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The Opportunity Cost of Net Zero Emissions: Is Green Trade at Risk? 1 

Abstract 2 

This paper investigates the role of green trade, energy efficiency and carbon tax on energy-3 

driven GHG in achieving an energy-efficient ecosystem, by using quantile regression. The 4 

findings reveal several critical insights with significant policy implications. Firstly, green 5 

exports are a significant determinant of energy GHG throughout all the quantiles. Secondly, 6 

the green export has not yet reached a level where it exerts green technological effects. This 7 

suggests that a higher level of exports currently leads to an increase in production, which may 8 

increase energy-related GHG emissions. Thirdly, green trade has an inverted U-shaped 9 

relationship with energy-driven GHG. This means that as green trade increases, energy-related 10 

pollution initially rises, reaches a peak (or threshold), and then begins to decline. This reflects 11 

the "Technical Effect" and "Composition Effect" of trade, showing how trade impacts 12 

emissions differently in the long run. Fourthly, green imports, energy efficiency and carbon tax 13 

are negative determinants of energy GHG emissions; thus, they are helpful to achieve an 14 

energy-efficient ecosystem. To enhance the effectiveness of carbon reduction policies, it is 15 

essential to incorporate the interplay among key stakeholders. 16 

Keywords: Green Trade, Energy Efficiency, Carbon Tax, Energy efficient Eco-system, 17 

Threshold Association, Energy Driven GHG Emissions 18 
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1 Introduction 27 

Eradicating carbon emissions has become a complex problem due to the twisted and 28 

intertwined balance between economic growth, environmental objectives, and sustainability. 29 

Policy makers face the challenge of designing policies that effectively reduce carbon emissions 30 

without compromising economic growth and development. Quantifying the economic impact 31 

of environmental sustainability, finding solutions and policy recommendations that can direct 32 

economic and environmental objectives remain a significant challenge in G7 countries. G7 is 33 

an intergovernmental organisation that consists of advanced economies with significant socio-34 

economic and environmental policies held at the global level (Zheng et al., 2023). These 35 

developed economies, due to the acceleration of economic growth, rapid globalisation and 36 

industrialisation, face a challenging task of policy implementations to reduce the carbon 37 

emissions along with maintaining or even increasing economic growth and development 38 

(Chaudhry et al., 2020).  39 

As per the Paris Agreement, the eradication of carbon emissions is a significant objective of 40 

SDGs 13 (Sustainable Development Goals- 13), which revolves around reducing the world 41 

temperature to 1.5°C (Zahra & Fatima, 2024). To reduce the world temperature to 1.5°C by 42 

2050, CO2 emissions need to be limited by 45% from the 2010 level by 2030 to achieve the 43 

target of net zero emissions (Commission, 2017; UN, 2020). Sources of energy are the main 44 

drivers of carbon emissions (Zahra & Badeeb, 2022)Therefore, it is important to monitor 45 

significant determinants of energy-driven GHG emissions to ultimately reduce carbon 46 

emissions in order to achieve environmental objectives.  47 

Since energy is a significant production input and an important factor in the consumption 48 

process, it has led to an escalation in the emissions level. This detrimental impact has urged 49 

different countries and international organisations to unite and come forward with a collective 50 

worldwide solution. Therefore, it is important to focus on significant drivers of energy-driven 51 

greenhouse gas emissions. Green trade (J. Li et al., 2022), energy efficiency (Zheng et al., 52 

2023) and carbon tax policies (Xu et al., 2023) play a pivotal role in achieving the target of net 53 

zero emissions, especially for developed countries like the G7 countries. These economies have 54 

a significant role in achieving the environmental targets since they account for nearly 50% of 55 

GDP (Zheng et al., 2023),  with practically huge contributions to energy-driven emissions. 56 

Figure 1 shows the energy-related greenhouse gas (GHG) emission shares of G7 countries. The 57 

distribution of energy-related GHG emissions among the G7 countries highlights notable 58 
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differences, with each share representing a percentage of the total energy driven GHG 59 

emissions contributed by the G7 countries rather than the global emissions. The United States 60 

accounts for the largest share, contributing 60% of the total G7 energy-related GHG emissions, 61 

reflecting its significant reliance on energy-intensive industries and fossil fuels. Japan follows 62 

with 12%, while Germany contributes 9%, likely due to its energy-intensive resource extraction 63 

activities. Japan accounts for 6%, reflecting its industrial energy demands. France, Italy, and 64 

the United Kingdom each contribute 4% and 5% (respectively) of the G7 total emissions. These 65 

figures emphasize the need for tailored and country-specific policy measures to address energy-66 

related GHG emissions within the G7, contributing to global efforts to combat climate change. 67 

 68 

Figure 1: Energy related GHG Emissions (OECD, 2022) 69 

Balance between imports and exports presents both opportunities and challenges to reduce 70 

energy consumption and, in return, also energy-driven GHG emissions, as these countries 71 

transition towards environmental sustainability. The efficient transition of imports and exports 72 

may form a sustainable, energy-efficient ecosystem. Therefore, a special focus should be 73 

placed on understanding the opportunity costs of green trade to reduce energy-driven GHG 74 

emissions and create a sustainable roadmap for the G7 countries. Figure 2 shows that there are 75 

significant variations in the share of green imports, exports, and overall green trade in G7 76 

countries. Japan leads in green imports (11.73%) and green trade (28.5%), while Germany and 77 

the UK also have relatively high green trade figures (18.88% and 16.37%, respectively). In 78 

contrast, Canada has the smallest share of green imports (0.98%) but sees a higher share in 79 

green exports (5.98%). 80 
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 81 

Figure 2: Comparison between green imports, green exports and green trade shares (IMF, 2023) 82 

Although trade is a significant driver to increase the environmental degradation (Zahra, Khan, 83 

Gupta, et al., 2022), but it can also give countries the chance to implement new, 84 

environmentally friendly and energy-efficient technology, which will slow down 85 

environmental degradation (Managi et al., 2009). Some existing literature determines that 86 

enhancing trade in green products increases business competitiveness, particularly in the global 87 

trade market where green trade duties and restrictions exist (Papadas et al., 2019). The import 88 

of green technologies and environmentally friendly goods is a negative determinant of carbon 89 

emissions, which promotes technological innovations and improves production processes in 90 

favour of environmental quality. While economic growth generally correlates with an increase 91 

in carbon emissions, the integration of green imports can mitigate this effect. Such as the import 92 

of green technologies can enhance energy efficiency and lower the carbon intensity of 93 

production, thereby reducing overall carbon emissions even in developing countries (Tariq et 94 

al., 2022). However, effective policies are essential to maximise the benefits of green imports. 95 

Countries should encourage the reduction of tariffs on environmental goods, promote trade 96 

facilitation, and support research and development in green energy and technologies. Such 97 

measures can enhance the capacity of local industries to adopt cleaner technologies and 98 

improve their environmental performance (Yuan et al., 2023). 99 

To use less energy to produce the same or even higher level of output, by enhancing 100 

technological innovations, and to eliminate energy waste, is called “Energy Efficiency”, which 101 

is also helpful to reduce carbon emissions (Javid & Khan, 2020). However, the severity of its 102 

impact depends on other economic policies such as technological innovations and renewable 103 
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energy transitions (Akram et al., 2020). Energy efficiency is an essential strategy for reducing 104 

energy-driven carbon emissions, but its overall impact is influenced by a variety of factors, 105 

including regional differences, economic growth, and the potential for rebound effects (Javid 106 

