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1. Introduction 38 

 39 

Despite the great upsurge of studies on the relationship between renewable energy 40 

(consumption and production) and economic growth, the previous literature has been shown 41 

to be inconclusive showing different sign and causality directions, with prevalence for 42 

positive significant results.  43 

According to Ozturk (2010), in a review of the literature on the energy consumption-growth 44 

nexus, these differing results mostly affecting causality directions are due to the use of 45 

different data set, econometric methodologies and countries’ characteristics. There are 46 

country-specific (e.g. Long et al., 2012, in a study for China) and multi-country studies on the 47 

energy-consumption growth nexus (for instance, Alper and Oguz (2016) and Armeanu et al. 48 

(2017) for EU countries, Bhattacharya et al. (2016) for the 38 countries that consume more 49 

energy, Inglesi-Lotz (2016) for OECD countries, Chang et al. (2015) for G7 countries). All 50 

these studies on the consumption-growth nexus showed positive influence of renewable 51 

consumption share in economic growth or income. 52 

It is important to mention as well that the research of the impact of energy production on the 53 

economic growth (e.g. Marques and Fuinhas (2012), and Singh et al. (2019)) is also part of 54 

this discussion. While Marques and Fuinhas (2012) discovered a negative influence of the 55 

share renewable energy production on economic growth arguing that the opportunity costs of 56 

supporting them are higher than the positive effect they may have on income, Singh et al. 57 

(2019) found a positive relationship, reinforcing the idea, already mentioned by Ozturk 58 

(2010) that contradictory results mostly depends on specification and econometric methods. 59 

Throughout this article we rely on the energy-consumption perspective.  60 

The causality direction is important as far as we know that richer countries tend to adopt 61 

more modern renewable energy sources – which works in the inverse causality direction to 62 

the influence of renewable energy on growth --, as argued e.g. by Burke (2010) and Ramalho 63 

et al. (2018). Most papers on the renewable consumption or production-nexus use methods 64 

that are robust to reverse causality (an exception is Marques and Fuinhas, 2012). Most of 65 

them failed to include typical sources of income differences in regressions – e.g. physical and 66 

human capital, government current expenditures, and so on (an exemption is Inglesi-Lotz 67 

(2016), who include controls such as employment and physical capital).   68 
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Concerning the country-specific studies, Long et al. (2012) examine the role of energy 69 

consumption, carbon emissions and economic growth applying Granger causality analysis. 70 

Their conclusions mention that hydro and nuclear power have positive impact on economic 71 

growth even though, coal has a dominant impact.  72 

Regarding the multi-country studies, Alper and Oguz (2016) apply an asymmetric causality 73 

test approach and an autoregressive distributed lag (ADRL) approach, using the time period 74 

1990-2009 for Bulgaria, Cyprus, Czech Republic, Estonia, Hungary, Poland, Romania, and 75 

Slovenia. The results establish a positive impact of renewable energy consumption on 76 

economic growth, however, only for Bulgaria, Estonia, Poland and Slovenia they verified a 77 

statistically significant impact. Bhattacharya et al. (2016) investigate this matter using panel 78 

estimation techniques for 38 major renewable energy consuming countries in the world to 79 

explain the economic growth between 1991 and 2012, confirming that in 57% of those 80 

countries was verified a positive impact of RE on Economic growth. This is the unique of the 81 

reviewed articles that deals with well-known issues in macroeconomic empirical studies 82 

using panel data (cross-country dependence and heterogeneity between countries). In fact, as 83 

shown by Eberhardt and Teal (2011), with the presence of cross-country dependence, 84 

individual countries cannot be viewed as independent cross-sections. In our most robust 85 

regressions we will use common correlated effects (CCE) estimators which take into account 86 

the fact that renewable energy consumption and GDP variables are highly correlated across 87 

countries and the possibility of heterogeneous effects of energy consumption in income and 88 

growth. 89 

We complement the existing literature in three main directions: (i) we use a wider panel data 90 

of countries between 1960 to 2018; (ii) we use a parsimonious specification avoiding obvious 91 

omitted variables bias due to omission of typical determinants of economic growth as well as 92 

institutional determinants of income differences; (iii) we apply more recent panel data 93 

methods with heterogeneity of coefficient and common effects, as it has been used in the 94 

most recent empirical literature of economic growth. Our results present either negative or 95 

nonsignificant influence of the share of renewable energies consumption to economic growth 96 

and income. 97 

 98 

In the following Section we describe our data and methods. In Section 3, we present the 99 

results from regressions. Section 4 concludes. 100 
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2. Data and Methods 101 

