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Abstract: The growing importance of climate change and the depletion of natural resources, as well
as geopolitical risks associated with the distribution of energy resources, cause an increase in the
urgency of ensuring energy security. In modern conditions, the criteria of energy security are the level
of production of traditional and renewable energy, the efficiency of energy production, the rationality
of its consumption, and the level of pollution arising in the process of the functioning of the energy
sector. Different types of regulatory instruments are used internationally to achieve different goals
related to energy security. This study involves testing the hypothesis that the effectiveness of energy
taxes in ensuring energy security is determined based on the choice of the object of taxation and
should be measured via the complex effect of changes in various parameters of energy security. To
test this hypothesis, a sample of data from 24 European countries for the period 1994–2020 was
formed and energy taxes were grouped into 12 groups (energy taxes on the consumption of different
energy sources, energy taxes on fossil fuels, taxes on electricity consumption, taxes to stimulate
renewable energy production, contributions to energy funds, etc.). The assessment was carried out
with the help of panel regression modeling tools with the installation of a three-year time lag in
the model. This method made it possible to determine the short- and medium-term effects of the
regulatory influence of certain types of energy taxes. Moreover, the research provides an assessment
of the regulatory effectiveness of various types of energy taxes across countries with different initial
structures of energy production. The obtained results proved that the comprehensive efficiency of
different types of energy taxes is different and depends on the features of the construction of the
country’s energy system. In general, complex energy taxes are the most effective method of taxation,
while contributions to energy funds are the least effective method of taxation. In the countries with
energy systems based on fossil fuels, taxes on mineral oils are the most effective in ensuring of
energy security, as well as in the countries with a high initial level of renewable energy use, while
complex energy taxes are the most effective in the countries with well-diversified energy systems.
This study creates the basis for improving strategies for the use of regulatory instruments of energy
transformation in building a clean, secure, and sustainable energy system for the country.

Keywords: energy security; clean energy; energy taxation; sustainability; renewables; pollution;
energy efficiency
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1. Introduction

Given limited availability of fossil energy resources, as well as the growing level of
depletion of the natural environment, the issue of energy security of countries becomes an
important problem that determines the stability of their economies, as well as their strategic
compliance with the Goals of Sustainable Development. Eliminating environmental threats
is traditionally considered an urgent problem involved in ensuring sustainable economic
development (maintaining a sufficient level of natural resources, preventing natural disas-
ters due to climate change, ensuring soil fertility, etc.). However, energy production from
fossil fuels is not only environmentally harmful, but also less economically effective in
general [1,2]. However, research conducted during the COVID-19 pandemic proved that
climate change can be a prerequisite for the spread of the disease, which creates direct and
intense threats to people’s lives and health [3].

Modern trends in ensuring energy security in countries are largely related to the devel-
opment of renewable energy, which can meet economic needs and minimize environmental
burdens at the same time. Despite the proven prospects of renewable energy, it should be
noted that its development is associated with several geopolitical risks, which proves the
need for a balanced policy regarding its stimulation [4].

The existing trial relationship between energy production, economic growth, and
environmental pollution determines the impossibility of a quick transition to carbon-
neutral energy without creating corresponding losses for the national economy; however, it
requires consideration of additional incentives for such a transition, such as public health,
the need to regulate of energy prices, etc. [5].

Analyzing the prospects for the development of carbon-neutral energy, researchers
consider not only the improvement in the quality of the environment, but also the positive
transmission effects on the health of the population [6,7]. Even though the renewable energy
sector requires significant initial investment, its development can ensure the creation of
new jobs in the country [8]. The need for financial support for building a carbon-neutral
economy is also proven through quantitative indicators. Thus, directing 6.5% of world
GDP to subsidize ecologically neutral energy made it possible to prevent an increase in
total carbon emissions of 21% and an increase in mortality from air pollution of 55% [9].

It should be noted that the energy sector transformation policy must be comprehensive
and consider a wide range of challenges. Thus, the development of carbon-neutral energy
must simultaneously take place in the direction of replacing energy production, considering
the behavior of end-users of energy and the interdependencies between various sectors
of the economy [10]. In this context, not only is direct government support is important,
but so is the use of regulatory tools capable of changing the behavior patterns of energy
producers and consumers. Environmental taxes play this role in global practice. At the
same time, the system of environmental taxation in different countries is diverse in terms
of the number of tax instruments, objects of taxation, and taxpayers. In this connection,
there is a need to investigate the effectiveness of environmental taxes in achieving the goals
of transforming the energy system. The purpose of this study is a comparative analysis of
different types of energy taxes based on the results of evaluating their impact on changes
in energy security indicators, which include the structure of energy production, parameters
of renewable energy, efficiency, and level of pollution in the energy production process.
The study involves the grouping of energy taxes by tax objects and the assessment of the
regulatory impact of the increase in revenues from energy taxes on the provision of energy
security parameters separately for each group of energy taxes. To assess the influence of
the initial structure of energy production in the country on the intensity of the regulatory
impact of energy taxes, it is proposed to cluster countries according to the structure of
energy production at the beginning of the study period. Calculations carried out separately
for each cluster make it possible to determine strategic guidelines for the use of energy
taxes to ensure energy security, depending on the specifics of the construction of the energy
sector in the country.
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2. Literature Review

Energy security is considered by scientists to be a stable state of the energy system, in
which the social needs of the country are provided and the ability to resist risks and threats
is formed [11]. Indicators of energy security in the modern economy include not only the
ability of the energy sector to provide the national economy with stable and continuous
sources of energy with the minimum possible level of damage to the environment, but
also its contribution to the achievement of the Sustainable Development Goals. This
approach determines the need for national monitoring of a significant number of indicators
related to energy production and consumption to characterize the purity and safety of its
production [12].

To determine the indicators that are targeted to ensure energy security, the main fac-
tors related to energy production and consumption should be considered. The practice
of managing the global energy economy proves that the use of combustible fossil energy
resources is associated with significant risks related to energy security, which are equally
dangerous for producers, exporters, and importers of energy and energy resources [13]. In
this context, the diversification of the energy sector and the energy autonomy of countries
are important factors. It was previously proved that the transformation of the structure
of the energy sector from the strategy of consumption and export of available fuel energy
resources to the creation of a diversified energy system with a significant role for renewable
energy requires a fundamental change in economic policy [14]. One of the important direc-
tions regarding the transformation of the country’s energy system is the implementation
of a policy to overcome energy efficiency gaps, which at the initial stages arise due to the
negative financial effects of the development of energy-efficient technologies against a
background of a decrease in revenues from the use of fuel energy resources [15]. At the
same time, researchers refuted the hypothesis that significant reserves of natural energy
resources prevent countries from developing renewable energy [16]. The new environ-
mental and economic policy of the countries of the European Union envisages a gradual
transition to carbon-free development, which involves the growth of renewable energy,
the establishment of environmental standards, and the introduction of environmental
innovations [17–19].

It was previously proved that the growth of renewable energy is more closely related
to energy security than other factors regarding the development of the energy sector [20].
It should be noted that the development of renewable energy ensures the improvement of
energy security not only due to the replacement of fossil fuel energy and the reduction in
electricity prices, but also due to the reduction in fluctuations in the energy sector [21]. The
development of the renewable energy market requires the simultaneous involvement of
political, technological, and financial and economic incentives. One of the most promising
types of renewable energy in the global context is solar energy, which has a powerful
potential [22]. State support and preferential taxation of solar energy allowed it to receive
significant advantages for development; however, the cost of solar energy remains high,
which indicates the need for permanent stimulation of alternative technologies [23]. More-
over, the production of energy from waste has significant prospects for the development of
renewable energy, which allows countries to solve several environmental and economic
problems at the same time [24,25].

Active integration of the Sustainable Development Goals takes place not only in
national and global economic policies, but also in business strategy. Modern innovative
business solutions aim not only to improve the technological efficiency and profitability
of business activities, but also to reduce the impact on the environment both because of
the greening of the production process and due to the production of products that are
environmentally neutral when used [26–29]. Corporate social responsibility becomes a
guarantee not only of sustainable business development, but also of its financial success,
which is measured based on the impact of the company’s reputation and the formation of
its green brand [30–32].
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In today’s world, environmental aspects become paramount and determine the priori-
ties of regulatory policy in almost every field. Regarding ensuring energy security, greening
refers to the reduction in the carbon footprint through the transformation of the structure
of energy production and the optimization of its transportation processes. At the same
time, it is important that environmental effects are always long-term; therefore, the impact
of regulatory instruments should be evaluated with a delay in time [33]. On the other
hand, it is important that the transformation of the energy system can provide not only
long-term environmental effects, but also the leveling of the harmful effects of the polluted
environment on the health of the population [34]. Even though the policy of sustainable
development does not have a direct impact on the competitiveness of individual sectors of
the country on the same level as factors such as labor productivity or local innovations, its
observance ensures the strategic development of the country, the results of which cannot
always be measured, even in a ten-year perspective [35].

