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Editorial on the Research Topic
Evolution of environmental economics and management in the age of
artificial intelligence for sustainable development

Introduction

An environmental economy is a realm in which economic practices and social and
environmental effects are well-balanced and systemically high (Ramzan et al., 2023). This
economy shows optimal conditions for implementing a set of environmentally Sustainable
Development Goals (SDGs) (Popkova, 2022). The environmental economy includes the
transition to climate-resilient (decarbonisation to support SDGI13) and clean
(renewable-which preserves the heritage of fossil fuel for future generations to support
SDG7) energy (Popkova and Sergi, 2021), responsible communities and sustainable
territories (SDG 11), practices of responsible production and consumption (SDG 12)
and preservation of biodiversity and protection of ecosystems (SDGs 14-15). The
COVID-19 pandemic and multiple new zoonotic diseases require coordinating efforts to
protect the environment and healthcare. SDG 3 is supported in the environmental economy
(Popkova and Shi, 2022).

These new economic practices are deep-rooted in economic systems in developed and
developing countries (Sharma et al, 2023). In the 21st century, the Fourth Industrial
Revolution led to the evolution of the environmental economy. More perfect and leading
technologies became affordable and widespread; they transformed the above institutes and
the managerial mechanisms that influence them (Ayakwah and Damoah, 2022).

The Decade of Action is the age of artificial intelligence since artificial intelligence
technologies have become widespread and widely used in practice (Haq et al., 2022; Khan
et al., 2023; Zador et al, 2023). Decision support, smart technologies and automatised
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environmental monitoring and control on artificial intelligence
outline a new technological landscape of the environmental
economy and the horizons of its development until 2030 and,
perhaps, further on (Pagallo et al, 2022; Lei et al., 2023; Stahl
et al., 2023).

The extant literature described some aspects of using artificial
intelligence technologies in the environmental economy (Asha et al.,
20225 Ligozat et al., 2022). However, as the general knowledge is
fragmentary, this Research Topic aims to delve into current trends
and prospects for the environmental economy in the age of artificial
intelligence. The Research Topic connects all aspects of adaptation
of the environmental economy to the age of artificial intelligence to
sustainable In the extant literature,

support development.

environmental = management  practices considered

fragmentarily, and this research gap is what Research Topic fills.

were

On the one hand, smart technologies create new opportunities for
developing green economic practices. On the other hand, digital
innovations can pose a direct danger or hidden threat to nature and
environmental management helps disentangle and balance
opportunities and threats.

This Research Topic had to reach the three following tasks. The
theoretical task: conceptualising the notion and clarifying the
essence of environmental Al economy as a category per se. The
methodological task: describing the economic and managerial
foundations of monitoring and regulating the environmental
economy in the age of artificial intelligence. The empirical task of
the Research Topic is to recommend proposals for the

environmental Al economy.

Overview of the Research Topic

This Research Topic sheds light on the international experience
of sustainable and environmental development of the energy
Industry 4.0 and the digital
sustainable and environmental development of the energy

economy. Amid economy,
economy takes place on Smart Grids and EnergyTech. All papers
on the Research Topic elaborate on the notion that environmental
management must be flexible enough to adapt successfully to new
opportunities and threats in the age of artificial intelligence.

Skiter et al. formulated the concept of smart ecology, which
allows for identifying a close association between the conditions of
smart ecology and the sustainable development of an enterprise. The
authors scrutinised the sustainable development of companies under
the conditions of smart ecology. Innovation management under the
Fourth Industrial Revolution conditions relates to risks. Since it
requires information to support managerial decision-making, the
authors developed an expert machine learning and artificial
intelligence system that increase the effectiveness of smart
ecology technologies.

Ragulina et al. settled the contribution of the environmental AT
economy to decarbonisation and waste reduction. The authors
created a model of the evolution of the artificial intelligence
economy and the environmental Al economy as its ongoing stage
by identifying the contribution of each element of digital
competitiveness towards decarbonisation and reduction of
production and consumption waste. The authors also proposed a
set of recommendations for unlocking the potential of the
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environmental AI economy in support of decarbonisation and
waste reduction.

Atabekova et al. studied the role of education and social policy to
prove the leading role of universities in the development of
responsible production and consumption in the environmental
Al economy. By developing knowledge and technologies, the
authors also recommended developing education and improving
social policy to support responsible production and consumption in
the AI economy.

Vagin et al. justified the role of technologies in environmental
decision-making and business management, which is related to
harmonising the balance of economic and environmental
interests. Multiple examples of Russian companies show that
high
effectiveness in the production sector, AgroTech and other sectors.

technologies have a potential for decision-making

Khoruzhy et al. performed an overview of international
experience in 2021. The authors’ recommendations outlined the
priorities in the AI economy for the most effective support of
investments in ESG and a new basis for classifying countries.
The authors developed a theory of interconnection between ESG
and artificial intelligence, proving this at the level of institutes, not
only technologies. A novel approach to developing ESG investing in
the age of artificial intelligence considers the possibility of using the
leading innovative technologies in practice.

Lobova et al. discovered the current trends in the management
of the environment associated with the increase in environmental
indicators and reduction of rent from natural resources. Sustainable
artificial intelligence was reconsidered as an intelligent technology
for environmental protection. The authors also discovered its
significant potential. Based on the experience of the OECD
countries and Russia, the authors showed that the prospects of
the economy and management of the environment in the post-
COVID-19 period include a better potential for sustainable artificial
intelligence.

Chutcheva et al. distinguished three types of activity that make
the oil and gas business socially responsible: production and supply,
financial and environmental management. Using various case
examples, the authors demonstrated that AI could be useful for
the environmental management of oil and gas companies during oil
and gas field development and transportation.

Osipov and Skryl rethought the role of environmental justice in
the Decade of Action. They confirmed that environmental inequality
has increased during the COVID-19 pandemic. The example of
experience in developed (G7) and developing (BRICS) countries
showed that achieving environmental justice lies in social and
technological progress and the optimal use of artificial intelligence.

Vorozheykina identified challenges of the age of Al: on the one
hand, an increase in CO2 emissions and the reduction of the share of
clean energy in robotisation. On the other hand, support for
decarbonising the AI economy. Breakthrough innovations may
accelerate or slow down the processes of reduction of
CO2 emissions. The transition to clean energy considers state
and corporate sectors while managing environmental and
economic development.

Kukushkina et al. proved that AI governs success in slowdown/
preventing the depletion of natural resources. The authors described
the contribution of artificial intelligence to environmental
competitiveness in the context of components of competitiveness
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https://www.frontiersin.org/articles/10.3389/fenvs.2022.892222/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.914003/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.929193/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.951306/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.951646/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.951672/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.952102/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.952695/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.952821/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.953111/full
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1176612

Popkova et al.

and the light of implementing the Sustainable Development Goals
(SDG). The authors support artificial intelligence’s flexibility and
effectiveness in managing environmental and economic
development.
Khoruzhy et al. contribute to environmental taxation to

maintain the environmental economy in developed and
The authors

universal tool for environmental protection and preservation of

developing countries worldwide. explained a
biodiversity and unlocking the potential provided by the AI
economy for the maximum increase in the contribution of
environmental taxation to the protection of the environment and
preservation of biodiversity.

Yankovskaya et al. postulated the development of corporate
social responsibility from the standpoint of Stakeholder Theory
through the example of the global COVID-19 crisis and the
international sanction crisis. The authors proposed a new
theoretical interpretation of corporate social responsibility as a
socioeconomic and environmental practice that requires systemic
management.

Hongsuchon et al. provide evidence that customer trust and
commitment are decisive in ensuring the high effectiveness of online
commerce platforms. This study includes an original sociological
survey for a deep understanding of the nature of online commerce.

Popkova et al. elaborated on the lessons of the COVID-19
pandemic for ecological behaviour and biodiversity in Russia. In
the 3P model of sustainable development, the authors corroborated
the ecological behaviour in preserving biodiversity during the
COVID-19 pandemic. Through the AI economy, they discovered
a potential for preserving biodiversity by improving ecological
behaviour in the post-COVID period. The authors foresee
progress in implementing SDG 14 and SDG 15 by improving
ecological behaviour in the Al economy.

Trukhachev and Dzhikiya described a complex chain of cause-
and-effect relationships in the development of green finance in the age
of artificial intelligence. The authors reflect on green finance and
environmental management to discover that green finance can fully
realise its potential for development only with intelligent technologies.

Krupnov et al. specified the notion of energy security from the
perspective of the Sustainable Development Goals (SDG) and proved a
contribution of sustainable and clean energy. Ensuring stability and
high effectiveness of the energy system and environmental protection
are accomplished more successfully by the fuel and energy complex
with sustainable and clean energy development.

Sozinova et al. presented a complete ecological economy and
management view. The digital economy and businesses could
positively influence the ecological economy and management if the
corporate social responsibility of the market participants is high. The
authors showed that systemic management of the digital economy and
business development in the age of Al is preferable, as it ensures a
synergetic effect towards sustainable development.

Thus, the articles filled the literature gap, outlined the
distribution of stakeholders’ roles in the environmental economy
in the age of artificial intelligence and designed a comprehensive
view of environmental management.
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Conclusion

The Research Topic “Evolution of Environmental Economics &
Management in the Age of Artificial Intelligence for Sustainable
Development” introduced the notion of an “environmental AI
economy”. This notion refers to all practices responsive to the
papers
enabled the understanding of the complexity of adapting the

environment and decarbonisation. Collectively, the
environmental economy to the age of artificial intelligence.
Likewise, the Research Topic systemically expanded a range of
directions for adapting the environmental economy to new
The

contribution must ensure environmental justice, energy security,

opportunities for environmental protection. state’s

competitiveness, environmental taxation improvement and
responsible production and consumption development. Society’s
contribution must be coupled with optimising environmental
decisions, environmental awareness, improvement of
environmental behaviour to protect biodiversity and preference
for ESG investments.

Moreover, the Research Topic processed the cause-and-
effect links of the

strengthened the concept of sustainable development as the

environmental AI economy. It
balance of opportunities and threats, nature and technologies
and stakeholders’ interests. The proposed guidelines let
improving the environmental AI economy management and
the spreading of the best practices in developed and developing
countries. The systemic view of environmental management
quickens the selection of practical managerial tools and
stakeholders’ roles in environmental protection in the age of
artificial intelligence.
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Mathematical Modeling and Informatics, Volgograd State Agricultural University, \olgograd, Russia

Relevance: Currently, the sustainability and profitability of any company is directly related
to its interaction with the environment. In the 20th century it was believed that stable
development is impossible, if the company focuses its production on the preservation and
protection of the environment. Since the second half of the 20th century, ideas have been
increasingly heard that sustainable economic development cannot be achieved at the
expense of the predatory depletion of natural resources. The environmental agenda plays
an important role in the ESG principles, largely formulated by UN Secretary-General Kofi
Annan, reflected in Sustainable Development Goals 12—15, reflected in Resolution 70/1 -
Transforming our world: the 2030 Agenda for Sustainable Development. Companies such
as Tesla Motors, called “green giants”, have proven by their experience and development
dynamics that in today’s environment a business that does not have a negative impact on
the environment can be profitable and successful. Thus, modern trends in the
development of the world economy determine the relevance of the present study,
aimed at studying the new conditions of economic activity by enterprises - the
conditions of smart ecology and development of recommendations for the effective
transformation of enterprises under these conditions. The purpose of this study is to
analyze and identify the main problems of sustainable development of enterprises in terms
of preservation and protection of the environment - “smart ecology”, and based on the
formulated problems the authors have developed ways to overcome them. The subject of
the study are managerial and other relationships arising during the implementation of
innovative Smart projects by enterprises.

Methods: In the process of analyzing the problems and developing ways to overcome
them and the transition of enterprises to the conditions of smart ecology, the authors used
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Sustainable Development Under Smart Ecology

methods of system analysis, methods of statistical analysis, methods of artificial

intelligence.

Results: The conducted analysis shows that in modern conditions of development of
innovative technologies in Russia there is no unified approach to the process of effective
management of breakthrough development projects. The analysis proposed the concept
of SMART ecology and showed its importance for understanding the processes taking
place in the modern world. Factors influencing the effectiveness of the implementation of
innovative smart ecology projects have been identified. Methods that can be used during
the implementation of these projects were proposed.

Keywords: sustainable development, smart ecology, expert systems, sustainable development issues, artificial

intelligence

INTRODUCTION

The relationship between the sustainable development of
enterprises and environmental conditions first began to be
actively mentioned in the 70-80s of the 20th century, when
the problem of resource exhaustion became significant. It was
during this period that the UN developed the global concept of
sustainable development without harming future generations,
which is reflected in the Sustainable Development Goals
contained in Resolution 70/1—Transforming our world: the
2030 Agenda for Sustainable Development (Vinuesa, et al,
2020). The concept of sustainable development has become
the basis for a profound rethinking of the strategic and tactical
behavior of both individual corporations and nations. An
important part of the new strategic behavior is concern for the
environment, which has now become an integral part of any
company’s vision of strategic development.

Previously, it was believed that sustainable development of a
company was impossible in the context of preserving non-
renewable resources and reducing the negative impact on the
environment, because such activities are associated with huge
investments of capital. Nowadays such companies as Tesla,
Chipotle, Ikea, Unilever and others have proved by their own
example that economic activities based not on cost minimization
but on social benefit are more profitable than those of traditional
companies.

Conditions of smart ecology define transition of the
enterprises to new conditions of conducting economic activity
in which sustainability is defined not by economy of financial
resources, but by ways of their reception (Rogachev, 2021a). The
distinctive feature of the companies working in the conditions of
smart ecology is that the social good, on a par with sustainability,
is the main factor of profit.

Sustainable development of enterprises in a smart ecology is
possible if they follow the following principles:

1) Since the sustainability of enterprise development is primarily
determined by its policy and strategy, special requirements are
imposed on the head of the company. It is the head of the
company who should direct the company’s work to the
conditions of smart ecology, he should promote the concepts

of “green economy” and monitor the timely changes in the
company, corresponding to changes in the environment.
One of the most important factors in ensuring the sustainable
development of the enterprise should also be breakthrough
innovations, ie, new developments of the company,
corresponding to the conditions of the smart ecology. The
peculiarity of such innovations is that they cannot include
products and technologies that were used for traditional
economic activities and have been upgraded for the conditions
of smart ecology.

The goals of the enterprise should be reoriented, traditionally
the main goal of any economic activity is to make a profit, in
the conditions of smart ecology the main goals of the
enterprise along with profit should be the introduction of
environmentally safe technologies, increasing the welfare of
society, reducing the burden on the ecosystem, the
preservation of the environment for future generations.

The concept of sustainability is a characteristic of the
company, not a goal to which it aspires. The smart ecology
condition changes the very concept of sustainability, which
includes an equitable and economical use of resources, a
switch to renewable raw materials and strict compliance
with environmental rules and regulations.

Accordingly, all of the above-mentioned principles define
the requirements for the behavior of employees of the
company and the organization as a whole. All employees
must be responsible not only to their job duties, but also to
the principles determined by the conditions of smart
ecology, the company’s activities and its results must be
transparent to the owners, investors and customers. All
activities must be conducted on the basis of mutual
cooperation.

2)

3

~

4)

5

~

All of the above principles are defined by the conditions of
smart ecology, formed and developing together with the processes
of digital transformation of the economy. The main conditions
for classifying enterprises as smart ecology are as follows (AI for
Sustainable Development Goals, 2022):

- The activities of enterprises should contribute to the welfare
of society.
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- The use of resources must be conservative, the share of
recycled raw materials must be significantly higher than the
share of non-renewable raw materials.

- Enterprises must use the latest saving technologies and
technologies that reduce harmful emissions and waste.

- There should be a division of responsibility for
environmental pollution between all enterprises and
organizations involved in the life cycle of the product.

- Investments of enterprises in the protection of ecosystems
and Dbiodiversity, in the preservation, restoration and
support of the environment must be constant and
continuous in nature.

Thus, based on the principles and conditions of smart ecology,
the authors formulated the following definition:

Smart ecology is a branch of science about such interaction of
living organisms among themselves and with the environment,
which does not have a negative destructive impact on the state of
nature, does not deplete natural resources and supports
biodiversity, achieved through the widespread use of
conservation technologies, modern advances in the IT-sphere
and scientific and technological progress.

The development of the smart ecology reflects a fundamental
shift from an export-raw business model to a digital one, which
requires a redefinition of sustainable enterprise development.

Traditionally, the sustainable development of an enterprise
was defined as a positive change in its financial and economic
indicators over a long period of time. The authors modernized
this concept taking into account the conditions of digital
transformation and the development of smart ecology - under
the sustainable development of the enterprise the authors
understand such an economic activity, which is able not to
affect the natural assets, preserve resources and reduce the
negative impact on the environment together with the
achievement of strategic and operational goals and profit, part
of which is necessarily sent to protect the ecosystem and improve
the level and quality of life.

Despite the active development of digital transformation
processes not only in the economy, but also in all processes of
human activity, enterprises pass it and adapt to the conditions of
smart ecology at a slow pace. This situation is associated with a
number of problems that hinder the pace of digital
transformation of companies, corresponding to the conditions
of the smart ecology.

As can be seen from Figure 1, the authors refer to the main
problems:

1) Complexity. Any “smart” technology requires the appropriate
software to manage and control it. The problem is that with a
significant number of breakthrough technologies, an
enterprise is faced with the need to use multiple types of
software, which causes the complexity of monitoring and
switching between them.

Safety. “Smart” technologies are based on the concept of IoT
(Internet of Things), which is the ability of “smart” things to
interact with each other, excluding humans as an object that
controls them by transmitting information. Since all

2)

Sustainable Development Under Smart Ecology

interaction is based on the transmission of certain data,
there is a problem of leakage of this data, i.e. the problem
of information safety.

Increase in production costs. This problem is caused by the
high cost of smart technologies and smart equipment, which is
necessary for sustainable development, also the constant
introduction of breakthrough innovations, requires
significant investment in research and bringing them to the
stage of implementation. Since one of the factors of
sustainable development of the enterprise in a smart
ecology is the orientation of the enterprise to preserve the
environment and increase the welfare of the population, this
leads to high tax deductions, as it is taxes that are the main tool
of the income redistribution system, through taxes the funds
for environmental protection and funds allocated for social
purposes are collected.

Increase in the unemployment. Another problem of the
functioning of enterprises in a smart ecology is the loss by
employees of their jobs. This is primarily due to the fact that
the introduction of “smart” technology contributes to the
automation of labor and frees up labor resources. Also, due to
the fact that some jobs do not meet the conditions of the smart
ecology, it is expected that there will be a tendency to
reduce them.

Employee adaptation. Another important problem is the
inability of employees to perceive and use the latest
technology. Employees who are wused to traditional
technologies and do not have the skills necessary to work
in a changing environment, do not support the introduction
of innovative technologies, and thus hold back the pace of
digital transformation.

Cultural changes. The conditions of smart ecology do not act
selectively, they apply to all spheres of human life and activity,
so in addition to the digital transformation of enterprises,
cultural transformation of people is necessary (United
Nations, 2022).

3

~

4

~

5

~

6

g

Based on the peculiarities of the functioning of enterprises in
the conditions of smart ecology, the authors have developed the
following approaches and options for solving the identified
problems.

METHODOLOGY

The purpose of this study was to formulate a definition of smart
ecology based on the existing characteristics of economic activity,
to identify the features of sustainable development of the
enterprise in a smart ecology, to develop possible solutions to
the problems arising in the transition of enterprises to new forms
of activity.

The following general scientific and private methods and
methodological approaches were used in the research—systems
theory, analytical and systematic approaches.

Sustainable development of enterprises in modern conditions,
in particular in the field of environmental problems, inevitably
relies on a set of interrelated innovations. As part of the
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FIGURE 1 | The main problems of sustainable development of the enterprise in the conditions of smart ecology (Open School of Business, 2016).
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FIGURE 2 | The main directions of solving the problems of sustainable development of enterprises in a smart ecology (Open School of Business, 2016; Investlab,
2020).

l

development of a new technological mode about once every half ~ which occurred as a result of melting permafrost) and political or
century traditionally appears a cluster of closely related and  economic character (such as the introduction of fees for carbon
mutually supporting innovations (Glazyev et al, 2019). emissions).

However, at present, in the process of formation of a new Within the emerging cluster of innovative technologies of the
technological mode, it is impossible to determine with a high  sixth technological mode, important elements can be “green”
degree of probability which of the many innovations appearing  technologies of energy generation; electricity storage
now will be effective enough on their own; which will give  technologies; technologies that reduce energy losses and
sufficient synergy with other innovations for their rapid  reduce emissions (in particular, recycling technologies of raw
development; and which will disappear (Figure 2).  materials and other types of resources); technologies that reduce
Nevertheless, enterprises must constantly make decisions to  the carbon footprint and so on (Skiter et al., 2021). On the other
implement innovations that contribute to sustainable  hand, for example, carbon footprint reduction requirements may
development. Sustainable development of enterprises is  affect a company’s logistics processes, require changes in
necessary not only to maintain a high level of competitiveness,  technology to move cargo within the company as well as raw
but also to prevent or offset huge losses from risk situations that ~ materials and finished product between facilities, and even
are both natural (such as the diesel fuel leak in 2020 in Norilsk, ~ change the degree of flexibility in manufacturing processes, for
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FIGURE 3 | Main groups of Al methods and algorithms (TAdviser, 2020; Codernet, 2021).

example, to reduce inventory levels (or even produce JIT “just-in-
time”). And, of course, such large-scale optimization will ensure
sufficient efficiency only with the introduction of modern
artificial intelligence tools, modern tools for monitoring,
analysis of big data, creating channels for continuous exchange
of information between enterprises.

