Y]IK 336.2:504:330.34
https://doi.org/10.5281/zen0od0.14603488

Environmental taxes as a tool for the green economy and sustainable

infrastructure development

Tverezovska Oleksandra
Phd Student, Trainee-lecturer at the Department of Financial Technologies and
Entrepreneurship Academic and Research Institute of Business, Economic and
Management, Sumy State University, Sumy, Ukraine, https://orcid.org/0000-0002-
4755-8699, Scopus ID: 58250287700

Samusevych Yaryna
Phd, Associate Professor at the Department of Accounting and Taxation Academic
and Research Institute of Business, Economic and Management Sumy State
University, Sumy, Ukraine, https://orcid.org/0000-0001-7048-8388, Scopus ID:
56669955400

Mpuiiasaro: 15.12.2024|Onyo6aikoBano: 29.12.2024

Abstract. In the article the role of environmental taxes in advancing the green
economy and financing sustainable infrastructure development was invistagated. A
comprehensive analysis of academic literature and research was undertaken to
examine the theoretical foundations of environmental taxation and its economic
implications. Practical insights were derived from case studies of European
countries, focusing on the design and implementation of environmental tax systems
and the strategic allocation of tax revenues toward green initiatives and

infrastructure development. Additionally, statistical correlation and regression



analyses were conducted to evaluate the relationship between environmental tax
revenue and explanatory variables.

The aim of the article is to evaluate the role and efficacy of environmental
taxes as a strategic policy instrument for advancing green economic transitions and
fostering sustainable infrastructure development in the energy sector.

Methods of the research include literature review of existing academic
literature on environmental taxation, green economy practices and infrastructure
financing; examination of case studies from European countries (Denmarks,
Sweden, Finland, Austria and Netherlands); statistical correlation and regression
analysis of environmental tax revenue data and range of explanatory variables.

Results of the research confirm that environmental taxes provide a
significant revenue stream, particularly in countries with established carbon pricing
mechanisms and energy taxes. These revenues have been effectively allocated to
support renewable energy development, energy efficiency improvements, and green
infrastructure projects. Countries with higher environmental tax rates exhibit
reductions in carbon emissions and increased adoption of cleaner energy
technologies. The analysis highlights a positive correlation between environmental
tax revenue and investments in low-carbon infrastructure. Stronger fiscal signals,
such as high implicit energy tax rates and investments in research and development
(R&D), contribute to greater energy efficiency and technological advancements.
These factors bolster the effectiveness of environmental taxation systems in driving
sustainable economic transitions. The effectiveness of environmental taxes varies
based on policy design and implementation. Countries with transparent revenue
allocation mechanisms and integrated policies linking taxation to sustainability
objectives achieve more substantial outcomes. Some factors, such as the share of
renewables and energy import dependency, do not exhibit a direct or isolated impact
on environmental tax revenues. Political resistance, equity concerns, and potential
economic burdens on vulnerable populations remain challenges for widespread

adoption.



Conclusions. Environmental taxes are a vital tool for advancing the green
economy and financing sustainable infrastructure development. They not only
provide economic incentives to reduce pollution and improve resource efficiency
but also create a reliable revenue stream for funding essential green infrastructure
projects. The study underscores the importance of aligning environmental tax
policies with broader innovation and efficiency agendas to maximize their impact.
While challenges such as political resistance and equity issues persist, transparent
revenue allocation and integrated policy frameworks can enhance the effectiveness
of environmental taxes.

