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Lina Sineviciene (Lithuania), Liveta Miliauskaite (Lithuania)

WHAT DETERMINES ENERGY
TAX RATES IN EUROPEAN
UNION COUNTRIES?

Abstract

The modern tax system must support the transition to a carbon-neutral economy.
Increasing the environmental tax burden is the most effective measure to achieve
this goal. In this context, it is essential to assess the determinants of energy tax rates
in European Union countries and understand the crucial conditions for making in-
formed policy decisions. This study contributes to the existing literature by examining
the determinants of energy tax rates. It incorporates not only macroeconomic, energy
efficiency, and environmental factors, but also indicators of companies’ financial per-
formance. The study analyzes a sample of European Union countries from 2010 to
2020, using fixed effects panel regression analysis. The results indicate a negative rela-
tionship between energy tax rates and energy intensity ( = -0.347), the return on eq-
uity of non-financial companies (p = -0.058), and investments ( = -0.202). The results
indicate that energy tax policies in European Union countries are primarily influenced
by incentives related to economic growth, specifically energy consumption (§ = 0.389),
renewable energy (P = 0.076), trade openness (} = 0.544), and the level of public debt
(B =0.234). The results show that environmental motives are not yet a significant factor
in the decision-making to increase energy tax rates. The findings indicate that when
determining energy tax rates, national governments must carefully consider the bal-
ance between environmental motives and the potential consequences for the financial
performance of non-financial corporations and their investments, especially in coun-
tries with energy-intensive industries.

Keywords energy taxes, environmental taxes, government policy,
European Union countries
JEL Classification H21, H23, Q48, Q58

INTRODUCTION

The COVID-19 pandemic, the war in Ukraine, and the worsening climate
crisis threaten to undermine the progress made in recent years since the
Paris Agreement on achieving sustainability goals. This situation under-
scores the importance of environmental taxes, particularly carbon taxa-
tion. The question of whether the appropriate level of taxes is being collect-
ed is relevant and urgent, especially now, when European countries have
to decide how to finance the increased demand for defense expenditure.

Depending on the circumstances of a particular country, tax policy must
play a key role in supporting a just and affordable transition to a low-car-
bon and climate-resilient economy. It is hoped that through taxation, fuel-
intensive products can be replaced in a way that the structure of produc-
tion and energy consumption changes toward greener products (Wolde
& Mulat, 2019). Therefore, the main goal of energy taxes is to encourage
companies to change their behavior and use greener technologies and
green energy to reduce negative environmental impacts. However, cur-
rent energy tax levels do not reflect the extent of pollution from differ-
ent energy sources (European Court of Auditors, 2022). According to the
European Court of Auditors (2022), countries should rationalize energy
taxes by maximizing the tax base to cover all fossil fuel use and fully cap-
ture the environmental costs of these fuels.
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The taxation burden affects both consumption and production; therefore, the smooth operation of the
tax mechanism requires continuous evaluation and improvement. Based on Wolde and Mulat (2019),
Bashir et al. (2021b), Dogan et al. (2022), Ali and Kirikkaleli (2023), and Zhao et al. (2024), it can be
stated that the scientific literature emphasizes the positive effects of environmental taxes, including en-
ergy taxes, in achieving countries transition to climate-neutral economic development, improving the
state of the country’s economy and environment, promoting innovation in sustainable technologies, re-
ducing energy dependence on fossil fuels and foreign energy suppliers, and increasing the prestige and
value of companies. However, Miceikiené et al. (2022), Shen and Wang (2024), and Feng et al. (2024) also
identify negative aspects, raising concerns about the possible negative impact of taxes on a financial per-
formance of companies, competitiveness of the country, and the relocation of businesses to countries
with lower environmental tax rates, justifying the delay of policymakers in implementing initiatives to
increase environmental taxes.

The relevance of the topic and the research problem is based on the lack of comprehensive and unam-
biguous studies and the need to assess the determinants of the energy tax rate to achieve environmen-

tally sustainable economic growth.

1. LITERATURE REVIEW

Empirical evidence on factors of energy taxes can
be divided into several streams. Scientists exam-
ine the relationship between energy taxes and en-
ergy efficiency, economic growth, CO, emissions,
and renewable energy. Some studies emphasize
the state of the country’s economy and public fi-
nances, while others focus on the financial perfor-
mance of companies. Therefore, a review of the lit-
erature will be conducted by analyzing studies in
each of these areas.

