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ABSTRACT 

This study investigated the energy transition in 17 Latin American countries during the period 2000–2021, addressing its 

theoretical foundations, the evolution of its determining variables, and the factors that drive or hinder it. The descriptive 

analysis reveals a deeply heterogeneous region. The evolution of key economic indicators, such as GDP per capita, 

investment, and natural resource rents, shows strong procyclicality and vulnerability to global cycles, affecting the 

capacity for sustainable investment. To identify the determinants, a panel data model was implemented, whose final 

specification was a random-effects model after passing the Hausman test. The results of the econometric analysis identify 

economic growth (GDP per capita) and Foreign Direct Investment (FDI) as the main catalysts of the transition, showing 

a positive and significant relationship with renewable energy consumption. However, the model also reveals significant 

structural barriers: high CO₂ emissions, greater domestic credit to banks (CIB), and, crucially, Gross Fixed Capital 

Formation (GFCF) have a negative impact. This suggests that investment in the region is still predominantly directed 

toward non-sustainable sectors. Variables such as urbanization or natural resource rents were not found to be significant, 

reinforcing the conclusion that the transition depends more on structural economic factors and the direction of investment 

than on demographic trends or resource endowments. 

 

Introducción 

The energy transition toward renewable sources has shown significant progress and is a critical element in promoting 

sustainability; however, the substantial consumption of fossil fuels remains a constant (Najm & Matsumoto, 2020; Tian 

et al., 2022). The structural change required to create a new energy system will demand multiple actions and will take a 

considerable amount of time to materialize; nevertheless, new technologies, which are less dependent on fossil fuels, will 

promote this new dynamic (Shojaeddini et al., 2019). Due to its multidisciplinary nature, the definition of energy transition 

can encompass various perspectives involving different stakeholders and elements of interest, ranging from the local to 

the global level, including regulation, distribution, and trade, among others (Johnstone & McLeish, 2020). The effects of 

climate change have negatively affected health and have intensified the need to replace fossil fuels. They have also 

accelerated actions leading to a far-reaching energy transition through collaboration aimed at achieving the required 

innovations. This scenario demonstrates that the initial investments required for its development may be excessively high 

(Kumar et al., 2021). 

Although multiple perspectives on energy transition exist, the main idea is to shift the current system toward other energy 

sources or alternative production technologies (Sanz, 2024). Transitioning from traditional economic systems toward 

sustainable development involves socio-technical transformations that explain how sustainability transitions are carried 

out (Wagner & Matuszek, 2022). These transitions may encompass different dimensions, ranging from technical, 

institutional, and economic aspects to those involving ecology itself, as well as social and cultural dimensions, which are 

ultimately reflected in social change (Davidson, 2019). Energy demand is expected to increase significantly in the near 
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future as energy resources decline; consequently, innovative solutions, both technological and non-technological, as well 

as clean energy production, are necessary and desirable (Yilbaşi et al., 2023). 

As a global region, Latin America continues to be a leader in the use of clean energy. Furthermore, it is a region with a 

high concentration of cities severely affected by climate change. Climate vulnerability is evident in both urban and rural 

areas through extreme heat, changes in precipitation patterns, reduced viability of hydrological systems, and the erosion 

of natural habitats and biodiversity. Guatemala, Honduras, and El Salvador are among the most climate-vulnerable 

countries in the world, while in the Caribbean, the climate crisis and rising sea levels have become direct existential threats 

(Masson et al., 2021). Although a climate-compatible energy transition is considered essential for slowing the pace of 

climate change, it is currently at risk due to the persistent effects of the COVID-19 pandemic (Nagao & Vedovato, 2023; 

Hampl, 2021), exacerbated by Russia’s war against Ukraine and the subsequent boom in fossil fuel energy markets. 

Many countries in the region are currently deciding between the “race to net zero” (decarbonizing their economies) and 

the “race to the bottom” (energy-intensive development), where “race” refers to competition among Latin American 

jurisdictions to offer the lowest cost of negative externalities, that is, the lowest social and environmental governance 

standards (Dammert et al., 2021; Pye et al., 2020). Inevitably, the “race to the bottom” would exacerbate pre-existing 

regional challenges, generalized in this study as the Sustainable Development Goals (SDGs) in which Latin America has 

the lowest scores (Ibrahim et al., 2023): SDG 9, through the adoption of outdated industrial processes and standards; SDG 

10, by further entrenching inequality; and SDG 16, due to institutional failures in protecting the public interest. 

Redirecting Latin America’s economic recovery toward an energy transition that takes these pre-existing challenges into 

account would have the advantage not only of reducing emissions but also of potentially decreasing inequality, 

strengthening industrial standards, and improving institutions. Conversely, supporting the traditional business model 

implies replicating the failures that have been found to lead to inefficiencies at multiple levels, including the inefficiency 

of inequality (UNDP, 2021; CEPAL, 2021). 

This explains the lack of studies that analyze the problem from the reality of the different countries of Latin America, 

particularly the issue of energy transition from a regional perspective that allows for a greater understanding of this 

phenomenon, as has occurred in advanced economies. The present study seeks to characterize the energy supply, both 

globally and among the most innovative economies, and to use this information as a point of comparison for analyzing 

the situation in Latin America. Secondly, it aims to evaluate the variables and identify patterns of energy supply across 

different countries and selected years in order to deduce the energy management practices and policies that these 

economies have implemented. Based on this analysis, we will propose public policy guidelines that could support the 

promotion of the energy transition toward renewable energy sources in Latin America. 

 

Research Problem 

Although per capita CO₂ emissions in Latin America remain lower than in the rest of the world, the growing energy 

demand, which is double the global average, raises the question of whether this increase will be met through greater 

production and supply of energy from fossil fuels or predominantly through renewable energy sources (Washburn & 

Pablo, 2019). The expansion of megacities has led to greater consumption of fossil fuels, contributing to high levels of 

environmental pollution, health problems, and environmental degradation. 

Central America, Mexico, and the Caribbean still depend heavily on fossil fuels, while other countries are beginning to 

replace renewable energy sources with fossil fuels, particularly in electricity generation (De Queiroz et al., 2019). Gas-

fired generation is the most important source of electricity after hydropower, accounting for 25% of electricity generation 

(Balza et al., 2016). The high dependence on imported fossil fuels (liquid petroleum products and derivatives, and natural 

gas) in the Caribbean Small Island Developing States (SIDS), where up to 90% of commercial energy comes from 

imported oil (Trinidad and Tobago, Suriname, Curaçao, Jamaica, and others), generates inefficiencies in the acquisition 

and use of energy resources, as high percentages of GDP are spent on imported fossil fuels (Menezes & Vedovato, 2023). 

