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Abstract

:

The aim of the article is to empirically verify the relationship between energy consumption and economic growth. The time scope of this study covers the period of 2008–2019. The scope of analyzed subjects covers 34 European countries, 27 of which are currently members of the European Union. European countries consume large amounts of energy, so it is worth investigating the effect of reducing energy consumption on the process of economic growth. For this purpose, dynamic panel models were used. The research methods included the use of dynamic panel models, taking into account the Arellano and Bond and Blundell and Bond estimators. The results made it possible to identify the relationship between energy consumption and economic growth. It was found that, in the short term, increases in production will result in a statistically significant increase in energy consumption. Importantly, in the long term, this impact is also statistically significant and positive. On the other hand, taking into account the second of the estimated models, it can be concluded that, in the short term, increases in energy consumption do not cause changes in the rate of economic growth. The verification of this relationship in the long term also does not confirm it. In summary, it can be stated that a one-way relationship (in the short and in the long term), directed from economic growth towards energy consumption, was identified.
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1. Introduction


Economists focus on the efficient use of resources. They also note that progressing climate change could pose a threat to environmental sustainability. Therefore, attention should be paid to the relation between using resources efficiently and climate change and global warming. One of the causes of these phenomena is the high production of energy from traditional sources. The burning of fossil fuels is the main cause of an increase in CO2 emissions [1]. According to the report by the European Commission Joint Research Centre, nearly 90% of total emissions come from burning fossil fuels. Thus, it is worth conducting research on alternative methods of energy production, which might be both cheap and safe. One such solution is the production of renewable energy.



Fearing excessive greenhouse gas emissions, countries have taken steps to reduce them, as evidenced by the Kyoto climate agreement and the Paris climate agreement. The countries of the European Union are at the forefront of energy consumption, and thus emit large amounts of greenhouse gases. As a result, these countries have committed to reducing their greenhouse gas emissions by 40% by 2030 in comparison to the levels reported in 1990. However, reducing energy consumption may have a negative impact on production levels [2]. Moreover, ensuring access to affordable, sustainable, and modern energy is one of the goals of sustainable development, so it is worth studying the relationship between energy consumption and economic growth [3].



The aim of the article is to empirically verify the relationship between energy consumption and economic growth. For this purpose, dynamic panel models were used. The time scope of this study covers the period of 2008–2019. The scope of analyzed subjects covers 34 European countries, 27 of which are currently members of the European Union. The selection of the research sample was dictated by the cited data. Namely, European countries consume large amounts of energy, so it is worth investigating the effect of reducing energy consumption on the process of economic growth.



The article is structured as follows: The next section summarizes the research on the described issues, then presents a summary of the methods used in this research area and the methods and data used in this study. The fourth part describes the obtained empirical results, and the final paragraph concludes and discusses the obtained results.




2. Literature Review


The issues discussed in this article have been the subject of numerous studies. A lot of empirical research has been carried out to verify the relationship between energy consumption and economic growth, but the results are still inconclusive. The reason often cited for this is that researchers use various research methods, different samples, and different time ranges. However, these discrepancies should not preclude addressing this issue as part of a study. The differences of opinion stimulate discussion, and the result of this discussion may actually be a solution. All researchers should agree on one thing—binding decisions are needed. These decisions will affect both the quality of life of the present generation, as well as the wellbeing of all future generations. The results of such research constitute the basis for energy and environmental policies being implemented and authorized.



Four hypotheses can be found in the literature on the relationship between energy consumption and economic growth. The first is the growth hypothesis, which assumes that energy consumption plays an important role in the economic growth process both directly and indirectly, and complements other growth factors. Here, the relationship is directed from energy consumption towards economic growth. Consequently, any decisions regarding energy consumption will also affect productivity in the economy. In the framework of the second hypothesis, this approach is reversed. Namely, it is the increase in production that translates into an improvement of the standards of living throughout the population, which increases the level of energy consumption. The causal link is directed from economic growth towards energy consumption. Such a situation is referred to as a hypothesis conservation. In such circumstances, an energy-saving policy will not have a negative impact on the increase in production. The third hypothesis involves a feedback loop, i.e., energy consumption affects economic growth, and at the same time economic growth affects energy consumption. Under such conditions, limiting energy consumption will result in reduced production, while a lower rate of economic growth will result in lower energy demand. This last one—the neutrality hypothesis—describes a situation in which energy consumption and economic growth do not influence each other. As a result, reducing energy consumption or other such decisions will not have an impact on the rate of economic growth [4].



