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Abstract

:

After more than ten years of operation of EU-ETS trading, it is time to analyse the results and draw lessons from the experience. Economic research typically considers emission price as the main explanatory variables when measuring the effects of Emission Trading Systems. The novelty of this work is to analyse whether or not trade alone, as an institutional change, is effective in reducing greenhouse gases emissions. The objective of this paper is to analyse to what extent the EU-ETS as a “regulatory” instrument of the supply of allowances is responsible for the effectiveness of the carbon market as a basic tool in the reduction of emissions. The analysis also includes other overlapping policies aimed at fighting climate change, for example, the promotion of renewables. For the empirical analysis, an econometric model is estimated using panel data for the 28 European Union countries between 1990 and 2014. The econometric model include three dummy variables to measure the effectiveness of the three phases of the EU-ETS commerce in reducing emissions. Furthermore, we analyse how effective the phases are when renewables energies are included in the analysis. The results show that the EU-ETS is effective to reduce emissions and each phase has a greater impact on the reduction. Nevertheless, the system should be more flexible to adapt to the fluctuations in the demand for rights.
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1. Introduction


Historically, environmental control policies have been based on the amount of pollution produced (allowances, permits, emission limits, etc.) versus the approach based on the imposition of a tax on pollution [1]. In 1960 Coase [2] proposed the explicit and transferable issue right, with the purpose that the market could establish an economic value to the emission rights and facilitate their transfer. The market was intended to generate an economic incentive to reduce emissions that traditional schemes did not provide.



In 1997, the signature of the Kyoto Protocol introduced the concept of international emissions trading. For the first time, 38 industrialised countries and economies in transition were committed in a binding manner to reduce greenhouse gas emissions (GHG) by an average of 5% against 1990 levels over the five-year period 2008–2012. The European Union (EU) set an even more exigent goal for itself, when it committed to reducing its emissions by 8% on average. To meet this commitment the EU implemented the Emission Trading System (EU-ETS), which has become the basic pillar of its climate policy. The fundamental reasons that led to use this market instrument are the following: it guarantees environmental effectiveness, since it allows achieving the emission reduction objectives with a high degree of certainty; it offers flexibility, being an instrument adaptable to the economic situation; it generates economic incentives that encourage the development and use of clean technologies; and it is effective in terms of cost reduction, since it uses the informational advantage of the market as a resource allocator to reduce emissions at the lowest cost [3,4].



The EU, although lacking experience in this regulatory instrument, had great institutional support. Both the OECD and UNCTAD supported the introduction of the EU-ETS. From the experiences of the United States (US), they had developed the requirements and administrative structures necessary for the operation of an international trading system of CO2 emission rights [5,6]. In 2005 the EU-ETS was born, becoming the first and largest international trading regime of greenhouse gas permits in the world. The fundamental feature is to cap and trade emission rights among market participants. The EU-ETS has met its principal purpose. The EU-28 emissions have been reduced by 24.4% since 1990 while the overall target was 8% by 2012 [7]. Nevertheless, one of the biggest obstacles it has faced since its beginning has been the significant mismatch between actual emissions and assigned permits. This has led to right prices that are too low to favour important emissions reductions in the short term, and too volatile to promote investments in suitable technologies in the long term [8].



The causes of these low prices of rights are several. Among them is, on the one hand, the incorporation into the EU of Eastern countries, whose economic crisis caused the collapse of emissions in the years immediately after 1990, the reference year of the commitments of the Kyoto Protocol. Therefore, they received more rights than necessary, contributing the overabundance of rights in the EU-ETS [9,10]. On the other hand, the economic recession of 2008 has also contributed to the reduction of emissions not only in the EU, but worldwide [11].



To this structural surplus we must add: (1) the positive results of EU policies in promoting renewable energies and energy efficiency, which have caused a significant fall in the demand for rights and (2) the volume of carbon credits generated by carbon projects through the Clean Development Mechanism (CDM) and the Joint Implementation (JI) [8,11,12].



As a result, there are more emission permits than real emissions [13]. The system has not been able to adapt to exogenous shocks or to cushion the volatility of the price [14,15].



Despite these difficulties, a growing number of countries and regions, including developing countries, have shown great interest in emissions trading. At the same time, many countries have already implemented an emissions trading system or have put in place pilot systems. There are regional markets in Canada, the US, Japan and China, and other national markets such as Korea or New Zealand. Regions such as Vietnam or Russia are also studying the creation of new ones [16]. They are willing to share knowledge and experience on the subject. In fact, the EU has signed cooperation agreements with China and with Korea to share its pioneering experience in the Emissions Trading System [17]. The interconnection of these markets will allow establishing a global carbon market, which would increase the profitable mitigation possibilities and increase market liquidity.



1.1. Motivation and Novelty of the Study


This is an opportune moment to evaluate how effective the EU-ETS has been as it was implemented more than 10 years ago and given the increasing interest of other regions in this market instrument. This analysis acquires special relevance taking into account the low prices of the right and the effective reduction of emissions, which makes us think that the efficiency of the system does not depend solely on this market signal. As [18] point out, differentiating the effect of the prices of the right on emission from other factors is not an easy task.



Carbon markets are not natural markets, but they are created by political decisions to respond to climate externalities at the lowest possible cost. They are an institutional innovation in environmental regulation that requires a mandatory legal basis for its proper functioning. The essential factors for its success are the firmness in the institutional change it implies, and the efficient interaction between the institutions.



The novelty of this work lies in considering the institutional change that the EU-ETS implies as a fundamental variable in reducing emissions. This approach supposes a methodological change with respect to most of the literature, centred fundamentally on the prices of the right. We use dummy variables to include each of the phases of the EU-ETS since its inception in 2005. The inclusion of the price of the right as an additional explanatory variable of the evolution of emissions presents problems of multicollinearity with the dichotomous variables, considering both fixed and random effects. If the model does not include dummy variables, the price of the right is not a significant variable [19].



Therefore, this work contributes to the scientific acquis on the effectiveness of emission right markets as an instrument of climate policy. Furthermore, there is a gap to be filled: the assessment of the effectiveness of ETSs taking into account the impact of complementary policies. These policies can contribute to a significant emission reduction on their own and call into question the effectiveness of trade in rights. This study also contributes to filling this gap in knowledge, as we analyse the effects of two variables on emissions simultaneously: changes in the EU energy mix, such as the promotion of renewables, and the trade of rights.




1.2. Objectives of the Study


The objective of this paper is to analyse to what extent the EU-ETS a rights-offering “regulatory institution” functions as an effective carbon market instrument in the reduction of emissions.