To decouple economic growth from Greenhouse Gas (GHG) emissions and harmful fluorinated gases, it is necessary to 

drastically reduce the carbon intensity of the main emitting sectors (fuel combustion, agriculture, and Land Use, Land-

Use Change, and Forestry (LULUCF)) in order to achieve the objectives of the Paris Agreement. This involves 

transforming the energy matrix toward a greater share of renewable energy and opting for clean electricity instead of 

investing in additional coal- or gas-fired power plants (Hwang & Sánchez, 2024). 

Renewable energy is now the least costly option in the electricity sector. Variable Renewable Energy (VRE) is driving 

the ongoing decarbonization of the electricity sector, transforming the operation of power systems (Tamimi & Paramita, 

2025). While rapid growth in variable renewable energy (VRE) contributes to improved energy efficiency and mitigates 

concerns regarding fuel security (where renewable energy sources are locally available), it will simultaneously require 

increased flexibility in electricity systems, where distributed photovoltaic energy is expected to replace fossil-fuel power 

plants currently in use, motivated in part by the significant decline in renewable energy costs. 

For example, if the 31 countries of the Caribbean subregion (mainly small island states) adopt 90% clean energy by 2030, 

this would not only benefit human and environmental health but also generate annual savings of US$9 billion in fuel costs 

(Lazaro & Serrani, 2023). New energy technologies and products (e.g., dispatchable generation, demand response, storage, 

digitalization, and interconnection) have not yet been fully implemented to adapt to these increases; others are still under 

development or in the demonstration phase (OECD, 2019). 

Several countries, such as Costa Rica, Brazil, Chile, Colombia, and the Dominican Republic, have made progress in 

distributed generation, although the regulatory framework requires further development and regulatory and bureaucratic 

barriers still need to be removed (Howell, 2021). In other words, Latin American countries can help drive energy 

innovation supported by the rapid adoption of renewable energy or the rapid decarbonization of the gas sector, which in 
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turn increases productivity and energy efficiency while reducing costs. However, given the complexity of the challenges 

associated with the energy transition, the following research question arises: What are the determinants that influence the 

energy transition in Latin America? 

 

Methodology 

The present research is framed within the quantitative approach, as it is based on the collection and analysis of numerical 

data to examine the determinants of the energy transition in Latin America. The study design is non-experimental in 

nature, since the variables are not actively controlled but are only observed and analyzed in their natural settings to 

determine relationships and effects. The hypothetical-deductive method is employed to formulate hypotheses based on 

previous theories and observations regarding the determinants of the energy transition, which are then tested through the 

collection and analysis of empirical data. 

The study population consists of Latin American countries, specifically those included in a dataset considered highly 

relevant to the energy transition. A total of 17 countries are considered: Argentina, Bolivia, Brazil, Chile, Colombia, Costa 

Rica, Ecuador, El Salvador, Guatemala, Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru, the Dominican Republic, 

and Uruguay. Regarding sample size, annual data from 2000 to 2021 are selected for each of these countries, resulting in 

a dataset of approximately 374 observations (17 countries × 22 years). 

 

Hypotheses 

Null Hypothesis (H₀): There is no statistically significant influence of economic, social, and environmental indicators 

(such as renewable energy consumption, GDP per capita, foreign direct investment, CO₂ emissions, etc.) on the energy 

transition in Latin America. 

Alternative Hypothesis (H₁): There is a statistically significant influence between economic, social, and environmental 

indicators (for example, renewable energy consumption, GDP per capita, foreign direct investment, CO₂ emissions, among 

others) and the energy transition in Latin America. 

 

Panel Data 

The analysis of the factors influencing the energy transition that will be included in the EPI in Latin America will use 

panel data, including cross-sectional analysis of multiple countries over time. This allows for a comprehensive study of 

the development of the energy transition in the region, taking into account both temporal changes and differences among 

countries (Greene, 2024). 

For the analysis of the factors driving the energy transition in Latin America, panel data will be employed, including time 

series for several countries (cross-sections). Thus, the study presents an analysis of the evolution of the energy transition 

in the region across both time and countries. 

Y_it = α + βX_it + ε_it (1) 

Where: 

• Y_it = the value of the energy transition indicator for country i in year t. 

• X_it = the explanatory variables for country i in year t. 

• α = the model constant. 

• β = the vector of coefficients measuring the effect of the explanatory variables. 

• ε_it = the error term, representing unexplained variation. 

 

Model Equation 

The methods used to estimate the Fixed Effects (FE) and Random Effects (RE) models and to test consistency using the 

Hausman test are described in this section. These models are applied to variables that consider various economic and 

environmental elements involved in the energy transition in Latin America. 

 

Estimation of the Fixed Effects (FE) Model 

The Fixed Effects (FE) model is applied to estimate the effect of time-varying factors while controlling for country-

specific characteristics that do not vary over time (Freeman et al., 2025). The model can be written in the following general 

form: 

RNE_it = α + β₁UP_it + β₂GDP_it + β₃CO2_it + β₄CIB_it + β₅ICO2_it + β₆N2O_it + β₇PEW_it + β₈PRE_it + β₉FBKF_it + 

β₁₀RRN_it + u_i + ε_it (2) 

Where: 

• RNE_it: Renewable energy consumption as a percentage of total final energy consumption for country i in year t. 

• α: Model intercept, representing the expected value of RNE when all independent variables are zero. 

• β₁, β₂, β₃ ... β₁₁: Regression coefficients indicating the impact of each independent variable on renewable energy 

consumption. 

• UP_it: Urban population in country i in year t. 

• GDP_it: GDP per capita (constant 2010 US$). 

• FDI_it: Foreign direct investment as a percentage of GDP for country i in year t. 

• CO2_it: CO₂ emissions in metric tons per capita for country i in year t. 

• CIB_it: Domestic credit to the private sector as a percentage of GDP for country i in year t. 

• ICO2_it: Carbon intensity of GDP for country i in year t. 
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• N2O_it: N₂O emissions from buildings for country i in year t. 

• PEW_it: Electricity production from oil as a percentage of total electricity production for country i in year t. 