Kraft and Kraft’s article was a breakthrough in research on the relationship between energy consumption and economic growth. Their study covered the period of 1947–1974, and focused on the economy of the United States. The conclusions showed a one-way relationship between economic growth and energy consumption [5]. It resulted in numerous discussions on the subject and more attention directed towards the described issues. Therefore, it is impossible to refer to all the empirical results, so the author will mention only a few examples.



Narayan and Popp studied the same relationship in a sample of 93 economies. The study covered the period of 1980–2006. The authors used the Granger causality approach. The analyzed relationship was confirmed only in some countries. The authors studied the relationship in certain regions. Out of 93 economies, 20 were European. In the long run, the link between energy consumption and economic growth was confirmed in only five countries [6].



Apergis and Tang analyzed the relationship between energy consumption and economic growth on a sample of 85 economies at different levels of development. The study covered the period of 1975–2007. In order to test this relationship, the Granger causality procedure modified by Toda and Yamamoto and Dolado and Lütkepol was used. The analyses confirmed the validity of the growth hypothesis in the case of 46 countries. They also observed that adding more control variables caused an increase in the number of economies where increased energy consumption resulted in increased production. Moreover, they found that the relationship might depend on the level of development of the countries selected. In relatively richer countries, the growth hypothesis was more often confirmed than in poor countries. They argued that poor countries relied more on labor-intensive industries, which are less dependent on energy consumption [7].



Ouedraogo studied the relationship between energy consumption and economic growth in 15 African countries belonging to the Economic Community of West African States. The time scope of the study was 1980–2008. To verify the abovementioned relationship, Ouedraogo used panel models of cointegration. She drew some interesting conclusions. Namely, in the short term, it was the change in production that affected energy consumption, and in the long term, it was energy consumption that affected the generated production. Thus, reducing energy consumption in the long term may lead to lower economic growth rates [8].



Chontanawat studied the relationship between energy consumption, carbon dioxide emissions, and economic growth. The study covered four countries of Southeast Asia: Indonesia, Malaysia, the Philippines, and Thailand. Chontanawat investigated the aforementioned relationship via time series, and he used the Johansen cointegration method and Granger causality for this purpose. His research confirmed the long-term relationship between energy consumption and economic growth. In all the cases, the relationship was directed only one way. However, the results varied among the economies. In Indonesia, Malaysia, and Thailand, the causation directed from economic growth to energy consumption was confirmed, while the opposite direction was reported for the Philippines. Thus, an energy-saving policy would not affect production in Indonesia, Malaysia, and Thailand. In contrast, in the Philippines, an energy-saving policy would result in lower production. Therefore, the author recommended promoting alternative energy sources, such as renewable energy [9].



Destek and Aslan analyzed the relationship between economic growth and the consumption of renewable and non-renewable energy. The research sample consisted of 17 emerging economies for the period 1980–2012. Bootstrap panel causality was used as a research method. Taking into account the consumption of renewable energy, the growth hypothesis was confirmed only for one economy (Peru), and the conservation hypothesis was confirmed for Colombia and Thailand. However, in the case of Greece and South Korea, the feedback hypothesis turned out to be correct. For the remaining 12 emerging economies, both variables had no influence on each other. The results were slightly different for the relationship between the consumption of non-renewable energy and economic growth. In this case, the growth hypothesis was confirmed for China, Colombia, Mexico, and the Philippines, and a conservation hypothesis was confirmed for Egypt, Peru, and Portugal. A two-way relationship arose only in the case of Turkey. For the remaining emerging countries, no correlation between non-renewable energy consumption and economic growth was found [10].



