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Abstract: Green taxes are taxes collected to protect the environment by controlling the negative effects
of certain activities and products on the environment. They are also an instrument of environmental
policy and can therefore contribute to several sustainable development goals. According to the
studies carried out, the green economy aims to ensure sustainable development. The main objective
of this paper is to identify the existing relationships between green taxes and sustainable economic
development through a dynamic panel analysis. A dynamic panel analysis was therefore carried
out on the existing links between environmental taxes and charges at the European level and the
indicators of the circular economy. The results of the two dynamic regressions for the two dependent
variables, namely total green taxes and energy taxes, show a positive and significant correlation
with the variation of GDP and with primary energy consumption, confirming the hypothesis that
environmental taxes and energy taxes are closely linked to these two important indicators of sustain-
able development. Thus, as GDP changes, the taxes on energy production and the energy products
used in both transport and stationary applications increase. As a result of the analysis, we can note
that the increase in primary energy consumption and the consumption of raw materials leads to
an increase in environmental and energy taxes. Energy taxes are a possible solution to reduce CO2

emissions in third world countries and may even stimulate climate action. In contrast, we found no
significant correlation between green taxes and the following variables: Human Development Index,
net greenhouse gas emissions, private investment and gross value added related to circular economy
sectors, the consumption of raw materials, waste generated, waste treatment, the supply, transforma-
tion, and consumption of renewable energy, public expenditure on environmental protection, and
climate-related economic losses.

Keywords: green taxes; sustainable development; environmental protection; dynamic panel data
model; energy taxes; GDP; primary energy consumption

1. Introduction

Recently, due to the increasing pollution, environmental protection, and sustainable
development have become priority 0 issues. Governments are under pressure to try to find
ways to minimize environmental damage while reducing the negative impact of natural
resource exploitation and the use of energy. In response to this immense pressure, countries
are applying a variety of economic tools to achieve sustainable economic development and
environmental conservation goals. Among these, green taxes have become the most signifi-
cant and prosperous financial instrument in climate change and the fight for environmental
conservation [1–3]. According to several authors, they are also known as environmental
taxes, eco-taxes, climate taxes, ecological taxes, and environmental taxes [1,4,5].

The concept of green taxes describes taxes levied to protect the environment. They can
control the negative effect of certain activities and products on the environment, being an
instrument of environmental policy. These green taxes not only reduce pollution but also
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do so in efficient and cost-effective ways [6]. Green taxes are effective tools for achieving
environmental goals, because they are mandatory, and otherwise economic agents can be
punished with additional fines [7].

Environmental taxes are green financial instruments “whose taxable base is a physical
unit that has a proven specific negative impact on the environment. Four subsets of
environmental taxes are distinguished: energy taxes, transport taxes, pollution taxes, and
resource taxes” [8]. Green taxes are guided by four principles that are the results of various
discussions on climate change issues as well as environmental protection: the polluter pays
principle, the prevention principle, the precautionary principle, and the responsibilities
principle [9,10]. The polluter pays principle means that the person or company that causes
environmental pollution must pay for the damage that they have caused.

Kumar et al. [11], who explore in their study the field of green finance and the circular
economy through the analysis of specialized literature, find that green finance supports
sustainable development, and prevents and limits the effect of climate change, through
investments in the circular economy. Kumar et al. [12] show in their study that for the
comprehensive approach to global problems such as global warming or the depletion of
natural resources, which demand the transition to sustainable development, the large-scale
use of green finance is mandatory.

Green taxes can help boost the support for sustainable economic growth and generate
more tax revenue for the economy. While economic incentives are relatively favorable
for playing a vital role in the business cycle, green taxes have been introduced as a key
instrumental factor in limiting CO2 emissions and mitigating climate change [13].

Taking into account the results of previous studies, the main objective of this paper
is to analyze the impact of GDP, energy consumption, CO2 emissions, and raw material
consumption on green taxes in European countries, highlighting the fact that the level of
sustainable development of the country directly influences the level of green taxes. Thus, a
dynamic panel analysis was carried out regarding the existing links between green taxes at
the European level and the indicators of sustainable development.

The innovative elements of our study are given via the realization of two dynamic
regressions, with unique variables, and by highlighting the significant correlation between
green taxes and GDP variation, respectively, and primary energy consumption. Also, the
originality is given by the unique approach and the combination of variables used.

The research paper is structured as follows: Section 2 presents a brief specialized liter-
ature review on the existing correlation between green taxes and sustainable development.
Section 3 presents the data, the research methodology, and the empirical results obtained.
Section 4 discusses the results and Section 5 presents the conclusions based on the analysis
conducted, its limitations, and future research.

The analysis carried out led to the finding that green taxes have a close connection
with two important indicators of sustainable development: GDP and primary energy
consumption.

2. Literature Review

In the analysis of the specialists’ interest in investigating the existing correlation
be-tween green taxes and sustainable development, we used the Web of Science Core
Collection (WOS) data collection, for the selection of articles to be included in the analysis,
on the topic of green taxes and sustainable development.

Figure 1 shows the quantitative evolution of the number of papers written on the topic:
of green taxes and sustainable development, the interest of researchers doubled in the last
3 years. The countries with the most papers published on the topic of green taxes and
sustainable development are China (175 documents), the USA (41 documents), Pakistan
(27 documents), England (24 documents), India (23 documents), Italy (19 documents), and
Ukraine (17 documents). There is little research on the correlation between green taxes and
sustainable development in Europe, which is why we conducted this empirical study.
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Figure 1. Evolution over time of interest in the concepts of green taxes and sustainable development.
Source: processed by the authors based on Web of Science Core Collection data.