& Khan, 2020).  A critical challenge to the effectiveness of energy efficiency is the "rebound 107 

effect." This occurs when efficiency improvements reduce energy costs, which leads to higher 108 

energy demand and consumption, potentially offsetting some of the benefits. This effect is 109 

particularly significant in industrial countries, where efficiency gains can sometimes increase 110 

total emissions (Mahapatra & Irfan, 2021). In conclusion, energy efficiency is a vital tool in 111 

reducing carbon emissions and thus energy-driven GHG emissions, but its effectiveness 112 

depends on consistent improvements and the management of rebound effects. Policies 113 

promoting energy efficiency must be comprehensive and integrated with other measures, such 114 

as renewable energy adoption, to maximize their impact on reducing global carbon emissions. 115 

Figure 3 shows the energy efficiency levels across G7 countries, showing their relative 116 

contributions. The UK leads with 17%, followed by Italy at 16%, and Germany at 15%. Japan 117 

and France both contribute 14%, while Canada and the USA have the lowest shares, at 13% 118 

and 11%, respectively. This suggests the UK and Italy perform best in energy efficiency among 119 

the G7. 120 

 121 

 122 

Figure 3:Energy Efficiency of Individual G7 Countries in Comparison to the Total Energy Efficiency within the G7 (WDI, 123 

2023). 124 

Carbon tax, also called carbon policy, is an economic mechanism to impose price on carbon 125 

emissions for accelerating the pace towards the goal of net zero emission targets. A carbon tax 126 
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is a type of Pigovian tax, which is imposed to correct the economic failures determined by 127 

negative externalities. By making carbon emissions costly, carbon tax enhances sustainable 128 

economic practices and encourages renewable energy transition (Kinoshita, 2024). Carbon tax 129 

increases the cost of production, allowing producers to divert this cost to consumers, which 130 

will reduce the demand for carbon-intensive good and services (Zhang et al., 2023). However, 131 

there are certain challenges which are associated to encourage carbon tax as financial tool to 132 

control carbon emissions, for example, carbon tax can disproportionately effect low and middle 133 

income individuals by increasing the cost of living (Fremstad & Paul, 2019). To achieve energy 134 

efficient ecosystem, G7 countries actively design and impose carbon tax policies as a part of 135 

their comprehensive strategy for achieving environmental sustainability (Doğan et al., 2022). 136 

Figure 4 represents a comparison of carbon emissions and the percentage share of carbon tax 137 

among G7 countries. The USA has the highest share of carbon emissions while the tax is 138 

comparatively low, which indicates an imbalance between its carbon emissions and carbon 139 

taxation. Contrary, France and Italy have lower carbon emissions, but their carbon tax shares 140 

are significantly higher which shows their efforts of carbon pricing to achieve the target of net 141 

zero emission. On the other hand, Canada and Japan have smaller part of carbon emission and 142 

comparatively lower carbon tax but these rates are more proportional to their emission level.  143 

 144 

Figure 4: Comparison of the Share of Carbon Emissions and the Share of Carbon Tax among G7 Countries (OECD, 2022). 145 
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According to existing literature, there are several significant determinants of carbon emissions, 147 

however, there is a research gap to find the determinants of energy driven GHG emission with 148 

social, economic, and environmental aspects. As a result, this study empirically investigates 149 

the following objectives. First, this study investigates the impact of green imports and green 150 

exports on energy related GHG emissions. Second, this study attempts to determine the impact 151 

of carbon tax and energy efficiency on energy driven GHG to achieve the status of energy 152 

efficient eco-system. Third, by considering the complex relationship between green trade and 153 

carbon emission towards the target of sustainable energy efficient system, the quadratic nexus 154 

between green trade and energy related GHG emissions is analyzed in G7 countries.  155 

The existing literature depicts several research gaps that require investigation by using modern 156 

econometric techniques. These gaps, along with the novelty and primary contributions, are 157 

outlined as given below: 158 

1. Despite significant research to investigate the relationship between green trade and 159 

carbon emissions, there remain a significance gap to explore the impact of green trade 160 

on energy driven GHG emissions. Most of the existing literature focus primarily on 161 

carbon emissions as a singular measure of environmental degradation but ignore the 162 

broader aspect of energy-related GHG emissions (see for example Can et al. (2022), 163 

which includes methane, nitrous oxide and other pollutants, which are relatively 164 

unexplored.   165 

2. Furthermore, while prior research has explored the effect of green trade as an aggregate 166 

unit (see for example (J. Li et al., 2022)), there is limited analysis that disaggregates the 167 

impact of green imports and green exports separately on energy-related GHG 168 

emissions. It is important to understand the impact of green exports and green imports 169 

separately on energy-related greenhouse gas emissions in order to give a comprehensive 170 

policy recommendation.  171 

3. While the impact of energy efficiency on overall carbon emissions has been explored 172 

in various contexts (see for example R. Li et al. (2022) Mostafavi et al. (2021) Akram 173 

et al. (2020)The relationship between energy efficiency and energy-related GHG 174 

emissions in G7 countries needs to be re-evaluated. Empirical research on G7 countries 175 

can provide a valuable insight for policy making as these countries play a crucial role 176 

in climate commitments and emission reductions.  177 

4. Although the relationship between carbon taxes and carbon emissions has been the 178 

subject of extensive research, there is limited empirical research on how carbon taxes 179 
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affect broader energy-related greenhouse gas (GHG) emissions in G7 countries. Much 180 

of the existing literature focuses on the impact of carbon taxes solely on carbon 181 

emissions (see, for example, Nong et al. (2021), Pretis (2022), Ghazouani et al. (2020)) 182 

without considering other significant energy related GHGs which also contribute to 183 

global warming and are linked to energy production and consumption. Thus, this is 184 

another research gap which needs to be investigated. Furthermore, most studies adopt 185 

a global or region-wide perspective without examining the G7 as a distinct group of 186 

nations with unique economic and environmental policies. The G7 countries, due to 187 

their economic size and energy demands, play a crucial role in global energy markets 188 

and climate change mitigation efforts. Investigating the impact of carbon taxes 189 

specifically on energy-related GHG emissions within these nations is essential for 190 

evaluating the effectiveness of such policies to achieve broader climate goals beyond 191 

carbon reduction only. This research gap presents an opportunity to assess how carbon 192 

tax policies in G7 countries influence a wider range of GHG emissions linked to energy 193 

use. 194 

5. While numerous studies have examined the linear relationship between green trade and 195 

carbon emissions, there remains a critical gap in exploring the non-linear, quadratic 196 

impact of green trade on energy-related GHG emissions. The potential for a threshold 197 

effect, where the benefits of green trade in reducing GHG emissions could either U 198 

shaped or inverted U shaped has not been thoroughly investigated. This quadratic 199 

relationship is crucial to understand whether there is a turning point after which further 200 

increases in green trade might lead to diminish energy driven GHG emissions or even 201 

an increase in emissions due to indirect factors. This is a critical research gap which 202 

needs further consideration and investigation. Previous studies have predominantly 203 

concentrated on either the positive or negative linear impact of green trade on carbon 204 

emissions (Zahra, Khan, Gupta, et al., 2022), which neglects that green trade may 205 

exhibit non-linear dynamics with respect to a broader set of energy-related GHG 206 

emissions. Identifying a threshold point in green trade effectiveness can provide 207 

policymakers with insights into optimizing trade policies for better climate outcomes.  208 

