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The International Energy Agency revealed in its report in 2021 that the world energy-CO2 emission reached its highest peak during that year. This statistic shows the need to set new environmental protection policies and improve the current ones. Hence, our study aims to highlight the leading role of human capital in the fight against climate change. To do so, by using the Feasible Generalized Least Squares and the Two-Stage Least Squares estimators, we analyze the moderating impact of human capital on the link between renewable energy, nonrenewable energy, economic growth, and CO2 emissions in the case of the 20 newly emerging market economies for the period 1990–2021. We find negative effects of renewable energy consumption, industrialization and trade openness on CO2 emissions. We also find positive effects of nonrenewable energy consumption, economic growth, and human capital on CO2 emissions. In addition, our findings reveal that renewable energy consumption and human capital are complementary levers for reducing CO2 emissions, whereas human capital mitigates the detrimental effect of nonrenewable energy consumption on environmental quality. Besides, the results underline that human capital has an inverted U-shaped effect on CO2 emissions. Regarding policy implications, policymakers should emphasize the complementarity between human capital and renewable energy consumption by facilitating the accumulation of human capital towards productive investments and the use of renewable energy technologies in these countries. They should also raise people’s environmental awareness by implementing educational reforms, effective environmental awareness campaigns, and government regulatory pressures that help people understand global warming issues and adopt environmentally friendly practices in their daily activities. Finally, policymakers should promote the use of renewable energy rather than non-renewable energy sources in the production of goods and services by obliging countries to integrate green policies into their industrialization and trade openness strategies.
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1 INTRODUCTION
In 2021, global energy-related CO2 emissions reached their highest level (IEA, 2021), which consequently has a negative impact on the environment. This statistic recalls the urgency of the climate situation and the necessity to manage sustainable development. Indeed, it is clear that the world is facing a deterioration of ecological conditions, mainly due to the evolution of people’s lifestyles. In order to combine changing lifestyles and economic practices with environmental preservation, economic growth, and social welfare (sustainable development), it is vital to educate the population about the importance of climate change. In effect, as the population grows, its impact on the environment increases. This growth of the population means an increase in the urbanization level, the need for water and more valuable resources, and the need for land, infrastructures, industry, and energy. Thus, human activities play a huge role in environmental degradation. Government should therefore implement appropriate policies to facilitate the transition from development to sustainable development. One policy should be the improvement of human capital which will help understand the environmental pollution issues and improve energy efficiency (Pablo-Romero and Jesus, 2015). Another policy should encourage renewable energy instead of nonrenewable or fossil fuel energy, especially in urban areas. In fact, urbanization is responsible for 70% of energy-related global CO2 emissions (IEA, 2017). This is because the urban population consumes more energy in transportation, infrastructure development, sanitation, sewages, and houses.
Looking for the best way to manage energy consumption and CO2 emissions, we analyze the link between renewable energy, nonrenewable energy, economic growth, industrialization, trade openness, human capital, and CO2 emissions in the case of the newly emerging market economies. In effect, we consider these countries in our study because these newly emerging market economies1 have witnessed economic improvements and transformation in the current century. This improvement mainly includes strong economic growth, high per capita income, industrialization, and urbanization. According to the World Development Report (2019), countries could not achieve sustained economic growth without strengthening their human capital. Thus, we also study the effect of human capital on these variables. Although many studies have analyzed the role of renewable energy, nonrenewable energy, governance quality, and human capital on economic growth and CO2 emissions (Yao et al., 2020; Kassi et al., 2020; Shahnazi and Shabani, 2021; Kassi et al., 2021), none of them have combined human capital with the main studied variables to analyze its conditional and nonlinear impacts on the relationships between renewable energy, nonrenewable energy, economic growth, and environmental quality. Therefore, this investigation explores the association between various energy sources, human capital, economic growth, and CO2 emissions for sustainable development in the newly emerging market economies. In so doing, we contribute to the literature on environmental protection and sustainable development in several aspects. First, we examine this relationship in the newly emerging market economies. Second, we include human capital in this analysis, highlighting its conditional effect on the relationship between renewable energy, economic growth and CO2 emissions. Third, this paper examines the mitigating effect of human capital on the nonrenewable energy-economic growth-CO2 emissions nexus. Fourth, we analyze the nonlinear effect of human capital on environmental quality. This study also examines the impacts of urbanization, industrialization, and trade openness on environmental quality, given their growing influences on sustainable development across countries. Finally, we use two econometric techniques, i.e., the feasible generalized least squares (FGLS) and the two-stage least squares (2SLS) estimators. The former generates robust estimates in the presence of cross-sectional dependence and serial correlation, while the latter overcomes endogeneity issues in the results.