A visual depiction of the network of keywords frequently found in studies on green
taxes and sustainable development can be found in Figure 2. Each keyword in this network
is represented by a node, and the size of the node reflects how frequently that keyword
appears across several research studies. When two keywords occur together in a research
study, a line is drawn between them; the thickness of the line shows how many times the
keywords occur together. Additionally, the network’s nodes are color-coded to indicate
which groups they are a part of. The main findings that can be deduced from the visual-
ization map of the correlation network between the keywords indicate that 18 items were
recorded and grouped into three clusters, which generated 617 connections, with powerful
total links of 2165.

The keywords grouped in the three resulting clusters are as follows:

• Cluster 1—red, with eight items, centered around the key concept of energy, connected
with the keywords as follows: management, impact, performance, sustainability,
China, emissions, and carbon tax.

• Cluster 2—green with six items, centered around the concept of sustainable devel-
opment, which includes the following keywords: policy, model, technology, growth,
innovation, etc.

• Cluster 3—blue with four items, centered around the concept of CO2 emissions, con-
nected with the following keywords: economic growth, consumption, renewable energy.

The specialized literature of recent years has highlighted that taxes related to the
environment or energy can be considered as a double dividend for the government. First,
the state can use such taxes to achieve energy efficiency and environmental goals [14,15].
Second, governments can recycle environmental taxes and use them for various economic
activities: tourism, health, education, development projects, etc. [16,17]. For example, en-
ergy taxes include those levied on products used in the transportation sector and electricity
generation, such as natural gas and fossil fuels, among others. A part of policy initiatives,
i.e., green taxes, aims to achieve certain environmental objectives, such as encouraging
the adoption of cleaner and cost-effective energy sources, promoting sustainable industry
and greener initiatives and behaviors, as well as discouraging the use of certain energy
sources [1,18,19].
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With the implementation of environmental taxes, firms and the corporate sector are
left with two options: to use non-renewable sources for commercial activities and pay taxes
related to CO2 emissions, as well as to transform technology to renewable sources to avoid
taxation [13,20,21].

Specialists emphasize the significance of green taxes in strengthening the serious
consequences of environmental pollution, arguing that government authorities should
impose high taxes on carbon-containing products and abandon private organizations
for established businesses that use non-renewable energies. Thus, an organized fiscal
framework will require the minimization of fossil fuel consumption and the promotion of
low-emission vehicles [22]. Environmental taxes, according to the World Bank [23], create
a triple win for fiscal policy: the additional tax revenues generated, the improvement of
the efficiency of the tax system, and the reduction of the need to raise conventional taxes
to finance public spending to address the same social costs. The European Green Deal
pledged to create the context for broad fiscal reforms at the national level, remove fossil
fuel subsidies, including in the maritime and aviation sectors of the ETS, and shift the tax
burden from labor to pollution while taking social considerations into account [24,25].

A lot of research has already shown that environmental taxation contributes to several
Sustainable Development Goals (SDGs). Environmental tax reforms can have multiple
collateral benefits, in addition to reducing gas emissions [26–33]. For example, reductions
in fossil fuel consumption due to fuel or carbon excise decrease local air pollution, con-
tributing to SDG3 (health and well-being) and SDG15 (on life and land). Similarly, there
is evidence of the impact of petrol/diesel taxes in controlling the growth of petrol/diesel
motor vehicles, thereby reducing road congestion and road accidents, thus supporting
the achievement of SDG11 (Sustainable Cities and Communities). There is also growing
evidence that environmental taxes can raise revenue at a lower cost to the economy than
some conventional taxes. For example, using carbon and fuel taxes instead of wage taxes
can reduce the underground economy and support formal employment, influencing SDG8
(decent work and economic growth) [32–34].

Green taxes and fiscal and environmental policy measures are seen as key factors in
mitigating climate change. In their study, the authors [35] analyzed the dynamics between
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environmental taxes and ecological sustainability for the period from 1995/Q1 to 2018/Q4
using data from the top seven green economies by using Quantile-on-Quantile regression.
The results of the study indicate the mixed and asymmetric impact of green taxes on
eco-logical sustainability.

The study led by the authors, Wang, Tang, and Boamah [36], identifies the correlations
between environmental governance and happiness and highlights the influence of environ-
mental governance on happiness, using Levinson’s econometric model. The results of the
study show us that as follows: environmental governance can significantly improve happi-
ness and indirectly affect happiness through green taxes, which leads us to the conclusion
that environmental governance and the construction of ecological civilization should be
strongly promoted; green taxes can significantly increase happiness, so green taxes should
be promoted and reformed; and income, regional, and educational heterogeneity exists in
the direct and mediating effects of environmental governance on happiness.

It has already been proven that green taxes can help developing countries achieve
a low-carbon transformation while supporting an inclusive and equitable growth path.
The environmental tax reforms can improve social equality, especially in lower-income
countries (SDG1 and SDG 10). First, this is because wealthier urban households consume
more energy [37], and second, because the structural change generated by green taxes
can in-crease the intensity of the force of production labor [38] and increase the relative
profitability of labor [39].

3. Correlations between Green Taxes and Sustainable Development—Empirical
Evidence from European Countries

This paper aims to contribute, through empirical analysis, how green financial instru-
ments, namely environmental taxes and fees, influence sustainable economic de-velopment
at the level of the European Union. It is essential to understand this relation-ship be-
cause it sheds light on whether the use of taxes as a tool for environmental policy affects
economic growth positively or negatively. The importance of environmental taxes and
strict environmental policies as means of addressing environmental degradation is increas-
ingly recognized. The study conducted in this paper examines the relationship be-tween
environmental tax revenues and sustainable development indicators.

Green taxes have the potential to alleviate the burden of other tax heads including
corporation, employment, profit, and value-added taxes by promoting sustainable growth
and increasing the tax revenue for the economy. Because of lower economic activity,
business closures and layoffs, and lockdown measures during the COVID-19 epidemic, the
revenue from other taxes fell. As a result, green taxes can encourage revenue mobilization
to support government spending, economic growth, and the achievement of the SDGs.