Specifically, this study will determine if the emissions trading is being effective for a panel of the 28 EU countries, despite the limitations of its design and the simultaneous application of energy policies encouraging the use of cleaner energies. Thus:




	(a)

	
This work will verify the causal relationship between economic growth and GHG emissions in the 28 EU countries and will investigate the EU-ETS’s reducing effect on GHG emissions through its different phases.




	(b)

	
Also, we will analyse whether overlapping policies (specifically the promotion of renewables) diminish market effectiveness, or on the contrary, if they are an adequate complement to enhance its emissions-reducing effect.









To achieve these objectives, we estimate two econometric models for the period 1990–2014 and conduct a comparative analysis of the results obtained. In both cases, we use fixed effects with panel data. The model 1 is used to determine the effects on CO2 emissions per capita of real GDP per capita and of the different phases of the EU-ETS (using dummy variables). In model 2, the estimate includes the participation of renewable sources in the production of electric energy. The comparison of both models will allow us to determine whether the measures of promotion of renewable energies, simultaneous to trade, decrease the effectiveness of the EU-ETS in the reduction of CO2 emissions per capita.




1.3. Organization of the Study


After this introduction, Section 2 introduces the theoretical framework of this paper (the New Institutional Economy) and the key concepts that allow analysing the EU-ETS as an institution. The next part, taking into account the evolution of the price of the emission right, is devoted to describing the possible instruments that can be used to improve the role of the market as an incentive. Section 4 and Section 5 describe the methodology, the econometric models and data sources used in the analysis. Section 6 shows the empirical outcomes, and finally, in Section 7, we will draw conclusions.





2. The EU-ETS and the New Institutional Economy


The European emission rights market is particularly attractive for study from an institutional approach because it allows observing two important issues:




	(a)

	
The difference between a natural market and the real market, with its limitations and frictions derived from its operation.




	(b)

	
The creation of an international market from its inception, including cost-benefit calculations to know if it is the most efficient measure in the reduction of emissions at the minimum cost (even regardless of the method of assignment of permits [2]).









According to [20], we believe that the New Institutional Economics can provide some powerful tools and useful knowledge to analyse environmental problems and evaluate possible answers. The starting point are some key concepts about property rights and transaction costs which help to understand the relevant role of the institutional framework.



In particular, due to the difficulties that economists observe in the operation of EU emissions trading, transaction costs are becoming increasingly relevant in research. The reason is because emissions trading reduces the costs of mitigating climate change, but transaction costs, in turn, can reduce its cost-effectiveness [21].



Following [22], ‘‘transaction costs’’ include the ex-ante costs of establishing the use or quasi-ownership rights, and the ex-post costs of administering, monitoring, and enforcing the new rights arrangement. We consider that there is a correspondence with the classification established by [23], who differentiates between the political transaction costs (ex-ante) and the market transaction costs (ex-post).



The ex-ante costs are the costs generated by the implementation of the tool itself which, in this case, is the ETS. These costs fall on public administration since they consist mainly of developing the necessary legal framework for the creation of the market and the property rights [24]. When evaluating several policies, ex-ante quantification is feasible and useful in deciding which one to apply. In fact, political transaction costs can lead to an institutional blockade [23]. Once the decision is made, its measurement is possible only for the chosen alternative, in this case the ETS [25]. It would be then a sunk cost.



The market transaction costs (ex-post), are the costs of exchanging property rights among market participants after politicians have devised the market. The data must be monitored, reported and verified (MRV), key issues in the design of any emissions trading. This process involves high transaction costs that depend on the type and size of the companies [26]. Information costs and searching costs in EU-ETS influence companies with fewer facilities and less commercial experience [27].



Jaraite et al. [28] showed that initial implementation costs of the market tended to be high and significant, while market transaction costs were not. In any case, transaction costs decrease when the institutional framework improves and as a response to the learning process. Thus, authors are used to considering that transaction costs are higher in the initial stages of a market [29] and can be reduced over time, due precisely to the experience gained by their participants [25]. These two issues are important when comparing the costs of a new program with one that has existed for some time.



Based on experience, it is possible to detect the need to introduce changes that improve the functioning of the market, despite the transaction costs involved in these changes. In this way, it is intended that the market, as an institution, improve its design and generate adequate signals to modify the behaviour of the agents.



In this sense, the operation of the EU-ETS has revealed some of its limitations [30,31]. Among them, it is worth noting the excess of existing rights, which has caused rights prices that are too low [8,11,12] This is a consequence of both the initial over-allocation, increased through banking and the economic crisis that began in 2008 [32], as well as the complementary policies of the EU on renewable energies and energy efficiency.




3. The Price of the Rights


The emission rights were negotiated below €10 as of 2013 [33]. The price is below most estimates of the social cost of carbon [34,35] and is also low in relation to the implicit price used internally by many companies when making their investment decisions [36].



There are different measures to increase the price of rights and provide market participants with a relative certainty about its development. These measures can influence the number of rights available in the market, either at a specific price or at a certain amount.



For example, as established in California, Quebec or the Regional Greenhouse Gases Initiative (RGGI) [16], a minimum price could be established for newly issued allowances in auctions [37,38,39,40]. This would reduce the supply of additional rights once the demand, and therefore the price falls below a certain limit. Similarly, the so-called “cost containment reserves” can help cushion sudden price changes by increasing the supply of CO2 allowances in times of scarcity [41,42]. However, these measures should be designed in a way that allows the market the necessary flexibility to determine an efficient price to reduce emissions.



Another, easier way to raise the prices of emission rights would be to diminish the total number of allowances in the market. The 2030 policy framework for climate and energy [43] established that the annual linear reduction of trade in allowances will increase from 1.74% to 2.2% in 2021–2030. They expect that the reduction of the rights issued in future years will lead to an increase in long-term prices and also that it will influence current prices.



To address the imbalance in the provision of CO2 allowances, the European Commission proposed two structural measures to reform the emission trading system. In the first place, the European Parliament and the Council approved in December 2013 the proposal called “back-loading”, consisting in reducing the issuance of 900 million emission rights in the auctions of 2014, 2015 and 2016 and reintroducing the amount withdrawn in the year 2019 and 2020 [44]. This measure, however, did not raise the price of the rights. It was considered a way to reduce the supply of allowances in the short-term while allowing for more time to take tougher measures before the previously withdrawn amounts were reintroduced into the system.