Keywords: environmental taxation; sustainable development; renewable

energy financing; infrastructure investment.
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AHoTanig. Y CTaTTi po3MVIAHYTO POJIb €KOJOTYHHUX MOJATKIB Y MPOCYBaHH1
3€JIEHOI €KOHOMIKM Ta (DIHAHCYBaHHI CTajoro PO3BUTKY 1HGpacTpykTypu. s

BHUBYCHHA TCOPCTUIHHUX 3acCal €KOJIOTIYHOTO OINMOAATKYBAaHHS Ta HOro eKOHOMIYHHX



HAcHiAKiB OyJO MPOBEICHO KOMIUIEKCHUN aHalli3 HAayKOBOI JITepaTypu Ta
nociikenb. [IpakTtuyHi 11ei Oyau OTpUMaHi 3 MPUKIIAJIB €BPOMEUCHKUX KpaiH,
30CepeHKEHUX Ha  po3poOIi Ta BOPOBAHKEHHI CHUCTEM  €KOJOT14HOTO
OMOJIATKYBaHHSA Ta CTPATEriYHOMY PO3MOJLIlI MOJATKOBUX HAIXOJXKEHb Ha
€KOJIOT1YH1 1HILIATUBU Ta PO3BUTOK 1HPpacTpykTypu. Kpim Toro, Oyio mpoBeaeHo
CTATUCTUYHUN KOPEJSIIINHUNA Ta perpeciiHui aHalli3u JJIsl OLIHKU 3B’SI3KYy MIXK
HAJIXOJ)KEHHSIMHU €KOJIOTTYHOT0 MOJIaTKy Ta MOSICHIOBAIbHUMHU 3MIHHUMU.

MeTo10 cTaTTi € OIliHKAa POl Ta €PEKTUBHOCTI €KOJOTTYHUX IMOJATKIB SIK
IHCTPYMEHTY CTpPATETiyHOl MOJITUKU JJIsI MPOCYBAaHHS 3€JICHUX EKOHOMIYHUX
MEepPeXo/liB Ta CTUMYJIOBaHHS CTaJOro pPO3BUTKY 1HGpAcTpyKTypu B cdepi
E€HEPTEeTHUKHU.

MeToau 10CTiIKeHHSI BKIIOYAIOTh OTJISI/I HAsSBHOI aKaJeMIqHO1 JiTepaTypu
3 €KOJIOTIYHOI'O OMOJIaTKYBaHHS, MPAKTUK 3€J€HOI €KOHOMIKU Ta (hiHAHCYBaHHS
IHQPACTPYKTYpH; BHUBYCHHS MPHKIAIIB €Bporneichbkux kpain ([amis, IlIBeris,
®dinnsugis, Actpis Ta Himepianau); cTaTHCTUIHHA KOPEISIMIHHAN Ta perpeciitHmii
aHami3 JaHMX HAAXOKeHb BiJ €KOJOTIYHOIO TMOJATKy Ta J1amna3oHy
MOSICHIOBAJIbHUX 3MIHHUX.

Pe3yabTaTH AOCHIMMKEHHA MIATBEPUKYIOTh, IO E€KOJOTIYHI MOJaTKU
3a0€3MeuyoTh 3HaYHUM MOTIK JI0XOJiB, OCOOJMBO B KpaiHaxX 13 BCTAHOBJIECHUMH
MeXaHi3MaMH I[IHOYTBOPEHHS HAa BUKHUJM BYTJEIIO Ta MOAATKIB Ha eHeprito. L1
noxoau Oynu epEeKTUBHO PO3MOJLIEHI HAa MIATPUMKY PO3BUTKY BiJHOBIIFOBAHOI
€HEpPreTUKH,  MiJBUILIECHHS  €HEeproe()eKTUBHOCTI Ta  MPOEKTIB  3€JIEHOL
iHppacTpykTypu. KpaiHu 3 BHUIIUMH CTaBKaMU €KOJOTIYHOTO  MOJATKY
JEMOHCTPYIOTh CKOPOUYEHHSI BUKHU/IIB BYTJIEKUCIIOrO ra3y Ta OlIbIIe BIPOBAKEHHS
€KOJIOTIYHO YHUCTUX EHEPreTUYHUX TEXHOJOTIA. AHaI3 MIAKPECTIOE MO3UTUBHY
KOPEJAIII0 MK HAJIXOJKEHHSAMH BiJl €KOJIOTIYHOTO MOJIaTKy Ta 1HBECTHUIIISIMU B
HU3BKOBYTJIENEBY 1HPpacTpykTypy. CuibHill (icKalbHI CUTHAIH, TaKi K BUCOKI
HEMpsIMi CTaBKU MOJATKY HA €HEPrilo Ta 1HBECTHUIIIl B JOCIHIIKEHHS Ta PO3pOOKH,