We sought to highlight the close link between green taxes, represented by total envi-
ronmental taxes, and sustainable development. The data set analyzed in this doctoral
re-search contained 310 observations (31 countries—EU member states plus Switzerland,
Ice-land, and Norway, for 10 years), and the analysis period was 2012–2021, wih the
database being collected from Eurostat [40].

The analysis was carried out in relation to the following research hypotheses:

H1: The variation in GDP and its main components significantly and positively influences total
green taxes, as well as energy taxes.

H2: Waste generation significantly and positively influences total environmental taxes, while waste
treatment significantly and negatively influences environmental taxes, as well as energy taxes.

H3: Public spending on environmental protection, private investment, and the Human Development
Index negatively and significantly influences green taxes and energy taxes.

H4: The energy transformation and consumption of renewable sources, as well as of raw materials,
significantly and positively influence the level of green taxes and energy taxes.



Sustainability 2024, 16, 4072 6 of 21

H5: An increase in net greenhouse gas emissions causes a decrease in total environmental taxes
and energy taxes.

H6: The increase in primary energy consumption generates an increase in total environmental
taxes and energy taxes.

These hypotheses were formulated to test the link between green taxes and sustaina-
ble development indicators represented by the explanatory variables as follows: GDP,
waste generation, public spending on environmental protection, private investment, energy
transformation, greenhouse gas emissions, primary energy consumption, the consumption
of raw materials, and the Human Development Index.

3.1. Variables, Data, and Methodology

The dependent variable, total green (environmental) taxes, includes fiscal revenues
from green taxes, which include energy taxes, transport taxes, and polluting resource
taxes [40].

Figure 3 captures the evolution of green taxes for the European countries in the period
2012–2021. The trend is linear, with a constant increase throughout the period, but less so
in 2020 when a sudden drop from EUR 316,054.17 million to EUR 342,368.14 million Euros
can be noted. The minimum value was recorded in Malta in 2012 of EUR 205.49 million,
and the maximum value was reached in 2021 in Germany of EUR 64,714 million.

In Figure 3, our major concern was to identify the reason behind the big fluctuation
from 2019 to 2021. The COVID-19 pandemic affected the amount of revenue from some
environmental taxes during 2020 and 2021, such as the air travel tax which fell due to the
reduced air travel. Another explanation for the decrease in total environmental taxes is
mainly the lower revenues from agriculture, forestry, fishing, the service sector, and the
transport industry. In the agriculture, forestry, and fishing industries, revenues fell mainly
as a result of the carbon tax, which coincided with larger tax cuts for the use of certain fuels
in this industry.
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Figure 3. The evolution of total green taxes in European countries between 2012 and 2021 (million
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Regarding the other dependent variable, namely energy taxes, the countries in the
data set had energy taxes on average of EUR 8280.51 million, for the period 2012–2021. The
minimum value of this variable was recorded in Malta in 2013 of EUR 107.56 million, and
the maximum value was reached in 2021 in Germany of EUR 54,619 million. As we can see
in Figure 3, energy taxes have the largest share of total environmental taxes, followed by
transport taxes and pollution/resource taxes. This fact is largely explained by the value of
the domestic consumption tax on energy products.

The GDP underwent a continuous upward trend with a slight drop in 2020, in the
context of the COVID-19 pandemic, as we can see in Figure 4. The minimum value of
the independent variable—GDP and its main components—was recorded in Malta in
2013 of EUR 7944.3 million, and the maximum value was reached in 2021 in Germany of
EUR 3,601,750 million.
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Figure 5 shows, in parallel, the municipal waste generated through waste management
operations and the waste treated in the European countries from 2012 to 2021.

The differences between the two variables are not very large, and as we can see
in Figure 5, the generated waste followed a constant trajectory without notable changes
compared to the treated waste, which showed fluctuations between 2017 and 2020. The min-
imum value of the variable waste generated was recorded in Iceland in 2012 of 164 thousand
tons, and the maximum value was reached in 2021 in Germany of 53,748 thousand tons.

Figure 6 captures the dynamics of the consumption of raw materials from 2012 to
2020 for the European countries, with an increasing trend highlighted by the dotted line.
In the analyzed period, a constant trend can be noted from 2013 to 2016, followed by a
gradual increase until 2019. The increase in the use of materials in developing regions is
primarily driven by industrialization, which involves the transfer of the intensive produc-
tion of materials from developed regions. However, the use of natural resources and the
resulting benefits, as well as environmental consequences, are not evenly distributed across
countries and regions. To achieve sustainable consumption and production, it is essential
to adopt circular economy strategies that aim to minimize or eradicate waste and pollution,
promoting the continuous use of products and materials. The minimum value of the raw
material consumption variable was recorded in Malta in 2014 of 4772 thousand tons, and
the maximum value was reached in 2017 in Germany of 1,332,439 thousand tons.
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Figure 6. Dynamics of consumption of raw materials in the European countries between 2012 and
2020. Source: own editing.

Figure 7 captures the net greenhouse gas emissions in the European countries from
2012 until 2021 showing a steady trend without major fluctuations, with a decrease
starting from 2020. The lowest gas emissions were recorded in Sweden in the year
2020 of 0.6 tons/per capita, and the maximum value was reached in 2012 in Iceland
of 45.8 tons/per capita.