The second measure proposed by the European Commission in January 2014, consisted in the creation of the so-called “Market Stability Reserve” (MSR) [45]. According to this measure, the rights are withdrawn or injected into the market by adjusting the offer in each auction depending on the changes in the inventories of unused permits (the optimal oversupply band proposed by the Commission is 400–833 million allowances. These limits are the thresholds that activate the transfer of rights from the auction to the reserve and vice versa when the number of rights in circulation is beyond this range). However, since, by design, the limits cannot be modified, the “Market Stability Reserve” will not be able to make the system fully respond to external disturbances.



For this reserve mechanism to be successful it must be sufficiently flexible, effective and reviewable to avoid situations of an excess of permits and allow quick adjustments, both in the limits that activate the mechanism and in the number of allowances that are transferred. Hepburn et al. [46] showed that the main lesson for future emissions trading systems is that they must have a stabilisation mechanism from the start.



As established by [47] an ideal instrument of control would be capable of giving instructions depending on the specific situation. Now, given the difficulty of implementing these instruments in practice, his analysis focused on the so-called “pure” instruments. In recent years and within the framework of climate policy, contributions focused on the analysis and improvement of carbon pricing instruments have gained special interest [48]. Thus, some studies raise intensity objectives, so that the policy decisions are conditioned to observable economic indicators [49,50,51,52,53]. Others propose the use of hybrid tools against the use of pure instruments of quantity or price. These instruments combine carbon taxation and emissions trading [42,54,55,56,57,58,59].



Therefore, the price of the right has not played its corresponding role until now, thus questioning the efficiency and versatility of the system. Hence, the responsible administration has been forced to carry out reforms in the system aimed at influencing the price and avoiding the excess of rights. But, until the effects of these reforms are effective, what we must take into account is what has been achieved by the EU-ETS up to now and it is unquestionably its importance as an international market institution intended to persist over time. Analysing the effectiveness that the market has had to date with tools other than price will occupy the following sections.




4. Methodology


This section presents the methodology used to determine the relationship between CO2 emissions GDP level and the ETS. In particular, we present the effects of GDP per capita and the different phases of ETS on CO2 emissions per capita. In addition, since the trade is combined with other policies aimed at achieving a more sustainable energy mix, the model also explains the effects that the use of renewable energies has on CO2 emissions.



According to the literature on environmental economics [60,61], the empirical relationship between income and emissions can be based on a general model of the following type:


   G H  G  i , t   =    γ i  +   β   G D  P  i , t   +  β 2   G  i , t   +  β 3  Z +    u  i , t     








where GHGi,t are CO2 emissions per capita, the subscript “i” points to the country, “t” indicates the moment of time; β represents the relative importance of the exogenous variables; GDP is real production per capita, the variable G allows incorporating other elements of influence on the environmental pressure, and the binary variable Z is a proxy variable that represents regulatory changes. This relationship is completed with a constant, γ, which includes other exogenous effects not included in the rest of the variables, and u which is the error term, normally distributed. Thus, the previous expression allows for the classification of the relationship between the environment and the level of production, the behaviours induced by incorporating other variables and the institutional innovation that may directly affect environmental quality.



In particular, in this paper we consider whether emissions trading, as a quantitative instrument that limits the supply of rights, has contributed to the reduction of total CO2 emissions. This work belongs to the New Institutional Economy since it considers that the costs of putting that market into operation have already taken place and are therefore sunk costs. They, at this moment, should not be taken into account.



In this line of argument and to take into account the regulatory effect of trade, following [19,62] we use three dummy variables, to independently include each phase of the trade. These variables take value 1 in the years of application of each of the phases and value 0 for the rest of the cases.



We estimate two models to verify whether the emissions trading system, by itself and together with other environmental policy tools, is an adequate instrument to abate polluting emissions. We take the series in logarithms, which allows us to interpret the coefficients in terms of elasticities. The coefficient of each of the independent variables indicates approximately the percentage in which the dependent variable would vary with a 1% variation in the independent variable. We carry out this analysis using panel data. The objective of using this methodology is to capture the unobservable heterogeneity, either between the study agents (in our case countries) or over time, since this heterogeneity cannot be detected either with time series studies or with those of cross-section. This technique allows for a more dynamic analysis by incorporating the temporal dimension of the data, which enriches the study, particularly in periods of great changes.



Considering the above, the equation estimated in model 1 is as follows:


   l n G H  G  i , t   =    α i  +  β 1  l n   G D  P  i , t     +  β 2  P  H 1  +    β 3  P  H 2  +    β 4  P  H 3  +    ε  i , t     



(1)




where: GHGi,t are CO2 emissions per capita for country “i” in year “t”. GDPi,t is real production per capita for country “i” in year “t” and represents the scale of production. PH are dummy variables which takes the value of 1 in the following periods:    P  H 1     for the test phase (2005–2007),    P  H 2     for the period 2008–2012 and    P  H 3     for the available years of the third phase (2013–2014). We include these three variables as a proxy variable to regulation.     β 1  ,  β 2  ,  β 3  ,  β 4    : Coefficients to be estimated. As usual, the equation is completed with a constant, α, which collects other effects, and the error, ε.



The parameters of the equation can be interpreted as follows:




	
β1 is a quantitative indicator that shows the relationship between real per capita GDP growth and the variation of per capita CO2 emissions.



	
β2, β3 and β4 are coefficients whose sign explains whether the different phases of trade have favoured or not the reduction of emissions. If their value were zero, the different phases of the EU-ETS would have no influence on CO2 emissions. Negative coefficients would mean that the EU-ETS would reduce CO2 emissions. If the modifications carried out in the EU-ETS over time had improved the institution, we could expect that its efficiency would increase. Hence, the absolute value of these coefficients should be greater in each of the phases.








Although the EU-ETS has been the key piece of EU climate policy, it has not been the only instrument. In fact, at this moment, the EU’s comprehensive climate policy is “20-20-20 by 2020” [63], which refers to the three 2020 targets: a 20% reduction in GHG emissions from 1990 levels, 20% of total energy consumption from renewable energy and a 20% improvement in energy efficiency. Member States have adopted different measures to achieve the objectives of renewable energy use and energy efficiency. In particular, Spain and Germany have provided important incentives for the electric generation from renewable sources. In fact, in 2014 the generation of electricity from wind and solar energy accounted for 24% and 16% of total generation in Spain and Germany, respectively [64]. These measures taken by the Member States at the same time as the functioning of the emission trade may affect the effective performance of the system [8]. The promotion of renewables favours the reduction of emissions; what is not clear is the effect it will have on the price of the right, and, consequently, it calls into question the efficiency of the ETS.



