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Emerging economies and ecosystems are critically dependent on fossil fuels, and a country’s energy dependence is a significant measure of its reliance on foreign suppliers. This study evaluates the impact of energy reliance on energy intensity, CO2 emission intensity, and the utilization of renewable resources in 35 developing and 20 developed nations, as well as the connection between renewable energy (REN), GDP growth, and CO2 emissions. This study employs the generalized linear model (GLM) and the robust least squares (RLS) method to assess the inverse association between renewable energy and developed and developing economy policymakers, utilizing unique linear panel estimate approaches (1970–2022). The impact of renewable energy as a response variable on economic growth, energy consumption, and CO2 emissions across four continents is investigated in this study. The findings indicate that developing countries experience a rise in per capita CO2 emissions if their renewable energy use exceeds their capacity. This finding remains significant even when other proxies for renewable energy use are introduced using modified approaches. Furthermore, it is particularly relevant to industrialized nations that possess more developed institutions. Even more surprisingly, in terms of the energy and emission intensity required for growth, energy dependence has accelerated all components. The regional analysis revealed a spillover impact in most areas, suggesting that the consequences of energy dependence are essentially the same in neighboring countries. The growth of the renewable energy sector and the decrease in greenhouse gas emissions depend critically on the ability of regional energy exchange unions to mitigate the negative environmental and economic impacts of energy dependency. These underdeveloped countries need to spend more on research and development to catch up technologically.
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1 INTRODUCTION
Today, more than ever, climate change represents a serious threat to humanity’s very survival. Historically rising GHG emissions from expanding fossil fuel consumption and industrialization are widely recognized as major contributors to our warming planet (Le, 2022; Jiang et al., 2022). Natural resource extraction and high-value manufacturing use a lot of energy, which is good for the economy (Rahman et al., 2022), but it also creates a lot of trash, which can have a detrimental impact on the environment (Sheraz et al., 2022). Theoretically, the expansion of industries is a major factor in the allocation of scarce resources, the dynamics of economic development, the distribution of energy consumption, and the rate of environmental deterioration (Hu et al., 2020; Hussain et al., 2020). Using dirty energy in production and the increasing industrialization of developing continents have boosted environmental CO2 emissions and eroded natural capital (Wang X. et al., 2022). With its current rate of expansion, it is seen as a significant energy consumer. Sure enough, several sectors of the industry—notably manufacturing—are consuming a lot of power at high frequencies, which is negatively affecting CO2 emissions (Muhammad and Long, 2021; Schulhof et al., 2022). The causes of CO2 emissions and strategies for reducing them in order to lessen their impact on global warming have been the subject of a large body of research (Anwar et al., 2021; Deng and Du, 2020). Nonrenewable energy consumption was determined to be a large source of CO2 emissions, as fossil fuels account for around 80% of global energy consumption (Wang et al., 2023). It has been established that using nonrenewable energy sources is a major cause of CO2 emissions (Yang Y. et al., 2022). However, between 2019 and 2024, the global capacity for renewable energy sources is expected to increase by 50 percent, which could mitigate the negative effects of greenhouse gas emissions on the environment and human health (Li et al., 2019; Somoza-Tornos et al., 2021). Regarding this, one body of research has discovered that the use of renewable energy (REN) sources leads to a global reduction in CO2 emissions (Deng and Du, 2020; Saidi and Omri, 2020).
Various concepts about CO2 emissions have been investigated by the environmental Kuznets curve (EKC). Developing nations are better off following a growth path different from the EKC, which advocates for rapid economic expansion at the expense of environmental protection (Balsalobre-Lorente et al., 2021; Awan et al., 2022; Beyene, 2022). Growth is both the source and remedy of air pollution, as seen by the US shape link between income and environmental deterioration (EKC) (Liu and Lai, 2021). The EKC rises with rising income due to increased agricultural output. However, there are repercussions associated with tying economic growth and industrial policy to the energy sector. The alignment of economic growth and industrial policy with the energy industry, however, has consequences. Since accelerating economic expansion is incompatible with safeguarding the natural world, we must slow it down (Leal and Marques, 2020). According to the most up-to-date interpretation of the EKC, economic development is linked to deterioration in environmental performance (Liu et al., 2022; Bradley, 2021). Since this is the case, people worry more about things like air pollution, global warming, and the holy vapors that emanate from machines and factories than they do about the severe depletion of energy used per capita (Kaika and Zervas, 2013; Rashid Gill et al., 2018; Khan S. U. et al., 2022). Economic expansion, according to the so-called EKC concept, causes environmental damage at first, followed by improvement later on (Shittu et al., 2021). Studies assessing the link between economic growth and CO2 emissions have investigated the EKC theory at length, with conflicting results. There is evidence in the literature supporting the EKC theory that shows a negative correlation between per capita CO2 emissions and GDP (Muhammad and Long, 2021; Tenaw and Beyene, 2021; Cui et al., 2022). The latter piece of work suggests that once high-income countries reach a certain threshold, their per capita CO2 emissions begin to grow again (Jiang et al., 2022; Li et al., 2022; Fakher et al., 2023). The latter literature suggests that after high-income countries hit a certain threshold, the rate of CO2 emissions per capita begins to rise once more. Therefore, the mitigation of environmental harm resulting from CO2 emissions can be facilitated through the adoption of renewable energy sources and the enhancement of energy efficiency. Environmental risk can be mitigated by the implementation and refinement of an effective energy efficiency management program for a firm. Energy management can presently be executed utilizing the same technological expertise that has been applied to manage other, more valuable aspects of the expansion of developing and developed economies, including the value added by industries, per capita energy consumption, and fossil fuel energy (FFE) consumption. This study offers practical recommendations for strategies based on the aforementioned factors.
