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ABSTRACT 

 
Addressing the challenge of rising carbon dioxide (CO2) and 

greenhouse gas (GHG) emissions is a critical priority in global efforts 

to combat climate change. The primary aim is to assess the relationship 

between energy intensity, private investments in energy, renewable 

energy consumption, export-related factors, and their influence on 

CO2 and GHG emissions in Turkey. The study employs a multi-level 

approach using correlation and regression analyses to explore the 

impact of the selected variables. A Bayesian correlation analysis was 

conducted to evaluate the strength of relationships between variables, 

and a regression model was used to test the significance of each factor. 

Data were gathered from official sources on energy intensity, 

renewable energy consumption, private investments in energy, and 

export-related variables in Turkey from 2007 to 2022. The study 

employed the JASP statistical software. The analysis showed that 

energy intensity and private energy investments are the most 

significant predictors of CO2 and GHG emissions. Energy intensity 

exhibited a strong negative correlation with CO2 emissions per capita 

(r = -0.717, BF₁₀ = 10.456) and GHG emissions (r = -0.802, BF₁₀ = 

44.224), highlighting the critical role of energy efficiency in reducing 

emissions. Renewable energy consumption also played a role, though 

its influence was less pronounced than energy efficiency and 

investment. Based on the findings, it is recommended that 

policymakers prioritize energy efficiency improvements and create 

incentives for private investment in renewable energy technologies. 

Future studies should focus on sector-specific energy efficiency 

improvements and policy frameworks to enhance private sector 

engagement in clean energy initiatives. 
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1. INTRODUCTION 
 

The issue of rising carbon dioxide (CO2) 

emissions and total greenhouse gas (GHG) 

emissions has become a central challenge in 

addressing climate change on a global scale. As 

nations strive to meet international climate 

goals such as those outlined in the Paris 

Agreement, reducing emissions has taken on a 

critical role in mitigating the impact of climate 

change (Liu et al., 2020). However, achieving 

significant reductions in emissions remains a 

complex task, as it requires coordinated efforts 

across various sectors, including energy, 

industry, and transportation. A vital aspect of 

this challenge is the influence of factors such as 

energy intensity, investment in energy 

infrastructure, and the transition to renewable 

energy sources in shaping emission trends. 

Globally, energy intensity - the amount of 

energy used per unit of economic output - is a 

significant factor in emissions. High energy 

intensity indicates inefficient energy use, often 

leading to higher emissions. Similarly, private 

investment in energy infrastructure, 

particularly clean and renewable energy 

technologies, is crucial in transitioning to 

lower-carbon economies. Investments in 

energy efficiency, renewable energy projects, 

and new technologies are essential to offset the 

heavy reliance on fossil fuels, contributing to 

CO2 and GHG emissions (Holechek et al., 

2022). Despite global progress in renewable 

energy consumption, the rate at which 

countries adopt clean energy solutions varies 

significantly. 

 Additionally, natural resource rents, 

especially in resource-rich countries, play a 

significant role in the economic reliance on 

carbon-intensive industries such as fossil fuel 

extraction. This reliance further complicates 

efforts to transition to a low-carbon economy, 

as many countries face a trade-off between 

short-term economic gains and long-term 

sustainability goals. While exports of fuels and 

metals continue to be critical drivers of 

economic growth in many nations, they also 

contribute significantly to emissions. In the 

context of Turkey, the challenge of balancing 

economic development with environmental 

sustainability is particularly relevant. As a 

developing economy with a growing industrial 

base, Turkey faces unique pressures to reduce 

emissions while maintaining economic growth. 

Turkey’s energy sector has historically 

depended on fossil fuels, and its energy 

intensity remains relatively high compared to 

more developed economies ( Celik & Özgür, 

2020;  Yildizhan et al.,2023). Although there 

have been efforts to increase renewable energy 

consumption and attract private investment 

into the energy sector, the pace of this transition 

remains insufficient to achieve significant 

emissions reductions. 

Given the critical role that energy intensity, 

private investment in energy infrastructure, and 

renewable energy consumption play in 

reducing emissions, studying the interplay of 

these factors in Turkey's context is highly 

significant. Understanding how Turkey can 

leverage energy efficiency improvements and 

attract more investment in clean energy 

technologies will be crucial for its ability to 

reduce emissions while sustaining economic 

growth. Addressing these issues is vital for 

Turkey’s environmental goals and contributes 

to global efforts in combating climate change. 

The study aims to analyze the determinants 

of CO2 emissions per capita and GHG 

emissions by exploring the influence of energy 

intensity, private investment in energy, 

renewable energy consumption, and export-

related variables. 