1.1. Relationship between energy
efficiency, economic growth, CO,
emissions, renewable energy,
and energy taxes

Implementing effective policies is crucial, and
it is essential to analyze the impact of environ-
mental taxes on energy consumption and ener-
gy intensity (Bashir et al., 2021a). To this end, it
should be ensured that these taxes are cost-effec-
tive (Bashir et al., 2021a). Mahmood and Ahmad
(2018) conducted a study on a sample of 19 EU
countries from 1995 to 2015 and found a signifi-
cant negative relationship between GDP growth
rate and energy intensity. The research results of
Bashir et al. (2021b), Tibulca (2021), and Ahmed
etal. (2022) showed that economic growth is still
strongly linked to energy consumption and in-
tensity but also confirmed that the introduction
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of environmental taxes helps limit energy de-
mand and promote energy efficiency, while at the
same time reducing the use of energy resourc-
es to lower CO, emissions. Dogan et al. (2022)
found a strong negative relationship between
environmental taxes and CO, emissions. Some
researchers emphasize that the environmen-
tal effect is felt only when the tax rate exceeds
a certain threshold. Mardones and Baeza (2018)
noted that only the highest rates of environ-
mental taxes can help reduce CO, emissions in
most South American countries. However, it was
found that high pollution taxes and higher taxes
on CO, emissions establish certain efficient pat-
terns of use of available resources, create a sus-
tainable environment, and stimulate economic
growth. The external effect of CO, arises mainly
from the economic activities of energy-intensive
industries (Bashir et al., 2021a). However, Rybak
et al. (2022) argue that environmental taxes can
be used to reduce greenhouse gas emissions, but
this is not a necessary condition. They are often
spent on reducing budget deficits or paying off
debts. This leads to the consideration that insuf-
ficiently high taxes do not change the behavior
of producers and consumers and that environ-
mental taxes collected in countries with budget
deficits primarily play a fiscal role. However, Ali
and Kirikkaleli (2023) concluded that the impact
of a carbon tax on environmental pollution is
negative, while energy use and economic growth
have a positive influence on environmental pol-
lution in the case of France.

http://dx.doi.org/10.21511/ppm.23(3).2025.51



Scientists investigate whether the link between en-
vironmental taxes, economic growth, and renew-
able energy consumption is significant. Bashir et
al. (2021a), based on 29 OECD economies using
data from 1996-2018, found a negative and sig-
nificant relationship between environmental taxes
and consumption of renewable energy. Meanwhile,
the GDP growth rate had a positive and strong re-
lationship with renewable energy consumption,
showing that renewable energy is promoted by
economic growth. Al-Mulali et al. (2013) exam-
ined the relationship between renewable energy
and GDP in high-, middle-, and low-income coun-
tries and confirmed that for all countries, GDP
growth and renewable energy had a bidirectional
relationship. Lapinskiené et al. (2017), using a sam-
ple of European countries, found no significant
relationship between environmental taxes and the
increase in renewable energy consumption and
identified that the GDP rate is positively associat-
ed with renewable energy, confirming the conclu-
sions of other researchers that renewable energy
is promoted within the framework of economic
growth. A study by Fang et al. (2022) analyzing
the relationship between environmental taxes and
renewable energy consumption using data from
15 Belt and Road developing and transition econo-
mies confirmed that while there is an overall nega-
tive relationship between environmental taxes and
renewable energy consumption in the short run
when examining the long-run relationship, there
is a positive relationship between environmental
taxes and renewable energy consumption and the
share of renewable energy consumed in total en-
ergy consumption. These results were confirmed
by Shahzad et al. (2021) based on data from 29 de-
veloped countries from 1994 to 2018.

In summary, empirical studies identify a strong
relationship between economic growth and en-
ergy consumption and energy intensity, which
confirms theoretical considerations about energy
demand as a key factor for economic development.
Scientific studies also confirm a negative relation-
ship between energy consumption and intensity
and environmental taxes. However, it is revealed
that energy efficiency indicators, including CO,
emissions, do not always change depending on the
change in environmental taxes (including energy
taxes), since the effectiveness of taxes is manifest-
ed only when a certain threshold value is exceeded.

http://dx.doi.org/10.21511/ppm.23(3).2025.51
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The role of environmental taxes in the promotion
of renewable energy development is proven in the
long term.

1.2. Theoretical aspects
of the relationship between
the state of the country’s
economy, public finance,
and energy taxes

The scientific literature reveals the significance
of differences in countries’ economies with re-
spect to environmental taxes and argues that
the introduction and adjustment of energy taxes
should consider each country’s unique economic
circumstances.