We focus on the newly emerging market economies because of their dynamic economic growth and abundant natural resources in terms of renewable energies, but also because of the environmental challenges posed by the increasing urbanization of these countries to meet the needs of their galloping population. Thus, the policy implications of this study will contribute to the sustainable development of these countries and improve the quality of the environment around the world. The remainder of this study is structured as follows. The literature review is presented in Section 2. Section 3 describes the material and methods. In Section 4, we present and discuss our empirical results. Section 5 concludes the paper by providing policy recommendations and areas for future studies.
2 LITERATURE REVIEW
The link between energy, especially renewable energy, nonrenewable energy and CO2 emissions, has been deeply analyzed through different studies. Nevertheless, the moderating impact of human capital on the relationship between these variables, which is the main contribution of our study, has not been analyzed in previous studies. In fact, empirical studies mainly highlighted the nexus between energy-CO2 emissions (Timmons et al., 2014; Bilan et al., 2019; Mohsin et al., 2021). Another research gap in the literature is that most previous authors failed to take the newly emerging market economies into account in their analyses, but also they did not consider the conditional and nonlinear effects of human capital on the nexus between renewable energy, nonrenewable energy, economic growth and CO2 emissions. For instance, Shahnazi, and Shabani (2021) considered the European Union in their analysis, while Mahalik et al. (2021) focused on BRICS countries. Lastly, the authors did not or hardly consider cross-dependence analysis in their studies. They used methods such as the ARDL (Pata, 2018), PMG-ARDL (Berkun et al., 2019), the dynamic fixed effect and GMM (Muhammad et al., 2021), the FMOLS and Markov switching regression model (Feng, 2022), and the DOLS (Dogan and Seker, 2016).
Timmons et al. (2014) considered that the higher price of renewable energy contributes to the population’s dependence on fossil fuels. Thus, policymakers should implement policies to reduce the price of renewable energy and encourage the development of pro-environmental technologies. The study by Chen et al. (2019) shows a negative link between renewable energy, trade, and CO2 emissions. Using a Kuznets Curve hypothesis, Dong et al. (2018) found that renewable energy negatively affects carbon emissions. For Shahnazi and Shabani (2021), renewable energy mitigates CO2 emissions for the period 2000–2017. Studying the 50 largest countries, Mendonça et al. (2020) found that growth and population contribute to CO2 emissions, unlike renewable energy. Pata (2018) also showed the existence of an inverted U-shaped relationship between GDP/k and CO2 emissions. He also found that renewable energy does not affect CO2 emissions, and urbanization contributes to environmental degradation. For Awosusi et al. (2022), globalization and renewable energy mitigated CO2 emissions in Colombia. Using quarterly data, Adebayo and Kirikkaleli (2021) found that renewable energy mitigates CO2 emissions in Japan. Through a dynamic fixed effect and GMM estimators, Muhammad et al. (2021) showed that renewable energy contributes to environmental quality. Analyzing BRICS countries, Dingru et al. (2021) found that renewable energy reduces CO2 emissions. For Mohsin et al. (2021), it will be possible to mitigate environmental degradation using continuously renewable energy. Feng (2022), using FMOLS and Markov switching regression model, found a two-way causal relationship between renewable energy and trade openness. They also found that green energy and trade openness contribute to environmental protection.
Concerning the nonrenewable energy-CO2 emissions nexus, Dogan and Seker (2016) employed dynamic ordinary least squares and found that renewable energy and trade mitigates CO2 emissions. Also, nonrenewable energy positively affects CO2 emissions, supporting the EKC hypothesis.
Shafiei and Salim (2014) used the STIRPAT model to analyze OECD countries and found that nonrenewable energy increases CO2 while renewable energy decreases CO2. They also highlight the existence of EKC between urbanization and CO2. For Awodumi and Adewuyi (2020), there is a positive relationship between nonrenewable energy and carbon emissions. Studying BRICS countries from 1990 to 2015, Mahalik et al. (2021) found a positive link between nonrenewable energy consumption, primary education, economic growth and CO2 emissions, while renewable energy consumption, urbanization, and secondary education reduce carbon emissions. Oke et al. (2021) found the same results while analyzing 51 African countries from 1990 to 2015. In their work, Sarkodie and Ozturk (2020) provided strong support for EKC. They also showed the positive impact of energy consumption on CO2 emissions and a negative between renewable energy and CO2 emissions. Raza and Shah (2018) investigated the role of renewable energy consumption in the context of the EKC hypothesis in a panel of G-7 countries from 1991 to 2016. While investigating the EKC hypothesis, the study employed the dynamic ordinary least squares (DOLS), fully modified ordinary least squares (FMOLS), and the fixed effects ordinary least squares regression (FE OLS) to establish evidence of cointegration. The study found that, in the case of renewable energy consumption, the development of renewable energy in the panel of G7 countries was a significant factor for long-term decarbonization policy. While incorporating trade indicators together with renewable energy consumption and per capita GDP, the empirical results supported the validity of the EKC hypothesis in the G-7 countries.