In order to interpret the impact of renewable energies consumption on economic growth, we 102 

implemented four slightly different models – which also allowed us to test for robustness - 103 

for the period of 1960 to 2018 (59 years) using panel data analysis. GDP per capita plays the 104 

role of dependent variable and, with the purpose of compare results, we resort to two 105 

different data bases: one from the World Bank DataBank (WB) and the other from Penn 106 

World Tables (PWT). This means that in these initial regressions we are estimating income 107 

regressions, which are important for understanding income differences between countries.1 108 

For the explanatory variables, we employ World Bank data and we selected the estimates of 109 

the Governance Indicators (Control of Corruption (Corrupt), Governance Effectiveness 110 

(Gov.Eff), Political Stability and Absence of Violence/Terrorism (Gov.St), Regulatory 111 

Quality (Gov.Q), Rule of Law (R.Law), Voice and Accountability (Gov.Ac)), the Share of 112 

Renewable Energy Consumption as the percentage of the total final energy consumption (RE 113 

share) – which is our variable of interest –  the General Government Final Consumption 114 

Expenditure as a percentage of GDP (Gov.Con), the  annual percentage growth of Gross 115 

Capital Formation (Inv), and Gross Savings as the percentage of GDP (Savings)  as two 116 

different proxies for physical capital accumulation and the Total Lower Secondary 117 

Completion rate as a percentage of relevant age group (Sec.Att)  and the gross percentage of 118 

Secondary Enrolment (Sec. Enr),  as two different proxies for human capital accumulation.  119 

Additionally we estimate two specification types – in one we implement lags of one time 120 

period in the explanatory variables while in the other we do not. That said, the main 121 

regression is expressed, in a log-linear specification, as follows:2  122 

𝑙𝑜𝑔 𝑦𝑖𝑡 =  𝛽0 + 𝛽1𝐶𝑜𝑟𝑟𝑢𝑝𝑡𝑖,𝑡−1 +  𝛽2𝐺𝑜𝑣. 𝐸𝑓𝑓𝑖,𝑡−1 + 𝛽3𝐺𝑜𝑣. 𝑆𝑡𝑖,𝑡−1 + 𝛽4𝑅. 𝐿𝑎𝑤𝑖,𝑡−1 +123 

𝛽5𝐺𝑜𝑣. 𝐴𝑐𝑖,𝑡−1 + 𝐺𝑜𝑣. 𝑄𝑖,𝑡−1 + 𝛽6𝑅𝐸 𝑠ℎ𝑎𝑟𝑒𝑖,𝑡−1 + 𝛽7𝑒𝑑𝑢𝑖,𝑡−1 + 𝛽8𝑖𝑛𝑣𝑖,𝑡−1 +124 

𝛽9𝐺𝑜𝑣. 𝐶𝑜𝑛𝑖,𝑡−1 + 𝑢𝑖,𝑡, 𝑢𝑖,𝑡 = 𝜀𝑖𝑡 + 𝑣𝑖   (1) 125 

Where y is GDP per capita from the Penn World Tables (PWT) – measured as Output-side 126 

real GDP at chained PPPs 2011 USD -- or the World Bank (WB) – at constant 2010 USD. 127 

Depending on the different presented specifications, edu stands for total Lower Secondary 128 

Completion rate or Secondary School Enrolment and inv is Gross Capital Formation or Gross 129 

