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Climate change is a very debated topic among academia, national and international institutions. Therefore, policies and tools for diminishing pollutant emissions are in place in a number of countries. Among them, taxation and renewable energy use seem to be among the most important. This paper aims at testing the impact of certain tools for climate change policy implementation, such as environmental taxes, renewable energy use, real productivity, employment rate taking into consideration the level of economic development and the GINI coefficient, on the greenhouse gas emissions in two important sectors of the economy: industry and commerce. Panel data analysis is used for a cluster of nine developing countries of the European Union that have the per capita GDP at purchasing power parity lower than 80% of the EU average, during 2008–2021. Similar to other studies, the results show a negative relationship between environmental taxation and greenhouse gas emissions in the industrial sector, and a positive one in the commercial sector. The latter is explained by the fact that transport, which is a main pollutant sector, is also one of the most difficult sectors to achieve green transition, given high associated costs. The analysis also shows that renewable energy use discourages the emissions of greenhouse gases, both in the industrial and commercial sectors, so that fostering investment in renewables is an important factor for addressing climate change and promoting a sustainable growth.
Keywords: climate change, greenhouse gas emissions, environmental taxation, environmental policies, panel data, regression
1 INTRODUCTION
Climate change and the green economy are currently among the most debated topics both on governmental, international and academia agendas. While concerns for sustainable development encompassing environmental goals have been in place since the second part of 20th Century, the latest trends refer to very specific plans, actions and objectives for mitigating the impact of the economic activity on climate change. It has been empirically proven that increase in political globalization has a negative impact on CO2 emissions (Chen et al., 2020), so that international agreements and cooperation are of most importance when it comes to setting targets and establishing strategies in order to foster environmental goals and deal with climate change (Ghidoni et al., 2017).
Therefore, green economy has become a crucial policy framework in many developed and developing economies around the World (Zhang et al., 2022). European Union is known as one of the most vocal promoters of green economy, with European Green Deal aiming at promoting efficient use of resources through circular economy, diminish pollution, protect biodiversity and stop climate change. Therefore, the EU is envisaged to be become the world’s first “climate-neutral bloc” by 2050 (European Commission, 2020). In this context, green transition is one of the most important part of the new economic paradigm at EU level, alongside enhancing resilience and digital transition.
In the context of economic globalization, environmental policies also tend to have a supra-national appliance. Within the EU, environmental policies have gained importance in the last decade and are being accelerated through the European Green Deal and the Recovery and Resilience Facility implementation. However, despite the incentives for harmonization, the EU countries are still in different stages of implementing environmental policies, given different national specificities and issues to be addressed. Under these circumstances, the effects of the policies might turn out differently, so that such measures should be well tailored on the specific problems of each country. Implementing economic, social and environmentally sustainable policies at the private sector level is seen as the best way to raise national welfare, being achieved through dynamic capabilities taken over at microeconomic level (Akkaya and Üstgörül, 2020). Such capabilities could be implemented through strategic leadership, as well as organizational climate, in order to enable firms to cope with rapid changes brought by the innovations aimed at promoting sustainability (Tetik and Akkaya, 2021). Member States in the EU have assumed a binding legal commitment within the European Green Deal, with two key objectives: (i) reduction of net greenhouse gas emissions with at least 55 percent by 2030 compared to 1990 levels (“Fit for 55”) and (ii) achieving the goal of climate neutrality by 2050 (“net zero”). The Green Deal also encompasses an action plan for EU member states to boost the efficient resources exploitation, through a clean and circular economy, restoring biodiversity and reducing pollution. While all sectors of the economy will need to decarbonize, the energy transition is primordial. 
Alongside very specific actions embedded in the international agreements, national Governments can always find ways to foster environmental policies through taxes. Environmental taxes can play an important role in incentivizing the reduction of pollutant emissions, while ensuring funds for research and development and implementation of new, environmental–friendly technologies. These taxes are able to affect the climate change through the setting of price mechanism.