First of all, to solve the problems of sustainable development of
enterprises, the widespread introduction of breakthrough
technologies is necessary, such as:

1) the use of alternative energy sources to replace fossil fuels,
both for production purposes and in the home, namely solar,
tidal, wind and biomass energy (Naugolnova, 2014).

2) the use of artificial intelligence technologies in agriculture,
since this industry uses 70% of the world’s fresh water reserves
and its share of greenhouse gases in the total amount is 13%
(Open School of Business, 2016; Investlab, 2020; Educator’s
Notes, 2018), the use of IoT, based on special platforms like
Arduino, will increase the efficiency of tillage technologies and
reduce the amount of used resources.

3) Transition to environmentally friendly transport types will
reduce the size of the carbon footprint (Laidlaw, 2022).

4) IT-technologies in production based on special platforms that
allow automatic regulation of processes, remote control,
monitoring of various values that monitor the condition of
conveyors, reactors and other equipment and provide control
of pollution levels and the volume of waste.

5) The introduction of smart finance technologies that provide
competent taxation, which ensures effective control of the
harmful effects on the environment and forms “ecological
habits” of business leaders, employees and the population as
a whole.

6) Formation of the “smart” infrastructure which will provide
effective implementation and functioning of all the above-
mentioned technologies.

It should be noted that not all innovations currently being
created will be used in 40-50 years. Moreover, the logic of
interaction between individual technologies may also
change - for example, vehicle weight reduction
technologies being developed to reduce the carbon
footprint may significantly increase the efficiency of
electric motors in these vehicles, reducing energy
consumption when traveling long distances - and the
inability to store large energy reserves is now one of the
main problems of batteries for electric vehicles.

It is very likely that not all innovative technologies have the
expected effect. And in this case, enterprises have two ways to
implement innovations. The first way is to implement effective
innovations, thus reducing the costs associated with
technological and market risks caused by the
implementation of ineffective innovations. However, it takes
quite a long period of time to separate effective innovations
from ineffective ones, which creates the risk of lagging behind
the leading organizations. In order to overcome this lag, it will
require significant scientific potential, large financial
investments, and high flexibility in decision-making, so as
not to miss the moment when the effectiveness of
innovation is already proven, and the lag from the
advanced organizations has not yet become critical.

The second way is to independently develop and implement
advanced technologies, ensuring itself the role of a leader in
sustainable development, attracting cheaper investments and
reducing the risks associated with changes in regulation.
However, this path creates obvious technological risks
associated with the unknown characteristics of the applied
innovation; market risks, primarily associated with a possible
incorrect assessment of demand for the innovative product and
with the unpredictable actions of competitors; reputational risks
associated with the possible ineffectiveness of implemented
solutions.
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RESULTS

Thus, innovation management in the context of the fourth
technological revolution is associated with a number of risks,
regardless of the strategic path chosen by the enterprise. To
manage such risks, it is necessary to work effectively with
heterogeneous information arising in the internal and external
environment of the organization. This information, in particular,
includes the results of the most modern fundamental research; patent
analysis; analysis of current and planned changes in legislation;
information about the technologies used by competitors; about
changes in consumer needs of the product in the main market
and the opportunities offered in other markets; and, of course, huge
amounts of financial, technological and social information within the
organization. To ensure flexible work with such a volume of
information, often unstructured, fuzzy, contradictory, and
carrying weak signals, the knowledge of individual specialists is
obviously not enough. To manage such risks (at least in large
organizations) for the purposes of sustainable development it is
necessary to create an information system of decision support,
organizing the work of experts, collecting and producing analysis
of big data and identifying weak signals. Such a system can be
developed in individual enterprises, or created as part of the activities
of consulting firms or government projects to support innovation.

In our opinion, an effective solution to the totality of the
identified problems and tasks is to develop an expert system based
on artificial intelligence methods used to support decision-
making procedures.

As is known, there are five main groups of artificial intelligence
methods used for decision support purposes: artificial neural
networks; fuzzy logic; expert logic; evolutionary logic; logic for
data analysis (Figure 3). For the purposes of solving the problems
of enterprise sustainable development in a smart ecology, the
authors propose to use the following of them:

- Artificial Neural Networks (ANN), which is reasonable to
apply for the purposes of image recognition in “smart”
agriculture, speech recognition to adapt employees to
breakthrough technologies, recognition of signs and
objects for various control procedures (Rogachev, 2021b)

- Fuzzy logic, to involve experts in the decision support
process, as these artificial intelligence methods are more
qualitative in their analysis than neural networks. This
group of methods can be used to make decisions on the
implementation of certain innovations, to determine the
main objectives and the scale of agricultural production.

- Logic for data analysis is designed to analyze huge amounts
(Big Date) of data and find patterns in it. These methods are
applicable for the purpose of developing a company strategy,
taking into account the conditions of smart ecology.

Based on the highlighted methods of artificial intelligence in
the framework of this study, the authors developed the structure
of the expert system to support sustainable innovative
development of the enterprise, taking into account the features
of the tasks arising from qualitative changes in the economy, as
well as taking into account the capabilities of modern information

Sustainable Development Under Smart Ecology

technology, reflected in Figure 4. This system was developed on
the basis of materials (Andreyeva et al., 2015).

At the stage of collecting information, it is necessary to use
various methods of recognition, methods of processing big data.
Machine learning methods with and without a teacher (expert)
may also be in demand. Al makes it much easier to study both
innovative and commercial activities aimed at achieving the goals
of sustainable development, and to track the achievement of these
goals by improving the quality of the collection and processing of
primary data on the state of the environment or, for example,
poverty in different regions (Alsharkawi et al., 2021).

At the stage of signal recognition and analysis can be used fractal
methods used in modern radio systems (Educator’s Notes, 2018),
mathematical models of decision-making, methods of stability
analysis. Mathematical models that take into account ESG issues,
which have a significant system component and require the joint
work of specialists from different fields, should be widely used.

At the stage of developing recommendations for sustainable
development, in our view, neural networks can be widely used, as
well as various decision support methods, including methods of
data visualization, methods of multicriteria analysis, and so on.

The first module of the described system is designed to collect
information from all available sources. As can be seen from
Figure 4, the database is formed from free Internet sources,
statistical data, as well as on the basis of the intellectual analysis of
the texts of scientific literature and patents. As part of the
intellectual analysis of textual information is carried out pre-
processing and transformation of the corpus: document
breakdown, identification and extraction of the main content,
separation of documents into paragraphs, segmentation,
lexemization, labeling with parts of speech. The information is
collected within the framework of developed observation plans,
trained artificial intelligence systems and other models, which
must be adjusted as necessary to ensure the high quality of the
collected information under constantly changing conditions. The
collected data undergo a cleaning and quality control process.
Since the information collection and preparation phase of the
analysis and modeling processes is one of the most important,
distorted data or omissions in the data can lead to false results.
After the data are checked and prepared, they are transferred to
the second module.

The second module is designed to process the information
collected in the first module. The information is considered as a
set of strong and weak signals necessary to assess the changes
taking place, possible threats and risks, as well as opportunities
(Potapov, 2008). While strong signals can directly become the
main for analysis, weak signals are rather noisy and are lost
against the background of other, more definite information.
Special methods should be used for their purification and
amplification. Strong signals and purified weak signals are
analyzed by statistical methods and intelligent methods based
on specially created models. Also in this module model training,
consisting in repeated procedures of signal estimation, and
comparison of model predictions with real data is carried out.

The third module should interpret the results of the machine
analysis and develop recommendations for changing the innovation
policy of the organization, taking into account changes in the
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external and internal environment. At this stage, based on the
information obtained in the previous modules and relying on the
tools of artificial intelligence, fuzzy logic, visualization and data
representation, experts in the subject areas evaluate scenarios of
enterprise development under different variants of system behavior.
The pre-designed set of solution options is evaluated on the basis of
the information obtained, the dominant solution options are
discarded, the possibility of combining solutions to obtain a
synergistic effect is studied, and the non-dominant solution
alternatives are ranked by potential effectiveness. Also at this
stage there is a presentation of recommendations in the most
convenient form for potential stakeholders.

DISCUSSION

The result of the system activity is a flow of information for the
management of the organization and stakeholders about the
opportunities and threats arising for the enterprise due to
innovative development the external and internal
environment in the field of smart ecology, as well as
recommendations for behavioral adjustments to ensure
effective and sustainable development of the organization.

Comparison of the proposed system with the known ones
(Andreyeva et al., 2015) allows us to note the following significant
differences and advantages:

in

- the possibility of adjusting the information collection model

- additional evaluation of the quality of the data transferred to
the model by means of expert evaluation

- control of the reliability of the obtained results through the
use of expert judgments.

In addition, the creation and use of the system described in
Figure 4 will ensure the sustainability of enterprise development
in the implementation of innovations that promote ESG
transformation, will facilitate the attraction of financial
resources for the systematic development of smart ecology,
will quickly achieve the goals of creating a green, safe and
socially responsible entrepreneurship.

CONCLUSION

One of the important concepts that have appeared in the
scientific turnover in the XXI century is the concept of
noosphere - a hypothetical sphere of interaction between
society and nature, in the boundaries of which intelligent
human activity becomes a determining factor of
development, it is also sometimes designated by the term
“anthroposphere” (Vernadskiy, 1988; Macpherson, 2021).
However, in recent decades there is a significant symbiosis
between the human mind and artificial intelligence, which

Sustainable Development Under Smart Ecology

complement each other, creating a qualitatively changed
noosphere. Human activity is no longer an independent
factor influencing nature, but relies heavily on advances in
computer technology, which have become part of the human
mind from a tool. Under these conditions it is possible to speak
not about ecology, but about smartbecology; not about the
biosphere or the noosphere, but about the e-noosphere, in
which the achievements of modern science become an
independent  factor influencing the ecology and
sustainability of the development of the planet as a whole.
In this regard, the study of sustainable development of the
enterprise in the new prevailing conditions becomes relevant.
Since such conditions of development are only being formed,
initially it is necessary to form a theoretical basis of definitions,
reflecting their main aspects.

In this study, the authors formulated a concept of smart
ecology, which allowed to identify and show the close
relationship between the conditions of smart ecology and the
sustainable development of the enterprise. The main problems
arising for the enterprise in the implementation of a sustainable
development strategy in a smart ecology were highlighted, which
allowed to consider and evaluate the possibility of using artificial
intelligence to solve these problems.

The study shows that artificial intelligence is used to solve a
whole range of tasks, both related to smart ecology and related to
other goals of sustainable development. Al is used to optimize
drip irrigation, identify plant diseases, create digital twins of
mobile towers and optimize power consumption on them,
solve medical problems, including the fight against COVID-19
(Artificial Intelligence for Sustainable Development, 2020).
However, it should be noted that artificial intelligence can
both contribute to and hinder the goals of sustainable
development. These threats and opportunities are reflected in
some detail in the UNESCO working paper (Goralski and Tay,
2020).

As part of the study, the authors have developed a conceptual
model of an information expert system based on the application
of machine learning and artificial intelligence, which contributes
to improving the efficiency of the introduction of smart ecology
technologies in specific enterprises, which accordingly has a
positive effect on their sustainable development. For the
purposes of leveling the negative influence of artificial
intelligence methods on the results of machine analysis, the
system introduces the procedure of expert evaluation, which
will significantly improve their quality.
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INTRODUCTION

The economy of artificial intelligence (AI) is a technocratic model of the organization of an economic
system in which automation is carried out on the basis of “smart” technologies controlled by AL This
new model emerged as a result of the worldwide technology race and embodies the heyday of
scientific and technological progress (Ruffolo, 2022).

Globalization dictates the need for countries of the world to transition to an Al-enabled
economy, which is reflected in digital competitiveness, the presence (for example, inclusion in
the relevant international rankings) and the level of which determines the ability of countries to
overcome barriers to entry and expand their presence in global high-tech markets (Feijoo and
Kwon, 2020).

The problem is that the transition to an Al-enabled economy is being forced by the pressure
of the market mechanism, and the countries of the world cannot fully adapt it to their priorities,
among the most important of which are decarbonization and waste reduction. The reason for
the problem is that each new technological way first complements and then displaces the
previous one. In this regard, the countries of the world cannot simply overlook the Fourth
Industrial Revolution, and they must participate in it in order to be able to demonstrate the
growth, development and efficiency of the economy, maintain and improve the standard of
living of the population.

The consequence of this problem is the environmental risks of the formation of the Al-enabled
economy. This is because Al development pursues economic goals that are often accompanied by
environmental costs (Arganda et al., 2022; de Chevalier et al., 2022).

Along with this, it is necessary to take into account that environmental protection is an
independent direction of the economy, which is increasingly integrated into economic activity.
The Sustainable Development Goals (SDGs) cover both the economic and environmental priorities
of humanity, which require full and simultaneous consideration.

The AI economy should participate in achieving the SDGs, comply with them and support them,
although modern science does not answer questions about to what extent and by what means this
could be achieved in practice (Som, 2021; Wilson et al., 2022).

This article aims to explore the essence of the environmental Al economy and its contribution to
decarbonization and waste reduction. The originality and uniqueness of the conducted research is
ensured through the use of a systemic approach (based on the provisions of evolutionary economics),
which allows more in-depth studies of the logic of formation, cause-and-effect relationships of the
functioning of the economy of artificial intelligence and thereby form a holistic view of the economic
and environmental aspects of the AI economy.
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The Evolution of the Artificial Intelligence

Economy

To study the prospects for the development of Al-economy, this
article is based on the Evolutionary Theory of Economic Change
(evolutionary economics) and the Theory of Bifurcations of
dynamic systems (in accordance with the systemic approach to
conducting scientific research). Based on these theories and the
existing literature, the process of Al-economy evolution is
modeled.

Initially (on the first tap), the AI economy emerged as a result
of spontaneous technological progress. At that time, economic
interests prevailed, according to which, with the help of artificial
intelligence, developed digital economies tried to take leading
positions in developing high-tech markets.

Subsequently (at the second stage), the Al economy began
to serve the commercial interests of business, since the
spread of “smart” technologies was financed by venture
investments. Al was becoming increasingly widespread in
the business environment and no longer had an elitist
character. Intense competition had formed in the global
high-tech markets.

The third stage is associated with a technological shift, in
which the technologies of the previous technological order are
replaced by digital technologies. To achieve this, there must be
massive public support for the economy of artificial
intelligence, which is possible only if “smart” technologies
begin to serve the interests of society. Scientists have not yet
reached agreement on the characteristics of this stage, since it
is currently taking place and is determined by the interests of
society.

In the works of Venkatesh et al. (2022), Wise (2022), it is
noted that the deep and prolonged global economic depression
in the context of the COVID-19 pandemic caused the priority
attention of society to the restoration of pre-crisis living
standards and the acceleration of global economic growth.
This implies a secondary priority to environmental
protection issues.

In contrast, in their works Donoso et al. (2022), Gwenzi
(2022), Shao et al. (2022) indicate that environmental
interests are critically important and come to the fore. This
is due, firstly, to the great attention to environmental
protection in the SDGs, most of which have an
environmental focus.

The popularity of the SDGs around the world is very high,
and it continues to grow within the framework of the “decade of
action”. Secondly, It is also a widely held view (Argentiero et al.
(2022), Felix et al. (2022), Sarmento et al. (2022) that the
pandemic and crisis caused by COVID-19 are of an
ecological nature, and therefore green growth is urgently
needed to overcome highly probable future environmental
crises.

We adhere to the second point of view and, based on it, we
hypothesize that at the upcoming, but already outlined, third
stage, there is a transition to the environmental economy of
artificial intelligence, which contributes to decarbonization and
waste reduction.

The Environmental Al Economy

The Formation of the Environmental
Artificial Intelligence Economy at the
Present Stage of its Evolution and its
Contribution to Decarbonization and Waste

Reduction.

To determine whether the modern artificial intelligence economy is
aimed at environmental sustainability, its impact on decarbonization
(CO:z emissions from fossil fuel combustion and cement production)
and waste reduction (municipal solid waste, production-based SO
emissions) is assessed. The most accurate indicators for measuring
the AI economy are three elements of digital competitiveness:
knowledge, technology and future readiness.

In accordance with the generally accepted separation
(differentiation) of the elements of digital competitiveness, the
available literature suggests different approaches to managing the
development of the environmental AI economy for
decarbonization and waste reduction:

—In the works of Fytili and Zabaniotou (2022) the basis for the

development of the environmental AI economy is
knowledge—personnel for the digital economy, highly
qualified specialists and a high level of public

consciousness. This approach can be called social; —

The publications of Ahmad et al. (2022) indicate the
paramount importance of the institutional, financial and
telecommunication infrastructure of digital technologies for
their use with the purpose of decarbonization and waste
reduction. This approach can be called technological;

Khan et al. (2022) in their works note the key role of flexibility
and environmental consciousness of society and
progressiveness of economy (future readiness), in the
presence of which Al is used for decarbonization and waste
reduction. This approach can be called adaptive.

To determine the approach that most reliably describes the
source of achieving environmental benefits in the development of
the AI economy, we will conduct an econometric analysis of
available statistical data on digital competitiveness (IMD, 2022),
as well as on decarbonization, production and consumption waste
(UN, 2022) in 2021. The top 15 countries/territories in artificial
intelligence were selected as objects for study according to Nature
(2022)—the data are given in Table 1.

The analysis of the data from Table 1 allowed to obtain the
following results. Firstly, it has been established that the technological
approach makes it possible to reduce consumption waste due to the
development of infrastructure. The dependence was obtained: MSW
= 1.04 + 0.002k-0.009t+0.02fr, according to which an increase in the
level of technology by 1 point contributes to a reduction of municipal
solid waste by 0.009 kg/capita/day. The correlation is moderate:
29.54%.

Secondly, it was revealed that the adaptive approach allows to
reduce production waste by increasing the flexibility and
environmental consciousness of society and the economy. The
dependence was obtained: PBE = 122.84 + 0.83k+0.25t-0.61fr,
according to which an increase in the level of future readiness by 1

Frontiers in Environmental Science | www.frontiersin.org

19

June 2022 | Volume 10 | Article 914003


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Ragulina et al.

The Environmental Al Economy

TABLE 1 | Elements of digital competitiveness, greenhouse gas emissions and production and consumption waste in top15 countries/territories in artificial intelligence in

2021.

Country Elements of Digital Competitiveness, Score 0-100

Indicators of Environmental Sustainability of the Economy, Characterizing

decarbonization and Environmental Pollution

Knowledge Technology Future Readiness Municipal Solid Production-Based SO: CO: Emissions
Waste (kg/Capita/day) Emissions (kg/Capita) from Fossil
Fuel Combustion
and Cement
Production (tCO2/Capita)
k t fr MSW PBE COE

United States 85,601 87,494 100,000 2,63 51,036 16,06
United Kingdom 76,031 72,122 82,423 1,558 53,919 5,477
Germany 75,854 62,359 72,882 2,198 34,497 8,405
China 82,500 69,231 74,656 0,687 30,02 7,096
France 68,044 74,482 57,537 1,744 26,482 4,968
Canada 81,795 75,181 78,050 2,286 58,059 15,414
Switzerland 86,929 80,237 90,746 2,631 58,308 4,386
Japan 64,759 63,182 64,195 1,034 42,038 8,723
Australia 69,844 71,547 67,754 1,716 144,601 16,308
Netherlands 77,088 86,158 89,777 1,652 50,843 9,056
Italy 50,321 49,636 58,438 1,937 38,704 5,567
Spain 60,979 61,480 55,253 1,481 37,201 5,407
Israel 77,050 65,255 69,543 1,894 113,783 7,532
South Korea 75,489 77,957 88,821 1,198 39,651 11,933
Sweden 86,485 84,570 87,605 1,374 63,332 4,261

The data were obtained from references to IMD (2022), UN (2022).

point contributes to a reduction in production-based soz
emissions by 0.61 kg/capita. The correlation is moderate: 18.01%.

Thirdly, it has been established that the social approach makes
it possible to reduce carbon emissions through the development
of knowledge. The dependence was obtained: COE
2.40-0.09k+0.08t+0.091r, according to which an increase in the
knowledge level by 1 point contributes to a reduction in CO2
emissions from fossil fuel combustion and cement production by
0.009 tCO2/capita. The correlation is moderate: 32.08%.

Consequently, each of the elements of digital competitiveness
is important and makes its own specific contribution for
decarbonization and waste reduction, but none of the existing
approaches is exhaustive to explain and support the development
of the environmental AI economy. Therefore, a new approach is
needed that embodies the features of all existing ones.

Systemic Approach to Management of the
Development of the Environmental Artificial
Intelligence Economy to Maximize Its

Contribution to Decarbonization and Waste

Reduction.
This paper proposes a systemic approach to management of the
development of the environmental AI economy. The new
approach is designed to maximize its contribution to
decarbonization and waste reduction through targeted and
more effective practical application of each of the three
elements of digital competitiveness.

