of labor force to contribute positively to economic growth as a viable input into production function. The key growth factor is also qualified human resources and a technically skilled workforce, which is scarce in most of these nine selected SEE countries and very affected by the continuous brain drain [48]. These findings call for immediate action to retain and develop a skilled labor force through various public initiatives and educational programs.



Conclusions related to the interpretation of the interaction effect coefficients point to evidence that EU member states in the SEE region are not in any more of a favorable position regarding potential RES impact on economic output for the selected sample of countries based on the negative correlation between the interaction term RES*EUDummy and economic growth. However, the negative elasticity coefficient of RES on economic growth once the interaction term with the EU dummy has been introduced is not an insightful indicator for any other policy formulation based on these findings since it is not statistically significant.



Empirical results revealed positive and statistically insignificant interaction terms between RES and FDI. Although statistically insignificant, the obtained sign of the interaction term and magnitude indicates the reinforcement effect of FDI on economic growth once coupled with the consumption of RES. These empirical findings indicate that the impacts of these two regressors are intertwined and require delicate interpretation. More precisely, the effects of FDI on GDP per capita vary based on the level of renewables consumed, and the impacts of RES vary based on the FDI levels. From the perspective of further policy recommendations, the statistical significance of this interaction term at a 15% confidence level indicates that in countries with higher levels of FDI, consumption of RES positively impacts GDP growth more than countries with lower levels of FDI and vice versa.



The unidirectional causality from economic growth towards renewable energy validated the conservation hypothesis [29,31,52]. According to the conservation hypothesis, the primary determinant of renewable energy consumption is real GDP growth rather than the other way around. Therefore, energy conservation policies do not hinder economic growth, and as economic activity and output levels increase, the demand for efficient energy use also rises. Higher levels of economic output ultimately result in higher consumption of renewable energy [6,52,53,54]. Furthermore, the presence of energy efficiency further facilitates the outcome of energy conservation. In summary, the conservation hypothesis suggests that economic growth drives renewable energy consumption, and energy efficiency plays a crucial role in promoting energy conservation.



The empirical findings indicate that achieving sustainable economic growth in the SEE region requires policies that prioritize investment promotion in RES with untapped potential. This approach is expected to foster sustainable economic growth in the long run [39,55].



Practical Implications


With the fourth industrial revolution and the impact of continuous innovation and digitalization on economic growth, energy is competing with numerous investment opportunities for the allocation of funds and prioritizing reforms and investment in sectoral priorities; therefore, estimating the marginal effects on energy consumption on the economic welfare of respective countries is much more than theoretical research questions and set of hypotheses.



The above-stated empirical results and main findings point toward these underlying policy recommendations:




	
Avoid conservational energy policies and instead streamline energy consumption towards more renewable energy sources and reduction of energy intensity.



	
Promote capital investments in renewable energy and energy efficiency projects and measures.



	
Restructure the role of the energy market to support such investments and attract foreign and domestic capital.



	
Ensure regional cooperation and compliance with international energy targets and goals for individual countries and regions.



	
Continuously raise awareness about sustainable economic growth and the role of energy efficiency.








There are multiple factors that influenced the neglect of RES investments in the SEE region, which can be attributed mainly to historical reliance on traditional energy sources based on multiple economic considerations, such as the low prices of imported fossil fuels and established fossil fuel infrastructure. However, the penetration of RES in final energy consumption is stalling mostly due to the absence of transparent and long-term policy frameworks and a supportive regulatory environment influenced by local politics and fossil fuel lobbies. [56,57].



Long-term planning needs to be included in SEE countries’ energy policies. Due to such an important and strategic role of energy in the geopolitical sphere, especially in SEE countries, policymakers need to extend the planning time horizon when evaluating different policy options. In many cases, in these countries, the “draft of energy strategies” are valid or, better said, binding (e.g., Macedonia, Serbia) for a maximum of up to four years.



Besides the long-term planning needs, the unpredictable and untransparent planning process is another significant barrier to more sustainable energy systems in non-EU countries [56].