6. Additionally, it’s methodological strategy is another noticeable novelty of this paper, 209 

which is utilizing the method of moments quantile regression (MMQR) to empirically 210 

assess the quadratic or threshold association (U shaped or Inverted U shaped 211 

relationship) of green trade, as well as the linear effects of green exports, green imports, 212 

energy efficiency, and carbon tax on energy-related GHG emissions in G7 countries. 213 
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MMQR in this study is presented as a reliable analytical tool. By estimating the 214 

conditional quantile functions of energy driven GHG emissions, this approach accounts 215 

for potential variations or heterogeneity and nonlinear patterns in the data, allowing for 216 

a more comprehensive understanding of the relationships being examined. This work 217 

also attempts to determine the distributional impacts of exogeneous variables on energy 218 

driven GHG emission by moment quantile regression, offering insights into how 219 

various energy driven GHG emissions quantiles react to differences in independent 220 

variables. In addition, this study uses BSQR (bootstrap quantile regression) as an 221 

additional test to evaluate the results obtained from the MMQR approach, thus enhances 222 

the robustness of our analysis. These two econometric techniques provide a robust 223 

analysis to examine the distributional impact of green trade, energy efficiency and 224 

carbon tax on energy driven GHG emission, which has the potential to present a 225 

valuable insight for policymakers to modify sustainable economic policies. 226 

2 Literature Review 227 

To achieve the target of energy efficient ecosystem, it is important to understand the role of 228 

economic strategies. The existing literature exhibits that there are many determinants of 229 

environmental degradation but the importance of green imports, green exports, green trade, 230 

energy efficiency and carbon tax on energy driven GHG emissions in G7 countries cannot be 231 

ignored. To examine the role of these factors, this paper assesses their effectiveness in 232 

achieving sustainable environmental goals and reducing the carbon footprint of energy 233 

consumption. The need to reduce the impact of climate change enhances interest in policies 234 

and practices that can reduce energy-related greenhouse gas emissions. Understanding these 235 

relationships is essential for guiding policy decisions and fostering a low-carbon economy.  236 

Green Trade and Energy related Greenhouse Gas Emissions 237 

The target to improve environmental quality and to achieve net zero emission, can only be 238 

accomplished if the root causes and effects of environmental deterioration can be assessed and 239 

effects be done to provide workable remedies to reduce their detrimental effects (Can et al., 240 

2021). In recent decades, researchers have extensively explored the effects of international 241 

trade as a vital component of economic growth and national income on environmental quality 242 

and on carbon emissions (see for example, Zahra, Khan, Gupta, et al. (2022), Wang et al. 243 

(2024), Waris et al. (2023), Li et al. (2023)). However, there is no consensus reached among 244 

the researchers on impact of international trade on environmental sustainability, but we can 245 



10 

 

summarize these findings into following three major outcomes. The first conclusion is that 246 

international trade reduces the environmental degradation and can be helpful to achieve the 247 

environmental sustainability (Xu et al., 2020). The second category of  outcome is about 248 

positive effects of international trade on carbon emissions and thus proved to aggravate 249 

environmental sustainability (Jiang et al., 2022). The last results determined inconclusive and 250 

uncertain relationship between trade and environmental sustainability (Grossman & Krueger, 251 

1993). Thus, these contradictory results extend researchers’ attentions to promote green trade 252 

instead of traditional international trade. 253 

The relationship between international trade and low-carbon development, with a particular 254 

focus on green taxation and its role in reducing carbon emissions, suggests trade policies can 255 

support low-carbon transitions through taxation strategies aimed at reducing greenhouse gas 256 

emissions (Jabeen et al., 2024). Similarly; J. Li et al. (2022) investigates the impact of green 257 

trade on carbon emission in China, and found the negative relationship between green trade 258 

and carbon emission thus suggest that increase in green trade can mitigate the environmental 259 

effects of the trade. 260 

There is a controversy in the existing literature about the role of trade to achieve the 261 

environmental objectives. This study differs from previous literature in many ways as it 262 

examines the nonlinear or quadratic impact of green trade on energy driven GHG emissions, 263 

while previous studies primarily focus on linear effects of trade on carbon emissions. 264 

Considering the controversy and a research gap in existing literature, we reach a conclusion to 265 

reinvestigate and formulate three possible hypotheses as follows: 266 

𝐻11: Green imports (disintegrated green trade head) have a significant negative impact on 267 

energy related GHG emission in G7 countries. 268 

𝐻12: Green exports (disintegrated green trade head) are a significant negative determinant of 269 

energy related GHG emission in G7 countries. 270 

𝐻13Green trade has a nonlinear association with energy-driven GHG emission and thus is 271 

helpful to attain an energy-efficient ecosystem after surpassing a threshold in G7 countries.  272 

 273 

 274 

 275 
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Energy Efficiency and Energy related Greenhouse Gas Emissions 276 

Energy efficiency has been recognized as a critical component to reduce carbon emissions, 277 

particularly in the context of global climate change mitigation strategies. Studies over recent 278 

years have examined various sectors, revealing that improved energy efficiency not only 279 

reduces overall energy consumption but also significantly decreases carbon emissions. Qing et 280 

al. (2023) determined that the energy efficiency is a negative determinant of energy related 281 

GHG emissions in all quantiles by applying MMQR, but the study also suggests that in 282 

developing countries because of structural changes energy efficiency increases the 283 

environmental degradation. Moreover, the development of renewable energy systems has 284 

further demonstrated the potential to increase energy efficiency and reduce emissions, 285 

particularly in integrated systems that incorporate solar and hydrogen technologies (Gursoy & 286 

Dincer, 2024). Thus, these technologies are advancing, which emphasizes its importance to use 287 

renewable energy sources and increase energy efficiency simultaneously to obtain sustainable 288 

ecosystem. Similarly, Vakili et al. (2022), Hassan et al. (2022) , Lei et al. (2022) investigated 289 

the negative impact of energy efficiency on carbon emissions and determine it as an important 290 

determinant to improve the environmental sustainability. In summary, recent literature 291 

indicates that energy efficiency improvements across various sectors, whether through 292 

technological innovation or policy intervention, play a pivotal role in reducing carbon 293 

emissions and to achieve the sustainability goals. These strategies are seen as essential in the 294 

global effort to combat climate change and transition towards a low-carbon economy and 295 

energy efficient ecosystem. 296 

Thus, considering the importance of energy efficiency in environmental goals, this study has 297 

reached to a testable hypothesis given below. This study differs from previous research in two 298 

manners. First, it investigates the impact of energy efficiency on energy driven GHG emissions, 299 

whereas prior literature has focused solely on its impact on carbon emissions. Second, it 300 

employs Method of Moments Quantile Regression (MMQR) to capture heterogeneous effects 301 

across different emission levels, which will provide a thorough understanding of this 302 

relationship compared to previous literature. 303 

𝐻14: Energy efficiency is a significant but negative determinant of energy driven GHG 304 

emission in G7 countries. 305 

 306 

 307 
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Carbon Tax and Energy related Greenhouse Gas Emissions 308 

A carbon tax is a financial cost which is imposed on the carbon emissions of fossil fuels, to 309 

reduce greenhouse gas emissions by making carbon emissions more costly (Xu et al., 2023). 310 

The impact of carbon tax has been widely investigated as a policy tool to reduce GHG 311 

emissions (Nong et al., 2021). It is a cost of carbon emissions or carbon footprint, which 312 

encourages industrial and consumption sectors to reduce carbon footprint. Macaluso et al. 313 