Smolowić et al. investigated the relationship between renewable energy consumption and economic growth. The study covered the Member States of the European Union for the period of 2004–2018. As part of the study, the authors analyzed the relationship separately for the Member States that had joined the EU before 2004 and for the new members of the Community (countries that joined in 2004). To verify this relationship, they used dynamic panel models and, more specifically, the PMG estimator. The authors concluded that, in the long term, the consumption of renewable energy has a statistically significant impact on economic growth, in the case of both new members of the European Union and existing members. The results are interesting in the short term, as the impact of energy consumption on economic growth was negative for the new members of the community, while the impact for the existing EU members was statistically insignificant [3].



Radmehr, Henneberry, and Shayanmehr confirmed the positive impact of renewable energy consumption on production. They emphasized that non-renewable energy sources greatly contribute to the increase in production. At the same time, an increase in production causes an increase in the use of renewable energy. Therefore, it can be concluded that the relationship between economic growth and renewable energy consumption is directed both ways. Radmehr, Henneberry, and Shayanmehr studied the aforementioned relationship on a sample of 21 European countries. The study covered the period of 1995–2014 [2].



Coers and Sanders examined the relationship between energy consumption and gross domestic product on a sample of 40 OECD countries. The study covered the period of 1960–2000. An error correction model was used as the research method. The conclusion was that the causal relationship was directed from production to consumption of energy, but not the other way around. Therefore, energy should not be seen as a factor in increasing production [11].



Lee and Chang tested the studied relationship in 40 economies, 22 of which were developed economies and 18 were developing economies. The study covered the period of 1965–2002. In the study, they used a panel VAR model based on the generalized moment method. Lee and Chang confirmed the relationship between energy consumption and gross domestic product. The researchers estimated two separate models in groups of developed and developing countries. They concluded that in the group of developed countries, the studied relation is two-way in nature, i.e., GDP per capita affected energy consumption and energy consumption affected the GDP per capita. On the other hand, in the group of developing countries, a one-way relationship was confirmed. Namely, an increase in GDP per capita caused an increase in energy consumption. Thus, in the group of developing countries, the energy saving policy would not have a negative impact on the level of production [12].



Hasanov, Bulut, and Suleymanov also presented research on the discussed subject. Their study covered 10 oil-exporting developing countries in Eurasia in 1997–2014. Estimations were made via both the GMM method and Granger causality. Ultimately, they identified a one-way causal link directed from energy consumption to gross domestic product. Therefore, reducing energy consumption would reduce production [13].



Tang and Abosedra analyzed the impact of tourism, energy consumption, and political instability on economic growth. The research sample consisted of 24 countries in the Middle East and North Africa. The study covered the period of 2001–2009. They used both static panel models and dynamic panel models to verify the relations. In the dynamic panel models, they used the Arellano–Bond estimator. They stated that the increase in energy consumption had a statistically significant positive effect on economic growth [14].



Nayan et al. tested the relationship between economic growth and energy consumption on a sample of 23 countries. The study covered the period of 2000–2011. To test this relationship, they used dynamic panel models, namely the Blundell–Bond estimator. In their research, they found that the relationship was one-way in nature and was directed from GDP per capita to energy consumption. In the case of the opposite direction, the impact was statistically insignificant [15].




3. Materials and Methods


If the empirical research on the relationship between economic growth and energy consumption is studied, five research methods will be found: simple causality tests, two-dimensional and multivariate VECM, and two-dimensional and multivariate VECM panel. Mehrara [16] arranged the studies via the methods used and divided them into four generations. The first one [5,17] is based on the traditional VAR model and Granger causality tests. In this approach, it was assumed that the time series were stationary. Later, objections to this assumption were made as the stationary nature of these variables was questioned. Due to these objections and the development of econometric methods within the next generation [18,19], the unit root tests of time series and the cointegrating relation were used to study this relationship. A two-step procedure and error correction models were used to test the Granger causality. As part of the third generation [20,21], multi-stage error correction models using the Johansen procedure were used. Panel data were used in fourth generation models [22,23]. The main criticisms of the previous approach include the failure to take into account changes over time and the lack of differentiation between countries. Therefore, panel models of cointegration and panel error correction models have become more common.