Simultaneously, there is a lack of clear assessment or strategic vision in the allocation of funds and issuance of permits for new projects, leading to a random and opaque process (e.g., funds continually go towards the coal plants projects, while countries are vocal on energy efficiency policies and targets).



Non-EU countries in the southeastern European (SEE) region must prioritize the establishment of a stable and transparent regulatory framework, placing a significant emphasis on fostering private–public partnerships. This approach is particularly crucial in building the essential investor confidence required to demonstrate political commitment and effectively diversify the energy mix while reducing reliance on fossil fuels [58].





6. Conclusions and Recommendations


The research delivered in this article strengthens the theory that energy consumption positively affects economic growth. The empirical conclusions add to the growing body of research, especially empirical research specific to SEE countries and the Western Balkan, which is relatively scarce [3,4,5,17,38,39,48,50,57]. This article extends the current literature by providing a more novel and combined multivariate modeling approach for testing the link between economic growth and renewable energy in the SEE region using several key indicators of energy use, namely, renewable energy (where energy is a good or a service) and the share of energy services in total economic output (energy intensity). Furthermore, the introduction of both interaction terms with renewable energy consumption as additional factors contributes to understanding the differences and behavioral impact of renewable energy on real GDP growth depending on whether a country belongs to the EU and depending on the country’s level of FDI. This approach improves the understanding of the impact of renewable energy consumption on growth depending on new relevant factors in the integrated model framework. Considering the empirical findings, this research points out more clearly the appropriate policy implications needed for subject countries to achieve their renewable energy targets and generate progress in the renewable energy sector, particularly for economies that are Contracting Parties of the Energy Community.



Nevertheless, it is important to mention that the findings in this article are subject to at least four limitations and constraints. These include the data availability or lack of data for the selected sample of nine SEE countries, the absence of fundamental criteria for selecting the cluster economies to be analyzed together (heterogeneity factor), the econometric approach, and the model specification suggesting potential additional variables for consideration in future research.



It is recommended that further research be undertaken with improvements in the following areas:




	
Research design (context and sample selection);



	
Model specification (new proxies for energy consumption or adding new variables);



	
Empirical strategy and chosen methods of estimation;



	
Embedding the perspective of circular economy to the forefront of our growth theories.








Future studies on the current topic should start with a different research design approach and model specification, starting with the sample selection process, incorporating new variables into the model, and choosing completely different empirical approaches. All nine SEE countries have heterogeneous energy consumption and very heterogeneous energy intensities of their economies as indicators of maturity in implementing energy efficiency measures. Due to this heterogeneity, for future scholars and experts, a different approach to the design of research and model specification would be recommended where the aggregate production function will incorporate the energy variables for each country separately. This means that for each country, a sample of time-serious data would be analyzed where each data set would be chosen based on the availability of data for a given country.



Furthermore, in addition to energy variables, these selected countries all have unique historical backgrounds, and their GDPs are distinctively different in structure, as well as very turbulent and drastic changes in their economies over time. Another important and differentiating factor is also EU membership. These are all reasons why another approach to model design would yield a different estimation and different statistical outcomes per country level [49,52,55].



In this research, the FMOLS estimation method was chosen as the most suitable technique when the presence of panel data cointegration was detected. However, according to fourth generation econometric analysis techniques, vector autoregression and generalized impulse response functions, as well as panel data estimation techniques, such as the generalized method of moments (GMM) [52,59,60], have always been a top choice and preferred method in dealing with endogeneity issues. As a recommendation for further research, another viable but rather complex alternative would be methodological design, including simultaneous equations modeling (SEM). SEM models the unobservable correlations in multiple equations. Some researchers prefer to specify the endogenous variables inside a simultaneous equation model.



Finally, for clarity and theoretical precision, at the beginning of this article, very explicit theoretical assumptions were presented upon which the model specification was constructed. The adopted integrated model framework used in this research needs to account for the scarcity of natural resources. However, for future researchers and practitioners, it goes without saying that the optimal growth path for the economies should account for the realities of declining natural resources. A strong recommendation for future research is to add this new circular economy perspective to the forefront of our growth theories to achieve sustainability.
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Figure 1. Illustrative research model for factors affecting economic growth. 