• PRE_it: Electricity production from renewable sources (excluding hydropower) in kilowatt-hours for country i in year 

t. 

• FBKF_it: Gross fixed capital formation as a percentage of GDP for country i in year t. 

• RRN_it: Total natural resource rents as a percentage of GDP for country i in year t. 

• ε_it: Error term capturing unexplained variation in renewable energy consumption. 

 

Estimation of the Random Effects (RE) Model 

The Random Effects (RE) Model is a statistical econometric method used in panel data studies, based on the assumption 

that there are random characteristic differences among individuals (in our case, among different countries) that are not 

correlated with the explanatory variables in the model (Bell et al., 2019). This, in turn, allows for the inclusion of country-

specific effects as well as time effects and improves estimation efficiency by exploiting variation across countries. 

RNE_it = α + β₁UP_it + β₂GDP_it + β₃CO2_it + β₄CIB_it + β₅ICO2_it + β₆N2O_it + β₇PEW_it + β₈PRE_it + β₉FBKF_it 

+ β₁₀RRN_it + u_i + ε_it (3) 

Where: 

• RNE_it: Renewable energy consumption as a percentage of total final energy consumption for country i in year t. 

• α: Model intercept, representing the expected value of RNE when all independent variables are zero. 

• β₁, β₂, β₃ ... β₁₁: Regression coefficients indicating the impact of each independent variable on renewable energy 

consumption. 

• UP_it: Urban population in country i in year t. 

• GDP_it: GDP per capita (constant 2010 US$). 

• FDI_it: Foreign direct investment as a percentage of GDP for country i in year t. 

• CO2_it: CO₂ emissions in metric tons per capita for country i in year t. 

• CIB_it: Domestic credit to the private sector as a percentage of GDP for country i in year t. 

• ICO2_it: Carbon intensity of GDP for country i in year t. 

• N2O_it: N₂O emissions from buildings for country i in year t. 

• PEW_it: Electricity production from oil as a percentage of total electricity production for country i in year t. 

• PRE_it: Electricity production from renewable sources (excluding hydropower) in kilowatt-hours for country i in year 

t. 

• FBKF_it: Gross fixed capital formation as a percentage of GDP for country i in year t. 

• RRN_it: Total natural resource rents as a percentage of GDP for country i in year t. 

• ε_it: Error term capturing unexplained variation in renewable energy consumption. 

 

Aplicación Application of the Hausman Test 

The Hausman test is necessary to determine whether the fixed effects model or the random effects model is more 

appropriate for the analysis. The test examines whether the explanatory variables are correlated with the unobserved 

individual effects. Specifically, it evaluates whether there is a systematic correlation between the regressors and the 

unobserved individual effects (Rüttenauer & Ludwig, 2023). 

Under the null hypothesis, it is assumed that the individual effects are not correlated with the explanatory variables, which 

would favor the random effects model due to its efficiency. However, if the test rejects the null hypothesis, this would 

indicate the presence of such a correlation, suggesting that the fixed effects model is the more appropriate specification, 

since it robustly controls for this inherent endogeneity by eliminating time-invariant unobserved effects (Wang et al., 

2025). 

The Hausman test formula is expressed as: 

H = (b_fe − b_re)' × [Var(b_fe) − Var(b_re)]^(-1) × (b_fe − b_re) (4) 

 

Results 

The descriptive statistics table provides an initial overview of twelve key variables, ranging from renewable energy 

consumption to economic and environmental indicators. Data dispersion is notable across several variables, such as Urban 

Population (UP), which shows a mean of 23.5 million and a standard deviation of 41.7 million, indicating substantial 

heterogeneity in urban population size among the observations. Similarly, Electricity Production from Renewable Sources, 

Excluding Hydropower (PRE), with a mean of 4.88E+09 kWh and a standard deviation of 1.63E+10 kWh, suggests wide 

variations in the development of these technologies, which may reflect differing levels of investment and energy policies 

among the entities studied. The minimum and maximum values confirm this variability, with extremely wide ranges 

suggesting the inclusion of economies at different stages of development and with diverse productive and demographic 

structures (Zaman & Valiyattoor, 2025). 

 

Table 1. Descriptive Statistics of the Variables 

Variable Mean Std. Dev. Mínimum Maximum 

RNE 34.21 17.62 7.65 70.41 

UP 23,500,000 41,700,000 1,867,017 187,000,000 
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GDP 6,830.77 3,902.45 1,429.73 16,192.16 

FDIS 0.6 1.46 -7.56 8.1 

CO2 1.94 1.08 0.67 4.83 

CIB 38.82 19.49 9.5 94.73 

ICO2 0.136 0.042 0.063 0.219 

N2O 0.321 0.572 0.0063 2.48 

PEW 21.23 22.09 0.0008 92.51 

PRE 4.88E+09 1.63E+10 -8.79E+09 1.45E+11 

FBKF 20.41 4.69 11.69 40.2 

RRN 3.71 3.88 0.02 18.96 

Note. Author’s own elaboration. 

 

In economic terms, GDP per capita (GDP) has a mean of US$6,830.77 and a standard deviation of US$3,902.45, indicating 

considerable disparity in the level of economic development among the units of analysis. This variability is also evident 

in Foreign Direct Investment, net capital outflows (FDIS), which, with a mean of 0.6% and a standard deviation of 1.46%, 

exhibits both negative values (capital outflows) and positive values, reflecting complex dynamics in investment flows. 

Gross Fixed Capital Formation (FBKF), with a mean of 20.41% and a standard deviation of 4.69%, remains within a 

narrower range, which may indicate relatively more stable investment in fixed assets compared to other variables 

(UNCTAD, 2023). 

From an environmental perspective, CO₂ Emissions (CO2) per capita average 1.94 metric tons, with a standard deviation 

of 1.08, suggesting differences in individual carbon footprints. Carbon Intensity of GDP (ICO2), with a mean of 0.136 kg 

CO₂e per PPP dollar of GDP and a low standard deviation of 0.042, indicates that despite variations in per capita emissions, 

carbon efficiency in economic production may be more consistent. On the other hand, Nitrous Oxide Emissions (N2O), 

with a mean of 0.321 Mt CO₂e and a standard deviation of 0.572, exhibit high variability, possibly due to the diversity of 

energy sources or industrial practices (Vita, 2018). 