Energy security research cannot be conducted without considering the role of global
energy flows, which form the basis of international trade between individual economies [36].
At the same time, it was previously proved that the environmental policy does not cause
significant damage to the export competitiveness of the manufacturing sector and even
promotes the development of ecological exports [37]. It was also previously proved that
the indicators of energy consumption in the economy are not only related to the structure
of the national economy, but also determined based on the level of the shadow economy in
the country [38]. It is important that one of the parameters that increases the level of energy
consumption is energy losses in the process of its distribution and delivery [39].

It should be emphasized that the country’s energy security is determined not only
via the structure and methods of its production and supply, but also via the approach to
its consumption. Thus, society’s behavior regarding frugal energy consumption, i.e., the
use of renewable energy in its own households, can provide a significant contribution to
maintaining the country’s energy balance and the corresponding reduction in the carbon
footprint in the environment. At the same time, as the researchers proved, the behavior
of the population is not always rational and conscious [40]. This problem demonstrates
the important role of regulatory mechanisms. Their use should stimulate the actions
required of society to maintain energy security. Some researchers emphasize the factors
of education and social values for the formation of sustainable consumer behavior and
management behavior [41,42]. Despite the significant public resonance regarding the need
to ensure sustainable development, advertising campaigns, and educational programs,
the most effective methods are direct incentives that allow savings due to rational energy
consumption or provide an additional cost for a lack of environmentally responsible
behavior [43]. For example, fuel taxes turned out to be an effective tool for reducing the
demand for fuel in the transport sector [44]. On the other hand, previous studies proved
that environmental taxes also have an impact on the environmentally responsible behavior
of economic entities; however, this impact is not as broad as the impact on producers of
products that have environmental effects [45].

The transition of states to a renewable energy strategy requires the infusion of signifi-
cant financial resources. Global transformation requires a significant scale of state support
for the energy sector, the creation of clusters of companies in the field of renewable energy,
and the involvement of international donors and public–private partnership programs [46].
In the cases of implementation of complex projects related to renewable energy produc-
tion, only direct state support can be a guarantee of ecological development, given the
insufficient financial resources of individual regions or companies [47]. It was previously
empirically confirmed that the strategy of financial support for the development of renew-
able energy must consider the energy needs of the territory, its natural and resource base,
and the installed capacity of renewable energy facilities and their economic potential [48].

The limited amount of direct state support available to ensure the transformation
of the energy system and the development of renewable energy necessitates the use of
other regulatory tools to stimulate economic entities to switch to the production and con-
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sumption of renewable energy. Tax credits, i.e., preferential tariffs for renewable energy
and green certificates, have become the most common instruments used to achieve this
goal [49]. The growing attention of the world community to ensuring progress in achiev-
ing the Sustainable Development Goals has led to the growth of the market for green
financial instruments, such as green loans and green bonds [50], and sustainable energy
development [51]. The successful experience of using green bonds was demonstrated by
supranational financial institutions, which used this tool to support renewable energy not
only in European countries, but also in countries that have a significant lag in overcoming
environmental problems and developing renewable energy [52].

To popularize renewable energy in the world, environmental taxation tools are also
widely used. Most European countries supplement the system of environmental regulation
with a range of tax benefits, such as the exemption of energy produced from renewable
sources from environmental taxes, reduced rates of value added tax for renewable energy,
tax deductions from corporate income tax for producers of renewable energy, etc. [53].
It was previously empirically confirmed that the implementation of environmental tax
reforms in most scenarios leads to a reduction in carbon emissions in the economy [54,55].
On the other hand, it was also proved that the effect of the carbon tax reduces carbon
emissions from energy-intensive enterprises to a rather small extent, and achieving a
more significant effect because of increasing tax rates is associated with risks of economic
losses [56,57]. At the same time, researchers proved that carbon taxes are a more effective
strategy for the development of a carbon-neutral economy compared to state subsidies [58].

It should be noted that the actual implementation of environmental taxes and subsidies
does not always lead to the expected environmental and other regulatory consequences,
which is evidenced by the experience of Italy [59]. The introduction of environmental
taxes aims to increase the level of greening of production; however, its achievement in
certain sectors leads to significant initial costs, which is reflected in competitiveness. That
problem is why the effectiveness of environmental tax reforms often depends on the initial
structure of the economic system [60]. At the same time, it was previously proved that
for better effectiveness and perception in society, mechanisms of public discussion and
study of public reaction should be used [61,62]. Using the example of the introduction of
carbon taxes, researchers prove that tax mechanisms should consider the need to balance
the asymmetry of household incomes or the competitiveness of various sectors of the
economy, for which tax distribution mechanisms should be used or tax incentives should
be added [63,64]. In addition, mechanisms for using additional financial revenues from
environmental taxes are important [65]. At the same time, it should be noted that existing
studies on the effectiveness of environmental taxes tend to focus on the study of one type
of tax instrument, such as fuel taxes or carbon taxes.

The purpose of this study is to identify the most effective types of energy taxes in
ensuring the energy security of countries. For this purpose, the experience of introducing
energy taxes in European countries was studied, with experiences grouped according
to the types of taxation objects. The proposed study currently has no analogues in the
scientific literature. At the same time, previous studies proved that transport and energy
taxes have a wide potential for regulatory influence on the production and consumption of
biofuels [66], and the choice of the tax base when applying transport taxes determines their
effectiveness in achieving the goals of environmental, economic, and energy security [67].
Parameters characterizing the structure of thermal energy production and consumption,
renewable energy development indicators, parameters of environmental pollution in the
energy production process, the level of energy import, and energy loss in the production
and distribution process were chosen to assess energy security. Moreover, the research
provides an analysis of the effectiveness of various types of energy taxes based on the
specifics of the construction of the energy system. For this purpose, the sample of research
countries is divided into clusters based on the structure of energy production at the begin-
ning of the research period, and an assessment of the impact of different types of energy
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taxes in ensuring the energy security of countries with different types of energy system
constructions is carried out.

3. Materials and Methods

The variety of energy taxes used in the economies of different countries determined
the scientific interest in finding the maximum efficiency of regulatory instruments. The
main hypothesis of the study was that the choice of the object of taxation with energy
taxes determined the degree of their effectiveness in ensuring energy security. The review
of literary sources made it possible to determine the main directions of the energy secu-
rity characteristics of the countries studied. Indicators of energy security were chosen
to characterize the level of energy production from renewable sources, the capacity of
domestic production to meet the country’s needs, the efficiency of energy transportation
and distribution, and the level of environmental pollution during energy production:

OGCE—electricity production from oil, gas and coal sources, % of total;
FFEC—fossil fuel energy consumption, % of total;
RSE—share of energy from renewable sources, %;
HSE—gross production of electricity and derived heat from hydro sources, gigawatt-hour;
WSE—gross production of electricity and derived heat from wind sources, gigawatt-hour;
SSE—gross production of electricity and derived heat from solar sources, gigawatt-hour;
RMWE—gross energy production from renewable municipal waste, thousand tons of oil
equivalent;
EI—net energy imports, % of energy use;
TDL—electric power transmission and distribution losses, % of output;
CO2int—CO2 intensity, kg per kg of oil equivalent energy use;
CO2em—CO2 emissions from electricity and heat production, % of total fuel combustion;
ME—energy related methane emissions, % of total;
NOE—nitrous oxide emissions in energy sector, % of total.

A sample of 24 European countries was formed for the study: Austria, Bulgaria,
Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Italy, Latvia, Lithuania, Netherlands, Poland, Portugal, Romania, Slovak Republic, Slovenia,
Spain, United Kingdom, Ukraine, and Sweden. The research period covers the years
1994–2020.

The analysis of energy taxes operating in the studied countries allowed them to be grouped
into 12 groups in accordance with the objects of taxation to which these taxes are applied:

CDT—energy taxes on the consumption of different energy sources;
FFT—energy taxes on fossil fuels;
MOT—energy taxes on mineral oil;
CT—energy taxes on coal;
NGT—energy taxes on natural gas;
ECT—taxes on electricity consumption;
EPT—taxes on electricity production;
REPT—taxes on electricity production from renewable sources;
REST—taxes to stimulate renewable energy production;
NET—taxes on nuclear energy production;
WOT—taxes on waste oils;
EFC—contributions to energy funds.

A description of the tax instruments representing these groups is given in Table 1.
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Table 1. Variety of energy taxes in European countries in terms of different taxation objects.