Coers and Sanders [11] also considered fifth generation models [24,25], which use multidimensional vector error correction (VECM panel). These studies also have some limitations, but they are of a different nature. Namely, there is a problem with the availability of data on capital resources for a large number of countries.



In the empirical research in the literature on the relationship between energy consumption and economic growth, researchers have used various methods. Some of them used time series analysis, others used panel data analysis. The results of these studies vary, which often results from the methods used, the different time ranges, or the different groups of economies. Hasanov, Bulut, and Suleymanov [13] summarized the studies, considering the analyzed relation in crude oil-exporting countries. In these countries, a two-way relationship is found when panel data are used. Furthermore, the two-way relationship between energy consumption and economic growth is very rarely found in the case of time series analysis. In studies that used the VECM panel, a two-way relationship was often mentioned. The same stands for the use of panel FMOLS and panel DOLS. In the present summary, only three studies were cited, in which estimation methods based on the generalized method of moments were used. In the study by Tang and Abosedra [14], a one-way relationship between energy consumption and long-term economic growth (directed likewise) was found. On the other hand, in the study by Omri and Kahouli [26], there was a two-way relationship in the long term. A two-way relation was also found by Lee and Chang [12], but in their study it was a short-term relationship.



Given the results of the presented research, it might be observed that the choice of the test method is important for the final effect. In this article, the panel data were analyzed to allow for a broader point of view, and dynamic panel models were used for this purpose. Thus, the use of two-dimensional data facilitates the increase of the number of degrees of freedom and reduction of the problem of collinearity. When you analyze univariate data, a smaller number of degrees of freedom creates constraints. On the other hand, the analysis of panel data extends information about the units and enables a more complete interpretation of the model. Moreover, the analysis of panel data makes it possible to consider the diversity of objects. Among the explanatory variables, there are group effects that reflect this differentiation of units. Baltagi believes that panel data is better suited to analyze the dynamics of phenomena. If sufficiently long data sets are available, they can also be used to analyze changes in an economic policy. In addition, Baltagi pointed out that panel data allows for the measurement of effects that cannot be observed in the case of cross-sectional data or a time series [27].



Depending on the specifics and internal structure of the data, either static panel models or dynamic panel models can be estimated. This choice determines different estimation methods. If the data cover many objects in a short time horizon, then static panel models are used. Fixed effects models (FE) or random effects models (RE) are often used to estimate these kinds of models. If the time horizon is longer, then dynamic panel models can be used. Another criterion relevant when choosing the character of a model is the dynamics aspect. One of the modelled variables is economic growth, which is undoubtedly a dynamic process. As a result, panel models, unlike the time series, take into account the aspect of dynamics, which involves introducing a lagged dependent variable to the independent variables. This has certain consequences. Namely, the estimator that is used in static models loses consistency in the case of a dynamic model. This is because the lagged dependent variable is correlated with a random element. Especially when the time horizon of the data covered by the study does not go to infinity.



In the studies, estimation methods based on the generalized method of moments were used. The advantage of this type of method is that it can assume that a certain variable is endogenous in relation to the dependent variable.



The estimation of dynamic panel models differs significantly from the estimation of static models. Including the lagged dependent variable in the model correlates it with the disturbance term. The equation of such a model can be written as follows:


   Y  i t   =  α i  +  β 1  ∗  Y  i , t − 1   +  β 2  ∗  Z  i t   +  β 3  ∗  X  i t   +  δ t  +  ε  i t    



(1)




where i denotes the country and t the year;



	
   Z  i t    —variable used to check influence on the dependent variable;



	
   X  i t    —variables controlling country i and year t;



	
   α i     —individual effects;



	
   δ t   —time-specific effects;



	
   ε  i t    —error term.