In this context, this paper analyses the effectiveness of addressing environmental objectives through governmental policies, especially through environmental taxation, and different tools, such as renewable energy use, real productivity, employment rate taking into consideration the level of economic development and the GINI coefficient. A panel data regression analysis has been conducted on a cluster of some developing EU Member States that have the GDP/capita at purchasing power parity lower than 80% of the EU average. The empirical analysis is focused on two important economic sectors, industry and commerce.
The remaining part of this paper is structured as follows: Section 1 presents the literature review on this topic, Section 2 discusses the data and the methodology, Section 3 presents the results and the last section encompasses conclusions and discussion on policy implication.
2 LITERATURE REVIEW
The literature on climate change policy is rather rich, also in the light of the intense institutional debates around it. Many papers present empirical analyses on the relationship between the economic growth and CO2 emissions. For instance, Liobikienė and Butkus (2018) conclude that economic growth is positively correlated with growing greenhouse gas emissions, regardless of the level of economic development. Also, they find that export increases contribute to lower pollution in rich countries, while export represents a challenge in developing countries. Moreover, foreign direct investment is very weakly associated with emissions, regardless the level of development. On the other hand, the share of renewable energy consumption and energy efficiency are found to reduce greenhouse gas emissions in all countries, which leads to the conclusion that they should be good tools for climate change policy implementation, regardless of development level. Likewise, using dynamic ordinary least squares and cointegration techniques, Onofrei et al. (2022) found a long-run relationship between economic growth and CO2 emissions in the EU countries for the period 2000–2017 (on average, a 1% change in GDP leads to 0.072% change in CO2 emissions). The authors also state that the demand for environmental protection and policies intensifies alongside the increase in the income level during economic growth.
Further, the literature on designing and using environmental taxes for changing behaviour towards environmentally friendly direction through legal, market and organizational instruments is vast and growing (Jagers and Hammar, 2009). 
Environmental taxes are seen as an important tool in the fight against climate change and its undesired effects (Patuelli et al., 2005; Onofrei et al., 2022). On the other hand, it is considered that the governance of energy/carbon policies, managed in relation to fiscal policies, can impact economic growth and trade (Chakraborty et al., 2023). The literature regarding policies for combating climate change presents a wide range of methodologies for assessing the impact of environmental taxation towards mitigating climate change. For example, He et al. (2023) based their research on several theories (regarding externalities, public goods, collective cooperation and double dividend), using a panel ARDL model. They found that environmental taxes do have a negative effect on reducing pollutant emissions and the frequency of weather phenomena determined by climate change. Their research also showed that environmental technologies and environmental budget influence the process of mitigating climate change and undesired weather events, stressing the role of investment in environmental protection technologies, while collecting environmental taxes.
Gibba and Khan (2023) have studied a wide range of correlations between economic and environmental variables using panel autoregressive distributed lag (ARDL) model for the EU countries, over the period 1990–2020. They find that oil import prices, urbanization, environmental technology and energy consumption promote economic expansion, while investment in IT&C and environmental taxes have a negative impact, both in the short and long-run. On the other hand, similar to other studies, the authors find that energy consumption is positively influenced by economic growth, urbanization and oil import prices but negatively impacted by IT&C investment, environmental taxes and environmental technology. 
Environmental taxes are theoretically expected to equalize the marginal cost determined by the reduction of greenhouse gas emissions at the level of the economy and society (Kreiser et al., 2011), also determining the reduction of the overall cost associated with pollution on the long run, thus determining more effective production and sustainable. Imposing environmental taxes determine polluters to find better ways for their activity, having to choose between paying taxes or switching to green technologies for production. However, in practice, environmental taxes are not always designed in such a way to be able to provide equal incentives to polluters, some of them being sometimes exempted or facing little impact from such taxation, while others being more affected. When designing such taxation, governments often pay attention to the potential impact on the competitiveness of affected sectors, or, on the other hand, on low-income social categories that might be affected by price increases determined by those taxes. While international cooperation can tackle the problem of external competitiveness loss, some certain form of compensation measures can address the issue of low-income households (Kreiser et al., 2011). All in all, besides raising budget revenues, environmental taxation has the advantage of encouraging sustainable development and addressing climate change (McEldowney and Salter, 2016).
