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Abstract: The paper analyses the causal relationship between economic growth, renewable 

energy consumption, trade openness, and CO₂ emissions using a sample of 13 countries from 

2006 to 2021. The JKS Granger non-causality test is applied. The results of the analysis show a 

bidirectional relationship between economic growth and CO₂ emissions. Additionally, there is a 

two-way causal relationship between CO₂ emissions and renewable energy consumption. Trade 

openness causes an increase in CO₂ emissions, but emissions do not, in turn, cause trade 

openness. This may be explained by the increasing role of renewable energy sources in offsetting 

fossil fuel dependence, while trade openness, particularly in developing economies, often leads to 

greater industrial activity and energy consumption, which in turn raises emission levels. The 

study highlights the interrelated nature of CO₂ emissions, economic growth, renewable energy 

use, and trade openness, emphasising the importance of coordinated policies for achieving 

carbon reduction and sustainable development. These findings offer valuable insights for 

policymakers aiming to design balanced strategies for energy transition and environmental 

protection. 

Keywords: CO2 emission, economic growth, renewable energy, trade openness, causality 

 

 

1. Introduction 

The interplay between economic activities, such as energy production, trade, and 

economic growth not only shapes overall human well-being and the functioning of a 

country’s economic system, but also significantly contributes to climate change through 

increased carbon dioxide (CO₂) emissions and environmental degradation [1]. The paper 

aims to analyse the causal relationship between economic growth, renewable energy 

consumption, trade openness and carbon emissions because of the significant impact of 

climate change on economic activity. Economic growth can play a mitigating role in air 

pollution, thereby reducing its harmful impacts and environmental consequences [2].  

Substantial evidence suggests that the increasing share of renewable energy in 

electricity generation serves as a key factor in reducing carbon emissions from the power 

sector, an effect that appears particularly pronounced during the early stages of 

economic development in Europe [3,4]. The role of renewable energy in the EKC 
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hypothesis has gained attention due to its potential to reduce environmental 

degradation and support sustainable growth. [5,6,7,8]. Trade openness, along with the 

interaction between economic growth and renewable electricity consumption, has been 

found to negatively affect environmental quality by contributing to increased CO₂ 

emissions [9,10]. This study is motivated by the lack of empirical research that jointly 

examines the causal relationships between these variables in Europe, as existing studies 

often address these factors separately. 
 

2. Data and Methodology 

The study covers 13 European countries: Albania, Bosnia and Herzegovina, Serbia, 

Montenegro, North Macedonia, Bulgaria, Romania, Croatia, Czechia, Hungary, Poland, 

the Slovak Republic and Slovenia from 2006 to 2021. The variables used in research are 

GDP per capita (GDPpc), renewable energy consumption (REC) and trade openness 

((export+import)/GDP) – TO). Data are retrieved from the World Bank database [11] and 

Our World in Data [12]. 

After applying cross-sectional dependence tests and the second-generation unit root 

CIPS test, the JKS Granger non-causality test is applied. It was introduced a novel 

approach for testing the null hypothesis of no Granger causality, applicable to models 

with either homogeneous or heterogeneous coefficients [13,14]. It assumes the following 

econometric specification for panel data: 

𝑦𝑖𝑡 = 𝜑0,1 + ∑ 𝜑𝑝,1𝑦𝑖,𝑡−𝑝 + ∑ 𝛽𝑝,𝑖𝑥𝑖,𝑡−𝑝 + 𝜏𝑖,𝑡

𝑝

𝑝=1

𝑝

𝑝=1

 (1) 

with i=1,…,N and t=1,…,T. The model assumes that xi,t is scalar. The constant term ϕ0,i 

captures individual-specific (non-group) effects, while τi,t denotes the disturbance terms. 

The parameters ϕp,i represent non-homogeneous autoregressive components for 

p=1,…,P, and βp,i denote non-homogeneous feedback coefficients [14]. Moreover, the null 

hypothesis that xi,t does not Granger-cause yi,t can be expressed as a set of linear 

restrictions on the parameters of equation: H0: βp,1=0, ∀i and p; H1: βp,1≠0 for some i 

and p. If the null hypothesis is not rejected, this suggests that past values of xi,t do not 

provide statistically significant information for predicting yi,t indicating the absence of 

Granger causality. 

2. Results and Discussion 

Three cross-sectional dependence tests are performed (Table 1).  
Table 1. Cross-sectional dependence tests 

Variable Breusch-Pagan LM Pesaran scaled LM Pesaran CD 

 Statistic p-value Statistic p-value Statistic p-value 

CO2pc 545.1532 0.0000 37.40219 0,0000 9.758662 0.0000 

GDPpc 1057.830 0.0000 78.44915 0,0000 32.42833 0.0000 

REC 630.1951 0.0000 44.21099 0.0000 21.45932 0.0000 

TO 780.2683 0.0000 56.22646 0.0000 25.06326 0.0000 

Source: Authors’ calculation 
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Table 1 presents that the null hypothesis is rejected at the significance level of 5%. 

Therefore, it can be concluded that all variables contain cross-sectional dependence. 

Based on these findings, a second-generation unit root test (CIPS test) is employed to 

ensure the reliability of stationarity analysis in panel data (Table 2) 

Table 2. Unit root CIPS test results 

Variable t-stat p-value Critical level (5%) Integration level 

CO2pc -1.11968 ≥0.10 -2.32 

I(2) dCO2pc -2.18356 ≥0.10 -2.34 

ddCO2pc -3.29040 <0.01 -2.37 

GDPpc -2.75880 <0.01 -2.32 I(0) 

REC -1.75731 ≥0.10 -2.32 
I(1) 

dREC -3.57620 <0.01 -2.34 

TO -1.96845 ≥0.10 -2.32 
I(1) 

dTO -3.00188 <0.01 -2.34 

Source: Authors’ calculation 

The results presented in Table 2 indicate that the variable GDPpc is stationary at 

level. In contrast, the variables REC and TO exhibit non-stationarity at level but achieve 

stationarity after first differencing. The variable CO2pc attains stationarity only after the 

second differencing. In the subsequent step, the causality relationship between CO₂pc 

and the other variables was examined using the JKS non-causality test (Table 3).  

Table 3. JKS Granger non-causality test 

Null Hypothesis HPJ Wald Test p-value Conclusion 

ddCO2pc → GDPpc 4.3247 0.0376 Yes 

GDPpc → ddCO2pc 34.5145 0.0000 Yes 

ddCO2pc → dREC 7.2370 0.0071 Yes 

dREC → ddCO2pc 7.7382 0.0054 Yes 

ddCO2pc → dTO 0.6757 0.4111 No 

dTO → ddCO2pc 16.9482 0.0000 Yes 

Source: Authors’ calculation 

A lag length of two was selected, taking into consideration the time dimension of the 

panel. The results indicate that CO₂ emissions exert a statistically significant influence on 

GDPpc. Moreover, economic growth significantly affects CO₂ emissions, as evidenced by 

an HPJ Wald test statistic of 34.5145. A bidirectional causality is also observed between 

CO₂ emissions and renewable energy consumption. Conversely, the test results suggest 

that CO₂ emissions do not Granger-cause trade openness, whereas trade openness is 

significantly influenced by CO₂ emissions, with an HPJ Wald test statistic of 16.9482. 

4. Conclusion 

The results highlight a complex interdependence between CO₂ emissions, economic 

growth, renewable energy, and trade openness, emphasising the need for integrated 

policies that align environmental sustainability with economic development, 

particularly in the context of carbon reduction and energy transition strategies. 
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