In accordance with the authors™ approach, it is recommended to
develop the infrastructure of the environmental Al economy for
reducing consumption waste. The normative-legal system should

strictly regulate consumption waste. Financial incentives for
environmental responsibility of the population should be provided,
for example, tax incentives and, on the contrary, special
environmental penalties. The telecommunications infrastructure
should offer a large number of massively available free applications
with social advertising for environmental protection, as well as clear
instructions on everyone’s contribution to decarbonization and waste
reduction (for example, explanation of the principles of safe waste
disposal and sorting for subsequent recycling).

It is proposed to increase the flexibility and environmental
consciousness of society and progressiveness of economy to
reduce production waste. This radically changes the current
practice, which involves direct stimulation of business to
reduce production waste. In contrast, indirect stimulation
through the development of demand for environmentally
responsible products is advisable Regulatory control should be
replaced by public control, and government fines should be
replaced by consumers’ refusal to purchase products from
such enterprises that have an insufficiently high level of
environmental responsibility (with large volumes of
production waste). The AI economy can help with this
through automated environmental monitoring of business.

It is recommended to develop knowledge to reduce carbon
emissions. Decarbonization should be based on social norms. The
danger and harm of greenhouse gases should be explained and clearly
understood by every member of society, by every social category.
Thanks to this, low-carbon economic practice will become regular,
normal. The contribution of the AI economy should be to inform the
population about the current carbon emissions and the success
achieved in reducing them, as well as to measure the individual
contribution of each household and business to the overall result.

Frontiers in Environmental Science | www.frontiersin.org

20

June 2022 | Volume 10 | Article 914003


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Ragulina et al.

DISCUSSION

The conducted research provides new insights into the essence of
the environmental AI economy and its contribution to
decarbonization and waste reduction. In contrast to Venkatesh
et al. (2022), Wise (2022), it is shown that the pandemic and the
COVID-19 crisis did not distract, but rather riveted the attention
of the world community on environmental protection issues. The
Al economy serves these interests by supporting decarbonization
and reduction of production and consumption waste.

In contrast to Ahmad et al. (2022), Fytili and Zabaniotou
(2022), Khan et al. (2022), it is proved that the development of
elements of digital competitiveness separately provides scattered
and insignificant results. The existing narrowly focused
approaches should be replaced by a systemic approach to
management of the development of the environmental Al
economy to maximize its contribution to decarbonization and
waste reduction, recommendations for practical application of
which are proposed in the article.

The contribution of the article to the literature consists in
clarifying the cause-and-effect relationships of the
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development of the environmental AI economy: the
contribution of each element of digital competitiveness to
achieving the corresponding advantages of decarbonization,
reduction of production or consumption waste is
determined. The theoretical significance of the article
consists in creating a model of the evolution of the
artificial  intelligence economy and defining the
environmental economy of artificial intelligence as its
current (ongoing) stage.

The practical significance of the article is ensured by the
development of framework applied recommendations in public
administration aimed at maximizing the benefits of the current
stage of the evolution of the environmental AI economy for
decarbonization and waste reduction.
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INTRODUCTION

Environmental corporate social responsibility (CSR) is the practice of voluntary environmental
protection by business in excess of fulfilling mandatory requirements (norms, standards,
environmental taxes and fees, etc.) of the state, manifested in the form of environmental
initiatives (for example, the creation of an environmentally friendly urban environment), in the
form of the introduction of “green” innovations (for example, waste reduction) and in the form of
responsible investments (for example, co-financing of clean energy development programs)
(Popkova et al., 2021; Popkova and Zavyalova, 2021; Huo et al., 2022; Lin et al., 2022; Zhang
and Cheng, 2022).

In the existing literature, Madaleno et al. (2022), Schiessl et al. (2022), Yang et al. (2022), Yu et al.
(2022) indicate the non-commercial nature of environmental CSR. The development of this
responsibility is associated with the progress of society. The prevalence of environmental CSR
practices is explained, on the one hand, by the ability of society (consumers) to assess the importance
of these practices and the tendency to give preference to responsible business products and, on the
other hand, by the internal motivation of business leaders to protect the environment. Since society is
continuously progressing, the process of development of environmental CSR is considered linear and
is described as an upward trend.

The works of Awawdeh et al. (2022), Cheng and Zhang (2022), Godefroit-Winkel et al. (2022),
Sadiq et al. (2022) note the contradictory interests of business and society in the implementation of
environmental CSR. Consumers expect companies to be willing to donate part of their profits to
environmental CSR as a charity and therefore do not always give preference to “green” products with
similar consumer properties compared with less environmentally friendly analogues. For businesses,
in turn, environmental CSR is associated with additional costs, while sources of financing are often
limited, and high market competition dictates the need to recover their investments. The noted
conflict of interests constrains the development of environmental CSR and limits its scale.

In the works of Inshakova and Solntsev (2022), Liu and Gao (2022), Madaleno et al. (2022),
breakthrough technologies are considered as a deterrent to environmental CSR. Since this
responsibility increases the cost of products anyway, technological modernization further
increases this cost and limits the possibility of selling products on the target market (Astafyeva
et al,, 2020; Osipov et al., 2022).

In this regard, the scientific and practical problem of the development of environmental CSR in
the era of artificial intelligence (the Al era) comes to the fore. The combination of intensive social
progress (the development of society and the knowledge economy) with technological progress can
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exacerbate the conflict of stakeholders’ interests, thereby
increasing barriers to the development of environmental CSR.
Nevertheless, environmental CSR in the Al era is poorly studied,
which is as a gap in the literature. This gives rise to the following
research question (RQ): What is the impact of technological
capabilities of the Al era on environmental CSR?

The available individual scientific studies (Gao et al., 2021;
Wang et al.,, 2021) demonstrate the advantages of technological
progress for environmental CSR. In his work, Camilleri (2021)
outlined the strategic attributes of corporate social responsibility
and environmental management. Camilleri (2022) justified the
significance of ISO 14001 certification for corporate social
responsibility and environmental management of business.
Ligozat et al. (2022) proved that artificial intelligence (AI)
solutions have an impact on the environment throughout the
life cycle of these solutions. Tavana Amlashi et al. (2021)
demonstrated that AI allows creating environmentally friendly
practical solutions for the production sector. Pagliarini and Lund
(2020) developed and introduced an eco-friendly approach to
artificial intelligence and robotics.

Based on this, the hypothesis is put forward that the
breakthrough technologies available in the AI era do not
aggravate, but enable solving the problem with the right
approach to their use in the practice of environmental CSR.
The purpose of the article is related to the study of the prospects
for the development of environmental CSR in the AI era. To
achieve this goal, further in this article, a factor analysis of
environmental CSR is carried out on the example of the
United States and Russia in 2019-2022. Then environmental
CSR is reinterpreted from the standpoint of Stakeholder Theory
and technological capabilities of the Al era.

The originality of the study consists in the fact that
environmental CSR is studied from the standpoint of
Stakeholder Theory and is reinterpreted taking into account
the new context that has developed in the AI era. Stakeholder
Theory allows us to form a systematic understanding of the
existing practices of implementing environmental CSR, as well as

to offer recommendations for improving environmental CSR
practices based on breakthrough technologies, taking into
account the current era of artificial intelligence.

Factor Analysis of Environmental CSR on
the Example of the United States and Russia
in 2019-2022

To determine the factors of environmental CSR development, we
will analyze the dynamics of changes in the corresponding equity
indices on the example of the United States and Russia in
2019-2022. (Figure 1).

Source: built by the authors based on materials from Dow
Jones (2022), Moscow Stock Exchange (2022).

The dynamics of the Dow Jones (United States) and Moscow
Stock Exchange (Russia) environmental CSR equity indices in
2019-2022 and the factor analysis of environmental CSR based
on it on the example of the United States and Russia in 2019-2022
showed that the development of environmental CSR is largely
determined by financial and economic factors. This is evidenced
by the fact that in conditions of stability (in 2019 and in 2021),
due to social progress, environmental CSR indices are increasing.
And in conditions of instability and crisis, in particular, the global
COVID-19 crisis in 2020 and the international sanctions crisis in
2022, these indices show a sharp decline. This indicates the
cyclical development of environmental CSR, which coincides
with the cyclical development of the economy.

To make the obtained results of a quantitative factor analysis
more specific, we shall supplement them with a qualitative factor
analysis. Amid the global COVID-19 crisis, in the course of
implementation of environmental CSR, environmental concern
came to the fore to prevent the spread and emergence of a new
viral threat. The works of many scientists, such as Gaisie et al.
(2022), Hu et al. (2022) are indicative of natural causes of
emergence (COVID-19 as a zoonotic disease which originated
from introduction of infection from a sick animal to a human)
and spread (poor level of sanitation which promotes the
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transmission of viruses in society, and an increase in the level of
sanitation and social distancing as the measures to reduce the
disease incidence) of the COVID-19 pandemic.

Amid the international sanctions crisis, environmental CSR
has taken on new significance. Environmental concern has
become a mechanism for linking companies to communities
(Larch et al, 2022). Environmental CSR can and most likely
will become a significant criterion making decisions on the
inclusion of companies in newly-emerging international value
chains (Le and Hoang, 2022). In the coming years, environmental
ECO may transform from a voluntary environmental initiative of
business to a new form of competition (environmental
competition) and even a new (environmental) market barrier
to international expansion (Hagen and Schneider, 2021).

Therefore, environmental CSR depends not only on financial
and economic factors (stability of the market environment and
favorability of the cyclical phase), which are the same for crises,
but also on social factors which are specific to each crisis. Thus,
amid the global COVID-19 crisis in environmental CSR,
companies and local communities preferred waste
minimization and circular business practices, while amid the
international sanctions crisis—to “green” workplaces and the
reduction of resource consumption (improved resource
efficiency of business). This requires a flexible approach to
environmental CSR management taking into account the
financial, economic and social nature of each particular crisis.

Rethinking of Environmental CSR From the
Perspective of Stakeholder Theory and
Technological Capabilities of the Al Era

As a result of rethinking of environmental CSR from the
standpoint of Stakeholder Theory, the following prospects and
advantages of using technological capabilities of the Al era have
been established. Entrepreneurs with the help of artificial
intelligence can rationalize their practice of environmental
CSR, receiving intellectual support for the growth of its
effectiveness both by saving resources (reducing costs) and by
increasing the return on investment (high-precision forecasting
of demand for products with improved environmental
properties). Also, enterprises get the opportunity to automate
the process of notifying all other stakeholders about the
implemented practices of environmental CSR. This will
provide more complete informational support for
environmental CSR and increase its value for stakeholders
(Wut and Ng, 2022).

Shareholders and investors, thanks to the high technologies of
the AI era, become more fully aware of the activities of the
business they finance in the field of environmental CSR. This
helps to increase the transparency of environmental CSR and
prevent a formal business approach to its implementation. Also,
due to artificial intelligence, shareholders and investors can
conduct flexible analysis of the effectiveness of environmental
CSR and make more informed investment decisions (Ben
Hmiden et al., 2022; Halkos et al., 2022; Islam et al., 2022).

Employees of companies can be more aware of the activities of
their companies in the field of environmental CSR. This makes it

Environmental CSR

possible to overcome the fragmentation of knowledge, when an
employee knows only about his contribution, but is not aware of
all the “green” initiatives implemented by the business.
Breakthrough artificial intelligence technologies make it
possible to turn environmental CSR into a powerful tool for
attracting and retaining the best personnel, as well as non-
financial motivation to increase productivity and innovative
activity of employees with high ecological values. With the use
of artificial intelligence, it is possible to form working and
professional teams with similar eco-friendly motives and
values, as well as to develop highly effective work incentive
programs for them (Hongxin et al., 2022; Latif et al., 2022).

State regulators and non-governmental independent
organizations (for example, audit companies, industry expert
organizations and rating agencies) can conduct automated
environmental monitoring of business, compile environmental
ratings of companies. Thanks to this, state regulators are able to
stimulate environmental CSR by providing tax, credit and other
incentives depending on this responsibility (Karwowski and
Raulinajtys-Grzybek, 2021; van Balen et al., 2021).

Consumers and the general public get the opportunity to
rationalize consumer behavior in the market. High
technologies of the Al era can automatically pick up a product
with the best (specified) characteristics of price, quality and
environmental friendliness. This allows us to support social
progress, increasing environmental with  each
responsible purchase and stimulating further responsible
purchases. The purchase of products from environmentally
responsible suppliers can become a social trend, increasing the
supply and demand of these products, as well as keeping an
equilibrium (fair) price for it (Ye et al, 2021; Yin et al,, 2021).

values

DISCUSSION

The contribution of the article to the literature is related to the
development of scientific provisions of the concept of
environmental CSR. In contrast to Madaleno et al. (2022),
Schiessl et al. (2022), Yang et al. (2022), Yu et al. (2022), it
has been proved that environmental CSR has not only a non-
commercial nature, but combines commercial (due to economic
factors) and non-commercial (determined by social factors)
nature. In this regard, the most comprehensive and clear
criteria for assessing the potential for the development of
environmental CSR are the market opportunities for the
payback of responsible investments and the volume of
effective demand for “green” products. The development of
environmental CSR is not linear, but cyclical—it is
superimposed on the model of the economic cycle. In the
phase of economic recovery, social factors prevail and the
non-commercial nature manifests itself, and in the phase of
economic recession, financial and economic factors prevail and
the commercial nature of environmental CSR manifests itself.
In contrast to Awawdeh et al. (2022), Cheng and Zhang
(2022), Godefroit-Winkel et al. (2022), Sadiq et al. (2022), it
has been proved that the interests of stakeholders (interested
parties) do not contradict each other, but on the contrary are
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balanced with environmental CSR. That is, environmental CSR is
a mechanism for establishing and maintaining the balance of
industrial markets. Unlike Inshakova and Solntsev (2022), Liu
and Gao (2022), Madaleno et al. (2022), it has been proved that
breakthrough technologies of the AI era do not aggravate, but
allow overcoming the “market failure” of environmental CSR
associated with the conflict of interests of stakeholders. Thanks to
the technological capabilities of the era of artificial intelligence,
the potential of environmental CSR is most fully used to balance
the interests of stakeholders and maintain market equilibrium.
Therefore, artificial intelligence does not constrain, but stimulates
the development of environmental CSR.

CONCLUSION

Thus, the article filled a gap in the literature, clarifying the essence
and prospects for the development of environmental CSR in the
Al era. The theoretical significance of the results obtained in the
article is related to the fact that they clarified the essence of
environmental CSR from the standpoint of Stakeholder Theory.
This made it possible to substantiate a new (previously unknown)
role of environmental CSR associated with overcoming and
ensuring a balance of interests of stakeholders (interested parties).

Further theoretical significance of this paper is that it has
revealed social factors of environmental CSR amid the crisis.
Drawing on the example of the global COVID-19 crisis and the
international sanctions crisis, it has been demonstrated that social
factors determine the priorities of environmental CSR amid the
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Introduction

The ecological competitiveness of the economy is a new concept that emerged in the
era of the Sustainable Development Goals under the influence of the United Nations (UN)
global initiative. The ecological competitiveness of the economy is understood, on the one
hand, as a set of conditions created to protect the environment (for example, the
predominance of responsible production and consumption practices, the
predominance of sustainable communities and territories), and on the other hand, the
environmental results achieved (for example, the state of the climate, the level of
biodiversity, the purity of water and air), as well as the correlation of these results
with other economic systems (AlAbri et al., 2022; Del-Aguila-Arcentales et al., 2022;
Martinez and Poveda, 2022).

Every year the environmental competitiveness of the economy increasingly

determines the attractiveness of economic systems for:

- Living (which is especially important for aging societies, as it forms their potential to
overcome demographic crises) (Wu, 2022);

- Work (attracting and retaining highly qualified personnel, including among migrant
workers) (Sabbir and Taufique, 2022);

- Investment (“green” finance is gaining popularity around the world) (Awawdeh
et al., 2022);

- International foreign economic cooperation (an example is the introduction of a
carbon tax for exporters in the European Union) (Owusu Kwateng et al., 2022).

The problem lies in the uncertainty of the prospects for improving the environmental
competitiveness of the economy in the era of artificial intelligence (AI). In this article, a
scientific search for a solution to the problem is carried out. The hypothesis of this
research is that artificial intelligence improves the environmental competitiveness of the

frontiersin.org
27


https://www.frontiersin.org/articles/10.3389/fenvs.2022.953111/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.953111/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.953111/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.953111/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.953111&domain=pdf&date_stamp=2022-07-12
mailto:yukrupnov@mail.ru
https://doi.org/10.3389/fenvs.2022.953111
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.953111

Kukushkina et al.

economy. The advanced hypothesis is based on evidence that
(AD

monitoring,

artificial enables automated (“smart”)

promptly  identifying
eradicating violations of environmental legislation, presented
in works by Asha et al. (2022), Bakirman (2022), Sasaki et al.
(2019).

With the accumulation of experience in “smart” monitoring,

intelligence

environmental and

it is becoming a preventive measure. Fraga-Lamas et al. (2021),
Wilson et al. (2022) also point out in their papers that artificial
intelligence (AI) can be used for “smart” organization and
management of circular production works, automated and
highly-accurate sorting of production and consumption waste.
As a result, environmental pollution is reduced.

Philip and Kavitha (2022), Yankovskaya et al. (2022) point
out in their works that artificial intelligence (AI) allows
developing ~ “green”

corporate providing

intelligent support for managerial decision making. For

management,

example, through the selection of directions for business
development associated with the lowest ecological costs.

As is noted in the work by Guchhait et al. (2021), artificial
intelligence (AI) also supports the development of green finance
by automatically sorting and selecting the most ecologically
opportunities.  Further,
environmental tax optimization is possible through an

responsible  investment “smart”
automated search for ways to reduce the environmental tax
burden of business, which is particularly topical in the context
of the introduction of carbon tax.

The article is aimed at determining the prospects and
advantages of improving the environmental competitiveness of
the economy with the use of artificial intelligence. The article also

contains applied economic policy implications.

The potential of artificial intelligence in
improving the environmental
competitiveness of the economy

Environmental competitiveness is a special component of the
competitiveness of the economic and social system, associated
with peculiarities of the management of natural resources (Del-
Aguila-Arcentales et al., 2022). It shall be understood to mean the
ability of the economic system to use natural resources in the
most efficient (sustainable, prudent and environmentally
friendly) way, avoiding their depletion with a view to creating
the most favourable ecosystem for human life, as well as
preserving the heritage for future generations (AlAbri et al,
2022; Wang M. et al,, 2022).

The Global Sustainable Competitiveness Index: SolAbility
(2022) occupies a central place among the indicators of
environmental competitiveness of the economy. Therefore, the
research in this article is based on this indicator. It provides full
and detailed information of the essence of the ecological
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competitiveness of the economy, highlighting the following
components in its structure and calculating separately:

- Natural capital: Favorable natural environment in the
economic system (Congjuan et al., 2022);

Resource Intensity: Resource efficiency of the economy
(Wang N. et al,, 2022);
- Social capital: Social cohesion in environmental issues
(Popkova et al., 2021);
Intellectual capital: The level of environmental education

and the availability of “green” innovations (Popkova et al.,
2018);

— Governance: The level of development of “green” infrastructure
and the state regulators’ commitment to environmental
priorities (Mahmoodi and Dahmardeh, 2022).

In the works of Adamova et al. (2021), Asha et al. (2022),
Li et al. (2021), Ligozat et al. (2022), Sasaki et al. (2019), it is
noted that artificial intelligence (AI) has the greatest potential
in increasing the environmental competitiveness of the
economy in terms of resource efficiency of the economy
of
automation of resource conservation), intellectual capital

(through  monitoring resource consumption and
(through the generation of “green” innovations) and
government regulation (through increasing transparency,
accountability and manageability of environmental
economics and management).

Dong and Meng (2021), Rana et al. (2021) point out in their
works that artificial intelligence (AI) significantly contributes to
improving the overall competitiveness of the economy and, in
particular, to improving digital competitiveness. Nevertheless,
the contribution to the ecological competitiveness of the
economy has not been studied much, so it remains unclear

what research gap is being filled in this article.

Al's contribution to ensuring the
ecological competitiveness of the
economy: An overview of international
best practices

This article uses the Global Sustainable Competitiveness
Index (SolAbility, 2022),
indicators of environmental competitiveness, as an empirical

based on five equisignificant
research base:

Natural Capital: A specified natural habitat, including the
availability of resources and the degree of their depletion;
Social Capital: Health, security, freedom, equality, and life
satisfaction that contribute to social advance;

Resource Efficiency: Efficiency of utilization of limited
attainable resources;
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TABLE 1 The level of artificial intelligence (Al) development and environmental competitiveness of the top 15 economies in the SolAbility rating (2022)

in 2021.
Country Indicators of environmental competitiveness, points 1-100 Use of big data
and analytics,
Natural Resource Social Intel-lectual  Gover- places
capital intensity capital capital nance 1-64
Empirical data Sweden 60.2 58.0 624 67.9 57.6 10
Finland 59.8 50.6 62.3 64.3 66.3 16
Switzerland 55.4 61.8 59.8 62.7 622 23
Denmark 53.2 56.4 60.4 66.8 64.0 13
Norway 625 489 635 64.4 59.9 9
Iceland 65.2 43.0 64.1 62.5 64.1 20
Irish 51.4 57.7 55.8 51.2 71.7 30
France 54.2 57.3 55.4 58.7 58.3 52
Austria 49.1 50.3 60.7 58.7 64.0 27
Germany 46.2 523 56.1 632 65.0 53
Estonia 48.1 4338 60.4 54.9 732 34
Japan 406 47.7 58.2 653 64.7 63
Croatia 614 47.0 54,5 49.1 63.6 61
New Zealand 60.2 472 56.0 46.9 64.4 33
Portugal 49.5 48.6 59.4 55.5 60.9 58
Regression statistics of dependence on  Constant 61.06 53.74 63.22 64.27 63.65 —
the use of big data and analytics Regression ~0.20 ~0.07 ~0.12 ~0.14 001 —
coefficient
Significance of F 0.037* 0.386 0.0002** 0.122 0.869 —
Correlation 0.5404 0.2412 0.7275 04173 0.0465 —

Significance level (@): * 0.05; **0.01. Source: Composed by the authors based on materials of IMD Business School (2022), SolAbility (2022).