According to the EEA [41], greenhouse gas emissions are estimated to have decreased
by 1/3 since 1990 in the EU27. Emissions fell in almost all sectors, especially in energy
supply, industry, and the residential sector, but not enough despite the environmental
protection measures taken in all European countries. Climate and environmental policies
implemented in European countries that contributed to the reduction in gas emissions
consisted of increased use of renewable sources, the switch from coal to gas for power
generation, improved energy efficiency, and structural changes in EU economies.
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Figure 7. Net greenhouse gas emissions in the European countries (average value for the period
2012–2021). Source: own editing.

The variable representing the mean of the difference in energy supply, transformation,
and consumption of renewable sources is 482.74, while the median of the difference in
energy supply, transformation, and consumption is 0.01. It can be seen from Figure 8
that in the analyzed period we have a continuous upward trend in the supply, transfor-
mation, and consumption of renewable sources with a slight decline in 2018. France,
Germany and Netherlands have the largest supply, transformation, and consumption of
renewable sources.
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Figure 8. Supply, transformation, and consumption of renewable sources in European countries
between 2012 and 2021. Source: own editing.
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Regarding the variable public expenditure on environmental protection, Figure 9 shows
how much money that each government spends on environmental protection measures in
European countries. The minimum value of the variable of public expenditure on environ-
mental protection was recorded in Cyprus in the year 2013 in the sum of EUR 44 million,
and the maximum value was reached in 2021 in France of EUR 26,013 million.
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Figure 9. Evolution of public expenditures for environmental protection in European countries.
(average value for the period 2012–2021). Source: own editing.

Figure 10 shows the private investments and gross added value related to the sectors
of the circular economy at the EU 27 level from 2012 until 2021. The trend is a constant one
and a progressive increase can be noted, these investment efforts having to be economically
profitable in the long term. In the case of the variable private investments and gross added
value related to the sectors of the circular economy, the minimum value was recorded in Cyprus
in 2014 of EUR 33 million, and the maximum value was reached in 2018 in Germany of
EUR 34,489 million.

The effective utilization of natural resources is also a crucial responsibility, and as
we can see in Figure 10, the trend is increasing. Oil, gas, precious metals, and numerous
other minerals contribute significantly to the budget’s revenue. Companies usually pay
governments environmental payments to reduce or neutralize the possible environmental
effects of mining, oil, and gas operations. Environmental licensing fees, special charges
or fees related to emissions, pollution, water and energy consumption, waste disposal
fees, environmental restoration fees, and contributions to environmental organizations and
funds are examples of the kinds of payments that may be required by laws, regulations, or
contractual terms. Although local communities and citizens frequently find these payments
interesting, they are not always recognized as being noteworthy.

Figure 11 captures the evolution of climate-related economic losses in European
countries from 2012 to 2021. These were highly fluctuating with constant ups and downs.
The minimum value was recorded in Croatia in 2012 of EUR 2 million, and the maximum
value was reached in 2013 in Germany of EUR 14,214 million. The biggest losses were
reached in 2021 of EUR 59,928 million. The reasons for this are multiple, including the
development of climate-vulnerable areas and the worldwide weather and climate extremes
that have become more severe and frequent because of climate change. The future costs
associated with climate-related hazards are influenced not only by the frequency and



Sustainability 2024, 16, 4072 11 of 21

severity of these events but also by various other factors, such as the value of assets at risk
and expected climate adaptation measures.

The governments of Europe “face climate risks” for which they are unprepared yet.
She also said that to “ensure sustainable development,” European authorities need to move
swiftly to cut emissions. Climate change’s economic effects are now a reality for society;
these are issues that need to be addressed. Proactive action, sustainable practices, and
international cooperation are the compass that leads to resilient and flourishing economies
in the face of a constantly changing climate as we weather the storm of climate-related
economic repercussions.
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Figure 10. Private investments and gross added value related to circular economy sectors in European
countries for the period 2012–2021. Source: own editing.
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Figure 11. Climate economic losses in European countries between 2012 and 2021. Source: own editing.

The threats from climate change must be addressed using means that can ensure
the desired environmental and economic effects for Europe today. The development
and implementation of operational and long-term adaptation measures, mitigating the
anthropogenic impact on the climate, including the creation of regulatory and economic
mechanisms to prevent greenhouse gas emissions, and the development of mutually
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beneficial multilateral cooperation are the main goals of climate policy, even though the
COVID-19 pandemic has slowed down the process of climate losses.

Figure 12 regarding primary energy consumption at the European countries level from
2012 to 2021 shows a decreasing trend, without major fluctuations. However, a decrease can
be noted between 2013 and 2016 from 1384.2 million tons to 1330.5 million tons. However,
the most notable fluctuation is between the years 2019 and 2020 from 1353.8 million tons
to 1235.6 million tons due to the COVID-19 pandemic that influenced primary energy
consumption.
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Figure 12. Primary energy consumption in European countries between 2012 and 2021. Source:
own editing.

In the case of the Human Development Index, the minimum value was recorded in
Bulgaria in 2021 of 0.795, and the maximum value was reached in 2018 in Norway of 0.962.

In this study, we performed a dynamic panel analysis to identify the correlations
between the indicators of sustainable development and green taxes.

The first step consisted of testing the stationarity of the variables used in the analysis
using the Harris–Tsavalis (HT) test, an improved unit root test for panel data, based on the
traditional Dickey–Fuller (ADF) test. This test takes into account individual heterogeneity
and cross-sectional dependence, thus allowing more accurate inferences to be drawn within
the panel data settings. The test provides a detailed explanation of the testing methodology,
including the estimation of individual specific fixed effects and trends, the calculation
of residuals, and the calculation of the cross-sectional mean of the individual ADF test
statistics. By using the Harris–Tsavalis test methodology, we sought to identify the presence
of unit roots in the panel data, considering both individual heterogeneity and cross-sectional
dependence.