The first difference estimator (Arellano and Bond) [28] or the system estimator (Arellano and Bover; Blundell and Bond) [29,30] might be used to estimate this equation. In the first case, the differences are calculated, which allows for avoiding the above-mentioned correlation. In the second case, the equations are estimated in both increments and levels. When estimating the equation in levels, one can use the lagged first differences of this variable as instruments [27].



The data for the survey were taken from the Eurostat database [31] and the World Bank database [32]. The study used energy consumption expressed in thousands of tons per capita and gross domestic product per capita (in stable prices). Additionally, the gross fixed capital formation was included as control variable. This variable influences both the energy consumption and GDP per capita. The study covered the period 2008–2019 for 34 European economies, 27 of which are a member of the European Union, and the others included Iceland, Norway, United Kingdom, Montenegro, North Macedonia, Serbia, and Turkey.



The study used data on energy consumption, gross domestic product per capita, and gross capital formation. Table 1 presents descriptive statistics for the variables. As presented, there are some individual gaps in the data. Only the data on GDP changes are complete. It should be emphasized that the data gaps are small, which causes no problems in model estimation. The average energy consumption per capita in the analyzed countries was 3.58 tons. The inhabitants of Iceland consume the most energy among the analyzed countries, and the citizens of the North Macedonia the least. Taking into account the analyzed period, energy consumption decreased in most countries, but increased in five countries. The largest increase in energy consumption took place in Turkey, but it should be emphasized that the average energy consumption in this country is low. It is worth mentioning that despite significant energy consumption in Iceland, its consumption slightly increased. The average value of GDP per capita was nearly 39 thousand dollars. The richest country in terms of this measure was Luxembourg, and the poorest was the North Macedonia. The highest increase in GDP per capita was recorded in Ireland (56%). It is worth noting that there was a decrease in the described measure in two countries, namely in Cyprus (−2%) and in Italy (−5%). The average investment value was nearly $121.5 trillion. The highest average investments were recorded in Germany, and the lowest in Montenegro. It is worth pointing out that Ireland saw the largest increase in investment, while the largest decline occurred in Greece.



It should be emphasized that the presented data were appropriately transformed into the rates of change of individual variables, which can be illustrated on the example of GDP per capita as follows:


  G D  P  i t   =   G D P   p e r   c a p i t  a  i t     G D P   p e r   c a p i t  a  i t − 1      











	
GDPit—rate of change in GDP per capita



	
GDP per capitait—the level of GDP per capita for the subject i in the t period



	
GDP per capitait−1—the level of GDP per capita for the subject i in the t−1 period






The remaining variables were transformed in an analogous way, and then all variables were logged.




4. Results


The first point of the study was the analysis of the degree of integration of individual variables. For this purpose, the Ima-Pesaran-Shin test and the Fischer-type test were used. The choice of the tests was dictated by minor gaps in the data because other tests require data completeness. Based on the results of both tests, it was found that the variables were stationary. The p-value in all the tests indicated the rejection of the null hypothesis in favor of an alternative hypothesis. Table 2 presents the results of the panel unit root tests.



The conducted study was divided into two stages. The starting point was the relation between energy consumption and gross domestic product per capita, and investments, in accordance with the following formula:


  E  C  i t   = f   G D  P  i t   , G C  F  i t   ,    



(2)








	
ECit—log of rate of change in energy consumption (tons of oil equivalent (TOE) per capita);



	
GDPit—log of rate of change in real gross domestic product per capita;



	
GCFit—log of rate of change in gross fixed capital formation.








Additionally, it was assumed that GDPit was a predetermined variable and GCFit was an exogenous variable. Thus, the following equation was used:


  E  C  i t   =  α i  +  β 1  ∗ E  C  i , t − 1   +  β 2  ∗ E  C  i , t − 2   +  β 3  ∗ G D  P  i t   +  β 4  ∗ G C  F  i t   +  δ t  +  ε  i t    



(3)







A negative value was expected for the GCFit variable. The implemented investments should use less energy than the previously used solution. Cost savings may be an incentive for enterprises to implement investments.



In the next stage of this study, the second equation was estimated. This time the dependent variable was GDPit, while the independent variables included energy consumption and investments.