(2018) determines that carbon tax is strategy to increase the cost of carbon emission, has the 314 

capacity to shift the production process towards renewable energy consumptions. A 315 

comprehensive analysis of this research indicates that carbon taxes effectively reduce 316 

greenhouse gas emissions through a combination of renewable energy transition, energy 317 

efficiency, and through switching the economic activity from fossil fuels-based industries. This 318 

transition is effective to reduce the use of fossil fuels, increase the green investment especially 319 

in cleaner energy heads, promote energy efficiency (Pretis, 2022) and increase the green energy 320 

consumption. A coordinated global approach to carbon pricing could enhance the effectiveness 321 

of individual efforts of carbon taxes by different countries, which ensures that carbon emissions 322 

should be reduced at global level (Zahra & Badeeb, 2022; Zahra, Khan, & Nouman, 2022). In 323 

summary, carbon tax is an effective economic policy to reduce carbon emissions.  324 

As existing literature mostly determine the impact of carbon tax on carbon emissions, this study 325 

contributes to the ongoing debate by investigating the impact of carbon tax on energy related 326 

GHG emissions in context of achieving the energy efficient ecosystem and postulate a testable 327 

hypothesis as follows: 328 

𝐻15: Carbon tax is a significant negative determinant of energy related GHG emission in G7 329 

countries. 330 

3 Theoretical Framework and Methodology 331 

3.1  Green Trade Measurement 332 

To investigate the impact of green trade on energy related GHG emissions, it is important to 333 

understand and analyze the green trade.  By following J. Li et al. (2022), the index of green 334 

trade (denoted as 𝐺𝑟𝑇) can be calculated as follows which is also showing the intensity of green 335 

trade in each country.  336 

 337 
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 338 

𝐺𝑟𝑇𝑖𝑗 is green trade of ith country in jit year. 𝐺𝑟𝐸𝑖𝑗 and 𝐺𝑟𝐼𝑚𝑖𝑗
 represents green exports and green 339 

imports respectively. 𝑇𝐸𝑥𝑖𝑗
 and 𝑇𝐼𝑚𝑖𝑗

 exhibit the value of total export and the value of total 340 

imports. 𝐺𝑟𝑇𝑖𝑗 shows green trade combined by green exports and green imports, while 𝑇𝑇𝑖𝑗 341 

represents total value of trade combined by total value of exports and total value of imports.  342 

By following J. Li et al. (2022), Green export index (represented by 𝐺𝑟𝐸𝑥𝐼𝑖𝑗) which is the 343 

proportion of green exports to total exports values, green import index (represented 𝐺𝑟𝐼𝑚𝐼𝑖𝑗) 344 

which is green imports to total imports values, and total value of trade (represented by 𝑇𝑇𝑖𝑗) 345 

can be calculated as follows: 346 

𝐺𝑟𝐸𝑥𝐼𝑖𝑗 =  (∑(𝐺𝑟𝐸𝑥𝑖𝑗

𝑛
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 347 
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 348 

 349 

𝑇𝑇𝑖𝑗 =  (∑ 𝑇𝐸𝑥𝑖𝑗

𝑛
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)) 
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 350 

A theoretical model of this study based on a traditional model of the influence of trade on the 351 

environment proposed by (Grossman & Krueger, 1993). There are three forms of trade effects 352 
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and the final impact of green trade on greenhouse gas emissions and ultimately on energy 353 

related greenhouse gas emissions is exhibited by the combination of all these three factors. 354 

These effects include scale effects, technical effects and composition effects. By following 355 

Copeland and Taylor (1993) and  Copeland and Taylor (2017), the production process 356 

including its impact on pollution is as follows: 357 

 

(5) 

 By differentiating the above Equation 5 we get as follows: 358 

 

(6) 

Where x is total product produced I1 is income, I2 is utility maximation indirectly and I3 is 359 

replaced by 𝑥̅. The first term in above Equation 
𝜕𝑃𝑟

𝜕𝐼1
 is called scale effect of the trade, the second 360 

part is 
𝜕𝑃𝑟

𝜕𝐼2
 is technical effect of trade and third term 

𝜕𝑃𝑟

𝜕𝐼3
 is composite effect. Thus, we assume 361 

that 
𝜕𝑃𝑟

𝜕𝐼1
 >0 because proportionate increase in factors of production (inputs) and greenhouse gas 362 

emissions which will ultimately increase energy driven GHG emission. On the other hand, we 363 

assume that technical effects as negative 
𝜕𝑃𝑟

𝜕𝐼2
 <0, because of green trade promotion, 364 

environmental laws and regulations, green technological innovations and environmentally 365 

friendly production techniques. Thirdly, by assuming the positive influence of green trade in 366 

green economic growth, and negative relationship with environmental pollution, we assume 367 

composition effect of green trade as negative, thus 
𝜕𝑃𝑟

𝜕𝐼3
 <0. Figure 5 shows the impact 368 

mechanism of green trade on energy related greenhouse gas emissions.  369 
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 370 

Figure 5: Impact Mechanism of Green Trade on Pollution (Green color shows -ve determinant and red color shows +ve 371 

determinants) 372 

Apart from green trade, energy efficiency is a crucial strategy for reducing carbon emissions, 373 

as it minimize energy consumption across different sectors, thus directlyfemissions (Peng, 374 

2024). Similarly, carbon taxes effectively reduce greenhouse gas emissions by placing a 375 

financial cost on carbon output, which encourage industries to adopt green technologies and 376 

reduce their carbon footprint (Ding et al., 2019). Figure 6 presents the theoretical framework 377 

of this study while the notion of each variable is explained in the next section. To link with 378 

hypotheses of this study, the negative impact of green import and green export on energy driven 379 

GHG emissions is assumed, thus they both are hypothesized as a helpful determinant to achieve 380 

energy efficient ecosystem. Therefore, it is assumed 
𝜕𝐸𝑛𝐺𝐻𝐺

𝜕𝐺𝑟𝐼𝑚𝐼
< 0  and 

𝜕𝐸𝑛𝐺𝐻𝐺

𝜕𝐺𝑟𝐸𝑥𝐼
< 0, where GrImI 381 

and GrExI represents green import index and green export index and EnGHG is Energy driven 382 

GHG emissions. From the discussion in literature review, thus study assumes that green trade 383 

may have U shaped or inverted U-shaped relationship with energy driven GHG emissions 384 

which implies that when green trade increases, the rate of energy driven GHG emissions 385 

continues to decline up to a turning point (also called threshold point) and starts increasing 386 

afterwards and vice versa. Thus, given as in Figure 6, it is assumed  
𝜕𝐸𝑛𝐺𝐻𝐺

𝜕𝐺𝑟𝑇
 >0 and 

𝜕2𝐸𝑛𝐺𝐻𝐺

𝜕(𝐺𝑟𝑇)2  387 

<0. Similarly, Figure 6 also represents 
𝜕𝐸𝑛𝐺𝐻𝐺

𝜕𝐸𝑛𝐸𝑓
< 0 and 

𝜕𝐸𝑛𝐺𝐻𝐺

𝜕𝐶𝑇
< 0 and these assumptions are 388 

based on the hypotheses of this study which assumes the negative relationship between energy 389 

efficiency (EnEf) and energy driven GHG emissions (EnGHG) and carbon tax (CT) and energy 390 

driven GHG emissions (EnGHG).  391 
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 392 