Then the question arises as to whether the implementation of these climate policy measures eliminates the possible regulatory effect of the emissions trade system. We present a new model to study the above question. The equation estimated in model 2 is as follows:


   l n G H  G  i , t   =    α i  +  β 1  l n   G D  P  i , t     +  β 2  P  H 1  +    β 3  P  H 2  +    β 4  P  H 3  +  β 5  l n  G  i , t   +    u  i , t     



(2)




where:     G  i , t     : It is the weight of the production of renewables energies (green energy) on the total electric energy produced in country i in year t. It includes hydro, geothermal, solar PV, thermal solar, wind and tide. They contribute to lower CO2 emissions per capita because they are clean energies.




	
The coefficient β5 is a quantitative indicator that shows the relationship between the growth of the proportion of renewable energies in electricity production and the variation of CO2 emissions per capita. If, as expected, its value is negative, it indicates an inverse relationship: greater use of renewable energy leads to lower emissions.








In the end, it is a question of verifying whether the commitment to a tool such as the emissions trading is effective and should be maintained in the long term together with complementary or overlapping climate policies.




5. Source of Data and Statistics


The statistical information of the variables considered for EU-28 is presented in Table 1.



The values of standard deviation of total GDP, CO2 emissions and electric generation show the great variations between the maximum and minimum values of these variables.



In order to present an overview of the data collected in Table 1, as well as its evolution, these variables are represented in Figure 1 considering 1990 as the base year, that is, with a value of 100.



Figure 1 shows the reduction of CO2 emissions in particular as of 2005, the year in which European emission trading started to operate. You can see that the variables (except that of population) evolve in parallel, reflecting the same exogenous shocks (2008–2012) when the effects of the economic recession caused decreases in all three variables. As of 2012, GDP starts to grow while electricity production and emissions decrease, evidencing the decoupling between GDP and CO2 emissions.



The evolution of the variable for population in Europe shows a stable trend with a slight growth since 2002. In aggregate terms, the population average annual growth of rate between 1990 and 2014 is 0.26. This growth is accompanied by reductions in total emissions, possibly due to the combination of two circumstances: at the microeconomic level, the region’s higher level of income and development allows its inhabitants to care about the environment, at a macroeconomic level, through the policy decisions aimed at achieving emissions abatement.



In relation to the electricity production, the electric sector was the most affected by the reductions in emissions (i.e., suffered the highest requirements) since the beginning of the ETS. Among the reasons for choosing this sector are: (1) electricity production is one of the largest sources of pollution, (2) emissions are concentrated in a relatively small number of production units (compared to other more widely distributed sectors), which facilitates control and verification of emissions and, (3) is a relatively isolated sector of international competition [68,69].



Additionally, the EU implemented large packages of environmental protection measures focused on boosting the production of electricity from renewable sources. These measures are aimed at achieving 20% of EU energy from renewable sources by 2020 (European 20-20-20 Targets) [63]. For these reasons, it seems coherent to consider in the analysis the production of electrical energy from renewable sources. The inclusion of this variable shows the role of the energy mix when explaining the evolution of CO2 emissions in the period analysed.



The Figure 2 shows the change in the energy mix that has taken place in the EU. It presents the share of each energy source in the total electricity production of the region in 1990 and 2014. It shows the EU’s commitment to less polluting energy sources. In 25 years, the contribution of gas and green energies has doubled those of coal and oil.



The following Figure 3 shows the evolution of the share of renewable energy to the production of electricity. There is a clear change of trend as of 2005.



After showing the chosen variables of this analysis and the methodology used, the results obtained are presented below when estimating the two models specified in the previous section.




6. Results


For the realization of the econometric analyse and tests, we have used the Stata statistical software package (StataCorp, Lakeway, Texas, USA).



Model 1 shows the effects on CO2 emissions per capita of the different phases of the European emissions trading system and the GDP per capita. In the model 2, the estimation includes the participation of renewable energy in the electricity production. Then we compare their results.



From the Equation (1), several tests have been applied to improve the estimation of the model. The F test of significance of the fixed effects, F (27, 668) = 17,477 confirms the presence of these effects and indicates that the fixed-effect model is preferable to pooled data.



Also, we have estimated a random effects model. Using the Lagrange multiplier test for random effects developed by Breush and Pagan, we can reject the null hypothesis, the variance of the error is equal to 0, so there are differences between the random effects model and the estimate by ordinary least squares (OLS).



Considering the Hausman test results (value of the chi-square statistic (4) = 13.78 for Equation (1). Value of the chi-square statistic (5) = 21.58 for Equation (2)), we have chosen to use the fixed effects model to estimate Equations (1) and (2). However, the validity of the fixed effects model is limited by the problems of heteroscedasticity, autocorrelation and contemporaneous correlation (Table 2). To correct these issues we have used a model of Panel Corrected Standard Errors (PCSE) with Fixed Effects. We have also estimated a Feasible Generalized Least Squares model (FGLS) for Equation (1). The results obtained are very similar to those presented in this work with the model of Corrected Standard Errors with Fixed Effects.



Table 3 shows the results of the models. All explanatory variables, in both models, are significant at 99%. We have estimated the same models using total data instead of per capita. The results obtained have been very similar in terms of the expected signs and the relative value of them, which shows that these models can also be used to confirm the effectiveness of trade in the reduction of total emissions.



When analysing the two estimated models, we can observe that coefficient β1 is significant and higher than 0, which confirms the positive relationship, although less than unity, between GDP and CO2 emissions (per capita). This means, on the one hand, that increases in GDP will led to increases in CO2 emissions, remaining the other variables unchanged. On the other hand, that CO2 emissions are not very sensitive to changes in economic activity, since an increase in GDP per capita of 1% leads to increases in emissions per capita of 0.185% in model 1 and 0.221% in model 2, for a period of 25 years. This result addresses a weak decoupling between economic growth and CO2 emissions, although not strong or strict decoupling (in which β1 is less than zero).



Furthermore, the coefficients of the dummy variables, associated to the different phases of EU-ETS are significant and with the expected negative sign (β2 < 0; β3 < 0; β4 < 0). This indicates that the new institution, the market, has had a favourable impact on the conservation of the environment according to the two estimated models. In addition, each phase has been more relevant in the reduction of emissions than the previous one since the associated coefficients increase in absolute value. This could be considered a sign of the market strengthen. This may be due to the conjunction of several factors to which we have referred throughout this work: (a) the trade is considered, to an increasing extent, an institutional innovation in environmental regulation irreversible, (b) economic agents have learned to use it to optimize their decisions, reducing ex-post transaction cost and promoting its use (c) despite the existence of transaction costs associated with the regulatory changes, the modifications introduced have been improving the system and correcting detected errors, and (d) the number of sectors and gases involved have been increasing.