ID Various Energy Taxes in the Studied Countries

CDT

Energy tax (AT, NL, HU); fuel excise tax (BG); excise on fuels and electricity, strategic stockpile fee (FI); excise duty
on energy products (IT); tx on petroleum and energy products (PT); additional tax on electricity and heat, tax on
imports of energy products (RO); surcharge on electric power and coal, electricity, and energy, energy efficiency
tax (SI)

FFT Fuel excise tax (EE, SI, UA); duty on mineral oils (DE); tax on oil and natural gas (RO)

MOT

Tax on mineral oils (AT, GR, FR); special tax on mineral oils (AT); excise duty on fuel (CZ); duty on certain mineral
oil products (DK); excise duty on oil products (LV, HR, PL); excise duty on mineral oil, excise duty on petrol, tax in
connection with mineral oil stocks (NL); budget excises on diesel, other oil, and petrol, environment petrol tax,
product charge on other oils (HU); excise tax on other petroleum products, excise tax on petrol (UA); exceptional
levies on oil product corporations recommended by the Institut Français du Pétrole (FR); tax on petroleum derived
fuels, tax on certain propellants and combustibles, tax on petrol, tax on oil derived fuels, tax on the production and
import of certain products, tax on retail sales of certain mineral oils (ES)

CT
Tax on coal and coke (BG); excise tax on solid fuels (HR); solid fuel tax (CZ); duty on coal (DK); steel and coal levy
(FI); tax on coal, coke and lignite (LV); fuel tax (NL); excise duty on coal products (PL); excise duty on coal (SK);
taxes on consumption of coal (FR); tax on coal (ES)

NGT

Tax on natural gas (BG, CZ); excise tax on natural gas (HR); duty on gas, duty on natural gas (DK); excise duty on
gas products (PL); regional tax on natural gas consumption (IT); excise duty on natural gas, tax on gas and liquid
storage (SK); gas levy paid by British Gas, gas regulator fees (GB); excise tax on liquefied gas (UA); domestic tax on
natural gas (FR)

ECT

Electricity tax (CZ, GR, FI, IT, LT, SE, BG); electricity excise tax (EE, RO, UA, HR); tax on electricity bills (DE);
additional tax on electricity (IT); excise duty on electricity (SK, PL); electricity surcharge (SI); carbon reduction
commitment (GB); contribution of low-voltage electrical energy distributors, contribution to electricity generators
for public services provided (FR); utility charges (HR)

EPT

Subsidized electricity tax (LV); licenses on energy production and distribution (PL); levy on revenues of operators in
the energy sector issued by the electricity and gas authority (IT); tax on electric installations, tax on
low-energy-efficient light bulbs (PT); electricity regulator fees, non-fossil fuel obligation levy (UK); tax on businesses
of electrical networks, tax on electricity pylons (FR); tax on the production and transport of energy that has an
impact on the environment, tax on the visual impact caused by the electric energy supply elements and the fixed
elements of telematic and telephonic networks, special tax on electricity, tax on electric energy production, fee for
the provision of services and implementation of activities in relation to the electricity sector, tax on effluent, use of
hydrocarbons and mines, fee for the provision of services and implementation of activities in relation to the gaseous
hydrocarbons sector (ES)

REPT

Tax on the use of water resources for the production of electricity (LV); electricity tax on hydroelectric power (SE);
taxes on hydroelectric concession works (FR); tax on wind power parks, tax on the use of continental waters for the
production of electrical power, fee for the use of continental waters for the production of electric energy (ES);
payments for the use of hydroelectric energy potential (SK); hydro-benefit tax (UK)

REST Fee for incentivizing electricity production from renewable energy sources and cogeneration (HR); surcharge on
energy to promote sustainable energy (NL); contracts for difference, renewable energy obligations (UK)

NET

Nuclear energy research levy (FI); nuclear fuel tax (DE); nuclear power plant income tax (LT); nuclear contribution
(HU); tax on installing nuclear equipment (SK); contribution of nuclear power plant to finance its de-composition,
indemnity for the restricted use of an area on the territory of nuclear power plant (SI); tax for reduction and storage
of nuclear waste, tax on nuclear power (SE)

WOT Duty on oil pipeline (DE); state duty for maintaining back-up reserves of oil products (LV); tax for maintaining
back-up reserves of petroleum products (PT)

EFC Contributions to the German National Petroleum Stockpiling Agency (DE); fees paid to the National Energy
Commission, contribution to the National Energy Efficiency Fund, tax on oil stockholding agencies (ES)

Note: ID—identification of energy tax group; AT—Austria; BG—Bulgaria; HR—Croatia; CZ—Czech Republic;
DK—Denmark; EE—Estonia; FI—Finland; FR—France; DE—Germany; GR—Greece; HU—Hungary; IT—Italy;
LV—Latvia; LT—Lithuania; NL—The Netherlands; PL—Poland; PT—Portugal; RO—Romania; SK—Slovak
Republic; SI—Slovenia; ES—Spain; SE—Sweden; GB—United Kingdom; UA—Ukraine.

For the assessment, a panel regression modeling tool was chosen, which allowed us
to identify general effects for a sample of countries. Checking the input data using the
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Hausman and Breusch–Pagan tests proved that the generalized least square model with
random effects was the most relevant. The study involved the construction of a series of
univariate regression dependences of the impact of energy taxes (measured using aggregate
tax revenues from a certain group of energy taxes, quantified in million USD) on each of
the parameters of energy security. In general, the model has the following construction:

ESPn
it = β0 + β1ETGm

it + ε (1)

where ESPn
it is n parameter of energy security in the country i in the period t; ETGm

it is an
indicator of tax revenues of m group of environmental taxes in the country i in the period t;
and ε is the error of measurement and specification.

To test the hypothesis regarding the delayed impact of environmental taxes on ensur-
ing energy security, two options were evaluated for each of the dependencies: without a
time lag and with a time lag of three years.

The next hypothesis of the study was that the initial structure of energy production
in the country determined the intensity of the transition to renewable energy and the
possibility of increasing energy security in the country. To test this hypothesis, the countries
were grouped into clusters according to the parameters of the energy production structure
(solid fossil fuels, peat and peat products, oil shale and oil sands, natural gas, oil and
petroleum products (excluding biofuel portion), renewables and biofuels, non-renewable
waste, nuclear heat). For clustering, the Calinski–Harabasz stopping rule was used, which
made it possible to determine the optimal number of clusters for distribution, as well as the
k-means method, which made it possible to divide countries into clusters and determine
the key characteristics of each of the clusters. At this stage of the study, a set of regression
dependencies describing the impact of energy taxes on energy security parameters was
built in the section of each of the clusters.

4. Results

The first stage of the study involves assessing the impact of energy taxes on energy
security parameters in general for the entire sample of the studied countries. Table 2
presents the results of the assessment of the impact of energy taxes on the indicators of heat
and renewable energy production.

The calculations demonstrate a broad impact of different variations in energy taxes
on energy security indicators, which are related to the structure of the country’s energy
system. In particular, the growth of revenues from complex energy taxes, which simul-
taneously ensure taxation of various energy sources, causes a reduction in the share of
energy production from oil, gas, and coal. It is important that this effect is short-term and
does not persist when a time lag is introduced into the model. Considering the impact of
energy taxes, which are set separately for different methods of consuming energy resources,
we note that taxes on mineral oils and natural gas, which determine the reduction in the
share of energy production from combustible resources in both the short and medium term,
turned out to be the most effective. At the same time, coal taxes have shown effectiveness
only in the short term. The statistically insignificant impact of energy taxes, which are set
simultaneously for different combustible energy sources, turned out to be unexpected. It
is also important that the taxation of electricity production and consumption in general
also ensures a reduction in the share of energy production from fossil sources, which
corresponds to modern strategies for ensuring the sustainable development of energy. In
this context, we noted that the establishment of energy taxes to stimulate the production
of energy from renewable sources ensured a reduction in the share of energy production
from fossil sources in the short term; however, within three years, this effect changed to the
opposite. Along with this issue, the increase in the share of energy production was also
influenced by the increase in contributions to energy funds. The influence of the studied
groups of energy taxes on the indicator of energy consumption from combustible sources
turned out to be almost identical.
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Table 2. Results of assessment of various energy taxes’ impacts on structure of energy production
and consumption parameters in European countries for period 1994–2021.