Environmental taxes can negatively affect the
economy of a less developed country, because
the sensitivity of energy-intensive enterprises to
the impact of taxes depends on how much car-
bon-emitting fuel is used in production process-
es (Andersen et al., 2007). Zhixin and Ya (2011)
studied the relationship between carbon taxes and
economic growth in 29 provinces in China from
1999 to 2008. The researchers found a positive re-
lationship between taxes and economic growth in
the eastern provinces of the country and a nega-
tive relationship in some central and western re-
gions. Researchers have noted the negative impact
of taxes on less economically developed regions
that rely heavily on fossil fuels. These conclusions
can be supported by Feng et al. (2024). Tchapchet-
Tchouto et al. (2022) studied the impact of envi-
ronmental taxes on economic growth using data
from 2009-2019 for 29 European Union countries,
the UK, Norway, Iceland, and Switzerland. The re-
search showed a negative and significant relation-
ship between environmental taxes and economic
growth. Low- and middle-income countries were
found to be more negatively affected than high-
er- and middle-income countries. This negative
mechanism was explained by the fact that after the
introduction of carbon taxes, reducing the use of
one of the main factors of production, fossil fuels,
can lead to a corresponding decrease in produc-
tion volumes in enterprises. Therefore, given the
uneven impact in different countries, this should
be considered when forming the EU strategy for
the transition to a climate-neutral economy.
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Similar results were obtained by Castiglione et al.
(2014) and Castiglione et al. (2018). Castiglione
et al. (2014) used data from 24 European coun-
tries from 1996-2012 and, considering the un-
even economic and environmental performance
of European countries, divided the sample into
three groups to highlight the heterogeneity of
European economies, depending on the degree of
economic development, environmental awareness,
and the quality of institutions. The results con-
firmed the relationship between the level of eco-
nomic development and environmental progress,
as countries in an advanced stage of economic
development invest more in environmental pro-
tection. Castiglione et al. (2018) analyzed the sig-
nificant factors determining the collection of en-
vironmental tax revenues by analyzing a group of
27 European countries based on data from 1996-
2011, complementing the study with institutional
factors. The results showed that the factors vary
between countries due to different institutional
models and economic development. The research-
ers emphasized that the determining factor of en-
vironmental taxes is the quality of their manage-
ment and, therefore, the ability of the government
to manage the tax system. From a tax perspective,
the rule of law is very important, as it reflects the
supremacy of law and the quality of the institution-
al context itself. In addition, Hassan et al. (2020)
studied the relationship between environmental
taxes and economic growth rates, analyzing data
from 31 OECD countries for the period 1994-2013.
The study found that the impact of environmental
taxes on GDP depends on the initial level of gross
domestic product per capita. The higher the initial
GDP per capita, the greater the potential for eco-
nomic growth to increase environmental tax rev-
enues. This assumption is justified by the fact that
environmental taxes raise prices. However, with a
higher GDP per capita, people have more dispos-
able income after purchasing basic goods, allow-
ing them to pay higher prices.

Openness to international trade is often consid-
ered one of the most important aspects of any eco-
nomic model, since unrestricted trade flows con-
tribute to increased economic development and
energy consumption (Ahmed et al., 2022). Studies
have supported a positive relationship between en-
ergy consumption, trade openness, and economic
growth (Nasreen & Anwar, 2014; Ahmed et al,
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2022). In a country with greater trade openness,
competition between local manufacturing compa-
nies for continuous innovation increases, as evi-
denced by market changes and research and de-
velopment (Ahmed et al., 2022). One of the effects
of globalization on energy taxes is the increasing
competition between countries seeking to attract
foreign investment and ensure the competitive-
ness of their industrial sectors. This often mani-
fests itself in delays in increasing energy taxes and
consequently affects the decisions of other coun-
tries when adjusting their energy tax rates.