Many papers analyze the impact of environmental taxation on energy consumption, greenhouse gas emissions, economic growth, or other related variables. Several studies (Baranzini et al., 2000; Van Heeden et al., 2006; Aldy et al., 2008; Jeffrey and Perkins, 2013; Jeffrey and Perkins, 2015) emphasize the role of taxation for optimizing the resource use and allocation, as well as for diminishing greenhouse gas emissions. Andrei et al. (2016) used Granger causality tests in order to determine the influence of environmental taxation upon energy production and consumption, as well as on economic growth in Romania. They found a negative relationship between environmental taxes and economic growth, pollution resources, domestic material consumption and total gross electricity generation. Other researchers (Labandeira et al., 2009) found that green taxation determines the reduction of pollutant emissions, also having a positive impact on the overall output in the economy and social welfare, also diminishing the income gap at social level.
Nanthakumar et al. (2014) studied the effects of carbon taxation on CO2 emissions and economic growth using cointegration and causality analysis for a long period of time (1974–2010) in Malaysia. They concluded upon a bidirectional influence between taxation and CO2 emissions, also finding a Granger positive causality between economic growth and CO2 emissions, on the one hand, and between carbon taxation and economic growth, on the other hand. The authors also found support for the Kuznets׳ theory (inverted U-shaped curve describing the relationship between the economic growth and CO2 emissions) in the case of Malaysia, while contesting the effectiveness of the carbon taxation policy to address CO2 emissions.
While most of the papers in the literature assess the impact of environmental taxes on the overall economy, some tackle the impact on certain economic sectors, similar to this research. A study based on 2004–2020 panel data in China, using the SBM-GML index methodology in order to measure industrial green total factor productivity and econometric methods, found that environmental taxation has a significant positive effect on industrial green transformation, Moreover, the study mentions that credit management is an important factor for restricting pollution from industrial businesses, encouraging green investments and improvement of production processes (Shen and Zhang, 2022). In the same vein, the intensity of environmental regulation is found to have an important impact on green total factor productivity, therefore paving the way for the establishment of an effective environmental regulation for the manufacturing industry (Wang and Yan, 2022). Another research analyzing the impact of environmental taxation for fostering cleaner production technologies in manufacturing and mining industries showed that low levels of taxation are not effective for stimulating green technology and, as the taxation increases, this determines the increase of investments in green technologies. However, if combined with public financing, low taxation can also be effective in promoting green technologies (Tchorzewska et al., 2022). Regarding the industrial sector, it should be noted that innovation and the implementation of robots is seen as a future way for improving process efficiency (Akkaya and Ahmed, 2022) and should go hand in hand with the aims of green transition.
Another important aspect tackled in the literature refers to the way environmental taxes are designed and applied. In this sense, it has been shown that in the case that an environmental tax would be applied to non-CO2 greenhouse gas emissions instead to only CO2, this would greatly affect several sectors, including agriculture, mining of coal, extraction of peat, and food (Gemechu et al., 2012).
As regards the impact of environmental taxes on trade, the literature describes a negative impact for exporting economies where such taxes are applied, given the loss of competitiveness due to increased prices, in cases where competing economies do not apply similar environmental measures due to the lack of/lower environmental objectives (Flannery, 2016). Therefore, international environmental agreements, which usually do not encompass every single economy in the World, could hamper domestic economic activity and have a negative impact on exports (Levinson and Taylor, 2008). Under these circumstances, countries without economic power participating to the global market could find themselves in the situation to consider international climate agreements highly unfavorable and reject them (Llop, 2023).