Finally, variables related to the energy sector and natural resources reveal interesting patterns. Renewable Energy 

Consumption (RNE), with a mean of 34.21% of total energy consumption and a standard deviation of 17.62%, underscores 

the uneven efforts toward energy transition, while Electricity Production from Oil (PEW), with a mean of 21.23% and a 

high standard deviation of 22.09%, emphasizes the persistence of oil in the energy matrix of some regions. Total Natural 

Resource Rents (RRN), with a mean of 3.71% of GDP and a standard deviation of 3.88%, indicate the varying importance 

of these resources in national economies, which may influence investment in renewable energy and environmental policies 

(Hidalgo & Hernández, 2021). 

 

Table 2. Fixed Effects and Random Effects Models 

Variable Coef. (Efectos 

Fijos) 

p-valor (Efectos 

Fijos) 

Coef. (Efectos 

Aleatorios) 

p-valor (Efectos 

Aleatorios) 

UP -5.30E-08 0.517 -6.97E-08 0.301 

GDP 0.0022099 0.000 *** 0.0021886 0.000 

FDIS 0.4838045 0.000 *** 0.4943755 0.000 *** 

CO2 -12.24801 0.000 *** -12.44343 0.000 *** 

CTB -0.0655635 0.003 ***  -0.0617178 0.004 *** 

ICO2 44.06468 0.017 ** 40.44866 0.026 ** 

N2O 6.323669 0.038 **  6.492072 0.031 ** 

PEW 0.0712872 0.001 *** 0.073617 0.001 *** 

PRE 3.19E-11 0.242 3.72E-11 0.121 

FBKF -0.2132161 0.001 *** -0.2000958 0.001 *** 

RNN -0.0708015 0.312 -0.0718381 0.302 

α 41.16702 0.000 *** 42.26219 0.000 *** 

**Note. The significance of each variable is subject to the following thresholds: *p < 0.10; **p < 0.05; *p < 0.01. 

 

The fixed effects model presented investigates the factors influencing renewable energy consumption (RNE) in 17 Latin 

American countries during the period 2000–2021. The overall robustness of the model is notable, as evidenced by an F-
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statistic of 22.64 with a probability of 0.000, supporting the joint significance of the explanatory variables in explaining 

variations in renewable energy consumption. The within R² value of 0.4353 is particularly relevant, indicating that 

approximately 43.5% of the variability in renewable energy consumption within each country over time can be attributed 

to the model. 

Furthermore, the F-test for fixed effects (F(16, 323) = 312.07, p < 0.01) clearly justifies the choice of the fixed effects 

model over a pooled OLS model, suggesting the existence of unobserved, country-specific heterogeneity that remains 

constant over time and that, if not controlled for, could bias the results. 

When analyzing the coefficients associated with the variables, statistically significant relationships with renewable energy 

consumption are identified. GDP per capita (GDP) exhibits a positive and highly significant relationship (coef. 0.0022, p 

< 0.01), indicating that as countries increase their wealth, they tend to increase their consumption of renewable energy, in 

line with the Environmental Kuznets Curve theory. 

Similarly, electricity production from oil (PEW) and foreign direct investment (FDIS) also show positive and significant 

relationships. However, important trade-offs are identified: CO₂ emissions (coef. -12.25), domestic credit to banks (CIB), 

and gross fixed capital formation (FBKF) have a negative and significant impact on renewable energy consumption. This 

latter finding may suggest that capital investments are being directed primarily toward non-renewable sectors, thereby 

crowding out investment in clean energy. 

The lack of statistical significance of Urban Population (UP) as a determinant of renewable energy consumption (RNE) 

challenges some initial intuitions. Theoretically, a greater concentration of population in urban areas could be expected to 

drive energy demand and, consequently, the need to diversify the energy mix toward more sustainable sources. However, 

this result may indicate that urbanization per se is not a direct factor, but rather that its impact is mediated by other 

unobserved variables or by contextual factors specific to the regions studied. For example, in cities of developing 

economies, urban growth is often accompanied by an expansion of existing energy infrastructure predominantly based on 

fossil fuels, without an immediate transition toward large-scale renewables (Muñoz, 2022). Alternatively, the 

implementation of urban energy policies and citizens’ environmental awareness may be more influential than the mere 

size of the urban population (Garlet, 2021). It is possible that heterogeneity in urban planning and development priorities 

across the different units of analysis dilutes any direct effect of urbanization on RNE, suggesting that the relationship is 

more complex and multifaceted. 

The fact that Electricity Production from Renewable Sources (excluding hydropower, PRE) does not show a significant 

relationship with Renewable Energy Consumption (RNE) is a particularly counterintuitive finding, given that greater 

renewable electricity generation should logically contribute to higher overall renewable energy consumption. This 

disconnect may be due to several reasons. First, it is possible that PRE production is exported, or that renewable energy 

consumption in other forms (heating, transportation) is dominant and offsets any effect of renewable electricity on total 

consumption. Second, there may be a time lag between PRE production and its reflection in consumption, or the installed 

PRE capacity may not yet be large enough to generate a statistically discernible impact on aggregate RNE across the 

regions. A more detailed analysis of the composition of final energy consumption and the capacity of transmission 

networks to integrate renewable energy may be necessary to unravel this apparent paradox (IRENA, 2024). It is important 

to consider that renewable energy consumption encompasses more than electricity alone, including the direct use of 

biofuels, solar thermal energy, and other sources, which may dilute the direct impact of renewable electricity production 

on the RNE metric. 

The lack of significance of Natural Resource Rents (RRN) in relation to Renewable Energy Consumption (RNE) is also 

noteworthy. A priori, countries with high natural resource rents, especially from fossil fuels, might have fewer incentives 

to invest in and adopt renewable energy due to the “resource curse” (Ross, 2012), leading to a negative relationship. 

However, the absence of significance suggests that the relationship is neither linear nor unidirectional. On the one hand, 

some resource-rich countries may be using these rents to finance the energy transition and diversify their economies 

(Altinoz & Dogan, 2021). On the other hand, global pressure and international climate agreements may be encouraging 

renewable energy adoption regardless of resource wealth. This statistical neutrality may reflect a combination of these 

opposing effects or indicate that decisions to invest in renewables are influenced more by factors such as government 

policies, technology costs, and energy security than by the availability of natural resource rents. 

Likewise, the absence of significance in natural resource rents suggests that the phenomenon known as the “resource 

curse” does not have a direct effect on lower renewable energy adoption according to this specific dataset. This analysis 

provides a robust empirical basis for understanding the complex economic and structural factors influencing the energy 

transition in Latin America. 