CHPUSIOTH MIJIBUIICHHIO €HEProeeKTUBHOCTI Ta TEXHOJOriyHoMy mporpecy. Lli



(dakTopu MIABUIIYIOTh €(PEKTUBHICTH CHUCTEM EKOJOTIYHOTO OMOJATKyBaHHS B
CTUMYJIFOBaHH1 CTIMKUX €KOHOMIYHUX 3MiH. E(EeKTUBHICTh €KOJIOTIYHUX MOJATKIB
3aJIeKUTHh Bl pO3poOKM Ta BOPOBaXKeHHs momiTukd. Kpainm 3 mnpozopumu
MeXaHI3MaMH PO3MOJUTY JOXOJIB Ta 1HTErPOBAHOIO MOJITUKOIO, SIKa TMOB’SI3ye
OMOJIaTKYBaHHS 3 LUISIMH CTaJOTO PO3BUTKY, JOCITAIOTh CYTTEBIIIMX PE3YJIbTaTIB.
Jlesiki (hakTopH, Taki sIK YacTKa BIIHOBIIFOBAHMX JIXKEPEJ €HEprii Ta 3aJeXKHICTh Bij
IMIIOPTY €HEepTii, He MalTh MPSIMOTO YW 130JbOBAHOT'O BIUIUBY Ha HAJAXOJKEHHS
ekoJjoriyuHoro mnoaarky. llomiTuuHuii omip, mnpodJieMH CHpaBeAJIUBOCTI Ta
MOTEHIIMHUI €eKOHOMIUYHUM TSIrap sl Bpa3JIMBUX BEPCTB HACEICHHS 3QJIMIIAIOTHCS
npoOiaeMaMu JJisl MUPOKOTO BIPOBAIKEHHS.

BucHoBku. EKoJIOTi4HI MOAATKUA € KUTTEBO BAXIUBUM 1HCTPYMEHTOM ISt
MPOCYBaHHSI 3€JICHOI E€KOHOMIKM Ta  (pIHaHCYBaHHSI CTajJOro0  PO3BUTKY
iH(ppacTpykTypu. BoHU He nullle CTBOPIOIOTh EKOHOMIUHI CTUMYJIU ISl 3SMEHIIEHHS
3a0pyAHEHHs Ta MiABUIICHHS €()EKTUBHOCTI BUKOPUCTAHHS PECypciB, aie i
CTBOPIOIOTh HAJIMHUI TOTIK JOXOMIB Ajs (DiIHAHCYBAaHHS OCHOBHHUX IIPOEKTIB
3e5eHoi 1HQpacTpyKTypu. JlOCHIIPKEHHS MiJIKPECIIOE BaXKIMBICTh Y3TOKEHHS
MOJIITUKA €KOJOTIYHOTO OINOJATKyBaHHS 3 IMIUPIIMMU IUIAHAMHU 1HHOBAIlld Ta
omip 1 MpoOJeMH CNPaBEAIUBOCTI, 3aTUIIAIOTHCS, MTPO30OPUNM PO3MOALT TOXOIIB 1
IHTErpOBaHl PaMKHU TMOJITUKH MOXYTh MIABUIIUTH €()EKTUBHICTh EKOJOTTYHHX
MOAATKIB.

KirouoBi  cjioBa: €KOJOTiYHE OMOJNATKyBaHHS, CTaJUM  PO3BUTOK,

(iHaHCYBaHHS BIJHOBIIOBAHOT EHEPTETUKHU; 1HBECTHUIIIT B IHPPACTPYKTYPY.