The causes of CO2 emissions and strategies for reducing them to lessen their impact on global warming have been the subject of a large body of research (Deng and Du, 2020; Anwar et al., 2021). Nonrenewable energy consumption was determined to be a major source of CO2 emissions as fossil fuels account for approximately 80% of global energy consumption (Wang et al., 2023). It has been established that using nonrenewable energy sources is a major cause of CO2 emissions (Yang Y. et al., 2022). Numerous research studies at various continents and temporal scales investigate the causes and distribution of CO2 emissions in the atmosphere (Dong et al., 2019; Jiao et al., 2020). Tracing the spatial gravity centers of the effects of the drivers revealed that energy intensity was the primary contributor to global CO2 emissions, while economic growth and population expansion were the most important variables in accelerating CO2 emissions on a per-country basis (Chang et al., 2019). The study’s key contribution is based on two parts: the use of renewable energy and CO2 emissions in 55 industrialized and developing nations. First, there is the deliberate movement toward renewable energy sources, which demonstrates that industrialized nations are making a concerted effort to lessen their dependency on fossil fuels and reduce CO2 emissions (Işık et al., 2024). To further reduce their growing CO2 emissions and achieve sustainable development, businesses are also investigating renewable energy sources. Second, there is a growing movement toward renewable energy sources as a result of governments’ growing awareness of the connection between CO2 emissions and climate change (Adu et al., 2023). This trend is true in both developed and developing nations (Bergougui, 2024). Renewable energy sources are quickly becoming the preferred energy source for many nations as they become more conscious of the environmental impacts and CO₂ emissions caused by fossil fuels (Sufyanullah et al., 2022; Dehghan Shabani, 2024). Thus, this work makes a fourfold contribution. This study’s insights are valuable additions to the literature because of them. Strong evidence from this study supports the idea that rapid economic growth affects the green economy. While conclusive research is lacking, it is safe to assume that national market mechanisms are impacted by the structure of economic growth. There was a positive correlation between energy’s role, economic growth, and the influence of CO2 emissions, as well as rapid changes in national structures.
Although these studies employ a wide variety of methodologies and datasets to investigate this impact, the vast majority of them rely on a linear relationship between REN consumption, nonrenewable energy consumption, GDP per capita, and CO2 emissions per capita (see Section 2 for a more detailed account of the literature) (Karaaslan and Çamkaya, 2022; Rahman et al., 2022). Despite renewable energy’s potential to fight climate change, this study reveals that major obstacles persist, particularly in both wealthy and developing nations. Widespread adoption is impeded, especially in poorer nations, by the cost, infrastructure limits, and the necessity for enabling regulations. In addition, it is crucial to transition away from fossil fuels quickly since the climate crisis is worsening. This will need international collaboration and a fair transition so that poor nations can afford to switch to renewable energy. This study distinguishes itself by focusing on economic growth; similarly, previous research studies have examined the dynamic relationship between energy use in developing countries and economic growth (Wang and Yan, 2022; Fakher et al., 2023). In this study, we use recently established panel threshold models to analyze panel data for 97 countries, spanning 1970–2022, for figuring out whether there is a nonlinear relationship between these three variables and CO2 emissions (Abbasi et al., 2021). Once a country reaches a particular level of REN consumption, we find no negative correlation between REN consumption and the growth of per capita CO2 emissions (Bekhet and Othman, 2018). In other words, only countries whose REN consumption exceeds a certain threshold would see a decline in their per capita CO2 emissions as their REN consumption increases (Mendonça et al., 2020; Mei et al., 2023).
A nonlinear relationship between an individual’s share of REN in their total energy use and their CO2 emissions is supported by theoretical considerations. The initial cost of REN is high, and its ongoing cost is higher than the cost of using conventional energy sources. Since the capacity to store REN is lower than that of nonrenewable energy sources, there can be supply problems during periods of high energy demand (Ocal and Aslan, 2013; Chen et al., 2022). For instance, a study conducted between 1984 and 2007 that examined REN use in 19 developed and developing countries found that it did not result in a reduction of CO2 emissions (Apergis et al., 2010). However, improvements in technologies (Rubin et al., 2015) used to utilize REN have been made recently. Furthermore, the cost of utilizing REN sources has decreased over the past few years, and the quality of REN technology has considerably improved due to substantial investments in R&D (Schilling and Esmundo, 2009; Chen et al., 2019a). Therefore, we expect that if countries achieve a specific threshold of REN consumption, it will significantly influence the reduction of CO2 emissions, lower industrial emissions, and decrease fossil fuel energy consumption. This is owing to the fact that high investment costs and storage problems may render the impact of REN usage on CO2 emissions negligible at lower levels of consumption. The most important takeaway from this research is the discovery of REN behavior as a dependent variable in the context of growth and CO2 emissions and the influence that this has on the listing of developing and developed countries by continent.
There are a few areas in which our paper adds to the existing body of research. To begin, a quadratic term of GDP per capita is typically utilized in the existing literature on EKC to represent REN impacts (see, for example, Jiang et al. (2022); Chang et al. (2023)). Although earlier research has examined the effects of GDP per capita on CO2 emissions, it has paid less attention to the inverse relationship between REN, economic growth, energy consumption, and the nexus of CO2 emissions. This work employs a panel dataset to predict the relationship between CO2 emissions, energy use per capita, industries, construction, and fossil fuel energy consumption, allowing us to test for all conceivable associations with the generalized linear model (GLM) and robust least squares (RLS) method. Second, this study employs the GLM and RLS method to measure the inverse relationship of REN as the dependent variable and to emphasize the influence of policymakers in both developing and wealthy countries on a continental scale. Consider the role that CO2 and other gases emitted into the atmosphere by burning fossil fuels, such as coal and petroleum gas, play in increasing the frequency and severity of devastating storms. Finally, the cross-sectional dependence was ignored in favor of the first-generation unit root test in the majority of the available literature. After checking for cross-sectional dependence, we employ second-generation unit root tests in this paper. The variables used in the regression model are decided based on the unit root results.
The remainder of this paper is structured as follows. The causes of REN and CO2 emissions are examined in Section 2 of this paper. The specifics of the empirical estimating strategies are presented in Section 3. The specifics of the dataset utilized for this analysis are provided in Section 4. Finally, Section 5 provides the results of the dynamic linear and threshold estimations, the robustness analysis, and the cross-sectional dependence and panel unit root tests. Section 6 concludes the report and provides policy suggestions.
2 GROWTH IN THE ECONOMY, CO2 EMISSIONS, AND RENEWABLE ENERGY
Large-scale construction projects and infrastructure—including roads, bridges, power plants, dams, cement, and steel—have been shown to contribute significantly to global warming (Deng and Du, 2020; Wu et al., 2021; Sheraz et al., 2022; Wang Z. et al., 2022; Yang Y. et al., 2022). Consequently, environmental quality will increase, and creating substitutes is widely recognized as a practical way to cut down on CO2 emissions. As a result, there will be a marked improvement in environmental quality, and the creation of substitutes is widely recognized as a viable strategy for reducing CO2 emissions.