Table 5 presents the results of the estimation of a Random Effects (RE) model, which offers an alternative to the Fixed 

Effects (FE) model for panel data analysis. The RE model is based on the premise that the unobserved individual effects 

of each country (u_i) are not related to the explanatory variables. This fundamental assumption, specified in the table as 

Corr(u_i, X) = 0 (assumed), allows the model to be more efficient than the FE model, as it exploits both temporal variation 

within countries and variation between countries. 

The R-squared values are comparable to those of the FE model, reaching an overall R² of 0.4766, indicating that the model 

explains approximately 48% of the total variability in renewable energy consumption. The rho value (0.959) is remarkably 

high, suggesting that nearly 96% of the total variance of the composite error term is attributable to country-specific 

individual effects (u_i), which underscores the relevance of unobserved heterogeneity among nations. 

When examining the individual coefficients, the findings are highly consistent with those obtained from the FE model. 

Variables such as GDP per capita (GDP), foreign direct investment (FDIS), carbon intensity (ICO2), nitrous oxide 

emissions (N2O), and electricity production from oil (PEW) continue to show a positive and statistically significant 
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relationship with renewable energy consumption. Similarly, CO₂ emissions, domestic credit (CIB), and gross fixed capital 

formation (FBKF) maintain their negative and significant impact. 

Both the magnitude and sign of the coefficients, as well as their level of significance (reflected in the z-values and p-

values), exhibit only minor differences between the RE and FE models. This consistency in results constitutes an important 

finding in itself. However, the final decision regarding which model to adopt should not be based solely on this similarity 

in coefficients; it is crucial to evaluate the validity of the central assumption regarding the absence of correlation between 

individual effects and regressors. To do so, conducting the Hausman test is indispensable. 

 

Discussion 

The present analysis of the factors influencing renewable energy consumption (RNE) in 17 Latin American countries 

during the period 2000–2021, based on a panel data model, establishes a valuable connection with the current academic 

literature. The methodological robustness, evidenced by the selection of a Random Effects model following rigorous 

specification tests (Hausman) and the correction of heteroskedasticity and autocorrelation issues, provides strong internal 

validity to the findings. This methodology is consistent with that employed in other regional and global studies in the field 

(Lin & Omoju, 2017; Marques & Fuinhas, 2012), thereby allowing direct comparison of our results with a broader research 

framework and offering specific and contextualized evidence for the Latin American region. 

A strong agreement with the literature is observed regarding the positive and statistically significant relationship between 

Gross Domestic Product per capita (GDP) and renewable energy consumption (coef. 0.0021886, p < 0.01). This finding 

empirically validates for Latin America the hypothesis that more prosperous countries possess a greater capacity and, 

often, a stronger inclination to finance and adopt the energy transition. This result aligns perfectly with Cheikh and Zaied 

(2024), who argue that economic development facilitates investment in renewable infrastructure and clean technologies, 

as well as with Zhang et al. (2023), who identify economic growth as a key driver of renewable energy adoption at the 

global level. 

This positive relationship has been extensively documented across various regions. For example, Apergis and Payne 

(2010), in their study of emerging economies, found bidirectional causality between renewable energy consumption and 

economic growth. Similarly, Sadorsky (2009) identified a positive relationship in G7 countries. The results of our study 

suggest that economic development in Latin America acts as a facilitator rather than an obstacle to the transition toward 

cleaner energy sources, in contrast to the hypothesis that developing countries prioritize growth at the expense of 

sustainability. This may be because, as economies grow, fiscal and private resources are generated that can be allocated 

to investments in renewable technologies, the creation of carbon markets, or the implementation of subsidies and 

promotional policies. Moreover, higher per capita income is often accompanied by greater environmental awareness and 

increased public demand for sustainability policies, thereby creating a favorable environment for RNE (Omri et al., 2015). 

A crucial aspect of our findings is the positive and significant impact of Foreign Direct Investment (FDIS) on renewable 

energy consumption (coef. 0.4943755, p < 0.01). This result strongly supports the concept of the “Halo Effect” or 

“Technology Transfer Hypothesis” associated with FDIS, as discussed by Setiawan and Nihayah (2023) and Zafar et al. 

(2020). These authors argue that FDI not only provides the capital necessary for renewable energy projects but also 

facilitates the transfer of advanced technologies, specialized knowledge, managerial skills, and best environmental 

practices from more developed investor countries to recipient economies. This is particularly relevant for Latin America, 

where the technological gap in renewable energy can be substantial. FDI therefore not only directly promotes the 

construction of renewable energy plants but also catalyzes the development of local value chains, improves energy 

efficiency, and promotes higher sustainability standards. This finding reinforces the notion that openness to international 

investment is fundamental for accelerating changes in the regional energy matrix, a conclusion consistent with the 

observations of Quito et al. (2023) regarding the driving role of investments in energy efficiency. 

However, as previously noted, this positive effect of FDIS may be partially amplified by a possible “halo effect” associated 

with countries that are already leading the energy transition. Countries that already demonstrate a commitment to 

renewable energy, reflected in their consumption patterns, policies, and environmental reputation, are often more attractive 

to sustainability-oriented FDI. As Thorndike (1920) noted in his conceptualization of the halo effect, a favorable overall 

impression can lead to the attribution of other positive characteristics, which in econometric terms may translate into 

endogeneity issues or omitted variable bias (Wooldridge, 2010). This bias could be inflating the observed magnitude of 

the FDIS coefficient. Future research should incorporate indicators of energy policy or environmental governance that 

capture this reputational dimension. In addition, conducting robustness tests that temporarily exclude the countries most 

advanced in the transition could verify the stability of the results and isolate the specific impact of FDIS on renewable 

energy consumption while minimizing the influence of this potential bias. 

The study presents results that qualify or complicate some previous conclusions, revealing the complexity of the energy 

transition in Latin America. The negative and significant coefficient of CO₂ emissions (coef. -12.44343, p < 0.01) on 

renewable energy consumption may be interpreted as evidence of the phenomenon known as “path dependence” or 

“carbon lock-in” (Seto et al., 2016). Economies with a high carbon footprint, driven by infrastructure and industrial 

processes that are heavily dependent on fossil fuels, face significant structural barriers to dismantling these systems 

(Unruh, 2000). This finding underscores that achieving an effective energy transition requires not only adding new 

renewable capacity but also overcoming the inertia associated with inherited socio-technical regimes, as described by Guo 

et al. (2019). This implies that countries with high levels of CO₂ emissions possess a more rigid energy structure and 

therefore face greater difficulty in incorporating and consuming renewable energy on a large scale. 