According to the scientific literature, the level of
public debt is also an essential indicator for mak-
ing fiscal policy decisions. As noted by Hassan et
al. (2021), many studies showed that when the level
of debt is high, the stimulus policies implemented
can increase the public budget deficit, increase the
level of debt, and cause difficulties for the econo-
my. However, when researchers examine the effect
of energy taxes on economic growth, they usually
do not consider the negative aspects of high public
debt. According to Zhang (2020), due to increased
public debt, local governments weaken the strict-
ness of environmental regulations to attract private
investment, reduce debt pressure, and raise fund-
ing for debt service. Researchers argue that studies
that examine the impact of energy taxes on invest-
ment must include the public debt indicator in their
analysis because the impact of energy taxes on in-
vestment is sensitive to the level of public debt. In
other words, if a country has a high level of public
debt, the negative impact of energy taxes on invest-
ment is greater than in a country with a low level
of public debt. Hassan et al. (2021) provided mac-
roeconomic evidence on the sensitivity of energy
taxes to capital investment and economic growth,
depending on the level of public debt, based on data
from 31 OECD countries for 1994-2013. The results
showed a negative and significant relationship be-
tween energy taxes and public debt. The higher the
level of public debt in a country, the more harmful
an increase in energy taxes is to capital investment
in the short run. However, Florea et al. (2021) argue
that part of public debt could be oriented toward
sustainable investments. Furthermore, P4szto et al.
(2020) studied the fiscal impact of environmental
taxation in EU member states based on data from
2008 to 2017. The authors found that the environ-
mental tax revenues collected in countries do not

http://dx.doi.org/10.21511/ppm.23(3).2025.51



correspond to the level of emissions, i.e., countries
with high emissions can collect as much low, me-
dium, and high environmental tax revenues as
countries with low emissions. The researchers em-
phasized that policymakers rarely consider envi-
ronmental considerations and are mostly guided
by fiscal tax objectives and socio—economic argu-
ments to balance external pressures arising from
environmental policy acts of the European Union
and hostility to tax increases arising from compa-
nies operating in the countries.

1.3. Relationship between
corporate financial performance
and energy taxes

Environmental taxes partly lead to the compensa-
tion of negative environmental impacts with the
funds of the participant who caused this phenom-
enon, thereby increasing the operating costs of com-
panies and reducing the profitability of the initial
production strategy (Zhao et al., 2023). According to
Miceikiené et al. (2022), environmental taxes create
a strong incentive to innovate, but the innovations
developed reduce business costs only in the long run.
Therefore, a strict fiscal policy can become a heavy
tax burden for energy-intensive companies. In this
way, the costs incurred would reduce capital invest-
ments that could be used for innovation (Albrizio et
al,, 2017). However, properly set environmental taxes
play an important role in encouraging companies to
change polluting technologies to more environmen-
tally friendly ones, improve energy efficiency, and
achieve mutual benefits (Zhao et al., 2023). The ideal
expected effect is that environmental taxes would
encourage investments in technological innovations,
which would improve the financial performance of
companies in the long run and at the same time limit
the CO, emissions that cause environmental change
(Zhao et al., 2023; Zhao et al., 2024). However, the
research results of Shen and Wang (2024) show that
environmental taxes can negatively impact the fi-
nancial performance of companies due to corpo-
rate technology inputs. Therefore, one of the main
goals of environmental taxes is to create competi-
tive, efficient, and environmentally friendly markets
(Steinbrunner, 2022).

A negative relationship between taxes and cor-
porate return on assets was found by Long et al.
(2022). Based on Franco and Marin (2017), the re-

http://dx.doi.org/10.21511/ppm.23(3).2025.51
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sults support the positive relationship between en-
vironmental taxes and the efficiency of companies’
operations. Lei et al. (2022) found a positive effect
of environmental taxes on the company’s financial
performance: return on assets, return on capital,
and return on sales. However, Zhao et al. (2022)
and Zhao et al. (2023) emphasize that when the
intensity of environmental taxes is too high, com-
panies simultaneously face both a decrease in prof-
its in the short run and a lack of capital. Leiter
et al. (2011) found a positive relationship between
environmental taxes and all types of investment,
but also identified that, above a certain threshold,
the positive effect decreases as taxes continue to
increase. Commins et al. (2011) indicated that en-
ergy taxes have a positive relationship with the to-
tal factor productivity index, investment, and the
rate of return on capital employed in many sectors.
Meanwhile, a negative relationship between ener-
gy taxes and employment (number of employees)
was identified in almost all sectors.

Following the literature review, energy tax policy
is complex and involves numerous factors that
must be considered to ensure its effectiveness.
According to previous studies, the country’s en-
ergy efficiency, economic development, and state
of public finances collectively form the conditions
for setting energy taxes. However, as the scientific
literature reveals, when determining the energy
tax rate, it is essential to assess its impact on cor-
porate financial performance.

To better understand the characteristics of ener-
gy taxation, the study aims to assess the determi-
nants of the energy tax rates in European Union
countries.

2. METHODOLOGY

This section defines dependent and independent
variables, the research sample, and the methods
that will be used to assess the determinants of en-
ergy tax rates.