  G D  P  i t   = f   E  C  i t   , G C  F  i t      



(4)







It was assumed that the variable ECit was an endogenous variable and that GCFit was an exogenous variable. The following equation was estimated:


  G D  P  i t   =  α i  +  β 1  ∗ G D  P  i , t − 1   +  β 2  ∗ G D  P  i t − 2   +  β 3  ∗ E  C  i t   +  β 4  ∗ G C  F  i t   +  δ t  +  ε  i t    



(5)







As part of the assessment of the obtained estimates, the autocorrelation tests proposed by Arellano–Bond and the Sargan/Hansen test were used.



Table 3 presents the results of the estimation of the parameters of Equation (3). Additionally, as an aid, the aforementioned equation was estimated using the pooled estimator and the fixed effects estimator. This activity determined the range of parameter changes for the lagged dependent variable. The parameter next to the lagged dependent variable should be in the range of (−0.336)–(−0.244). The table shows the estimates derived using the Arellano–Bond and Blundell–Bond estimators. Both estimators are presented via a one-step and a two-step approach. Based on the results presented in Table 3, it might be stated that it is not possible to draw conclusions from the estimates using the Arellano–Bond estimator, because the parameter value for the lagged dependent variable is too high. It should be emphasized that the number of instruments was selected in accordance with the indications presented by Rodman [33]. In addition, the p-value in the Hansen test suggests that at a significance level of 5% there is no reason to reject the null hypothesis. Thus, it can be concluded that the instruments in this model are appropriate. The Arellano–Bond autocorrelation tests also indicate that there is no autocorrelation of the disturbance term. However, as mentioned earlier, conclusions cannot be drawn from estimates made using the Arellano–Bond estimator. Regarding the estimates made using Blundell–Bond, the parameter value for the lagged dependent variable decreased. Estimates using the one-step Blundell and Bond estimator also show too high of a parameter value for the lagged variable. Only estimates using the two-step Blundell and Bond estimator show appropriate of parameter value for the lagged variable. The p-value in the second-order autocorrelation test suggests that there is no reason to reject the null hypothesis, which proves the lack of autocorrelation of the disturbance term. The p-value in Hansen’s test also indicates that there is no reason to reject the null hypothesis. The instruments used can be considered appropriate. It is worth noting that the number of instruments used does not reduce the power of the Hansen test. The Hansen differential test also indicates that the instruments used are appropriate. Therefore, conclusions might be drawn from the estimates of the two-step Blundell–Bond estimator. Diagnostic tests showed that there is no autocorrelation of the disturbance term, and the instruments used are appropriate. As such, the statistically significant variables include the lagged dependent variable and GDPit. It can be concluded that GDP per capita has a statistically significant impact on energy consumption. An increase in GDP per capita of 1% will increase energy consumption by an average of 0.46%. The change in investment was statistically insignificant.



Based on Table 3, another model was estimated, considering only statistically significant variables. The impact of GDP on long-term energy consumption was investigated and such a relationship was confirmed. The impact of production changes on energy consumption was lower than for short-term consumption.



Table 4 presents estimates for Equation (5). The procedure was similar to the one used for estimating Equation (3). It was started with estimating the parameters using the pooled estimator and the fixed effects estimator. Thus, the ranges of the values for the parameters of the lagged dependent variable were obtained. The values should be in the range of 0.192–0.316. It might be observed that the evaluation of the parameter with the lagged dependent variable in the estimation using the Arellano-Bond estimator is at the appropriate level. The results of the diagnostic tests suggest that the estimate is correct. The only thing that may raise some doubts is the relatively high p-value in the Hansen test. Therefore, it was decided that no conclusions should be drawn based on this estimate. The estimation with the two-stage Arellano-Bond estimator also cannot be used, as the parameter evaluation with the lagged dependent variable is too high. Blundell-Bond estimates could be used for inference. The comparison of both estimates suggests that the one-stage estimator is characterized by a lower standard error. Therefore, it was decided that this estimate would serve for the purpose of drawing relevant conclusions. Based on Arellano–Bond tests, no autocorrelation of the second random term was found. Moreover, the results of the Hansen test suggest that the instruments used were appropriate, same as the differential Hansen test. The statistically significant variables include the lagged dependent variable and investments. Energy consumption turned out to be statistically insignificant. Consequently, a 1% increase in gross capital formation will result in a 0.11% higher economic growth rate.