 

2. LITERATURE REVIEW 
 

The relevance of studying energy intensity 

and investments in clean technologies was 

driven by global challenges related to the 

increase in carbon dioxide (CO2) and 

greenhouse gas (GHG) emissions in the context 

of economic growth. As economic activity 

grew, energy consumption increased, putting 

more strain on the environment, particularly in 

countries with high energy intensity. Inefficient 

energy use in sectors such as industry and 

transportation led to significant emissions. 

Research showed that investments in clean 
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technologies were crucial in reducing 

dependence on fossil fuels and lowering 

emissions. However, the pace of these changes, 

especially in developing economies, needed to 

be increased. Analyzing global and regional 

trends and the experiences of countries like 

Turkey was critical for finding solutions to 

reduce energy intensity and successfully 

integrate renewable energy sources. 

Caiado et al. (2017) emphasized that 

investments in clean technologies were vital to 

reducing energy intensity and environmental 

impact, especially in developing economies 

like Turkey. At the same time, Spaiser et al. 

(2017) highlighted the conflict between 

economic growth and environmental 

sustainability, pointing out that a traditional 

focus on economic growth in countries heavily 

reliant on fossil fuels exacerbated the problem 

of energy intensity. Østergaard et al. (2020) 

noted that transitioning to renewable energy 

sources, such as wind, solar, and geothermal, 

could significantly reduce dependence on fossil 

fuels. In countries where the potential of 

renewable energy was not yet fully realized, 

this was seen as a critical step toward achieving 

environmental sustainability. In this context, 

Ruggerio (2021) stressed the importance of 

implementing new energy models to reduce 

energy intensity. However, the author noted 

that successfully implementing such changes 

required technological modernization and 

political will, especially in countries where 

traditional energy sectors depended on fossil 

fuels. 

In countries with high energy intensity, 

inefficient energy use has increased emissions, 

necessitating enhanced measures to improve 

energy efficiency. Sen and Ganguly (2017) 

emphasized that special attention had to be paid 

to the industrial and transport sectors, which 

were key contributors to energy consumption 

and emissions. Malik et al. (2019) noted that 

developing countries faced significant barriers 

to adopting renewable energy, such as 

insufficient political support and financing 

challenges, which hindered the effective 

utilization of renewable energy sources. Fadly 

(2019) pointed out that a successful transition 

to a low-carbon economy required active 

participation from the private sector and the 

creation of financial incentives. Brazil served 

as an example, where effective financial 

mechanisms supported the development of 

renewable energy projects, while in Nigeria, 

such programs faced numerous obstacles (Isah 

et al., 2023), slowing down reductions in 

energy intensity. In his study, Cantarero (2020) 

highlighted the importance of community 

involvement and creating inclusive energy 

systems to accelerate the transition to 

renewable energy. Moreover, in countries with 

high energy intensity, the participation of local 

communities and businesses in decision-

making was a key factor for successfully 

implementing renewable energy sources. 

The literature on natural resource rents and 

fuel exports highlighted their significant 

impact on carbon emissions, especially in 

resource-dependent countries. Ertimi et al. 

(2021) pointed out the importance of effective 

natural resource management in oil-dependent 

countries, noting that proper strategies, such as 

those in Norway, could help minimize the 

resource curse, utilize oil revenues for 

sustainable economic growth, and protect the 

environment. Saqib et al. (2022) added that in 

GCC countries, an increase in natural resource 

rents was linked to rising CO2 emissions, 

demonstrating the importance of transitioning 

to renewable energy to reduce the carbon 

footprint. Despite economic benefits, the use of 

fossil fuels increased environmental pressure. 

Huang et al. (2021) also emphasized that 

natural resource rents exacerbated the negative 

ecological impact of rapid economic growth 

and urbanization, creating complex trade-offs 

between economic development and 

sustainability. Yan et al. (2023) explored the 

importance of green investments and fiscal 

policies to reduce dependence on natural 

resources and fossil fuels. Thus, for countries 

with a high share of natural resource rents, 

consistent measures were needed to stimulate 

the transition to clean energy and reduce carbon 

emissions. 

To build on the findings from the literature, 

it becomes evident that energy intensity, 
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private investment in clean technologies, and 

the consumption of renewable energy play 

critical roles in shaping environmental 

outcomes. Additionally, the impact of fuel and 

metal exports on emissions cannot be 

overlooked. Therefore, the following 

hypotheses were developed: 

Hypothesis 1. CO2 emissions per capita 

significantly depend on energy intensity, 

private investment in energy, and renewable 

energy consumption. 

Hypothesis 2. GHG emissions (kt of CO2 

equivalent) are significantly influenced by 

energy intensity, private investment in energy, 

and exports of fuel and metals.  