 
1 It also avoids the well-known Nickel (1981) bias that affects fixed-effect estimation of an equation with a 
lagged dependent variable. 
2 The equation represents the specification with lagged explanatory variables. To write the specification with 
all variables dated in the same time t, substitute the (t-1) in that equation by (t) in each index. 
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Savings, also depending on different specification. Moreover, 𝑣𝑖 is the country-specific (non-130 

observed) effect that can be correlated with the error term 𝜀𝑖𝑡.  131 

Least Squares Dummy Variable (LSDV) estimation is robust to country-specific effects and 132 

allows for possible correlation between country effects and the error term. These features 133 

make the method the most panel data approach to deal with macroeconomic data. Our first 134 

regression results are from LSDV estimation (see below Tables 2 and 3). However, it 135 

imposes parameter homogeneity (i.e. the effects of the explanatory variables on the 136 

dependent variable is common for all countries), an assumption increasingly criticized by 137 

macroeconomists. Moreover it also assumes cross-country independence, a highly 138 

implausible assumption.  139 

In additional evidence provided in Section 3.1, the specification is augmented by (i) common 140 

(non-observed) factors that are year-specific (𝒇𝒕) and (ii) heterogeneous parameters. The 141 

factors intend to represent common factors affecting all the countries at a given year and are 142 

included as cross-averages of the explanatory variables. In that case, the alternative equation 143 

may be specified as: 144 

𝑔(𝑦𝑖𝑡) =  𝛾0,𝑖 + 𝛾1,𝑖𝑦𝑖𝑡−1 + 𝛾2,𝑖𝑅𝐸 𝑠ℎ𝑎𝑟𝑒𝑖,𝑡−1 + 𝛾3,𝑖𝑒𝑑𝑢𝑖,𝑡−1 + 𝛾4,𝑖𝑖𝑛𝑣𝑖,𝑡−1 +145 

𝛾5,𝑖𝐺𝑜𝑣. 𝐶𝑜𝑛𝑖,𝑡−1 + 𝑢𝑖,𝑡, 𝑢𝑖,𝑡 = 𝜀𝑖𝑡 + 𝒇𝒕 ,  (2) 146 

in which 𝑔(𝑦𝑖𝑡) is the growth rate of real GDP per capita and institutional variables are 147 

omitted due to the fact that they are quite stable within countries.3 As a result of that, the 148 

number of cross-sectional units varies from model to model depending on the source of the 149 

dependent variable and the proxy that it is used in each regression for investment in physical 150 

and human capital. Regressions where y is GDP per capita from PWT the number of 151 

countries in the sample varies between 136 (when we use gross capital formation and total 152 

lower secondary completion rate as proxies for physical and human capital, respectively) 153 

and   145 (when we use Gross Savings and Secondary School Enrolment as proxies for 154 

physical and human capital).. In the other hand, on the regression where y is GDP per capita 155 

from WB the number of countries ranges from 147 countries in the first case to 161 in the 156 

second case.  157 

Descriptive statistics for the main variables are presented in Table 1. 158 

 159 

 
3 More motivation and details on the method are given in Section 3.1. 



6 
 

Table 1 –Descriptive statistics of variables in Equation (1)  160 

 (1) (2) (3) (4) (5) 

 count mean sd min max 

RE share 5144 31.89335 31.20721 0 98.3426 

y PWT 8536 12899.14 31479.44 131.3002 792461.3 

y WB 9160 11604.09 18362.41 132.3032 193745.6 

Corrupt 4006 -.0146231 .9959661 -1.868714 2.469991 

Gov.Eff 3998 -.0177132 .9894439 -2.445876 2.436975 

Gov.St 4016 -.0152651 .9941213 -3.314937 1.965062 

Gov.Q 3998 -.0170544 .9929139 -2.645041 2.260543 

R.Law 4065 -.0167718 .9932763 -2.606445 2.100273 

Gov.Ac. 4040 -.0147541 .9963912 -2.313395 1.800992 

Gov.Con 7787 15.83033 7.154148 0 135.8094 

inv (Investment) 5385 21.23719 12.21288 -236.2275 100.6717 

edu (Attainment) 6026 7.072774 45.08355 -376.2229 2820.37 

inv (Savings) 3719 61.8388 32.26739 .23963 141.8758 

edu (Enrollment) 6153 64.41871 34.13238 0 166.1359 

N 10584     

 161 
 162 

3. Results 163 

In this Section, we present our main results. First, in order to test for different specifications 164 

we present different regressions  based on LSDV estimation using alternative data sources for 165 

the dependent variable (Penn World Tables and World Bank) and for some of the most 166 

important proxies for the proximate determinants of economic growth (savings and 167 