Variable Lag OGCE FFEC RSE HSE WSE SSE RMWE

CDT
0Y −0.002 *** −0.001 *** 0.001 *** 0.317 * 0.482 *** 0.346 *** 0.065 ***
3Y −0.001 −0.001 ** 0.002 *** 0.103 0.639 *** 0.41 *** 0.068 ***

FFT
0Y −0.001 −0.000 −0.001 *** 0.348 *** 1.132 *** 0.387 *** 0.051 ***
3Y −0.001 −0.000 −0.001 *** 0.369 *** 1.341 *** 0.471 *** 0.057 ***

MOT
0Y −0.003 *** −0.002 *** 0.001 *** −0.295 * 1.444 *** 0.286 *** 0.057 ***
3Y −0.004 *** −0.002 *** 0.001 *** 0.214 2.105 *** 0.37 *** 0.053 ***

CT
0Y −0.002 *** −0.002 0.007 0.291 −6.554 *** −2.454 *** −0.422 ***
3Y 0.002 −0.001 0.001 0.423 −7.023 ** −2.867 ** −0.407 ***

NGT
0Y −0.004 * −0.003 ** −0.002 1.043 1.428 * 1.761 *** 0.126 ***
3Y −0.006 ** −0.005 *** 0.000 2.095 * 2.517 ** 2.171 *** 0.118 ***

ECT
0Y −0.001 *** −0.001 *** 0.001 *** −0.087 1.907 *** 1.736 *** 0.057 ***
3Y −0.002 *** −0.002 *** 0.001 *** −0.135 2.103 *** 1.857 *** 0.047 ***

EPT
0Y −0.003 ** −0.003 *** 0.004 *** −0.355 16.2 *** 3.642 *** 0.087 ***
3Y −0.005 ** −0.004 *** 0.004 *** −0.118 15.705 *** 4.596 *** 0.066 ***

REPT
0Y 0.002 0.000 0.008 ** −3.685 −4.425 *** −1.044 0.054
3Y −0.002 0.003 0.001 7.127 2.39 0.308 0.027

REST
0Y −0.004 *** −0.002 *** −0.007 ** 0.055 6.568 *** 1.631 *** 0.035 *
3Y 0.009 ** 0.004 ** −0.016 *** −0.061 10.682 *** 2.84 *** 0.056

NET
0Y −0.002 −0.007 ** −0.001 0.063 −5.306 *** −1.089 *** −0.016
3Y −0.003 −0.009 ** −0.001 −0.134 −4.539 *** −1.266 *** 0.030

WOT
0Y 0.006 −0.013 −0.027 *** −0.022 5.792 −0.627 0.699 ***
3Y −0.005 −0.047 *** −0.015 * 0.149 8.076 * −0.294 0.624 ***

EFC
0Y 0.010 * 0.002 0.006 −9.896 ** 36.055 6.385 1.396 *
3Y 0.002 −0.002 0.004 −8.79 * 35.462 9.565 1.969 **

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

To ensure the energy security of the country, it is strategically important to increase the
share of renewable energy. Four groups of energy taxes (comprehensive taxes on different
energy sources, taxes on mineral oils, taxes on energy production and consumption, and
taxes on energy production from renewable sources) have demonstrated such an impact.
At the same time, the fact that the establishment of incentive taxes for the development
of renewable energy has the opposite effect to the expected one is strategically important,
as it leads to a reduction in the share of energy production from renewable sources. In
addition, taxes on waste oil and complex taxes on fossil energy resources also determine
the reduction in the share of renewable energy.

For a more in-depth analysis of the tax policies that stimulate the development of
renewable energy, we will also investigate the dependence of the amount of energy pro-
duced from renewable sources on various energy taxes. In this context, it is important
that complex taxes on the consumption of various energy resources ensure the growth of
production volumes of all investigated types of renewable energy (solar, wind, hydropower,
and energy from waste) in different periods of analysis. Comprehensive taxes on the
consumption of fossil energy resources have the same effect. In addition, taxes on the
production and consumption of electricity turned out to be effective tools for stimulating
the development of renewable energy in all directions except for hydropower, for which the
impact turned out to be statistically insignificant. The stimulating effect of taxes on natural
gas was confirmed for the development of hydropower in the medium-term period, as well
as for other directions simultaneously in the short- (less than 1 year) and medium-term
(3 years) periods. Taxes on mineral oils proved to be an inhibitor of the development of
hydropower, while at the same time stimulating the growth of other types of renewable
energy. Taxation of oil waste also has a limited stimulating effect. In contrast, coal taxes are
a disincentive to almost all types of renewable energy production. We noted that the impact
of taxes on the stimulation of renewable energy has a somewhat limited effectiveness:
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statistically significant dependencies were confirmed for the production of solar and wind
energy, as well as for the production of energy from waste (only in the short term), while
the taxation of these areas of energy is only a significant deterrent factor for wind power
generation. At the same time, the presence of contributions to national energy funds in
countries has a controversial effect, which stimulating for the production of energy from
waste, restraining for solar energy, and statistically insignificant for other types.

The next important area of energy security research is the effectiveness of the national
energy system, both in the context of fully meeting the country’s needs and in terms of
energy production losses and related environmental damage. The results presented in
Table 3 proved that energy taxes also have regulatory effectiveness in this direction.

Table 3. Results of assessment of energy taxes’ impact on efficiency of national energy systems in
European countries for period 1994–2021.

Variable Lag EI TDL CO2int CO2em ME NOE

CDT
0Y −0.001 −0.001 ** −0.001 *** 0.000 0.000 0.000 **
3Y −0.001 *** −0.001 ** −0.001 ** 0.000 0.000 0.000 **

FFT
0Y 0.000 −0.000 −0.001 ** 0.001 ** −0.001 *** 0.000
3Y 0.000 −0.000 −0.001 * 0.001 *** −0.001 *** 0.000

MOT
0Y 0.001 −0.001 *** −0.001 *** −0.001 −0.001 *** 0.001 ***
3Y 0.000 −0.001 *** −0.001 *** −0.001 −0.001 *** 0.001 ***

CT
0Y −0.011 0.000 −0.000 −0.005 *** −0.001 *** −0.002 ***
3Y 0.004 0.001 −0.000 −0.003 * −0.005 *** −0.004 ***

NGT
0Y −0.003 0.000 −0.001 *** −0.001 * −0.000 0.001
3Y 0.001 0.000 −0.001 *** −0.001 * −0.001 0.002 ***

ECT
0Y −0.001 ** −0.001 −0.001 *** 0.000 −0.001 *** 0.001 ***
3Y −0.001 ** −0.001 −0.001 *** 0.000 −0.001 ** 0.002 ***

EPT
0Y 0.000 0.000 −0.001 *** 0.000 0.001 * −0.000
3Y −0.004 *** 0.000 −0.001 *** −0.002 *** 0.002 *** −0.000

REPT
0Y −0.001 −0.001 0.000 −0.001 −0.000 0.002
3Y 0.015 −0.001 0.000 −0.006 −0.003 −0.02 ***

REST
0Y 0.009 *** −0.000 0.001 ** −0.001 −0.002 *** 0.002 *
3Y −0.002 −0.003 *** 0.001 ** 0.005 *** X X

NET
0Y −0.007 ** −0.001 −0.001 *** 0.003 0.001 0.001
3Y −0.008 * −0.004 −0.001 *** 0.007 ** 0.002 0.004

WOT
0Y −0.124 *** −0.008 *** −0.001 −0.012 ** 0.011 *** −0.011 *
3Y 0.04 −0.005 * −0.002 *** −0.016 *** 0.008 −0.012

EFC
0Y −0.021 *** −0.006 *** −0.001 0.012 *** 0.039 *** 0.001
3Y −0.027 *** −0.006 *** −0.001 0.014 *** 0.036 *** 0.001 *

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

The obtained results confirmed that individual energy taxes ensured a reduction in
the import of energy resources. Such an impact is recorded for taxes on the production
and consumption of electricity, taxes on nuclear energy, taxes on oil waste, contributions to
state energy funds, and comprehensive energy and energy resource taxation instruments.
Instead, the increase in taxes used to stimulate renewable energy turned out to be the reason
for the increase in the share of energy imports. Comprehensive energy taxes, taxation
of oil and oil products, contributions to state energy funds, and taxes for stimulating
renewable energy turned out to be tools for reducing losses during energy distribution and
transportation. In the context of minimizing environmental damage from the functioning
of the energy system, the impact of most energy taxes turned out to be controversial,
simultaneously ensuring the reduction in emissions of some types of harmful substances
while the emissions of other pollutants increased. Use of taxes on coal can reduce emissions
of different pollutants. On the other hand, the growth of the contributions to national
energy funds led to an increase in environmental pollution.
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Generalizing the results of the first stage of the study, the regulatory impact of certain
types of regulatory taxes on ensuring the country’s energy security parameters should
be summarized (Table 4). Summarizing the level of regulatory effectiveness of certain
types of energy taxes, we noted that complex taxes on both energy resources and energy
sources turned out to be the most effective methods, as they ensure the improvement of
the values of almost all parameters of energy security and lead to minimal deterioration of
individual indicators. The establishment of comprehensive energy taxes on fossil energy
resources, oil and oil products, natural gas, coal, energy production, and consumption also
proved to be effective. At the same time, the taxation of renewable energy is debatable,
since the achieved effects are controversial—the improvement in certain parameters of
energy security is offset through the deterioration of others. Taxes related to nuclear energy
separately had the same final effect. Establishing contributions to national energy funds
turned out to be ineffective for ensuring energy security—in most cases, their presence
worsens the value of the studied parameters.