 

3. METHODOLOGY 
A multi-level analytical framework was 

employed to investigate the complex 

relationships between key economic and 

environmental variables affecting CO2 and 

GHG emissions. The analysis was structured in 

stages, starting with bivariate analyses and 

concluding with Bayesian correlation and 

regression analysis to test hypotheses regarding 

the significance of selected predictors. 

The initial stage involved profile plots for 

bivariate exploration of the data. This approach 

provided both a visual and statistical 

assessment of the relationships between 

individual variables, focusing on energy 

intensity, private energy investment, renewable 

energy consumption, and export-related 

variables. Profile plots were used to identify 

preliminary patterns and potential interactions 

among variables, setting the stage for more 

robust confirmatory analysis. The goal of this 

stage was to develop a qualitative 

understanding of the data and to identify 

potential interactions or multicollinearity 

between the variables. 

Following the visual inspection, Bayesian 

correlation analysis was conducted to 

quantitatively assess the relationships between 

variables. Unlike traditional correlation 

methods, the Bayesian framework allows for 

the incorporation of prior information, offering 

a more nuanced interpretation of the strength 

and direction of these relationships. Bayes 

factors (BF₁₀) were used to compare models 

with predictors against a null model, thus 

providing evidence in favor of each predictor. 

The Bayesian approach was chosen for its 

flexibility in handling uncertainty and for its 

capacity to provide more reliable insights, 

particularly in cases where prior knowledge 

from existing literature is available, as in 

environmental studies. 

A null model was included as a baseline for 

comparing more complex models with 

predictors. The null model assumed that none 

of the predictor variables had a significant 

effect on the dependent variable (CO2 

emissions per capita or GHG emissions). This 

step was essential for evaluating whether the 

inclusion of specific predictors enhanced the 

explanatory power of the models. By using 

Bayes factor analysis, predictor-based models 

were compared against the null model to 

determine whether the predictors significantly 

contributed to explaining variations in the 

dependent variables. A Bayes factor greater 

than 1 indicated that a predictor-based model 

was favored over the null model. 

In the final stage, regression analysis was 

employed to quantitatively assess the 

significance and impact of each predictor on 

CO2 and GHG emissions. The regression 

models evaluated both the individual 

significance of predictors, such as energy 

intensity, private investment in energy, 

renewable energy consumption, and export-

related variables, and the overall model fit, 

using R² and adjusted R² to measure how well 

the models explained the variance in emissions. 

Bayesian regression models were utilized 

alongside traditional methods to ensure a 

robust comparison, further strengthening the 

understanding of the relationships between the 

predictors and emissions. Two main 

hypotheses were tested in this analysis.  

The choice to employ profile plots, 

Bayesian correlation analysis, and regression 

analysis was driven by the need to address both 

the complexity and uncertainty present in 

economic and environmental data. The 

Bayesian framework provided a flexible way to 

interpret relationships in the presence of prior 
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information, particularly when dealing with 

multiple interconnected predictors like energy 

consumption and emissions. Combining both 

exploratory (bivariate) and confirmatory 

(regression) techniques ensured that visual data 

inspection and statistical testing contributed to 

a comprehensive understanding of the 

relationships between the predictors and 

emissions outcomes. This multi-level approach 

enabled a robust interpretation of the data, 

leading to informed conclusions and practical 

recommendations. 

 

4. FINDINGS AND DISCUSSION 
 

The analysis aimed to provide a detailed 

examination of the factors influencing CO2 

emissions per capita and total GHG emissions, 

focusing on energy intensity, private 

investment in energy, renewable energy 

consumption, and export-related variables. The 

analysis structure was designed to 

comprehensively explore how each factor 

contributed to emission trends through a multi-

step approach, combining both exploratory and 

confirmatory techniques. 

Initially, pairwise relationships using 

profile plots were analyzed to explore the 

connections between the variables. This step 

provided a preliminary understanding of the 

factors most strongly associated with CO2 and 

GHG emissions changes. Following this, a 

Bayesian correlation analysis was performed to 

account for uncertainty and offer more robust 

insights into the strength and direction of these 

relationships. Finally, a regression analysis 

tested the significance of each predictor, 

quantifying their respective contributions to 

explaining variations in emissions. 

The first model examines the connection 

between several economic and energy variables 

and CO2 emissions per capita (Figure 1). 