Figure 6: The Theoretical Background of Study 393 

 394 

3.2 Data Source, the Models and Estimation Strategies 395 

The annual time series data has been used for the G7 countries, cover the period between 1990 396 

and 2023. The data for energy related GHG emissions and carbon tax is taken from OECD, the 397 

data for energy efficiency is taken from WDI and the data to construct the green trade index, 398 

green export index and green import index has been taken from IMF.  399 

Based on literature review, energy related GHG (EnGHG) is proposed as the function of green 400 

export index (GrEx), green import index (GrIm), green trade index (GrT), energy efficiency 401 

(EnEf) and carbon tax (CT). 402 

 

(7) 

 We specify the functional form of Equation 7 as like Cobb Douglas production function in the 403 

following mathematical equation: 404 
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(8) 

 405 

By taking the log-log model of Equation 8, we linearize this function as follows: 406 

 

(9) 

Where subscript t refers to time, i represent individual country, and l represents to natural 407 

logarithm and 𝜇𝑡 is the stochastic disturbance term. 408 

The literature review exhibits the importance to investigate nonlinear relationship between 409 

energy related GHG and green trade in the empirical estimation in the form of quadratic 410 

equation to find the threshold point (turning point). In the result the Equation 9 is transformed 411 

in following three models to investigate empirically while one of them is nonlinear equation to 412 

derive the threshold between green trade and energy related GHG emissions. In the result the 413 

Equation 9 is converted in to following three models: 414 

 

(10) 

 415 

 

(11) 

 416 

 

(12) 

 417 

Where (𝑙𝐺𝑟𝑇𝑖𝑡)2 is the square term of log of green trade for G7 countries at t (time). Thus 418 

Equation 10 exhibits model 1 (linear model), Equation 11 depicts the model 2 (linear model) 419 

and Equation 12 determines the model 3 (quadratic or threshold model for green trade). These 420 

equations examine how energy driven GHG emissions is influenced by green trade, energy 421 

efficiency and carbon tax. Green trade is included in both linear and quadratic terms to capture 422 
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potential nonlinear effects, which mean its impact on energy driven GHG emissions may 423 

change as green trade increases. Energy efficiency reflects how improvement in energy 424 

consumption affect energy related GHG emissions, while carbon tax represents policy 425 

measures to reduce energy driven GHG emissions to provide the deeper insight into 426 

environmental and economic policies.  427 

As we assume the non-linear association between green trade index and energy driven GHG 428 

emission while considering the complete distribution, quantile regression is suggested 429 

technique for empirical estimation (Uribe et al., 2020). The quantile regression not only 430 

investigates the association between dependent and independent variables at the center but also 431 

at the entire conditional distribution, which are not necessarily at the symmetric position of the 432 

mean (Le Cook & Manning, 2013; Uribe et al., 2020). MMQR is an addition of quantile 433 

regression which associates those use of methods which are appropriate in the conditional mean 434 

analysis, and also exhibits the information of independent variables that can affect the whole 435 

conditional distribution (Machado & Silva, 2019). Unlike conventional OLS regression, which 436 

focuses solely to estimate the mean of the dependent variable, MMQR enables an examination 437 

of the conditional distribution across various quantiles. This approach not only incorporates 438 

techniques traditionally employed for estimating conditional means, such as addressing 439 

individual effects within the model, but also offers valuable insights into how the explanatory 440 

variables influence the entire distribution. These informational advantages are one of the most 441 

attractive aspects of quantile regression(Machado & Silva, 2019).  442 

4 Empirical Results and Discussions 443 

This section presents an in-depth analysis of the results obtained through the previously 444 

outlined methodology. The interpretation follows a chronological order, beginning with the 445 

pre-estimation statistics, followed by the long-run evaluation, regression analysis, and finally, 446 

the robustness check. 447 

4.1 Descriptive Statistics  448 

Table 1 describes descriptive statistics of the data and there is no significance difference 449 

between mean and median values of the data, which depicts that there are no outliers in selected 450 

models. On the other hand, the standard deviation of the data shows the extent to which each 451 

variable deviates from its mean value or the volatility of the data.   452 

 453 
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Table 1: Descriptive Statistics 454 

 EnGHG GrEx GrIm GrT GrT2 EnEf CT 

Mean 5.91 0.59 0.56 0.90 0.85 0.98 0.25 

Median 5.80 0.68 0.53 0.90 0.79 0.99 0.33 

Maximum 6.80 1.07 1.07 1.37 1.88 1.27 0.56 

Minimum 5.48 -0.32 0.16 0.56 0.32 0.63 -0.24 

Std. Dev. 0.40 0.33 0.20 0.18 0.34 0.16 0.20 

Source: Authors’ calculations. 455 

4.2 Cross Sectional Dependence and Tests of Homogeneity 456 

After analysis of descriptive statistics, the next step is to find the cross-sectional dependence 457 

and slope of homogeneity in the data. Various social, financial and technical factors may 458 

influence the panel or cross-sectional data; therefore, it is important to conduct tests for slope 459 

of homogeneity and cross-sectional dependence prior to formal estimation analysis. Table 2 460 

shows that the slope of the coefficient is significant at 1% level of significance in all three 461 

models which depicts the presence of heterogeneous effects among the variables which leads 462 

to apply the tests for the cross-sectional dependence in the data.  463 

Table 2: Test of Homogeneity 464 

Test Model 1 Model 2 Model 3 

Statistics Statistics Statistics 

∆ 12.71*** 15.31*** 14.67*** 

 (0.0) (0.0) (0.0) 

∆ Adj 14.00*** 16.56*** 16.17*** 

 (0.0) (0.0) (0.0) 

***, **, * is 1%,5% and 10% level of significance respectively (probability values are in parentheses) 465 

Table 3 shows the results of four different cross sectional dependence tests which determine 466 

that all the variables of the data is cross sectionally dependent at 1% level of significance. The 467 

presence of cross-sectional dependence in the data leads the analysis towards second generation 468 

unit root tests.  469 

 470 
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Table 3: Cross Sectional Dependence Tests 471 

Variables  Tests 

Breusch-Pagan LM  Pesaran Scaled LM Bias-Corrected 

Scaled LM 

Pesaran CD 

EnGHG 265.89*** (0.0) 37.79*** (0.0) 37.68*** (0.0) 9.63*** (0.0) 

GrEx  295.12*** (0.0) 42.30*** (0.0) 42.19*** (0.0) 8.45*** (0.0) 

GrIm
 568.14*** (0.0) 84.42*** (0.0) 84.32*** (0.0) 23.81*** (0.0) 

GrT 532.53*** (0.0) 78.93*** (0.0) 78.82*** (0.0) 23.02*** (0.0) 

GrT2  527.15*** (0.0) 78.10*** (0.0) 77.99*** (0.0) 22.90*** (0.0) 

EnEf 629.38***(0.0) 93.87***(0.0) 93.77***(0.0) 25.04***(0.0) 

CT 256.87*** (0.0) 36.39*** (0.0) 36.29*** (0.0) 11.05*** (0.0) 

***, **, *represent 1%,5% and 10% level of significance respectively (p-values are in parentheses) 472 

 473 

4.3 Stationarity and Cointegration Tests 474 

It is important to start the econometric analysis with the unit root test to find the order of the 475 

integration because the analysis in the model with the presence of unit root effects will give the 476 

spurious result and thus may derive the misleading coefficient analysis (Granger & Newbold, 477 

1974). We employ the CIP test by Pesaran (2007) to determine the order of integration in the 478 

data. Table 4 shows that EnGHG, GrEx, GrIm and CT have the unit root at level but are 479 

significant at order one that is I (1) at 1% level of significance. These outcomes suggest 480 

examining the long run association among the variables in all three models.  481 

Table 4: Test of Stationarity 482 

Variables  CIPS Level of Integration  

I (0) I (1) 