Table 4. Regulatory impact of various energy taxes on ensuring energy security in European countries.

ESP DI CDT FFT MOT CT NGT ECT EPT REPT REST NET WOT EFC

OGCE ↓ + 0 + + + + + 0 +/− 0 0 −
FFEC ↓ + 0 + 0 + + + 0 +/− + + 0
RSE ↑ + − + 0 0 + + + − 0 − 0
HSE ↑ + + − 0 + 0 0 0 0 0 0 −
WSE ↑ + + + − + + + − + − + 0
SSE ↑ + + + − + + + 0 + − 0 0

RMWE ↑ + + + − + + + 0 + 0 + +
EI ↓ + 0 0 0 0 + + 0 − + + +

TDL ↓ + 0 + 0 0 0 0 0 + 0 + +
CO2int ↓ + + + 0 + + + 0 − + + 0
CO2em ↓ 0 − 0 + + 0 + 0 − − + −

ME ↓ 0 + + + 0 + − 0 + 0 − −
NOE ↓ − 0 − + − − 0 + − 0 + −

Note: «ESP»—energy security parameter; «DI»— desired direction of change in indicator to ensure energy security;
«↓»—reduction in indicator; «↑»—growth of indicator; «+»—a tax instrument ensures achievement of desired
direction of change in indicator; «−»— tax instrument provides a change in indicator in direction opposite to
desired one; «+/−»— tax instrument changes its direction of influence in short and medium term; «0»— tax
instrument has no statistically significant effect.

The next stage of the research is to check the role of the formed pattern of building
the country’s energy system on the effectiveness of its transformation to ensure energy
security. Using the cluster analysis toolkit (k-means method), three models of energy
system construction in the studied countries were identified (Figure 1).

The conducted study proved that the structure of energy production in European
countries in 1994 was characterized by three main models, which became the basis for
grouping countries into clusters (Table 5). In the countries included in the first cluster, the
basis of energy production was fossil energy resources, while the ratio of oil, gas, and solid
fossil fuels was evenly diversified. The countries included in the second cluster had the
highest degree of energy diversification, providing energy production from all available
types of resources, while the concentration of one type of energy resource in the system
did not exceed 33%. In the countries that formed the third cluster, the highest level of the
share of renewable energy is observed among all objects of the study; at the same time, the
concentration of the energy system on one type of energy resources (oil and oil products)
exceeds 50%.
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Figure 1. Description of different clusters of European countries according to structure of energy
production in 1994, %. Note: authors’ calculations based on data from https://ec.europa.eu/eurostat/
en/web/main/data/database, accessed on 10 February 2023.

Table 5. Results of European countries’ clustering according to structure of energy production in 1994.

Cluster 1 Cluster 2 Cluster 3

Clusters’ description

Energy production is based on
the fossil fuels studied.

Concentration of one type of
energy source is moderate.

Well-diversified energy
production system. All types of

energy sources are involved.

High concentration of one type
of fossil fuel. Quite high level of
renewable energy production.

Countries

Bulgaria, Czech Republic,
Denmark, Germany, Hungary,

Netherlands, Poland,
Romania, Slovak Republic,
United Kingdom, Ukraine

Estonia, Finland, France,
Lithuania, Slovenia, Sweden

Austria, Croatia, Greece, Italy,
Latvia, Portugal, Spain

Evaluating the impact of energy taxes on energy security indicators in terms of in-
dividual clusters determines the effectiveness of tax instruments under different initial
conditions. The results presented in Table 6 show that complex energy taxes only proved to
be an effective tool for stimulating the reduction in the share of energy production from
fossil sources in countries that initially had well-diversified structures of energy production.

https://ec.europa.eu/eurostat/en/web/main/data/database
https://ec.europa.eu/eurostat/en/web/main/data/database
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Table 6. Results of assessment of energy taxes’ impact on percentage of electricity production from
oil, gas, and coal sources in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT −0.001 0.001 −0.002 *** −0.002 *** −0.001 −0.000
FFT 0.001 * 0.001 *** 0.033 *** 0.033 *** X X

MOT −0.005 *** −0.006 *** X X −0.001 −0.005 ***
CT −0.002 0.002 −0.092 ** −0.069 * 0.019 X

NGT −0.042 *** −0.031 *** X X 0.009 *** X
ECT −0.001 0.004 −0.001 −0.002 −0.002 *** −0.003 ***
EPT −0.001 −0.003 X X −0.003 * −0.008 **

REPT 0.645 ** 0.579 * 0.014 ** 0.015 * X X
REST −0.005 *** X X X X X
NET 0.003 −0.003 −0.015 ** −0.021 * X X
WOT X X X X 0.040 −0.134
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

At the same time, comprehensive taxes on fossil fuels led to an increase in the share of
energy production from fossil sources in countries with a high and medium concentration
of combustible energy resources. Taxes on mineral oil and taxes on natural gas were
most effective in reducing fossil energy production in countries focused on such energy
production, while coal taxes are more effective in diversified energy systems. It is quite
important that taxes on the production and consumption of electricity became an incentive
to reduce its production from fossil sources only in those countries in which the share of
renewable energy was initially the highest. At the same time, taxes on the production
of electricity from renewable sources in countries with an initial low level of renewable
energy became a disincentive for the further development of carbon-neutral energy. The
impact of energy taxes on fossil fuel energy consumption also turned out to be diversified
(Table 7). Thus, comprehensive taxes proved to be a significant incentive only in the
second cluster of countries, which had the lowest share of combustible energy resources
in energy production. Taxes on all energy resources, therefore, were only an incentive
to reduce the production of the most environmentally harmful energy, while specialized
taxes on combustible energy resources were a more valuable fiscal instrument. Among the
energy taxes related to individual objects of taxation, the greatest incentives to reduce the
consumption of fossil fuel energy turned out to be taxes on mineral oils for the countries
in the first and third clusters, taxes on natural gas for the countries in the first cluster, and
taxes on nuclear energy for the countries in the second cluster. Taxes on the production
and consumption of electricity were also characterized by efficiency for certain types of
economies.

Comprehensive energy taxes proved to be an effective incentive for the development
of renewable energy for countries with an initial low level of renewable energy in the energy
system, while disincentivizing its further development in systems with a higher level of
renewable energy (Table 8). At the same time, extensive taxation of fossil energy resources
discouraged the development of renewable energy in countries whose energy system was
focused on the use of this type of energy resource. On the other hand, taxation of certain
types of fossil energy resources in such countries created incentives for the development
of renewable energy. Unfortunately, the existing array of data did not allow a relevant
assessment of the impact of taxes on renewable energy across countries with different types
of energy system structures.
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Table 7. Results of assessment of energy taxes’ impact on percentage of fossil fuel energy consumption
in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT −0.001 −0.001 −0.006 *** −0.006 *** 0.000 0.000
FFT −0.001 0.000 0.043 *** 0.044 *** X X

MOT −0.002 *** −0.002 *** X X −0.002 *** −0.004 ***
CT −0.003 −0.001 0.021 * 0.036 *** 0.012 X

NGT −0.028 *** −0.026 *** X X 0.003 *** X
ECT 0.002 0.002 −0.001 *** −0.002 *** −0.001 *** −0.001 ***
EPT −0.001 −0.001 X X −0.003 *** −0.005 ***

REPT 0.270 ** 0.246 * 0.059 ** 0.060 ** X X
REST −0.002 *** X X X X X
NET 0.003 0.001 −0.011 *** −0.014 *** X X
WOT X X X X 0.265 0.185
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

Table 8. Results of assessment of energy taxes’ impact on percentage of energy from renewable
sources in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT 0.002 *** 0.002 *** 0.004 *** 0.004 *** −0.001 *** −0.001 ***
FFT −0.001 *** −0.001 *** −0.001 −0.000 X

MOT 0.001 0.003 *** X X 0.000 0.003 ***
CT 0.023 ** 0.003 X X −0.020 ** −0.010

NGT 0.012 * 0.019 *** X X −0.003 *** −0.003 ***
ECT −0.012 *** −0.009 0.001 *** 0.001 *** 0.001 *** 0.001 ***
EPT X X X X 0.003 *** 0.004 ***

REPT X X X X X X
REST X X X X X X
NET −0.001 −0.001 0.018 *** 0.023 *** X X
WOT X X X X −0.355 *** −0.315 ***
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

