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Introduction

The Sustainable Development Goals (WEH) are the embodiment of sustainable
development, therefore, it is advisable to evaluate its progress based on their results. Due
to the diversity of the SDGs, integrated management of them should be combined with
initiatives in the implementation of certain areas of sustainable development. In the
direction of social progress, serious progress has been made to date both in improving
living standards and in reducing gender and income inequality.

In the direction of economic growth, the results are also impressive. The COVID-19
crisis, although rightly considered the deepest since the beginning of the XXI century, was
limited to 1 year (2020) and has now been replaced by a rapid recovery of the world
economic system. Thus, according to the World Bank (2022), the reduction of world GDP
was 3.3% in 2020, but as soon as 2021 the growth rate of the world economy was 5.8%,
which is much higher than the 2019 level when it was 2.6%.

The ecological direction deserves special attention since it demonstrates more limited
results. Despite the unprecedented efforts of the world community, the problem of
biodiversity reduction remains critical, and the COVID-19 pandemic (which, according
to a common hypothesis, is caused by the above problem) continues to this day and
threatens new waves of morbidity. The World Health Organization (2022) informed (as of
the end of October 2022) of 162,207 new cases in the last 24 h (as of 5:43 p.m. CEST,
28 October 2022). In this regard, the growth of the ecological economy is a priority for
sustainable development, the success in the implementation of which determines the
prospects for a balanced achievement of the SDGs in the Decade of Action.

The shortage of financial resources is considered in the existing literature among the
key barriers to the sustainable development of the ecological economy. Private
investments in environmental protection, responsible production and consumption
practices remain at the discretion of market agents (business structures and
households) and therefore provide a pronounced effect for sustainable development
only in progressive societies (mainly in developed countries) (Congjuan et al., 2022;
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Cordova-Buiza et al,, 2022; Huang et al. al., 2022; Tu et al., 2022;
2022).
mechanisms require the most attention (because of their

Yang et al, Consequently, regulatory financial
universality, i.e., accessibility for developing countries), among
which environmental taxation occupies an important place.
The essence and experience of applying environmental taxation
are considered in the works of Lei et al. (2022), Liu et al. (2022),
Matti et al. (2022), Zhao et al. (2022). But the contribution of
environmental taxation to the sustainable development of the
ecological economy has not been sufficiently studied and defined,
which is a gap in the literature. In the works of Barbanti et al. (2022),
Barik et al. (2022), Giuliani et al. (2020), Xu et al. (2022), it is noted
that lagging countries (for example, in Africa) have a much higher
level of development of the ecological economy and, in particular,
more pronounced success in preserving biodiversity than in
of industrial

development and greater dependence of the society on the

developed countries due to a lower level
environment in terms of livelihood.

This is presented as an argument in favour of the
insignificant role of environmental taxation in the sustainable
development of the ecological economy, which is mainly
determined by industrial development. Recognizing the high
priority of industrial development, attention should be paid to
the consistency of the SDGs and the need to find a common
solution that allows preserving biodiversity without limiting
industrial development. In this regard, environmental taxation
can be very important, which requires research.

The general advantages of the formation of the Al
economy for environmental protection and sustainable
development are noted in the works of Lobova et al.
(2022), Popkova et al. (2022), and Popkova et al. (2021).
The available publications of Li and Zhu (2021), Zackrisson
et al. (2020) indicate the advantages of using advanced
of the AI
modernization and optimization of taxation. However, the

“smart”  technologies economy for
features of the use of “smart” technologies in environmental
taxation are poorly understood, which is another gap in the
literature. To fill both identified gaps, this article aims to
study the contribution of environmental taxation to the
sustainable development of the ecological economy, as
well as substantiate the prospects for increasing this
contribution with the use of AI. The goal is achieved by

using the following set of research tasks:

— Analysis of international best practices and econometric
modelling of the contribution of environmental taxation to
sustainable development;

— Case study of Russia’s progressive experience in the field of
environmental taxation;

—  Development of recommendations for improving
environmental taxation based on artificial intelligence to
ensure sustainable development.
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The originality of this article lies in the identification of new
prospects for improving environmental taxation, which are
provided by the introduction of artificial intelligence.

Methodology

We have selected the corresponding methodology for each task.
Analysis of the leading international experience and econometric
modelling of the environmental taxation’s contribution to
sustainable development is performed with the help of regression
analysis. We also perform the econometric modelling of the
connection between the ecosystems protection and preservation
of biodiversity (result on SDG 15) and environmentally related tax
revenue, in % of GDP and in monetary units per capita. The
reliability of regression equations is determined with the help of
an F-test, t-test, coefficients of correlation and standard errors.