Problem statement. The concepts of sustainable development, green and
blue growth, circular and resource-efficient economy are increasingly becoming the
main topics for discussion and research among scientists and the public in the
modern world. The unsatisfactory state of the environment and pressing economic

challenges necessitate the search for effective mechanisms to combine economic



growth and environmental protection, implement environmentally friendly
initiatives, and develop a green economy. Considering the social, economic, political
and environmental challenges, the issue of ensuring the development of sustainable
infrastructure in Ukraine remains one of the most pressing tasks of today.

One of the key elements of sustainable growth is the development of
infrastructure that incorporates environmental aspects and helps to preserve the
natural environment. This concept is the basis for implementing the principles of a
green economy and sustainable infrastructure. The combination of natural and
artificial elements that perform environmental functions is an effective tool for
achieving this goal. In the context of global challenges related to climate change and
biodiversity loss, green sustainable infrastructure is becoming increasingly
important.

Traditional tax systems often fail to fully internalize environmental
externalities, leading to resource depletion, greenhouse gas emissions, pollution, and
long-term economic inefficiencies. As policymakers search for effective instruments
to achieve environmental sustainability while ensuring economic growth and social
equity, the potential role of environmental taxes as a policy tool remains
inadequately explored and underutilized.

Recognizing the need for dedicated funding sources for green infrastructure,
environmental taxes emerge as a critical tool. The environmental tax and the
accumulated funds from it that can be used to finance sustainable infrastructure
projects, which can become a driver for achieving the principles of a green economy
and sustainable development, as well as reducing negative environmental impact.
This creates a direct link between the cause of pollution and the consequence -
financing the restoration of such pollution.

Analysis of the latest research and publications. Recent literature provides
valuable insights into how environmental taxes can serve as catalysts for green
transformations. Empirical studies employing panel data, econometric modeling,

and cross-country comparisons demonstrate that countries imposing higher



environmental tax rates experience measurable declines in emissions intensity and a
corresponding shift toward cleaner energy sources. For example, analyses of
European Union member states highlight correlations between well-structured
energy taxes and reductions in CO. emissions, alongside increased investment in
renewable energy infrastructure [1].

Contemporary scholarly discourse on environmental taxation situates this
policy instrument at the nexus of climate policy, fiscal reform, and sustainable
infrastructure development. Recent econometric and panel-data such as those
exploring the nexus between green investment, fiscal policy, environmental tax,
energy price, natural resources, and clean energy, and their impact on sustainable
development studies (Yan et al, 2023) [2], demonstrates the importance of well-
designed fiscal policies in stimulating private sector investment in renewable energy
initiatives, fostering energy efficiency, and expediting the transition to a low-carbon
economy. The study [2] also emphasizes the correlation between environmental tax
policies and the mitigation of carbon emissions, while examining funding
mechanisms for renewable energy ventures and initiatives aimed at environmental
conservation.

In parallel, the research Abbas et al in their research [3] confirms a significant
positive correlation between green finance and renewable energy investments,
indicating that increased access to green financing channels stimulates investment
in renewable energy sources. Similarly, the findings suggest that environmental tax
policies play a crucial role in incentivizing the shift towards cleaner energy sources
by increasing the cost of polluting activities and making renewable energy more
competitive. Moreover, the study [3] highlights the detrimental impact of
geopolitical risk on renewable energy investments. Geopolitical instability, such as
trade wars, political tensions, and global conflicts, can create uncertainty and
discourage investment in long-term renewable energy projects.

Also, Israt Zahan & Shuai Chuanmin [4] emphasizes the significance of well-

structured fiscal policies in stimulating private sector investment in clean energy



initiatives, thereby expediting the transition towards a low-carbon economy. It
examines the correlation between environmental tax policies and the mitigation of
carbon emissions, while also exploring the funding mechanisms for renewable
energy ventures and initiatives aimed at environmental conservation.

The study by Wang and Yu [5] demonstrates a non-linear relationship
between environmental tax rates and the level of green technology innovation. This
non-linearity suggests that a simple linear increase in environmental tax rates may
not consistently translate into a proportional increase in green technology
innovation. Initially, as environmental tax rates rise, firms within these industries
may experience a stronger incentive to invest in cleaner technologies to mitigate the
increased costs associated with pollution. This initial phase likely witnesses a
positive correlation between tax rates and innovation. However, as the tax rate
continues to escalate, the relationship may become more complex.