investment in alternative regressions and secondary attainment and secondary enrolment in 168 

alternative regressions).. Tables 2 and 3 present these regressions. While Table 2 presents the 169 

results for the specification in which the explanatory variables are entered in the same period 170 

as the dependent variable, Table 3 presents the results for the specification in which the 171 

explanatory variables are entered with one lag (see equation (1)). The F-test clearly rejects 172 

the null according to which all the specific country effects would be zero and then validates 173 

the fixed-effects approach vis-à-vis pooled OLS. The Hausman test consistently rejects the 174 

null according to which the alternative random effects estimation would be appropriate. Both 175 

tests lead to the choosing fixed-effects or LSDV estimation. 176 

It is important to note that crucial institutional determinants of income differences 177 

such as Government Stability, Government Effectiveness, Government Quality, Rule of Law 178 

have the expected positive sign (see e.g. Hall and Jones, 1999 and Acemoglu, Johnson, and 179 

Robinson, 2005). Also, Government Consumption is significantly and negatively associated 180 

to income per capita as is typical in growth and income regressions (for the seminal reference 181 
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see Barro, 1991). Moreover, while investment and educational attainment in the secondary 182 

level of education tend to be nonsignificant, the alternative proxies, savings and enrolment in 183 

secondary education, tend to be significant and positive. 184 

The most robust and interesting result is the strongly significant negative sign of the 185 

share of renewable energy consumption on income differences, which is quite stable across 186 

different specifications, namely with the use of different controls for physical and human 187 

capital and both when explanatory variables enter in the same period as the dependent 188 

variable and when explanatory variables enter with a lag of one year. In this case one 189 

additional percent point in the share of renewable energy consumption would result in 0.5% 190 

to 0.8% decrease in GDP per capita, a sizeable effect.4  191 

  192 

 
4 In alternative growth regressions (in which a lag of the dependent variable is included in the explanatory variables set), the 

result is the same as the one reported in Tables 2 and 3: there is a strong negative statistically significant effect of renewable 

energy consumption on economic growth. Results are available upon request. 
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Table 2: Fixed Effect Regressions with time Effects (No lag in explanatory variables) 193 
 (1) (2) (3) (4) (5) (6) (7) (8) 
 log_y_WB log_y_PWT log_y_WB log_y_PWT log_y_WB log_y_PWT log_y_WB log_y_PWT 

Corrupt 0.0208 0.0562 0.0172 0.0748 0.0163 -0.00239 0.0327 0.0615 

 (0.59) (1.09) (0.57) (1.63) (0.47) (-0.04) (1.04) (1.26) 

Gov.Eff 0.0139 0.0323 0.0608* 0.0321 0.0660 0.0184 0.0618* -0.0141 

 (0.27) (0.65) (1.84) (0.78) (1.61) (0.37) (1.95) (-0.35) 

Gov.St 0.0589*** 0.0765** 0.0433** 0.0479* 0.0514** 0.0622** 0.0415** 0.0458* 

 (2.71) (2.52) (2.45) (1.89) (2.58) (2.09) (2.44) (1.74) 

Gov.Q 0.120** 0.117* 0.0938*** 0.124*** 0.0937** 0.159** 0.0876*** 0.167*** 

 (2.55) (1.74) (3.01) (2.64) (2.60) (2.52) (3.05) (3.48) 

R.Law 0.136*** 0.0880 0.103*** 0.0715 0.0879** 0.109 0.0748* 0.106 

 (3.61) (1.21) (2.94) (1.08) (2.19) (1.44) (1.93) (1.58) 

Gov.Ac. -0.0575 -0.176** -0.0443 -0.124** -0.0469 -0.133* -0.0383 -0.122** 

 (-1.09) (-2.27) (-1.13) (-2.28) (-1.00) (-1.72) (-1.04) (-2.17) 

RE share -0.00519*** -0.00599*** -0.00649*** -0.00837*** -0.00455*** -0.00541** -0.00520*** -0.00755*** 

 (-3.08) (-2.68) (-4.41) (-4.35) (-2.90) (-2.53) (-3.48) (-3.95) 

Gov.Con -0.00511 -0.0177*** -0.00639*** -0.0146*** -0.00387 -0.0113*** -0.00561** -0.0132*** 