The sample contains the top 10 developed and the top
with  the highest of

environmental taxation (leaders of the ranking Compare your

10 developing countries level
country, 2022), which ensures the representativeness of the
sample and allows applying the research results to the world
economy. The size of the sample is sufficient for the correct
reflection of the leading experience, while this paper is not aimed
at representing the entire population of the planet, which would
require larger studies in the future.

The case research of the progressive experience of Russia in
the sphere of environmental taxation is performed with the help
of the method of the case study. As a result, we develop a range of
the of

environmental taxation based on artificial intelligence, in the

authors’ recommendations on improvement

interests of sustainable development.

Contribution of environmental taxation to
sustainable development: Modelling
based on a review of international
experience

To determine the contribution of environmental taxation to
sustainable development, its modelling is carried out by
The of
biodiversity conservation (according to SDG 15 based on the

regression  analysis. dependence of the results
assessment report of the UNDP, 2022) in 2021 on environmental
taxation in 2019 (having a delayed effect) is determined. To
analyze international best practices, the study is conducted on a
sample of the top 10 developed and top 10 developing countries
with the highest level of environmental taxation (which are the
leaders of the “Compare your country” ranking, 2022), for which
data on SDG 15 are available (Table 1, in additional materials).

As a result of econometric modelling based on the data from
Table 1, the following regression equations are obtained:
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TABLE 1 Environmental taxation in 2019 and the results of the implementation of SDG 15 in 2021 in developed and developing countries.

Country category Country Environmentally related tax
revenue, % GDP
ETGDP

Developing countries Guyana 4.01
Mauritius 3.05
South Africa 2.94
Costa Rica 2.31
Honduras 23
Kenya 2.12
Turkey 2.09
Argentina 1.82
Uruguay 1.67
Chile 1.38

Developed countries Slovenia 4.01
Greece 3.87
Estonia 3.73
Netherlands 3.68
Latvia 3.33
Italy 3.29
Denmark 3.29
Bulgaria 2.99
Israel 2.55
South Korea 2.66

Environmentally related tax Goal 15, score 0-100

revenue per capita, USD

Source: compiled by the authors based on materials from Compare your country (2022), UNDP (2022).

1
@)

SDGI5 = 41.64 + 5.02*ETgpp + 0.01*ET,y
ETGDP =2.03+0, OOI*ETPC

To obtain Eqs 1, 2, we use the method of regression analysis
to determine the regression dependence of SDG 15 on factor
variables ETGDP and ETpc and then the dependence ETGDP
(which in this case is a resulting variable) on the factor variable
ETpc. The described mathematical steps are performed
automatically in Microsoft Excel, using the built-in function
of regression analysis.

To check the reliability of the regression equations, we
perform an F-test. For Eq. 1, the automatically found
significance F equals 0.01961. Therefore, Eq. 1 conforms to
the significance level of 0.05. At two factor variables (m = 2)
and 20 observations (n = 20), i.e., at the number of degrees of
freedomkl=m=2andk2=n-m-1=20-2-1=17, the table
value of F is 3.59. The observed value of F equals 4.999, exceeding
the table value.

Therefore, the F-test has been passed. This means that the
regression equation is reliable at the significance level of 0.05.
The correlation coefficient in Eq. 1 equals 0.6085. Therefore,
the change in results in the sphere of preservation of
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ETpc SDG 15
521.64 55.69
67191 26.43
359.21 58.99
44126 61,59
1205 60.68
8536 59.29
584.42 53.26
337.63 60.67
346.94 58.81
319.48 59.09
1466.62 88.46
1113.18 81.09
1278.41 96.26
2009.74 84.13
971.06 97.86
1272.19 80.22
1757.82 90.64
637.34 90.65
1024.6 50.9
989.5 545

ecosystems of land and protection of biodiversity,

manifested in SDG 15, is by 60.85% explained by the
environmental taxation factors.

For Eq. 2, the automatically found significance F equals
0.000877. Therefore, Eq. 2 conforms to the significance level
of 0.01. At one factor variable (m = 1) and 20 observations (n =
20), i.e., at the number of degrees of freedom of k1 = m = 1 and
k2=n-m-1=20-1-1=18, the table value of F is 8.29. The
observed value of F equals 15.846, exceeding the table value.
Therefore, the F-test has been passed.