It is important to note that the energy development levels of emerging and industrialized countries are vastly different (Su et al., 2022) and that some poor countries have tremendous renewable resources. Therefore, there is a significant difference in energy development between emerging and developed countries, while some developing countries have plentiful renewable resources (Chen et al., 2020; Schulhof et al., 2022). The ambitious goals, despite rigorous academic research on the foundation and contribution exploring to fulfill these strategic objectives, are still scarce and dangerous (Isik et al., 2019; Nwaka et al., 2020; Ren et al., 2021). Therefore, this study contributes fourfold. Insights like these from this study are useful contributions to the canon of written work. The findings of this research lend credence to the theory that brisk economic expansion has an impact on the green economy (Jiang et al., 2022). There has not been a definitive study demonstrating this, but the structure of economic growth does have an effect on the market mechanisms of individual nations. Rapid changes in national structures were found to be positively correlated with factors including energy’s role, economic growth, and the impact of CO2 emissions (Muhammad et al., 2020).
According to recent research, an assortment of effects that economic expansion has on CO2 emissions in industrialized and developing nations demonstrate the statistical relevance of the correlation between economic growth and CO2 emissions (Chang et al., 2023; Baajike et al., 2024). On the contrary, certain perspectives have highlighted that numerous developed and developing nations have mitigated their CO2 emissions by incorporating CO2 into the items they import via international commerce (Foster et al., 2023). More precisely, the country of production is held accountable for these emissions. Regarding the association between CO2 emissions and economic growth, a study employing the GLM and the RLS methods identified an inverse relationship between the two variables in industrialized nations (Alam and Hossain, 2024; Li et al., 2024). Comparatively, the utilization of renewable energy has been found to significantly decrease CO2 emissions, while sustainable economic expansion has been found to increase CO2 emissions (Lin and Ullah, 2024). Additionally, this research unveiled a reciprocal causal relationship that extends in all directions: from REN to CO2 emissions, technological innovation to CO2 emissions, GDP to REN, and REN to technological innovation (González-Álvarez and Montañés, 2023). Furthermore, economic diversification and the investment of natural resource extraction proceeds in innovative technologies can contribute to the advancement of sustainable development (Alvarado et al., 2023). Although technical advancement and ecological security are not the only significant metrics, limited attention is paid to the double-edged influence on CO2 emission reduction (Khan R., 2021; Ongan et al., 2022).
Changes in infrastructure and development, including urbanization and lifestyle changes, have outpaced efficiency expansion as CO2 emissions have increased (Işık et al., 2021; Khan R., 2021; Khan et al., 2022b; Khan, 2023). Environmental sustainability and economic growth are both important, yet many believe they are incompatible since economic growth threatens the environment (Jahanger et al., 2022). Similarly, the use of wind power has prevented the release of at least 600 million tons of CO2 into the atmosphere in 2017. Energy transition faces structural threats, yet REN’s potential to support long-term sustainable development is promising (Mi et al., 2021; Raihan et al., 2022). There are several severe drawbacks to REN, including high investment prices, insufficient scientific and technological developments, onerous infrastructural needs, and limited information accessibility. Although REN has been demonstrated to provide environmental benefits, these advantages are still contested in practice (Apergis et al., 2010). There has been a shift in focus toward REN sources due to their lower environmental impact. In terms of CO2 emissions, REN sources like solar photovoltaics (PV) and wind power are among the most promising (Yousefi, 2019; Wang and Sun, 2012).
By examining the interconnections between developing and developed nations in terms of CO2 emissions, economic growth, renewable energy utilization, industries, and trade, this study reveals substantial ramifications for these sectors and environmental policy (Wu et al., 2018; Yang X. et al., 2022). Given the origins of excessive pollution in recent years, greater emphasis has been placed on the interconnectedness of energy waste, energy transitions, and environmental sustainability. Both developed and emerging nations have robust technological capabilities and adhere to stringent environmental policies (Abbasi et al., 2022; Jahanger et al., 2023). Despite possessing a substantial ability to absorb environmental risks, the industrialized world continues to face challenges in regulating and mitigating the ongoing emissions. Developed and emerging nations alike have adopted rigorous environmental rules and are equipped with cutting-edge technologies, which confers upon them a considerable ability to assimilate environmental risks (Kaika and Zervas, 2013; Bashir et al., 2024). As a result, however, industrialized nations’ efforts to regulate and mitigate ongoing emissions continue to be hindered. In addition, Nathaniel and Iheonu (2019) used the augmented panel mean group (APMG) estimator to analyze the impact of REN on CO2 emissions in 19 sub-Saharan nations and concluded that this type of energy had a negligible effect on global emissions. Recent research has suggested that REN will not significantly reduce CO2 emissions until it reaches a certain level of development; at that point, the focus will shift from lowering the cost of energy transition to increasing energy efficiency.
First, REN sources are becoming increasingly popular as the global economy becomes more integrated. REN sources benefit from economic globalization because of the money and expertise they may get from around the world (Doytch and Narayan, 2016; Liu et al., 2016). Its secondary effects improve environmental quality (You and Lv, 2018). Through liberalized trade, for instance, developing countries can acquire items and technologies that are green and save energy from developed countries with established renewable energy companies (Koengkan and Fuinhas, 2020). Additionally, when nations work together to develop a robust market for REN, the price of switching to this energy source can be brought down significantly. Second, political globalization encourages nations to adopt policies that protect the environment and collaborate to reduce CO2 emissions output. In 2015, for instance, 196 UNFCCC parties adopted the Paris Agreement, which was proposed to deal with climate change. The Paris Accord laid up a system via which countries might receive aid in the form of both money and expertise (Jiang et al., 2021). Third, the societal norm of using REN and conserving the environment is being encouraged by cultural globalization, and because of the dissemination of information, the need to protect the environment is now recognized on every continent. As a result, the ability of REN to reduce CO2 emissions should increase as the world becomes more interconnected. Globalization may alter the nexus between REN and emission levels of CO2 emissions from OECD nations; however, this point is still up for debate.
Unlike previous research, which has used external variables like globalization to examine the link between REN and CO2 emissions, the current study takes into account endogenous factors like REN and CO2 emissions themselves (Adebayo and Acheampong, 2022; Nan et al., 2022). To determine whether the correlation between REN and CO2 emissions has shifted as a result of globalization, this article uses the PSTR model, with globalization as the transition variable. Since this is a nexus between REN and CO2 emissions, one of our goals is to investigate globalization’s part in this relationship. The aforementioned studies not only advance their respective fields of study but also give us a chance to dig deeper into the connection between REN and CO2 emissions. Our research is distinct from the aforementioned in that we aim to investigate the dynamic benefits of REN in reducing CO2 emissions when globalization levels shift.