Particularly significant is the negative and significant coefficient of Gross Fixed Capital Formation (FBKF) (coef. -

0.2000958, p < 0.01). While authors such as Rasoulinezhad et al. (2023) emphasize capital scarcity as a general obstacle 
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to the energy transition, our result suggests a more subtle and concerning problem in Latin America: the direction of 

investment flows. The evidence indicates that despite total investment in fixed capital, a considerable proportion of this 

investment is being directed toward carbon-intensive sectors or infrastructure that does not support the integration of 

renewable energy, thereby creating inertia that hinders progress toward greater RNE. This may be due to the persistence 

of investments in extractive industries or fossil fuel infrastructure, which are capital-intensive but generate limited positive 

impacts on renewable energy consumption. This phenomenon has been documented in other regions by authors such as 

Majeed et al. (2018), who argue that fixed capital investment in developing economies often prioritizes the expansion of 

existing productive capacity, which may be linked to conventional energy sources. This implies that public policies should 

focus not only on increasing investment levels but also on strategically directing them toward economic decarbonization 

and renewable energy infrastructure, possibly through fiscal incentives or specific regulations. 

The negative and significant coefficient of Domestic Credit to the Private Sector (CIB) (coef. -0.0617178, p < 0.01) is an 

unexpected and crucial result. A priori, greater access to credit would be expected to facilitate investment in any sector, 

including renewable energy. However, our findings suggest that in Latin America, domestic credit is not flowing 

predominantly toward renewable energy projects. This may be due to several factors: the banking sector may perceive 

renewable energy projects as riskier, there may be a lack of appropriate financing mechanisms for green projects, or credit 

may be channeled toward traditional industries that compete with renewable energy deployment (extractive industries and 

energy-intensive conventional manufacturing). This result contrasts with studies that find a positive effect of financing on 

renewable energy investment in developed economies (Brunnschweiler & Bulte, 2008) and highlights the need for specific 

policies to “green” the financial system and direct capital toward the energy transition in the region. 

 

Conclusion 

The analysis of the energy transition is grounded in a solid foundation of economic and environmental theories that explain 

both the factors driving it and those that constitute its obstacles. Externalities Theory supports the need for government 

intervention to remedy market failures arising from the social costs associated with fossil fuels, including climate change. 

On the other hand, the Theory of Induced Technological Change and Endogenous Growth Theory address how such 

policies, by altering economic incentives, foster innovation and increase investments in research and development (R&D) 

aimed at sustainable technologies, thereby accelerating their adoption. Nevertheless, Path Dependency Theory warns 

about the resistance of existing energy systems (lock-in), which complicates change even when alternatives are available. 

Finally, Green Growth Theory presents an optimistic perspective by asserting that this transition is not only crucial for 

achieving environmental sustainability but also represents an opportunity to decouple economic growth from 

environmental degradation and promote a new development model. 

The descriptive analysis of the determinants of the energy transition in Latin America between 2000 and 2021 reveals a 

region characterized by heterogeneity and complex trends. While significant progress can be observed, such as the 

exponential growth of non-conventional renewable energy sources (Figure 21) and a drastic reduction in dependence on 

oil for electricity generation (Figure 19), total renewable energy consumption shows a slight decline throughout the period, 

interrupted only by the economic contraction of 2020 (Figure 1). The behavior of key economic variables, such as GDP 

per capita (Figure 5), investment (Figure 23), and natural resource rents (Figure 25), demonstrates strong procyclicality 

and vulnerability to global economic cycles. At the national level, developments are uneven: while countries such as Brazil 

and Mexico lead the expansion of new renewable energy sources (Figure 22), and Central American nations exhibit a 

historically high dependence on hydropower (Figure 2), others such as Chile, Argentina, and Mexico display the highest 

per capita emissions (Figure 12). This structural diversity in energy matrices, economic development, and financial 

deepening underscores that there is no single transition pathway for the region, but rather multiple trajectories conditioned 

by the economic, geographic, and political particularities of each country. 

According to the results of the econometric analysis, and after validating the suitability of the Random Effects model 

through the Hausman test, several determinants of the energy transition in Latin America were identified. The main drivers 

are economic growth (GDP) and Foreign Direct Investment (FDIS), both of which show a positive and highly significant 

relationship with renewable energy consumption, suggesting that economic development and openness to external capital 

facilitate the adoption of clean technologies. However, important structural barriers remain: high CO₂ emissions, greater 

domestic credit to banks (CIB), and Gross Fixed Capital Formation (FBKF) exert a negative impact, indicating that carbon 

dependence and the allocation of investment toward non-renewable sectors hinder the transition process. On the other 

hand, variables such as urbanization (UP), non-conventional renewable energy production (PRE), and natural resource 

rents (RRN) were not found to be statistically significant determinants, implying that the transition in the region is driven 

more by structural economic factors and the direction of investment than by urban demographic growth or the so-called 

“resource curse.” 

 

Bibliography 

1. Altinoz, B., & Dogan, E. (2021). How renewable energy consumption and natural resource abundance impact 

environmental degradation? New findings and policy implications from quantile approach. Energy Sources, Part B: 

Economics, Planning, and Policy, 16(4), 345–356. https://doi.org/10.1080/15567249.2021.1885527 

2. Apergis, N., & Payne, J. E. (2010). Energy consumption and growth in South America: Evidence from a panel error 

correction model. Energy economics, 32(6), 1421–1426. 

3. Balza, L., Espinasa, R., & Serebrisky, T. (2016). Lights on?: Energy needs in Latin America and the Caribbean to 2040. 

https://publications.iadb.org/en/lights-energy-needs-latin-america-and-caribbean-2040?eloutlink=imf2adb 



906   Cristopher Andrés Herrera Granizo et al.  

 

4. Bell, A., Fairbrother, M., & Jones, K. (2019). Fixed and random effects models: Making an informed choice. Quality & 

Quantity, 53(2), 1051–1074. https://doi.org/10.1007/s11135-018-0802-x 

5. Brunnschweiler, C. N., & Bulte, E. H. (2008). Linking Natural Resources to Slow Growth and More Conflict. Science, 

320(5876), 616–617. https://doi.org/10.1126/science.1154539 

6. CEPAL. (2021). La ineficiencia de la desigualdad. https://www.cepal.org/en/publications/43443-inefficiency-inequality 

7. Cheikh, N. B., & Zaied, Y. B. (2024). Understanding the drivers of the renewable energy transition. Economic Analysis 

and Policy, 82, 604–612. 