Intellectual Capital: The ability to create wealth and jobs
through innovations and value creation by economic
sectors in open (free, global) markets.

Governance Performance: The framework for sustainable
development and social well-being, achieved through the
of
regulation of markets and employment.

equitable  distribution resources, infrastructure,

To test the hypothesis put forward in the article, the influence
of use of big data and analytics [as an artificial intelligence (AI)
indicator] is determined according to the assessment of IMD
Business School (2022) on the indicators of environmental
competitiveness according to the assessment of SolAbility
(2022). The study is conducted using the regression analysis
method in 2021 on the example of the top 15 countries with the
highest environmental competitiveness of the economy (leaders
of the SolAbility rating of the same name, 2022). Empirical data
and analysis results are presented in Table 1.

The results obtained in Table 1 showed that, firstly, there is a
reliable pattern of growth of natural capital and social capital as
artificial intelligence (AI) spreads. Thus, the improvement of the
position of the sample countries in the IMD rating (2022)
according to the use of big data and analytics indicator
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contributes to the increase of natural capital by 0.20 points
(correlation 54.04%, the pattern is reliable at the significance
level of 0.05) and the growth of social capital by 0.12 points
(correlation 72.75%, the pattern is reliable at the significance level
of 0.01). Based on the established regression patterns, it was
revealed that at the maximum level of artificial intelligence (AI)
development (1st place), an increase in natural capital by 11.75%
and social capital by 6.48% is achieved.

Secondly, the spread of artificial intelligence (AI) does not
contribute to improving the sustainability of governance, as
evidenced by unreliable regression and weak correlation.
Thirdly, despite the absence of a sufficiently reliable regression
dependence, the close relationship of the remaining indicators
with artificial intelligence (AI) is evidenced by a pronounced
correlation: with resource intensity (24.12%) and with
intellectual capital (41.73%). Consequently, these indicators of
the environmental competitiveness of the economy can be
improved through the use of AL but these advantages are not
guaranteed (they do not occur in all countries and not in all
cases).

The obtained results validate the advanced hypothesis and
prove that artificial intelligence opens up new opportunities for

improving the environmental competitiveness of the economy.
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Artificial intelligence allows slowing down/preventing the
depletion of natural resources (to preserve natural capital),
and supporting social advance through health, security,
freedom, equality, and life satisfaction (development of social
capital).

Prospects for improving the
environmental competitiveness of the
economy using Al: Economic policy
implications

In this article, it is suggested to focus on those components of
this competitiveness that are most closely related to the development
of artificial intelligence (AI) in order to maximize the actual
contribution of artificial intelligence (AI) in practice, aimed at
improving the environmental competitiveness of the economy.
The following main (priority) measures are proposed:

— To develop natural capital, it is recommended to use the so-
called “AI imagination” to discover new ways of
regenerative nature-based management. In this regard, it
is necessary to inform artificial intelligence (using a digital
code) of the advantages of various practices of ecological
economics and management, teach and program it to search
for the most optimal combination of business practices that
can improve the environmental situation;

- To strengthen social capital, it is proposed to create an even
greater number of more “smart” chatbots (both private and
public) in order to increase the awareness of communities

the

opportunities available to them to solve these problems

about current environmental problems and

through responsible production and consumption practices.
The following additional measures are proposed:

- To increase resource intensity and increase intellectual capital,
it is advisable to expand the use of artificial intelligence (AI) in
R&D conducted by both research institutes (for the economy
as a whole) and individual business structures (for their own
needs). This will make it possible to create both universal and
unique applied solutions to improve the resource efficiency of
environmental economics and management.

The proposed recommendations will allow integrating artificial

intelligence (AI) into environmental economics and management
practices and thereby increase their scale and their efficiency.

Discussion

The article contributes to the development of the Theory of
environmental economics and management by clarifying the role
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and importance of artificial intelligence (AI) in ensuring the
ecological competitiveness of the economy. The increment of
scientific knowledge in the article is provided due to the
justification that, unlike the assumptions made in the works of
Adamova et al. (2021), Asha et al. (2022), Li et al. (2021), Ligozat
et al. (2022), Sasaki et al. (2019), the potential artificial intelligence
(AI) in improving the environmental competitiveness of the
economy is most pronounced in the field of natural and social
capital development, and not in relation to the resource efficiency of
the economy, intellectual capital and government regulation, as
previously assumed in these publications.

As a result of the study, it was possible to prove that artificial
intelligence (AI) makes a reliable and stable contribution to the
development of natural capital (improving environmental
system and supporting the
implementation of SDGs 13-15) and social capital (increasing

conditions in the economic
social cohesion in environmental protection and supporting SDG
11). At the same time, it is observed less pronounced and
insufficiently reliable for the global economy as a whole, but
perhaps reliable enough in individual countries, AT contribution
to increasing resource Intensity (improving the resource efficiency of
the economy and supporting the implementation of SDG 12) and
the development of intellectual capital (increasing the level of
environmental availability of “green”
innovations and supporting the achievement of SDG 4).
Nevertheless, on a global economic scale, no significant AT

education and the

contribution to governance has been identified (increasing the
infrastructure and the
commitment of state regulatory authorities to environmental

level of development of “green”

priorities, that is, in support of achieving SDG 9).

Conclusion

So, the hypothesis put forward in the article has been proved:
artificial intelligence determines success in slowing down/preventing
the depletion of natural resources by 54.04%, and determines social
advance by 72.75%. It opens up broad prospects for improving the
environmental competitiveness of the economy in the artificial
intelligence (AI) era. The theoretical significance of the results
obtained in this study lies in the reasoned position that, despite
the overall positive contribution to improving the environmental
competitiveness of the economy, artificial intelligence (AI) has a
significantly different potential in the development of individual
components of this competitiveness. This makes it possible to use
artificial intelligence (AI) more flexibly and effectively in improving
environmental economics and management. The article has also
revealed AI' contribution to improving the environmental
competitiveness of the economy in the context of the
components of this competitiveness, as well as in the light of the
implementation of the Sustainable Development Goals (SDGs).

The empirical value of the article consists in revealing the
prospects for improving the environmental competitiveness of
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the economy in the artificial intelligence (AI) era. In particular, it has
been proved that natural capital can be increased by 11.75%, and
social capital—by 6.48%. The outlined prospects and the proposed
economic policy implications for improving the environmental
competitiveness of the economy with the use of artificial
intelligence (AI) make it possible to improve the practice of state
and corporate management of the environmental economics,
focusing the use of artificial intelligence (AI) in the most
promising areas.

In conclusion, it is necessary to pay attention to the
limitations of the results obtained in the article due to the fact
that no significant AT’ contribution to the development of
resource intensity, intellectual capital and governance has been
identified. The fact that positive and sufficiently reliable
connections have not been revealed in this study does not
necessary mean that they are actually absent. In future studies,
the sample should be expanded to include, in particular,
developing countries. In addition, it is advisable to conduct
case studies that will help to identify hidden connections
between artificial intelligence (AI) and the environmental
competitiveness of the economy.
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The e-marketplace is a platform used by vendors to conduct transactions and
shopping. The success of implementing an e-marketplace depends on
customers’ sustainable purchasing. This study integrates customer learning
(formative construct) and purchasing (reflective construct) values to measure
the level of customer trust and commitment in the e-marketplace to examine
their effects on sustainable customer purchases. A total of 428 valid
respondents were processed using SmartPLS 3. The results show that the six
proposed hypotheses have positive values and significant effects. Customer
learning and purchasing values have positive values and significant effects on
customer trust and loyalty and have indirect positive values and significant
effects on sustainable customer purchases. In other words, customer trust and
loyalty have positive values and significant effects on sustainable customer
purchases. Thus, the findings of this study have implications for other
researchers and practitioners conducting studies on e-marketplaces.

KEYWORDS

e-marketplace, customer learning value, customer purchasing value, customer
sustainable purchasing, customer trust, customer commitment

1 Introduction

The recent increase in Internet needs has influenced many activities, including online
shopping transactions. It does not occur in only one region but also globally. Interest in
e-business transactions affects the scope of studies. This correlates with the perspective of
customer purchasing value (Huré et al., 2017). Having knowledge and experience makes it
possible for customers to trust products or services that can be used effectively. It provides
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an opportunity for sustainable customer purchases in digital
transactions (Huang and Benyoucef, 2013). The growth of digital
transactions in e-commerce affects customer perspectives on
digital business knowledge. Hence, e-commerce vendors and
marketplaces should be more competitive in keeping their
customers loyal (Abhishek et al., 2016).

Previous studies have confirmed that two perspectives,
customer satisfaction and customer commitment, have a
significant impact on sustainable customer purchasing. It gives
value to product quality from a customer perspective, particularly
in e-commerce transactions (Shin et al., 2013). For customers,
satisfaction is the most important part of the continuity of
product use, particularly in mobile application services (Zhou
etal., 2012). Hence, customer shopping value will be positive for
customer commitment and sustainable customer purchases
(Zhou et al, 2012). Furthermore, hedonic customers have
become one of the reasons that customers are willing to buy a
product or service (Bui and Kemp, 2013). Another aspect is that
strong customer commitment affects the positive value to the
continuity of customer purchases (Zhou et al., 2012). In retail
marketing studies, variables of commitment are classified based
on three factors: commitment based on measurement, normative
commitment, and affective commitment (Beatty et al., 2012).
Nevertheless, in another study on social media e-commerce and
online hotel reservation, commitments were reduced into two
based
commitment based on affective aspects (Beatty et al, 2012;

categories: commitment on measurement and
Bilgihan and Bujisic, 2015; Bui and Kemp, 2013; Zhou et al,,
2012). Studies on organizational behavior classify commitment
into three parts: commitment based on measurement, normative
commitment, and affective commitment (Meyer et al., 2002;
Bhati and Verma, 2020). This study confirmed that affective
commitment is more dominant in affecting the behavior and
performance of an organization. The other two studies that
involve customer behavior in e-commerce transactions have
confirmed that the variables of trust and commitment from
the customer can provide value and benefit for customers and
vendors (Wang et al,, 2016; Cui et al., 2020).

The dynamic exploration of the variables of trust and
commitment becomes an opportunity for research in other
fields of study, particularly in customer digital experiences,
regarding the antecedent factors. It also provides opportunities
for researchers to assess customer behavior and intention in the
digital market. In the case of mobile applications that involve the
variables of trust and commitment, antecedents such as social
distance, customer satisfaction, and opportunistic behavior are
required. Moreover, studies on mobile commerce have
confirmed that high customer trust and strong customer
commitment have a significant effect on sustainable customer
intention (Cui et al., 2020); however, it does not explain the effect
of mediator variables.

This study adopts several previous studies to determine the
factors and variables that correspond to the transaction concept
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and activity of the e-marketplace to identify the behavior of
customer purchasing (Cui et al., 2020). This study also elaborates
on new variables. Trust and commitment variables were built and
integrated as factors that support sustainable customer
The other
construct)

purchases. two variables, customer learning

(formative and purchasing values (reflective
construct), become antecedents of the trust and commitment
variables. This study proposes that customer learning value has
two basic elements: product and marketplace knowledge.
Besides, the customer purchasing value variable has three
elements: monetary value, cost evaluation, and product/vendor

reputation. Overall, this study focused on two aspects.

1) How does the variable of customer learning value affect
sustainable customer purchases with the mediator variable
of customer trust and commitment in e-commerce online
transactions? (2) How does the variable of customer
purchasing value affect sustainable customer purchases
with the mediator variable of customer trust and

commitment in marketplace online transactions? This

study measures the direct effect of customer learning and
purchasing values on the variables of customer trust and
commitment. It also assesses the direct effect of customer

trust and commitment on sustainable customer purchases.

The contribution of this study is the integration of customer
learning value as the formative construct and customer
purchasing value as the reflective construct, as well as the
variable of customer trust and commitment on online
transactions in the marketplace to a model. The variable of
customer learning value is built based on product and
marketplace knowledge. The variable of customer purchasing
value is built based on monetary value, cost evaluation, and
product/vendor reputation. These variables have been examined
systematically to provide information and knowledge in the field
of digital transactions, particularly e-commerce (Wang et al,
20165 Cui et al,, 2020). Furthermore, this study integrates and
assesses the variables of customer trust and commitment to
provide the best perspectives and mechanisms to vendors and
customers to increase sustainable customer purchases.

2 Literature review

The framework developed in this study is an elaboration of
the variables used in previous studies. The result of the
elaboration is customer learning value as a formative
construct and customer purchasing value as a reflective
construct. It also provides variables for customer trust,
commitment, and sustainable customer purchases. It is
assumed that customer trust and commitment are directly
affected by customer learning and purchasing values. It is also
assumed that customer learning and purchasing values can affect
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FIGURE 1
Research framework and Hypotheses.

sustainable customer purchases, which are mediated by customer
trust and commitment. Another assumption is that customer
trust and commitment have a direct effect on sustainable
proposed  that
customer purchasing value as a reflective construct is based

customer purchases. Furthermore, it is
on two elements: product and marketplace knowledge,
whereas customer purchasing value as a reflective construct is
based on three elements: monetary value, cost evaluation, and
product/vendor reputation. The concrete framework of this

study and the proposed hypotheses are presented in Figure 1.

2.1 Institutional trust: commitment
mechanism

Previous studies have confirmed that building a good
relationship between customers and vendors requires strong
trust and commitment to maintain the continuity of the
relationship (Wei et al., 2019). Individual behavior relates to
psychology, so that behavior makes an unforgettable sense and
experience. This implies commitment (Cui et al., 2020). A strong
commitment of customers affects good relationships and benefits
vendors (Akrout and Nagy, 2018). Another study confirmed that
the commitment variable is more strongly related to the
customer’s sustainable intention than the trust variable (Wang
et al.,, 2016).

Trust is part of an individual or group’s beliefs in certain
attributes, such as integrity, reliability, and skill (Noor, 2013;
Akrout and Nagy, 2018). Studies on online activities have proven
that trust becomes a factor that drives customer satisfaction
(Dimoka, 2010; McKnight et al., 2017; Punyatoya, 2019).
Strong trust in customers stimulates them to be loyal to a
product or service, so that they will continually use the service
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or purchase the product. Commitment can be defined as the
customer perception that relates to customer needs; however, it
has long-term implications for the vendor relationship (Wang
etal, 2016). Customer commitment can be defined as the way of
viewing or assessing a product or service so that a strong
relationship is built between them (Meyer et al., 2002; Bui and
Kemp, 2013). Furthermore, previous studies have confirmed that
there are eight factors that become customer standards to
strengthen their belief in building commitment and trust in a
product or service. In other words, customer satisfaction can
strengthen customer trust and commitment (Cui et al., 2020).
This study refers to Zhou et al. (2012) and Cui et al. (2020) who
confirmed that customer trust and commitment are two
mediator variables that can be used to determine a customer’s
sustainable purchasing. The antecedents of these two variables
are customer learning and purchasing values. The context is
online transactions in an e-marketplace. Furthermore, this study
integrates product and marketplace knowledge as elements that
make customer learning value a part of the formative construct,
while monetary value, cost evaluation, and product/vendor
reputation are used as elements of customer purchasing value
to be part of the reflective construct.

This study implements the variables of customer trust and
commitment as the main instruments to correlate with sustainable
customer purchases. Customer learning and purchasing values are
two instruments used as antecedents to correlate with customer
trust and commitment in the context of research on online
transactions in the e-marketplace. Trust and commitment
variables are real activities conducted by customers during
transactions in the e-marketplace. Generally, customers require
strong protection during a transaction for a product or service
delivery. Unfortunately, they did not have access to protection.
Thus, the vendor and the marketplace become parties that
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guarantee transaction safety. This can build strong customer
product knowledge, trust, and commitment. In customer
learning value, there are two factors that build customer
motivation and marketplace knowledge, whereas monetary
value, cost evaluation, and product/vendor reputation are the
three factors that build customer purchasing value.

2.2 Customer learning value

This study relates to customer learning value and refers to the
traditional concept that learning value is regarded as a part of
human genetic patterns (Chen et al., 2017). Customers tend to
focus on the information about the product or service displayed
in the marketplace, so it needs some supporting features to ease
transactions (Shin et al., 2013; Benn et al., 2015). This process has
been confirmed by a previous researcher, and it has been proven
to affect customer purchasing behavior. This process is known as
learning value (Shin et al., 2013).

Based on e-commerce, customers tend to be careful in
obtaining information about a product or service in a
marketplace. This affects customer learning value (Wang and
Yu, 2017). The process of learning value during transactions
possibly allows customers to share their information and
experience by reviewing chat columns in the marketplace
(Yoon et al., 2013; Chen et al., 2017).

The variable of customer learning value (formative construct)
is an antecedent of product and marketplace knowledge. Both are
the results of previous studies and have been confirmed (Yoon
et al, 2013). Product and marketplace knowledge are crucial
elements for customers to know more about the product or
service, particularly in terms of price and quality. In addition,
the variable of marketplace knowledge becomes an element that is
required by the customer to understand the information on the
platform used to perform digital transactions, such as the ease of
using features, transaction security, information, and interaction
between customers and providers, as well as the review of other
customers. Previous studies have confirmed that variables that
involve product knowledge indirectly impact sustainable customer
purchases (Yoon et al., 2013). However, customer perception of the
marketplace or marketplace knowledge has a significant impact on
sustainable customer purchases (Yoon et al, 2013; Chen et al,
2017).

The result of previous studies builds a variable of customer
learning value (formative construct) based on product and
marketplace knowledge. Customer learning value is assumed
to be positive for customer trust and commitment in
marketplace transactions. The price of a product or service
offered in the marketplace correlates with customer trust and
commitment. The variables of product and marketplace
knowledge on customer learning value indirectly affect
customers’ sustainable purchasing. Therefore, the proposed
hypotheses are as follows:
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Hypothesis 1. (H1): Customer learning value is positive and
significantly affects customer trust. (Hla) Customer learning
value is positive and significantly affects sustainable customer
purchases, which is mediated by customer trust.

Hypothesis 2. (H2): Customer learning value is positive and
significantly affects sustainable customer purchases, which is
mediated by customer commitment.

2.3 Customer purchasing value

Hedonic or consumptive customers are the support agents of
customer purchasing value in e-commerce transactions (Kim
et al,, 2012). Customer purchasing value impacts other variables
such as fun and pleasure. It has a significant impact on customer
convenience, trust, and commitment (Sarkar, 2011). Another
study confirmed that customer purchasing value can be
supported by other variables, such as customer satisfaction,
entertainment, and social status, so that it has a positive value
and significant effect on customer trust, loyalty, and repurchasing
(Atulkar and Kesari, 2017). Previous studies have confirmed that
the variable of customer purchasing value has a positive value,
significantly impacts customer satisfaction and trust, and
indirectly impacts sustainable customer purchases (Sarkar,
2011; Kim et al,, 2012; Albayrak et al., 2020). Another study
confirmed that the value of a product or service depends on
customer perception, which is known as monetary value (Gupta
and Kim, 2010). Monetary value can be defined as customer
benefit, which is the cost evaluation, and product reputation
belongs to an integrated part of customer assessment (Chang
et al,, 2020). In another study, product reputation is seen as the
result of positive value or positive customer reviews, so that the
customer can make a decision on sustainable purchase (Kim
et al., 2016; Chang et al, 2020). Customer purchasing value
determines a customer’s sustainable intention (Kim et al., 2016).
Based on previous studies, customer purchasing value have
different dimensions (Gupta and Kim, 2010; Kim et al., 2012;
Sullivan and Kim, 2018).

This study builds three basic variables to support customer
purchasing value (reflective construct): monetary value, cost
evaluation, and product/vendor reputation. To deliver results
that relate to existing facts, an empirical approach was applied
(Kim et al., 2012; Huré et al., 2017; Chang et al., 2020). Previous
studies have been observed and reviewed. It is concluded that the
high performance of customer purchasing value is positive and
directly affects customer trust and commitment. This indirectly
affects the performance of sustainable customer purchases.
Hence, this study assumes that monetary value is a part of
customers’ viewpoints of products or services offered by the
e-marketplace. The perception can be about the waiting time in
transactions, price of the product or service, and value or
function of the product. Furthermore, cost value is customer
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viewpoints to the value of a product based on the cost of a
product or service. Whereas, product or vendor reputation is the
causality effect of a vendor’s product or service performance. In
other words, product reputation is a positive impression on
customers.