 

 

FIGURE 1. Model 1 CO2 emissions per capita 

 

Note: compiled by authors  

 



Eurasian Journal of Economic and Business Studies, Volume 68, Issue 3, 2024           

– 132 – 

Key indicators such as Energy Intensity 

(MJ/$2017 PPP GDP) and Fuel Exports (% of 

merchandise exports) demonstrate a moderate 

correlation with CO2 emissions. Countries 

with higher energy intensity, which indicates 

less efficient energy use, tend to show higher 

emissions. Additionally, economies heavily 

reliant on fuel exports, such as Turkey, 

typically have higher emissions due to their 

dependence on carbon-intensive fossil fuel 

industries. In Turkey, despite efforts toward 

energy efficiency, the reliance on fossil fuel 

exports continues to drive emissions upward. 

On the other hand, Access to electricity (% 

of population) and Ores and metals exports (% 

of merchandise exports) show weaker 

associations with emissions. While increased 

electricity access is often tied to industrial 

growth, this factor alone does not significantly 

drive emissions in the model. In Turkey, 

widespread access to electricity exists, but 

emissions are more closely tied to the energy 

sources used rather than access itself. 

Similarly, the export of ores and metals does 

not appear to have a strong impact on 

emissions, as their production is less carbon-

intensive than energy sectors. 

The second model analyzes the relationship 

between the economic and energy variables, 

with Total GHG emissions (kt of CO2 

equivalent) as the dependent variable (Figure 

2). 
 

 

 
 

FIGURE 2. Total GHG emissions 
 

Note: compiled by authors  
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Renewable Energy Consumption (% of total 

final energy consumption) and Private 

Investment in Energy (USD) reveal a more 

substantial inverse correlation with CO2 

emissions. Countries with higher renewable 

energy consumption and greater private 

investment in the energy sector tend to have 

lower emissions. In Turkey, increased 

investments in renewable energy, particularly 

solar and wind, have begun to reduce the 

country's emissions, offsetting the negative 

impact of fossil fuel consumption. Targeted 

investments and a shift towards renewables can 

effectively reduce carbon footprints. 

Finally, Total natural resource rents (% of 

GDP) display only a weak correlation with 

emissions, indicating that economic reliance on 

natural resource extraction has a limited impact 

on CO2 levels in Turkey. The relatively small 

share of natural resource rents in the Turkish 

economy means other sectors dominate 

emission generation. 

Energy Intensity and Fuel Exports exhibit 

moderate positive correlations with GHG 

emissions, underscoring the role of energy 

inefficiency and fossil fuel dependence in 

driving emissions. Turkey’s high fuel export 

reliance and relatively high energy intensity 

contribute to its greenhouse gas emissions, 

although recent efforts to improve energy 

efficiency are expected to mitigate this impact 

gradually. 

Private Investment in Energy and 

Renewable Energy Consumption again show a 

stronger inverse correlation with GHG 

emissions, reinforcing the importance of 

renewables and energy investments in reducing 

emissions. In Turkey, rising private sector 

investments in cleaner energy technologies, 

alongside increasing renewable energy 

consumption, are helping curb GHG emissions 

growth despite industrial and economic 

expansion. 

The remaining variables, Access to 

electricity, Ores and metals exports, and Total 

natural resources rents, exhibit weak 

relationships with GHG emissions. Like the 

first model, these indicators are relatively 

minor in driving greenhouse gas emissions in 

Turkey’s context. The country’s energy mix 

and industrial activities are more impactful 

than these specific economic variables. 

A correlation analysis will be conducted and 

displayed in Table 1 to quantify the 

relationships observed in both models.

 

TABLE 1. Correlation matrix 
 

Variable CO2_e

mission

s_mtpc 

GHG_emis

sions_kt_C

O2_eq 

Renew

able_en

ergy_co

ns% 

Total 

natural 

resources 

rents% 

Energy_i

ntensity_

MJ_PPP

_GDP 

Ores_

metals_

exports

% 

Fuel_

expor

ts% 

CO2_emissio

ns_mtpc 

Pearson's r — 
      

BF₁₀ —       

GHG_emissi

ons_kt_CO2_

eq 

Pearson's r 
0.978*

** 
— 

     

BF₁₀ 
666546

.918 
— 

     

Renewable_e

nergy_cons% 

Pearson's r -0.511 -0.393 — 
    

BF₁₀ 1.445 0.762 —     

Total natural 

resources 

rents % 

Pearson's r -0.526 -0.559 0.088 — 
   

BF₁₀ 1.596 2.039 0.354 —    

Energy_inten

sity_MJ_PPP

_GDP 

Pearson's r -0.717* -0.802* 0.318 0.658 — 
  

BF₁₀ 10.456 44.224 0.568 5.080 —   
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Ores_metals_

exports% 

Pearson's r 0.371 0.405 -0.187 0.279 -0.397 —  

BF₁₀ 0.693 0.805 0.405 0.503 0.773 —  

 