8. Dammert, J., Global roundtable on extractive industries, & UN Global Roundtable. (2021). Quitting the Race to the Bottom 

in Extractive Industries. Natural Resource Governance Institute. https://resourcegovernance.org /articles/quitting-race-

bottom-extractive-industries 

9. Davidson, D. J. (2019). Exnovating for a renewable energy transition. Nature Energy, 4(4), 254–256.  

https://www.nature.com/articles/s41560-019-0369-3 

10. De Queiroz, A., Mulcahy, D., Sankarasubramanian, A., Deane, J., Mahinthakumar, G., Lu, N., & DeCarolis, J. (2019). 

Repurposing an energy system optimization model for seasonal power generation planning. Energy, 181, 1321–1330. 

https://www.sciencedirect.com/science/article/pii/S0360544219310084 

11. Freeman, R., Larch, M., Theodorakopoulos, A., & Yotov, Y. V. (2025). Unlocking New Methods to Estimate Country-

Specific Effects and Trade Elasticities With the Structural Gravity Model. Journal of Applied Econometrics, 40(6), 669–

684. https://doi.org/10.1002/jae.3133 

12. Garlet, T. B. (2021). Diagnóstico da competitividade da cadeia de valor da geração distribuída de energia fotovoltaica. 

https://lume.ufrgs.br/handle/10183/235004 

13. Greene, W. (2024). Chapter 15: Models for ordered choices.  

https://www.elgaronline.com/e dcollchap/book/9781800375635/book-part-9781800375635-23.xml 

14. Guo, P., Kong, J., Guo, Y., & Liu, X. (2019). Identifying the influencing factors of the sustainable energy transitions in 

China. Journal of Cleaner Production, 215, 757–766. 

15. Hampl, N. (2021). Negotiating climate and energy futures: Prospects for climate compatible recoveries in Latin America 

and the Caribbean. https://www.researchsquare.com/article/rs-1037215/latest 

16. Hidalgo, D. B., & Hernández, A. B. (2021). Métrica de costos e inversiones en generación energética con fuentes 

renovables, a escala global. Opuntia Brava, 13(3), 278–289. 

17. Howell, D. G. (2021). Are we advancing in the transition of the energy matrix in Latin America? Analysis and 

considerations. Policy Brief on Trade and Environment, Konrad Adenauer Stiftung. 

18. Hwang, Y. K., & Sánchez, Á. (2024). Renewable energy transition and green growth nexus in Latin America. Renewable 

and Sustainable Energy Reviews, 198, 114431. https://doi.org/10.1016/j.rser.2024.114431 

19. Ibrahim, M., Alola, A., & Ferreira, D. (2023). Assessing sustainable development goals attainment through energy-

environmental efficiency: The case of Latin American and Caribbean countries. Sustainable Energy Technologies and 

Assessments, 57, 103219. https://www.sciencedirect.com/science/article/pii/S2213138823002126 

20. IRENA, R. E. S. (2024). International Renewable Energy Agency. 2024. Abu Dhabi. 

21. Johnstone, P., & McLeish, C. (2020). World wars and the age of oil: Exploring directionality in deep energy transitions. 

Energy Research & Social Science, 69, 101732. https://www.sciencedirect.com/scienc  e/article/pii/S2214629620303078 

22. Kumar, A., Pols, A., & Höffken, J. (2021). Urgency vs justice: A politics of energy transitions in the age of the 

Anthropocene. En Dilemmas of energy transitions in the Global South (pp. 1–17). Routledge.  

https://www.taylorfrancis.com/chapters/oa-edit/10.4324/9780367486457-1/urgency-vs-justice-ankit-kumar-auke-pols-

johanna-h%C3%B6ffken 

23. Lazaro, L. L. B., & Serrani, E. (2023). Energy Transition in Latin America: Historic Perspective and Challenges in 

Achieving Sustainable Development Goals. En L. L. B. Lazaro & E. Serrani (Eds.), Energy Transitions in Latin America: 

The Tough Route to Sustainable Development (pp. 1–24). Springer International Publishing. https://doi.org/10.1007/978-

3-031-37476-0_1 

24. Lin, B., & Omoju, O. E. (2017). Focusing on the right targets: Economic factors driving non-hydro renewable energy 

transition. Renewable Energy, 113, 52–63. 

25. Majeed, M. A., Zhang, X., & Umar, M. (2018). Impact of investment efficiency on cost of equity: Evidence from China. 

Journal of Asia Business Studies, 12(1), 44–59. 

26. Marques, A. C., & Fuinhas, J. A. (2012). Is renewable energy effective in promoting growth? Energy Policy, 46, 434–

442. 

27. Masson, V., Zhai, P., Pirani, A., Connors, S., Péan, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., & Gomis, M. (2021). 

Summary for policymakers. https://pure.iiasa.ac.at/id/eprint/19094/ 

28. Menezes, D. F. N., & Vedovato, L. R. (2023). Sustainable Development Goals and energy transition in Latin America 

and the Caribbean: The quest to reduce social and economic inequalities. https://philpapers.org/rec/MENSDG-3 

29. Muñoz, M. A. (2022). Dos ciudades alojadas en una. Trabajo, mujeres y economías en la ciudad de América Latina. arbor 

3. https://www.torrossa.com/gs/resourceProxy?an=5510304&publisher=FZ1670#page=111 

30. Nagao, D., & Vedovato, L. (2023). Sustainable Development Goals and energy transition in Latin America and the 

Caribbean: The quest to reduce social and economic inequalities. https://philpapers.org/rec/MENSDG-3 

31. Najm, S., & Matsumoto, K. (2020). Does renewable energy substitute LNG international trade in the energy transition? 

Energy Economics, 92, 104964. https://www.sciencedirect.com/science/article/pii/S0140988320303042 

32. OECD. (2019, junio 19). Status of Power System Transformation 2019. OECD.  

https://www.oecd.org/en/publications/status-of-power-system-transformation-2019_7c49400a-en.html 



907   Cristopher Andrés Herrera Granizo et al.  

 

33. Omri, A., Daly, S., & Nguyen, D. K. (2015). A robust analysis of the relationship between renewable energy consumption 

and its main drivers. Applied Economics, 47(28), 2913–2923. https://doi.org/10.1080/00036846.2015.1011312 

34. Pye, S., Bradley, S., Hughes, N., Price, J., Welsby, D., & Ekins, P. (2020). An equitable redistribution of unburnable 

carbon. Nature Communications, 11(1), 3968. https://www.nature.com/articles/s41467-020-17679-3 

35. Quito, B., del Río, M. de la C., Álvarez-García, J., & Bekun, F. V. (2023). Spatiotemporal influencing factors of energy 

efficiency in 43 european countries: A spatial econometric analysis. Renewable and Sustainable Energy Reviews, 182, 

113340. 