Figure 1. Illustrative research model for factors affecting economic growth.



[image: Sustainability 15 09413 g001]







[image: Sustainability 15 09413 g002 550] 





Figure 2. The selected econometric strategy approach in steps. 
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Table 1. Research hypothesis.






Table 1. Research hypothesis.





	Hypothesis Number
	Hypothesis





	H1
	Does renewable energy consumption (energy accumulated only from RES) and non-renewable energy consumption (energy accumulated only from non-renewable energy sources) positively affect economic growth?



	H2
	Is there a significant causal relationship between renewable energy consumption and economic growth?
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Table 2. Dataset Summary.
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	Variable
	Name
	Abbreviation
	Unit
	Source
	N
	Mean
	SD
	Min
	Max





	Y
	Real GDP per capita
	lnRGDP/Cap
	Index, 2015
	WIIW
	162
	0.021
	0.013
	0.002
	0.052



	    X 1    
	Renewable energy consumption
	RenEn
	Percentage (%)
	WDI
	162
	19.5
	9.77
	3.81
	56



	    X 2    
	Non-renewable energy consumption
	NonRenEn
	Percentage (%)
	WDI
	162
	79.2
	10.4
	41.5
	94



	    X 3    
	Energy Intensity
	EnInt
	Percentage (%)
	WDI
	162
	6.94
	2.83
	2.94
	17.6



	    X 4    
	Foreign direct investment, inwards stock (% of GDP)
	IFDI
	Percentage (%)
	WIIW
	152
	32.2
	19.9
	0.2
	91.4



	    X 5    
	Total labor force (participation rate)
	TLF
	Percentage (%)
	WDI
	162
	62.6
	5.59
	45.4
	71.8



	    X 6    
	Gross capital formation (% of GDP)
	GCF/GDP
	Percentage (%)
	WDI
	162
	23.2
	5.59
	9.77
	38.1
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Table 3. Unit root test results.






Table 3. Unit root test results.





	Variables
	Variables Checked at Level IPS Test (p-Values)
	Variables Checked at First Differences IPS Test (p-Values)





	lnRGDP/Cap
	0.9571
	0.0000 ***



	RenEn
	0.8678
	0.0000 ***



	NonRenEn
	0.8645
	0.0000 ***



	EnInt
	0.6452
	0.0000 ***



	IFDI
	0.5796
	0.0000 ***



	TLF
	0.9708
	0.0002 ***



	GCF/GDP
	0.3183
	0.0001 ***







Note: *** is significant at the 1% level. Source: author’s calculation.
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Table 4. Pedroni Panel Cointegration Test for Renewable and Non-Renewable Energy Consumption.






Table 4. Pedroni Panel Cointegration Test for Renewable and Non-Renewable Energy Consumption.










	
	Panel Statistics
	Group Statistics





	Variance ratio
	0.2466
	



	Rho statistics
	0.03441
	1.217



	PP statistic
	−2.014 *
	−1.915 *



	ADF statistic
	0.1553
	1.477







Note: The reported values follow an asymptotic distribution that adheres to the standard normal. The v-ratio shows a right-sided orientation, whereas the remaining Pedroni tests are left-sided. * indicates that the null hypothesis of either no cointegration or unit root is rejected at a 0.05 level of significance.
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Table 5. Westerlund ECM panel cointegration tests.






Table 5. Westerlund ECM panel cointegration tests.





	Models/Critical Values Bootstrapped (p-Values)
	Gt
	Ga
	Pt
	Pa





	Model—Renewable Energy Consumption
	(0.520)
	(0.140)
	(0.270)
	(0.110)



	Model—Non-Renewable Energy Consumption
	(0.730)
	(0.220)
	(0.160)
	(0.070)







Note: After bootstrapping, null hypothesis of no cointegration may not be rejected. p-values are in parenthesis. Source: author’s calculation.
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Table 6. Results FE Model estimation.






Table 6. Results FE Model estimation.