Fuel_exports

% 

Pearson's r -0.245 -0.180 0.132 0.215 -0.177 0.498 — 

BF₁₀ 0.459 0.399 0.371 0.428 0.397 1.333 — 

Energy_inves

tment_private

_USD 

Pearson's r -0.740* -0.717* 0.072 0.426 0.290 -0.129 0.468 

BF₁₀ 14.545 10.433 0.350 0.888 0.520 0.370 1.114 

Note: compiled by authors  

 
This will outline the key variables 

influencing CO2 and GHG emissions to clarify 

the significance of factors such as energy 

intensity, fuel exports, renewable energy 

consumption, and private investments in 

driving emissions in Turkey and other similar 

economies. The interpretation of the 

correlation analysis reveals several significant 

relationships among the variables, particularly 

concerning CO2 emissions per capita and total 

greenhouse gas (GHG) emissions. A strong 

positive correlation is observed between CO2 

emissions per capita and GHG emissions (kt of 

CO2 equivalent), with a Pearson’s r value of 

0.978 and a substantial Bayes factor (BF₁₀) of 

666546.918, indicating a robust association. 

The relationship emphasizes the consistency 

between the two emissions measures, 

reinforcing that both metrics effectively 

capture the overall environmental impact of 

energy consumption and production. 

Moving to renewable energy consumption, 

a negative correlation is found between CO2 

emissions per capita and Renewable energy 

consumption, with a Pearson’s r value of -

0.511. Although this correlation is moderately 

intense, the Bayes factor (BF₁₀) of 1.445 

indicates limited evidence in favor of the 

relationship. Renewable energy consumption 

also shows a weaker negative correlation with 

GHG emissions (-0.393), further suggesting 

that increasing the share of renewables in the 

energy mix contributes to lower emissions. 

However, the effect is not as pronounced. The 

weak associations between Renewable energy 

consumption and both types of emissions 

highlight the need for more robust policy 

measures to enhance the impact of renewables 

on reducing carbon footprints. 

An analysis of Total natural resource rents 

reveals negative correlations with CO2 

emissions per capita (-0.526) and GHG 

emissions (-0.559), indicating that countries 

relying less on natural resource rents 

experience lower emissions. The Bayes factors 

for these relationships are 1.596 and 2.039, 

respectively, showing moderate evidence 

supporting the correlations. Resource 

extraction and economic dependency on 

natural resources are closely tied to carbon-

intensive industries, explaining the observed 

relationships. However, the positive but weak 

correlation between Natural resources rents and 

Renewable energy consumption (0.088) 

implies that resource-rich countries may need 

to sufficiently transition to cleaner energy 

sources, underscoring the complexity of energy 

policies in resource-dependent economies. 

In terms of energy efficiency, Energy 

intensity demonstrates a strong negative 

correlation with both CO2 emissions per capita 

(-0.717) and GHG emissions (-0.802), with 

significant Bayes factors (10.456 and 44.224, 

respectively). This points to the crucial role of 

energy efficiency in reducing emissions. As 

countries lower their energy intensity, they tend 

to see reductions in emissions, reinforcing the 

need for continued investments in energy-

efficient technologies. Energy intensity does 

not exhibit a notable correlation with 

Renewable energy consumption (0.318), 

indicating that efficiency improvements do not 

always coincide with increased renewables, 

highlighting potential gaps in integrated energy 

policies. 

The relationships between emissions and 

export-related variables, such as Ores and 

metals exports and Fuel exports, are weaker. 
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Ores and metals exports show a weak positive 

correlation with CO2 emissions (0.371) and 

GHG emissions (0.405), indicating that the 

export of these resources has a minor impact on 

emissions. The Bayes factors for these 

relationships are below 1, indicating limited 

evidence supporting these correlations. The 

lack of significant associations between Ores 

and metals exports and Renewable energy 

consumption (-0.187) or Energy intensity (-

0.397) further indicates that this sector's 

contribution to emissions may be secondary 

compared to other industrial activities. 

Fuel exports, often linked to fossil fuel 

economies, show weak negative correlations 

with CO2 emissions (-0.245) and GHG 

emissions (-0.180), as well as weak positive 

correlations with Renewable energy 

consumption (0.132) and Ores and metals 

exports (0.498). The feeble nature of these 

correlations and the low Bayes factors indicate 

that fuel exports alone do not significantly 

drive emissions but rather work in tandem with 

other economic factors. Countries with high 

fuel exports may still be able to mitigate 

emissions through policy measures, such as 

increasing renewable energy use and 

improving energy efficiency. 