EnGHG -2.15 -5.80*** I (1) 

GrEx -2.15 -5.05*** I (1) 

GrIm -2.2 -4.93*** I (1) 

GrT -2.67*** -- I (0) 

GrT2 -2.67*** -- I (0) 

EnEf -3.08*** -- I (0) 

CT -1.43 -5.30*** I (1) 

***, **, *represent 1%,5% and 10% level of significance respectively (values in parenthesis are probability values) 483 
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Kao (1999) test in employed to check the existence of the long run relationship in all three 484 

models and determine the rejection of the null hypothesis at 1% and 5% level of significance 485 

which depicts there is at least one long-run relationship exists.  486 

Table 5: Panel Cointegration Test 487 

Kao Panel Cointegration Test 

 
Model 1 Model 2 Model 3 

 
Test statistics P-value Test statistics P-value Test statistics P-value 

Modified Dickey Fuller t -1.91** 0.02 -1.96** (0.03) -2.09** (0.02) 

Dickey Fuller t -2.14*** 0.02 2.24*** (0.01) -2.32*** 0.01 

Augmented Dickey Fuller t -2.41*** 0.0 -2.51*** (0.0) -2.60*** (0.0) 

Unadjusted Modified Dickey Fuller t -2.37*** 0.0 -2.51*** (0.0) 2.75*** (0.0) 

Unadjusted Dickey Fuller t -2.33*** 0.01 -2.47*** (0.0) -2.57*** (0.0) 

***, **, *represent 1%,5% and 10% level of significance respectively  488 

4.4 Method of Moments Quantile Regression (MMQR) 489 

The non-normality in the data suggests that applying the Methods of Moments Quantile 490 

Regression (MMQR) is an appropriate technique to investigate the determinants of energy 491 

related GHG emissions. Table 6 depicts the outcomes of MMQR for all selected 3 models in 492 

quantiles that are Q0.25, Q0.50, Q0.75, Q0.95 respectively. These results are discussed below with 493 

description.  494 

Table 6 depicts that in Model 1 green export index is a positive factor of energy driven GHG 495 

emissions. The export in the green product can lead to an increase in energy driven GHG 496 

emissions through several mechanism. First the complete decoupling of emission from the 497 

production process even if it is production of green products, is almost impossible (Hickel & 498 

Kallis, 2020). Thus, production of green products such as renewable energy technologies and 499 

energy efficient products requires energy inputs while G7 countries dominates the fossil fuel 500 

for production process. Therefore, manufacturing these products for exports drive higher 501 

energy consumption and consequently higher energy related GHG emissions which means that 502 

these products consumption can have a significant carbon footprint due to the energy required 503 

for their production. Second, the transportation of green products over long distances, 504 

particularly in international trade, contributes to significant emissions due to the reliance on 505 

energy-intensive modes of transport (Zahra, Khan, Gupta, et al., 2022). Additionally, the 506 
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widespread adoption of green technologies, facilitated by exports and potentially lower costs, 507 

may trigger a rebound effect, where energy savings are offset by increased overall energy 508 

consumption, further increase emissions (Dong et al., 2023). 509 

Model 1 shows that green imports have the negative association with energy related GHG 510 

emissions in all four quantiles. Thus, to import the green products such as energy efficient 511 

technologies can help countries to transit away from the fossil fuels production (Yuan et al., 512 

2023) as these products can increase the energy efficiency (Tariq et al., 2022; Zheng et al., 513 

2023), which will reduce the overall energy consumption (Zahra & Badeeb, 2022) and 514 

ultimately reduce the energy related GHG emissions. The impact of low-carbon technology 515 

imports or green imports on energy driven GHG emissions in developed countries like G7 516 

economies is complex and multifaceted, with both direct and indirect effects. Green imports 517 

generally have a positive impact on reducing carbon emissions in developed countries. Low-518 

carbon technology imports can potentially reduce energy driven GHG emissions through 519 

improved efficiency and cleaner production processes, the overall impact of imports on carbon 520 

emissions in developed countries may be offset by increased economic activity and 521 

consumption. The effectiveness of low-carbon technology imports to reduce energy driven 522 

GHG emissions likely depends on how well these technologies are integrated into existing 523 

systems and the broader policy framework supporting their implementation.  524 

The model 2 reveals that green trade index has the positive association with the energy related 525 

GHG emissions but model 3 reveals that green trade index has a significant inverted U-shaped 526 

relationship with energy related GHG emissions in G7 countries. These result depict that when 527 

green trade increases, the rate of energy related GHG emissions also continues to increase up 528 

to the turning point ranging between 1.0 to 1.2 units (in log) across four quantiles and starts 529 

decline afterwards. Figure 7 shows the inverted U-shaped impact of green trade on energy 530 

related GHG emissions with the turning point ranges between 1.0 and 1.2 units (in log) across 531 

all quantiles. The combination of scale, composition and technical effects is cause of inverted 532 

U shaped relationship between green trade and energy related GHG emissions (Zhang, 2012). 533 

In first stage of trade expansion, the scale effect leads this inverted U-shaped relationship 534 

because of increase in transport and production to meet the increase in the demand of the trade 535 

market which leads to increase in the energy consumption and fossil fuels (Wang et al., 2023), 536 

and ultimately this reliance will increase the energy related GHG emissions at first stage. 537 

Although, as there is a continues expansion in the green trade, the technical effects comes into 538 

notice with increase in the use of advanced green technologies which enables energy efficient 539 
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production and green production (Ansari & Khan, 2021). This shift is noticed in the threshold 540 

point of inverted U-shaped relationship where energy related GHG goes at the highest level 541 

and starts to decline. These findings are also align with existing literature (see, for example, 542 

Ling et al. (2015) and Ansari and Khan (2021)). Thus the negative association between green 543 

trade and energy related GHG emission is also in line with (Can et al., 2021; He & Huang, 544 

2022; J. Li et al., 2022), which shows the negative association between green trade and carbon 545 

emissions in the long run, but it is important for the governments to initiate the appropriate 546 

trade policy to achieve the environmental targets (He & Huang, 2022).  547 

Table 6: Outcomes of Methods of Moment Quantile Regression 548 

Variables Location Scale Q0.25 Q0.50 Q0.75 Q0.95 

Model-1 

GrEx 0.90*** 

(0.0) 

-0.009 

(0.68) 

0.91*** 

(0.0) 

0.89*** 

(0.0) 

0.89*** 

(0.0) 

0.88* 

(0.0) 

GrIm 0.59*** 

(0.0) 

-0.09*** 

(0.0) 

-0.50*** 

(0.0) 

-0.61*** 

(0.0) 

-0.67*** 

(0.0) 

-0.77*** 

(0.0) 

EnEf -0.95*** 

(0.0) 

0.075 

(0.17) 

-1.02*** 

(0.0) 

-0.94*** 

(0.0) 

-0.89*** 

(0.0) 

-0.81*** 

(0.0) 

CT -1.48*** 

(0.0) 

-0.02 

(0.51) 

-1.45*** 

(0.0) 

-1.48*** 

(0.0) 

-1.50*** 

(0.0) 

-1.52*** 

(0.0) 

Constant 7.03*** 

(0.0) 

0.08** 

(0.05) 

6.95** 

(0.0) 

7.04*** 

(0.0) 

7.09*** 

(0.0) 

7.18*** 

(0.0) 

Model-2 

GrT 0.57** 

(0.0) 

-0.19 

(0.02) 