One study showed that reputation is a part of the long-term
marketing strategy of a product, and reputation can affect
customer behavior in determining sustainable purchases
(Sengupta et al., 2018). Furthermore, another study stated that
a good reputation can affect customer commitment to using a
service (Lai, 2019). Meanwhile, positive information about a
product or service obtained by the customer can build a good
reputation and vice versa (Wang and Yang, 2010). This study
describes reputation as the perception of customer experience
after using a product or service. Perception relates to cost value or
benefit, product or service image, and lifestyle. Customers not
only consider the benefit of choosing or using a certain product
or service but also consider their desire and lifestyle. Customer
social status can be used to define a customer’s reputation.
Customers’ desire to use a product or service results from
customer trust, satisfaction, and strong commitment.

In this study, the customer purchasing value consists of three
variables. These are monetary value, cost evaluation, and
product/vendor reputation. This study assumes that customer
purchasing value is correlated with customer trust and
commitment, particularly in e-marketplace transactions.
However, customer purchasing value is indirectly correlated
with sustainable customer purchases. Hence, the proposed
hypotheses are as follows:

Hypothesis 3. (H3): Customer purchasing value is positive and
affects customer trust. (H3a) Customer purchasing value is
positive and indirectly affects sustainable customer purchases,
which is mediated by customer trust.

Hypothesis 4. (H4): Customer purchasing value is positive and
significantly affects customer commitment. (H4a) Customer
purchasing value is positive and significantly affects
sustainable customer purchases, which is mediated by
customer commitment.

2.4 Customer sustainable purchasing

Customer trust and commitment have been confirmed by
previous studies to have a significant effect and positive value on
customer  behavior intention/purchase, particularly in
e-commerce (Zhou et al., 2012). Studies on the concepts of
web quality, service quality, and information quality have
confirmed that a variable of trust is used as an element to
build customer intention to purchase (Punyatoya, 2019).
Loyalty can be defined as a customer’s intention to use a

product or service in the context of traditional transactions

Frontiers in Environmental Science

10.3389/fenvs.2022.964892

(Sirdeshmukh et al,, 2018). The present study constructs the
variables of customer trust and commitment as the elements that
affect sustainable customer purchases. This is consistent with the
results of previous studies. This supports and confirms that both
variables are the principal factors affecting sustainable customer
purchases or use in the perception of information system
adoption (Zhang et al., 2011; Zhou et al., 2012).

This study proposes that sustainable customer purchase is
determined by the strength of customer trust and commitment.
This means that the available product or service in the
marketplace should be able to ensure that they correspond to
customers’ expectations. Customer reviews are also important for
strengthening the trust of other customers in ensuring the quality
of a product or service. Repeated customer experience can
convince the customer, and then a strong commitment is
built. Therefore, we propose the following hypotheses:

Hypothesis 5. (H5). Customer trust affects the sustainable
purchasing of a product or service in the marketplace.

Hypothesis 6. (H6). Customer commitment affects the
sustainable purchasing of a product or service in the marketplace.

3 Research methodology
3.1 Model development and measurement

The object of this research is e-commerce platforms, such as
Shopee, Tokopedia, Lazada, and Blibli. These platforms are
believed to be trustworthy by customers and are famous in
Indonesia. These platforms also improve the quality of service
to vendors and customers. Improving the number of customers
means improving customer trust in the vendor and platform
(Hoffman et al., 1999; Pennington et al., 2003). The e-commerce
platform used in this study is trustworthy and easy to access. The
features provided are personally understandable. Furthermore,
this study uses a 7-point Likert-type scale, ranging from 1
(strongly disagrees) to 7 (strongly agree). Each variable has

TABLE 1 Demographics of the study population.

Demographic Frequency Percentage (%)

sample (N = 428)

Customer sex Female 308 72
Male 120 28

Customer age 20-25 years old 94 22
26-35 years old 180 42
36-45 years old 154 36

Customer experience <1 year 43 10
1-3 years 150 35
>3 years 235 55
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TABLE 2 Items construct.

Monetary value (MV) please add the details as required Chang et al. (2020); Kim et al. (2016)

MV1 I think the product offered is valuable and has an appropriate price
MV2 I think the price of the product corresponds to its quality and value
MV3 I think the product offered has a good quality

Cost evaluation (CE) Chang et al. (2020); Gotz et al. (2010); Kim et al. (2016)

CEl I can easily make a decision to buy the offered product
CE2 I can easily convince myself to choose the product that suits me
CE3 I think the price of the product is still affordable and makes sense

Product/vendor reputation (PR) Keh and Xie, (2009); Lai, (2019); Sengupta et al. (2015)

PR1 I think the product has high value and good
PR2 I think the product and service has a good image
PR3 I think e-marketplace has recently become a part of lifestyle

Customer trust (CST) Cui et al. (2020); Sirdeshmulkh et al. (2018); Wang et al. (2016)

CST1 I believe that providers and e-marketplace can provide service and need to the customer
CST2 I think the providers are trusty to every transaction that I make in e-marketplace
CST3 I think the vendors in the e-marketplace have integrity

Customer commitment (CSC) Bilgihan and Bujisic, (2015); Cui et al. (2020); Wang et al. (2016); Zhou et al. (2012)

CSC1 Shopping in e-marketplace currently becomes a lifestyle
CSC2 I cannot stop shopping in e-marketplace
CsC3 E-marketplace can make shopping easier and more convenient for me

Sustainable purchasing (STP) Baron and Kenny, (1986); Cui et al. (2020)

STP1 I think I will shop every month in the e-marketplace
STP2 If it is accumulated, I buy a product more than once in every 3 months
STP3 I will shop in an e-marketplace soon

Product knowledge (PK) Yoon et al. (2013); Zhang et al. (2018)

PK1 Product information displayed on e-marketplace is detailed and helpful to learn about the product
PK2 Information in a product is detailed so that it is beneficial for me as a customer
PK3 Information of a product and service is detailed and informative and provides review from other customers, and it is helpful for me

Marketplace knowledge (MK) Yoon et al. (2013); Zhang et al. (2018)

MK1 I can easily find the product because of its detailed information and complete features
MK2 I use e-marketplace almost every day
MK3 I have used e-marketplace for many times to do online shopping
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TABLE 3 Construct reliability and validity of the model AVE, average variance extracted.

Variable/Construct Factor loading/weight

Customer learning value (CLV)
PK
MK

0.518 (Weight)
0.562 (Weight)
Product knowledge (PK)

PK1 0.843 0.801
PK2 0.855

PK3 0.838

Marketplace knowledge (MK)

MK1 0.865 0.815
MK2 0.842

MK3 0.856

Monetary value (MV)

MV1 0.883 0.801
MV2 0.759

MV3 0.893

Cost evaluation (CE)

CE1l 0913 0.870
CE2 0.879

CE3 0.881

Product/vendor reputation (PR)

PR1 0.766 0.798
PR2 0.897

PR3 0.867

Customer trust (CST)

CST1 0.775 0.803
CST2 0.886

CST3 0.877

Customer commitment (CSC)

CSC1 0.876 0.900
CSC2 0.927

CSC3 0.935

Sustainable purchasing (STP)

STP1 0.817 0.786
STP2 0.819

STP3 0.857

other variable elements, which have been referred to in previous
studies. Customer learning value (formative construct) has two
basic variables: product (four-item variables) (Yoon et al., 2013;
Zhang et al, 2018) and marketplace knowledge (four-item
variables) (Zhang et al., 2018). The customer purchasing value
(reflective construct) has three elements: monetary value (three-
item variables) (Kim et al., 2016), cost evaluation (three-item
variables), and product/vendor reputation (three-item variables)
(Gotz et al.,, 2010; Kim et al., 2016; Chang et al., 2020).

For variables of customer trust and commitment, this study
uses four-item variables for each, which is based on previous
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Composite reliability Average variance extracted

(AVE)

n/a (Formative construct) n/a (Formative construct)

0.883 0.715
0.890 0.730
0.884 0.718
0.921 0.794
0.882 0.714
0.884 0.718
0.937 0.833
0.870 0.691

studies (Wang et al., 2016; Zhang et al., 2018; Punyatoya, 2019; Cui
et al., 2020). In addition, four-item variables are used to measure
the value of sustainable customer purchases (Cui et al., 2020).

3.2 Data collection

An online survey using Google Forms was administered to
the targeted respondents. Data collection was conducted from
January 2022 to April 2022. It is then distributed via email, social
media, group-group online, WhatsApp, and online. Respondents
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TABLE 4 Discriminant validity.

Items CE CSC CST MK MV PK PR STP
construct

CEl 0913 0503 0.609 0.852 0712 0680 0.611 0.674
CE2 0.879 0512 0.635 0.861 0.735 0632 0.642 0.707
CE3 0.881 0429 0.542 0.691 0.696 0819 0.545 0.658
CSC1 0.404 0876 0717 0350 0364 0390 0718 0.616
CSC2 0501 0927 0.757 0489 0.524 0372 0751 0.768
CSC3 0559 0935 0782 0.532 0547 0469 0788 0.842
CST1 0523  0.601 0775 0.576 0458 0420 0772 0.608
CST2 0.660 0742 0.886 0.583 0.623 0562 0789 0.747
CST3 0511 0744 0877 0467 0560 0455 0.766 0.717
MK1 0.792 0442 0.533 0.865 0.643 0647 0.537 0.613
MK2 0.661 0347 0455 0.842 0.553 0573 0462 0.484
MK3 0.853 0.511 0.640 0.856 0.722 0.604 0.646 0.697
MV1 0.757 0515 0.598 0.740 0.883 0.614 0.598 0.751
MV2 0.559 0423 0490 0465 0759 0398 0491 0.675
MV3 0.706 0413 0560 0.674 0.893 0572 0.564 0.741
PK1 0.557 0362 0455 0.584 0.427 0843 0458 0.427
PK2 0.553 0349 0448 0.510 0436 0855 0450 0.430
PK3 0.780 0428 0.533  0.699 0.716 0.838 0.537 0.664
PRI 0517 0.600 0.765 0.572 0.447 0422 0.766 0.587
PR2 0.662 0751 0.895 0.585 0.626 0.563 0.897 0.767
PR3 0519 0733 0.860 0478 0.568 0457 0.867 0.702
STP1 0.691 0524 0.615 0.599 0.606 0.539 0.614 0.817
STP2 0726  0.469 0596 0.694 0.692 0570 0.597 0.819
STP3 0547 0.629 0783 0.510 0.539 0446 0778 0.857

MV, Monetary value; CE, Cost evaluation; PR, Product/vendor reputation; CST,
Customer trust; CSC, Customer commitment; STP, Sustainable purchasing; PK,
Product knowledge; MK, Marketplace knowledge.

are users of e-marketplaces from any platform, such as Shopee,
Tokopedia, Lazada, and Blibli. There were 512 distributed Google
Forms; however, only 442 data were successfully collected. Data
were sorted to check their completeness. Of the 442 data points,
13 were removed because of their incompleteness. Thus, valid
data were obtained from 428 respondents (n-428). Table 1
presents the respondents’ demographic characteristics. The
variables used in this study are presented in Table 2.
Descriptive statistics were used to assess each variable.

3.3 Data measurement techniques

To sort the collected data from respondents, we used

Microsoft Excel software. The demographic results are
presented in Table 1. The data were analyzed using Smart-
PLS 3. The structural equation model partial least squares
(SEM-PLS) was used to measure the reliability, validity, and
hypotheses. Overall, there are two mechanisms for data

measurement. The first measured the path coefficient, average
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TABLE 5 Inner VIF result.

Construct VIF value
CLV — CSC 4.045
CLV — CST 4,045
CPV — CSC 4.045
CPV — CST 4.045
CSC — STP 3.126
CST — STP 3.126

Customer trust (CST); Customer commitment (CSC); Sustainable purchasing (STP);
Customer learning value (CLV).

variance extracted (AVE), Cronbach’s alpha, and R2 values. The
second was to test the hypothesis using a bootstrapping
algorithm with a sample size of 1,000. The Sobel test was used
to assess the mediating effect (Ringle et al., 2015).

Based on the data classification, 72.1% of the respondents
were women, with 32% having ages ranging from 20 to 25 years,
42% from 26 to 35 years, and 36% from 36 to 45 years. Based on
the experience of respondents using the e-marketplace platform,
10% of them had used the platform for less than a year, 35% for
one to 3 years, and 55% for more than 3 years.

4 Results
4.1 Reliability and validity

First, we assess reliability and discriminant validity. It is
standardized using Cronbach’s alpha, composite reliability, and
the AVE value (Hair et al., 2017). Cronbach’s alpha should have a
value greater than 0.6; composite reliability, greater than 0.7; and
AVE, at least or greater than 0.55 (Gotz et al., 20105 Hair et al,
2017). Another benchmark comes from the value of the loading
factor, and the value of each item in the loading factors should be
at least or greater than 0.5 (Hair et al, 2017). From the
computation results using SmartPLS 3, Cronbach’s alpha is
0.7-0.9; composite reliability, 0.8-0.9; AVE, 0.6-0.8; and
loading factor, 0.7-0.9. Discriminant validity was assessed by
comparing the value of the measurement item construct to latent
variance. If the value of the latent variance is greater than that of
the measurement item construct, it meets the criteria of good
discriminant validity. Table 3 and Table 4 present the results of
reliability and discriminant validity measurements.

This study used VIF analysis to assess the multicollinearity of
a construct or variable. The computation was conducted using
SmartPLS 3, with the value of VIF for each variable less than 5.0
(Kline, 1998; Hair et al., 2016; Dospinescu et al., 2019). Based on
the results of the computation, the value of the inner VIF in this
research was 3.1-4.0 (Table 5). Therefore, it can be concluded
that there was no multicollinearity for the latent construct or
variable in this study (Insert Table 5 here).
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TABLE 6 Summary of hypothesis testing.

Hypothesis Construct relationship
H1 CLV — CST
H2 CLV — CSC
H3 CPV — CST
H4 CPV — CSC
H5 CST — STP
H6 CSC — STP

10.3389/fenvs.2022.964892

Path coefficient t-value Result

0.384*%* 4.575 Supported
0.377%% 3.301 Supported
0.198** 18.687 Supported
0.136** 10.498 Supported
0.439**% 5.249 Supported
0.460*** 5.625 Supported

CST, Customer trust; CSC, Customer commitment; STP, Sustainable purchasing; CLV, Customer learning value.

**p-value < 0.01; ***p-value < 0.001.

Product
Knowledge

Customer
Learning Value

Marketplace
Knowledge

0.377***

Monetary
Value

Customer
Purchasing Value

Cost
Evaluation

Product/Vend
or Reputation

NV

FIGURE 2
Results of the research model.

4.2 Structural model

In a structural model (SmartPLS refers to it as an inner
model), the assessment is applied to path coefficients and
hypotheses. Two construct models, the formative (customer
learning value) and reflective constructs (customer purchasing
value), are used simultaneously. Table 6 shows the results of the
hypotheses, including the path coefficient and t-values. The
results of the computation using bootstrapping show that the
ix hypotheses have met the standard. This is acceptable and has a
positive value and significant effect.

Figure 2 shows the research model of the study.

Customer learning value is positive and has a significant effect on
customer trust and commitment. This corresponds to Hypotheses
1 and 2: H1 (CLV — CST: = 0.198, t-value = 4.575, p < 0.001) and
H2 (CLV — CSC: B = 0.377, t-value = 3.301, p < 0.001).

Customer purchasing value is positive and significantly affects
customer trust and commitment. This corresponds to Hypotheses
3 and 4: H3 (CPV — CST: = 0.384, t-value = 18.687, p < 0.01)
and H4 (CPV — CSC: B = 0.136, t-value = 10.498, p < 0.01).
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0.384%**

Customer Trust
(R?=0.784) .439% %,
\O\‘ Sustainable

Purchasing
(R?=0.737)

Customer 6.460%**

Commitment 3
(R*=0.538)

0.136%*

Customer trust is positive and has a significant effect on
sustainable customer purchases. This corresponds to Hypothesis
5: H5 (CST — STP: B = 0.439, t-value = 5.249, p < 0.001).

Customer commitment is positive and significantly affects
sustainable customer purchases. This corresponds to Hypothesis
6: H6 (CSC — STP: B = 0.460, t-value = 5.625, p < 0.001).

The endogenous variable in this study was also assessed using
R>. The R* value of customer trust was 0.784. This means that
customer learning and purchasing values are variants of
customer trust. The R* for customer commitment was 0.538.
This means that customer learning and purchasing values are
variants of customer commitment. The R*> for sustainable
customer purchase was 0.737. This means that customer trust
and commitment are variants of sustainable customer purchase.

4.3 Mediating effects

The value of the path analysis and Sobel test become the
benchmark to determine the mediator variables that possibly
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TABLE 7 Mediation test result.

Construct Construct relationship
CLV — CST — STP CLV — CST
CST — STP
CLV — CSC — STP CLV — CSC
CSC — STP
CPV — CST — STP CPV — CST
CST — STP
CPV — CSC — STP CPV — CSC
CSC — STP

10.3389/fenvs.2022.964892

t-value z-value p-value
4575 3.448 0.000
5.249

3.301 2.846 0.004
5.625

18.687 5.053 0.000
5.249

10.498 4.958 0.000
5.625

CST, Customer trust; CSC, Customer commitment; STP, Sustainable purchasing; CLV, Customer learning value.

have a significant impact. If the Z value in the Sobel test is greater
than 1.96, the mediator variable is accepted (Sobel, 1982). In this
study, four hypotheses had a mediator. These are Hla, H2a, H3a,
and H4a. The results of the mediation effects are presented in
Table 7.

(Insert Table 7 here)The analysis using the Sobel test shows
that customer learning value is positive and has a significant impact
on sustainable customer purchases, which is mediated by customer
trust. This means that Hypothesis 1a is accepted: Hla (CLV — CST
— STP: B = 0.384; 0.439, z-value = 3.448, p < 0.000). Similarly,
customer learning value is positive and has a significant impact on
sustainable customer purchases, which is mediated by customer
commitment. Thus, Hypothesis 2a is accepted: H2a (CLV — CSC
— STP: p = 0.377; 0.460, z-value = 2.846, p < 0.004).

In addition, the Sobel test proves that customer purchasing
value is positive and has a significant impact on sustainable
purchasing, which is mediated by customer trust. This means
that Hypothesis 3a is accepted: H3a (CPV — CST — STP: p =
0.198; 0.439, z-value = 5.053, p < 0.000). Customer purchasing
value is positive and has a significant impact on sustainable
mediated by
commitment. This means that Hypothesis 4a is accepted: H4a
(CPV — CSC — STP: B = 0.136; 0.460, z-value = 4.958, p < 0.000).

customer purchases, which is customer

5 Research implications and
conclusion

5.1 Theoretical implications

The results of this study provide several findings and
implications that can serve as a reference for future research.
First, from the viewpoint of theoretical issues, this study
becomes a discourse of research in e-business, particularly in
e-commerce transactions. This study provides a complete
description of the integration of one variable and other
variables to contribute to achieving sustainable customer
purchases in transactions in the e-marketplace. This study
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has become a part of customer life. The use of two
variables—customer trust and commitment—to achieve
sustainable customer purchases has been used several times
to prove that transactions in e-business run well when they are
supported by trust and commitment, as confirmed by previous
studies (Zhou et al., 2012). By assessing these two variables, this
study confirms the findings of previous studies with a similar
understanding (Cui et al., 2020).

Second, it was found that customer purchasing value is
positive and significant for customer trust and commitment.
In addition, it has an indirect positive value and significant
impact on the strength of sustainable customer purchases. It
builds a pattern of relationships between customers and vendors
in product or service transactions in the e-marketplace. This
study considers the customer purchasing value as a variable of a
second-order reflective construct that is supported by monetary
value, cost evaluation, and product/vendor reputation. Previous
studies have confirmed that utilitarian and hedonic values
support customer purchasing value. Both factors can be
positive or negative for customer satisfaction and purchase
intention in e-commerce transactions (Zhou et al, 2012).
Another study explained that customer purchasing value has
supporting factors that can build relationships with customer
loyalty, trust, and purchasing intention (Atulkar and Kesari,
2017).

The third finding reveals that customer learning value is
positive and has a direct significant impact on the other two
variables: customer trust and commitment. Meanwhile,
sustainable customer purchase is positive and has an indirect
significant effect. Customer learning value is a second-order
formative construct with two supporting variables: product and
marketplace knowledge. This shows that the present study
differs from the previous (Zhou et al, 2012; Yoon et al,
2013; 2018).
knowledge become part of customer learning value (second-

Zhang et al, Product and marketplace
order formative construct).
This study strongly proves that customer learning value is an

antecedent of customer trust and commitment in e-marketplace

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.964892

Hongsuchon et al.

transactions. This is contrary to previous studies, which state that
customer learning value does not have a significant effect on
customer commitment but has a significant effect on sustainable
customer purchases (Cui et al., 2020).

Finally, customer demography provides knowledge from a
strategic viewpoint. Customer sex demography is dominated by
women (72%) in conducting e-marketplace transactions, with
ages ranging from 20 to 35 years (66%). This means that young
women are the targeted consumers with more than 3 years of
experience (55%). This suggests that vendors prepare strategies
for organizing their customers, and the marketplace can
provide tools that are helpful and user-friendly to the users
of the e-marketplace.

5.2 Practical implications

The study contains practical value and implications for the
decision-making of vendors or e-marketplaces. It also provides
value to customer learning, purchasing, trust, and commitment,
which affect sustainable customer purchases.