3 MATERIALS AND METHODS (RESEARCH METHODOLOGY AND DATA)
3.1 Data description
Annual data starting from 2008 until 2021 (at the time of writing this research, 2021 is the latest annual data for most of the data), the data source being Eurostat (2023) was used. The research is focused on two different sectors (industrial and commercial sector) on a cluster composed of some countries from European Union that have a Gross Domestic Product (GDP) per capita expressed in purchasing power standards, as percentage of EU-27, for 2021, below 80% of the EU average. Therefore, the cluster proposed is composed of the following countries: Bulgaria, Greece, Croatia, Latvia, Hungary, Poland, Portugal, Romania, Slovakia. The two sectors are based on the following NACE Rev 2:
• Industry except Construction: Mining and quarrying, Manufacturing, Electricity, gas, steam and air conditioning supply; Water supply, sewerage, waste management and remediation activities;
• Wholesale and retail trade, transportation, accommodation and food service activities.
These sectors has been chosen due to the fact that their output has the highest share of the gross value added, in the case of all countries from the panel. In the case of Industry (except construction), the gross value added from this sector as a percentage of total ranges between 15.5% and 27% (Table 1). Greece registers 15.5% of the gross value added from industry, while Slovakia registers 27% of the gross value added from industry in 2021. Regarding wholesale and retail trade, transportation, accommodation and food service activities, the gross value added (GVA) from this sector ranges between 17.4% and 25.2% in 2021. Slovakia registers 17.4% of the gross value added from the commercial sector, while Greece registers 25.2% of the gross value added from the aforementioned sector.
TABLE 1 | Gross value-added by industry breakdown in 2021 (% of total).
[image: Table 1]It was examined the importance of different tools for climate change policy implementation at industrial (NACE Rev 2: Industry except Construction: Mining and quarrying, Manufacturing, Electricity, gas, steam and air conditioning supply; Water supply, sewerage, waste management and remediation activities) and commercial (NACE Rev 2: Wholesale and retail trade, transportation, accommodation and food service activities) level, such as environmental taxes, renewable energy use, real productivity, employment rate taking into consideration the level of economic development and the GINI coefficient. In this respect it was chosen greenhouse gas emissions as a quantitative indicator for the climate change policy implementation. Table 2 shows a list of the variables that it was used in the empirical analysis.
TABLE 2 | Variables contained in the panel model.
[image: Table 2]Table 3 shows the descriptive statistics of the variables used in the panel regression model for both sectors.
TABLE 3 | Descriptive statistics of variables.
[image: Table 3]Regarding the industry sector, the standard deviation shows insignificant variations in the GVA per capita at industry level meaning that the countries are similar in terms of economic development. The minimum of GVA per capita is registered in Latvia in 2009 and the maximum is registered in Poland in 2021. In terms of greenhouse gas emissions, the minimum is registered in the case of Latvia in 2020 with 3,395.02 thousand tonnes and the maximum is registered in the case of Poland in 2008 with 271646.8 thousand tonnes. The standard deviation is quite high, so there are some differences between the countries in terms of pollution. In terms of environmental taxes as percent of budgetary revenues, registered in the industrial sector, Poland in 2008 reached the minimum with 0.005%, while Romania in 2016 reached the maximum with 4.73%. Regarding renewable energy use as a share of energy from renewable resources, the standard deviation shows some variations of this indicator, as the minimum is reached in Poland in 2008 with 7.68%, while the maximum is reached in Latvia in 2020 with 42.13%. In terms of dynamics of the real labour productivity per person in the industrial sector, the minimum is registered in the case of Romania in 2012 with −14.5%, while the maximum is reached in Slovakia in 2010 with 25.1%. The standard deviation shows some variations of this indicator, as the coefficient is 5.84. Regarding the employment rate, the standard deviation of 4.24 shows some variations, as the minimum of 4% is registered in Greece in 2017, while the maximum of 26.3% is registered in Slovakia in 2008. In terms of Gini coefficient, Slovakia reached the minimum of 20.9 in 2018 and Bulgaria reached the maximum of 40.8 in Bulgaria in 2009.