The variables included in the study can be divid-
ed into five groups: 1) energy taxes — dependent
variable. Other groups are studied as factors of
energy taxes — independent variables: 2) indi-
cators related to energy efficiency, 3) economic
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growth indicators, 4) public finance indicators,
and 5) macro-level financial indicators of com-
panies. Table 1 presents the variables used in
the study and the hypothetical relationship be-
tween the independent and dependent variables.
In assessing the significance of energy taxes,
the scientific literature uses the ratio of energy
taxes to total tax revenue (Abdullah & Morley,
2014; Castiglione et al., 2018; Dogan et al,
2022) or the ratio of energy tax revenue to GDP
(Abdullah & Morley, 2014; Aydin & Esen, 2018).
Since the study only analyzes the EU countries,
the implicit tax rate on energy provided by the
European Union (Eurostat) is chosen to assess
energy taxes, which more accurately reflects the
energy tax rate than the indicators used in the
literature.

Table 1. Research variables

To assess factors related to energy efliciency,
the study includes the energy intensity indica-
tor (based on Castiglione et al., 2018; Mahmood
& Ahmad, 2018; Bashir et al., 2021b; Ahmed et
al.,, 2022), the indicator of energy consumption
(based on Fang et al., 2022; Bashir et al., 2021;
Ahmed et al., 2022), the share of renewable energy
in total energy consumption (based on Bashir et
al., 2021a; Fang et al., 2022) and CO2 emissions
(based on Aydin & Esen, 2018; Rybak et al., 2022).
The indicator of gross domestic product per capita
is selected for the group of economic growth indi-
cators (based on Aydin & Esen, 2018; Mahmood &
Ahmad, 2018; Fang et al., 2022; Bashir et al., 2021a)
and the indicator that describes the level of trade
openness is used for international comparisons of
countries (based on Bashir et al., 2021b; Shahzad

. Abbr.

Expected relationship with

Indicator Description the tax rate on energy and
; authors
- : Ratio between energy tax revenues (in euros (deflated)) and final
Implicit tax rate on H ) . .
ITRE :energy consumption (as a toe (tons of oil equivalent)) calculated
energy :
e JOT A CAIRMRT VAL, e
i Energy intensity of GDP in chain-linked volumes (2010), kilograms )
*of oil equivalent (KGOE) per thousand euros. The indicator shows Negative
Energyintensity —: EI ' { (Mahmood & Ahmad, 2018; Bashir

i the energy needs of the country’s economy, i.e., the amount of
ergy needed to produce one unit of GDP.

i etal., 2021b; Ahmed et al., 2022)

Energy consumption |

per capita equivalent (TOE) per capita).

‘ The indicator measures the total energy needs of a country,
EC excluding all non-energy use of energy carriers (tons of oil

Negative
(Bashir et al., 2021b; Ahmed et
al., 2022)

Share of renewable
energy in gross final RE
.nergy consumption

The indicator measures the share of renewable energy
consumption in gross final energy consumption according to the
Renewable Energy Directive (percentage).

Positive
(Shahzad et al.,, 2021; Fang et al,,
2022)

CO, emissions co
H i capita).

: Air pollutants and greenhouse gases: Greenhouse gases (CO,,
{N20, CH4, HFC, PFC, SF6, NF3) in CO, equivalent, (kilograms per

Insignificant
: (Castiglione et al., 2018;
i Mardones & Baeza, 2018; Paszto

GDP per capita GDP

The indicator is the sum of exports and imports of goods
i and services measured as a share of gross domestic product

Trade

Trade openness

: Positive
i (Nasreen & Anwar, 2014; Ahmed
: _etal, 2022)

Government debt Gdebt :

roduct (GDP).

eneral government gross debt as a percentage of gross domestic

: Positive
i (Zhang, 2020; Hassan et al., 2021;

Investment N\
H ross value added.

i The gross investment rate of non—financial corporations
i (percentage) is defined as gross fixed capital formation divided by

; Negative

i (Albrizio et al., 2017; Hassan et al.,
i 2021; Zhao et al., 2022; and Zhao
: etal., 2023)

ROE ROE

Net return on equity, after taxes, of non—financial corporations
: (percentage).

Negative
(Albrizio et al., 2017; Long et al.,
2022; Zhao et al., 2022; Zhao et

Gross profit share i  GP

: Gross profit share of non—financial corporations. The profit share
i of non—financial corporations is defined as gross operating surplus :
i divided by gross value added (percentage). ;

Negative
(Albrizio et al., 2017; Zhao et al.,
2022; Zhao et al., 2023; Shen &
Wang, 2024)

720

http://dx.doi.org/10.21511/ppm.23(3).2025.51



et al., 2021; Ahmed et al, 2022). According to
Hassan et al. (2021), the indicator of the public
debt to GDP ratio is selected to assess the situation
of public finances. The group of companies’ finan-
cial performance indicators includes the nation-
al accounts indicators published in the Eurostat
database. Due to the insufficiency of the data for
these indicators, Bulgaria and Luxembourg were
excluded from the study sample.