Among other studies that have examined the link between renewable energy-CO2, we note Zoundi (2017), Ito (2017), Cai et al. (2018), and Lau et al. (2019), among others. The results of these studies largely support the CO2- mitigating effect of renewable energy consumption. However, most of these studies failed to include the role of human capital, which may have far-reaching implications for environmental quality. Szetela et al. (2022) analyze the relationship between renewable energy and CO2 emissions in top natural resource-depending countries over the period 2000–2015. An essential contribution of this study is to assess the role of Governance. The Ordinary Least Squares Fixed Effects Generalized Least Squares methods and two-step GMM estimators are used for panel data. The empirical results show that renewable energy has a significant negative impact on per capita CO2 emissions. They also find that renewable energy consumption decreases CO2 emissions faster in countries with higher rule of law and voice and accountability. Besides, Gross domestic product per capita has an inverted U-shaped relationship with CO2 emissions. In an earlier study, Qi et al. (2014) for China found that renewable energy targets may lead to a nearly 1.8% decrease in CO2 emissions from 2010 to 2020. Inglesi-Lotz and Dogan (2018) assess the relationship between renewable energy and CO2 emissions in the top 10 electricity-producing countries in Sub-Saharan Africa for 1980–2011. The study documents the long-run relationship between GDP, renewable energy, nonrenewable energy and CO2 emissions. Moreover, there is causality running from renewable energy to CO2 emissions and from CO2 emissions to trade. Fatima et al. (2021) contribute to extant research by exploring the relationship between GDP, renewable energy, and CO2 emissions using global panel data. Using various econometric methods, the study shows that GDP moderates the relationship between renewable energy and CO2 emissions. At the same time, GDP has effect on nonrenewable energy consumption, which in turn also increases CO2 emissions.
Regarding the human capital-CO2 emissions link, we found a very few studies. Desha et al. (2015) stated that human capital increases renewable energy consumption through education. It can also help produce fewer polluting goods (Hartman and Kwon, 2005). Bano et al. (2018) found that improving human capital will reduce carbon emissions without decreasing economic growth. Besides, in a company, highly educated employees use new technologies for cleaner production and make practical efforts in environmental management and compliance (Dasgupta et al., 2000). Wang et al. (2021) considered that human capital contributes to reducing emissions in an economy. Studying 11 European Union countries, Bayar et al. (2022) showed a negative link between human capital and carbon dioxide in Croatia, the Czech Republic, Hungary, and Slovenia, while its impact is positive in Latvia and Lithuania. For Yao et al. (2020), advanced human capital linked to the years of schooling, negatively impacts CO2 emissions. They also found that this relationship was positive before the 1950s and negative after 1950. Li and al. (2022), examining the nexus human capital-CO2, found that an increase in education reduces CO2, and a decrease in education increase CO2 emissions.
Based on these analyses, we formulate the following hypotheses:
H1: Renewable energy consumption and human capital are complementary levers for reducing CO2 emissions
H2: Human capital mitigates the positive effect of nonrenewable energy consumption on CO2 emissions
H3: Human capital has an inverted U-shaped effect on CO2 emissions
3 MATERIALS AND METHODS
3.1 Database
In this work, we examine the data of the 20 newly emerging market economies2 for the period 1990–2021. These data presented in Table 1 are from the World Development Indicators (World Bank, 2021) and the Penn World Table, version 10.0 (Feenstra, Inklaar Timmer, 2015) and have been used according to their availability. Our dataset includes the following variables:
• CO2 emissions (metric tons per capita), which is considered as the level of pollution per inhabitant in the studied countries;
• Human capital index, based on years of schooling and returns to education;
• Gross domestic product per capita (GDP/k), which is the sum of gross value added by all resident producers in the economy plus any product taxes and minus any subsidies not included in the value of the products;
• Renewable energy consumption (RENEW), which is the share of renewable energy in total final energy consumption;
• Nonrenewable energy consumption (NONRENE), which is fossil fuel energy consumption in the percentage of total consumption;
• Urban population (URBAN), which is the urban population as a percentage of the total population. It is used as the indicator of urbanization;
• Industry (including construction), value-added in the percentage of GDP, which is considered as the industrialization rate in the studied countries;
• Trade openness (TRAD) refers to the outward or inward orientation of a country’s economy in international trade.
TABLE 1 | Description of variables.
[image: Table 1]3.2 Theoretical model
The following equation is based on the Stochastic Impact by Regression on Population, Affluence, and Technology (STIRPAT) model developed by Dietz and Rosa (1997). This model is inspired by the IPAT model of Ehrlich and Holdren (1971), in which I represents the environmental impact, p, the population size, A the affluence and T, the level of technology.
[image: image]
Where: the parameter a is the constant term, and b, c and d denote, the parameters of p, A and T respectively. The variable [image: image] represents the error term.
As urbanization is one of the main variables influencing CO2 emissions (Shahbaz et al. (2015), we include this variable to the STIRPAT model. We obtain the following model:
[image: image]
Where: the subscript i (i = 1, 2, …, n) refers to countries. Meanwhile, the subscript t (t = 1, 2, …, T) refers to the time period. By taking the logarithmic form of both sides of model (1), the new model (2) is a linear specification which reduces the correlation between variables. In our empirical models, in line with Assamoi et al. (2020), we adopt carbon dioxide per capita as a dependent variable to describe the environmental impact.
Affluence is represented by per capita GDP (GDP/k), technology, by renewable (RENE) and nonrenewable (NONRE) energy consumption, whereas human capital (HC) is used to denote population. Then, we add some control variables to our theoretical model, such as: trade openness (TRAD), following Dogan and al. (2015); industrialization (IND), following Butkiewicz and Yanikkaya (2011). Trade openness contributes to CO2 emissions through technology transfer and industrialization. Industrialization can increase CO2 emissions through nonrenewable energy consumption and can also reduce it through renewable energy.
After including the studied variables, we obtain the following model:
[image: image]
Where a is the constant term, and [image: image], are the parameters of the variables[image: image], respectively. The variable [image: image]represents the error term. The subscripts i (i = 1, 2, …, n) and t (t = 1, 2, …, T) refer to countries time period.