	Dependent Variable

lnRGDP/Cap
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5





	RenEn
	0.005

(0.003)
	0.005

(0.003)
	0.005

(0.003)
	0.006 *

(0.003)
	0.004

(0.003)



	NonRenEn
	0.007 **

(0.003)
	0.007 **

(0.003)
	0.007 **

(0.003)
	0.006 *

(0.003)
	0.008 **

(0.004)



	EnInt
	−0.015 **

(0.008)
	−0.015 **

(0.008)
	−0.015 **

(0.008)
	−0.017 **

(0.008)
	−0.019 **

(0.009)



	IFDI
	0.001

(0.000)
	0.001

(0.000)
	0.001

(0.000)
	0.001

(0.000)
	0.000

(0.001)



	TLF
	−0.007 **

(0.003)
	−0.007 **

(0.003)
	−0.007 **

(0.003)
	−0.005 *

(0.003)
	−0.006 *

(0.003)



	GCF/GDP
	0.005 **

(0.002)
	0.005 **

(0.002)
	0.005 **

(0.002)
	0.005 **

(0.002)
	0.005 **

(0.002)



	EU/Non-EU Dummy variable
	
	omitted 1
	
	omitted 1
	omitted 1



	A.L. and B.H. Dummy
	
	
	omitted 1
	
	



	Interaction term RES × EUDUMMY
	
	
	
	−0.005

(0.004)
	



	Interaction term RES × FDI
	
	
	
	
	0.000

(0.000)



	R2
	0.9062
	0.9062
	0.9062
	0.9077
	0.9067



	Prob > F
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000



	Rho
	0.9926
	0.9926
	0.9926
	0.9925
	0.9926







Note: *, ** are significant at the 10% and 5% levels. Standard errors are given in brackets. All regressions include time and country dummies (not reported in the table). 1 Omitted due to collinearity. Source: author’s calculation.
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Table 7. Diagnostics test (FE model estimation).






Table 7. Diagnostics test (FE model estimation).





	TEST
	MODEL 1





	Wooldridge test for autocorrelation
	F(1, 8) = 27.821

Prob > F = 0.0008



	Wald test for groupwise heteroskedasticity
	chi2 (11) = 200.09

Prob > chi2 = 0.0000



	Peseran’s (2004) test
	Pr = 1.9747



	Friedman’s (1937) test
	Pr = 0.9738



	Frees’ (1995) test
	Q = 1.215

Critical values from Frees’ Q distribution.

alpha = 0.10: 0.2136

alpha = 0.05: 0.2838

alpha = 0.01: 0.4252







Note: Model 1 represents the baseline model with renewable and non-renewable variables. Source: author’s calculation.
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Table 8. Results FMOLS.






Table 8. Results FMOLS.













	Dependent Variable

lnRGDP/Cap
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5





	RenEn
	0.111 **

(0.044)
	0.090 **

(0.044)
	0.085 **

(0.044)
	0.111 ***

(0.042)
	0.111 **

(0.046)



	NonRenEn
	0.247 ***

(0.052)
	0.149 ***

(0.052)
	0.136 ***

(0.052)
	0.139 ***

(0.049)
	0.165 ***

(0.055)



	EnInt
	−0.091 ***

(0.032)
	−0.073 **

(0.032)
	−0.073 **

(0.032)
	−0.077 **

(0.030)
	−0.095 **

(0.037)



	IFDI
	0.028

(0.021)
	0.036 *

(0.022)
	0.035 *

(0.022)
	0.031

(0.020)
	0.034

(0.022)



	TLF
	0.018

(0.026)
	−0.043 *

(0.026)
	−0.047 *

(0.026)
	−0.031

(0.025)
	−0.033

(0.028)



	GCF/GDP
	0.106 ***

(0.018)
	0.040 **

(0.018)
	0.034 **

(0.018)
	0.037 **

(0.016)
	0.040 **

(0.018)



	EU/Non-EU Dummy
	
	0.915 ***

(0.085)
	
	0.966 **

(0.079)
	2.357 ***

(0.086)



	AL and BH Dummy
	
	
	−0.931 ***

(0.085)
	
	



	Interaction term RES × EUDUMMY
	
	
	
	−0.075

(0.048)
	N/A



	Interaction term

RES × FDI
	
	
	
	
	0.026

(0.018)



	R2
	0.037
	0.626
	0.991
	0.991
	0.992



	Adjusted R2
	−0.214
	0.529
	0.989
	0.988
	0.990







Notes: *, **, *** are significant at the 10%, 5%, and 1% levels. Standard errors are given in brackets. All regressions include time and country dummies (not reported in the table). Source: author’s calculation.
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Table 9. Results of PCSE.