The empirical study sample is the European Union
countries (except Belgium and Luxembourg). To
ensure the largest possible sample while minimiz-
ing data distortions from the cumulative effects of
the COVID-19 pandemic and the subsequent out-
break of the war in Ukraine, the research period
is 2010-2020, based on data availability. The study
variables are collected from the Eurostat database
of the European Commission, except for the trade
openness indicator, which is obtained from the
World Bank database.

To assess the relationships between the dependent
variable and the independent variables, standard
panel data correlation and regression analysis are
used. This method selection is based on Aydin and
Esen (2018), Mahmood and Ahmad (2018), Hassan
et al. (2020), Bashir et al. (2021b), Tibulci (2021),
Ahmed et al. (2022), and Dogan et al. (2022). The
study utilizes balanced panel data. The panel data
regression model selection and the results of as-
sociated tests are presented in the Results section.
EViews’ statistical analysis software is used.

3. RESULTS

First, the descriptive statistics of the implicit tax
rate data are evaluated (see Table 2).

Table 2. Descriptive statistics of implicit tax rate
data

Country Mean Min Max %Std. Dev.

Denmark . 408.60 . 35397 . 45455 @ 3298
36983 | 28758 . 41750 . 3522
33641 | 24241 37640 . 49.64
278.76 236.54 320.71 26.28
27111 | 21388 30370 | 3180
25958 . 20395 . 31430 . 41.23
25825 | 22942 . 27504 . 1662

Ireland 243.70 213.41 264.96 17.13

http://dx.doi.org/10.21511/ppm.23(3).2025.51
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Country Mean Max Std. Dev.

Slovenia

i 1642

Czech
RODUDIIC e e
Romania  : 126.93 96.30 151.39 1..2108 .
Hungary . 12065 11-.60 12578 L2318 .
Lithuania 113.31 98.51 128.32 10.51

Summarizing the results of the implicit tax rate
on the descriptive statistics of energy in the data
of the EU countries, it can be stated that the val-
ues of the mean implicit tax rate on energy vary
significantly between the sample of countries. It
is observed that the lowest tax rates are applied
by countries with a lower GDP per capita and a
higher intensity of energy. However, one tendency
cannot be attributed to the entire group of coun-
tries since economically stronger countries may
also apply a relatively low tax rate on energy, and
the practices of applying energy taxes in countries
may also depend on other important factors.

The results of the correlation between the depen-
dent variable and the independent variables are
presented in Table 3. Before that, all variables are
logarithmized and their stationarity is checked.

The correlation matrix reveals a significant rela-
tionship between energy taxes, their factors, and
the factors themselves. The strongest positive lin-
ear correlation (compared to other relationships) is
found between the implicit tax rate on energy and
GDP per capita (0.636), while a similar negative
correlation is observed with the energy intensity
indicator (-0.660). Consequently, there is a strong
negative correlation between GDP per capita and
energy intensity indicators (-0.770). A strong posi-
tive relationship is observed between energy con-
sumption and GDP per capita (0.723). This rela-
tionship also reflects the tendencies identified in
the scientific literature that economic develop-
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Table 3. Correlation matrix for the variables used in the regression analysis

ITRE EC El Co, GDP

RE Inv ROE GP Trade = Gdebt

JTRE
EC
B
o,
6o
RE

1

0.132*

Inv : . : g : . : - : : : . : : : : :

ROE
GP
Trade

Gdebt : 0.432%**

—0.057 i—0.480%**i—0211%**i 0.261%** i—0.250%**i_(0.236***: —(0.098 i—0.219%**i—0.339%**:

Note: *** p <0.001, ** p<0.01, * p<0.05.

ment is highly dependent on energy consumption,
and vice versa, as the economy develops, energy
consumption increases.