 (-1.36) (-3.69) (-5.23) (-2.91) (-1.47) (-2.65) (-2.05) (-2.68) 

inv (Investment) -0.0000759 -0.0000796 0.0000768 0.0000972     

 (-0.53) (-0.47) (0.69) (1.25)     

edu (Attainment) 0.000858 0.000925   0.00106 0.00116   

 (0.97) (0.86)   (1.49) (1.02)   

inv (Savings)     0.00304* 0.00528** 0.00128 0.00332* 

     (1.78) (2.19) (1.30) (1.78) 

edu (Enrollment)   0.000993 0.000792   0.00156** 0.00146 

   (1.43) (0.65)   (2.10) (1.15) 

constant 8.355*** 9.130*** 8.606*** 9.282*** 8.235*** 8.860*** 8.506*** 9.119*** 

 (97.77) (62.09) (123.63) (61.69) (76.18) (52.39) (97.81) (56.03) 

N 1409 1318 1846 1754 1438 1367 1866 1763 

Groups 147 136 153 142 152 139 161 145 

Time-effects YES YES YES YES YES YES YES YES 

R-sq within 0.684 0.699 0.736 0.706 0.700 0.693 0.703 0.687 

F-test (Pooled) 359.56 119.53 483.24 146.33 393.55 108.92 466.03 126.08 

 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 

Hausman /RE 259.72 181.01 354.02 240.52 291.28 200.80 360.7 207.26 

 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 

t statistics based on heteroscedastic-consistent variance-covariance matrix in parentheses. For the tests, p-values 194 
are in squared brackets. 195 
* p < 0.1, ** p < 0.05, *** p < 0.01. Significant results are highlighted in bold.  196 
 197 
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Table 3: Fixed Effect Regressions with time Effects (with lag in explanatory variables) 198 
 (1) (2) (3) (4) (5) (6) (7) (8) 
 log_y_WB log_y_PWT log_y_WB log_y_PWT log_y_WB log_y_PWT log_y_WB log_y_PWT 

Corrupt 0.0182 0.0485 0.0286 0.0813* 0.0148 0.00219 0.0358 0.0694 

 (0.51) (0.92) (0.93) (1.76) (0.39) (0.04) (1.11) (1.42) 

Gov.Eff 0.0322 0.0323 0.0756** 0.0423 0.0716* 0.0198 0.0660** -0.00704 

 (0.64) (0.64) (2.23) (1.02) (1.73) (0.40) (2.04) (-0.18) 

Gov.St 0.0544*** 0.0686** 0.0425** 0.0393 0.0458** 0.0461* 0.0413** 0.0301 

 (2.74) (2.28) (2.45) (1.57) (2.60) (1.67) (2.55) (1.21) 

Gov.Q 0.113** 0.132** 0.0862*** 0.130*** 0.0884** 0.164*** 0.0885*** 0.169*** 

 (2.52) (2.05) (2.83) (3.00) (2.52) (2.71) (3.13) (3.71) 

R.Law 0.104*** 0.0493 0.0820** 0.0427 0.0576 0.0715 0.0414 0.0740 

 (2.88) (0.75) (2.46) (0.69) (1.49) (1.04) (1.14) (1.19) 

Gov.Ac. -0.0231 -0.0922 -0.0343 -0.0783 -0.00584 -0.0524 -0.0152 -0.0694 

 (-0.50) (-1.17) (-1.00) (-1.31) (-0.15) (-0.75) (-0.47) (-1.20) 

RE share -0.00491*** -0.00658*** -0.00602*** -0.00885*** -0.00464*** -0.00628*** -0.00527*** -0.00808*** 

 (-2.98) (-2.87) (-3.92) (-4.46) (-2.98) (-2.92) (-3.47) (-4.23) 

Gov.Con -0.00507 -0.0175*** -0.00565*** -0.0137*** -0.00352 -0.0104** -0.00551** -0.0120** 