The above results were used to investigate the long-term relationship. Subsequent estimates showed that in the long term, an increase in energy consumption does not have a statistically significant impact on economic growth.



Once the results are presented, it is worth mentioning that both energy consumption, gross capital formation, and economic growth can contribute to environmental pollution. Thus, this impact should be considered before undertaking any activities. It is worth referring to the results of the research illustrating the above-mentioned issues. Zhand et al. indicated the positive relationship between economic growth or gross capital formation and CO2 emissions on the example of the Malaysian economy [34]. Similar studies were carried out on the examples of Japan [35], Mexico [36], China [37], and India [38].




5. Discussion


In the presented study, an attempt was made to verify the empirical relationship between energy consumption and economic growth. The verification was performed on a sample of 34 European economies in 2008–2019. The research methods included the use of dynamic panel models, using the Arellano and Bond and Blundell and Bond estimators. The results suggested the relationship between energy consumption and economic growth. It was found that in the short term, an increase in production will result in a statistically significant increase in energy consumption. Importantly, in the long term, this impact is also statistically significant and positive. On the other hand, considering the second of the estimated models, it can be concluded that in the short term, an increase in energy consumption does not cause changes in the rate of economic growth. Verification of this relationship in the long term also does not confirm it. That is, in the long term, an increase in energy consumption does not have a statistically significant effect on the rate of economic growth. In summary, it can be stated that a one-way relationship (in the short and in the long term) directed from economic growth towards energy consumption has been identified.



The obtained results suggest the existence of hypothesis conservation. At the same time, they do not differ from the results presented by Kraft and Kraft [5]. Additionally, Ouedraogo [8] obtained similar results in a short period of time on a sample of African countries. Ouedraogo also identified long-term dependencies directed from energy consumption to economic growth. Chontanawat [9] confirmed the analyzed dependence in the case of three Asian countries (Thailand, Indonesia, and Malaysia). It is worth mentioning that they had analyzed a time series. Destek and Aslan [10] also confirmed a one-way relationship for Colombia and Thailand for renewable energy and Egypt, Peru, and Portugal for non-renewable energy. The same exact direction of dependence was identified by Coers and Sanders [11]. Lee and Chang [12], on the other hand, included both developed and developing countries in their sample. They also obtained similar results. Similar results were also obtained by Nayan et al. [15].



On the basis of the obtained results and cross-referenced similar results indicated by other authors, it can be concluded that the energy-saving policy should not have negative influence on the economic growth processes. As a result, measures aimed at limiting the production of energy based on fossil fuels should be implemented, continued, and intensified. Consequently, CO2 emissions can be reduced. On the other hand, the constant drive to increase production will be reflected in energy consumption. Thus, country leaders should pay attention to the concept of sustainable development. High economic growth is a necessary factor for improving the living conditions of citizens, but it is not the only one. Hence, it is also beneficial to implement an energy-saving policy. Perhaps one solution is to introduce relevant tax solutions or impose penalties for excessive energy consumption. The analysis of data for European countries shows that energy consumption has been decreasing in recent years. This trend should be maintained. At the same time, it is recommended to popularize the consumption of renewable energy. Energy production based on renewable energy sources, including water, wind, and sun, does not adversely affect the natural environment. Solutions promoting its use can contribute to less pollution of the environment, and therefore better living conditions for all of us.



To conclude, the study examined the relationship between energy consumption and economic growth on the example of 34 European economies. Dynamic panel models were used to achieve this purpose. The applied econometric tools make the study an interesting contribution to the discussion. In recent years, the popularity of these instruments has been growing, and the applied subjective scope can be used as part of European integration initiative. At the same time, one should be aware that this study does not exhaust the topic and should be explored further by taking into account various factors, such as, for example, the different levels of development of the surveyed countries or different energy sources.
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Table 1. Descriptive statistics.