Model 2 includes the participation of renewable energies in the production of electricity. The estimation of this model increases the goodness of fit measured by the R-squared (up to 0.923). The results obtained show that the elasticity of the share of renewable energies in electricity production (β5) is significant, with the expected sign and a figure of −0.065, showing a favourable impact on the environment. It should be noted that the inclusion of this variable does not eliminate the role of the EU-ETS as an instrument to fight climate change. The coefficients maintain the expected signs, although their values are slightly lower than those of model 1 because part of their explanatory power can be picked up by the new variables included in the functional relationship.



As an additional comment, note that the model 2 has also been estimated by adding as an explanatory variable the participation of nuclear energy in electricity production. The coefficient obtained is significant at 90% and with the expected sign (−0.0379). The above indicates that an increase of nuclear energy in electricity production would favour the reduction of emissions. However, it is worth noting that many governments maintain a policy of phasing out nuclear energy (for example, Germany after the Fukushima accident in March 2011). The question to consider, then, is how much of nuclear generation can be replaced by renewable energy. Since nuclear phasing out is likely to cause greater dependence on fossil generation, this could lead to an increase in emissions and in the demand for allowances. As the number of EU-28 countries that do not produce nuclear energy is high, the observations in the estimate are reduced by almost half, which is why this estimation has not been taken into account explicitly in this work.



The results obtained allow us to affirm that EU-ETS has a reducing impact on GHG emissions which increases over time. Moreover, this effect remains, although the EU state implements other climate policy proposals such as the actions on the energy mix. Therefore, the trading of emission rights can be complemented by the governments with other energy and technological measures without its effects being compromised.




7. Conclusions


The European Union has lead the global environmental action since the seventies of the last century, with the EU-ETS playing a central role in climate policy.



After more than ten years of operation, the goal of this work is to evaluate to what extent the EU-ETS as a “regulatory institution” of the supply of rights is responsible for the reduction of emissions, even when overlapping policies are introduced, particularly the support policy to renewable energies.



To do this, we estimate two econometric models for a data panel of the 28 EU countries over a period of 25 years (1990–2014). The models explain CO2 emissions per capita as a function of per capita production and trade, as a regulatory instrument through three dummy variables (one for each phase of trade). Model 2 adds the share of renewable energies in total electricity production as an additional explanatory variable. This incorporation makes it possible to analyse the extent to which the introduction of the renewable energy support policy affects per capita emissions and the effectiveness of emission rights trading in the reduction of polluting emissions. The research carried out has shown the following conclusions:



Firstly, the EU-ETS is an institutional innovation in environmental regulation that is effective in reducing emissions, as the estimated negative coefficients for each stage of trade showed. These results corroborate the idea that the firm implantation of a market is a sign strong enough for agents to modify their behaviour.



Second, each phase had a greater impact on reducing emissions than the previous one, verifying the strengthening of the market. Among other reasons, it is due to:




	
The number of participants having increased, increasing competition and market liquidity, which is inversely related to transaction costs.



	
The use of the system allows to become familiar with it, which reduces the transaction costs through the learning process and increases its use.



	
The own process of operation of the market has made it possible to detect problems. The modification and improvement of the regulations have solved them.








Third, the results obtained confirm that the change in the energy mix, consisting of the substitution of fossil fuels for green energies, contributes to the reduction of polluting emissions. In addition, the estimated coefficients (negative and increasing with the phases) show that the efficiency of the emission rights remains. In other words, despite the overlapping of policies, the EU-ETS fulfils its objective.



Because of its effectiveness and because it is a market tool, other economies, including developing countries, are implementing emissions trading to fight climate change. In this process of implementation, it is important to take into account the lessons that can be drawn from the operation of the EU-ETS, which are multiple and varied.



In particular, it is convenient that every emissions trading system has automatic adjustment tools that improve its operation, which will affect both the transaction costs and the price of the right. Concerning the former, it will avoid the political transaction costs of agreeing on regulatory changes or regulations (savings in time, negotiations, drafting of new rules, entry into force, etc.). In addition, the economic agents that intervene will have clear signals and rules of the response of the system, which will allow them to make investments and operations with the lowest possible level of uncertainty. Regarding the prices of the right, it would be desirable to avoid a very low price, which does not contribute to the effectiveness of the rule, and also an excessively high price, which could hinder the mitigation of emissions and the economic activity. The emission rights trade should adapt more quickly any exogenous disturbance, especially to economic cycles.



The implementation of emissions trading in other economies offers the opportunity for interconnection between different trading systems. This will allow achieving significant emission reductions in a more efficient way. A global system could lead to price convergence, reduce market volatility, avoid distortions of competition and increase the sources of emissions subject to trade.



Finally, it is important to take into account the EU-ETS achievements: the creation of the necessary regulations for its implementation, its successful adoption by economic agents; its expansion geographically as well as to other sectors and gases; and its capacity to reduce emissions. The market has been installed and the EU will not abandon the system. Nevertheless, it must become a more flexible instrument capable of creating constant shortages of allowances guaranteeing that its price would remain a permanent feature of the European economic scenery. The EU-ETS seems to be here to stay.







Acknowledgments


The authors wish to thank several anonymous reviewers for their useful comments and insights. We are also grateful to McCall Wells, Fulbright assistant at Universidad Camilo José Cela, for her help with the English language.




Author Contributions


All authors have contributed to the research. In particular, Blanca Olmedillas, Yolanda Fernández and María Ángeles Fernández conceived the theoretical framework, the methodology and wrote the article. David González analysed the data and made the econometric estimations. The authors appear in alphabetical order.




Conflicts of Interest


The authors declare no conflict of interest.




Abbreviations




	AAGR
	Average Annual Growth Rate



	CDM
	Clean Development Mechanism



	EU-ETS
	European Union-Emissions Trading System



	GDP
	Gross Domestic Product



	GHG
	Greenhouse gas



	ICAP
	International Carbon Action Partnership



	IEA
	International Energy Agency



	JI
	Joint Implementation



	MRV
	monitored, reported and verified



	MSR
	Market Stability Reserve



	OECD
	Organization for Economic Co-operation and Development



	PPP
	Purchasing Power Parity



	RGGI
	The Regional Greenhouse Gases Initiative



	UNCTAD
	United Nations Conference on Trade and Development



	USA
	United States of America







References


	



Pigou, A.C. The Economics of Welfare, 4th ed.; Macmillan and Co.: London, UK, 1920; Available online: http://www.econlib.org/library/NPDBooks/Pigou/pgEWCover.html (accessed on 1 July 2017).