Statistical stationarity refers to the fact that the statistical properties of a time series,
or the process that generates it, do not change over time. These features include mean,
variance, autocorrelation, and others, which remain constant over time. If a time series is
stationary, these statistics can be used as descriptors to predict its future behavior. Unit
root tests are used to determine whether a trending time series requires differentiation
or regression based on deterministic functions of time to become stationary. These tests
are useful in identifying the existence of long-run equilibrium relationships between non-
stationary variables in time series by applying economic and financial theory. Thus, by
using these tests, we can determine which approach is required to achieve the stationarity
of trend data.
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To remove trends from a time series and achieve stationarity, the process of differ-
entiation can be used. The trend of a time series is characterized by a constant increase
or decrease in its level, which makes the series non-stationary. Differentiation involves
calculating the difference between consecutive values in the series. Applying the difference
() function to an artificial data set with a linearly increasing trend yields a new time series
where the trend has been removed.

Table 1 below shows the results of the stationarity tests applied to the panel data.
For the non-stationary variables, we used differentiation, working afterwards with the
variables thus obtained.

Table 1. Stationarity test results.

Variables Rho p-Value Result
Total green taxes 0.5963 0.0041 Stationary

Energy taxes 0.5781 0.0013 Stationary
GDP and its main components 0.9843 1.0000 Nonstationary

Human Development Index 0.7540 0.7051 Nonstationary
Waste generated 1.1249 1.0000 Nonstationary
Waste treatment 1.1287 1.0000 Nonstationary

Net greenhouse gas emissions 0.6694 0.1213 Nonstationary
Supply, transformation, and consumption of resources 0.6660 0.1213 Nonstationary

Primary energy consumption 0.4044 0.0000 Stationary
Public expenditure for environmental protection 1.1136 1.0000 Nonstationary

Private investment and gross value added 0.3958 0.0000 Stationary
Climate-related economic losses −0.0310 0.0000 Stationary
Consumption of raw materials 0.2372 0.0000 Stationary

Source: own editing.

Next, we tested the autocorrelation for the panel data using the Wooldridge serial
correlation test, which is based on the Durbin–Watson statistic. This test assesses whether
the residuals exhibit a significant positive or negative serial correlation, indicating a vi-
olation of the assumption of independent errors. The xtserial command estimates the
test statistic and provides the associated p-value indicating whether there is evidence of
serial correlation in the residuals. If the p-value is below some chosen significance level, it
suggests the presence of serial correlation.

The xtserial command in Stata 16 software uses the approach developed by Baltagi
and Li [42] to test for cross-sectional dependence in panel data. This command provides
several serial correlation tests, including the Lagrange Multiplier (LM) test, the Robust LM
test, and the Breusch–Pagan test. Typically, the xtserial command is used after estimating
a panel data model using fixed effects or random effects methods. This allows us to test
for serial correlation in the residuals of the panel data model and to assess the presence of
cross-sectional dependence.

The Hausman test was developed by Jerry A. Hausman in 1978 [43] and is a statistical
tool used in the field of econometrics to assess the presence of endogeneity in a regression
model. Its purpose is to determine which estimation method, either fixed effects or random
effects, is more appropriate for panel data models. The main idea of the Hausman test is to
compare the efficiency of the two estimation methods by analyzing the difference between
the coefficients obtained from the fixed effects models and the random effects models. If the
difference is statistically significant, this suggests the presence of endogeneity and indicates
the preference for the fixed effects model because it provides consistent estimates. If the null
hypothesis is valid, there should be no systematic difference between the two estimators.

The Arellano–Bond test [44] for AR (1)/AR (2) serial correlation in first differences is
a statistical test used to check for the autocorrelation in the first difference residuals of a
dynamic panel data model. The purpose of this test is to diagnose the presence of serial
correlation in the differenced data. The test is based on the premise that if the residuals of
the first difference exhibit serial correlation AR (1)/AR (2), this indicates that the baseline
levels of the variables in the model may also exhibit serial correlation.
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Therefore, two-panel regressions were obtained according to the formulas below, thus
obtaining two equations (one for total green taxes as the dependent variable and one for
energy taxes as the dependent variable), sustainable development indicators being explana-
tory variables in both models. We reproduce the particularized form of the regression
models as follows:

total_environmental_taxes = const. + α × L.total_environmental_taxesi + β1 × D.gdp_and_main_componentsi
+ β2 × D.human_development_indexi + β3 × D.waste_generatedi + β4 × D.waste_treatmenti
+ β5 × D.net_greenhouse_gas_emissioni + β6 × D. supply_transformation_and_ci
+ β7 × primary_energy_consumptioni + β8 × D.government_expenditure_for_environmental protectioni
+ β9 × private_investment_and_gross_addi + β10 × climate_related_economic_lossesi
+ β11 × raw_material_consumptioni + εit,

(1)

energy_taxes = const. + α × L.total_environmental_taxesi + β1 × D.gdp_and_main_componentsi
+ β2 × D.human_development_indexi + β3 × D.waste_generatedi + β4 × D.waste_treatmenti
+ β5 × D.net_greenhouse_gas_emissioni + β6 × D. supply_transformation_and_ci
+ β7 × primary_energy_consumptioni + β8 × D. government_expenditure_for_environmental protectionii
+ β9 × private_investment_and_gross_addi + β10 × climate_related_economic_lossesi
+ β11 × raw_material_consumptioni + εit,

(2)

Parameter estimation of the two regression equations was performed by using the
feasible generalized least squares (FGLS) method, being appropriate because heteroscedas-
ticity and/or serial correlation in error terms was identified. Then, the estimates obtained
via the dynamic panel method were then subjected to robustness analyses to assess the sta-
bility of the results. The Pesaran CD test [45] is a statistical test used to assess cross-sectional
dependence in panel data models.