In addition, several studies have highlighted the impact of the energy mix (renewable energy versus nonrenewable energy) on CO2 emissions.
Most studies show that renewable energy is one of the key drivers of sustainable development by decreasing carbon emissions (Dingru et al., 2021; Kassi D. F. et al., 2022; Feng, 2022), unlike the detrimental impact of nonrenewable energy consumption on environmental quality (Dogan and Seker, 2016; Le et al., 2020; Ibrahim and Ajide, 2021).
We argue that human capital remains one of the main factors in transforming a country’s energy mix by facilitating the development of technological capabilities, new energy transformation processes emphasizing the green economy, and the efficient management of energy resources.
Its development also contributes to the renewal of mentalities and the emergence of a highly qualified workforce capable of implementing green policies toward greater use of renewable energies in the production of goods and services to fight against environmental degradation.
This study extends the findings of previous studies showing the beneficial effect of human capital accumulation on the reduction of CO2 emissions (Yao et al., 2020; Wang and Xu, 2021; Li and Ullah, 2022).
Unlike these studies, we particularly analyze the conditional effect of human capital accumulation on the link between renewable energy, nonrenewable energy, and CO2 emissions in multivariate models as follows:
[image: image]
[image: image]
Where [image: image] are the constant terms and[image: image], are the parameters of the corresponding variables defined in the previous sections.[image: image] are the error terms of the models (4) and (5) for country i at time t, respectively.
Thus, we examine whether human capital and renewable energy consumption are complementary[image: image]or substitutable factors [image: image] for reducing CO2 emissions. In other words, human capital accumulation fosters the beneficial effects of renewable energy consumption on environmental quality if [image: image].
However, human capital accumulation may hinder any reducing effect of renewable energy if [image: image].
Likewise, we analyze whether human capital accumulation annihilates any contributing impact of nonrenewable energy i.e., if [image: image] or aggravate any positive nexus between nonrenewable energy consumption and CO2 emissions i.e., if [image: image] across countries.
Moreover, we compute the marginal effects of renewable energy consumption and nonrenewable energy consumption on CO2 emissions as follows:
[image: image]
We estimate the marginal effects of renewable energy consumption[image: image] and nonrenewable energy consumption [image: image] on CO2 emissions at the average level of human capital [image: image] across countries, hereafter:
[image: image]
Given the average level of human capital, the negative marginal effects of renewable energy consumption and nonrenewable energy consumption on CO2 emissions will occur only if human capital accumulation exceeds the following thresholds:
[image: image]
[image: image]
Where:[image: image] are the threshold levels of human capital (HC) for renewable energy consumption and nonrenewable energy consumption, respectively. The symbol [image: image] is the exponential function of the estimated parameters to determine the threshold value of human capital variable without its logarithmic transformation.
Finally, we test the EKC hypothesis in the case of human capital by adding its quadratic term[image: image], as shown in the following model (10):
[image: image]
Where: [image: image] is the constant term and[image: image] the parameters of the corresponding variables defined in the previous sections, and [image: image] is the error term of model (10) for country i at time t, respectively. In so doing, we examine whether human capital has an inverted U-shaped impact on CO2 emissions, thus investigating the existence of a nonlinear relationship between human capital and CO2 emissions. The coefficient of the quadratic term is expected to be negative [image: image] to reflect the reduction of CO2 emissions as human capital accumulation reaches a certain threshold across the countries.
Following model (10), we also compute the marginal effect of human capital [image: image] on CO2 emissions at its average level capital [image: image] across countries, hereafter:
[image: image]
Where: [image: image] denotes the marginal effect of human capital on CO2 emissions
3.3 Cross-sectional dependence and panel unit root tests
In the process of analyzing the relationship between the different variables, we use the cross-sectional dependence test proposed by Breusch-and Pagan (1980) and Pesaran (2004, 2007) to determine if we can use the conventional panel unit root tests or not.
The null hypothesis of the cross-dependence ADF panel unit root test (CADF) assumes the independence of the cross-section unit. In the case of the cross-dependence IPS panel unit root test (CIPS), the null hypothesis assumes that variables have unit root while the alternative hypothesis expresses stationarity.
3.4 Estimation methods
In the econometrical model, we apply the feasible generalized least squares (FGLS) estimator from Parks (1967) and Kmenta (1986) and the two-stage least squares (2SLS) estimator. The 2SLS estimator is used to address the endogeneity problem. This estimator is also used when the dependent variable error term is supposed to be correlated with the independent variables. Besides, this estimator is also robust to panel-specific autocorrelation and heteroscedasticity and permits correcting endogeneity and eliminating panel bias. Regarding the FGLS, it is used to control for slope heterogeneity and cross-sectional dependence. Moreover, this estimator is asymptotically efficient among the linear models because, in the presence of heteroskedasticity, serial and cross-sectional correlations, it consistently estimates the large error covariance matrix. However, this estimator is not suitable when checking endogeneity among variables.
4 RESULTS AND DISCUSSION OF THE STUDY
4.1 Results of the study
4.1.1 Preliminary analysis
Table 2 provides a detailed description of the studied variables. In this work, we analyze 20 countries for 31 years. On average, these countries’ CO2 emissions rate is 0.53, while the urbanization rate is 1.765. In addition, the average levels of nonrenewable energy (1.902), industrialization (1.532), and trade openness (1.111) are higher than those of renewable energy (0.954) and human capital (0.374).