Table 1. Descriptive statistics.





	Variables
	Observations
	Mean
	Standard Deviation
	Min
	Max





	EC
	405
	3.58
	2.83
	1.21
	18.69



	GDP
	408
	38,971.97
	18,197.39
	12,987.11
	113,940.24



	GCF
	406
	121,417.96
	181,098.45
	779.38
	811,529.13







Source: Own preparation.
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Table 2. Panel Unit Root Tests.






Table 2. Panel Unit Root Tests.





	Variable
	Im-Pesaran-Shin Test
	Fischer-Type Test





	EC
	0.000
	0.000



	GDP
	0.000
	0.000



	GCF
	0.000
	0.000







Source: Own preparation.













[image: Table] 





Table 3. Estimation results of energy consumption using data from 2008 to 2019.






Table 3. Estimation results of energy consumption using data from 2008 to 2019.





	
Variable Dependent: ECi,t




	

	
FDGMM1

	
FDGMM2

	
SGMM1

	
SGMM2






	
ECi,t-1

	
−0.217 ***

(0.062)

	
−0.229 ***

(0.050)

	
−0.231 ***

(0.066)

	
−0.244 ***

(0.055)




	
ECi,t-2

	
−0.074

(0.073)

	
−0.097

(0.063)

	
−0.076

(0.071)

	
−0.084

(0.060)




	
GDPi,t

	
0.591 **

(0.262)

	
0.667 **

(0.274)

	
0.487 *

(0.285)

	
0.460 **

(0.212)




	
GCFi,t

	
−0.031

(0.061)

	
−0.044

(0.050)

	
−0.049

(0.063)

	
−0.025

(0.027)




	
Number of observations

	
302

	
302

	
336

	
336




	
Number of countries

	
34

	
34

	
34

	
34




	
Arellano–Bond test for AR(2) in differences (p-value)

	
0.434

	
0.891

	
0.473

	
0.662




	
Hansen test of joint validity of instruments (p-value)

	
0.152

	
0.152

	
0.126

	
0.112




	
Difference-in-Hansen test (p-value)

	
-

	
-

	
0.134

	
0.132




	
Number of instruments

	
31

	
31

	
34

	
34








Additional information: All models contain dummy variables of time. Standard errors are in parentheses. ***,**,* significance at levels 1%, 5%, and 10% respectively. Source: Own preparation.
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Table 4. Estimation results of economic growth using data from 2008 to 2019.






Table 4. Estimation results of economic growth using data from 2008 to 2019.





	
Variable Dependent: GDPi,t




	

	
FDGMM1

	
FDGMM2

	
SGMM1

	
SGMM2






	
GDPi,t-1

	
0.285 ***

(0.060)

	
0.327 ***

(0.064)

	
0.301 ***

(0.047)

	
0.299 ***

(0.053)




	
GDPi,t-2

	
−0.045

(0.053)

	
−0.839

(0.036)

	
0.003

(0.060)

	
0.011

(0.057)




	
ECi,t

	
0.084

(0.075)

	
0.073

(0.048)

	
0.047

(0.067)

	
0.056

(0.079)




	
GCFi,t

	
0.059 **

(0.027)

	
0.068 ***

(0.021)

	
0.108 ***

(0.019)

	
0.111 ***

(0.020)




	
Number of observations

	
302

	
302

	
336

	
336




	
Number of countries

	
34

	
34

	
34

	
34




	
Arellano–Bond test for AR(2) in differences (p-value)

	
0.735

	
0.797

	
0.492

	
0.417




	
Hansen test of joint validity of instruments (p-value)

	
0.376

	
0.376

	
0.102

	
0.102




	
Difference-in-Hansen test (p-value)

	
-

	
-

	
0.160

	
0.160




	
Number of instruments

	
30

	
30

	
33

	
33








Additional information: All models contain dummy variables of time. Standard errors are in parentheses. ***,**,* significance at levels 1%, 5%, and 10% respectively. Source: Own preparation.
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