3 METHODOLOGY
3.1 Data and variables
The data period covers 1970–2022 for a panel consisting of 55 developing and developed countries (Supplementary Appendix S1). The countries are spread across all continents. In this study, we examine these 55 countries based on the availability of the panel dataset. In East Asia (EAS), South Asian countries (SES), Europe and Central Asia (ECA), and the Middle East and North Africa (MENA), there are 25, 6, 35, and 18 countries listed, respectively, but we only examine 12, 4, 26, and 13 countries from these regions. Furthermore, all four continents have been categorized on the basis of developing and developed countries. In the EAS, SES, ECA, and MENA categories, there are 8, 4, 16, and 7 developing and 4, 10, and 6 developed countries, respectively. Continents of developing countries were analyzed for measuring the amount of green economic growth attributable to investments in economic growth, CO2 emissions, R&D, and REN. The results of an econometric estimating procedure were obtained using a two-stage GLM and RLS approach. This procedure reveals not only advantageous statistical influences but also the compositional and technical effects. In the domains of economic expansion and environmental degradation, both approaches provide significant advantages (Ilyas et al., 2024; Zhao et al., 2024). Panel datasets offer greater flexibility, resilience, and interpretability, as well as the ability to handle a broad spectrum of data distributions, including continuous data (Mohammad Husain et al., 2024; Van Poecke et al., 2024). Moreover, this facilitates comprehension of the connections between the predictors and the response variable. The RLS resistance to outliers is superior to ordinary least squares resistance and increases precision by reducing the impact of outliers (Dada and Al-Faryan, 2024; Kwilinski et al., 2024). Ultimately, it furnishes resilient, adaptable, and comprehensible instruments for shaping and enhancing the dependability and precision of statistical deductions (Meygoonpoury et al., 2024). The composition impact was found to be much more influential than the technical effect during the investigation (Yu et al., 2023). This study also examines the impact of the most potent prospective public spending channels on green economic growth in terms of REN. The results indicate that increased government expenditure on education will help human capital-reliant industries. Similarly, government investment in R&D can speed up technological advancement.
Data sources and definitions for the explanatory variables used in the analysis are listed in Supplementary Appendix S2; these are abbreviated in Table 1. There are three categories of factors to consider while discussing REN, GDP growth, and CO2 emissions: the first category conceptually depicts the connection between REN, CO2 emissions, and CMIC; the second category presents REN, CMIC, EPC, and GDPC; and the third category presents REN and IVA. Each of the three subgroups also provides additional evidence of its relationship with developing and developed nations throughout the various continents. Therefore, the pragmatic study draws on annual data from 55 developing and developed nations between 1970 and 2022. Primary energy equivalents from hydro (excluding pumped storage), solar, geothermal, tidal, and wave sources contribute to the total primary energy consumption (TPES) as part of REN. REN not only originates from renewable municipal waste but also includes bio-gasoline, bio-diesel, bio-fuels, bio-fuel liquid, biogases, and other related sources. Biomass, which comes from creatures that were once alive or have just died, is the source of bio-fuels. Waste from businesses, households, and government agencies is collected by municipal authorities. Therefore, it does not release CO2 emissions when created, and a higher value of REN is linked to advances in technology and large investments in infrastructure. Emissions of CO2 are produced when fossil fuels are burned or when cement is manufactured using a combination of solid, liquid, and gaseous fuels; these emissions are the result of flaring gas and gas fuels. The EPC measures the amount of energy produced locally plus the amount of energy imported and changed in stock minus the amount exported with fuel subsidies. As a percentage of GDP, manufacturing, construction, water, electricity, and gas all contribute to what is known as “industry value added” (IVA). The origin value is indicated by the International Standard Industrial Classification (ISIC), versions 3 and 4. GDP per capita (GDPC) is calculated as the domestic product divided by midyear population, and it reflects the degradation of natural resources. CO2 emissions from manufacturing industries and construction (CMIC) include emissions from manufacturing industries and those resulting from the combustion of fuel in these industries. Fossil fuel energy consumption comprises oil, natural gas, and petroleum products.
TABLE 1 | Variable descriptions.
[image: Table 1]High manufacturing and export development have a detrimental impact on the environment due to the release of CO2 emissions, while CMIC and FFE affect the infrastructure of this mega project. At first, increasing incomes lead to higher CO2 emissions across all stages of economic development. However, analysis of panel causality data found that REN also has had a major impact on CO2 emissions, IVA, and GDPC but not created effects on CMIC. In the SES, CO2 emissions have significantly affected EPC, GDPC, and FFE, except for other variables; similarly, in ECA, CO2 emissions have affected EPC. We begin by testing all potential explanatory variables in a panel data set, using GLM if the data are non-stationary, and doing maximum likelihood estimation using a variety of different distributions (Khan, 2024). The QML estimators are reliable because they consistently estimate the conditional mean of the parameters. The so-called second-generation test relies on applying the panel unit root test independently to each variable, hence enabling serial correlation across cross-sections (Khan S. Z. R., 2021). Estimating the stationary of each explanatory variable is crucial for this reason. Various unit root tests, such as the IPS augmented test and Pesaran’s (2007) cross-sectional panel unit root test, confirm the validity of the data.
3.2 Specification of the model
The identification approach of panel data encompasses a broad and empirically useful range of specifications that include the Poisson model with a negative binomial. The data processes are stationary in the GLM. Therefore, the unit root test examines each variable and indicates the stationary level, which also ensures the reliability of the result, including, according to the first generation test, the unit root has been computed individually. Subsequently, we computed the robust estimation with the least squares. Similar conclusions were drawn by Ben Jebli et al. (2020); they used the GLM and RLS estimate methods and the Granger causality test for 102 different nations over the time period of 1990–2015 (Chen et al., 2019b). It was discovered that the three areas of China—each—had a unique effect on the CO2 emissions caused by REN. The central area of China was largely unaffected by the detrimental effects that REN had on the eastern and western regions of the country (Najmuddin et al., 2022). They speculated that the disparity could be attributed to a geological element in the environment. According Eq. 1 the GLM assumption imply that the first two moments of [image: image] are a function of the linear predictor, where the Poisson count is [image: image].
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where [image: image] is the mean–variance relationship, [image: image] is a possibly known scale factor, and [image: image] is the weight that modifies scaling between observation (Eq. 2). For GLM’s likelihood estimator, the mean and link assumption are needed to provide an estimate; the distribution controls the mean–variance relationship. In order to estimate GLM-like models incorporating the mean–variance specification of individual variables with an exponential family distribution that does not satisfy the distribution criteria, the quasi-maximum likelihood (QML) is a useful estimator tool of the GLM. The exponential family distribution of Poisson and negative binomial is given by (Eqs 3, 4).
