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Overview
[bookmark: _GoBack]This paper empirically evaluates the effect of renewable and non-renewable energy consumption on environmental degradation (CO2 emission). A spillover effect may occur when emission occurs in one location and then travels to a location that is adjacent to it. Similarly, renewable and non-renewable energy consumption also have a spillover effect on neighbouring locations. In the theoretical literature, this phenomenon is known as spatial dependence and ignoring such dependence might produce biased results in empirical examination. Therefore, the current study applies spatial econometric techniques to determine the spillover effect of renewable and non-renewable energy on environment under the Environmental Kuznets Curve (EKC) framework.  Using a global sample of 96 countries over the period 1990-2014, the results show that EKC hypothesis holds with the presence of a significant negative impact of renewable energy and a significant positive impact of non-renewable energy on CO2 emissions. Additionally, the spillover (indirect) effect of renewable energy consumption on CO2 emissions is found to be greater than the direct effect. However, non-renewable energy has a positive impact on CO2 emissions with a lower level of spillover effect. From a policy perspective, it stresses that increasing renewable energy sources will not only benefit to that country but also have a spillover effect on its neighbouring country. 
Methods
Our empirical strategy starts from a simple econometric model by using EKC framework (Kuzents, 1955). Under EKC hypothesis, environmental degradation (CO2 emission) increases with growth (GDP) but declines after reaching maximum levels. Then we augment the traditional EKC framework by using renewable and non-renewable energy together with GDP. Moreover, we used spatial econometric techniques to quantify the direct and indirect (spillover) effects of renewable and non-renewable energy consumption on environmental degradation. For the spatial model, we need balanced data, therefore, our sample consists of 96 countries across the globe. 
Results
Before proceeding with the regression, we need to formally test, whether there is a spatial dependence among the variables of interest. For neighbourhood definition, we used the nearest neighbour definition for constructing the weight matrix for the neighbourhood. Particularly, we used 3 to 5 nearest neighbours to construct the binary weight matrix. After defining the weight matrix, Moran I and Geary’s C tests are performed on each variable. Both Moran and Geary tests confirm the presence of spatial dependence among all variables, however, the test for trade variable is marginally significant in cross-section setup but significant in panel setup.  After testing the spatial dependence, we applied a spatial econometric regression model to evaluate our model. In general, there are various types of spatial econometric models used in the literature (for detail, see Anselin and Bera, 1998; LeSage and Pace, 2009). For instance, SAR (spatial autoregressive model), SLX (Spatial Lagged X model), SEM (spatial error model), SDM (spatial Durbin model), and SDEM (spatial Durbin error model). The choice from these models is based on Likelihood Ratio (LR) test that is performed on the parameters of these models and we selected SDM model. The results from SDM model shows that the spillover effect of REC on CO2 emissions is greater than the direct effect, which indicates that if there is a high level of REC in the neighbourhood, it will reduce the amount of CO2 emissions in the current country. In contrast, the direct effect of NREC is more than the spillover effect, which means that country’s CO2 emissions will rise more due to the high level of NREC in the same country. These results also suggest that political bodies including energy planners, NGOs, international cooperation agencies and associated bodies in these countries perform together to increase the investment in renewable energy resources. This action will not only increase the amount of energy but also produce a lower amount of CO2 in these countries. 



Conclusions
This study investigated the impact of energy consumption on environmental degradation using the Environmental Kuznets Curve (EKC) framework. We have used energy consumption in the form of two different energy concepts i.e. renewable energy consumption and non-renewable energy consumption. Additionally, we applied the spatial econometric method to examine the environmental Kuznets curve for CO2 emissions by controlling the neighbourhood effects. Since there is a spatial dependence among the sources of CO2 emissions, therefore, ignoring such effect might lead to biased results. This study applied both Moran and Geary tests confirm the existence of spatial dependence among all variables, however, test for trade variable is marginally significant in cross-section setup but significant in panel setup. The results of the study show that the spillover effect of REC on CO2 emissions is greater than the direct effect, which indicates that if there is a high level of REC in the neighbourhood, it will reduce the amount of CO2 emissions in the current country. In contrast, the direct effect of NREC is more than the spillover effect, which means that country’s CO2 emissions will rise more due to the high level of NREC in the same country. These findings also suggest that political governments including energy planners, NGOs, international cooperation agencies and associated bodies in these countries can work together to increase the capacity of renewable energy resources. It will help to produce a lower amount of CO2 emissions in these countries
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