To strengthen the endurance and sustainability of
e-marketplace vendors, they should also strengthen customer
trust and commitment. Both variables are basic elements of the
antecedent, such as customer learning and purchasing values,
similar to the variable of sustainable customer purchases. This
means that H1, H2, H3, and H4 directly provide positive values
and have a significant impact. Hla, H1b, H2a, and H2b had
positive values and indirect significant impact on the
This that
marketplaces should improve and strengthen their quality of

consequent variables. means vendors and
customer trust and the role of customers in their commitment.
Vendors must be concerned with the quality of their services
and products. For example, vendors provide customers the
of
of

payment and convince them that the payment is safe. If

opportunity to choose delivery services. In terms

payment, vendors should provide various methods

there is a technical error, the vendor should make a refund
within a short time. It must be supported by the features
provided in the e-marketplace to guarantee customer
security and convenience.

Vendors and e-marketplaces should make an effort to
improve and maintain sustainable customer purchases by
evaluating the following aspects:

Based on the evaluation of customer purchasing value, the
elements that should be focused on are the offered price and
features for skipping advertisements. These features should
function interactively and provide detailed information based
on the customer’s desire. Algorithms in the e-marketplace
the
assessment focuses on minimizing risk. A gallery that

should function well. In terms of cost evaluation,

provides product information and price and corresponds to
quality provides a positive value from the customer to the
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vendor. The consistency of the offered price is important to
customers because it helps them understand and review the
product. In terms of product and vendor reputation, the
function of two-way communication between customers and
vendors should run well. One way is to activate the features of
product reviews and direct chatting. Not all visitors engage in
the transaction at all times. Some are only a part of the
community and are observers of a product. Vendors should
pay attention to the quality of their products and services, while
e-marketplaces should guarantee and provide features that
enable them to operate smoothly.

Another aspect that should be considered is customer
learning value. The elements are the product and marketplace
knowledge. Both are helpful for improving the productivity and
performance of customers in e-marketplace transactions.
E-marketplace providers play the dominant role in this
process. These features should correspond to customer needs
that are easy to use, safe, and validated in every transaction—fast
process, shopping history, and checkout. All these features
should be understandable and easy to learn.

The final focus is on customer trust and commitment. Both
should be strengthened by improving and convincing
customers about the security of using e-marketplaces,
accessible features, and non-stop services. Therefore, these
two factors can guarantee that customers improve their
desire for sustainable purchases.

5.3 Limitations and future study

This study integrates customer learning and purchasing
values with customer trust and commitment to assess
sustainable customer purchases. However, it lacks several
aspects. First, the respondent demographics used in this
study were young individuals. Future studies could involve
respondents of various ages. Second, this study uses an
e-marketplace platform that is used in Indonesia; therefore,
the range of the respondents is limited. In the future,
researchers could choose an e-marketplace with a wider
range of customers. Finally, this study uses a small sample
size. This could be increased in future studies.

6 Conclusion

This study contributes to the literature on academic and
professional e-marketplace transactions. Customer trust and
commitment play crucial roles in the performance of
After holistic
assessment, it was confirmed that this study has different

e-marketplace  platforms. conducting a
findings compared to those of previous studies (Zhou et al,
2012). It was found that customer trust and commitment have a

strong effect on sustainable customer purchases. It was also
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confirmed that customer trust and commitment antecedents
have a significant impact on sustainable customer purchases.
Furthermore, this supports the findings of previous studies (Cui
et al., 2020).

This is an integration of variables from several studies.
They were elaborated upon and adapted to the needs of
constructing a framework. Customer trust and commitment
are the elements used to analyze the effects based on the
antecedent and consequent. These variables are concepts
and are regarded as part of customer viewpoints on
products and services. This is brought into the customer’s
real life. Trust is a factor that gives customers a feeling of
security, and commitment is the strength of customers to
express their satisfaction in e-marketplace transactions. The
antecedents of customer trust and commitment consist of two
variables: customer learning value as a formative construct and
customer purchasing value as a reflective construct. This study
classifies customer learning value into two variables: product
and marketplace knowledge, while customer purchasing value
consists of three variables: monetary value, cost evaluation, and
product/vendor reputation.
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Introduction

Environmental economics and management in the modern market economy is largely
determined by context. The COVID-19 pandemic has shifted priorities from
environmental protection to social programs and measures to stimulate economic
growth (Almars et al., 2022; Balakesava Reddy et al., 2022; Lim and Abdul Ghani,
2022; Liu et al,, 2022; Soomro et al., 2022). The problem is that insufficient attention and
lack of funding threaten an environmental crisis, which implies the high relevance of
studying as well as finding ways to prevent the latter today (Chen et al., 2022; Congjuan
et al., 2022; Popkova, 2022; Robinson et al., 2022; Wang et al., 2022).

The important role of artificial intelligence (AI) theory in studying its impact on the
ecological economics of management is emphasized in the works of Bartmann (2022),
Bolton et al. (2021), Ghermandi et al. (2022), Gooroochurn et al. (2022), Hernandez et al.
(2022), Ligozat et al. (2022), Mao et al. (2022), Nost and Colven (2022), Tuia et al. (2021),
and Zhang (2022).

The existing interpretation of sustainable AI defines it as smart technology for
maintaining stable and balanced development of economic systems (Popkova et al,
20205 Seetra, 2021; Minkkinen et al., 2022; Osipov et al., 2022). Threats to healthcare have
become more acute in the context of a pandemic; therefore, based on the existing
interpretation, medicine has become the main area of application of sustainable Al
(Astobiza et al., 2021; Bolton et al., 2021; Choi et al., 2021; Visvizi, 2022; Wilson and van
der Velden, 2022). The advantage of the current interpretation is that it allows flexibly
rebuilding a stable AI, applying it in the most demanded areas (Popkova et al., 2022a;
Popkova et al., 2022b; Popkova and Sergi, 2022).

But a serious drawback of the existing interpretation is that it directs sustainable AI to
combat only current threats, which does not prevent future threats. From the point of
view of environmental protection, reliance on the existing interpretation causes high risks
of an environmental crisis and does not allow us to unlock the potential of sustainable Al
in overcoming it (Su et al., 2021; Aman et al., 2022; Yu et al,, 2022; Zhou et al,, 2022).
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Consequently, the existing interpretation of sustainable AI does
not correspond to the development priorities of environmental
economics and management and needs to be revised.

The article attempts to solve the problem of environmental
crisis management through the increasing use of artificial
(AI) in
management. The motivation of the article and its relevance

intelligence environmental  economics  and
lies in the fact that the article seeks to most fully and reliably
determine the potential of Al to protect the environment. Eco-
efficiency is an important and integral criterion for any modern
innovation, which includes AL The purpose of the article is
related to the study of current trends and post-COVID prospects
the

management based on sustainable AL The article consistently

for development of environmental economics and

solves the following three tasks:

— To rethink the essence of sustainable AI from the
perspective of environmental economics and management;
— To identify current trends in environmental economics
and management and determine the features of its
development both before the pandemic and in the
conditions of the COVID-19 pandemic;

— To determine the advantages and identify the post-COVID
perspective of using sustainable AI in environmental
based on international

economics and management

experience.

The contribution of the article to the literature consists of
rethinking AI from the standpoint of environmental economics
and management and revealing the ecological nature of Al The
novelty and originality of the article consist of the authors’
concept of sustainable AI, under which it is offered to
understand the use of AI in the interests of environmental
protection. Based on the new concept, the contribution of
sustainable Al to environmental economics and management
is clarified. The article also takes into account the unique
experience of sustainable AD's contribution to environmental
economics and management in the context of the COVID-19
pandemic.

Sustainable Al: Rethinking from the
perspective of environmental economics
and management

This article is based on the theory of environmental
economics and management and the latest research which has
been published by Astadi et al. (2022), Cui et al. (2022), Fontoura
and Coelho (2022), He et al. (2022), Li et al. (2022), Rathore et al.
(2022), Su (2022), and Yaoteng and Xin (2022).

The existing interpretation aims AI at combating crisis
phenomena in economic systems; therefore, it is most
appropriate to call it anti-crisis Al (Benaben et al., 2020; De
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Nicola et al., 2020; Wang et al., 2020; Prahl and Goh, 2021;
Shakira Fathima and Dilshad Begum, 2021; Hernandez et al,
20225 Simeonovski et al., 2022; Wang, 2022). The concept of
“sustainability,” in turn, is rooted in environmental protection, to
which most of the UN SDGs are devoted (Buonomano et al.,
2022; Carayannis et al., 2022; Maheshwari et al., 2022; Ubeda
et al., 2022). Therefore, from the standpoint of environmental
economics and management, a new interpretation of sustainable
Al as a “smart” environmental protection technology is
proposed.

The advantage of the authors’ interpretation is that, first, it
clarified the classification of the directions of AI usage; in
particular, it clearly identified the socio-economic (anti-crisis
Al) and environmental (sustainable AI) directions. Second, the
new interpretation considers the use of Al in environmental
economics and management as a preventive measure to combat
the environmental crisis, allowing preventing it from arising.

Current trends in environmental
economics and management and features
of its development both before the
pandemic and in the conditions of the
COVID-19 pandemic

The applied use of Al reflects the number of academic-
corporate peer-reviewed Al publications. Figure 1 shows the
current (over the past 10 years) trends in the development of
environmental economics and management in the world’s
leading countries by the number of these publications in 2021.
The sample was formed based on the works of Aqeel et al. (2022),
Li et al. (2021), Moradi et al. (2021), and Rahmat et al. (2022).

The sample is sufficient to reflect the target (considered on
the scale of the world economic system) population, as it covers
both developed and developing countries from different parts of
the world. America in the sample is represented by the
United States and Canada (developed countries); Asia—China
and India (developing countries); Japan and South Korea
(developed countries); Europe—Great
the Netherlands,
(developed countries).

Britain, Germany,

France, Switzerland, Spain, and Italy
The methodology of the study is based on the application of
the trend analysis method, which is used to study the ten-year
trend in the environmental efficiency of the economy. The choice
of methodology is based on the works of Farzadfar et al. (2022),
Local Burden of Disease (2021), and Paulson et al. (2021).
Figure 1 shows wide variations in AI sustainability even
among the leading countries in its development in 2021. The
ten-year trend of the Environmental Performance Index is
positive in most countries and is most pronounced in China
(+8.4%) and Switzerland (+8.6%). In India, it is zero, and in
Japan, it is negative (-0.5%). According to the calculations of the
World Bank (2022), total natural resource rent has demonstrated

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.951672

Lobova et al. 10.3389/fenvs.2022.951672
100.0 9000
69 81.3 80.0 81.5
8,000 712 75.1 71.0 75.3 743 710 8000
80.0 Y 66.5 . 7000
60.0 6000
40.0 27.6 >000
4000
200 L3013, 30 5508 8008 08 sooll 5o 3000
00 23 2OQ 1ag A 5ol 370 200 55 jﬁ" T 27 2000
. 8.6 002> A1 1000
-20.0 R 4 S & 00D o Do 8 0
FITF FTETE T
S0 TS
o® s S
mm Environmental Performance index, score 0-100
Environmental Performance index 10-year change, %
=O—Number of academic-corporate peer-reviewed Al publications
FIGURE 1

The Environmental Performance Index in 2020, its ten-year trend, and the number of educational and corporate peer-reviewed Al publications
in 2021. Source: OECD Al Policy observatory (2022), Yale Center for Environmental Law and Policy, Center for International Earth Science

Information Network, The McCall MacBain Foundation (2022).

great volatility over the past years. In 2009, it was 2.8%; in 2011, it
increased to 4.9%; in 2016, it decreased to 1.5%; in 2019, it was
2%; and in 2020, it decreased to 1.9%. In this regard, the COVID-
19 pandemic did not lead to an aggravation of the environmental
crisis, but it also did not make a significant contribution to
overcoming it, as it diverted attention from environmental
economics and management.

Advantages and post-COVID perspective
of using sustainable Al in environmental
economics and management based on
international experience

In 2020-2021, in the context of the COVID-19 pandemic,
artificial intelligence was widely used in healthcare around the
world. In China and Australia, AI has been used to diagnose
COVID-19; in the United States, Apple has launched an
application for “smart” screening of COVID-19; and in
Germany, DOCYET has created a chatbot for remote “smart”
support for consultations of COVID-19 patients (Roscongress,
2022). According to the Institute of Statistical Research and
Knowledge Economics of the National Research University
Higher School of Economics (HSE) (2022), AI has become the
core of digital solutions of the COVID-19 era: in 2020, 17.9% of
digital practical solutions in the OECD countries in COVIDTech
were realized through the use of AL In the context of the COVID-
19 pandemic in 2020 in Russia, the demand for AT increased by
30.5%, and the supply increased by 23.9%.

New technological contours of the implementation of the
federal project “Artificial Intelligence” of the national program
“Digital Economy” have already been planned in Russia in the
post-COVID perspective. Preparations are already underway to
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use sustainable AI for automatic (“smart”) analysis of satellite
images to identify violations of environmental legislation. In
particular, control and monitoring of changes in the movement
of objects in the environment will be carried out: identification in
real-time of facts of illegal economic activity (development of the
territory of specially protected natural areas, logging outside the
provided cutting area, mining outside the boundaries of the
approved mining allotment, etc.); identification of potentially
fire-hazardous areas and fires; soil bonification; identification of
categories and habitat classes according to Earth remote sensing
data (Rospatent, 2022).

Based on the works of KPMG (2022), the following
promising areas of application of sustainable AI and the
advantages that it can provide for environmental economics
and management in the post-COVID perspective (in the
period up to 2030) are identified:

— Development of green finance through the connection of the
availability and cost of credit resources with the ESG initiatives of
loan recipients using smart analytics (following the example of
the German Landesbank Baden-Wuerttemberg);

— Using sustainable AI for automated (more complete,
transparent, efficient, and mass) standardized disclosure of
financial information on combating climate change based on
the experience of France (based on CDP, CDSP, IIRC, GRI,
and SASB standards), as well as on the experience of Russia
(Moscow Exchange: TCFD-reporting for the utility sector);
— Automated (fair, efficient, and open) allocation of emission
quotas (production and consumption waste) according to the
experience of the European Union;

— Smart environmental monitoring and automated
calculation of ESG indices, as well as the compilation of
sustainable development ratings.
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The proposed directions are not exhaustive, but they
demonstrate the great contribution that sustainable AI can
environmental economics and

and should make to

management from the post-COVID perspective.

Discussion

The article contributes to the development of the concept of
environmental economics and management by substantiating the
new role that AI should play in its framework. Unlike Astobiza
et al. (2021), Bolton et al. (2021), Choi et al. (2021), Minkkinen
et al. (2022), Osipov et al. (2022), Popkova et al. (2020), Seetra
(2021), Visvizi (2022), and Wilson and van der Velden (2022), it
has been proved that the existing interpretation of sustainable Al
does not allow to unlock the potential of Al to fight new global
challenges and therefore needs to be revised. Distinctive features of
the proposed new authors’ interpretation are:

— The transition from the practice of flexible redirection of Al
from one industry to another (for example, in healthcare, in
the context of the COVID-19 pandemic) to a fixed, stable, and
long-term application of sustainable AI in environmental
economics and management;

— Sustainable AI should be given a new role related to
preventive environmental crisis management (as opposed
to dealing with current threats, which is a characteristic of
the existing interpretation).

The authors’ interpretation of sustainable Al clearly defined
the boundaries of the ecological direction (in environmental
economics and management) and separated it from the anti-
crisis direction, and thereby, it clarified the classification of the
directions of Al usage. The new interpretation made it possible to
classify the types of AI more precisely, as it identified anti-crisis
AT and sustainable AL

The contribution of this study is that it allowed us to
the of the the
standpoint of environmental economics and management.

reconsider experience pandemic from
Environmental implications of COVID-19 in contrast to
Agqeel et al. (2021), Ge et al. (2022), and NeJhaddadgar et al.
(2020) turned out to be neutral. The value of the obtained results
for academic purposes lies in the fact that they showed that even
in the context of a pandemic and lockdown, humanity continued
to inflict damage on the environment and did not advance in
decarbonization issues.

In this regard, radical measures are needed, among which an
important place is occupied by the development of sustainable AI
recommended in the article in environmental economics and
management. The post-COVID perspective of combating
climate change and developing sustainable communities and
territories is associated with the full-scale implementation of
AT and its active use for sustainable development.

Frontiers in Environmental Science

49

10.3389/fenvs.2022.951672

Conclusion

Thus, the article revealed the current trends in the
development of environmental economics and management
related to the increase in environmental performance and the
reduction of total natural resource rents and also pointed to the
insignificant role of sustainable AI in achieving these results. The
main conclusion obtained in the article is related to the fact that
sustainable AI has a significant potential for the development of
environmental economics and management, but this potential
has not yet been discovered. Also, the post-COVID perspective of
environmental economics and management is associated with a
fuller disclosure of the potential of sustainable AL

The main results of the study are as follows: first, sustainable
Al is rethought from the standpoint of environmental economics
and management, and its new interpretation is proposed as smart
technology for protecting the environment.

Second, modern trends in environmental economics and
management have been identified: 1) a positive ten-year trend
in the Environmental Performance Index and 2) high volatility of
total natural resource rents. Because of this, in contrast to Chen
et al. (2022), Congjuan et al. (2022), Popkova (2022), Robinson
et al. (2022), and Wang et al. (2022), substantiated that the
COVID-19 pandemic did not have a critical impact on the
environment due to ecological Al economics and management.

Third, based on the international experience of the OECD
countries and Russia, the advantages and post-COVID prospects
of using sustainable AI in environmental economics and

1) development of ESG
using smart analytics; 2)

management are substantiated:

initiatives of loan recipients
disclosure of financial information on combating climate
change; 3) automated allocation of carbon credits; and 4)
smart environmental monitoring and automated calculation of
ESG indices.

The theoretical significance of the article is that it offers the
authors’ interpretation of sustainable AI, which allows for
increasing its role and importance in environmental
economics and management. The practical significance of the
results of the study is that the authors’ recommendations allow us
to fully reveal the potential of sustainable AI in the field of
environmental crisis management from the post-COVID
perspective. Policy implications lie in the usefulness of
expanding the use of AI in the interests of protecting the
environment in such areas as Al-green finance, smart climate
reporting, intelligent support for the allocation of emission

quotas, as well as smart environmental monitoring.

Restrictions
Although the article reveals the successful international

experience of using sustainable AI in the practice of
environmental economics and management, the proposed
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recommendations are general in nature and require more
detailed analysis before applying them practically. In future
scientific research, it is advisable to provide an in-depth study
of each proposed promising direction of using sustainable AI
separately in environmental economics and management.

The limitation of the current study is also the isolated
consideration of AI for the most in-depth study of its
environmental nature in support of sustainable development of
the economy and management. A promising direction for future
research is a comprehensive study of the experience and prospects
for using advanced digital technologies—not only AI but also the
Internet of Things (IoT), robots, etc.—in environmental
economics and management to achieve a “synergy effect” in the
form of accelerating the pace of sustainable development.