Liu et al. in the research [6] demonstrates a significant positive impact of the
Environmental Protection Tax Law on firms' environmental investments. The
imposition of environmental taxes likely incentivizes firms to invest in pollution
control technologies, adopt cleaner production processes, and improve their
environmental performance to minimize tax liabilities.

The article Tao et al. [7] also highlights the significant impact of
environmental taxes in driving eco-innovation and facilitating the transition to a low-
carbon economy. By imposing costs on polluting activities, environmental taxes
incentivize businesses to invest in research and development of cleaner technologies,
adopt more sustainable production processes, and improve their environmental
performance.

Identifying previously unresolved parts of the overall problem. However,
recent studies underscore persistent data and methodological limitations. Many
analyses focus on short- to medium-term impacts, neglecting the long-term
structural changes environmental taxes may induce. There is also limited evidence

on how to use environmental tax revenues to fund sustainable infrastructure projects.



While extensive research demonstrates the efficacy of environmental taxes in
incentivizing green behavior and reducing pollution, a critical gap exists in our
understanding of how to effectively utilize the generated revenues. While the
“double dividend” hypothesis posits that environmental taxes can both reduce
pollution and generate revenue for beneficial public investments, the previous
researches offer limited insights into how to optimally allocate these revenues to
fund sustainable infrastructure projects.

Although Ukrainian legislation provides for the targeted use of environmental
tax funds to finance environmental protection measures, develop and implement
innovative environmental solutions, and monitor the state of the environment, there
is still a significant gap between the reality and the declared purposes of use.
Therefore the analysis conducted in this article will allow identifying the
potentiating factors of influence on the revenue from environmental taxes which
could increase the efficiency and transparency of the use of these funds, including
the introduction of a new area of use, which will be related to the development of
green infrastructure in Ukraine to overcome the environmental problems of today.

Article objectives formulation (task statement).

1. Perform an in-depth analysis of existing academic research focusing on
environmental taxation, green economy strategies, and approaches to infrastructure
financing.

2. Analyze case studies from European countries, including Denmark,
Sweden, Finland, Austria, and the Netherlands focusing on how these countries
design and implement environmental tax systems and allocate the revenues toward
green economy initiatives and infrastructure development.

3. Perform statistical correlation and regression analysis to evaluate the
relationship between environmental tax revenue and a range of explanatory
variables.

Summary of the main research material. Green infrastructure is one of the

key elements of sustainable infrastructure, the interconnection of which is the



foundation of sustainable development. In today's environment, the transition to
sustainable infrastructure is a multifaceted task that requires advanced
methodologies and significant financial resources.

Realizing the full potential of green sustainable infrastructure depends on
adequate funding. Historically, infrastructure projects have tended to face significant
underfunding. Given its relative newness, the variety of technologies used, and its
decentralized nature, green sustainable infrastructure needs a solid financial
foundation. To effectively meet its financing needs, a diversified financing system
Is needed that goes beyond traditional mechanisms, which are often subject to
intense competition.

The issue of mobilizing financial resources for the development of sustainable
infrastructure is becoming increasingly important in the context of global climate
change. One promising tool to address this problem is the use of revenues from
environmental taxes. This approach allows to simultaneously stimulate
environmentally responsible behavior of economic entities and provide funding for
projects aimed at preserving the environment.

The regulatory framework of European countries defines an environmental
tax as a tax based on a physical unit that has a proven specific negative impact on
the environment [8].