We also performed a t-test. At 19 degrees of freedom at the
set level of significance of 0.05, the table value of t equals 2.86.
The observed value of t for the factor variable equals 3.98,
exceeding the table value. This means that the regression
equations is reliable at the level of significance of 0.01. The
correlation coefficient in Eq. 2 equals 0.6842. Therefore, the
environmentally related tax revenue in % of GDP is by
68.42% explained by the change in environmentally related
tax revenue per capita.

Based on the modelling results, it was found that for the most
complete conservation of biodiversity (maximizing the result
according to SDG 15: 100 points, +46.07% compared to the
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average value in 2021), an increase in environmentally related tax
revenue by 189.37% is necessary (from $815.44 per capita to
$2359.63 per capita). This will lead to an increase in
environmentally related tax revenue by 54.92% (from 2.85%
of GDP to 4.425% of GDP).

Standard errors are moderate in Eq. 1, equalling 6.18 and
0.0009 for the first and second factor variables, accordingly. In
Eq. 2, the standard error is 0.60, i.e., it is small. The limitation of
the proposed model is that it reflects the influence of
environmental taxation on one Sustainable Development Goal
only, namely SDG 15, while there might be a connection also
with other SDGs, which are not necessarily connected with
environmental protection but have socioeconomic nature. For
there be hidden
consequences—expressed to varying degrees—consequences

example, might clear or
for green employment and green growth of the economy
(SDG 8).

The advantage of the created econometric model is the
precise quantitative reflection of the regularities of protection
of land ecosystems and preservation of biodiversity in the course
of an increase in environmental taxation. Due to this, the model
specified the causal connections and allows compiling high-
precision forecasts for the achievement of SDG 15. A
drawback of the model is the generalisation of the experience
of developed and developing countries, while their specific
features could determine the specifics of the change in the
level of land ecosystems protection and preservation of
biodiversity in the course of an increase in environmental

taxation.

Case experience of Russia in the field of
environmental taxation

Additionally, the case experience of Russia in the field of
environmental taxation has been studied, which makes it
possible to highlight successful practical examples and
consider them both from the positions of enterprises and
the positions of the state and society. In Russia, the
environmental tax is a  mandatory  payment
the the

environment, which covers pollution of atmospheric air,

(compensation) for negative impact on
water, subsoil, soil with noise, heat, electromagnetic
ionizing and other types of physical actions, production
and consumption waste (stationary and mobile objects)
(Aero-Soft Information Technology Bureau, 2022).

It is important to note that the payment of the environmental
tax does not exempt economic entities from the obligation to
protect the environment and fully compensate for damage caused
to the environment and the health of interested persons.
Environmental taxation has been practised in Russia since
2002 (for 20 years). The amount of the environmental tax is

calculated by taxpayers (all those who pollute the environment)
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independently, taking into account the established tax rates for
the amount of pollution exceeding the statutory standards, as
well as increasing coefficients (Aero-Soft Information
Technology Bureau, 2022).

Traditional (used over the course of 20 years) environmental
taxes in Russia include, first, a fee for use of fauna objects and
water biological resources (tax rates are determined in rubles per
one animal or one ton of biological resource). Second, water tax
(alarge list of tax rates in rubles per 1,000 cubic meters of water).
Third, tax on minerals extraction (% rate in rubles per one ton or
1,000 cubic meters of extracted minerals).

Fourth, transport tax (tax rates in rubles per horsepower; the
values are changed depending on the horsepower, varying among
regions). Fifth, land tax (up to 0.3% and up to 1.5%—depending
on the land category) (Taxation in the Russian Federation, 2022).
In 2022, a new environmental tax was introduced—a fee for
direct violation of environmental laws and harm to the ecology.
The tax base is determined as the volume of produced production
waste minus the weight of waste that was recycled (Accounting in
the Russian Federation, 2022).

The result of the case study showed that environmental
taxation in Russia makes a great contribution to
environmental protection and biodiversity conservation, as it
forms a reliable regulatory framework for responsible
At the the

shortcomings of environmental taxation in Russia have been

environmental management. same time,
identified, including a rather complex, knowledge-intensive and

time-consuming procedure for calculating and paying
environmental tax, insufficient control (administration) over
the payment of environmental tax and high risks of
environmental tax evasion.

