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Overview
The reduction of the non-renewable energy consumption has been a priority worldwide, in favour of the renewable energy sources (RES). However, the literature has not been consensual about the impact of the RES on economic growth. On the one hand, the literature supports that RES have a negative impact on the economic growth (Amri, 2017). On the other hand, the literature proves that RES have a positive impact on economic growth (Shahbaz, Loganathan, Zeshan, & Zaman, 2015). The literature has been mainly focused on the effects of both the renewable and the non-renewable energy consumption on economic growth in an aggregate form. However, the empirical analysis of the interaction of the specific energy sources, as well as their effects on the economic growth remains scarce. Therefore, this paper intends fulfil this gap by studying the interactions between the several electricity sources and their effect on the economic growth, in Spain. This research is focused on Spain because: (i) Spain is one of the largest country in terms of wind power installed capacity; (ii) the Iberian electricity market is dependent on fossil fuels to produce electricity, so that to achieve goals this market has to produce their own energy through RES; and (iii) one of the goals of Spain is the European Union targets, i.e., 20% of RES in the energy supply. The questions that this paper aims to answer is the following: (i) How are the different sources of energy interacting?; and (ii) What is the impact of them on the economic growth? The findings reveal that the RES are playing an important role on the Spanish economy, and the interaction between sources shows that there are substitution effects among the different sources. 

Methods

Monthly data from January of 2009 to November of 2016 for Spain is used, for the following variables: unadjusted industrial production index (LIPI_NA), as a proxy of the gross domestic product; carbon dioxide emissions (LCO2); imports (LIMPS) and exports (LEXPS); electricity consumption for pumping (LPUMP); and electricity generation from hydro power (LHY); wind power (LWIND); solar photovoltaic (LSOL_PV); nuclear (LNUC); coal (LCOAL) and fuel and gas (LFUEL_GAS), daily market price (LMARKETD), capacity payments (LCAP_PAY) and ajdjustment services (LAJ_SER). All the data has been retrieved from both the Eurostat and the Red Eléctrica de España (REE). 
The integration order tests prove that the variables are integrated of order one (I(1)) and borderline, which means that they are fractionally integrated (I(0)/I(1)). The Autoregressive Distributed Lag (ARDL) approach developed by Pesaran, Shin, & Smith (2001) was applied because it is appropriated to deal with the data features. Moreover, it allows capturing the short- and long-run relationships between the different electricity generation sources and economic growth. In fact, these models allow handling with the different integration order of variables, except in order two (I(2)). Besides, their coefficient estimates are efficient and allow breakdown the total effects into short-run dynamics and long-run equilibriums. The variance inflation factor (VIF) test was performed and it suggested the presence of multicollinearity between CO2 and COAL. As a consequence, this two variables are not used simultaneously. The dependent variables are: industrial production index, electricity generation from hydro power, wind power electricity production, electricity generation through solar photovoltaic (PV), and nuclear electricity production. The diagnostics tests were also performed revealing that the Jarque-Bera test validates the normality of the series, the Breusch-Godfrey serial correlation LM test rejects the first and the second order of correlation, the ARCH test confirms that there is no heteroskedasticity, the CUSUM test and CUSUM of squares test denote the stability of the series, and the RESET test shows that the models are well specified. The bounds test proves that the variables are cointegrated, and this means that there is a relationship in the long-run.
Results

The ARDL models were estimated and it is denoted that the return to the equilibrium of the models are fast, such as revealed by the high ECM values. The electricity system has dissimilar effects on the economic growth. The wind power and solar PV electricity generation provoke different effects on the IPI. On the one hand, there is a positive impact of the solar PV electricity production. This effect could result from the increase of electricity production by micro producers through the installation of solar PV panels, in their residences or in industrial facilities. Therefore, more policies may be implemented in order to increase the cost-effectiveness of the production of solar PV exploitation. On the other hand, the electricity price has a negative impact on the economic growth and there is no evidence for the growth hypothesis for the wind source. 
The fuel/gas electricity production affects positively the wind power electricity generation in both short- and long-run. This result evidenced the backup role of the fossil fuels, on the wind power electricity generation. The results are also confirming that the pumping is an adjustment system of the electricity mix, because the possibility of use them, to defer the electricity generation. Moreover, one founds evidence for the substitution effects between the different electricity sources. Indeed, in the short-run, the coal electricity production shows a substitution effect with the hydro power. The nuclear electricity production has a baseload role and it appears working as a disincentive to install additional capacity of RES.

Conclusions

The study of the impact of renewable and non-renewable energy sources on the economic growth could be helpful, for the implementation of new policies to assure a more smoothly and economically bearable energy transition. On the one hand, the associated costs of the wind power deployment could remain high, which are negatively affecting the economic activity. On the other hand, the solar PV electricity production is boosting the economic activity. Thus, the energy policies should be focused on the deployment of the solar PV electricity generation, namely by incentivising the consumers to generate their own electricity and becoming prosumers. According to the results, one of the most interesting effect is the complementary between the fuel/gas and the wind power electricity. Therefore, the results of this research highlights the necessity of design and implement energy policies disregarding the specific source. On the one hand, the high cost of wind power notes the necessity of implement market instruments instead policies with guaranteed prices. On the other hand, the policymakers should implement policies to make the consumers more responsive, and to incentivize them to produce their own electricity. 
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