Regarding the sector of wholesale and retail trade, transportation, accommodation and food service activities, the standard deviation shows some variations in the GVA per capita at this level meaning that the countries register some differences in terms of gross value added in this sector. The minimum of GVA per capita is registered in Romania in 2011 and the maximum is registered in Bulgaria in 2021. In terms of greenhouse gas emissions, the minimum is registered in the case of Croatia in 2012 with 1730 thousand tonnes and the maximum is registered in the case of Poland in 2021 with 38481.3 thousand tonnes. The standard deviation shows some differences between the countries in terms of pollution. When taking of environmental taxes as percent of budgetary revenues, registered in the commercial sector, Romania in 2008 reached the minimum with 0.47%, while Bulgaria in 2008 reached the maximum with 3.13%. Regarding renewable energy use as a share of energy from renewable resources, the standard deviation shows some variations of this indicator, as the minimum is reached in Poland in 2008 with 7.68%, while the maximum is reached in Latvia in 2020 with 42.13%. In terms of dynamics of the real labour productivity per person in the commercial sector, the minimum is registered in the case of Croatia in 2020 with −18%, while the maximum is reached in Romania in 2012 with 62.5%. The standard deviation shows some variations of this indicator, as the coefficient is 8.49. Regarding the employment rate, the standard deviation of 3.86 shows some small variations, as the minimum of 18.3% is registered in Romania in 2008, while the maximum of 36.8% is registered in Greece in 2019. In terms of Gini coefficient, Slovakia reached the minimum of 20.9 in 2018 and Bulgaria reached the maximum of 40.8 in Bulgaria in 2009.
3.2 Methodology
This paper examines the importance of different tools for climate change policy implementation at industrial and commercial level, such as environmental taxes, renewable energy use, real productivity, employment rate taking into consideration the level of economic development and the GINI coefficient. In this respect, 2 panel regression models during 2008–2021 have been run using Eviews 12. Panel techniques have been used in order to increase the number of observations, as according to Brooks (2008) the problems related to data stationarity are diminished and several tools for mitigating the common problems of the models are available. The econometric analysis was expected to show that environmental taxes and renewable energy sources would have a negative impact on the greenhouse gas emissions, while real labour productivity per person, employment rate and the gross value added would have a positive impact. The data is analyzed in the form of balanced panel data, choosing from three methods: common effect model, fixed effect model and random effect model (Khan et al., 2022). Fixed effect model has been chosen as the result of the Redundant Fixed Effects Test Likelihood Ratio indicated several consistent estimators with this model. Brüderl and Ludwig (2015) offer a detailed methodology of fixed effects models. The estimation method was chosen according to the stationarity of the data. A series is said to be stationary if the mean and autocovariances of the series do not depend on time (IHS Markit, 2020). In other words, it does not have a unit root or it is integrated in order zero -I (0). Roughly speaking, an I (0) process is a moving average with autocovariances that die off sufficiently quickly, a condition which is necessary for stationarity (Hamilton, 1994). In this respect, the stationarity of data has been tested using Levin, Lin and Chu test (LLC), ADF- Fisher Chi-Square and PP-Fischer Chi-Square, using the Schwarz criterion to select the optimal number of lags. It is worth mentioning that these tests are based on the assumption that the series contains a unit root.
A correlation matrix has been used in order to verify the correlation between the variables and to be able to solve any issue of multicollinearity in case it would appear. A correlation matrix is helpful to detect the severity of multicollinearity in the model (Khan et al., 2022). The Estimated Generalized Least Squares (EGLS) method has been used, using fixed effects and Cross - Section SUR as a weighting method on the following equations:
• Industry (except Construction):
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where, t = 2008, 2009,…2021; a1 = coefficient of lnGas_et-1; a2 = coefficient of lnEnv_taxt-1; a3 = coefficient of lnGvat; a4 = coefficient of Renew_et; a5 = coefficient of Wrealt-1; a6 = coefficient of Employment ratet-1; a7 = coefficient of lnGinit-1; c0 = constant; ut = error term.