Table 9. Results of PCSE.













	Dependent Variable

lnRGDP/Cap
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5





	RenEn
	0.066 **

(0.032)
	0.066 **

(0.032)
	0.066 **

(0.032)
	0.075 **

(0.033)
	0.074 **

(0.034)



	NonRenEn
	0.103 **

(0.051)
	0.103 **

(0.051)
	0.103 **

(0.051)
	0.095 *

(0.050)
	0.113 **

(0.054)



	EnInt
	−0.052 **

(0.022)
	−0.052 **

(0.022)
	−0.052 **

(0.022)
	−0.058 ***

(0.022)
	−0.067 ***

(0.025)



	IFDI
	0.015

(0.016)
	0.015

(0.016)
	0.015

(0.016)
	0.011

(0.016)
	0.014

(0.016)



	TLF
	−0.034

(0.026)
	−0.034

(0.026)
	−0.034

(0.026)
	−0.021

(0.030)
	−0.027

(0.028)



	GCF/GDP
	0.035 **

(0.016)
	0.035 **

(0.016)
	0.035 **

(0.016)
	0.035 **

(0.016)
	0.037 **

(0.016)



	EU/Non-EU Dummy variable
	
	0.900 ***

(0.069)
	
	−0.144 **

(0.070)
	−0.240 ***

(0.070)



	AL and BH Dummy
	
	
	0.288 **

(0.118)
	
	



	Interaction term RES × EUDUMMY
	
	
	
	−0.073

(0.047)
	



	Interaction term RES × FDI
	
	
	
	
	0.013

(0.014)



	R2
	0.9894
	0.9894
	0.9894
	0.9886
	0.9894



	Adjusted R2
	
	
	
	
	



	Rho
	0.3384
	0.3384
	0.3384
	0.3732
	0.3422







Note: *, **, *** are significant at the 10%, 5%, and 1% levels.
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Table 10. Summary of the significance and direction of estimated coefficients from FE, FMOLS, and PCSE.






Table 10. Summary of the significance and direction of estimated coefficients from FE, FMOLS, and PCSE.












	
	A Priori

Expected Signs
	FE
	FMOLS
	PCSE





	RenEn
	(+)
	(+) Significant
	(+) Significant
	(+) Significant



	NonRenEn
	(+)
	(+) Insignificant
	(+) Significant
	(+) Significant



	EnInt
	(−)
	(−) Significant
	(−) Significant
	(−) Significant



	IFDI
	(+)
	(+) Insignificant
	(+) Significant *
	(+) Insignificant



	TLF
	(+)
	(−) Significant
	(−) Significant *
	(−) Insignificant



	GCF/GDP
	(+)
	(+) Significant
	(+) Significant
	(+) Significant







Note: * Significant in Model 3 and Model 4.
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Table 11. Overview of the results from Dumitrescu and Hurlin Granger non-causality test.






Table 11. Overview of the results from Dumitrescu and Hurlin Granger non-causality test.





	
Results of Dumitrescu–Hurlin Panel Non-Causality Tests

	




	
Direction of Causality

Null Hypothesis

	
W-Stat.

	
Zbar-Stat.

	
Probability

(p-Value)

	
Conclusion






	
RealGDP_pc → RenEnCon

	
9.8150

	
6.1677

	
(0.0000) ***

	
Unidirectional causality running from real GDP to RES




	
RenEnCon → RealGDP_pc

	
0.5656

	
−0.9215

	
(0.3568)








Note: p-values are given in brackets. *** denotes statistical significance at the level of 1%. Source: author’s calculation.
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