Due to the reformation of the tax law, there is no quantitative
view of the value of environmental taxation in Russia yet.
However, there is the quantitative value of the achieved
serious results in the sphere of sustainable development of the
environmental economy in Russia. The result on SDG 13 in
2022 was assessed at 73.441 points, the result on SDG
14-52.321 points and the result on SDG 15-66.183 points
(UNDP, 2022). This is a sign of the successful fight against
climate change, protection of ecosystems and preservation of
biodiversity in Russia. Improvement (addition with a new tax) of
the tax law will allow increasing and multiplying the achieved
results in the sphere of the sustainable development of the

environmental economy in Russia in the Decade of Action.

Recommendations for improving
environmental taxation based on artificial
intelligence to ensure sustainable
development

The AI economy opens up new opportunities for improving
environmental taxation, allowing us to overcome all its
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shortcomings identified in Russia. To do this, we propose a set of
the following practice-oriented recommendations for improving
environmental taxation based on artificial intelligence to achieve
sustainable development:

— Automation of the taxing process and tax optimization
using AI, which allows simplifying and speeding up the
process of calculating and paying environmental taxes;

— Transition to “smart” tax administration based on
electronic document management. This transition will
of the of the

calculation and payment of environmental tax by all

ensure full-scale control correctness
taxpayers;

— Monitoring of environmental tax evasion based on
“machine vision”, which allows timely detection of facts of
environmental pollution exceeding the standards and

prevention of environmental tax evasion.

The proposed recommendations will be useful for all
countries of the world—both developing and developed, as
they will contribute to improving the efficiency of
environmental taxation and maximizing its contribution

to environmental protection and biodiversity conservation.

Discussion

The contribution of the article to the literature is to clarify
the role of environmental taxation in the sustainable
development of the ecological economy, as well as to
substantiate the prospects for improving environmental
taxation based on “smart” technologies of the AI economy.
The results obtained in this study are different from the results
received in similar studies.

Unlike Barbanti et al. (2022), Barik et al. (2022), Giuliani
et al. (2020), Xu et al. (2022), it has been proved that
environmental taxation plays an important role in
ensuring the sustainable development of the ecological
economy. The advantage of environmental taxation is that
it is a widely accessible tool for environmental protection and
biodiversity conservation, while the limitation of industrial
development is available only to lagging countries and has a
contradictory interpretation from the standpoint of socio-
economic development.

Unlike Congjuan et al. (2022), Cordova-Buiza et al. (2022),
Huang et al. (2022), Tu et al. (2022), Yang et al. (2022), it has been
justified that state intervention in market processes in the
ecological economy (through environmental taxation) does
not reduce, but increases its effectiveness. Environmental
taxation makes it possible to overcome “market failures”
associated with the insufficient motivation of economic
entities to protect the environment and preserve biodiversity,

especially clearly manifested in developing countries. The

Frontiers in Environmental Science

05

10.3389/fenvs.2022.953981

“smart” AI economy technologies make it possible to
significantly improve environmental taxation.

The results obtained and the authors’ conclusions are
shown—in a systemic and representative manner—by the
framework model of the research (Figure 1).
of the
demonstrates that results in the sphere of ecosystems

The framework model research (Figure 1)
protection and preservation of biodiversity (SDG 15) are by
60.85% explained by environmental taxation, and in the
remaining—by errors (E2) or other factors, which are not
included in the model. The share of environmental taxation in
GDP is by 68.42% explained by its value in the monetary
expression, and in the remaining—by errors (E2) or other
factors, which are not included in the model. Errors are
factors of the social environment, economy and institutions.
The authors’ recommendations on the improvement of
environmental taxation based on AI in the interest of
sustainable development ensure, first, the strengthening of the
connection and growth of collection and effectiveness of
the

contribution and the synergetic effect from environmental

environmental taxation. Second, an increase in

taxation in the form of increased growth of results in the
sphere of ecosystem protection of
biodiversity (SDG 15).

This study is consistent with findings from past and recent

and preservation

studies in other country settings: Chawla et al. (2022), Ghosh
et al. (2022), Wang et al. (2022), Xie and Jamaani (2022). It
strengthens the evidence base that economic tools, such as
environmental taxation, could make (in practice) a significant
contribution to the environmental protection and development
of the environmental economy. The paper has advanced our
understanding on the previous work on the existing theories of
the environmental economy (Nita, 2019; Adebayo et al., 2022;
Borojo et al., 2022; Hassan et al., 2022; Nita et al., 2022; Nwani
et al., 2022; Pinheiro et al., 2022; Rani et al., 2022), proving the
existence of a close direct connection between the collection of
environmental taxes, protection of ecosystems and preservation
of biodiversity.