	



Coase, R.H. The problem of social costs. J. Law Econ. 1960, 3, 1–44. [Google Scholar] [CrossRef]

	



Ellerman, A.D.; Buchner, B.K. The European Union Emissions Trading Scheme: Origins, Allocation, and Early Results. Rev. Environ. Econ. Policy 2007, 1, 66–87. [Google Scholar] [CrossRef]

	



Ellerman, A.D.; Joskow, P. The European Union’s CO2 Cap-and-Trade System in Perspective, Pew Center on Global Climate Change; European Union: Arlington, VA, USA, 2008; Available online: http://www.pewclimate.org/eu-ets (accessed on 15 July 2015).

	



Grubb, M.; Michaelowa, A.; Swift, B.; Tietenberg, T.; Zhang, Z.X. Greenhouse Gas Emissions Trading: Defining the Principles, Modalities, Rules and Guidelines for Verification, Reporting & Accountability; United Nations Conference on Trade and Development (UNCTAD): Geneva, Switzerland, 1998; Available online: http://personal.colby.edu/personal/t/thtieten/UNCTAD.pdf (accessed on 3 June 2017).

	



Organisation for Economic Co-operation and Development (OECD). Key Issues in the Design of New Mechanisms under the Kyoto Protocol: A Scoping Paper; COM/ENV/EPOC/DCD/DAC/IEA (98) 1; OECD: Paris, France, 1998; Available online: http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=COM/ENV/EPOC/DCD/DAC/IEA/M(98)1&docLanguage=En (accessed on 1 October 2017).

	



European Environmental Agency. Approximated EU Greenhouse Gas Inventory: Proxy GHG Emission Estimates for 2015; EEA Technical Report 23/2016; European Environmental Agency: Copenhagen, Denmark, 2016; Available online: https://www.eea.europa.eu//publications/approximated-eu-ghg-inventory-2015 (accessed on 30 January 2018).

	



Ellerman, A.D.; Marcantonini, C.; Zaklan, A. The European Union Emissions Trading System: Ten Years and Counting. Rev. Environ. Econ. Policy 2016, 10, 89–107. [Google Scholar] [CrossRef]

	



Abadía, I.J. La Experiencia del Comercio de Derechos de Emisión como herramienta para mitigar las Emisiones de Gases de Efecto Invernadero, Informe Funseam. Fundación para la Sostenibilidad Energética y Ambiental, 2014. Available online: http://www.funseam.com/es/informes-funseam/la-experiencia-del-comercio-de-derechos-de-emision-como-herramienta-para-mitigar-las-emisiones-de-gases-de-efecto-invernadero (accessed on 28 February 2018).

	



Point Carbon. Carry-Over of AAUs from CP1 to CP2: Future Implications for the Climate Regime. Thomson Reuters, 2012. Available online: https://carbonmarketwatch.org/wp/wp-content/uploads/2012/11/AAU-banking-briefing-paper-Point-Carbon.pdf (accessed on 28 February 2018).

	



Koch, N.; Fuss, S.; Grosjean, G.; Edenhofer, O. Causes of the EU ETS price drop: Recession, CDM, renewable policies or a bit of everything?—New evidence. Energy Policy 2014, 73, 676–685. [Google Scholar] [CrossRef]

	



Laing, T.; Sato, M.; Grubb, M.; Comberti, C. Assessing the Effectiveness of the EU Emissions Trading System; Centre for Climate Change Economics and Policy Working Paper 126; Centre for Climate Change Economics and Policy: England, UK, 2013; Available online: http://www.lse.ac.uk/GranthamInstitute/wp-content/uploads/2014/02/WP106-effectiveness-eu-emissions-trading-system.pdf (accessed on 3 June 2017).

	



Redmond, L.; Convery, F. The global carbon market-mechanism landscape: Pre and post 2020 perspectives. Clim. Policy 2015, 15, 647–669. [Google Scholar] [CrossRef]

	



Grosjean, G.; Acworth, W.; Flachsland, C.; Marschinski, R. After monetary policy, climate policy: Is delegation the key to EU ETS reform? Clim. Policy 2014, 1, 1–25. [Google Scholar] [CrossRef]

	



Ellerman, A.D.; Valero, V.; Zaklan, A. An Analysis of Allowance Banking in the EU ETS; EUI Working Paper RSCAS; 2015. Available online: http://dx.doi.org/10.2139/ssrn.2631964 (accessed on 3 June 2017).

	



International Carbon Action Partnership (ICAP). Emissions Trading Worldwide: Status Report; ICAP: Berlin, Germany, 2016; Available online: https://icapcarbonaction.com/images/StatusReport2016/ICAP_Status_Report_2016_Online.pdf (accessed on 1 June 2017).

	



European Commission. Climate Action: International Carbon Market. Available online: https://ec.europa.eu/clima/policies/ets/markets_en (accessed on 20 February 2017).

	



Martin, R.; Muûls, M.; Wagner, U.J. The impact of the European Union Emissions Trading Scheme on regulated firms: What is the evidence after ten years? Rev. Environ. Econ. Policy 2016, 10, 129–148. [Google Scholar] [CrossRef]

	



Fernández, Y.; Fernández, M.A.; González, D.; Olmedillas, B. El efecto regulador de los Planes Nacionales de Asignación sobre las emisiones de CO2. Rev. Econ. Mund. 2014, 40, 47–66. [Google Scholar]

	



Ménard, C. A new institutional economics perspective on environmental issues. Environ. Innov. Soc. Trans. 2011, 1, 115–120. [Google Scholar] [CrossRef]

	



Stavins, R.N. Transaction costs and tradeable permits. J. Environ. Econ. Manag. 1995, 29, 133–148. [Google Scholar] [CrossRef]

	



Krutilla, K.; Krause, R. Transaction Costs and Environmental Policy: An Assessment Framework and Literature Review. Int. Rev. Environ. Resour. Econ. 2010, 4, 261–354. [Google Scholar] [CrossRef]

	



Woerdman, E. The Institutional Economics of Market-Based Climate Policy; Elsevier: Amsterdam, The Netherlands, 2004; ISBN 0-444-51573-9. [Google Scholar]