The Wald test, used by us in this study, is a statistical test used to determine whether
a parameter in a statistical model differs significantly from a hypothesized value. The
main idea of the Wald test is to compare the estimated value of a parameter with its
hypothetical value under the null hypothesis. The general formula for the Wald test statistic
is W = (estimated value—hypothesized value)/standard error. When the sample size is
large enough and the data follow approximately a normal distribution, the test statistic W
follows approximately a standard normal distribution under the null hypothesis. If the
obtained p-value is less than a predefined significance level (e.g., 0.05), the null hypothesis
is rejected, and it is concluded that there is enough evidence to support the conclusion that
the parameter is significantly different from the hypothesized value.

When estimating cross-sectional linear time series models, panel-corrected standard
error (PCSE) is a technique used by us to address the potential problems of heteroscedastic-
ity and serial correlation in the data. PCSE estimates the attempt to correct these problems
by adjusting the standard errors of the model coefficients. These methods of estimating the
regression equations were the most suitable considering the data used in the analysis and
the fact that we performed a dynamic panel analysis, and not a static analysis, where other
methods such as OLS estimation would have been applicable [46,47].

3.2. Empirical Results

Following the analysis, the following results were reached from a statistical point of
view. Table 2 shows the results of the regressions as follows.

Based on the coefficients and p-values generated in the panel analysis and presented
in Table 2, we can interpret the following for the dependent variable—Total green taxes:

• The variable is explained by its previous values, from t − 1. The coefficient of 0.93 is
statistically significant, having p = 0.00. This result suggests that the current values
of total green taxes are strongly positively correlated with past values, indicating the
existence of a history effect on this variable.

• For the variable GDP and its main components (diff_gdp_and_main_components) the
coefficient is 0.03 and is statistically significant, having p = 0.00. This result indicates a
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significant positive correlation between the variation of GDP and total green taxes. An
increase in GDP is linked with an increase in green taxes.

• Other significant independent variables: Waste generated, waste treatment, the supply,
transformation, and consumption of renewable sources and waste—renewable mu-
nicipal waste, primary energy consumption (primary_energy_consumption), public
expenditure for environmental protection, and climate-related economic losses have p-
values of less than 0.05, indicating a significant correlation with total green taxes. These
results suggest that the differences in waste generation, transformation of renewable
sources, and primary energy consumption significantly and positively influence total
green taxes, and waste treatment, general government spending, and climate-related
economic losses significantly and negatively influence the total green taxes.

• Non-significant independent variables: Human Development Index, net greenhouse
gas emissions, private investment and gross value added related to circular economy
sectors, and raw material consumption are not statistically significant at a level of 0.05.
This means that these variables do not have a significant influence on the dependent
variable within this model.

Table 2. Regression results (var. dep. total_environmental_taxes and energy_taxes).

Total_Green_Taxes Energy_Taxes
Y Coef. t p > t Coef. t p > t

L1. 0.93 25.01 0.00 0.92 20.81 0.00
diff_gdp_and_main_components 0.03 24.02 0.00 0.02 22.26 0.00
diff_human_development_index −3734.30 −0.23 0.82 −7279.35 −0.49 0.63

diff_waste_generated 0.55 2.00 0.05 0.51 2.25 0.03
diff_waste_treatment −1.00 −3.26 0.00 −0.89 −3.68 0.00

diff_net_greenhouse_gas_emission 24.04 0.62 0.54 22.99 0.61 0.55
diff_supply_transformation_and_c 0.10 3.53 0.00 0.13 3.11 0.00

primary_energy_consumption 32.41 2.94 0.01 28.35 2.75 0.01
diff _government_expendit_environment −0.51 −4.49 0.00 −0.40 −2.72 0.01

private_investment_and_gross_add 0.0001 0.01 0.99 0.03 0.99 0.33
climate_related_economic_losses −0.20 −4.31 0.00 −0.20 −4.66 0.00

raw_material_consumption −0.003 −1.48 0.15 −0.003 −1.85 0.08
_cons 72.35 0.84 0.41 87.49 1.07 0.29

Source: own editing.

Based on the coefficients and p-values generated in the panel analysis, we can interpret
the following for the dependent variable—energy taxes:

• The variable is explained by its previous values, from t − 1. The coefficient is 0.92
and is statistically significant at the 0.05 level. This result suggests that the current
values of energy taxes are strongly positively correlated with past values, indicating
the existence of a historical effect on this variable.

• The variable, GDP, with the coefficient of 0.02 statistically significant at a level of
0.05, indicates a significant positive correlation between the variation of GDP and the
energy taxes. An increase in GDP is associated with an increase in energy taxes.

• Other significant independent variables: Waste generated, waste treated, the supply,
transformation, and consumption of renewable sources, primary energy consumption,
public expenditure for environmental protection, and climate-related economic losses
have significant coefficients and p-values lower than 0.05, which indicates a signif-
icant correlation with the dependent variable—energy taxes. These results suggest
that differences in waste generation, waste treatment, energy transformation and
consumption, general government expenditure, and climate-related economic losses
significantly influence, some positively (such as waste generated and primary energy
consumption) and others negatively (waste treated, public spending for environmental
protection and climate-related economic losses), green taxes.
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• Insignificant independent variables: Human Development Index, net greenhouse gas
emissions, private investments related to circular economy sectors, and the consump-
tion of raw materials are not correlated, statistically significantly, with the energy taxes
variable within this model.

Next, using the Wald test and panel-corrected standard error (PCSE), we tested the
stability of the correlations from the developed regressions. Again, obtaining similar results
in regard to significance confirms the robustness, stability, and partial validity of the main
results reported earlier.