The main subgroups of environmental taxes are as follows:

- energy taxes (including CO2 taxes) - the group includes taxes on energy for
transportation (most importantly gasoline and diesel) and for stationary use (fuel oil,
natural gas, coal and electricity). Energy taxes include, for example, mineral oil and
motor oil taxes, taxes on gasoline (leaded and lead-free), diesel fuel, fuel oil,
naphtha, kerosene tax, natural gas tax, and electricity consumption tax;

- transportation taxes - this group includes taxes related to the ownership and
use of motor vehicles, taxes on other transportation equipment (e.g., aircraft) and
related transportation services (e.g., charter or scheduled flight fees), but only if they

meet the general definition of environmental taxes. The group also includes “one-



time taxes related to the import or sale of equipment, or periodic taxes such as the
annual road tax. This group includes, for example, tax on registration and use of
motor oil, tax on imports and sales of vehicles, road tolls, luxury yacht and air
passenger insurance taxes;

- pollution taxes - the group includes taxes on measured or estimated
emissions into the air (except for CO2 taxes) and water, waste and noise
management;

- resource taxes include taxes on the extraction of raw materials, except for
oil and gas [9].

Energy taxes in the EU accounted for more than three-quarters of total
environmental tax revenues (77% of the total) in 2022, far ahead of taxes on
transport (19%) and pollution and resources (4%) (Figure 1). The funds collected
through the accumulation of environmental taxes and fees in Europe are a significant
source of funding for environmental protection measures and green infrastructure
projects.

In the modern conditions of economic development, the energy sector is at the
very heart of global economic activity, heavily influencing industrial productivity,
household well-being, and overall environmental conditions. Transitioning this
sector toward green, sustainable infrastructure is critically important because it
encompasses a wide range of interventions that go beyond simply replacing fossil
fuels with renewables. It involves modernizing power grids, integrating storage
solutions to handle variable renewable generation, upgrading transmission lines,
improving energy efficiency across industries, and enhancing system reliability and
resilience. All these components rely on robust and consistent financing

mechanisms.
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Figure 1 - Environmental tax revenues by type and total environmental taxes as a
share of total government revenue from taxes and social contributions) and GDP,
EU, 2002-2022 (EUR billion, %)

Source: [10].

Energy infrastructure projects are often characterized by substantial initial
investment costs and extended payback periods. Traditional financing tools,
typically geared toward shorter timeframes and more familiar technologies, may not
adequately support the substantial upfront capital and patient financing needed for
emerging green solutions.

The practice of using environmental taxes to finance sustainable infrastructure
has become widespread around the world. Germany and Sweden are among the
leaders in this area. Germany, in particular, has successfully used revenues from
environmental taxes to develop renewable energy sources, improve the energy
efficiency of buildings, and support environmentally friendly transportation.
Sweden also has considerable experience in using carbon taxes to finance research
into renewable energy sources and measures to reduce greenhouse gas emissions.

Considering the above-mentioned information in the research we ve focused
on identifying the potential key drivers of environmental tax revenues, gain initial

insights into the direction and strength of these relationships, and ultimately lay the



groundwork for more comprehensive and nuanced analyses of the factors
influencing total environmental tax revenues.

As green bonds have emerged as a significant financial instrument for
channeling capital towards sustainable projects, playing a crucial role in the
transition to a low-carbon economy to the following research 5 countries with the
significant number of shares of green bonds issued by corporations and by
governments in 2023 were selected for the futher correlation and regression analysis:
Denmark, Sweden, Finland, Austria and Netherlands [11].

The analysis aims to investigate the relationship between environmental taxes
revenue in the selected countries (Y) [12] and a range of explanatory variables (X;-
Xs) related to energy taxation in the period from 2013 till 2022 year:

X1- Implicit tax rate on energy, Euro per tonne of oil equivalent (TOE) [13];

X2 - Environmental protection investments of total economy, min EUR [14];

X3 - Energy productivity, Euro per kilogram of oil equivalent (KGOE) [15];

X4 - Total energy supply by product, thousand tonnes of oil equivalent [16];

Xs - Share of renewable energy in gross final energy consumption by sector,
% [17];

Xe - Energy import dependency by products, % [18];

X7 - Gross domestic expenditure on R&D by sector, Percentage of gross
domestic product (GDP) [19];

Xsg - Eco-innovation index [20].

In result the correlation matrix indicates how each explanatory variable relates
to environmental taxes revenue (Y) and to one another (Table 1).