Finally, Private investment in energy shows 

a robust negative correlation with both CO2 

emissions (-0.740) and GHG emissions (-

0.717), accompanied by high Bayes factors 

(14.545 and 10.433). The critical role of private 

investment in reducing emissions, mainly 

through developing clean energy 

infrastructure, is emphasized. However, private 

investment does not show a significant 

relationship with Renewable energy 

consumption (0.072), pointing to the 

possibility that not all private investments are 

directed towards renewable energy projects. 

Table 2 contains the results of the regression 

analysis for model 1. 

 

TABLE 2. Regression analysis -model 1 

Model 1 P(M) P(M|data) BFM BF10 R² 

Renewable_energy_cons% + 

Energy_intensity_MJ_PPP_GDP + 

Energy_investment_private_USD 

0.003 0.271 122.478 1.000 0.919 

Energy_intensity_MJ_PPP_GDP + 

Energy_investment_private_USD 
0.009 0.164 21.363 0.201 0.823 

Null model 0.500 0.061 0.064 0.001 0.000 

Energy_investment_private_USD 0.045 0.057 1.267 0.014 0.547 

Renewable_energy_cons% + 

Energy_investment_private_USD 
0.009 0.046 5.272 0.057 0.758 

Energy_intensity_MJ_PPP_GDP 0.045 0.042 0.926 0.010 0.514 

Renewable_energy_cons% + Total 

natural resources rents% + 

Energy_intensity_MJ_PPP_GDP + 

Energy_investment_private_USD 

0.002 0.271 122.478 1.000 0.919 

Renewable_energy_cons% + 

Energy_intensity_MJ_PPP_GDP + 

Ores_metals_exports% + 

Energy_investment_private_USD 

0.002 0.164 21.363 0.201 0.823 

Renewable_energy_cons% + 

Energy_intensity_MJ_PPP_GDP + 

Fuel_exports% + 

Energy_investment_private_USD 

0.002 0.061 0.064 0.001 0.000 

Total natural resources rents% + 

Energy_intensity_MJ_PPP_GDP + 

Energy_investment_private_USD 

0.003 0.057 1.267 0.014 0.547 

Note: complied by authors based on calculations 
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The comparison of predictors examining 

CO2 emissions per capita demonstrates that the 

combination of Renewable energy 

consumption (% of total energy consumption), 

Energy intensity (MJ/$2017 PPP GDP), and 

Private energy investment (USD) is the most 

robust set of predictors, with a posterior 

probability (P(M|data)) of 0.271 and the 

highest Bayes factor (BF10) of 1.000. These 

predictors explain 91.9% of the variance in 

CO2 emissions (R² = 0.919), emphasizing the 

critical role that energy efficiency, private 

sector investment, and renewable energy play 

in determining carbon emissions. The high 

explanatory power of these variables highlights 

their interconnected impact on mitigating 

emissions in various economies. 

When looking at a more simplified set of 

predictors - energy intensity and Private energy 

investment - there is still significant 

explanatory power with a posterior probability 

of 0.164 and an R² value of 0.823. However, 

the slight reduction in explained variance 

suggests that renewable energy consumption is 

critical in further reducing CO2 emissions. The 

absence of renewable energy consumption in 

this set of predictors reduces the model's 

overall fit, reinforcing the importance of 

integrating renewable sources into energy 

policies. 

The Null predictor, which assumes no 

relationship between the chosen factors and 

CO2 emissions, has a very low posterior 

probability (P(M|data) = 0.061) and explains 
none of the variance (R² = 0.000). This 

provides strong evidence that the selected 

economic and energy-related predictors 

significantly contribute to CO2 emissions, 

unlike a scenario where no variables are 

considered. 

Additional predictors, such as Total natural 

resources rents and Ores and metals exports, 

offer modest improvements in explanatory 

power but do not outperform the combination 

of renewable energy, energy intensity, and 

private investment. For instance, including 

Total natural resources rents along with the 

primary predictors raises the R² slightly to 

0.923. Still, the posterior probability 

(P(M|data)) decreases to 0.036, indicating that 

adding natural resource rents contributes little 

to improving the overall explanatory power. 

Likewise, adding Fuel exports to the 

primary predictors produces a slightly lower 

posterior probability of 0.030 and an R² of 

0.919. This outcome indicates that fuel exports 

have a minimal impact on CO2 emissions 

compared to energy efficiency, renewable 

energy, and private investment. Similarly, 

incorporating Ores and metals exports into the 

analysis shows limited influence on the 

variance explained. 

To sum up, energy-related variables - 

energy efficiency, renewable energy 

consumption, and private sector investment - 

emerge as the strongest predictors of CO2 

emissions. Additional factors like natural 

resource rents and exports of fuel or ores 

contribute some explanatory power but do not 

significantly improve emissions prediction.. 
In Table 3, the results of the regression 

analysis for model 2 are presented. 
 