Tax instruments for increasing renewable energy production vary for different types
of economies. Thus, in countries with a predominance of thermal energy production, incen-
tives for the development of hydropower turned out to be complex taxes on combustible
energy resources, taxes on electricity production, and taxes in the field of renewable energy.
In countries with diversified energy systems, such incentives were comprehensive taxes
on energy resources and taxes on combustible resources, as well as taxes on coal and on
the production of renewable energy; however, these taxes only provide incentives in the
short term. In countries with a high initial level of renewable energy, taxes on mineral oils
and their waste, taxes on coal, taxes on natural gas, and taxes on electricity consumption in
general provided the greatest incentives (Table 9).
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Table 9. Results of assessment of energy taxes’ impact on gross production of electricity and derived
heat from hydropower sources in European countries with different initial structures of energy
production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT 0.069 0.096 2.676 *** 2.748 *** 0.232 −0.236
FFT 0.310 *** 0.329 *** 5.077 *** 5.273 *** X X

MOT 0.097 0.039 X X 0.364 1.042 **
CT −0.128 −0.096 255.204 *** 241.083 *** 65.907 *** 84.444 ***

NGT −0.659 0.116 X X 9.281 *** 9.273 ***
ECT 2.145 ** 2.368 −0.332 −0.110 2.708 *** 2.911 ***
EPT −1.075 * −0.189 X X 0.717 −0.094

REPT 40.148 *** 44.222 ** 55.946 ** −5.501 X X
REST 0.616 ** 1.026 ** X X X X
NET 0.048 0.005 3.695 −1.678 X X
WOT X X X X 273.782 *** 297.695 ***
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

It should be noted that all energy taxes turned out to be incentives for wind energy
production for countries with an initially high level of renewable energy, the impacts of
which were assessed (Table 10). At the same time, for other countries, coal taxes turned
out to be a disincentive to this process, while for countries with an initially minimal level
of renewable energy, nuclear energy taxes and electricity consumption taxes also had a
disincentive effect.

Table 10. Results of assessment of energy taxes’ impact on gross production of electricity and derived
heat from wind sources in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT 1.871 *** 2.399 *** 0.645 *** 0.902 *** 0.272 ** 0.358 **
FFT 1.112 *** 1.316 *** −0.077 −0.13 X X

MOT 1.433 *** 1.866 *** X X 2.482 ** 5.066 ***
CT −4.89 ** −5.701 *** −78.903 *** −116.656 *** 45.228 * 194.704 ***

NGT 12.67 *** 13.659 *** X X 1.352 ** 1.762 **
ECT −16.036 *** −0.719 3.491 *** 4.454 *** 1.327 *** 1.354 *
EPT −0.124 −0.599 X X 18.058 *** 17.179 ***

REPT 13.324 27.008 −0.552 −2.117 X X
REST 6.248 *** 9.753 *** X X X X
NET −6.176 *** −5.644 *** 16.417 *** 24.915 *** X X
WOT X X X X 289.674 *** 342.105 ***
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

The influence of energy taxes on the production of solar energy is characterized by
a similar specificity compared to the previously identified dependencies related to the
influence of the development of renewable energy (Table 11).



Energies 2023, 16, 4203 16 of 26

Table 11. Results of assessment of energy taxes’ impact on gross production of electricity and derived
heat from solar sources in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT 0.353 *** 0.572 *** −0.027 *** −0.033 *** 0.363 *** 0.429 ***
FFT 0.381 *** 0.462 *** 0.194 *** 0.277 *** X X

MOT 0.2 *** 0.290 *** X X 0.337 0.950 ***
CT −1.873 *** −2.668 *** −15.354 * −40.259 *** 30.066 *** 45.794 ***

NGT 0.260 0.666 X X 1.622 * 2.340 **
ECT −2.204 ** 1.066 1.338 *** 1.674 *** 1.862 *** 1.878 ***
EPT −0.072 −0.163 X X 3.44 *** 4.346 ***

REPT −8.139 *** −7.836 ** 0.006 0.016 X X
REST 1.38 *** 1.976 *** X X X X
NET −1.132 *** −1.33 *** 0.158 * 0.389 *** X X
WOT X X X X 10.374 20.225 **
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

At the same time, of strategic importance is the fact that for the countries in the
first cluster, taxation of energy production from renewable sources turned out to be a
disincentive, while taxes aimed at stimulating renewable energy were confirmed as efficient.

The production of energy from waste has a double environmental impact; thus, it
is important to determine the most effective incentives for such production (Table 12).
Therefore, tax instruments had the broadest effect for the countries in the first cluster. The
impact of most types of energy taxes turned out to be direct, with only taxes on coal, nuclear
energy, and electricity consumption in general turning out to be limiting instruments. The
set of stimulants for other countries also turned out to be different. Thus, for countries that
had a well-diversified energy structure at the beginning of the study, taxes on electricity
consumption, taxes on energy production from renewable sources, and taxes on nuclear
energy became effective tools. For countries with an initially high level of renewable energy,
taxes on oil, oil products, and oil waste, complex energy taxes, and coal taxes proved to be
effective with a time lag of three years.

Table 12. Results of assessment of energy taxes’ impact on gross energy production from renewable
municipal waste in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT 0.097 *** 0.107 *** X 1.675 0.020 *** 0.023 ***
FFT 0.052 *** 0.058 *** X X X X

MOT 0.103 *** 0.091 *** X X 0.049 *** 0.051 ***
CT −0.225 ** −0.222 *** 1.125 X X 0.800 ***

NGT 0.521 *** 0.320 *** X X X X
ECT −0.226 *** 0.178 ** 0.113 *** 0.087 *** X X
EPT 0.066 * 0.110 ** X X 0.053 0.047

REPT 4.355 *** 5.223 *** 2.285 * 3.076 ** X X
REST 0.035 * 0.056 X X X X
NET −0.054 *** −0.004 0.879 *** 1.048 *** X X
WOT X X X X 1.449 *** 1.669 ***
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.
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The effectiveness of the impact of energy taxes on energy imports turned out to be
quite wide, depending on the structure of the energy system of the countries (Table 13).
For example, in countries whose energy system was based on fossil energy resources,
natural gas taxes and renewable energy production taxes became the determinants of
energy import reduction in the short term, while electricity production taxes and complex
energy taxes were determinants in the medium term. At the same time, taxation of fossil
energy resources turned out to be a stimulus for the growth of energy imports at all time
intervals in the study, stimulating taxes on renewable energy in the medium term, as well
as taxes on electricity consumption in the short term. For countries with a well-diversified
energy sector, taxation of nuclear energy became a limiting factor for energy imports, while
the imposition of taxes on combustible energy resources and on renewable energy sources
lead to an increase in the country’s energy dependence on external resources. The last
group of countries demonstrated the effectiveness of the restrictive effect on energy imports
for instruments such as comprehensive energy taxes (in the short term), mineral oil taxes
(with an average time lag), and electricity consumption taxes (at different time horizons).
At the same time, taxation of energy production from coal, natural gas, and nuclear fuel
leads to an increase in energy imports.

Table 13. Results of assessment of energy taxes’ impact on percentage of net energy imports in
European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT 0.001 −0.002 ** 0.000 0.001 −0.001 * 0.000
FFT 0.001 *** 0.001 *** 0.023 *** 0.026 *** X X

MOT 0.002 0.001 X X 0.001 −0.001 **
CT −0.012 0.004 −0.024 −0.005 0.065 *** X

NGT −0.069 *** −0.012 X X 0.007 *** X
ECT 0.005 0.014 *** −0.001 −0.002 −0.001 ** −0.001 ***
EPT −0.003 −0.030 *** X X 0.000 −0.005 ***

REPT −1.174 ** −0.594 0.042 ** 0.050 ** X X
REST 0.007 *** X X X X X
NET 0.001 −0.001 −0.029 *** −0.018 *** X X
WOT X X X X 0.510 * 0.310
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

The results of the calculations proved that the presence of energy taxes also stimulated
the efficiency of energy distribution and transportation from the point of view of minimizing
energy losses (Table 14). Thus, complex energy taxes and taxes on fossil fuels turned out to
be incentives for the countries in the first and second clusters, while taxes on mineral oils
were incentives for the countries in the first and third clusters. Moreover, taxes on natural
gas were incentives for the countries in the third cluster, while taxes on energy production
from renewable sources were incentives for the countries in the second cluster. At the same
time, the presence of taxes for stimulation of renewable energy production in the countries
in the first cluster increased the level of energy losses in the process of its production and
distribution.
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Table 14. Results of assessment of energy taxes’ impact on percentage of electric power transmission
and distribution losses in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT −0.001 *** −0.001 *** −0.001 *** −0.001 *** −0.001 0.000
FFT −0.001 *** −0.001 *** −0.011 *** −0.010 *** X X

MOT −0.001 *** −0.001 *** X X −0.002 *** −0.002 ***
CT 0.000 0.001 0.003 0.003 −0.010 X

NGT 0.001 0.001 X X −0.001 *** X
ECT −0.001 −0.001 0.000 −0.000 −0.000 0.000
EPT 0.000 −0.001 X X 0.001 0.000

REPT 0.056 0.044 −0.003 −0.004 ** X X
REST 0.001 * X X X X X
NET −0.001 −0.007 −0.001 −0.003 X X
WOT X X X X −0.026 0.027
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

Taxation of fuel energy resources, complex taxation of energy production, and taxation
of electricity production and consumption in most cases lead to a reduction in the level
of CO2 intensity of energy use (Table 15). On the other hand, taxation of natural gas in
countries with an initially higher level of renewable energy was the reason for the growth
of the carbon footprint, while in countries with a low level of renewable energy, taxes on
renewable energy had such an effect.