 (-1.44) (-3.61) (-5.30) (-2.81) (-1.52) (-2.54) (-2.25) (-2.54) 

inv (Investment) 0.0000162 0.0000756 0.000167 0.000288**     

 (0.11) (0.38) (1.36) (2.46)     

edu (Attainment) 0.00107 0.000735   0.00102 0.00107   

 (1.31) (0.69)   (1.48) (0.96)   

inv (Savings)     0.00352** 0.00566** 0.00185* 0.00417** 

     (2.01) (2.23) (1.86) (2.44) 

edu (Enrollment)   0.00126* 0.000887   0.00179** 0.00175 

   (1.89) (0.77)   (2.47) (1.45) 

_cons 8.363*** 9.167*** 8.594*** 9.286*** 8.250*** 8.883*** 8.508*** 9.088*** 

 (97.16) (65.70) (121.86) (65.66) (74.69) (52.14) (97.51) (58.06) 

N 1407 1318 1844 1754 1437 1367 1864 1763 

Groups 147 136 153 142 152 139 161 145 

Time-effects YES YES YES YES YES YES YES YES 

R-sq within 0.675 0.672 0.727 0.693 0.692 0.675 0.699 0.678 

F-test (Pooled) 371.32 114.66 490.54 143.65 402.87 106.85 469.6 123.32 

 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 

Hausman /RE 264.95 174.96 354.14 230.00 292.55 186.47 365.36 192.28 

 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 

t statistics based on heteroscedastic-consistent variance-covariance matrix in parentheses. For the tests, p-values 199 
are in squared brackets. 200 
* p < 0.1, ** p < 0.05, *** p < 0.01. Significant results are highlighted in bold.  201 
 202 

 203 
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3.1. Accounting for cross country dependency and heterogeneity 204 

 205 

In the presence of cross-country dependence. Countries cannot be treated as independent 206 

cross-sections, although this has happened in most of previous empirical literature and in 207 

particular on the literature on the nexus between energy and growth (Eberhardt and Teal, 208 

2011). 209 

Both inference and identification are affected by cross-section dependence as pointed out by 210 

Bailay, Kapetanios and Pesaran (2015) and Pesaran (2015). In fact, in presence of this 211 

phenomenon, standard panel data estimators are inefficient and standard-errors are biased and 212 

inconsistent, inducing a bias. Generally, inconsistency arises as an omitted-variables bias 213 

when the observed explanatory variables are correlated with unobserved common factors (see 214 

e.g. Pesaran, 2006). Nonstationary of time-series with panels or panel nonstationarity is also a 215 

often neglected issue in empirical work. In fact, as Eberhardt and Teal (2011) mentioned, 216 

“The standard empirical estimators (e.g. fixed effects, difference and system GMM) not only 217 

impose homogeneous production technology, but they also implicitly assume stationarity, 218 

cross-sectionally independent, variables”. 219 

In order to deal with both issues and to improve robustness, we apply the Pesaran (2006) 220 

common correlated effects mean group estimator. This estimator is robust to country-fixed 221 

effects such as geography and culture, and initial technology level, and to unobservable 222 

common variables such as common productivity and institutional shocks or trends and 223 

common trends in renewable energy consumption. As we note that the estimator tends to be 224 

robust to common institutional factors, we do not include former variables linked with 225 

institutions, as they present low variability over time. Furthermore, this estimator is 226 

appropriated to deal with unbalanced panels as the one we are using. Finally, as there is no 227 

bias due to the inclusion of the lagged dependent variables in the regressions, we will use the 228 

growth rate of real GDP per capita as dependent variable in this Section. 229 

Many authors reported the nonstationarity of GDP per capita and its cross-country 230 

dependency (see e.g. Eberhardt and Teal, 2011 and Sequeira, 2017).  231 

We also run Pesaran (2007) unit root tests and concluded that both GDP per capita and 232 

renewable energy consumption share are I(1); Kao (1999) and Westerlund (2005) 233 
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cointegration tests that reject the null of no cointegration between GDP per capita and 234 

renewable energy share, and Pesaran (2004) cross-country independency is clearly rejected.5 235 

This gives support for our robust approach following common correlated estimator but also to 236 

build an adequate error correction model (ECM).6 Results are presented in Table 4. In 237 

columns (1) to (4), we present results from the common correlated estimator and in columns 238 