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The dispersion is restricted to 1, and prior weighting is not permitted. We follow the approach that includes, CO2 emissions, average annual energy use, GDP, and industry value CO2 emissions from manufacturing and building, as well as fossil fuel energy usage. These factors are detailed below.
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where REN represents renewable energy and i = 1,., 53 and t = 1970,…., 2022 indicate the location and time period (Eq. 5). REN is calculated using data on per-capita energy use, industrial value added, GDP growth rate, manufacturing sectors, and fossil fuel usage. It specifies the nation αit as a fixed effect, with [image: image]1i– [image: image]7i representing the parameters of elasticities for each explanatory variable in this panel data and [image: image]it specifying the country fixed effect.
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Eq. 6 represents the second model for the robust least squares using M-estimation. If the scale [image: image] is known, then the k-vector of coefficient estimates [image: image] is obtained by solving the K nonlinear first-order equations. [image: image], where [image: image], denotes the derivative of the [image: image] function, and [image: image] specifies the jth regressor for [image: image]th observation. In this model, we first compute the S-estimates of the coefficient and scale before performing MM-estimation. The scale is then used as a fixed value with the bisquare function (4.684), which gives 95% relative efficiency for the normal error. The coefficient’s importance in the equation specifies the direction of causation.
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The REN is the same as that in Eq. 7 with “i” countries and “t” time period, with [image: image]1i−[image: image]7i representing the parameters of each variable and [image: image]it specifying the fixed effect of country.
4 RESULTS
4.1 Descriptive statistics and unit root
Using linear panel estimate approaches, we analyzed data from developing and developed economies from 1970 to 2022 in order to examine the impact of renewable energy as a response variable on economic growth, energy consumption, and CO2 emissions across four continents, with each country’s renewable energy sector elaborated upon (Table 2). In relation to the value of the boxplot element examined in Figure 1, the median is represented by a 95% confidence interval with specified widths for upper and lower whiskers.
TABLE 2 | Descriptive statistics.
[image: Table 2][image: Figure 1]FIGURE 1 | Continent distribution of countries. Sources: authors’ compiling by the continents (EAS, SES, ECA, and MENA).
All predictors with REN are integrated with the countries, as indicated by the fact that the lower whisker of REN shows the fewest outliers relative to FFE, EPC, and GDPC. The residual, actual, and fitted values of renewable energy and CO2 emissions are illustrated in Figure 2. The residual (blue line) results indicate a positive attitude if the actual percentage of renewable energy consumption in a developing country exceeds the fitted value predicted by the line for its factor impacting adoption in comparison to developed countries. This implies that developing countries, such as EAS, SES, and, more likely, MENA countries, have a higher percentage of renewable energy use than anticipated, as indicated by the identified factor. The MENA region will require an investment of over $200 billion in a substantial undertaking to support the region’s socio-economic development and develop REN, as dispersion in REN has been meticulously calculated. Second, if the fitted value is greater than the actual (red line) percentage, the residual indicates a negative attitude (Khan, 2023). This suggests that the developing countries have a lower percentage of renewable energy use than anticipated, as indicated by the factor. Third, the zero residual value indicates that a perfect fit would be achieved if the actual and fitted values were identical, resulting in a zero residual. Additionally, the fitted line is the light green line traced through the data points. This line is produced by the regression analysis and denotes the anticipated relationship between the independent and dependent variables in accordance with the selected model. In conclusion, the actual values demonstrate that, despite the absence of explicit individual values on the graph, the data points accurately represent the values of both the X and Y variables for each case study. The actual data point is represented by the position of each point (e.g., the specific factor value and corresponding percentage of renewable energy consumption of a developing and developed country) (Rabnawaz Khan and Kong, 2020).
[image: Figure 2]FIGURE 2 | Renewable energy and CO2 emissions.
The LLC, IPS, ADF, PP, and Hadri panel unit root tests, as well as the individual and trend intercept tests, along with the stationary test rendering to cross-sectional in first-generation unit root tests with a common root, the primary variables IVA, per capita GDP (Constant 2010 US dollar), and CMIC, and the other explanatory variables—in for both level and first difference—in order to eliminate inconvenience, are included in Supplementary Appendix S3. Following this, the co-integration test developed by Pedroni and Kao was executed prior to the empirical evaluation of the GLM and RLS approaches (Supplementary Appendix S4). These methods have become mainstream dynamic approaches of relevant studies (Işık et al., 2022; Rehman et al., 2023; Rothenberg, 2023). It is imperative to consider the dynamic interrelation of variables when doing analyses on distinct individual variables. The initial variation of time is a crucial variable when examining Granger causality between variables. The changes in variables are also directly influenced by the lagging effects of the policy or historical data. Third, the nature of the interaction between variables varies in the long and short terms, necessitating dynamic calculations for both time periods.
The short-run coefficient is significant, suggesting that there will be a decline in the short run (Koengkan et al., 2023). This conclusion is drawn from the fact that the logarithm of the coefficient does not account for major order relationships or transepts. Furthermore, the variance decomposition illustrates the proportion of focus arrow variance that can be accounted for by a particular variable indicator over a five-year period in the short run and long run. The long-run influence of REN on itself diminishes further into future, while the influence of predictor variables increases over time. This indicates that predictor variables exhibit a strong endogenous influence on REN as time progresses, while REN exhibits a weak endogenous influence on itself (Rothenberg, 2023; Bashir et al., 2024). For instance, in the short run, REN alone accounts for 100% of the variance in the focus arrow during the first period.
The residual indication of REN in different countries by region is elucidated in Figures 3A, B. The null hypothesis cannot be rejected in the level case, with the exception of CO2 emissions, IVA, and GDPC. Energy intensity, CO2 emission intensity, and renewable energy utilization are some of the important variables that are investigated in the study. There can be substantial cross-national and temporal variation in the operationalization, or the process of defining and measuring, of these variables (Shah et al., 2022). As an illustration, one way to quantify energy intensity may be by comparing energy use per capita in different countries or per unit of GDPC. It is also possible to use alternative metrics to measure the intensity of CO2 emissions and the utilization of renewable energy sources (Borelli et al., 2023).
[image: Figure 3]FIGURE 3 | (A) Individual regression in East and South Asia. (B) Individual regression in Central Europe and the Middle East.