Table 15. Results of assessment of energy taxes’ impact on CO2 intensity of energy use in European
countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT −0.001 ** −0.001 −0.001 *** −0.001 *** −0.001 0.000
FFT 0.001 0.000 −0.001 *** −0.001 *** X X

MOT −0.001 *** −0.001 *** X X −0.001 *** −0.001 ***
CT −0.001 *** −0.001 −0.001 −0.001 0.001 X

NGT −0.001 *** −0.001 *** X X 0.001 *** X
ECT 0.000 −0.001 −0.001 *** −0.001 *** −0.001 *** −0.001 ***
EPT 0.000 −0.001 X X −0.001 *** −0.001 ***

REPT 0.005 * 0.006 * 0.001 *** 0.001 ** X X
REST 0.000 0.001 *** X X X X
NET 0.001 *** 0.001 *** −0.001 *** −0.001 *** X X
WOT X X X X 0.008 0.005
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

In countries with an initially extremely high level of energy production from fossil
fuels, comprehensive taxes on fossil energy sources, taxes on coal and natural gas, and taxes
on electricity production in general can reduce CO2 emissions in the energy production
process. On the other hand, the introduction of taxation of renewable energy and nuclear
energy leads to an increase in the level of pollution related to energy production (Table 16).
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Table 16. Results of assessment of energy taxes’ impact on CO2 emissions from electricity and heat
production in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT 0.001 0.001 0.004 *** 0.004 *** −0.001 0.000
FFT −0.001 *** −0.001 *** −0.044 *** −0.047 *** X X

MOT −0.001 −0.001 X X 0.000 0.001
CT −0.005 *** −0.003 * −0.120 ** −0.109 ** 0.027 ** X

NGT −0.014 *** −0.010 *** X X 0.001 *** X
ECT −0.004 −0.005 0.000 0.000 0.000 0.000
EPT −0.001 −0.002 *** X X −0.000 −0.001

REPT 0.041 0.083 ** −0.011 −0.016 *** X X
REST −0.001 0.007 X X X X
NET 0.005 *** 0.000 0.005 * 0.009 *** X X
WOT X X X X 0.259 ** 0.209 **
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

In the cluster of countries with diversified energy production structures, complex
taxes on fossil fuels, taxes on coal, and taxes on renewable energy production proved to be
effective incentives for the transition to a carbon-neutral economy, while nuclear energy
taxes and complex energy taxes demonstrated the opposite effect. In the third cluster of
countries, whose energy systems were more concentrated on the production of energy from
oil, taxes on coal, natural gas, and oil waste lead to an increase in the carbon footprints of
their national energy industries.

Energy taxes demonstrated the broadest impact in reducing methane emissions in
countries focused on energy production from fossil sources (Table 17). Only complex energy
taxes in this group turned out to be a trigger for the further growth of this type of pollution
in the process of energy production. At the same time, this group of taxes proved to be an
effective inhibitor of methane emissions in a well-diversified energy system. In contrast,
in the countries in the second cluster, there was an increase in methane emissions from
the energy system because of the impact of taxes on fuel energy resources, taxes on coal,
and taxes on nuclear energy and renewable energy, while comprehensive energy taxes and
taxes on electricity consumption were determinants of a decline in energy-related methane
production. In the countries in the third cluster, taxes on electricity production turned out
to be the only effective tool for limiting methane emissions.

The effectiveness of tax instruments in influencing the level of nitrate oxide emissions
was significantly differentiated depending on the initial functioning conditions of the
country’s energy system (Table 18). Thus, complex energy taxes proved to be an effective
inhibitor only in countries with diversified energy systems, and in other cases led to an
increase in pollution. Systematic taxation of fuel and energy resources almost always led
to an increase in environmental pollution, as did taxation of mineral oils and natural gas
and taxation of electricity consumption. Coal taxes proved to be an effective inhibitor
of nitrous oxide emissions in the countries in the first and second clusters, and taxes on
nuclear energy were a relevant tool for the countries in the first cluster. In contrast, while
taxes on renewable energy showed the expected deterrent effect for the countries in the
second cluster, they had the opposite effect in the countries in the first cluster.
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Table 17. Results of assessment of energy taxes’ impact on percentage of energy-related methane
emissions in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT 0.001 0.001 ** −0.006 *** −0.006 *** 0.000 0.000
FFT −0.001 *** −0.001 *** 0.018 *** 0.020 *** X X

MOT −0.001 *** −0.001 X X −0.000 0.000
CT −0.002 * −0.003 *** 0.067 *** 0.037 ** X X

NGT 0.003 −0.001 X X X X
ECT 0.001 −0.006 *** −0.002 *** −0.001 *** −0.001 −0.000
EPT −0.011 ** −0.012 ** X X −0.001 ** 0.000

REPT −0.252 * X 0.016 ** 0.008 * X X
REST X X X X X X
NET −0.200 *** −0.216 *** 0.003 ** 0.005 * X X
WOT X X X X X X
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

Table 18. Results of assessment of energy taxes’ impact on percentage of nitrous oxide emissions in
energy sector in European countries with different initial structures of energy production.

Variable
Cluster 1 Cluster 2 Cluster 3

0Y 3Y 0Y 3Y 0Y 3Y

CDT 0.001 *** 0.001 *** −0.003 *** −0.004 *** 0.001 * 0.001 *
FFT 0.000 *** 0.000 *** 0.023 *** 0.024 *** X X

MOT 0.001 *** 0.001 *** X X 0.002 *** 0.002 ***
CT −0.002 *** −0.006 *** −0.020 *** −0.022 *** X X

NGT 0.002 ** 0.001 X X X X
ECT −0.001 0.001 0.001 *** 0.001 *** 0.002 *** 0.003 ***
EPT 0.000 0.001 X X 0.001 −0.000

REPT 0.076 ** X −0.015 ** −0.011 ** X X
REST X X X X X X
NET −0.016 *** −0.020 *** 0.001 0.005 X X
WOT X X X X X X
EFC X X X X X X

Note: ***—statistical significance at level of 99%; **—statistical significance at level of 95%; *—statistical signifi-
cance at level of 90%; 0Y—model is built without time lag of impact; 3Y—model is built with 3-year time lag in
energy tax impact.

Summarizing the results of the conducted research, a list of the most effective types
of energy taxes should be devised, which should be applied to countries with various
prerequisites for the formation of energy systems. Thus, Table 19 summarizes the results of
evaluating the effectiveness of energy taxes in countries with an energy system focused on
the uniform use of various types of fossil energy resources.

For this group of countries, taxes on mineral oils and taxes on natural gas proved
to be the most effective methods, as they improved most indicators of energy security
and had almost no reversal effects that reduced their effectiveness. Complex energy taxes,
taxes on fossil energy resources, and stimulating taxes on the development of renewable
energy were also proved to be quite effective. On the other hand, in countries of this type,
taxation of energy production from renewable resources and nuclear energy turned out to
be extremely ineffective from the point of view of the complex impact on energy security.
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Table 19. Regulatory impact of various energy taxes’ impact on ensuring energy security in European
countries with structures of energy system initially based on fossil fuels (cluster 1).

ESP DI CDT FFT MOT CT NGT ECT EPT REPT REST NET WOT EFC

OGCE ↓ 0 − + 0 + 0 0 − + 0 0 0
FFEC ↓ 0 0 + 0 + 0 0 − + 0 0 0
RSE ↑ + − + + + − 0 0 0 0 0 0
HSE ↑ 0 + 0 0 0 + − + + 0 0 0
WSE ↑ + + + − + − 0 0 + − 0 0
SSE ↑ + + + − 0 − 0 − + − 0 0

RMWE ↑ + + + − + +/− + + + − 0 0
EI ↓ + − 0 0 + − + + − 0 0 0

TDL ↓ + + + 0 0 0 0 0 − 0 0 0
CO2int ↓ + 0 + + + 0 0 − − − 0 0
CO2em ↓ 0 + 0 + + 0 + − 0 − 0 0

ME ↓ − + + + 0 + + + 0 + 0 0
NOE ↓ − − − + − 0 0 − 0 + 0 0

Note: «ESP»—energy security parameter; «DI»—desired direction of change in indicator to ensure energy security;
«↓»—reduction in indicator; «↑»—growth of indicator; «+»—a tax instrument ensures the achievement of desired
direction of change in indicator; «−»—tax instrument provides a change in indicator in direction opposite to
desired one; «+/−»—tax instrument changes its direction of influence in short and medium term; «0»—tax
instrument has no statistically significant effect.