The authors’ contribution in the political context consists in
substantiating the necessity for the joint development and
systemic implementation of state economic and environmental
policy in the Decade of Action; in the economic context—in
proving high environmental (not only economic) effectiveness of
environmental taxation; in the social context—in supporting the
practical implementation of SDG 15; in the technological
context—in the strengthening of the technological provision
of environmental taxation through proving the necessity for
the active use of smart technologies during its application in
the AI economy.

The obtained results demonstrated the universal character of
environmental taxation as a prospective tool for stimulating the
sustainable development of the environmental economy in all
of the world—developed

countries and  developing.
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E Authors’ recommendations for the improvement of environmental taxation based on Al in
i the interest of sustainable development:

1> Automatisation of the process of tax calculation and tax optimisation with the help of AL

1» Transition to smart tax administration based on electronic document turnover;

> Monitoring of evasion from payment of environmental taxes based on machine vision.

[

increase in contribution,

4

per capita, USD

Environmentally related tax revenue

synergetic effect

d-----—-

4

ey

strengthening of connection,
1 growth of the collection of taxes

“-andeffectiveriess -~ """ >

68.42%

Results in the sphere of
ecosystems protection and
preservation of biodiversity
(SDG 15)

—60.85%

revenue, % of GDP

Environmentally related tax

FIGURE 1
Framework model of the research, Source: authors.

Environmental taxation already significantly (by 60.85%)
the and the
preservation of biodiversity. In the future of the AI economy,

facilitates protection of land ecosystems
the contribution of environmental taxation to the achievement of
SDG 15 might be increased.

This will take place due to an increase in the collection of
the
responsibility, simplification of the process of calculation and

environmental taxes—an increase in level of tax
payment of environmental tax and inclusion of the information
on the payment in corporate reporting on sustainable
development, as well as the limitation of the opportunities for
evasion from payment of environmental taxes. The proposed
authors’ recommendations are universal since they are based on a
wide analysis of the international experience and generally
accessible technologies of the AI economy. They will be

suitable for all countries of the world.

Conclusion

The set goal was achieved as a result of the performed
research. We substantiated the contribution of environmental
taxation to the sustainable development of the environmental
economy in developed and developing countries around the
world—the share of environmentally related tax revenue in
GDP by 60.85% the of
implementing SDG 15. We also substantiated the prospects

explains and ensures results

for an increase in this contribution with the help of AL For
this, we offered a set of authors’ recommendations, which include

Frontiers in Environmental Science

06

]

the following: 1) automatization of the process of tax calculation
and tax optimisation with the help of AI; 2) transition to smart
tax administration based on electronic document turnover; 3)
monitoring of evasion from payment of environmental taxes
based on machine vision.

As a result of the conducted research, both gaps in the
filled. Firstly, a
environmental taxation to the sustainable development of the

literature are serious contribution of
ecological economy associated with the support of biodiversity
conservation has been identified—SDG 15 can be fully and
successfully implemented solely through environmental
taxation. Secondly, the advantages of using advanced “smart”
technologies of the AI economy for modernization and
optimization of taxation have been determined, including
simplification and expediting of the process of calculating and
paying full-scale of

environmental tax, as well as prevention of environmental tax

environmental tax, administration
evasion.

The theoretical significance of the results obtained is because
they allowed us to offer a universal tool for environmental
protection and biodiversity conservation (accessible and
effective in all countries of the world), overcoming the
of

industrial development (practiced in lagging countries) and

limitations of existing alternative tools: limitations

responsible  production and  consumption

The
significance of the proposed authors’ recommendations makes

practices

(characteristic of developed countries). empirical
it possible to fully and effectively use the new opportunities

provided by the AI economy to maximize the contribution of
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environmental taxation to environmental protection and
biodiversity conservation.

The results obtained contribute to the development of the
theory and practice of the environmental economy since they
elaborated on the deeply rooted and poorly studied causal
connection between taxation, which has been traditionally
regarded as a purely economic tool, and environmental
protection, which traditionally belonged to the sphere of
economy. Based on the obtained results, environmental
taxation should be considered a prospective and highly-
effective tool of state management for the development of the
environmental economy.

The authors’ results and conclusion made will benefit
production and society on the whole through the support
of green economic growth. Digital technologies of the Al
economy will contribute to the development of the
environmental economy through the improvement of
environmental taxation, which, in its turn, will strengthen
the protection of ecosystems and increase the results in the
sphere of biodiversity preservation.
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