Based on the provided coefficients and their associated statistical tests (t-tests) pre-
sented synthetically in Table 3, we can interpret the results of an estimated panel-corrected
standard error (PCSE) regression model for the variable total green taxes (dependent vari-
able) in relation to the independent variables, which are actually indicators of sustainable
economic development as follows:

• GDP and its main components: for a one-unit increase in the variation in GDP, there is
a 0.01-unit increase in total green taxes, which is statistically significant at the 5% level
(p-value < 0.05).

• Human Development Index, net greenhouse gas emissions, climate-related economic
losses: the coefficients and p-values > 0.05 suggest that there is no significant relation-
ship between the respective variables and total green taxes.

• Primary energy consumption: An increase in primary energy consumption generates
an increase in total green taxes. The coefficient is statistically significant at the 1% level
(p value = 0.00).

• Waste generated, waste treated, the supply, transformation, and consumption of
renewable sources, general public expenditure for environmental protection, private
investment and gross value added related to circular economy sectors: the coefficient
of this variable and the p-values suggest that the relationships are not statistically
significant at conventional levels, and the robustness testing of the regression did not
validate the correlation of these variables with green taxes.

Table 3. Robustness results (var. dep. total_environmental_taxes and energy_taxes).

Total_Green_Taxes Energy_Taxes
Y Coef. t p > t Coef. t p > t

diff_gdp_and_main_components 0.01 2.38 0.02 0.01 2.67 0.01
diff_human_development_index −3131.83 −0.14 0.89 −7629.78 −0.33 0.74

diff_waste_generated 0.50 0.35 0.73 0.52 0.36 0.72
diff_waste_treatment 0.18 0.12 0.90 0.22 0.14 0.89

diff_net_greenhouse_gas_emission −108.99 −1.74 0.08 −102.90 −1.74 0.08
diff_supply_transformation_and_c 0.04 0.22 0.83 0.01 0.06 0.95

primary_energy_consumption 154.87 5.96 0.00 119.59 6.16 0.00
diff_general_government_expendit 0.22 0.34 0.73 0.21 0.33 0.74
private_investment_and_gross_add 0.23 1.58 0.11 0.21 1.79 0.07

climate_related_economic_losses 0.13 0.50 0.62 0.22 0.86 0.39
raw_material_consumption 0.01 1.98 0.05 0.01 1.99 0.05

_cons 424.52 2.50 0.01 167.56 1.28 0.20
Rho 0.76 0.64

Source: own editing.

Also, based on the provided coefficients and their associated statistical tests (t-tests), we
can interpret the results of an estimated panel-corrected standard error (PCSE) regression
model for the variable energy taxes (dependent variable) in relation to the independent
variables, which are indicators of sustainable economic development:

• GDP and its main components: For a one-unit increase in the difference between
variations in GDP, there is a 0.01-unit increase in energy taxes. The coefficient is
statistically significant at the 1% level (p value = 0.01).
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• Human Development Index, net greenhouse gas emissions, climate-related economic
losses: the coefficients of the respective variables suggest that there is no significant
relationship between them and energy taxes.

• Primary energy consumption: For a one-unit increase in primary energy consumption,
there is an increase of 119.59 units in energy taxes. The coefficient is statistically
significant at the 1% level (p value = 0.00).

• Waste generated, waste treated, the supply, transformation, and consumption of
renewable sources, general public expenditure for environmental protection, private
investment, and gross value added related to circular economy sectors: the coefficient
of this variable and the p-values suggest that the relationships are not statistically
significant at conventional levels, and the robustness testing of the regression did not
validate the correlation of these variables with green taxes.

4. Discussion

Based on the results obtained from the robustness estimation and validation of the
two dynamic regressions, the research hypothesis H1 is confirmed; thus, the change in the
GDP level and its main components significantly and positively influences the total green
taxes and energy taxes, respectively.

Research hypotheses H2–H5 are not confirmed when testing the robustness of the
dynamic panel. Even though the results of the regressions show a significant correlation
between the following independent variables, namely aste generated, waste treatment,
the supply, transformation, and consumption of renewable sources, public expenditure
for environmental protection, and economic losses related to climate, on the one hand,
and green taxes on the other, by testing the robustness of the dynamic panel model, the
respective correlations are not validated and not statistically significant at conventional
levels (p value > 0.05).

Research hypothesis H6 is thus confirmed, as the primary energy consumption variable
has significant coefficients and p-values of lower than 0.05, which indicates a significant
and positive correlation between total green taxes, respectively, with energy taxes.

Consequently, the implementation of an environmental tax in the analyzed countries
could impact economic growth by increasing the production costs in these sectors, as they
rely heavily on physical capital and raw materials such as machinery, fuel, and electricity.
Conversely, in countries with a high initial GDP per capita, agriculture and industry
contribute less to GDP compared to the service sector. This shift means that production
relies more on human capital than on physical capital and raw materials, leading to lower
levels of pollutant emissions. Moreover, wealthier nations have better resources to increase
their energy efficiency and physical capital productivity in the agricultural and industrial
sectors, thereby reducing pollutant emissions and the tax base for environmental taxes.
Therefore, a country’s initial level of development, as indicated by its GDP per capita, can
have an impact on the relationship between environmental taxes and economic growth.

The increase in GDP and its main components generates an increase in environmental
taxes, namely energy taxes, transport taxes, and taxes on polluting resources. Thus, together
with the change in GDP, the taxes on energy production and energy products used both
for transport and for stationary applications will increase. At the same time, there will be
increases in the taxes on gasoline, diesel, and other transport fuels, respectively, and the
taxes related to the extraction or use of natural resources.

The generation and treatment of waste significantly and positively affect environ-
mental taxes, energy taxes, transport taxes, and the level of taxes on polluting resources.
Thus, the higher the amount of municipal waste generated, which consists of collected
household and similar waste, the higher that the taxes on the environment, energy, and
transport will increase.