In the results we can identify that X1, X3z and X7 positively correlated with Y.
X1 exhibited a moderately positive correlation with Y (0.426), suggesting that higher
implicit energy taxation tends to be associated with higher total environmental tax
revenues. Xz showed a slightly positive correlation (0.243), indicating that
economies with greater economic output per unit of energy tend to have somewhat

higher environmental tax revenues. In its turn X7 also demonstrated a positive



correlation (0.308), suggesting that higher R&D spending intensity often aligns with

higher levels of environmental taxation.

Table 1
Matrics of correlation
Variables (1) ) (3) G) ©) ©) 0] ® ©®
Dy 1.000
(2 x1 0.426 1.000
(3) %7 0.015 0.058 1.000
“ x3 0.243 0.724 -0.260 1.000
(5) x4 -0.080 -0.224 0.842 -0.661 1.000
(6) x5 -0.176 -0.316 -0.554 0.145 -0.590 1.000
(7} x6 -0.298 -0.595 0.123 -0.395 0.322 -0.217 1.000
(8) x7 0.308 0.727 -0.467 0.858 0774 0.266 -0.619 1.000
(9) x8 -0.086 -0.187 -0.784 0.267 -0.811 0.892 -0.208 0.472 1.000

Source: completed by author.

On the other side Xz, X4, X5, Xs, Xg Weakly or negatively correlated with Y.
Xz exhibited a near-zero correlation (0.015), suggesting no straightforward linear
relationship between these two variables. X4 demonstrated a slightly negative
correlation (-0.080), indicating that larger total energy supplies do not necessarily
correlate strongly with higher environmental tax revenues. Xs showed a negative
correlation (-0.176), suggesting that countries with a higher share of renewables may
not necessarily have higher environmental taxes. Xs also exhibited a negative
correlation (-0.298), implying that higher import dependence does not align with
greater environmental taxation. Xs showed a weakly negative correlation (-0.086),
indicating little direct correlation with total environmental taxes.

Each variable was regressed individually on total environmental taxes,
providing a baseline understanding of their isolated associations. While such models
are limited (they do not control other factors), they help identify which variables
have statistically significant relationships with Y.

The results of the panel regression modeling (Table 2) gain deeper insights

into the factors that drive change.



Table 2

Results of estimating the impact of variables (X1-X8) on environmental tax

revenues

Environmnetal [95%

tax revenue Coef. St.Err. | t-value | p-value Conf Interval] Sig
X1 75.073 21.215 3.54 0.000 33.492 116.654 | ***
X2 136 2.665 0.05 0.959 -5.088 5.36

X3 1239.889 | 627.182 1.98 0.480 10.634 | 2469.144 | **
Xa -0.049 0.187 -0.26 0.793 -0.416 0.318

Xs -225.228 | 188.278 | -1.20 0.232 | -594.246 | 143.789

Xe -220.614 | 140526 | -1.57 0.116 | -496.039 54.811

X7 9541.022 | 4708.373 | 2.03 0.043 312.781 | 18769.263 | **
Xs -83.252 128.846 | -0.65 0.518 | -335.785 | 169.282

**% p<.01, ** p<.05, * p<.1
Source: completed by author.

A one Euro/TOE increase in the implicit tax on energy is associated with a
€75 increase in total environmental taxes. This strong, positive, and statistically
significant relationship aligns with expectations-countries that impose higher
energy-based taxes (or price signals) tend to collect more in environmental taxes
overall. The overall R-squared for X is 0.207, meaning about 20.7% of the variation
in environmental taxes can be explained by the implicit tax rate alone.

There wasn't identified the statistically meaningful relationship between the
amount invested in environmental protection and total environmental taxes. This
suggests that simply pouring resources into environmental protection does not
necessarily translate into higher environmental tax revenue, at least not in a direct,
linear fashion. Higher energy productivity (more economic output per unit of
energy) is positively and significantly related to total environmental taxes.
Economies that use energy more efficiently might have policy frameworks that
include well-structured environmental taxation, or higher taxation could drive
efficient improvements. R-squared for X3 is 0.079, indicating modest explanatory

power.