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where, t = 2008, 2009,…2021; a1 = coefficient of lnGas_et-1; a2 = coefficient of lnEnv_taxt-1; a3 = coefficient of lnEnv_taxt-1; a4 = coefficient of lnGvat; a5 = coefficient of Renew_et; a6 = coefficient of Wrealt-1; a7 = coefficient of Employment ratet-1; a8 = coefficient of lnGinit-1; c0 = constant; ut = error term.
The Cross–section SUR option estimates a feasible Generalized Least Squares specification correcting for both cross-section heteroskedasticity and contemporaneous correlation (IHS Markit, 2020). Most of the variables are defined by logarithm form in order to ensure that the estimates coefficients are robust to the measurement units of the variables (Mudronja et al., 2020; Frăilă et al., 2021), such as: Greenhouse gas emissions at industry level, Total environmental taxes at industry level, Gross value added by industry breakdown per capita and Gini coefficient of equivalized disposable income.
Finally, for testing the maximum likelihood of the estimators Fischer test has been used for the model validity (probability less than 5%). The significance of estimators (probability less than 5%) and the linearity of the model (R-squared) have been testedusing the correlation matrix for the absence of multicollinearity, also checking for the existence of non-zero standard errors, but not much different from zero (Frăilă et al., 2021). Plus, Jarque Berra test has been used to check if the residuals are normally distributed (probability higher than 5%), while Breusch Pagan LM and Pesaran CD have been used to check for the absence of dependence between cross-section (probability higher than 5%).
4 RESULTS
As mentioned before, the paper examines the importance of different tools for climate change policy implementation at industrial (NACE Rev 2: Industry except Construction: Mining and quarrying, Manufacturing, Electricity, gas, steam and air conditioning supply; Water supply, sewerage, waste management and remediation activities) and commercial (NACE Rev 2: Wholesale and retail trade, transportation, accommodation and food service activities) level, such as environmental taxes, renewable energy use, real productivity, employment rate, also taking into consideration the level of economic development and the GINI coefficient. For this scope, a panel of emerging countries (Bulgaria, Croatia, Greece, Latvia, Hungary, Poland, Portugal, Romania and Slovakia) from European Union during 2008–2021 has been used. The results of the data stationarity are shown in Table 4: some of the variables are stationary in level, while others are stationary in first difference.
TABLE 4 | Panel unit root tests output.
[image: Table 4]In order to solve the problem of multicollinearity the correlation matrix has been used, by examining the correlation between the variables. A positive or a negative correlation greater than 0.8 serves as a threshold for a correlation presence (Lovric, 2005). Table 5 shows the correlation coefficients of the variables: all the coefficients are lower than 0.8, meaning that all the variables in the models can be used, as there are no correlation problems. At a closer look, in the case of industrial sector, the highest correlation coefficients are registered between renewable energy sources and greenhouse gas emissions, between employment rate and gross value added and between Gini coefficient and gross value added. In the case of the commercial sector, the highest correlation coefficients are registered between renewable energy sources and greenhouse gas emissions, between Gini coefficient and renewable energy sources and between gross value added and environmental taxes.
TABLE 5 | Correlation matrix.
[image: Table 5]Further, the models have been estimated and the empirical results are presented in Table 6. The coefficients are robust and significant, as their specific probability is lower than 5%. R–squared registers high values, meaning that the selected variables are important for greenhouse gases emissions in both sectors. Fixed effects have been used in both models, as indicated by the results of Redundant Fixed Effects Test Likelihood Ratio.
TABLE 6 | Results of the panel regression models.
[image: Table 6]The empirical results are, generally, in line with expectations, with some exceptions.