Changes in green taxes, energy taxes, transportation taxes, and the amount of taxes
on polluting resources can result from public spending on environmental protection and
private investment. Because environmental protection includes all activities and actions
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with the primary goal of preventing, minimizing, and eliminating pollution and other
forms of environmental degradation, we thought that these two variables were crucial to
the research that was performed. In addition, they are seen as a crucial component of the
shift to a circular economy in terms of private investment in industrial symbiosis, recycling
procedures, and innovation. On the other hand, the lower the environmental fees and the
less the load on the carrier, the greater they are.

The transformation and consumption of energy significantly and positively influence
the level of total environmental taxes and energy taxes. Regardless of the trend that this
indicator will follow, it covers all the major sectors of the economy that are involved in
production, trade, energy transformation, and energy consumption.

Energy taxes are a possible solution to reducing CO2 emissions in third world coun-
tries and may even spur climate action. There is also an ongoing debate about using the
EU’s trade influence to promote environmental practices in other nations. To summarize,
several important aspects of the European Green Deal require further definition and im-
plementation. These include the definition of sustainability and associated trade-offs, the
formalization of the “not harming the environment” principle, and the establishment of EU
leadership on green issues.

The level of economic losses related to the climate significantly and negatively influ-
ences a decrease in taxes on polluting resources. The indicator measures the economic
losses due to changes in weather and climate-related events, and the higher they are, the
higher the tax level will be. Net greenhouse gas emissions influence the dynamics of total
environmental taxes, as well as energy and transport taxes. The increase in primary energy
consumption and the consumption of raw materials causes an increase in green taxes,
and energy and transport taxes. Moreover, the increase in private investment and gross
additions generates a decrease in transportation charges. At the same time, the increase in
the Human Development Index leads to a decrease in taxes on polluting re-sources.

The analysis carried out confirmed the hypothesis that green taxes have a close con-
nection with the indicators of sustainable development objectives.

5. Conclusions

To incentivize business owners to implement low-waste technologies, manage the
collection and processing of generated waste, which is secondary raw material, and decrease
waste generation and the amount of waste that is stored in landfills, environmental taxes
and payments have been implemented in foreign developed nations. The current state of
the nation’s economy is taken into consideration by legislators when they determine the
kind and level of tax to be imposed. They start by establishing the most advantageous
framework for the application of the “polluter pays” principle.

Environmental taxes may only be imposed to alter actions that are detrimental to
the environment and not to increase the loss of money. The cost of environmental harm
and the price signal needed to meet environmental objectives may be considered while
determining the stimulus-level tax. Through grants or tax breaks, the ensuing tax resources
are frequently utilized to promote change even further. There is no reciprocal exclusion
between these categories of environmental revenues. There may be incentives in the fees
for covering costs and impacts, and the money raised by fiscal environmental taxes may be
utilized in part to support the related environmental objectives.

By introducing low-waste technologies and organizing the collection and processing
of generated waste, which is secondary raw material, environmental taxes and payments,
which are applied in foreign developed countries, aim to encourage entrepreneurs to re-
duce their waste generation and the volume of waste that is stored in landfills. Legislators
begin by establishing the most advantageous conditions for the application of the “polluter
pays” principle, taking into consideration the nation’s existing economic circumstances,
before deciding on the type and amount of tax to be established.

The results of the dynamic regressions, validated by the applied robustness tests,
show that an increase in GDP generates an increase in environmental taxes, namely energy
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taxes, transport taxes, and taxes on polluting resources. Thus, together with the change in
GDP, the taxes on energy production and energy products used both for transport and for
stationary applications will increase. At the same time, there will be increases in the taxes
on gasoline, diesel, and other transport fuels.

Green taxes are strongly positively correlated with primary energy consumption. For
a one-unit increase in primary energy consumption, there is an increase of 32.41 units in
total green taxes and an increase of 28.35 units in energy taxes. Energy taxes are a possible
solution to reducing CO2 emissions in third world countries and may even spur climate
action. The increase in primary energy consumption and the consumption of raw materials
are causing an increase in environmental taxes, specifically energy taxes.

The analysis carried out confirmed the hypothesis that green (environmental) taxes
have a close connection with two important indicators of sustainable development: GDP
and primary energy consumption. In contrast, we did not identify a significant correlation
between green taxes and the following variables: Human Development Index, net green-
house gas emissions, private investment, gross value added related to circular economy
sectors, raw material consumption, waste generated, waste treatment, the supply, trans-
formation, and consumption of renewable sources, public expenditure for environmental
protection, and economic losses related to climate. This finding is useful for both academic
research and governments for the realistic substantiation of the level of green tax revenues
and for establishing appropriate measures on energy and fiscal policy.

Many Sustainable Development Goals (SDGs) are supported in its achievement by
environmental taxes. In our study, we demonstrate the various secondary benefits that
environmental tax reforms can provide. Though testing of hypotheses like H1 revealed
that variation in GDP and its main components significantly and positively influences
total green taxes, specifically energy taxes that strengthen domestic resource mobilization,
including through international support to developing countries to improve domestic
capacity for tax and other revenue collection, the article supports SDG 17: Partnerships to
achieve the SDG and SDG 8: Decent Work and Economic Growth [48].

The validation of the research hypotheses H6 indicates that energy taxes could be an
effective way to cut CO2 emissions and for the transition to renewable energy. As a result,
local air pollution is reduced when fossil fuel consumption is reduced because of fuel or
carbon excise taxes, which supports SDG3 (health and well-being) and SDG15 (life and
land) [49].

This study was limited to the influences on green taxes in 31 European countries.
Therefore, this research could be improved by examining more countries and continents,
and perhaps by extending the analysis to over a longer period of time or including other
variables in our analysis, such us budget deficit. More investigations into the efficiency of
using green instruments can extend the potential of this study in the future.
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