Afterward, we computed the GLM with Poisson quasi-likelihood, followed by the Wald test; the value was assessed using a negative binomial (k) with a family parameter; and panel least squares (PLS) regression was then performed before conducting the empirical valuation of RLS estimations.
4.2 Analysis of panel regression
A notable aspect of this study is the examination of the dynamic connections between REN, CO2 emissions, energy consumption, economic expansion, the industrial revolution, fossil fuel energy consumption, and energy consumption per capita. Accordingly, in applied economics, it is important to distinguish between static and unrealistic approaches: the line between dynamic and statistics is not a division between realism and abstraction but rather a distinction that appears in economic history as a realistic field of study. Therefore, this distinction should be acknowledged as a form of confirmation. The concept of equilibriumis fundamental in static and dynamic. While statistical equilibrium is fundamental, in dynamic contexts, equilibrium can be unstable if not handled carefully, potentially leading to significant changes in equilibrium levels.
Since the static model’s endogenous explanatory variables do not include any information about the variables’ historical values and the error term is serially and mutually independent, a dynamic model in the form of lagged endogenous variables and serially correlated errors must be constructed. As a result, GLM and RLS estimations include the lag of dependent variables as explanatory variables in the regression equation, indicating the dynamic link and permitting the construction of a dynamic model for the endogenous variables. These strategies are now commonly used in the dynamic techniques of many related investigations. It is critical to consider the dynamic relationship between variables while conducting independent analyses. Investigating the mean-variance relationship requires careful consideration of the first-time variation. Second, the lagged impacts of the policy or historical information have a direct impact on changes in variables. The dynamic lagging should be considered when analyzing developing countries as they are founded on the economic basis of the past and the process achieved by an economic corridor. As for the third, RLS necessitates M, S, and MM estimates in various locations because of dissimilarity in the relationship between variables.
4.3 Covariance of the generalized linear model
Table 3 shows the covariance computed by QML z-statistics in negative binominal log-likelihood with ordinary, Huber–White, and HAC (Newley–West) for different regions. We use a Poisson regression to determine the values that the dependent variable should take. The z-statistics of the coefficient are significantly positive, including overdispersion in the residuals of individuals. The presence of overdispersion is k = 0.536 in EAS, 0.047 in South Asia, 0.819 in ECA Central, and 0.0001 in the MENA.
TABLE 3 | Covariance by the generalized linear model.
[image: Table 3]4.4 Estimation by robust regression
Figures 4A, B indicate the robust regression by M-estimation, S-estimation, and MM-estimation, which employ the REN of the panel dataset with explanatory variables. Before the estimation of robust regression, the ordinary least squares were computed in the work file and confirmed findings using diagnostic influence statistics to examine leverages for the second model. The bisquare function with a default tuning parameter value of 4.685 was utilized in each estimation performed using the median absolute deviation approach, and z-statistics were calculated using the estimated covariance matrix from the Huber distribution. The impact of switching from least squares to M-estimation on the estimated coefficients is significant (Table 4).
[image: Figure 4]FIGURE 4 | A) East and South Asia of GDPC and CO2 emissions. (B) Europe and Central Asia’s GDPC and CO2 emissions.
TABLE 4 | Estimation by robust regression.
[image: Table 4]In the EAS, the results of robust estimates show statistically more CO2 emissions, IVA, CMIC, and FFE on REN than those of ordinary panel least squares and strongly reject the null hypothesis, where the robust estimation indicated a lower coefficient value compared to least squares. Consequently, Eq. 7 suggests the observation of high leverage for the relationship between them, and EPC and GDPC do not show any change in robust estimation. Furthermore, R2 (24.65), R2 (81.26) adjusted, and goodness-of-fit measures indicate that the model explains approximately 60%–90% of the variation in the constant-only model. Likewise, in the SES, CO2 emissions, EPC, and IVA strongly reject the null hypothesis, suggesting a high-leverage relationship among them. GDPC, CMIC, and FFE did not reject null hypotheses. In ECA central CO2 emissions, IVA and FFE on REN strongly reject the null hypothesis, where the robust estimation indicated a lower value relative to panel least squares. CMIC has not rejected the null hypothesis, and EPC and GDPC showed no effect in robust estimation. In the MENA, the results of robust estimates show a statistically negative impact of CMIC and FFE on REN compared to ordinary least squares, strongly rejecting the null hypothesis. This suggests a high leverage in the observed relationship between REN, CMIC, and FFE. The least squares of CO2 emissions and IVA indicate that the null hypothesis is not rejected, and EPC and GDPC do not show any change in robust estimation. The results across countries or over time can be difficult to compare due to these inconsistencies. While one nation may appear to have a lower energy intensity than another depending on the meter it uses, in reality (Yu et al., 2022), it may be consuming more energy overall. In order to make more accurate comparisons, researchers in the future should focus on standardizing data or use methods to account for possible measurement differences (Hao et al., 2022). Furthermore, the M-estimation reported a 4.684 turning parameter, and the result from M-estimation and MM-estimation are generally quite similar in all region robust estimations.
Table 5 provides the values of correlation of coefficient “r” measured by likewise deletion with an ordinary method, indicating the strength and direction of the linear relationship between variables in different regions. In addition, a correlation coefficient of 0.138 indicates a weak uphill (positive) linear relationship between CO2 emissions to REN in ECA central, while a correlation coefficient of 0.442 suggests a moderate uphill positive relationship in EAS. Similarly, the highest positive uphill linear relationship is observed between EPC and CO2 emissions, with an r-value of 0.922 in ECA. In addition, the correlation between economic growth and CO2 emissions is statistically significant in this study. In order to achieve robust economic growth, industrial expansion is crucial. Concurrently, one of the main causes of environmental degradation is unplanned industrialization. The results from this study are consistent with those from You et al. (2024). The goal of REN is to help achieve environmental sustainability by reducing ecological damage. Therefore, improving environmental conditions is an outcome of investing in REN. Consistent with our findings, previous research has shown a negative correlation between REN and CO2 emissions (Perone, 2024; Yadav et al., 2024).
TABLE 5 | Correlation of continents.