In line with previous studies (Baranzini et al., 2000; Van Heeden et al., 2006; Aldy et al., 2008; Kreiser et al., 2011; Jeffrey and Perkins, 2013; Jeffrey and Perkins, 2015; McEldowney and Salter, 2016; He et al., 2023), the findings of the analysis show a negative relationship between environmental taxes and greenhouse gas emissions, as well as a positive relationship between emissions and gross value added, both in industry and commercial sector.
Regarding the industrial sector, an increase of the environmental taxes lagged 1-year by 10 percentage points is found to determine a fall in greenhouse gas emissions, on average, by 0.22%. Likewise, renewable energy sources discourage the emissions of greenhouse gases, with an estimated coefficient of −0.0186. This result indicates that an increase of renewable energy use by 10 percentage points determines a decrease of the greenhouse gas emissions by 0.18%. The results also show that an increase of 10% of the greenhouse gas emissions lagged 1 year generates an increase of 9.56%, on average, of the greenhouse gas emissions. Real labour productivity per person lagged 1 year has a positive impact upon greenhouse gas emissions. In this respect, an increase of 10 percentage points of this indicator generates an increase of 0.021%. Also, the employment rate lagged 1 year has a negative impact upon the greenhouse gas emissions. The estimated coefficient equals −0.0068, statistically significant. The result indicates that an increase of the employment rate by 10 percentage points generates a decrease of 0.068% of the greenhouse gas emissions, most probably as a result of lower economic activity. Regarding the Gini coefficient, it has a negative impact upon the greenhouse gas emissions. Thus, an increase of 10% of the Gini coefficient lagged 1 year generates a decrease of 1.29% of the greenhouse gas emissions.
For the commercial sector, the results show that an increase of 10% of the greenhouse gas emissions lagged 1 year generates an increase of 6.9%, on average, of the greenhouse gas emissions in the current year. In the case of environmental taxes, the result shows an opposite effect as compared to the industrial sector. In this respect, an increase of 10 percentage points in environmental taxes generates an increase of 1.4% of the greenhouse gas emissions in the current year and an increase of 10% of the environmental taxes lagged 1-year is associated to an increase of 1.2% of the emissions. Also, according to research, renewable energy use discourages the emissions of greenhouse gases, with an estimated coefficient of −0.0212. The result indicates that an increase of renewable energy sources by 10 percentage points, the greenhouse gas emissions decrease by 0.21%. The effect is a little bit higher than in the case of industrial sector. This result is similar to the findings of other studies finding a negative impact of the renewable energy implementation on CO2 emissions (Comuk et al., 2023).
Both real labour productivity per person and employment rate, lagged 1 year, have a positive impact upon greenhouse gas emissions. An increase of 10 percentage points of real labour productivity generates an increase of 0.01%, while an increase of the employment rate by 10 percentage points generates an increase of 0.14% of the greenhouse gas emissions. Regarding the Gini coefficient, it has a negative impact upon the greenhouse gas emissions. Thus, an increase of 10% of the Gini coefficient lagged 1 year generates a decrease of 1.13% of the greenhouse gas emissions.
Regarding the tests for normal residuals’ distribution and the absence of dependence between cross-sections, the results can be seen in the afore-mentioned table. The residuals are normally distributed and that there is no dependence between cross-sections in none of the two sectors. According to Jarque-Bera test, a p-value higher than 0.05 confirms the null hypothesis of the test, claiming that the residuals are normally distributed, while according to Breusch Pagan LM and Pesaran CD, a p-value higher than 0.05 confirms the null hypothesis of the test, confirming that there is no dependence between cross-sections.