TABLE 2 | Descriptive statistics.
[image: Table 2]The results also show that, on average, the level of nonrenewable energy consumption (1.902) is higher than that of renewable energy consumption (0.954) in these countries. Besides, the median of urbanization (1.806) is three times higher than that of human capital (0.375). In addition, economic growth (GDP/k) is positive and above 2% in the studied countries (min = 2.722; max = 4.767). The low standard deviations of all the variables (less than 1) indicate a low level of dispersion around their mean between countries.
Table 3 shows that the variables lnNONRE, lnGDP/k, lnURB, lnHC, lnIND, lnTRAD have a positive and significant correlation with lnCO2. It also shows that the correlation between lnRENE and lnCO2 is negative and significant. The correlation between lnRENE and lnCO2 is −0.743, which indicates that these variables are strongly negatively correlated. Hence, more use of lnRENE reduces lnCO2.
TABLE 3 | Correlation matrix.
[image: Table 3]Moreover, the correlation between lnNONRE, and lnCO2, and lnGDP/k and lnCO2 is 0.771 and 0.750. These values indicate that the correlation between these variables is positively strong.
The results of the multicollinearity test (Table 4) show that the variance inflation factor (VIF) is less than 10. This result confirms that there is no multicollinearity among these variables (El-Bannany, 2017).
TABLE 4 | The multicollinearity test.
[image: Table 4]The results of Table 5 show that there is a cross-sectional dependence among the panel time series. And the probability values of the three test statistics, which are less than 0.01, reject the null hypothesis of cross-sectional independence. Besides, the second-generation tests CADF and CIPS results (Table 6) confirm the stationarity of the variables.
TABLE 5 | The cross-dependence tests.
[image: Table 5]TABLE 6 | The second-generation of panel unit root tests.
[image: Table 6]4.1.2 Results of the FGLS and 2SLS estimators
In this analysis, as shown in the tables below, we used two estimators, the feasible generalized least squares (FGLS) and the two-stage least squares (2SLS). The first estimator overcame the cross dependence and serial correlation, while the second overcame the endogeneity problem. Besides, the FGLS estimator is suitable for this analysis because the number of countries (20) is lower than the analysis period (31).
The results of the different estimations are presented in Tables 7–Tables 10. The coefficients estimated from the FGLS and 2SLS methods can be interpreted as elasticity as all the variables were expressed in natural logarithms. The results provided by all the estimators are similar considering the coefficient signs and the significance level. The FGLS estimator findings show that the renewable energy consumption (lnRENE) has a negative impact on carbon dioxide emissions (lnCO2) and a 1% increase in lnRENE decreases lnCO2 by 0.27%.Also, industrialization (lnIND) and trade openness (lnTRAD) have a negative effect on CO2 emissions. That means a 1% increase in lnIND and lnTRAD decrease lnCO2 by 0.11 and 0.03%, respectively.
TABLE 7 | Results of the linear model.
[image: Table 7]TABLE 8 | Results of the moderating effect of human capital on the renewable energy-CO2 emissions nexus.
[image: Table 8]TABLE 9 | Results of the moderating effect of human capital on the nonrenewable energy-CO2 emissions nexus.
[image: Table 9]TABLE 10 | Results of the nonlinear effect approach.
[image: Table 10]In the cases of lnNONRE, lnGDP/k, and lnHC, the results show that these variables have a positive effect on lnCO2. And a 1% increase of these variables increases CO2 emissions by 0.05, 0.18, and 1.82%, respectively.
The results of the 2SLS estimator indicate the robustness of the main findings of this research, such as nonrenewable energy consumption, human capital, and GDP per capita, have a positive influence on CO2 emissions while renewable energy consumption, industrialization, and trade openness reduce CO2 emissions in the studied countries.
The next tables (Tables 8–Tables 10) highlight the effect of human capital on the different studied variables. Table 8 shows the joint effect of lnHC and lnRENE on lnCO2. We found that the combination of lnHC and lnRENE (lnRENE*lnHC) has a negative and significant effect on lnCO2 at the 1% level. The effect of lnRENE*lnHC (−0.379) is higher than those of lnRENE (−0.130) in terms of absolute values. This finding supports our hypothesis (H1), revealing that renewable energy consumption and human capital accumulation are complementary levers[image: image] for reducing CO2 emissions across countries.
Besides, Table 9 shows the joint effect of lnNONRE and lnHC on lnCO2.
We found that the combination of lnHC and lnNONRE (lnNONRE*lnHC) influence negatively lnCO2. And a 1% increase of lnNONRE*lnHC reduces lnCO2 by approximately 0.30%.
So, human capital accumulation annihilates the positive effect of nonrenewable energy consumption [image: image]on CO2 emissions. The estimated parameters of lnNONRE and lnNONRE*lnHC are significant at the 1% level, respectively. Thus, this finding confirms our hypothesis (H2), stipulating that human capital mitigates the positive effect of nonrenewable energy consumption on CO2 emissions across the studied countries.
Moreover, Table 10 presents the nonlinear effect of human capital on CO2 emissions. We found that the square of human capital (lnHC2) significantly negatively affects CO2 emissions at 10% level. A 1% increase in lnHC2 reduces lnCO2 by 0.80% approximately. This result corroborates our hypothesis (H3), showing that human capital has an inverted U-shaped effect on CO2 emissions in the studied countries. Therefore, our findings confirm the EKC hypothesis’s validity in the relationship between human capital and CO2 emissions.
Although this result is similar to the results of Yao et al. (2020), Li and Ullah (2022), our study extends these previous studies by revealing the nonlinear effect of human capital on CO2 emissions. Most previous studies ignore the nonlinear impact of human capital on CO2 emissions. Therefore, our conclusion reconciles the results of previous studies indicating the mixed effects of human capital accumulation on CO2 emissions.
The results of the effects of all independent variables on CO2 emissions are robust and consistent across the different models (Tables 7–Tables 10).
4.1.3 Robustness check