Total energy supply does not have a discernible linear impact on
environmental tax revenue. Larger energy supply volumes do not automatically
translate into higher or lower environmental tax totals. The proportion of renewables
in the energy mix is not significantly linked to higher or lower environmental taxes.
This could mean that while renewables are an environmental policy goal, their share
alone does not dictate how much revenue is collected from environmental taxes.

Greater reliance on imported energy does not significantly predict total
environmental taxes. Although negative, the lack of statistical significance means
we cannot confidently assert a real relationship. Countries investing more heavily in
R&D, particularly as a share of GDP, tend to collect higher environmental taxes.
This may reflect broader strategic frameworks in advanced economies where
technological innovation and environmental policy ambition go hand in hand.

The eco-innovation performance of a country does not show a statistically
significant direct relationship with the level of environmental taxes collected. While
eco-innovation can be a hallmark of progressive environmental policy, it may not
directly correlate with tax revenues.

These findings suggest that environmental tax revenues are higher in contexts
where energy is taxed more heavily, energy is used more efficiently, and there is a
stronger emphasis on research and development. These factors possibly reflect
integrated, forward-looking environmental policies that tie tax frameworks to
broader innovation and efficiency agendas.

Environmental protection investments, total energy supply, share of
renewables, energy import dependency, and the eco-innovation index do not show a
clear, isolated impact on total environmental taxes in these simple models. Their
lack of significance does not rule out complex or indirect relationships, but indicates
that on their own, they do not explain much of the variation in environmental tax
revenues.

The single-variable regression results highlight that countries with higher

implicit energy taxes, greater energy productivity, and more substantial R&D



investments are associated with elevated levels of environmental tax revenue. These
findings are consistent with the notion that strong fiscal signals on energy use,
efficiency gains, and investments in knowledge and innovation frameworks support
more robust environmental taxation systems. However, most variables examined do
not exhibit a direct, statistically significant relationship with environmental tax
revenues when considered in isolation. Further multivariate analysis, controlling for
additional factors and examining interactive effects, would likely provide a more
complete understanding of the drivers and outcomes of environmental taxation.

Conclusions. Environmental taxes have emerged as pivotal instruments for
advancing the green economy and fostering sustainable infrastructure development.
By internalizing the external costs of environmental degradation, these taxes
incentivize eco-friendly behaviors while generating substantial revenue streams. In
countries with robust carbon pricing mechanisms and energy taxation frameworks,
environmental taxes have proven to be effective in mobilizing funds for investments
in renewable energy, enhancing energy efficiency, and supporting low-carbon
infrastructure projects. The research underscores a strong positive correlation
between environmental tax revenues and technological advancements in clean
energy. This relationship is amplified by the presence of strong fiscal signals, such
as high implicit energy tax rates, and targeted investments in research and
development (R&D). These factors not only drive the adoption of innovative energy
solutions but also contribute to significant efficiency improvements, creating a
virtuous cycle of sustainable economic growth.

However, the effectiveness of environmental taxation in achieving these
outcomes is contingent upon several critical factors. Transparent mechanisms for
revenue allocation are essential to ensure that tax proceeds are directed toward
sustainability objectives. Integrated policy frameworks that align taxation with
innovation, infrastructure development, and energy transition goals further enhance

their impact. Nevertheless, challenges such as political resistance, potential



economic burdens on vulnerable populations, and equity concerns remain significant
barriers to widespread adoption and implementation.

To maximize the impact of environmental taxes, policymakers must address
these challenges through inclusive and adaptive strategies. This includes designing
equitable tax systems that minimize regressive effects, fostering stakeholder
engagement to build political support, and ensuring alignment with broader
innovation and efficiency agendas. Ultimately, well-structured environmental taxes
are not merely fiscal tools but critical drivers of sustainable economic transitions,
contributing to climate change mitigation and the long-term resilience of
infrastructure systems.
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