0.74*** 

(0.0) 

0.60*** 

(0.0) 

0.38*** 

(0.05) 

0.14 

(0.62) 

 EnEf
 -0.20 

(0.40) 

-0.04 

(0.79) 

-0.17 

(0.47) 

-0.20 

(0.40) 

-0.25 

(0.46) 

-0.29 

(0.54) 

CT -1.35*** 

(0.0) 

-0.45*** 

(0.0) 

-0.96*** 

(0.0) 

-1.30*** 

(0.0) 

-1.84*** 

(0.0) 

-2.41*** 

(0.0) 

Constant 5.93*** 

(0.0) 

0.51 

(0.83) 

5.49*** 

(0.0) 

5.87*** 

(0.0) 

6.50*** 

(0.0) 

7.12*** 

(0.0) 

Model-3 
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GrT 8.07*** 

(0.0) 

0.47 

(0.45) 

7.71*** 

(0.0) 

8.06*** 

(0.05) 

8.49*** 

(0.08) 

9.05*** 

(0.0) 

GrT2 -3.77*** 

(0.0) 

-0.37 

(0.22) 

-3.48*** 

(0.0) 

-3.76*** 

(0.0) 

-4.10*** 

(0.0) 

-4.54*** 

(0.0) 

Turning Points   1.1 1.2 1.04 1.0 

EnEf
 -1.04*** 

(0.0) 

-0.03 

(0.88) 

-1.02*** 

(0.0) 

-1.04*** 

(0.0) 

-1.06*** 

(0.07) 

-1.09** 

(0.20) 

CT -1.02*** 

(0.0) 

-0.25** 

(0.04) 

-0.83*** 

(0.0) 

-1.0*** 

(0.0) 

-1.23*** 

(0.0) 

-1.53*** 

(0.0) 

Constant 3.10*** 

(0.0) 

0.12 

(0.64) 

3.01*** 

(0.0) 

3.09*** 

(0.0) 

3.21*** 

(0.0) 

3.35*** 

(0.0) 

***, **, *represent 1%,5% and 10% level of significance respectively (p-values are in parentheses) 549 

 550 

Figure 7: The nonlinear relationship between green trade and energy related GHG emission 551 

 552 

Another assumed determinant of this study is energy efficiency, and the outcomes exhibit that 553 

energy efficiency is a negative determinant of energy driven GHG emission in all four 554 
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quantiles. This outcome is also in line with the existing literature (see, for example, Qing et al. 555 

(2023) , R. Li et al. (2022),  Mirza et al. (2022), Akram et al. (2020),  Lei et al. (2022)). 556 

The last determinant of energy related GHG emissions is carbon tax. Results show that the 557 

carbon tax is a negative determinant of energy related GHG emission in all three models across 558 

all four quantiles. Implementing a carbon tax leads to reductions in carbon emission (Pretis, 559 

2022), however the evidence of  impact and it’s magnitude on aggregate emissions is mixed 560 

(Nong et al., 2021). The magnitude of emission reductions depends on the level of the carbon 561 

tax, its coverage and implementation, and sectoral differences in emission responses (Du et al., 562 

2022; Siriwardana et al., 2011) and thus this reduction in the carbon emission leads to reduction 563 

in energy related GHG emissions. 564 

Figures 8-10 provide a graphical representation of the MMQR process for the coefficients of 565 

the three models, illustrating the quantile trends of energy driven GHG emission and their 566 

determinants over time. These graphs depict the relationship between the variables across 567 

different quantiles (percentiles), with the slopes of the lines indicating the change in the 568 

dependent variable for a one-unit change in the respective independent variable at each specific 569 

quantile (percentile). 570 

The results of this study offer insights for policymakers which aim to achieve sustainable 571 

reduction in energy driven GHG emissions. The inverted U-shaped relationship between green 572 

trade and energy driven GHG emissions suggests that while at first stage, increase in green 573 

trade may contribute to rising emissions due to production costs and after surpassing a 574 

threshold or turning point leads to significant reduction in energy emissions. This highlights 575 

the importance of sustained investment in green trade to reach the turning point where energy 576 

driven GHG emissions begin to decline. Furthermore, the consistent negative associations 577 

between green imports, carbon tax, and energy efficiency with energy driven GHG emissions 578 

determines the effectiveness of these measures to achieve the energy efficient eco-system. 579 

Policymakers should prioritize to reduce trade barriers for green imports and exports, 580 

implement robust carbon pricing mechanisms, and should promote energy efficiency initiatives 581 

to multiply these benefits. Collectively, these findings provide a roadmap to integrate trade and 582 

environmental policies to achieve net-zero targets.  583 

 584 
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 585 

Figure 8: The graphical representation of MMQR coefficients (Model-1) 586 

 587 

 588 

 589 
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 590 

Figure 9: The graphical representation of MMQR coefficients (Model-2) 591 

  592 

 593 

 594 
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 595 

Figure 10: The graphical representation of MMQR coefficients (Model-3) 596 

4.5  BSQR as Robustness Test 597 

Bootstrap Quantile Regression (BSQR) is applied to check the robustness of all three models 598 

and Table 7 depicts the outcomes which determine that the primary model MMQR has 599 

demonstrated the significant, efficient and reliable results. The results of the BSQR analysis 600 

are consistent with the primary findings obtained from MMQR. Specifically, the inverted U-601 

shaped relationship between green trade and energy driven GHG emissions remains same 602 

across all quantiles. These results confirm the non-linear dynamics, and the threshold effects 603 

identified in the main analysis. The alignment between BSQR and MMQR outcomes reinforces 604 

the reliability of our conclusions. Both methods highlight the critical role of green trade and 605 

energy driven GHG emissions across all quantiles. This consistency exhibits the robustness of 606 

the relationships presented in this study and demonstrates that findings are not sensitive to the 607 

choice of quantile regression technique. 608 

 609 
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Table 7: BSQR-robustness check 610 

Variables Q0.25 Q0.50 Q0.75 Q0.95 

Model 1 

GrEx 0.93*** 

(0.0) 

0.94*** 

(0.0) 

0.88*** 

(0.0) 

0.88*** 

(0.0) 

GrIm -0.48*** 

(0.0) 

-0.65*** 

(0.0) 

-0.73*** 

(0.0) 

-0.88*** 

(0.0) 

EnEf -1.14*** 

(0.0) 

-1.15*** 

(0.0) 

-0.81*** 

(0.0) 

-0.70*** 

(0.0) 

CT -1.39*** 

(0.0) 

-1.53*** 

(0.0) 

-1.55*** 

(0.0) 

-1.48*** 

(0.0) 

Constant 7.03*** 

(0.0) 

7.16*** 

(0.0) 

7.07*** 

(0.0) 

7.20*** 

(0.0) 

Model 2 

GrT 0.83*** 

(0.0) 

0.63*** 

(0.0) 

-0.20*** 

(0.05) 

-1.20 

(0.31) 

 EnEf
 -0.64*** 

(0.0) 

-0.012 

(0.97) 

-0.76** 

(0.05) 

-1.07*** 

(0.54) 

CT -0.28** 

(0.03) 

-1.04** 

(0.05) 

-1.56*** 

(0.0) 

-1.38*** 

(0.0) 

Constant 5.67*** 

(0.0) 

5.56*** 

(0.0) 

7.43*** 

(0.0) 

7.80*** 

(0.0) 

Model 3 

GrT 4.44*** 

(0.0) 

7.36*** 

(0.05) 

7.37*** 

(0.0) 

2.00 

(0.17) 