TABLE 3. Regression analysis -model 2 

Model 2 P(M) 
P( 

M|data) 
BFM BF10 R² 

Energy_intensity_MJ_PPP_GDP + 

Energy_investment_private_USD 
0.009 0.517 116.734 1.000 0.899 

Renewable_energy_cons% + Energy_intensity_ 

MJ_PPP_GDP + Energy_investment_private_USD 
0.003 0.099 35.958 0.572 0.924 

Total natural resources rents% + Energy_intensity_ 

MJ_PPP_GDP + Energy_investment_private_USD 
0.003 0.068 24.159 0.397 0.916 

Energy_intensity_MJ_PPP_GDP 0.045 0.047 1.035 0.018 0.643 
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Energy_intensity_MJ_PPP_GDP + 

Ores_metals_exports% + 

Energy_investment_private_USD 

0.003 0.046 15.769 0.265 0.907 

Energy_intensity_MJ_PPP_GDP + Fuel_exports% 

+ Energy_investment_private_USD 0.003 0.039 13.226 0.224 0.902 

Null model 
0.500 0.018 0.018 

6.238

×10-4 
0.000 

Renewable_energy_cons% + Total natural 

resources rents% + Energy_intensity_MJ_ 

PPP_GDP + Energy_investment_private_USD 

0.002 0.018 11.835 0.205 0.935 

Renewable_energy_cons% + Energy_intensity_ 

MJ_PPP_GDP + Ores_metals_exports% + 

Energy_investment_private_USD 
0.002 0.014 9.145 0.159 0.930 

Total natural resources rents% + 

Energy_intensity_MJ_PPP_GDP + Fuel_exports% 

+ Energy_investment_private_USD 

0.002 0.013 8.411 0.146 0.928 

Note: complied by authors based on calculations 

 

 The comparison of predictors in the second 

model emphasizes the strength of the 

combination of Energy intensity (MJ/$2017 

PPP GDP) and Private energy investment 

(USD), which emerges as the most robust set of 

predictors with a posterior probability 

(P(M|data)) of 0.517 and a Bayes factor (BF10) 

of 1.000. This combination explains 89.9% of 

the variance in the dependent variable (R² = 

0.899), highlighting the significant roles of 

energy efficiency and private sector 

investments in energy infrastructure in 

influencing CO2 emissions. The high 

explanatory power underscores the central 

importance of these predictors in 

understanding the emissions dynamics across 

economies. 

Adding Renewable energy consumption (% 
of total energy consumption) to the 

combination of energy intensity and private 

investments slightly improves the explained 

variance to 92.4% (R² = 0.924). However, the 

posterior probability decreases to 0.099, 

indicating that renewable energy consumption 

positively contributes to the explanatory 

model. However, its overall effect is less 

significant than the core combination of energy 

intensity and private investment. Therefore, 

renewable energy variables, though necessary, 

might play a complementary role in reducing 

emissions rather than being a primary driver. 

The inclusion of Total natural resources 

rents alongside Energy intensity and Private 

investment in energy yields a similar pattern, 

with an R² of 0.916 and a lower posterior 

probability of 0.068. This indicates that natural 

resource rents contribute moderately to 

explaining emissions but are less effective than 

the primary predictors. While relevant, the 

impact of resource rents seems to be 

overshadowed by the more direct influence of 

energy efficiency and investments. 

Other predictor combinations, such as those 

incorporating Ores and metals exports or Fuel 

exports alongside Energy intensity and Private 

energy investment, show lower posterior 

probabilities and reduced explanatory power. 

For instance, including Ores and metals exports 

results in an R² of 0.907, with a posterior 
probability of 0.046, while adding Fuel exports 

leads to an R² of 0.902 and a posterior 

probability of 0.039. These results indicate that 

export-related variables while contributing 

some explanatory power, do not significantly 

enhance the model's ability to explain CO2 

emissions. 

The null model, which assumes no 

relationship between the variables and 

emissions, shows a negligible posterior 

probability (P(M|data) = 0.018) and explains 

none of the variance (R² = 0.000). The 

extremely low Bayes factor (BF10 = 

6.238×10⁻⁴) confirms the necessity of 
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including key predictors to explain emissions 

meaningfully. 

More complex combinations, such as those 

involving Renewable energy consumption, 

Total natural resources rents, and various 

export-related variables alongside Energy 

intensity and Private energy investment, 

slightly improve the explained variance. For 

instance, including Renewable energy 

consumption and Total natural resources rents 

increases R² to 0.935, but the posterior 

probability remains low at 0.018, indicating 

limited added value from these variables. 