	



North, D.C. Institutions, Institutional Change and Economic Performance; Cambridge University Press: Cambridge, UK, 1990; ISBN 9780521397346. [Google Scholar]

	



McCann, L.; Colbyb, B.; Easterc, K.W.; Kasterined, A.; Kuperane, K.V. Transaction cost measurement for evaluating environmental policies. Ecol. Econ. 2005, 52, 527–542. [Google Scholar] [CrossRef]

	



Heindl, P. The impact of administrative transaction costs in the EU emissions trading system. Clim. Policy 2017, 17, 314–329. [Google Scholar] [CrossRef]

	



Jaraitė-Kažukauskė, J.; Kažukauskas, A. Do Transaction Costs Influence Firm Trading Behaviour in the European Emissions Trading System? Environ. Resour. Econ. 2015, 62, 583–613. [Google Scholar] [CrossRef]

	



Jaraite, J.; Convery, F.J.; Di Maria, C. Transaction costs of firms in the EU ETS. In Proceedings of the Twenty-Third Annual Conference of the Irish Economic Association, Blarney, UK, 24–26 April 2009; Available online: http://www.iea.ie/conferences/2009/JaraiteConveryDiMariaPap er.pdf (accessed on 3 June 2017).

	



Gangadharan, L. Transaction costs in pollution markets: An empirical study. Land Econ. 2000, 76, 601–614. [Google Scholar] [CrossRef]

	



Branger, F.; Lecuyer, O.; Quirion, P. The European Union Emissions Trading System: Should We Throw the Flagship Out with the Bathwater? CIRED Working Papers Series 48. 2013. Available online: http://www2.centre-cired.fr/IMG/pdf/CIREDWP-201348.pdf (accessed on 3 June 2017).

	



Bel, G.; Joseph, S. Emission abatement: Untangling the impacts of the EU ETS and the economic crisis. Energy Econ. 2015, 49, 531–539. [Google Scholar] [CrossRef]

	



Rickels, W.; Gorlich, D.; Oberst, G. Explaining European Emission Allowance Price Dynamics: Evidence From Phase II. Kiel Working Paper 1650. 2010. Available online: https://www.econstor.eu/bitstream/10419/41452/1/636376141.pdf (accessed on 3 June 2017).

	



EEX, European Emission Allowance. 2017. Available online: https://www.eex.com/en/market-data/environmental-markets/spot-market/european-emission-allowances#!/2017/10/19 (accessed on 19 October 2017).

	



Greenstone, M.; Kopits, E.; Wolverton, A. Developing a Social Cost of Carbon for US Regulatory Analysis: A Methodology and Interpretation. Rev. Environ. Econ. Policy 2013, 7, 23–46. [Google Scholar] [CrossRef]

	



Goulder, L.H.; Williams, R.C. The choice of discount rate for climate change policy evaluation. Clim. Chang. Econ. 2012, 3. [Google Scholar] [CrossRef]

	



Kossoy, A.; Peszko, G.; Oppermann, K.; Prytz, N.; Klein, N.; Blok, K.; Lam, L.; Wong, L.; Borkent, B. State and Trends of Carbon Pricing; World Bank: Washington, DC, USA, 2015; Available online: https://doi.org/10.1596/ 978-1-4648-0725-1 (accessed on 20 September 2017).

	



Roberts, M.J.; Spence, M. Effluent charges and licenses under uncertainty. J. Public Econ. 1976, 5, 193–208. [Google Scholar] [CrossRef]

	



Weitzman, M.L. Optimal rewards for economic regulation. Am. Econ. Rev. 1978, 68, 683–691. [Google Scholar]

	



Hepburn, C.; Grubb, M.; Neuhoff, K.; Matthes, F.; Tse, M. Auctioning of EU ETS phase II allowances: How and why? Clim. Policy 2006, 6, 137–160. [Google Scholar] [CrossRef]

	



Wood, P.J.; Jotzo, F. Price floors for emissions trading. Energy Policy 2011, 39, 1746–1753. [Google Scholar] [CrossRef]

	



Burtraw, D.; Palmer, K.; Kahn, D. A symmetric safety valve. Energy Policy 2010, 38, 4921–4932. [Google Scholar] [CrossRef]

	



Fell, H.; Burtraw, D.; Morgenstern, R.D.; Palmer, K.L. Soft and hard price collars in a cap-and-trade system: A comparative analysis. J. Environ. Econ. Manag. 2012, 64, 183–198. [Google Scholar] [CrossRef]

	



European Council, Conclusions: European Council (23 and 24 October 2014) EUCO 169/14, Brussels. 2014. Available online: http://data.consilium.europa.eu/doc/document/ST-169-2014-INIT/en/pdf (accessed on 1 July 2017).

	



Chatona, C.; Cretib, A.; Peluchonc, B. Banking and back-loading emission permits. Energy Policy 2015, 82, 332–341. [Google Scholar] [CrossRef]

	



European Union. Decision (EU) 2015/1814 of the European Parliament and of the Council of 6 October 2015 Concerning the Establishment and Operation of a Market Stability Reserve for the Union Greenhouse Gas Emission Trading Scheme and Amending Directive 2003/87/EC. 2015. Available online: http://data.europa.eu/eli/dec/2015/1814/oj (accessed on 15 February 2018).

	



Hepburn, C.; Neuhoff, K.; Acworth, W.; Burtraw, D.; Jotzo, F. (Eds.) The economics of the European Union Emission Trading System (EU ETS) market stability reserve. J. Environ. Econ. Manag. 2016, 80, 1–86. [Google Scholar] [CrossRef]

	



Weitzman, M.L. Prices vs. quantities. Rev. Econ. Stud. 1974, 41, 477–491. [Google Scholar] [CrossRef]

	



Doda, B. How to price carbon in good times … and bad! Clim. Chang. 2016, 7, 135–144. [Google Scholar] [CrossRef][Green Version]

	



Jotzo, F.; Pezzey, J.C.V. Optimal intensity targets for greenhouse gas emissions trading under uncertainty. Environ. Resour. Econ. 2007, 38, 259–284. [Google Scholar] [CrossRef]

	



Ellerman, A.D.; Wing, I.S. Absolute versus intensity-based emission caps. Clim. Policy 2003, 3 (Suppl. S2), S7–S20. [Google Scholar] [CrossRef]

	



Newell, R.G.; Pizer, W.A. Indexed regulation. J. Environ. Econ. Manag. 2008, 56, 221–233. [Google Scholar] [CrossRef]