36. Rasoulinezhad, E., Taghizadeh-Hesary, F., Abdoli, G., Jabalameli, F., & Dorbash, S. B. (2023). Determinants of energy 

transition in Asia. En The Handbook of Energy Policy (pp. 511–534). Springer. 

37. Ross, M. L. (2012). The Oil Curse: How Petroleum Wealth Shapes the Development of Nations. Princeton University 

Press. https://doi.org/10.1515/9781400841929 

38. Rüttenauer, T., & Ludwig, V. (2023). Fixed Effects Individual Slopes: Accounting and Testing for Heterogeneous Effects 

in Panel Data or Other Multilevel Models. Sociological Methods & Research, 52(1), 43–84.  

https://doi.org/10.1177/0049124120926211 

39. Sadorsky, P. (2009). Renewable energy consumption, CO2 emissions and oil prices in the G7 countries. Energy 

economics, 31(3), 456–462. 

40. Sanz, A. (2024). Temporal negotiations and injustices in the energy transition: Perspectives from a Spanish coal region. 

Energy Research & Social Science, 110, 103453.  

https://www.sciencedirect.com/scie nce/article /pii/S2214629624000446 

41. Setiawan, H. A., & Nihayah, D. M. (2023). The Identifying Factors Affecting Energy Transition Efforts in Indonesia. 

Efficient: Indonesian Journal of Development Economics, 6(2), 210–219. 

42. Seto, K. C., Davis, S. J., Mitchell, R. B., Stokes, E. C., Unruh, G., & Ürge-Vorsatz, D. (2016). Carbon Lock-In: Types, 

Causes, and Policy Implications. Annual Review of Environment and Resources, 41(1), 425–452.  

https://doi.org/10.1146/annurev-environ-110615-085934 

43. Shojaeddini, E., Naimoli, S., Ladislaw, S., & Bazilian, M. (2019). Oil and gas company strategies regarding the energy 

transition. Progress in Energy, 1(1), 012001. https://iopscience.iop.org/article/10.1088/2516-1083/ab2503/meta 

44. Tamimi, H., & Paramita, C. (2025). The strategic role of renewable energy in supporting net-zero emissions targets in 

industrial clusters: Pathways to achieving sustainability. Applied Environmental Science, 2(2), 93–107. https://journal-

iasssf.com/index.php/AES/article/view/1445 

45. Thorndike, E. L. (1920). A constant error in psychological ratings. Journal of applied psychology, 4(1), 25–29. 

46. Tian, J., Yu, L., Xue, R., Zhuang, S., & Shan, Y. (2022). Global low-carbon energy transition in the post-COVID-19 era. 

Applied energy, 307, 118205. https://www.sciencedirect.com/science/article/pii/S0306261921014720 

47. UNDP. (2021). Regional Human Development Report 2021. UNDP. https://www.undp.org/latin-america/regional-

human-development-report-2021 

48. Unruh, G. C. (2000). Understanding carbon lock-in. Energy policy, 28(12), 817–830. 

49. Vita, G. (2018). The Environmental Impacts of Human Needs and Lifestyles: Connecting the global economy, natural 

resources and human wellbeing. https://ntnuopen.ntnu.no/ntnu-xmlui/handle/11250/2578271 

50. Wagner, A., & Matuszek, K. (2022). Time for transition–Temporal structures in energy governance in contemporary 

Poland. Futures, 140, 102959. https://www.sciencedirect.com/science/article/pii/S0016328722000593 

51. Wang, L., Ye, Y., & Huo, B. (2025). Spillover of bad publicity: Effect of negative ESG coverage in supply chains on firm 

performance. International Journal of Production Economics, 285, 109654. https://doi.org/10.1016/j.ijpe.2025.109654 

52. Washburn, C., & Pablo, M. (2019). Measures to promote renewable energies for electricity generation in Latin American 

countries. Energy policy, 128, 212–222. https://www.sciencedirect.com/science/article/pii/S0301421518308656 

53. Wooldridge, J. M. (2010). Econometric analysis of cross section and panel data. MIT press. 

https://books.google.com/books?hl=es&lr=&id=hSs3AgAAQBAJ&oi=fnd&pg=PP1&dq=Wooldridge,+J.+M.+(2010).+

Econometric+Analysis+of+Cross+Section+and+Panel+Data,+second+edition.+MIT+Press.&ots=VZRSmDYXOn&sig

=OWAU2cvTQFuUjtLV0LUorpi36S4 

54. Yilbaşi, Z., Yeşilyurt, M. K., Arslan, M., & Yaman, H. (2023). Understanding the performance, emissions, and 

combustion behaviors of a DI diesel engine using alcohol/hemp seed oil biodiesel/diesel fuel ternary blends: Influence of 

long-chain alcohol type and concentration. Science and Technology for Energy Transition, 78, 5. https://www.stet-

review.org/articles/stet/full_html/2023/01/stet20220199/T5.html 

55. Zafar, M. W., Shahbaz, M., Sinha, A., Sengupta, T., & Qin, Q. (2020). How renewable energy consumption contribute to 

environmental quality? The role of education in OECD countries. Journal of Cleaner Production, 268, 122149. 

56. Zaman, A. U., & Valiyattoor, V. (2025). Evaluating the green total factor productivity and convergence among emerging 

and resource intensive economies. Discover Sustainability, 6(1), 1053. https://doi.org/10.1007/s43621-025-01614-x 

57. Zhang, S., Shinwari, R., Zhao, S., & Dagestani, A. A. (2023). Energy transition, geopolitical risk, and natural resources 

extraction: A novel perspective of energy transition and resources extraction. Resources Policy, 83, 103608. 

 