We use the fixed effects (FE), and random effects approaches to analyze the robustness of our results. The main advantage of the fixed effects model is that it allows controlling all time invariant omitted variables. Besides, we can use the fixed effects model to avoid omitted variable bias; however, to do so, we have to estimate a number of additional parameters. Concerning the random effects (RE), it assumes that the individual-specific effects are uncorrelated with the independent variables, and assists in controlling for unobserved heterogeneity when the heterogeneity is constant over time and not correlated with independent variables. It also allows making inference on the population data based on the assumption of normal distribution. However, one of the limits of the random effect model is that its coefficients are more likely to be biased.
Based on the Hausman test, we find that the random effect approach is appropriate for our analysis. The random effect results of Tables 11, 12, 13, and 14 show that the signs of the coefficients are the same as those of the FGLS, 2SLS, and Driscoll-Kraay estimators. Hence, our findings are consistent and robust across the different estimators.
TABLE 11 | Results of the linear model using the FE and RE estimators.
[image: Table 11]TABLE 12 | Results of the moderating effect of human capital on the renewable energy-CO2 emissions nexus using the FE and RE estimators.
[image: Table 12]TABLE 13 | Results of the moderating effect of human capital on the nonrenewable energy-CO2 emissions nexus using the FE and RE estimators.
[image: Table 13]TABLE 14 | Results of the nonlinear model using the FE and RE estimators.
[image: Table 14]4.2 Discussion of the findings
Concerning the marginal efficiency analysis, we find that the average level of human capital magnifies the negative effect of renewable energy consumption [image: image]on CO2 emissions.
For instance, at the average level of human capital, a 1% increase in lnRENE decreases lnCO2 by 0.271 and 0.355%, following the FGLS and 2SLS estimators, respectively (Table 8).
Under the conditional effect of human capital, renewable energy consumption has a greater marginal impact than its autonomous effect on environmental quality (i.e.,[image: image] Renewable energy consumption marginally reduces CO2 emissions because the average level of human capital exceeds its minimum required threshold [image: image]for the studied countries. However, although human capital mitigates the detrimental effect of nonrenewable energy consumption on environmental quality, nonrenewable energy consumption marginally increases CO2 emissions [image: image]across countries (Table 9).
These countries’ average level of human capital falls below its required threshold, [image: image]beyond which nonrenewable energy consumption may decrease CO2 emissions. Our results suggest that countries should promote human capital accumulation associated with intensive use of renewable energy sources rather than nonrenewable energy consumption for global sustainable development.
By considering the conditional effect of human capital in this analysis, our results extend those of most previous studies, which relied mainly on the linear nexus renewable energy consumption-nonrenewable energy consumption-CO2 emissions (Kassi et al., 2017; Berkun et al., 2019; Bilan et al., 2019; Mahalik et al., 2021; Kassi D. F. et al., 2022).
The negative impact of lnRENE on lnCO2 suggests an improvement in the quality of the environment when these countries use renewable energy in their production of goods and services, as this energy (solar, wind, nuclear energy) does not emit carbon dioxide and greenhouse gases that contribute to global warming.
Hence, these countries must offer incentives to households and the private sector to accelerate the adoption of renewable energy technologies. These incentives include providing low-interest loans or grants to renewable companies and communities using renewable electricity generation devices in their daily operations.
The positive link between nonrenewable energy and CO2 emissions is due to traditional energy resources. In effect, using traditional energy resources daily boost CO2 emissions through smoke expulsion from factories and households. Thus, these countries should invest in clean energy and set policies to encourage their population to use pro-environmental energy.
Furthermore, our results show a nonlinear relationship between human capital and CO2 emissions, meaning that human capital decreases CO2 emissions after only reaching a certain level.
The positive marginal effect of human capital on CO2 emissions [image: image]and its conditional effect on the renewable energy-CO2 emissions nexus implies a greater emphasis on socio-economic policies favoring both the accumulation of human capital and the development and use of renewable energy sources for the improvement of environmental quality across countries.
The curriculum in most emerging countries does not cover environmental topics. Thus, a low level of human capital initially increases CO2 levels in these countries. There is a need to educate people on climate change mitigation strategies, environmentally friendly practices, and efficient management of natural resources through using renewable energy in daily activities. Starting with the education system, policymakers should raise awareness about climate change and environmental protection.
In addition, the positive link between economic growth and CO2 emissions is in accordance with the findings of Dogan and Seker (2016), and Mahalik et al. (2021). This is because many countries have initially relied on the use of nonrenewable energies to drive their economic growth through fossil fuel-intensive industrialization policies financed by revenues from the trade of petroleum products.
Thus, an increased economic growth can increase CO2 emissions unless regulatory and green policies are applied to promote a green economy across countries. Accordingly, governments are urged to establish legal and regulatory frameworks that stimulate green financing of economic activities in industries and countries to ensure efficient management of energy sources and CO2 emission trading systems within limited thresholds that enable the transition to cleaner technologies and sustainable development (Kassi et al., 2021; Kassi D. F. et al., 2022).
Due to growing concern over climate change, countries have gradually considered environmentally friendly practices and technologies in their industrialization and trade openness to reduce CO2 emissions. Companies are attracted by a healthy economic environment and an optimal tax policy that favors green investments.