[image: Table 5]5 DISCUSSION
(Figures 4A, B) There was a positive benefit in a high economic growth regime but a negative effect on CO2 emissions for all EAS countries except Australia, Japan, and New Zealand. Using a panel autoregressive distributed lag (PARDL) model (Koengkan and Fuinhas, 2020; Khan, 2022; Khan et al., 2022c; Khan, 2023), researchers analyzed the impact of switching to REN on CO2 emissions in LAC nations (Shahbaz et al., 2018), which is suitable for analyzing alterations in parameters over time. In order to better understand these energy challenges, this research employs the GLM and RLS model. For example, Aydin and Cetintas (2022) observed that when using REN as the transition variable, there is an inverted US-shaped link between economic progress and environmental degradation. Chiu and Lee (2020); Rabnawaz Khan and Kong (2020); Khan S. Z. R. (2021); Aydin and Cetintas (2022) used a number of transition variables to examine the impact of country risks on the energy-finance nexus. Both the short- and long-term analyses revealed that transitioning to REN decreased CO2 emissions. Bilgili et al. (2016) drew their conclusions from studies conducted in 17 OECD countries and found that CO2 emissions were reduced while economic growth was increased because of the use of REN.
Furthermore, developing countries are expected to be the source of climate catastrophe in Asia in the coming decades (Yu et al., 2023). However, their weak infrastructure and lack of resources will make it difficult for them to adapt to and sustain economic growth in the face of a changing climate. This is evidenced by Singapore’s high economic growth with relatively low CO2 emissions and Brunei’s emissions being above the median line. On the other hand, a developing nation that is short on grid infrastructure and in need of investment in smaller, distributed renewable energy solutions would not benefit from the same program (Ali et al., 2023). To encourage renewable energy and decrease CO2 emissions, it is essential to understand these intricacies and craft successful policies. Due to their distinct situations and problems, industrialized and developing nations call for distinct strategies (Wolde-Rufael and Weldemeskel, 2020; Raihan et al., 2022). Extensive studies in the economies of Brazil, Russia, India, Indonesia, China, Turkey, and South Africa (BRIICS) revealed that REN helps improve environmental quality (Khan, 2023; Li et al., 2024). They all agreed that increasing the use of REN sources and addressing problems with energy demand should be at the forefront of any environmentally friendly industrial plan. Despite the strong will behind transitioning to renewable energy and reaching net-zero emissions, there are still substantial legislative hurdles to overcome, especially when contrasting the realities of developed and developing countries. Public support and political will for ambitious climate policies are two factors that can be challenging to translate into action in developing nations, even if environmental issues are likely to be high on the public agenda (Abbasi et al., 2021). Rigid environmental restrictions can be thwarted by powerful lobbying efforts by special interests in the fossil fuel sector. The second part is financial factors; political and public opposition may arise from the perceived short-term economic costs of abandoning the fossil fuel infrastructure that has been in place for a long time (Saba, 2023). In order to achieve both short-term economic success and longer-term environmental sustainability, thoughtful policymaking is required. In the case of developed countries, reducing poverty and boosting the economy are typically seen as two opposing goals. There may be competition for scarce government resources and attention from environmental concerns, even as they are gaining recognition (AlNemer et al., 2023). Second, funding, technical knowledge, and physical infrastructure in poor nations may be insufficient to establish and uphold thorough environmental regulations. Because of this, it may be difficult to implement and sustain renewable energy solutions (Perone, 2024). However, these policy problems can be addressed through international cooperation. Financial aid from developed nations can encourage developing nations to engage in renewable energy infrastructure, scientific research, and capacity-building programs. Innovations in renewable energy technology can be shared to hasten its implementation in underdeveloped nations (Yadav et al., 2024).
Many studies have examined the environmental impact of REN, but their findings have been inconsistent. In general, two themes emerge from the empirical data (Sung et al., 2018). The first group of studies shows that decreasing CO2 emissions and boosting the use of REN sources help the environment. The increasing use of REN sources has a negative impact on the environment, consumes valuable green space, and exacerbates pollution, all of which make it harder to cut down on CO2 emissions. (Tran et al., 2022) As a result, it is important to discuss the impact that REN has on CO2 emissions. The second line of thought proposed that there was no real impact of REN on the environment, and some academics offered proof for this claim. Dong et al. (2020) suggested that countries with lower per capita income did not benefit from the CO2 emission reduction benefits of REN. In contrast, reduction impacts are sizable in both nations with low and high per capita income. They said that countries with greater incomes already have the capital to invest, state-of-the-art scientific knowledge, and the required infrastructure to reduce CO2 emissions (Algieri et al., 2022). We have discussed the intricacies and difficulties in relation to renewable energy and CO2 emissions. First, from a socioeconomic perspective, emerging nations have the necessary infrastructure in place and access to larger sums of money to invest in renewable energy. Integration with the grid and efficiency gains can be their primary goals (Elstad, 2022). Renewable energy sources, such as solar and wind power, may be plentiful in developing nations despite their lack of investment and energy infrastructure (Ali et al., 2023). The provision of initial financial support and the construction of new infrastructure may be their top goals. Second, developed nations have set clean energy targets or carbon pricing mechanisms to encourage the use of renewable energy sources. In terms of environmental policy enforcement, poor nations either do not have the necessary resources or have less robust regulatory frameworks (Kartal et al., 2023). Third, when it comes to energy infrastructure, industrialized nations have advanced grids that can accommodate renewable power generation on a massive scale (Ali et al., 2023; László, 2023). Renewable energy integration is more difficult in developing countries due to low-quality infrastructures or high reliance on energy sources derived from fossil fuels. Fourth, policies that work in rich nations with well-developed infrastructure and carbon pricing may not have the same impact in poor nations with fewer resources (Jahanger et al., 2023). An industrialized nation with a robust infrastructure might benefit from a program that encourages large-scale solar installations through feed-in tariffs.
Additionally, the United Arab Emirates and Qatar (countries with the second-highest ecological footprint globally) are contributing to increasing CO2 emissions in the MENA region; Romania’s fossil fuel combustion decreased by 14.6% in 2012; in Turkmenistan, CO2 emissions increased from 19 million to 100 million, at an annual rate of 10%–20% from 1997 to 2016; and CO2 emissions in Hungary and Ukraine are decreasing slightly. Using the generalized spatial two-stage least squares (GS2SLS) method, Radmehr et al. (2021) investigated the immediate triggers of the CO2 emission increase during 1995–2014 in the context of ECA. They identified a unidirectional causal relationship between REN and CO2 emissions, recommending that CO2 mitigation techniques should be included in investment plans for REN. Furthermore, the results showed a weak negative correlation, which may be because educational opportunities are underfunded despite the fact that they would improve both technological competence and environmental literacy (Barnea et al., 2022). One competing theory holds that the high levels of CO₂ emissions seen in both developing and wealthy nations show that the investments made in the human sector through industrialization so far are not enough to significantly reduce these emissions (Bergougui, 2024). Further environmental harm is increased by using non-REN sources. Energy sources that cannot be replenished increase opportunities for business, transportation, agriculture, and job creation. In response to increasing CO2 emissions, the demand for alternative REN sources has surged in the last several decades (AlNouss et al., 2022).