Similarly, combinations involving Ores and 

metals or Fuel exports yield higher R² values 

(0.930 and 0.928, respectively). Although 

additional variables such as renewable energy 

consumption, natural resources rents, or 

export-related variables are included in the 

model, they contribute very little to improving 

the model's ability to explain the variation in 

CO2 emissions when compared to the main 

predictors - energy efficiency (Energy 

intensity) and private energy investment. 

In summary, Energy intensity and Private 

energy investment are the strongest predictors, 

with additional variables like Renewable 

energy consumption, Natural resources rents, 

and export-related indicators providing some 

improvements but not significantly altering the 

core explanatory framework. The findings 

reinforce the importance of energy efficiency 

and targeted investments in reducing 

emissions, while other factors play more 

supporting roles in shaping the emissions 

profile. 

The analysis of CO2 emissions per capita 

and total greenhouse gas emissions confirmed 

the significance of critical factors such as 

energy intensity and private energy investment. 

These predictors emerged as the primary 

drivers explaining variations in CO2 emissions 

per capita and overall greenhouse gas 

emissions. Improving energy efficiency and 

attracting private investments in the energy 

sector have the most substantial impacts on 

reducing emissions. 

Renewable energy consumption also 

reduces CO2 emissions, though its effect is less 

significant than energy efficiency and 

investments. This indicates that while 

renewable energy plays an important role, its 

influence is more pronounced when combined 

with broader measures to enhance energy 

efficiency and encourage private-sector 

investments. 

Factors such as fuel and metal exports had a 

minimal impact and contributed little to 

explaining emissions. This highlights that 

strategies focused on improving energy 

efficiency and expanding private sector 

involvement in energy are far more crucial for 

reducing CO2 and greenhouse gas emissions 

than regulating export activities. 

The following results were obtained: 

Hypothesis 1. CO2 emissions per capita 

significantly depend on energy intensity, 

private energy investment, and renewable 

energy consumption - accepted (with a partial 
influence of renewable energy consumption, as 

its contribution to reducing emissions is 

evident but not as significant as the effects of 

energy efficiency and private investments). 

Hypothesis 2. GHG emissions (kt of CO2 

equivalent) are significantly influenced by 

energy intensity, private investment in energy, 

and exports of fuel and metals - partially 

accepted (fuel and metal exports were found to 

have minimal impact on overall emissions, 
suggesting that energy efficiency and 

investments remain the dominant factors, while 
export-related variables play a less substantial 

role). 
 

5. CONCLUSIONS 

The overall objective of this study was to 

analyze the key factors influencing carbon 

dioxide (CO2) emissions per capita and total 

greenhouse gas (GHG) emissions in kilotons of 

carbon dioxide equivalent, focusing on the 

roles of energy intensity, private investment in 

energy, renewable energy consumption, and 

export-related variables. The analysis 

confirmed that energy intensity and private 

energy investment are the most significant 

predictors of emissions, supporting the first 

hypothesis that these factors, along with 

renewable energy consumption, substantially 
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affect CO2 emissions per capita. The second 

hypothesis, regarding the influence of fuel and 

metal exports on GHG emissions, was only 

partially supported, as export-related variables 

showed a minimal impact compared to the 

more potent effects of energy efficiency and 

investments. 

The striking findings revealed that 

improvements in energy efficiency and 

increased private investment in clean energy 

technologies are the most effective strategies 

for reducing CO2 emissions per capita and 

GHG emissions. While renewable energy 

consumption contributes to emissions 

reductions, its influence is secondary compared 

to the more impactful factors of energy 

efficiency and private sector investment. The 

limited effect of fuel and metal exports 

suggests that export activity is not a critical 

driver of emissions, emphasizing the need to 

focus on domestic energy policies and 

investment strategies. 

For future research, further exploration into 

sector-specific energy efficiency measures and 

investment incentives is recommended, along 

with studies that assess the long-term impact of 

such measures on emission reductions. 

Investigating the role of different types of 

renewable energy sources, such as solar and 

wind, combined with broader energy efficiency 

strategies, would provide deeper insights. 

Longitudinal studies focusing on how changes 

in energy policy and investment patterns affect 

emissions over time could also enhance 

understanding of sustainable development 

strategies. 

From an economic and policy perspective, 

policymakers must prioritize energy efficiency 

improvements and create incentives for private 

investments in renewable energy projects. 

Developing targeted fiscal policies and 

frameworks that encourage the adoption of 

low-carbon technologies, along with a 

regulatory environment that supports private 

sector engagement, would be critical steps 

toward reducing emissions. Aligning national 

energy policies with sustainability goals will 

help mitigate environmental impacts while 

ensuring economic growth remains strong and 

resilient.
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