To determine the factors of energy taxes, based on
the research methodology, an econometric mod-
el of panel data is constructed. First, an econo-
metric model of the least squares method (LSM)
is constructed, and its homogeneity is checked.
Homogeneity is checked after constructing a fixed
effects model, and an F-test is performed. Since the
p-value of the F test is 0.000, the null hypothesis
is rejected; therefore, it can be stated that the data
are not homogeneous and the LSM model is not
appropriate. In this case, another model, random
effects, is constructed, and it is checked whether
the random effects correlate with the independent
variables. For this purpose, a Hausman test is per-
formed. The test value obtained after performing
the Hausman test is 0.0010, which is less than the
theoretical probability value. The random effects
model is rejected because the random effects cor-
relate with the independent variables, which is
why it is most appropriate to choose the fixed ef-
fects regression model.

The panel fixed effects regression model is con-
structed after removing multicollinearity and in-
significant variables (see Table 4). To ensure that
the fixed effects model is still appropriate after
eliminating variables from the sample, the F-test
and Hausman test values are checked, which con-
firms that the fixed effects model is still the most
relevant (VIF values of the model are presented in
Appendix A, Table Al; Hausman test results are
presented in Appendix A, Table A2).
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Table 4. Fixed effects regression model

Variable  Coefficient: Std. Error :t-statistics: Prob.
3824 . 0689 5548 0000
0.076 0.033 0.020
o e Tom
0.389 0112 .2.0.001
—-0.202 0.048 0.000
ST o
0.544 0.088 .£.0.000
0.234 0.042 0.000
“ 0950 I
d 0944
008
150,022 &
Prob (F-statistics) 0.000

The results of the regression model show the im-
portance of energy variables in determining en-
ergy tax rates. According to the results, if the
amount of renewable energy consumed in the fi-
nal energy consumption increases by 1 percent,
the implicit energy tax rate increases by 0.076 per-
cent (B = 0.076). The overall change in the share
of renewable energy sources in total energy con-
sumption in the analyzed countries is positive, but
the average in 2020 was only 20%; therefore, the
energy tax rate is also increased to further develop
renewable energy. The results indicate a negative
relationship between energy intensity and energy
tax rate (f = -0.347), and a positive relationship
between energy consumption and the implicit tax
rate on energy (B = 0.389). The positive relation-
ship between trade openness and the implicit tax
rate on energy (B = 0.544) can be interpreted as an
indication that countries that are more open to in-
ternational trade are also oriented towards achiev-
ing sustainability goals and applying stricter en-
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ergy tax policies. The relationship between public
debt and the implicit tax rate on energy is positive
(B = 0.234). Other indicators that have a signifi-
cant relationship with energy taxes are indicators
that describe the financial performance of compa-
nies. A negative relationship exists between energy
taxes and investment (f = —0.202) and return on
equity (B = -0.058).

In the initial stage of the model, to eliminate the
problem of multicollinearity between energy in-
tensity and GDP per capita, the GDP per capita
indicator was removed from the model, and a sig-
nificant relationship was assigned to the energy
intensity indicator that remained in the model.
Based on the correlation analysis, the GDP per
capita indicator should show a similar strength
and negative relationship with the implicit tax rate
on energy as the energy intensity indicator.

The study covers a broad literature analysis, which
ensures that it includes the main factors affecting
the energy tax rate and can reduce the chances of
omitted variable bias. The regression model has
high explanatory power (R-squared = 0.95) (see
Table 4), meaning that a significant portion of the
variance in the energy tax rate is explained by the
variables included in the regression model.

4. DISCUSSION

The results of the study are consistent with some
previous studies. Previous studies have identified
a negative relationship between energy consump-
tion and energy taxes (Bashir et al., 2021b; Ahmed
et al,, 2022), but this study finds a positive rela-
tionship. The results may differ due to the differ-
ent research samples used and the measurement of
the tax indicator. Energy demand is still growing
rapidly, and this is one of the necessary conditions
for economic growth in EU countries. However,
tax rates are being increased to make energy con-
sumption more sustainable by encouraging an in-
crease in the share of renewable energy in total en-
ergy consumption. Renewable energy is a positive
and significant determinant of energy taxes. This
confirms the results of the studies by Shahzad et al.
(2021) and Fang et al. (2022). Several EU countries
stand out significantly from the overall sample
of countries due to their high level of renewable
energy consumption (Sweden, Finland, Latvia).
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However, the overall average share of renewable
energy in total energy consumption in EU coun-
tries is still low.

The reduction in energy intensity (that is, the in-
crease in efficiency) is one of the most important
national objectives of the EU. The negative re-
lationship between energy intensity and energy
taxes is consistent with the findings of previous
studies (Mahmood & Ahmad, 2018; Bashir et al.,
2021b; Ahmed et al., 2022). The negative relation-
ship between these variables is a desirable result,
suggesting that increasing energy taxes is an effec-
tive measure to reduce energy intensity. Countries
that use energy more efficiently are more econom-
ically developed and tend to apply higher energy
tax rates than countries with lower economic de-
velopment and energy efficiency.