(5) to (8), we present results from the corresponding ECM. The dependent variable is the 239 

growth rate of per capita GDP from PWT in columns (1) and (2), (5) and (6) and from WB in 240 

columns (3) and (4), (7) and (8). Moreover, an outliers-robust variance-covariance matrix is 241 

used to obtain the standard-errors in columns (2), (4), (6) and (8). 242 

 243 

 
5 A Table with the results is on the Appendix. 
6 This was also the approach followed by Eberhardt and Prebistero (2015) and Sequeira (2017). 
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Table 4: Common Correlated Effects Regressions 244 
 (1) (2) (3) (4) (5) (6) (7) (8) 

Dependent 

variable: 
𝒈𝑦𝑡

𝑃𝑊𝑇  𝒈𝑦𝑡
𝑃𝑊𝑇  𝒈𝑦𝑡

𝑊𝐵  𝒈𝑦𝑡
𝑊𝐵  𝒈𝑦𝑡

𝑃𝑊𝑇  𝒈𝑦𝑡
𝑃𝑊𝑇  𝒈𝑦𝑡

𝑊𝐵  𝒈𝑦𝑡
𝑊𝐵  

𝑦𝑡−1
𝑃𝑊𝑇  -0.000195** -0.0000208***   -0.0000842*** -0.0000235***   

 (-2.39) (-4.37)   (-6.68) (-9.40)   

𝑦𝑡−1
𝑊𝐵   -0.000357* -0.0000144***   -0.000151*** -0.0000205*** 

   (-1.95) (-2.81)   (-5.96) (-6.11) 

inv (Investment) 0.000952*** 0.000652*** 0.000691*** 0.000720***     

 (2.75) (3.05) (4.06) (5.28)     

edu (Attainment) -0.00100 0.000170 0.000529 -0.000252     

 (-0.42) (0.22) (0.99) (-0.88)     

Gov.Con -0.00682 -0.00208 -0.00455* -0.00352***     

 (-0.64) (-0.82) (-1.77) (-3.14)     

𝑅𝐸_𝑠ℎ𝑎𝑟𝑒 -0.0169** -0.000235 -0.0182 -0.000240     

 (-2.06) (-0.17) (-0.96) (-0.35)     

∆𝑅𝐸_𝑠ℎ𝑎𝑟𝑒𝑡−1     -0.0273 -0.00106 -0.0555 -0.00146*** 

     (-1.14) (-1.29) (-1.19) (-2.86) 

𝑅𝐸_𝑠ℎ𝑎𝑟𝑒𝑡−1     0.0499 0.00306*** -0.0305 0.00203*** 

     (1.42) (3.68) (-0.50) (3.68) 

constant 0.110 -0.130 0.0133 0.136* 0.713*** 0.479*** 0.294** 0.135 

 (0.20) (-0.96) (0.05) (1.70) (3.11) (3.15) (2.03) (1.41) 

N 1557 1557 1663 1663 4109 4109 4678 4678 

Groups 108 108 114 114 166 166 196 196 

Cross-Dependence 0.955 0.955 0.609 0.609 10.322 10.322 12.157 12.157 

 [0.340] [0.340] [0.542] [0.542] [0.000] [0.000] [0.000] [0.000] 

outlier-robust s.e NO YES NO YES NO YES NO YES 

t statistics based in parentheses. For the tests, p-values are in squared brackets. 245 
* p < 0.1, ** p < 0.05, *** p < 0.01. Significant results are highlighted in bold. 246 
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In Table 4, columns (1) and (2) present a common correlated effect (CCE) regression with the 247 

dependent variable coming from the PWT, which presents the typical convergence effect 248 

(countries with lower income tend to grow faster, ceteris paribus), as well as the typical 249 

positive effect of physical capital accumulation and the negative effect of government 250 

consumption. Those effects are also consistent with the signs obtained for the income 251 

regressions in Table 2. Moreover in regression in column (1) the effect of renewable energy 252 

share in energy consumption is significantly negative while in regression presented in column 253 

(2) it is nonsignificant. Regressions in columns (3) and (4) change the dependent variable for 254 

the growth rate of GDP per capita coming from the World Bank, and results again suggest 255 

the non-significance of renewable energy share in energy consumption, maintaining the 256 

significance of results for the other variables that were already obtained in columns (1) and 257 