Countries initially exposed to greater trade openness might not have the technological capacity to compete in the international market. As a result, their unsophisticated, often fossil-based products are likely to pollute the environment. Over time, the transfer of green technologies and inflows of foreign capital will facilitate the implementation of green policies and the effective management of natural resources for sustainable development in all countries. Enforcing trade agreements on climate change can help countries better address sustainability issues (Alekseichuk et al., 2016; Hanslmayr et al., 2016).
Finally, our results highlight the importance of human capital to promote the beneficial effects of renewable energy consumption on the quality of the environment. Human capital also mitigates the negative impact of nonrenewable energy consumption on environmental quality. Therefore, higher levels of education can significantly help people better understand the importance of renewable energy in protecting the environment, which leads to the use of energy-efficient household appliances, solar energy, and other renewable sources in daily activities. Highly educated people also consider using green transportation (smart technology, energy-efficient hybrid vehicles) rather than fossil fuel-based means of transportation, which reduce CO2 emissions.
This finding also confirms the results of Lan et al. (2012), who consider human capital as a key driver for the adoption of environmentally friendly technologies that are mainly derived from renewable energy sources.
5 CONCLUSION
This study highlights the conditional effect of human capital on the relationships between renewable energy, nonrenewable energy, economic growth, and CO2 emissions in the 20 newly emerging market economies for the period 1990–2021. Using the FGLS and the 2SLS estimators, we found that renewable energy consumption negatively affects CO2 emissions. Also, industrialization and trade openness have negative effects on CO2 emissions. The results show that nonrenewable energy consumption, economic growth, and human capital positively affect CO2 emissions.
Besides, our findings confirm that renewable energy consumption and human capital are complementary levers for reducing CO2 emissions, whereas human capital mitigates the positive effect of nonrenewable energy consumption on CO2 emissions. Finally, this study reveals that human capital has an inverted U-shaped effect on CO2 emissions across countries.
As for the policy implications, policymakers should foster the use of renewable energy and continue to push companies that do so by offering incentives such as tax breaks or subsidies. They should also increase trade openness by creating a good economic environment for business. In addition, they should encourage these countries to invest and/or facilitate human capital accumulation to promote the use of renewable energy technologies over nonrenewable energy sources in producing goods and services. More emphasis should be placed on legal and regulatory policies that enhance the complementarity between human capital and renewable energy consumption for sustainable development in all countries. Thus, policymakers must implement educational reforms that help people understand environmental issues. These reforms could include environmental sustainability content in the curriculum, promoting the sustainable use of resources. In addition, social media should be used for effective environmental awareness campaigns, to teach the workforce about the importance of sustainable work and living habits, and to educate them on methods to reduce pollution and excessive consumption of natural resources. Raising citizens’ awareness of government regulatory pressures may be a possible solution to the problem of environmental degradation. People should be aware of the consequences of using poor-quality fossil products and encouraged to use energy-efficient gadgets and facilities such as solar-powered household items, LPG for cooking, and energy-saving light bulbs. When these green items are expensive, governments must provide them at subsidized rates. In addition, emission standards must be established for industries, and monitoring strategies must be developed to ensure that they comply. Governments should reduce energy consumption in urban cities through green means of transportation and eco-friendly urban transport network. The governments of these countries should also support national and international institutions (via financial and fiscal support) to innovate in renewable energies.
Moreover, cooperation between countries should be strengthened in renewable energy development, such as in the transfer of technology, equipment, and talents. These countries have diverse cultures, beliefs, and orientations. Therefore, it will be challenging to put in place a “global policy” parallel to the oddity of each country. Thus, policymakers in each of these countries should take into account their particularities in terms of cultural models, consumer responsibility, respect for nature, and environmental education of citizens when launching policies related to environmental sustainability. A sure way to improve environmental quality and energy efficiency in these countries is to strengthen policy coordination in the energy and economic sectors.
Finally, this study has some limitations that leave room for future studies. It would be interesting to examine the role of the private sector, the quality of governance, and foreign direct investment that may condition the effects of renewable energies on CO2 emissions across countries. Other studies may analyze the role of green finance and/or inclusive finance in this relationship. Also, instead of analyzing renewable energy holistically, future studies could consider a disaggregated approach highlighting the different types of renewable energy sources such as solar, wind, and nuclear, among others. Another strand of studies may also focus on the role of infrastructures that promote green energy vehicles.
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Variables Fixed effects Random effects
Coef. p-value  Coef. p-value
InRENE ~0228*** 0,000 ~0240°* 0,000
InNNONRE 0.004 0410 0.005** 0.035
InHC 3402 0,000 3371 0,000
(InHC)* ~3.252%% 0.000 -3.178%*  0.000
InGDP/k 0070 0,000 0071 0.000
InURB 0.480 0.100 0457 0.110
InIND -0.021 0293 -0023*  0.025
InTRAD ~0.018*** 0.005 ~0.018** 0,005
Constant ~1.089*** 0,000 ~1050**  0.000