GrT2 -1.78*** 

(0.0) 

-3.49*** 

(0.0) 

-3.59*** 

(0.0) 

-1.09* 

(0.10) 

Turning Points 1.2 1.05 1.03 0.92 

EnEf
 -1.00*** 

(0.0) 

-0.73*** 

(0.0) 

-1.10*** 

(0.0) 

-1.22** 

(0.0) 

CT -0.53*** 

(0.0) 

-1.34*** 

(0.0) 

-1.30*** 

(0.0) 

-1.28*** 

(0.0) 
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Constant 4.39*** 

(0.0) 

3.30*** 

(0.0) 

3.84*** 

(0.0) 

6.83*** 

(0.0) 

***, **, * are 1%,5% and 10% level of significance respectively (p-values are in parentheses) 611 

4.6 Causality Test 612 

Dumitrescu- Hurlin Panel Causality test has been employed to investigate the causal 613 

relationship between carbon emission and assumed determinants of the carbon emission. The 614 

pairs GrE ≠ EnGHG, EnGHG ≠ GrE, EnGHG ≠ GrI, EnGHG ≠ GrT, EnEf ≠ EnGHG, EnGHG 615 

≠ EnEF determines the rejection of null hypothesis which exhibits the presence of homogenous 616 

causality across panels with 1% and 5% and 10% level of significance. On the other hand, GrI 617 

≠ EnGHG, GrT ≠ EnGHG, CT ≠ EnGHG and EnGHG ≠ CT do not show any significant causal 618 

association between these pair variables. These results determine that green imports and energy 619 

GHG emissions, green exports and energy GHG emissions, carbon tax and energy GHG 620 

emissions in both ways cause to accept the null hypothesis which means that heterogeneous 621 

causality exists across the panels.  622 

Table 8:Dumitrescu-Hurlin Panel Causality Test 623 

H0 W-Stats 𝑍 Stats P-value 

lGrE ≠ lEnGHG 2.43** 2.24 0.03 

lGnGHG ≠ lGrE 2.94* 3.09 0.0 

lGrI ≠ lEnGHG 1.18 0.20 0.86 

lGnGHG ≠ lEGrI 3.06* 3.20 0.0 

lGrT ≠ lEnGHG 1.44 0.62 0.54 

lGnGHG ≠ lGT 2.90* 3.02 0.0 

lEnEf ≠ lEnGHG 2.86* 2.95 0.0 

lEnGHG ≠ lEnEf 2.21*** 1.88 0.06 

lCT ≠ lEnGHG 1.25 0.29 0.77 

lEnGHG ≠ lCT 1.37 0.51 0.62 

***, **, *represent 1%,5% and 10% level of significance respectively  624 

5 Conclusion and Policy Recommendations 625 

This study investigates the impact of green export, green import, green trade, energy efficiency 626 

and carbon tax on energy driven GHG emissions in G7 countries. This study also investigates 627 

the nonlinear or inverted U-shaped relationship between green growth and energy related GHG 628 
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emissions. These findings are novel with respect to investigate the non-linear impact of green 629 

trade on energy driven GHG emission, to find the threshold points. Similarly, the impact of 630 

green export index, green import index and carbon tax on energy related GHG is also 631 

investigated for the first time. This study concludes the negative impact of green imports, 632 

energy efficiency and carbon tax on energy related GHG emission all in all four quantiles, on 633 

the other hand it depicts the positive association between green export and energy related 634 

emissions. The green trade has the inverted U-shaped determinant of energy emissions, which 635 

suggests that it will increase the energy related GHG emissions at first but after surpassing a 636 

threshold or turning point, an additional unit of green trade will reduce the energy related GHG 637 

emissions. Thus, these outcomes suggest that green trade will not help to reduce the energy 638 

emission at start but after a turning point it will help to reduce the energy emissions. Based on 639 

these finding various policy recommendations have been proposed. Firstly, green investment 640 

to promote green growth transition in renewable energy heads should be given the top priority 641 

by policy makers. This target can be achieved by private- public partnerships, tax innovation, 642 

tailoring carbon tax strategies and subsidies to the green energy sector. Secondly, green 643 

technological innovations should be promoted to enhance the industrial sector in favor of 644 

economic and environmental sustainability. Thirdly, the digital economy, smart technologies 645 

and the use of artificial intelligence (AI) for the protection of environment should be promoted 646 

to reduce the energy related GHG emissions. Leveraging AI plays an important role reduce 647 

carbon emissions and drive sustainability. The data centers running AI research currently 648 

consume massive amounts of energy and contribute substantially to energy driven GHG 649 

emissions. However, the emerging field of Green AI presents solutions by building 650 

environmental sustainability directly into AI systems. This has the potential to significantly 651 

reduce emissions across the entire value chain. Therefore, the investment in sustainable AI 652 

solutions that can help realize this vision of using AI to drive a transition towards a more 653 

environmentally friendly economy (Ali, 2023). Fourthly, the portion of green trade in the total 654 

trade should be increased. The role of government in promoting green technological innovation 655 

transformation has been suggested in export sector.  656 

G7 countries need to handle a regular energy efficient ecosystem and need to focus on 657 

improving the green growth in favor of environmental sustainability through carbon policy. 658 

Specially more concentration should be allocated to enhance the production and utilization 659 

capacity of green growth to curtail the upheaval of continuous energy driven GHG emissions. 660 
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To improve the agricultural eco-efficiency in favor of environment, the subsidies should be 661 

given to curtail the fossil fuels consumption in agricultural sector and for replacement of 662 

renewable energy resources in this sector. Additionally, landfill energy should be introduced 663 

in the agricultural sector to reduce over all footprint of energy driven GHG emissions.  664 

Similarly, trade liberalization plays its important role to stimulate the carbon footprint both in 665 

long run and in short run (Zahra, Khan, Gupta, et al., 2022), therefore strict environmental 666 

regulatory policies should be implemented to reduce the environmental degradation in selected 667 

countries and steps should be taken to shift the trade paradigm to green trade. Renewable 668 

energy trade should be promoted to facilitate the trade of renewable energy technologies and 669 

products such as solar panels, wind turbines and energy efficient appliances.   670 

5.1 Limitations 671 

Despite these policy recommendations, certain limitations of this study should not be ignored. 672 

Firstly, this research is restricted to G7 economies only. A similar analysis can be replicated in 673 

developing countries and in top carbon emitters. The independent variables of this study can 674 

be reinvestigated while keeping other Sustainable Development Goals (SDGs) into account, 675 

especially with reference to responsible consumption and production SDG-12. Other important 676 

direct and indirect economic factors and novel econometric techniques can be applied to 677 

determine the synergies and trade-off with reference to energy related GHG emissions in G7 678 

countries. If long time series data available, then the choice of econometric technique can also 679 

be replaced to perform long run and short run analysis. While quantile regression is powerful 680 

to capture heterogeneous effects, it may be more complex to interpret compared to traditional 681 

mean regression models. This can make it challenging to communicate the results to 682 

policymakers. Quantile regression provides insights across different points of the distribution, 683 

but the results may not be easily generalizable to the entire population. Different quantiles may 684 

show varying effects that could complicate policy recommendations or interpretation. Lastly, 685 

this study focuses on broad economic trends, but sector-specific dynamics such as differences 686 

between manufacturing, agriculture, or energy sectors may not be fully accounted for, which 687 

potentially limit the applicability of the findings across all sectors. Future research studies 688 

could explore this approach for a more comprehensive cost-benefit analysis.  689 

 690 
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