The contribution of CO2 emissions, EPC, IVA, GDPC, CMIC, and FFE is largely exogenous, implying that regions are subject to varying influences. CMIC and FFE exert a considerable influence on predictor factors on the EAS and MENA continents but a limited influence on the prediction of REN on the SES and ECA continents. In addition, a predator exhibits a strong endogenous influence on REN removal in the future, whereas REN demonstrates a weak endogenous influence on itself (Chiu and Chang, 2009). The effect of reducing CO2 emissions would not be visible until the share of REN supply in total energy supply for the 20 OECD countries reached 8.39 percent between 1996 and 2005, according to one analysis. Attempts to demonstrate a causal relationship between REN and CO2 emissions have yielded varied results, which may be related to a number of factors. When analyzing the relationship between REN and CO2 emissions, it is critical to remember that globalization may have a significant effect. The numerous environmental benefits of globalization include the promotion of renewable energy sources and the decrease of pollution. Global environmental policy differs greatly between developed and developing countries (Kwilinski et al., 2024). Harsher environmental laws are typically implemented by developed nations in response to public pressure and harsher legislation. Investments in clean technology, emission reduction goals, and carbon pricing schemes are all examples of what could fall into this category (Grodzicki and Jankiewicz, 2022). Policy changes like these, however, are not always cheap or simple to implement. However, reducing poverty and boosting economic growth are frequently the top priorities of developing nations (AlNemer et al., 2023). Despite growing awareness of environmental issues, comprehensive environmental policies may be challenging to establish and uphold due to a lack of funding and other competing demands (Perone, 2024). In order to help developing nations build strong environmental rules and implement sustainable development practices, developed countries can provide financial aid and work together internationally to close this gap.
6 CONCLUSION AND POLICY IMPLICATION
The goal of this study is to investigate the nexus between renewable energy consumption and CO2 emissions and economic growth by using a panel estimate approach in developing and developed countries over the period 1970–2022. Our strong motivation is to fill the gap related to the absence of studies discussing this subject in developing and developed countries. Developing and developed countries are an exact representative example of a continent’s economic corporation, and it is a plan based around two cores with low to high income. Analysis of the data shows a correlation between CO2 consumption, renewable energy, manufacturing industries, construction value added, and GDP per capita, as well as regional growth and cooperation potential for energy consumption among countries. The major findings can be summarized as follows: there is a feedback relationship between economic growth and renewable energy consumption in the case of whole, developing, and developed countries. The countries on the same continent tend to behave differently in terms of their economic contributions; hence, policy recommendations for energy are broken down by region. Positive and rapid economic growth was seen in East Asian countries, and a correlation was found between GDP per capita, industry value added, and renewable energy.
The primary suggestions emerging from our study can be introduced as follows. First, the emergence of a feedback relationship between the renewable energy category and income explains the strong association between them. Inside the groups of countries analyzed, the mentioned association proposes energy strategies intended to expand the utilization of renewable energy, producing a positive effect on output. Policymakers should encourage renewable energy projects to beat the limitations on nonrenewable energy consumption and ameliorate economic growth. Second, we discover a bi-directional causality between trade and economic growth. It implies that trade plays a vital role in enhancing the growth of developing and developed countries. It involves that policy that accelerates economic growth will prompt the trade. In addition, it implies that policymakers should prompt trade to facilitate the creation of a competitive advantage, accelerate the transfer of technical knowledge, and attract foreign direct investment. Third, we show a feedback connection between trade and renewable energy consumption. This implies that trade openness needs to outlay more renewable energy consumption. In addition, it involves that renewable energy helps the integration of developing and developed countries in international trade. Openness is an important vehicle serving the transfer of renewable energy technology. Policymakers ought to take distinctive measures to develop the renewable energy division, for example, giving fiscal incentives for renewable energy and promoting investing in renewable energy projects. Energy preferences can also be influenced by societal norms on sustainability and the severity of environmental laws in a given nation. Another disclaimer is that “spillover effects”—the phenomenon whereby a change in energy policy or technology in one country influences the energy dynamics in neighboring countries—may have been disregarded in the study. Furthermore, recent technological developments—adoption of renewable energy sources and energy intensity could be profoundly affected by innovations in energy efficiency and battery storage. Energy usage and emissions can be influenced by policy interventions such as carbon pricing schemes or subsidies for renewable energy. Furthermore, the degree of government bureaucracy and the rigor of environmental rules are examples of institutional factors that could influence energy consumption decisions. Public sentiments toward sustainability and energy conservation are examples of socio-cultural factors that can impact energy usage habits. In addition, policymakers may be able to gain a deeper understanding of the topic and make more comprehensive changes to relevant policies in the future if they analyze the link between the empirical study and a theoretical framework.
The implications of these results for policies and initiatives aimed at accomplishing a transition to renewable energy and net-zero emissions are substantial. Our research emphasized that by addressing income inequality via income redistribution, there would be a substantial increase in the utilization of renewable energy sources, accompanied by a reduction in energy intensity and nonrenewable energy consumption. According to the results of the study, the introduction of feed-in tariffs, the lowering of barriers, and the provision of financial aid are all examples of financial incentives that are necessary for the implementation of renewable energy sources. The economy may reduce its impact on the environment by using less fossil fuels. We must support environmentally conscious businesses, encourage the usage of green bonds, and set standards for environmentally conscious responsible financial operations. Planning for sustainable urban environments, including walkability, compactness, and energy efficiency, must be a top priority.
Despite providing a moderate empirical contribution to policy concerns regarding the attainment of energy transition and net zero, this study is not without its constraints. We utilized a global sample of 55 nations for our research. Although utilizing a sizable sample size enhances the validity of generalizations and conclusions, it is likely that the policy recommendations it generates do not pertain to specific countries. This constraint enables further research endeavors to examine the correlation between renewable energy, economic growth, energy consumption, and the interplay of CO2 emissions in industrialized and developing countries through the implementation of country-specific analytical methodologies. This would substantially aid policymakers in comprehending the political and economic obstacles that impede the attainment of carbon neutrality and energy transition by 2050. However, our research has policy implications that could potentially inform worldwide energy transition and net-zero strategies.
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