Hausman test

Prob > chi2 = 0.543

Note: The symbols *, **, *** denote the statistical significance at the 10, 5, and 1% levels,

respectively.
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Variables Fixed effects (FE) Random

effects (RE)
Coef. p-value  Coef. p-value
InRENE ~0209** 0000 ~0213** 0,000
InNONRE 0034+ 0,000 0034 0,000
InHC 1812+ 0000 1818 0,000
InGDP/k 0.083+%* 0.000 0083 0.000
InURB 0.168 0710 0163 0690
InIND ~0.040% 0056 ~0.040* 0,057
InTRAD 0029 0000 ~0029** 0,000
Constant ~0.509%** 0.003 ~0501** 0,003

Hausman test ~ Prob > chi2 = 0.801

Note: The symbols *, *, *** denote the statistical significance at the 10, 5, and 1% levels,
respectively.





OPS/images/math_5.gif
MO0 = % + & InRENEe + & Ia NONESe + &I HCa + 0 In NONRS
% InHCy+8s InGDP/ks + & InURB, + & InIND, +8,InTRAD, +£.  (5)






OPS/images/fenvs-10-1017721-t010.jpg
Variables

InRENE
InNNONRE
InHC
(InHC)*
InGDP/k
InURB
InIND
InTRAD
Constant

MEyc

FGLS 2818

Coef. p-value Coef. p-value
0279 0,000 0298+ 0.000
0038+ 0.001 0.338* 0.022
2247 0.000 2.295% 0.000
-0.795** 0.061 -0.673* 0.017
0,189 0,000 0.223* 0.000
-0.080 0.295 -0.055 0.533
~0.125"* 0.001 =0.132# 0.002
-0.030%* 0.032 -0.042* 0.028
0334 0011 0490 0.017
1.652 1791

Note: Following Eq. 11 MEjc represents the marginal effect of human capital on
CO2 emissions. The symbols *, **, *** denote the statistical significance at the 10, 5, and
1% levels, respectively.
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probability
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InRENE ~0.743*** (0.000)  1.000

InNONRE 0771 (0.000)  ~0.662*** (0.000)  1.000

InGDP/k 07507 (0.000)  -0.600°** (0.000)  0.510°** (0.000) 1000

InURB 0539*** (0.000)  -0.386"** (0.000)  0.311*** (0.000) ~ 0.839*** (0.000) ~ 1.000
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InIND 0309 (0000)  -0.559"** (0.000)  0.300*** (0.000) ~ 0.115* (0.017)  -0.106"* (0.029)  -0.040 (0415)  1.000
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Note: The symbols *, **, *** denote the statistical significance at the 10, 5, and 1% levels, respectively.
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Variable 1/VIF
InGDP/k 6.90 0.145
InRENE 372 0.269
InNONRE 192 0522
InHC 192 0.520
InIND 181 0552
InURB 418 0239
INTRAD 125 0.799
Mean VIF 3.10

Note: The VIF is less than 10 for all variables.
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Variables FGLS 28LS
Coef. p-value  Coef. p-value

InRENE =0274 0.000 ~0295me 0.000
InNNONRE 0.156*** 0.000 0.393** 0.012
InHC 1.984*** 0.000 2,045 0.000
In NONRE x InHC ~-0.296** 0.000 -0.226* 0.039
InGDP/k 0,194+ 0,000 0222+ 0,000
InURB -0.052 0.497 -0.039 0.641
InIND =0.136™ 0.000 ~0.138*** 0.001
InTRAD ~0031% 0026 ~0041%* 0030
Cons ~0.415"* 0.002 =0.527** 0.005
MEnonre 0.045 0.308

TNONRE 1.693 5691

Note: Following Eqs 7, 9, MEoxge and Toxg are the marginal effect and the
threshold level of nonrenewable energy consumption, respectively. The symbols *, **,
o+ denote the statistical significance at the 10, 5, and 1% levels, respectively.
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InRENE
INNONRE
InHC
InGDP/k
InURB
InIND
InNTRAD
Constant

FGLS

Coef.

=.2TPmE
0.047%%
1.818%*
0.184**
-0.102
~0.107%%
-0.033**
-0.272%

p-value

0.000
0.000
0.000
0.000
0172
0.003
0.018
0.034

28LS

Coef.

. aaad
0.326*
1.924%%
0217+
-0.076
~0.117%%%
-0.044**
-0.426**

p-value

0.000
0023
0.000
0.000
0381
0.005
0.020
0.041

Note: The symbols *, **, *** denote the statistical significance at the 10, 5, and 1% levels,

respectively.
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Variables FGLS 28LS
Coef. p-value Coef. p-value

InRENE ~0130 0,003 ~0.196" 0,006
InNONRE 0,037+ 0.000 0921 0.024
InHC 1946 0.000 20724 0.000
InRENE x nHC ~ -0379**  0.001 ~0427°* 0002
InGDP/k 0,187+ 0.000 02217 0.000
InURB ~0.028 0719 0.008 0.931
InIND 0120 0.001 —0131% 0,002
InTRAD 0029 0.036 ~0.040° 0.092
Constant 0433 0.001 ~0611°** 0,008
MEgee ~0271 0355

Trene 0.709 0631

Note: Following Eqs 7, 8, MEgexe and Trexe are the computed marginal effect and
the threshold level of renewable energy consumption, respectively. The symbols *,**, ***

denote the statistical significance at the 10, 5, and 1% levels, respectively.
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Variables Description

Cco2 CO2 emission

HC. Human capital index, based on years of schooling and retums to education

GDP/k The sum of gross value added by all resident producers in the economy plus any product taxes and minus any subsidies not
included in the value of the products.

RENE Renewable energy consumption is the share of renewable energy in total final energy consumption.

NONRE Non-renewable energy consumption, measured by fossil fuel consumption (% of total final energy consumption). Fossil fuels
include coal, oil, petroleum and natural gas products.

URB Urban population as a percentage of total population

IND Industry (including construction), value-added

TRAD Trade openness which is the sum of the export and imports of the studied countries divided by the GDP of these countries

Unit

Metric tons/k
Range
Constant 2015 U.S. dollars.

Percentage

Percentage

Percentage
Percentage of GDP
Percentage of GDP

Note: Data sources, the World Bank database and Penn World Table version 10.0.
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Mean
Median
Max.
Min.
St. Dev.

InCO2

0.531
0.541
1.469
-0.190
0.366

InRENE

0.954
1.140
1.768
-2.044
0.847

InNONRE

1.902
1.934
1.999
1.634
0.083

InGDP/k

3721
3764
4767
2722
0.369

InURB

1765
1.806
1.960
1407
0.148

InHC

0374
0375
0.526
0.150
0.080

InIND

1532
1510
1.824
1311
0.105

InTRAD

L1
1072
3.005
0.178
0393

Note: We applied the logarithmic transformation (in) to all the variables. Mean and Median denote the average and median values of variables, whereas Max, Min, and St.Dev represent their

maximum, mi

um, and standard devi
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