	



Heutel, G. How should environmental policy respond to business cycles? Optimal policy under persistent productivity shocks. Rev. Econ. Dyn. 2012, 15, 244–264. [Google Scholar] [CrossRef]

	



Golosov, M.; Hassler, J.; Krusell, P.; Tsyvins, A. Optimal Taxes on Fossil Fuel in General Equilibrium. Econometrica 2014, 82, 41–88. [Google Scholar] [CrossRef]

	



Unold, W.; Requate, T. Pollution control by options trading. Econ. Lett. 2001, 73, 353–358. [Google Scholar] [CrossRef]

	



Pizer, W.A. Combining price and quantity controls to mitigate global climate change. J. Public Econ. 2002, 85, 409–434. [Google Scholar] [CrossRef]

	



Hepburn, C. Regulation by Prices, Quantities, or Both: A Review of Instrument Choice. Oxf. Rev. Econ. Policy 2006, 22, 226–247. [Google Scholar] [CrossRef]

	



Fell, H.; Morgenstern, R.D. Alternative Approaches to Cost Containment in a Cap-and-Trade System. Environ. Resour. Econ. 2010, 47, 275–297. [Google Scholar] [CrossRef]

	



Grüll, G.; Taschini, L. Cap-and-trade properties under different hybrid scheme designs. J. Environ. Econ. Manag. 2011, 61, 107–118. [Google Scholar] [CrossRef]

	



Kollenberg, S.; Taschini, L. Emissions trading systems with cap adjustments. J. Environ. Econ. Manag. 2016, 80, 20–36. [Google Scholar] [CrossRef][Green Version]

	



Rodríguez, M.; Pena-Boquete, Y.; Pardo-Fernández, J.C. Revisiting Environmental Kuznets Curves through the energy Price lens. Energy Policy 2016, 95, 32–41. [Google Scholar] [CrossRef]

	



Fernández, Y.; Fernández, M.A.; Olmedillas, B. Innovation form Sustainability: The impact of R&D spending on CO2 emissions. J. Clean. Prod. 2018, 172, 3459–3467. [Google Scholar]

	



Fernández, Y.; Fernández, M.A.; González, D.; Olmedillas, B. El factor regulación como determinante del consumo energético y de las emisiones de CO2. Cuad. Econ. 2014, 37, 102–111. [Google Scholar] [CrossRef]

	



European Commission. Communication from the Commission Europe 2020: A strategy for Smart, Sustainable and Inclusive Growth. Brussels, 3.3. 2010. Available online: http://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A52010DC2020 (accessed on 17 February 2018).

	



ENTSO-E, European Network of Transmission System Operators for Electricity: Annual Report. 2015. Available online: https://www.entsoe.eu/Documents/Publications/ENTSO-E%20general%20publications/ENTSO-E_AR15_FINAL.pdf (accessed on 1 July 2017).

	



International Energy Agency IEA. CO2 Highlights 2016—Excel Tables; International Energy Agency: París, France, 2016; Available online: https://www.iea.org/publications/freepublications/publication/co2-emissions-from-fuel-combustion-highlights-2016.html (accessed on 8 January 2017).

	



International Energy Agency (IEA). CO2 Emissions from Fuel Combustion Highlights; International Energy Agency (IEA): París, France, 2016; Available online: http://www.iea.org/publications/freepublications/publication/CO2EmissionsfromFuelCombustion_Highlights_2016.pdf (accessed on 12 July 2017).

	



International Energy Agency (IEA). Energy Balance Flows; International Energy Agency: París, France, 2017; Available online: https://www.iea.org/statistics/statisticssearch/ (accessed on 8 January 2017).

	



Lechtenböhmer, S.; Nilsson, L.J.; Åhman, M.; Schneider, C. Decarbonising the energy intensive basic materials industry through electrification–Implications for future EU electricity demand. Energy 2016, 115, 1623–1631. [Google Scholar] [CrossRef]

	



Karmellos, M.; Kopidou, D.; Diakoulaki, D. A decomposition analysis of the driving factors of CO2 (Carbon dioxide) emissions from the power sector in the European Union countries. Energy 2016, 94, 680–692. [Google Scholar] [CrossRef]








[image: Energies 11 00706 g001 550] 





Figure 1. Evolution of the variables in the EU (base year 1990 = 100); Source data: IEA [65,66,67]. 
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Figure 2. Share of different energy sources in total electricity production (GWh) in EU-28. Source data: IEA [67]. 
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Figure 3. Share of renewable energy in the production of electricity (UE-28). Source data: IEA [67]. 
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Table 1. Summary statistics (1990–2014).
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	Mean Value
	Standard Deviation
	Maximum Value
	Minimum Value
	AAGR (%)





	GDP using purchasing power parities (billion 2010 US dollars)
	14,729.8
	2062.9
	17,268.2
	11,705.7
	1.63



	CO2 emissions from fuel combustion (million tonnes of CO2)
	3761.1
	218.9
	4023.8
	3160.0
	−1.00



	Electricity production (thousands of GWh)
	3057.0
	282.6
	3386.9
	2595.2
	0.86



	Population (millions)
	491.8
	9.7
	508.1
	477.9
	0.26







Source data: IEA [65,66,67].
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Table 2. Econometric tests.
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	Model (1)
	Model (2)





	Modified Wald test for heteroscedasticity: chi2 (28)
	1981.18
	2059.79



	Wooldridge test for autocorrelation in panel data. F (1, 27)
	50.615
	30.848



	Test of Pesaran for contemporary correlation
	7.685
	5.935
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Table 3. Results of the models (1) y (2).
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Variables

	
Coefficients




	

	
Model 1

	
Model 2






	
Constant

	
1.443 ***

(0.177)

	
1.276 ***

(0.173)




	
lnGDP per capita

	
0.185 ***

(0.0492)

	
0.221 ***

(0.048)




	
PH1

	
−0.0545 ***

(0.0139)

	
−0.0499 ***

(0.0134)




	
PH2

	
−0.135 ***

(0.0167)

	
−0.112 ***

(0.0164)




	
PH3

	
−0.215 ***

(0.0192)

	
−0.165 ***

(0.0197)




	
LnRenewable

	

	
−0.0650 ***

(0.0697)




	
Observations

	
700

	
663




	
R-squared

	
0.911

	
0.923




	
Number of codcountry

	
28

	
28




	
Country FE

	
YES

	
YES








Standard errors in parentheses. Confidence level in contrasts: *** indicates 99%, ** 95% and * 90%.
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