In countries with a well-diversified structure of energy production, integrated energy
taxes, nuclear energy taxes, and electricity consumption taxes proved to be the most
effective (Table 20).

Table 20. Regulatory impact of various energy taxes’ impact on ensuring energy security in European
countries with initially well-diversified structures of their energy systems (cluster 2).

ESP DI CDT FFT MOT CT NGT ECT EPT REPT REST NET WOT EFC

OGCE ↓ + − 0 + 0 0 0 − 0 + 0 0
FFEC ↓ + − 0 − 0 + 0 − 0 + 0 0
RSE ↑ + 0 0 0 0 + 0 0 0 + 0 0
HSE ↑ + + 0 + 0 0 0 + 0 0 0 0
WSE ↑ + 0 0 − 0 + 0 0 0 + 0 0
SSE ↑ − + 0 − 0 + 0 0 0 + 0 0

RMWE ↑ 0 0 0 0 0 + 0 + 0 + 0 0
EI ↓ 0 − 0 0 0 0 0 − 0 + 0 0

TDL ↓ + + 0 0 0 0 0 + 0 0 0 0
CO2int ↓ + + 0 0 0 + 0 − 0 + 0 0
CO2em ↓ − + 0 + 0 0 0 + 0 − 0 0

ME ↓ + − 0 − 0 + 0 − 0 − 0 0
NOE ↓ + − 0 + 0 − 0 + 0 0 0 0

Note: «ESP»—energy security parameter; «DI»—desired direction of change in indicator to ensure energy security;
«↓»—reduction in indicator; «↑»—growth of indicator; «+»—a tax instrument ensures achievement of desired
direction of change in indicator; «−»—tax instrument provides a change in indicator in direction opposite to
desired one; «+/−»—tax instrument changes its direction of influence in short and medium term; «0»—tax
instrument has no statistically significant effect.

It should be noted that the cumulative effect of taxes on the production of energy from
fossil and renewable sources on energy security is minimized, since the positive effects
of improving some indicators are offset via the deterioration of other parameters. The
non-confirmed statistical significance of the effects of other taxes on energy security indicate
that, in the countries in this group, they have a fiscal rather than a regulatory purpose.

Calculations for the final group of countries showed that the most effective method is
taxes on mineral oils, which is quite natural, given the high reliance of the energy systems
of these countries on the production of energy from oil (Table 21). Taxation of oil waste was
also relatively effective in these countries.
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Table 21. Regulatory impact of various energy taxes’ impact on ensuring energy security in European
countries with initially high levels of renewables in the structures of their energy systems (cluster 3).

ESP DI CDT FFT MOT CT NGT ECT EPT REPT REST NET WOT EFC

OGCE ↓ 0 0 + 0 − + + 0 0 0 0 0
FFEC ↓ 0 0 + 0 − + + 0 0 0 0 0
RSE ↑ − 0 + − − + + 0 0 0 − 0
HSE ↑ 0 0 + + + + 0 0 0 0 + 0
WSE ↑ + 0 + + + + + 0 0 0 + 0
SSE ↑ + 0 + + + + + 0 0 0 + 0

RMWE ↑ + 0 + + 0 0 0 0 0 0 + 0
EI ↓ + 0 + − − + + 0 0 0 − 0

TDL ↓ 0 0 + 0 + 0 0 0 0 0 0 0
CO2int ↓ 0 0 + 0 − + + 0 0 0 0 0
CO2em ↓ 0 0 0 − − 0 0 0 0 0 − 0

ME ↓ 0 0 0 0 0 0 + 0 0 0 0 0
NOE ↓ − 0 − 0 0 − 0 0 0 0 0 0

Note: «ESP»—energy security parameter; «DI»—desired direction of change in indicator to ensure energy security;
«↓»—reduction in indicator; «↑»—growth of indicator; «+»—a tax instrument ensures achievement of desired
direction of change in indicator; «−»—tax instrument provides a change in indicator in direction opposite to
desired one; «+/−»—tax instrument changes its direction of influence in short and medium term; «0»—tax
instrument has no statistically significant effect.

The difference between this group of countries and the previous groups is the high
efficiency of taxation of electricity production and consumption in ensuring energy security,
along with the relatively low efficiency of complex energy taxes. Another important factor
is the fact that in countries with a high level of energy production from renewable sources,
taxes on renewable energy do not have any regulatory effectiveness.

5. Discussion

The research conducted made it possible to select the optimal energy taxes in the
context of ensuring energy security. The grouping of energy taxes in terms of tax objects
made it possible to test the hypothesis regarding the importance of choosing an approach
to the establishment of regulatory instruments. The calculations confirmed that the impact
of the same energy taxes on different parameters of energy security can be different, which
proves the need to consider the complex effectiveness of tax instruments when deciding on
their application. It is important that, in most cases, the obtained effects of energy taxes on
energy security parameters are similar in the short- and long-term periods. This finding
increases the value of environmental taxes as tools for achieving the regulatory goals of the
state in ensuring energy security. The results of the calculations proved that complex energy
taxes are the most effective in most cases. Considering the calculations separately for each
type of energy taxes, this finding determines the perspective of further research on the
effectiveness of the simultaneous application of different types of energy taxes in individual
countries. We noted that the modeling process did not consider tax benefits when applying
energy taxes, as well as the differentiation between tax rates when applying the same types
of energy taxes in different countries or when simultaneously taxing different objects with
the same tax. These factors are also decisive for maximizing the regulatory potential of tax
instruments and should be considered when making management decisions.

The cluster analysis of European countries based on the structures of their energy
systems allowed us to reveal significant differentiation at the time of the beginning of the
study. Modeling the effects of influence in the section of individual clusters proved that
the regulatory efficiency of energy taxes also depends on the former model of the national
energy system. The obtained results revealed that the same types of energy taxes can have
different effects on certain aspects of ensuring energy security. This finding indicates the
necessity of forming an energy taxation strategy that considers systemically important
branches of the energy sector and depends on the priority goals of the state environmental
and energy policy. It is important that the complex impact of energy taxes on energy
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security often involves the leveling of several achieved positive effects at the expense of
negative effects on other aspects, which in some cases leads to a decrease in the overall level
of energy security because of the functioning of energy taxes. In addition, it was found
that in some groups of countries, certain types of energy taxes do not have a regulatory
effect on energy security at all, which allows them to be interpreted as fiscal rather than
regulatory instruments. It should be noted that during the research, individual models
could not be built due to insufficient data, which relates to the tax reforms that took place in
the countries during the research and led to the cancellation or introduction of certain types
of energy taxes. This outcome creates prospects for further research on the effectiveness of
such tax instruments using data from a wider sample of countries.

6. Conclusions

The research conducted proved that the choice of objects of taxation with energy taxes
is important for ensuring energy security. At the same time, the obtained results should
be interpreted in the context of the achieved effects of influence on various parameters of
energy security. It was proved that the total efficiency was greatest for complex energy taxes,
while it was lowest for contributions to energy funds, the presence of which ultimately
leads to a deterioration of energy security parameters. In the research process, it was also
confirmed that the strategy for setting energy taxes should be formed depending on the
prerequisites for building the country’s energy system. Thus, the effectiveness of complex
energy taxes is the highest in countries with a well-diversified energy system structure, and
the lowest in countries with a high level of reliance on one type of energy resource. At the
same time, complex taxes on fossil fuel sources were proved to be effective only in countries
whose energy system is focused on the use of fossil fuel energy resources. Importantly, taxes
to stimulate renewable energy were proved to be effective only in countries with an initially
minimal level of renewable energy use. In most cases, the differentiation between the
achieved regulatory effects of energy taxes in the short- and medium-term perspectives was
not confirmed, which is of great importance for evaluating and forecasting the effectiveness
of the tax policy of states in the field of energy. The obtained results create significant value
for the development of strategies for the transformation of energy systems of countries
in the context of ensuring the sustainable development of energy. Balancing the effects
of energy taxes on various aspects of energy security, as well as considering their fiscal
effectiveness, will allow states to maximize their progress toward achieving the goals of
state regulation of the economy, and accelerate progress toward achieving the Sustainable
Development Goals through forming an environmentally safe and economically efficient
energy system. The obtained results provide a powerful background for policymakers to
develop a system of energy taxation. The system of energy taxation should be built based
on the initial structure of energy production and according to the priority goals of policy.
However, it is also important to choose a workable combination of several energy taxes to
provide the maximum positive effect.
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