Author contributions

SL and AB contributed to the conception and design of the
study. AA organized the database. SL wrote the first draft of the

References

Almars, A. M., Gad, I, and Atlam, E.-S. (2022). Applications of AI and IoT in
COVID-19 vaccine and its impact on social life. Stud. Comput. Intell. 1005,
115-127. doi:10.1007/978-3-030-91103-4_7

Aman, J,, Shi, G,, Ain, N. U,, and Gu, L. (2022). Community wellbeing under
China-Pakistan economic corridor: Role of social, economic, cultural, and
educational factors in improving residents’ quality of life. Front. Psychol. 12,
816592. doi:10.3389/fpsyg.2021.816592

Ageel, M., Rehna, T., Shuja, K. H., and Abbas, J. (2022). Comparison of students’
mental wellbeing, anxiety, depression, and quality of life during COVID-19’s full
and partial (smart) lockdowns: A follow-up study at a 5-month interval. Front.
Psychiatry 13, 835585. doi:10.3389/fpsyt.2022.835585

Aqeel, M., Shuja, K. H., Rehna, T., Ziapour, A., Yousaf, I., Karamat, T., et al.
(2021). The influence of illness perception, anxiety and depression disorders on
students mental health during COVID-19 outbreak in Pakistan: A web-based cross-
sectional survey. Int. . Hum. Rights Healthc. 14, 17-30. doi:10.1108/ijhrh-10-2020-
0095

Astadi, P., Kristina, S., Retno, S., Yahya, P., and Agni Alam, A. (2022). The long
path to achieving green economy performance for micro small medium enterprise.
J. Innov. Entrep. 11 (1), 16. doi:10.1186/s13731-022-00209-4

Astobiza, A. M., Toboso, M., Aparicio, M., and Lopez, D. (2021). Al ethics for
sustainable development goals. IEEE Technol. Soc. Mag. 40 (29445792), 66-71.
doi:10.1109/MTS.2021.3056294

Balakesava Reddy, P., Ramasubbareddy, S., and Govinda, K. (2022). Al-based
medical voice assistant during COVID-19. Innovations Comput. Sci. Eng. 385,
119-126. doi:10.1007/978-981-16-8987-1_13

Bartmann, M. (2022). The ethics of AI-powered climate nudging—how much AI
should we use to save the planet? Sustain. Switz. 14 (9), 5153. doi:10.3390/
sul4095153

Benaben, F., Fertier, A., Montarnal, A., Jiang, Z., Truptil, S., Bidoux, L., et al.
(2020). An AI framework and a metamodel for collaborative situations: Application
to crisis management contexts. J. Contingencies Crisis Manag. 28 (3), 291-306.
doi:10.1111/1468-5973.12310

Bolton, M., Raven, R, and Mintrom, M. (2021). Can Al transform public
decision-making for sustainable development? An exploration of critical Earth
system governance questions. Earth Syst. Gov. 9, 100116. doi:10.1016/j.esg.2021.
100116

Buonomano, A., Barone, G., and Forzano, C. (2022). Advanced energy
technologies, methods, and policies to support the sustainable development of
energy, water and environment systems. Energy Rep. 8, 4844-4853. doi:10.1016/j.
egyr.2022.03.171

Frontiers in Environmental Science

50

10.3389/fenvs.2022.951672

manuscript. AB and AA wrote sections of the manuscript. All
authors contributed to manuscript revision, read, and approved
the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Carayannis, E. G., Dezi, L., Gregori, G., and Calo, E. (2022). Smart
environments and techno-centric and human-centric innovations for
industry and society 5.0: A quintuple helix innovation system view towards
smart, sustainable, and inclusive solutions. J. Knowl. Econ. 13 (2), 926-955.
d0i:10.1007/s13132-021-00763-4

Chen, J., Wang, Q., and Li, Q. (2022). A quantitative assessment on ecological
compensation based on water resources value accounting: A case study of water
Source area of the middle route of south-to-north water transfer project in China.
Front. Environ. Sci. 10, 854150. doi:10.3389/fenvs.2022.854150

Choi, S.-W., Lee, E.-B., and Kim, J.-H. (2021). The engineering machine-learning
automation platform (emap): A big-data-driven ai tool for contractors’ sustainable
management solutions for plant projects. Sustain. Switz. 13 (18), 10384. doi:10.
3390/sul31810384

Congjuan, L., Abulimiti, M., Jinglong, F., and Haifeng, W. (2022). Ecologic
service, economic benefits, and sustainability of the man-made ecosystem in the
taklamakan desert. Front. Environ. Sci. 10, 813932. doi:10.3389/fenvs.2022.813932

Cui, L., Mu, Y, Shen, Z., and Wang, W. (2022). Energy transition, trade and green
productivity in advanced economies. J. Clean. Prod. 361, 132288. doi:10.1016/j.
jclepro.2022.132288

De Nicola, A., Karray, H., Kejriwal, M., and Matta, N. (2020). Knowledge,
semantics and Al for risk and crisis management. J. Contingencies Crisis Manag.
28 (3), 174-177. doi:10.1111/1468-5973.12322

Farzadfar, F., Naghavi, M., Sepanlou, S. G., Saeedi Moghaddam, S., Dangel, W. ],
Davis Weaver, N., et al. (2022). Health system performance in Iran: A systematic
analysis for the global burden of disease study 2019. Lancet 399, 1625-1645. doi:10.
1016/s0140-6736(21)02751-3

Fontoura, P., and Coelho, A. (2022). How to boost green innovation and
performance through collaboration in the supply chain: Insights into a more
sustainable economy. J. Clean. Prod. 359, 132005. doi:10.1016/j.jclepro.2022.132005

Ge, T., Ullah, R., Abbas, A, Sadiq, I, and Zhang, R. (2022). Women’s
entrepreneurial contribution to family income: Innovative technologies promote
females’ entrepreneurship amid COVID-19 crisis. Front. Psychol. 13, 828040.
doi:10.3389/fpsyg.2022.828040

Ghermandi, A., Depietri, Y., and Sinclair, M. (2022). In the AI of the beholder: A
comparative analysis of computer vision-assisted characterizations of human-
nature interactions in urban green spaces. Landsc. Urban Plan. 217, 104261.
doi:10.1016/j.Jandurbplan.2021.104261

Gooroochurn, M., Mallet, D., Jahmeerbacus, I., Shamachurn, H., and Sayed
Hassen, S. Z. (2022). A framework for Al-based building controls to adapt passive
measures for optimum thermal comfort and energy efficiency in tropical

frontiersin.org


https://doi.org/10.1007/978-3-030-91103-4_7
https://doi.org/10.3389/fpsyg.2021.816592
https://doi.org/10.3389/fpsyt.2022.835585
https://doi.org/10.1108/ijhrh-10-2020-0095
https://doi.org/10.1108/ijhrh-10-2020-0095
https://doi.org/10.1186/s13731-022-00209-4
https://doi.org/10.1109/MTS.2021.3056294
https://doi.org/10.1007/978-981-16-8987-1_13
https://doi.org/10.3390/su14095153
https://doi.org/10.3390/su14095153
https://doi.org/10.1111/1468-5973.12310
https://doi.org/10.1016/j.esg.2021.100116
https://doi.org/10.1016/j.esg.2021.100116
https://doi.org/10.1016/j.egyr.2022.03.171
https://doi.org/10.1016/j.egyr.2022.03.171
https://doi.org/10.1007/s13132-021-00763-4
https://doi.org/10.3389/fenvs.2022.854150
https://doi.org/10.3390/su131810384
https://doi.org/10.3390/su131810384
https://doi.org/10.3389/fenvs.2022.813932
https://doi.org/10.1016/j.jclepro.2022.132288
https://doi.org/10.1016/j.jclepro.2022.132288
https://doi.org/10.1111/1468-5973.12322
https://doi.org/10.1016/s0140-6736(21)02751-3
https://doi.org/10.1016/s0140-6736(21)02751-3
https://doi.org/10.1016/j.jclepro.2022.132005
https://doi.org/10.3389/fpsyg.2022.828040
https://doi.org/10.1016/j.landurbplan.2021.104261
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.951672

Lobova et al.

climates. Lect. Notes Netw. Syst. 359 LNNS, 526-539. doi:10.1007/978-3-030-
89880-9_39

He, R., BaleZentis, T., Streimikiené, D., and Shen, Z. (2022). Sustainable
green growth in developing economies: An empirical analysis on the belt and
road countries. J. Glob. Inf. Manag. 30 (6), 1-15. doi:10.4018/JGIM.
20221101.0al

Hernandez, D., Cano, J.-C,, Silla, F., Calafate, C. T., and Cecilia, ]. M. (2022). AI-
enabled autonomous drones for fast climate change crisis assessment. IEEE Internet
Things J. 9 (10), 7286-7297. d0i:10.1109/JI0T.2021.3098379

Institute of Statistical Research and Knowledge Economics of the National
Research University Higher School of Economics (HSE) (2022). Artificial
intelligence is the core of digital solutions of the COVID-19 era. Available at:
https://issek.hse.ru/news/457149916.html (data accessed 05 18, 2022).

KPMG (2022). KPMG digest: Operational risks and sustainable development.
Issue #7, January 19, 2021. Available at: https://assets. kpmg/content/dam/kpmg/ru/
pdf/2021/04/ru-ru-ors-digest-07-19012021.pdf (data accessed 05 18, 2022).

Li, C,, Sampene, A. K, Agyeman, F. O., Brenya, R., and Wiredu, J. (2022). The role
of green finance and energy innovation in neutralizing environmental pollution:
Empirical evidence from the MINT economies. J. Environ. Manag. 317, 115500.
doi:10.1016/j.jenvman.2022.115500

Li, Z., Wang, D., Hassan, S., and Mubeen, R. (2021). Tourists’ health risk threats
amid COVID-19 era: Role of technology innovation, transformation, and recovery
implications for sustainable tourism. Front. Psychol. 12, 769175. doi:10.3389/fpsyg.
2021.769175

Ligozat, A.-L., Lefevre, J., Bugeau, A., and Combaz, J. (2022). Unraveling the
hidden environmental impacts of Al solutions for environment life cycle assessment
of Al solutions. Sustain. Switz. 14 (9), 5172. doi:10.3390/su14095172

Lim, W. ], and Abdul Ghani, N. M. (2022). COVID-19 Mandatory self-
quarantine wearable device for authority monitoring with edge AI reporting &
flagging system. Health Technol. Berl. 12 (1), 215-226. doi:10.1007/s12553-021-
00631-w

Liu, M., Lv, W,, Yin, B,, Ge, Y., and Wei, W. (2022). The human-AI scoring
system: A new method for CT-based assessment of COVID-19 severity. Technol.
Health Care 30 (1), 1-10. doi:10.3233/THC-213199

Local Burden of Disease, H. I. V. C. (2021). Mapping subnational HIV mortality
in six Latin American countries with incomplete vital registration systems. BMC
Med. 19 (1), 4. doi:10.1186/s12916-020-01876-4

Maheshwari, N., Thakur, I. S., and Srivastava, S. (2022). Role of carbon-dioxide
sequestering bacteria for clean air environment and prospective production of
biomaterials: A sustainable approach. Environ. Sci. Pollut. Res. 29 (26),
38950-38971. doi:10.1007/s11356-022-19393-7

Mao, B., Tang, F., Kawamoto, Y., and Kato, N. (2022). AI models for green
communications towards 6G. IEEE Commun. Surv. Tutorials 24 (1), 210-247.
doi:10.1109/COMST.2021.3130901

Minkkinen, M., Niukkanen, A., and Miantymaki, M. (2022). What about
investors? ESG analyses as tools for ethics-based Al auditing. Springer: AI and
Society. doi:10.1007/s00146-022-01415-0

Moradi, F., Tourani, S., Ziapour, A., Hematti, M., Moghadam, E. J., and
Soroush, A. (2021). Emotional intelligence and quality of life in elderly
diabetic patients. Int. Q. Community Health Educ. 42 (1), 15-20. doi:10.1177/
0272684X20965811

NeJhaddadgar, N., Ziapour, A., Zakkipour, G., Abolfathi, M., and Shabani,
M. (2020). Effectiveness of telephone-based screening and triage during
COVID-19 outbreak in the promoted primary healthcare system: A case
study in ardabil province, Iran. J. Public Health 29, 1301-1306. doi:10.1007/
$10389-020-01407-8

Nost, E., and Colven, E. (2022). Earth for AI: A political ecology of data-driven
climate initiatives. Geoforum 130, 23-34. doi:10.1016/j.geoforum.2022.01.016

OECD AI Policy observatory (2022). Al index report 2021. Available at: https://
oecd.ai/en/wonk/documents/ai-index-report-2021-chapter-1 (data accessed 05 18,
2022).

Osipov, V. S., Vorozheykina, T. M., Bogoviz, A. V., Lobova, S. V., and
Yankovskaya, V. V. (2022). Innovation in agriculture at the junction of
technological waves: Moving from digital to smart agriculture. Smart
Innovation, Syst. Technol. 264, 21-27. doi:10.1007/978-981-16-7633-8_3

Paulson, K. R., Kamath, A. M., Alam, T., Bienhoff, K., Abady, G. G., Abbas, J.,
et al. (2021). Global, regional, and national progress towards sustainable
development goal 3.2 for neonatal and child health: All-cause and cause-specific
mortality findings from the global burden of disease study 2019. Lancet 398,
870-905. doi:10.1016/50140-6736(21)01207-1

Popkova, E. (2022). Advanced issues in the green economy and sustainable
development in emerging market economies (elements in the economics of

Frontiers in Environmental Science

51

10.3389/fenvs.2022.951672

emerging markets). Cambridge: Cambridge University Press. doi:10.1017/
9781009093408

Popkova, E., Alekseev, A. N., Lobova, S. V., and Sergi, B. S. (2020). The theory of
innovation and innovative development. Al scenarios in Russia. Technol. Soc. 63,
101390. doi:10.1016/j.techsoc.2020.101390

Popkova, E. G., Bogoviz, A. V., Lobova, S. V., Sozinova, A. A., and Sergi, B. S.
(2022a). Changing entrepreneurial attitudes for mitigating the global pandemic’s
social drama. Humanit. Soc. Sci. Commun. 9 (1), 141. doi:10.1057/s41599-022-
01151-2

Popkova, E. G., De Bernardi, P., Tyurina, Y. G., and Sergi, B. S. (2022b). A theory
of digital technology advancement to address the grand challenges of sustainable
development. Technol. Soc. 68, 101831. doi:10.1016/j.techsoc.2021.101831

Popkova, E. G., and Sergi, B. S. (2022). Digital public health: Automation based on
new datasets and the Internet of Things. Socio-Economic Plan. Sci. 80, 101039.
doi:10.1016/j.seps.2021.101039

Prahl, A., and Goh, W. W. P. (2021). Rogue machines” and crisis communication:
When Al fails, how do companies publicly respond? Public Relat. Rev. 47 (4),
102077. doi:10.1016/j.pubrev.2021.102077

Rahmat, T. E., Raza, S., Zahid, H., Mohd Sobri, F., and Sidiki, S. (2022). Nexus
between integrating technology readiness 2.0 index and students’ e-library
services adoption amid the COVID-19 challenges: Implications based on the
theory of planned behavior. J. Educ. Health Promot. 11 (1), 50. d0i:10.4103/jehp.
jehp_508_21

Rathore, S. S., Babu, S., Shekhawat, K., Yadav, S., Singh, V. K., Singh, C,, et al.
(2022). Designing energy cum carbon-efficient environmentally clean production
system for achieving green economy in agriculture. Sustain. Energy Technol.
Assessments 52, 102190. doi:10.1016/j.set3.2022.102190

Robinson, N., Barnett, D. T., Jones, K. D., Stanish, L. F., and Parker, S. M. (2022).
Multiple dimensions of resilience: How NEON supports ecology and the research
community in the face of compounding disasters. Front. Environ. Sci. 10, 653666.
doi:10.3389/fenvs.2022.653666

Roscongress  (2022). Robots, Al, 3D printing, blockchain and digital
tourism — what new business niches have emerged in the world during the
pandemic.  Available at:  https://roscongress.org/news/roboty-ii-3d-pechat-
blokchejn-i-tsifrovoj-turizm-kakie-novye-nishi-dlja-biznesa-voznikli-v-mire-vo-v/
(data accessed: 05 18, 2022).

Seetra, H. S. (2021). A framework for evaluating and disclosing the esg related
impacts of ai with the SDGs. Sustain. Switz. 13 (15), 8503. doi:10.3390/
sul3158503

Shakira Fathima, H., and Dilshad Begum, M. (2021). The role of Al in battling
against COVID-19 crisis n India. Adv. Parallel Comput. 39, 127-132. doi:10.3233/
APC210132

Simeonovski, K., Fidanoski, F., Petkovski, M., and Sergi, B. S. (2022). Debt-growth
link after an economic crisis: The case of Central and Southeast Europe. Post-
Communist Econ. 34, 409-422. doi:10.1080/14631377.2021.2006492

Soomro, T. A., Zheng, L., Afifi, A. ], Yin, M., and Gao, J. (2022). Artificial
intelligence (AI) for medical imaging to combat coronavirus disease (COVID-19):
A detailed review with direction for future research. Artif. Intell. Rev. 55 (2),
1409-1439. doi:10.1007/s10462-021-09985-z

Su, L. (2022). The impact of coordinated development of ecological environment
and technological innovation on green economy: Evidence from China. Int.
J. Environ. Res. Public Health 19 (12), 6994. doi:10.3390/ijerph19126994

Su, Z., McDonnell, D., Cheshmehzangi, A., Abbas, J., Li, X,, and Cai, Y. (2021).
The promise and perils of Unit 731 data to advance COVID-19 research. BM] Glob.
Health 6 (4), €004772. doi:10.1136/bmjgh-2020-004772

Tuia, D., Roscher, R., Wegner, J. D., Zhu, X,, and Camps-Valls, G. (2021). Toward
a collective agenda on Al for earth science data analysis. IEEE Geosci. Remote Sens.
Mag. 9 (29456877), 88-104. doi:10.1109/MGRS.2020.3043504

Ubeda, F., Forcadell, F. J., Aracil, E., and Mendez, A. (2022). How sustainable
banking fosters the SDG 10 in weak institutional environments. J. Bus. Res. 146,
277-287. doi:10.1016/j.jbusres.2022.03.065

Visvizi, A. (2022). Artificial intelligence (AI) and sustainable development goals
(SDGs): Exploring the impact of Al on politics and society. Sustain. Switz. 14 (3),
1730. doi:10.3390/sul14031730

Wang, B, Yang, Z., Xuan, ., and Jiao, K. (2020). Financial crisis prediction model
of listed companies based on statistics and AL Sci. Program. 1, 1-10. doi:10.1155/
2022/1118023

Wang, M., Li, Y., and Liao, G. (2022). Spatial spillover and interaction between
high-tech industrial agglomeration and urban ecological efficiency. Front. Environ.
Sci. 10, 829851. doi:10.3389/fenvs.2022.829851

Wang, Y. (2022). Financial Crisis Prediction Model of Listed Companies Based on
Statistics and A, 2022, 1118023. doi:10.1016/j.egyai.2020.100013Sci. Program.

frontiersin.org


https://doi.org/10.1007/978-3-030-89880-9_39
https://doi.org/10.1007/978-3-030-89880-9_39
https://doi.org/10.4018/JGIM.20221101.oa1
https://doi.org/10.4018/JGIM.20221101.oa1
https://doi.org/10.1109/JIOT.2021.3098379
https://issek.hse.ru/news/457149916.html
https://assets.kpmg/content/dam/kpmg/ru/pdf/2021/04/ru-ru-ors-digest-07-19012021.pdf
https://assets.kpmg/content/dam/kpmg/ru/pdf/2021/04/ru-ru-ors-digest-07-19012021.pdf
https://doi.org/10.1016/j.jenvman.2022.115500
https://doi.org/10.3389/fpsyg.2021.769175
https://doi.org/10.3389/fpsyg.2021.769175
https://doi.org/10.3390/su14095172
https://doi.org/10.1007/s12553-021-00631-w
https://doi.org/10.1007/s12553-021-00631-w
https://doi.org/10.3233/THC-213199
https://doi.org/10.1186/s12916-020-01876-4
https://doi.org/10.1007/s11356-022-19393-7
https://doi.org/10.1109/COMST.2021.3130901
https://doi.org/10.1007/s00146-022-01415-0
https://doi.org/10.1177/0272684X20965811
https://doi.org/10.1177/0272684X20965811
https://doi.org/10.1007/s10389-020-01407-8
https://doi.org/10.1007/s10389-020-01407-8
https://doi.org/10.1016/j.geoforum.2022.01.016
https://oecd.ai/en/wonk/documents/ai-index-report-2021-chapter-1
https://oecd.ai/en/wonk/documents/ai-index-report-2021-chapter-1
https://doi.org/10.1007/978-981-16-7633-8_3
https://doi.org/10.1016/s0140-6736(21)01207-1
https://doi.org/10.1017/9781009093408
https://doi.org/10.1017/9781009093408
https://doi.org/10.1016/j.techsoc.2020.101390
https://doi.org/10.1057/s41599-022-01151-2
https://doi.org/10.1057/s41599-022-01151-2
https://doi.org/10.1016/j.techsoc.2021.101831
https://doi.org/10.1016/j.seps.2021.101039
https://doi.org/10.1016/j.pubrev.2021.102077
https://doi.org/10.4103/jehp.jehp_508_21
https://doi.org/10.4103/jehp.jehp_508_21
https://doi.org/10.1016/j.seta.2022.102190
https://doi.org/10.3389/fenvs.2022.653666
https://roscongress.org/news/roboty-ii-3d-pechat-blokchejn-i-tsifrovoj-turizm-kakie-novye-nishi-dlja-biznesa-voznikli-v-mire-vo-v/
https://roscongress.org/news/roboty-ii-3d-pechat-blokchejn-i-tsifrovoj-turizm-kakie-novye-nishi-dlja-biznesa-voznikli-v-mire-vo-v/
https://doi.org/10.3390/su13158503
https://doi.org/10.3390/su13158503
https://doi.org/10.3233/APC210132
https://doi.org/10.3233/APC210132
https://doi.org/10.1080/14631377.2021.2006492
https://doi.org/10.1007/s10462-021-09985-z
https://doi.org/10.3390/ijerph19126994
https://doi.org/10.1136/bmjgh-2020-004772
https://doi.org/10.1109/MGRS.2020.3043504
https://doi.org/10.1016/j.jbusres.2022.03.065
https://doi.org/10.3390/su14031730
https://doi.org/10.1155/2022/1118023
https://doi.org/10.1155/2022/1118023
https://doi.org/10.3389/fenvs.2022.829851
https://doi.org/10.1016/j.egyai.2020.100013
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.951672

Lobova et al.

Wilson, C., and van der Velden, M. (2022). Sustainable AI: An integrated
model to guide public sector decision-making. Technol. Soc. 68,101926. doi:10.
1016/j.techsoc.2022.101926

World Bank (2022). Total natural resources rents (% of GDP). Available at:
https://data.worldbank.org/indicator/NY.GDP.TOTL.RT.ZS?view=chart (data
accessed 05 18, 2022).

Yale Center for Environmental Law & Policy (Yale University), Center for
International Earth Science Information Network (Columbia University),

The McCall MacBain Foundation (The Mullion Group) (2022).
Environmental —Performance Index 2020 Global metrics for the
environment: Ranking country performance on sustainability issues.

Available at: https://epi.yale.edu/downloads/epi2020report20210112.pdf
(data accessed: 05 18, 2022).