5 CONCLUSION
The empirical analysis shows that environmental taxes have a negative influence on greenhouse gas emissions in the industrial sector. However, these two variables are positively associated in the case of the commercial sector. As regards the industrial sector, the negative influence may be explained by the fact that the industrial technologies have a higher tendency to adapt to the most recent green trends. On the other hand, the commercial sector includes the transportation activities, one of the main pollutants. In this respect, the transition to green solutions or technologies is harder to be achieved on the short run and is very likely to happen in a longer period, given very high associated costs which should be transferred entirely in the cost of the transport activity and finally, in the cost of the transported products. For instance, the price for biofuels that may substitute classic pollutant fuels for heavy goods vehicles is almost three times higher than for the classic one. Moreover, if considering technological improvements to the for heavy goods vehicles (e.g., transition to hydrogen trucks), transport companies find it hard to adapt their transport fleet on the short run, regardless the amplitude of the environmental tax changes, given the fact that the cost of the green (low emission) innovative transportation technologies is very high. However, despite the high costs, the change is very likely to happen on the long run, at least in the EU, given the main goal of the European Green Deal. Likewise, important to mention, there is a wide shared opinion among analysts that” green hydrogen will be vital for achieving the goals of Paris Agreement” (Albatayneh et al., 2023), which has as a main objective achieving net-zero carbon emissions by 2050, limiting “the increase in the global average temperature to well below 2°C above pre-industrial levels” and pursuing efforts “to limit the temperature increase to 1.5°C above pre-industrial levels” (United Nations, 2016).
Going further, environmental taxes should be tailored on the pollution specific in every country or area. For instance, as Gemechu et al. (2012) mention, policymakers should choose wisely between an overall greenhouse gas emissions tax or just a tax on CO2 emissions, so that the effect of the policy implementation is the best.
However, apart from the coercive measures that can be applied to reduce pollution, in order to enhance awareness in this respect, governments should also aim at implementing some alternative instruments to bring benefits for citizens while reducing pollution (Nanthakumar et al., 2014) or promoting effective resource allocation and consumption of goods and services.
According to the present research, as expected, renewable energy use discourages the emissions of greenhouse gases, both in the industrial and commercial sectors, so that fostering investment in renewables is an important factor for addressing climate change and promoting a sustainable growth. However, the impact of the renewable energy sources on the emissions of greenhouse gases revealed by empirical analysis is rather weak.
Likewise, the analysis shows a positive, quite significant, relationship between the gross value added and the greenhouse gas emissions in both sectors (similar to Liobikienė and Butkus, 2018; Nanthakumar et al., 2014), meaning that emissions increase alongside economic growth, which leads to the idea that the emerging economies analyzed in this paper have still not implemented a wide range of policy measures aimed at diminishing the greenhouse gas emissions in the industrial and commercial sectors.
As regards the relationship between real labour productivity and greenhouse gas emissions, the results show it to be positive, although the impact is rather low. This relationship is explained by the fact that increasing the labour productivity implies an increasing volume of production (all else equal), and it has already been noted that intensified economic activity in the emerging countries considered will lead to the growth of emission, in the absence of strong policies for green transition.
Lagged employment rate also has a small impact on greenhouse gas emissions in both sectors, but the influence is different between the two: positive in the commercial sector and negative for industry.
Lagged Gini is negatively correlated with the greenhouse gas emissions in both sectors, meaning that increasing inequalities may have an overall positive impact on reducing greenhouse gas emissions. The explanation for this is twofold: higher environmental taxes (which should have a negative impact on emissions) do affect the disposable income of poor people, making them even poorer, and, on the other hand, higher levels of income for the richest quintiles are associated with higher market income, which in turn allows for green investments dedicated to innovative technologies for fostering lower emissions. Therefore, special attention should be paid to the trade-offs and complementarities between environmental taxation as a tool for diminishing climate change and social equity (Cottrell and Falcão, 2018).
The research process faced some constraints, as for some of the variables, the data only have annual frequency, so that the panel data had been used in order to have a consistent database. Plus, there is a limitation of the data, as few data are available at industry level.
Future research could consist in testing the same models for other clusters composed of the other member states of the European Union in order to see if similar results are to be obtained for the developed countries of the EU. Plus, another future research could be the expansion of the present analysis on other sectors in order to see if the results are similar to the industrial sector or to the commercial one.
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