The statistically insignificant relationship between
CO, emissions and energy taxes (consistent with
Rybak et al. (2022) and Castiglione et al. (2018))
indicates that CO, emissions are not a sufficiently
significant factor in making decisions on adjust-
ing energy tax rates.

The positive relationship between GDP per capita
and energy taxes (consistent with Castiglione etal.,
2018), and trade openness and energy taxes shows
that increasing economic development as well as
trade openness, despite the increase of public debt,
does not hinder tax increase initiatives, but, if im-
plemented correctly, stimulates economic growth
and has a positive effect on energy taxes. Based on
the results, it can be stated that factors related to
economic growth have a significant impact and
create favorable conditions for the country’s fiscal
policymakers when making decisions on the in-
crease of taxes. However, revenues collected from
environmental taxes are often spent on reducing
the budget deficit (Rybak et al., 2022); therefore,
as the budget deficit and debt level increase, fiscal
motives may also encourage an increase in the en-
ergy tax rate. In addition, after analyzing the sta-
tistical data of the countries, it can be concluded
that countries with higher economic development
have a higher average level of public debt than less
developed countries and are also characterized by
higher energy tax rates. Therefore, an increase in
the energy tax rate can be seen as an incentive for
the need for a fiscal function.
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The negative relationship between the return on eq-
uity of companies and energy taxes obtained in this
study partially coincides with the results of other
studies (Long et al., 2022; Steinbrunner, 2022; Zhao
et al,, 2023; Shen & Wang, 2024) that also found a
negative relationship between corporate financial
performance and environmental taxes. The results

have higher financial performance tend to apply low-
er energy taxes. The negative relationship between
investment in fixed assets and energy taxes obtained
in this study coincides with the results of Hassan et
al. (2021), which can be attributed to a general ex-
planation of the tax burden: energy taxes create ad-
ditional costs for businesses, reducing their free cash

show that countries where non-financial companies  flow that could be used for investment.

CONCLUSIONS

The study examines the determinants of energy tax rates in the sample of European Union countries
from 2010 to 2020 using fixed effects panel regression analysis. The research results showed that the
increase in energy tax rates is determined by the increase in GDP per capita, final energy consumption,
share of renewable energy in final energy consumption, trade openness, and public debt. The increase
in energy intensity, investments of non-financial companies, and the return on equity of non-financial
companies had a negative relationship with the energy tax rates.

This study offers a new perspective by linking energy taxes to the financial performance of non-financial
companies, as well as to macroeconomic and environmental factors. Investigating the relationship be-
tween macroeconomic conditions and the performance of non-financial companies provides a unique
contribution that differentiates it from other scientific studies.

The findings indicate some policy implications. To achieve sustainability goals and fiscal needs, govern-
ments of EU countries may consider increasing energy taxes, as environmental motives are not yet piv-
otal in their decision-making regarding energy tax rates. However, when determining energy tax rates,
national governments must carefully consider the balance between environmental motives and the po-
tential consequences for the financial performance of non-financial corporations and their investments,
especially in countries with energy-intensive industries. Nevertheless, this issue is particularly complex
given the increasing public debt of European Union countries, along with rising financing needs due to
trade tariff threats and escalating defense expenditures.

Although providing valuable insights, some limitations of the study were identified. The study focuses
on European Union countries due to data availability, and the findings may be relevant to other coun-
tries; however, with caution. The European Union has a general energy policy and the energy taxation
directive; therefore, results may vary in samples from different countries. Future studies could also em-
ploy different empirical methodologies based on the findings of this study to enhance the accuracy and
applicability of the empirical model.
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APPENDIX A
Table Al. VIF results

Variable . Coefficient Variance Uncentered VIF Centered VIF
,,,,,,,,,, E 0.475142 o ... 18473.08 e NA
,,,,,,,,,, 0.001067 .....340.1983 ... 1846848 .
0.005698 5700.622 1.897468
. 0.012502 . ..2786350 o L3sd2sL
0.002349 898.9426 1.341217
. 0.000342 . 11386 o Lo7o721
""""" 0.007821 6749.61;[ 1 31
0.001822 H 1211.889 1.332923

Note: VIF values assess multicollinearity, with values > 4 indicating high multicollinearity.

Table A2. Hausman test results

Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob.
Cross-section random 24.833178 7 0.0008

Note: P-value less than 0.05 indicates that the fixed effects model is appropriate.
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