(2). Note that a cross-dependence test on residuals does not reject the null of cross-258 

independence, meaning that the common correlated effects estimation is eliminating the 259 

effect that cross-correlation related inconsistency. 260 

In columns (5) to (8) we re-specify the model to an error correction structure in order to allow 261 

to test for (Granger-) causality. Note that we noted earlier that per capita GDP and the 262 

renewable energy share are both I(1) and cointegrated. This is confirmed by the negative and 263 

highly-significant sign of the lag of GDP per capita in regressions presented in columns (5) 264 

to (8). Additionally, we have tested the residuals from this regression and all the tests (with 265 

and without trend) reject the null of nonstationarity which validates the ECM approach. In 266 

this case, results indicate that we may have a short-run negative effect of renewable energy 267 

consumption in economic growth (just in column 8) but a long-run positive effect on the 268 

long-run (in columns 6 and 8). It should be noted that in these ECM results, residuals cross-269 

independence is clearly rejected, which means that those results are hit by inconsistency and 270 

should be taken with caution. However, when compared with the level of cross-dependence 271 

shown in the dependent variables (the test statistic for GDP per capita from PWT is 72.72 and 272 

for GDP per capita from WB is 59.29 – see Table A1 in the Appendix), those revealed by the 273 

residuals are much lower. Thus the potential inconsistency of the estimates with an ECM 274 

without common factors would be much bigger than the inconsistency that affects the 275 

presented results in Table 4. 276 

To sum up our results present either negative or nonsignificant influence of the share of 277 

renewable energies consumption to economic growth and income both with more traditional 278 
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fixed-effects panel estimators and with methods that allow for heterogeneity and common 279 

effects amongst countries. If there is a positive result this may be only seen on the long-run. 280 

 281 

4. Conclusion 282 

Sustainability and the use of renewable energies have become a worldwide public and 283 

scientific discussion. As a result, another question was arisen – how does the consumption of 284 

renewable energies effect the economic growth? Although the results on the energy-growth 285 

nexus have shown to be conflicting, it is visible that most of the contributions suggest that the 286 

impact is positive (examples of that are Singh et al. (2019) and Alper and Oguz (2016)). 287 

With the aim of contributing to the previous literature on the issue, our study includes a 288 

database that covers all countries for a period range of 59 years (enabling much more 289 

observations so far) and more variables. We also include methods that are robust to common 290 

factors (e.g. common shocks) and heterogeneity of effects between different countries, which 291 

has been overlooked in previous contributions.  292 

Our results present either significantly negative or nonsignificant influence of the share of 293 

renewable energies consumption to economic growth and income both with more traditional 294 

fixed-effects panel estimators and with methods that allow for heterogeneity and common 295 

effects amongst countries. Our error correction model that controls for (Granger-) causality 296 

points out a possible positive effect in the long-run. 297 

At last, we contribute to the literature that relates the importance of consumption of 298 

renewable energies and income and growth differences among countries, highlighting a 299 

negative or non-significant effect. This calls for the attention of policy makers to be cautious 300 

to use renewable energies promoting policies as a growth-enhancing policy, at least in the 301 

short run. 302 
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Appendix 318 

Table A1. Unit Root, Cointegration and Cross-Dependence tests 319 

Pesaran (2007) Panel Unit Root test (CIPS) - pvalues 

 Lag 0 Lag 1 Lag 2 

SHARE 0.761 0.680 0.992 

y_PWT 1.000 1.000 1.000 

y_WB 1000 1.000 1.000 

Δ SHARE 0.000 0.000 0.000 

Δ y_PWT 0.000 0.000 0.000 

Δ y_WB 0.000 0.000 0.000 

Cointegration Tests 

Kao (1999) 

 DF ADF  

SHARE-y_PWT -4.592*** 13.80***  

SHARE-y_WB 4.297*** -1.174  

Westerlund (2005) 

 Variance Ratio   

SHARE-y_PWT 5.159***   
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Pesaran (2015) test for weak cross sectional dependence 
SHARE 26.62***   

y_PWT 72.72***   

y_WB 59.29***   

𝒈𝑦𝑡
𝑃𝑊𝑇  42.97***   

𝒈𝑦𝑡
𝑊𝐵  52.43***   

Notes: specifications of tests with trends yields the same results and are available upon request. 320 