Frontiers in Environmental Science

52

10.3389/fenvs.2022.951672

Yaoteng, Z., and Xin, L. (2022). Research on green innovation countermeasures of
supporting the circular economy to green finance under big data. J. Enterp. Inf.
Manag. 35 (4-5), 1305-1322. doi:10.1108/JEIM-01-2021-0039

Yu, S., Draghici, A., Negulescu, O. H., and Ain, N. U. (2022). Social media
application as a new paradigm for business communication: The role of COVID-19
Knowledge, social distancing, and preventive attitudes. Front. Psychol. 13, 903082.
doi:10.3389/fpsyg.2022.903082

Zhang, H. (2022). AI and big data in water environments. ACS Est. Water 2,
904-906. doi:10.1021/acsestwater.2c00203

Zhou, Y., Draghici, A., Mubeen, R., Boatca, M. E., and Salam, M. A. (2022). Social
media efficacy in crisis management: Effectiveness of non-pharmaceutical
interventions to manage COVID-19 challenges. Front. Psychiatry 12 (1099),
626134. doi:10.3389/fpsyt.2021.626134

frontiersin.org


https://doi.org/10.1016/j.techsoc.2022.101926
https://doi.org/10.1016/j.techsoc.2022.101926
https://data.worldbank.org/indicator/NY.GDP.TOTL.RT.ZS?view=chart
https://epi.yale.edu/downloads/epi2020report20210112.pdf
https://doi.org/10.1108/JEIM-01-2021-0039
https://doi.org/10.3389/fpsyg.2022.903082
https://doi.org/10.1021/acsestwater.2c00203
https://doi.org/10.3389/fpsyt.2021.626134
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.951672

a' frontiers ‘ Frontiers in Environmental Science

@ Check for updates

OPEN ACCESS

EDITED BY
Elena G. Popkova,

Moscow State Institute of International
Relations, Russia

REVIEWED BY
Ruchika Pharswan,

Indian Institute of Technology Delhi,
India

*CORRESPONDENCE
Sergei G. Vagin,
vsgb63@hotmail.com

SPECIALTY SECTION
This article was submitted to
Environmental Economics and
Management,

a section of the journal

Frontiers in Environmental Science

RECEIVED 23 May 2022
ACCEPTED 15 August 2022
PUBLISHED 06 September 2022

CITATION
Vagin SG, Klimenko VA, Telegina ZA and
Aleksashina TV (2022), Improving
environmental decision-making in
environmental business-management
using big data and Al.

Front. Environ. Sci. 10:951306.

doi: 10.3389/fenvs.2022.951306

COPYRIGHT

© 2022 Vagin, Klimenko, Telegina and
Aleksashina. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Environmental Science

TYPE Opinion
PUBLISHED 06 September 2022
pol 10.3389/fenvs.2022.951306

Improving environmental
decision-making in
environmental
business-management using big
data and Al

Sergei G. Vagin™?*, Viktor A. Klimenko?, Zhanna A. Telegina*
and Tatiana V. Aleksashina®

INational Research University Higher School of Economics, Moscow, Russia, Moscow, Russia, 2MIREA,
Russian Technological University, Moscow, Russia, *Scientific and Educational Centre “Siberian Centre
for Industrial Design and Prototyping”, National Research Tomsk State University, Tomsk, Russia,
“Moscow Timiryazev Agricultural Academy, Russian State Agrarian University, Moscow, Russia,
®Financial University under the Government of the Russian Federation, Moscow, Russia

KEYWORDS

environmental decision-making, environmental business management, technological
modernization, automation, big data, Al

Introduction

Environmental business management is a special direction in the management of
entrepreneurship within the framework of environmental legislation and corporate
environmental responsibility. Despite the high importance for society (determines the
contribution of business to the implementation of the SDGs) and business (forms loyalty
to it), there are some difficulties in the area of environmental business management for
two reasons, both of which (according to the hypothesis put forward in this article) can be
overcome through the use of Big Data and AI (Lubis et al., 2019; Colvin et al., 2020).

The first reason is due to the fact that enterprises face a shortage of information about
current ecological problems, ongoing initiatives to protect the environment and available
opportunities to join them. Big Data make it possible to automatically collect, systematize
and provide enterprises with all the necessary information (Popkova et al, 2020;
Lamolinara et al., 2022; Mikac et al., 2022).

The second reason is that information about the state and protection of the
environment has a large volume and is subject to constant changes. Processing and
analysis of this information is not available for most enterprises, especially small and
medium-sized ones. Artificial intelligence allows to quickly and accurately process a large
amount of information and provide intelligent support for environmental decision-
making in environmental business management (Parvathi Sangeetha et al., 2022; Popkova
et al.,, 2022; Tian, 2022).

The purpose of the article is to substantiate the prospects and develop
recommendations for improving environmental decision-making in environmental
business-management using Big Data and AL The originality of the article lies in
providing clear justifications for the key role of technologies in the optimization of
environmental decision-making in environmental business management in the Al era.
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Environmental decision-making in
environmental business-management

In their publications, Oteng et al. (2022), Pullin et al. (2022),
and Tang et al. (2022) cite numerous advantages of using high
technologies, in particular, ATl and Big Data when making
environmental  decisions in  environmental  business
management in industry. Among these advantages, it is
necessary to indicate the possibility to fully take into account
the totality of environmental parameters when making
management decisions, as well as to search for the most
optimal solutions from both an economic and environmental
point of view.

The existing literature also reveals in sufficient detail the
essence and features of agriculture in the era of artificial
intelligence, embodied in the practice of AgroTech. In the
works of Dai et al. (2022), Deng et al. (2022), Dupla et al.
(2022), (2022), it

technological modernization strengthens, the gap between the

and Parmar et al is noted that as
economy and ecology increases. If this gap is quite large and
obvious in industry, then in agriculture it has been most clearly
manifested only in the process of the Fourth Industrial Revolution.
Although high technologies make it possible to increase the
volume of food production, achieve its climatic stability and
other advantages, which is realized through the transition of the
agro-industrial complex from an agrarian economy (based on
agriculture producing eco-products) to an industrial economy
(producing synthetic food with GMOs, food additives, etc.).

The works of Li et al. (2022), Ren et al. (2022), and Yew et al.
(2022) indicate that high technologies require serious financial
costs. Therefore, even with the support of the state, these
technologies are either inaccessible to small and medium-sized
businesses, or dictate the need to optimize costs. This hinders
environmental decision-making in environmental business-
management.

In this regard, a research question (RQ) arises about whether
high technologies (Big data and AI) contribute to the
improvement of processes of developing and making
environmental decisions, and how this contribution can be
maximized for the optimization of environmental business-
management. Based on works by [FULL NAME], which point
out the advantages of high technologies for environmental
business-management, this article makes a hypothesis that
high technologies (Big Data and Al) are instrumental in the
optimality of environmental decision-making.

In industry, environmental decision-making is associated
only with reducing the environmental costs of economic
growth, but in agriculture, the prospects for environmental
business-management are broader and also include the
production of organic (natural) products and positive impact
on the environment (for example, from planting plants and
forests). Therefore, in order to find an answer to the RQ, this
article pays special attention to the experience of AgroTech.
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The role of technology in the optimization
of environmental decision-making in
environmental business-management in
the Al era on the example of AgroTech

To determine the role of technologies in the optimization of
environmental decision-making in environmental business-
management in the Al era, the dynamics of startup financing
in AgroTech in 2012-2020 and its contribution to the
development of food production are analyzed using the
example of AgroTech (based on Biotech, Robotics, Al and Big
Data technologies) (Figure 1).

As shown in Figure 1, AgroTech is actively financing startups,
which increased more than 11 times in 2020 ($30.50 billion)
compared to 2012 ($2.68 billion). The presented regression
curves showed that as the amount of funding for startups in
AgroTech increases, for every $1 billion, agriculture, forestry, and
fishing value added increases by 0.0032% of GDP (correlation of
6.19%), and the food production index (2014-2016 = 100)
increases by 0.0053 (correlation 86.60%).

According to the forecasts of Intellias (2022), by 2023, the
amount of funding for startups in AgroTech will double by 2023,
that is, it will amount to about $ 60 billion. Taking into account
the established dependencies, it can be expected that this will
ensure an increase in agriculture, forestry, and fishing value
added by 2.26 of GDP and an increase in the food production
index (2014-2016 = 100) by 14.02%. The obtained results
indicate that high technologies (Big Data and AI) already play
an important role in the optimization of environmental decision-
making in environmental business-management in AgroTech.

Interindustry review of environmental
decision-making using big data and Al:
Advanced international case experience of
companies

Significant results of the use of Big Data and the use of Al in
environmental decision-making were demonstrated in 2021 in
Russia within the Year of Science and Technology. Application
solutions that have been successfully implemented in the practice
of Russian companies include smart forecasting of adverse
climate change (forecasting weather and natural disasters)—in
environmental science; automated search for new oil and gas
fields, Smart Grid development—in the energy sector; creation of
new materials and technologies, quality control—in materials
science; optimization of urban space, control and intelligent
of

management

support sustainable and environmentally

of the
management (Ministry of Science and Higher Education of

friendly

natural  resources—in regional
the Russian Federation, 2022).
The successfully implemented projects of using Al and Big

Data for the improvement of environmental decision-making
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Financing of startups in AgroTech and its contribution to the development of food production in 2012-2020. Source: calculated and
constructed by the authors based on the materials of the Queen (2022), Intellias (2022), and World Bank (2022).

(Ministry of Science and Higher Education of the Russian
2022) 1)
Whirlwind forecasting based on Big Data and AI by the
researchers of the laboratory of climate theory of the
Obukhov Institute of Atmospheric Physics, RAS; 2) Fire
forecasting by the research and information center of the
Ministry of Emergency Situations of the Russian Federation
based on the Thermal Points mobile application; 3) Flood
forecasting by Sber in cooperation with the Moscow
Aviation Institute and Ministry of Emergency Situations

Federation,

in environmental science include:

using online satellite images; 4) Reduction of the carbon
footprint by the Research Center for Artificial Intelligence
based on the Skolkovo Institute of Science and Technology,
and carbon landfills.

In addition, many smart projects in the energy sector are
being implemented in Russia (Ministry of Science and Higher
Education of the Russian Federation, 2022): 1) Reducing energy
consumption using the application developed by the PREDICT
team from Mail. Ru Group; 2) Accounting for seismic activity in
the development of Gazprom Neft fields; 3) Improving the safety
of Rosatom’s alternative energy through the introduction of a
system for monitoring the provision of employees with personal
protective equipment at nuclear power plants based on computer
vision algorithms.
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Moreover, Al and Big Data are abundantly used in retail
sales, ensuring the reduction of the environmental footprint of
the economy. Thus, the Russian retail store network Lenta creates
an environmentally-friendly (biodegradable) package, while the
retail store network Rossmann in the Czech Republic and
Germany has introduced the “filling stations” with detergents
under the trademark Love Nature, an affiliated company of
Henkel (Corporate accelerator GenerationS, 2022).

AT and Big Data help to combat climate change: 1) PJSC FGC
UES (Russia) launched the process of development of main
power transmission lines based on Artificial Intelligence
technologies; 2) Conservation of land and marine biodiversity
based on monitoring and control of ecosystems, e.g. using NASA
Blue River Technology in the World ocean; 3) Water saving:
Valor Water Analytics allows detecting leakages, analyzing water
flows in real-time mode, and tracking utility meter malfunctions;
4) Improvement of the air quality: The IBM Green Horizons
project brings together machine learning and the Internet of
Things for the air quality forecasting. IBM and Microsoft tools
combine conventional physical models of atmospheric and
weather  chemistry ~with  machine learning models.
Atmospheric air pollution monitoring stations are already
operating in Moscow, Moscow Oblast, and several other
regions. 5) Recycling development: Nevlabs waste sorting
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equipment based on Artificial Intelligence (recycling kiosks and
smart waste bins), produced by WinBin and TrashBack (Softline,
2022).

Recommendations for improving
environmental decision-making in
environmental business-management
using big data and Al

To
environmental business-management using Big Data and Al
the
consideration of sectoral characteristics of the use of high

improve  environmental  decision-making in

following recommendations are proposed. Firstly,

technologies in environmental decision-making to fully realize
the of
management in each industry. So, in industry, the options of

development potential environmental business
using Big Data and Al are being worked out in different aspects
(both in theory and in practice) to improve economic production
efficiency (for example, automation to increase production
capacity and to benefit from the economies of scale), as well
as environmental production efficiency (for example, “green” Al
innovations).

In other industries, in particular, in agriculture, the focus is
on the economic efficiency (for example, HRM or sales
of the of high

entrepreneurship. The issues of environmental decision-

optimization) use technologies  in
making need independent and in-depth study in each
industry, taking into account its characteristics. For example,
in AgroTech, it is recommended to consider sustainable
(responsible) environmental management as a separate
economic practice and a separate area of environmental
business management. In this area, independent automation
of environmental decision-making can be carried out, while
other areas (production and sales) may be less automated.
This will reduce the costs of technological modernization of
the business.

Secondly, the transition from individual to collective use of
Big Data and Al in the practice of environmental decision-
making in environmental business-management. Agriculture is
strongly tied to the territory in which it is conducted. The
planting of forests by one business structure will not
noticeably improve the air quality in the territory, but if all
enterprises join efforts and plant a large number of trees together,
a serious contribution to the fight against climate change will be
achieved.

In this regard, it is proposed to separate environmental
of

governance and separately automate environmental decision-

business-management from other areas corporate
making processes. This will help enterprises maintain economic
independence and at the same time gain access to advanced
technologies (Big Data and AI) for environmental business

management, both acquired collectively and provided by local
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public authorities as a measure for the development of the
ecological economy.

Discussion

The contribution of the article to the literature consists in
overcoming sectoral restrictions on the use of high technologies
(Big Data and AI) when making environmental decisions in
environmental business-management. Unlike Oteng et al.
(2022), Pullin et al. (2022), and Tang et al. (2022), it has been
proved that high technologies can be used in environmental
business-management not only in industry, but also in
agriculture (AgroTech). Thanks to this, a much greater
potential for using Big Data and Al in environmental
decision-making has been revealed, which is not limited to
reducing the environmental costs of economic growth, but
also includes improving the ecological balance.

In contrast to Dai et al. (2022), Deng et al. (2022), Dupla et al.
(2022), and Parmar et al. (2022), it has been proved that
technological modernization does not necessarily lead to a gap
between the economy and ecology, but on the contrary, can help
to bridge this gap. So, for example, the development of AgroTech
simultaneously increases the added value created in the agro-
industrial complex (economic advantage) and increases the
productivity of natural (organic) agriculture (environmental
advantage).

Unlike Li et al. (2022), Ren et al. (2022), and Yew et al.
(2022), it has been demonstrated that high technologies (Big
Data and AI) can (proved by the example of startups in
AgroTech) and should be available to small and medium-
sized businesses in various sectors of the AI economy.
Authors’
have been proposed, which are universal and applicable in

framework practice-oriented recommendations
various sectors of the AI economy, aimed at diffusing high
technologies (increasing accessibility) and increasing the
efficiency of their use in environmental decision-making in
environmental business management.

Conclusion

The result of the study was the confirmation of the
correctness of the hypothesis put forward in the article, the
justification of prospects, as well as the development of
recommendations for improving environmental decision-
making in environmental business-management using Big
Data and Al The key role of technologies in the optimization
of environmental decision-making in environmental business-
management in the AI era is revealed, associated with the
harmonization and balancing of economic and environmental
interests of business in decision-making, which has been proved
in the example of AgroTech.
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The uniqueness of the article and its contribution to the
literature consist in the fact that it has bridged the gap between
theory and practice, having demonstrated that high technologies
(AI and Big Data) can be and are successfully used for the
optimization of environmental decision-making in various
sectors of the economy. For the first time, the article has
proved through numerous empirical examples and the case
experience of Russian companies, that high technologies have
significant potential to improve the decision-making efficiency
not only in the production sector but also in AgroTech and other
sectors. To fulfill the identified potential to the fullest extent
possible, it is recommended to take into account the industry
specificity and make a transition from individual to shared use of
Big Data and AI in the practice of environmental decision-
making in environmental business-management.

The theoretical significance of the results obtained in the
study is that they clarified organizational (in comparison with
other areas of management) and industry (using the example of
comparing industry and agriculture) features of technological
modernization (automation based on Big data and Al)
The

contribution of the conclusions and recommendations is due

environmental ~ business-management. practical

to the fact that the authors’ proposals for improving
environmental decision-making using Big Data and AI can
significantly expand the range of practical applications of

environmental ~ business-management  from  reducing

environmental damage to maximizing the contribution of
business to environmental protection and improving the
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The purpose of the article is to study the current international experience and
determine the prospects for improving the environmental management of
companies in the oil and gas markets based on Al in the interests of
sustainable development. Relying on variation analysis and correlation
analysis methods, it has been substantiated that environmental management
have significant impact on companies from the perspective of social LCA, which
has an impact on the competitive ability of companies. Relying on the IPAT-
method, it has been proven that technology is a key factor which determines
this impact. As a result, it has been proved on the example of the case
experience of the largest energy companies in Russia in 2022 that the
environmental management of oil and gas companies creates advantages
not only for the environment but also for financial efficiency and stability
(break-even operation) of these companies (implementation of SDG 8).
Using the example of the international experience of energy companies
(from the UAE, Sweden, the UK, the USA and Japan), it has been proved that
Al can play a much greater role in the oil and gas markets, contributing not only
to ensuring a deficit-free energy economy (the implementation of SDG 7) but
also to environmental protection (the implementation of SDGs 13-15). The best
practices of using Al in each selected sector of the oil and gas industry were
studied and a quantitative and qualitative assessment of the benefits of Al was
carried out. Thirdly, the most promising use of Al in the sector of environmental
management for environmental economics and management is substantiated.
It is proven that the options for environmental management can be different
and specific to a particular object. Thanks to the results obtained in the course
of the study, a systematic view of the prospects for the sustainable development
of oil and gas markets has been formed, and the importance of Al for this
process has been demonstrated. The theoretical significance of the study
consists in expanding the existing understanding of the use of Al in the
practice of environmental management of energy companies and clarifying
its contribution to the implementation of the SDGs.
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Introduction

The attention of the world community is currently focused
on the oil and gas markets. The criteria for the sustainability of
these markets are, firstly, the environmental friendliness of oil
and gas. Environmental protection is a modern priority in all
sectors of the economy, but it is especially important in the oil
and gas industry.

This is explained by the fact that oil and gas production leads
to the depletion of natural resources, therefore, it must be
in order resources for future
Also, gas

transportation are associated with waste that needs to be

economical to preserve

generations. oil and natural extraction and
reduced to prevent environmental disasters (for example, gas
leaks and oil spills) (Popkova et al., 2021; Liu and Luo, 2022;
Zhang et al., 2022).

Secondly, the balance of supply and demand in the oil and
gas markets: energy scarcity. Oil and gas are critically needed for
the state (for example, to maintain the stable operation of public
households

businesses. The sustainability of the oil and gas markets is to

infrastructure and public institutions), and
fully meet the demand, but this is becoming increasingly difficult
every year, as the “clean” energy industry is actively developing,
and the demand for oil and gas seems to be increasingly
unpredictable (Popkova and Sergi, 2021; Marcon et al.,, 2022).

The barrier to meeting this criterion is that “clean” energy in
the current technological mode is not able to constitute a robust
alternative to fossil fuels. Even the world’s most environmentally
friendly economies are characterized by hybrid energy systems
which combine “clean” and fossil energy in varying proportions
(Yang et al, 2022). The technological origins of the problem
under consideration appear in the low and unstable productivity
of “clean” energy, as well as in the complexity of its storage and
distribution (Maka and Alabid, 2022; Qamar et al., 2022).

As commercial entities, oil and gas companies must cover
their expenses, recover their investments and produce profits for
shareholders and investors. In addition to this, many oil and gas
companies are large employers and even city-forming
enterprises. Therefore, society (especially their employees) and
the state are also interested in maintaining a stable financial
position (break-even operation) of energy companies (Habesoglu
et al., 2022; Hunt et al., 2022).

Simultaneous compliance with these three criteria is a difficult
task and is an urgent scientific and practical problem. This article
offers a look at the problem from the positions of fuel and energy
companies in the oil and gas markets. The basic idea which forms the
basis of this research and ensures its contribution to literature is that
the observance of criteria of sustainability of companies in the oil and

gas markets is greatly determined by technology.

Frontiers in Environmental Science

60

This idea is based on existing contemporary literature, which
points out considerable contribution of the leading technologies
of the Al era to the development of the energy economy (David
et al.,, 2022; Guzovié et al., 2022; Liu et al., 2022; Santillan et al.,
2022). A promising technology for intelligent support of complex
decision-making is artificial intelligence (AI).

Therefore, the purpose of this article is to study the current
international experience and determine the prospects for
improving the environmental management of companies in
the oil and gas markets based on AI in the interests of
sustainable development. The originality of this article is
based on the scientific study of artificial intelligence as a new
and promising source of stability for fuel and energy companies
in the oil and gas markets.

Al in the environmental management of companies in the oil
and gas markets: a literature review and gap analysis.

As a result of the structural-functional analysis of value
chains in the oil and gas industry, three sectors were
identified: 1) product and market supply (energy distribution,
efficiency and energy supply), 2) financial management
(investment, recovery and stakeholders’ profit including
employment and society welfare) and 3) environmental
management that makes the oil and gas business sustainable.

Due to the allocation of three designated sectors, a
comprehensive understanding of the oil and gas industry has
been formed, which opens up the possibility for its systematic
study. In this regard, in this article, it is advisable to conduct a
study in each of the identified three sectors of the oil and gas
industry and reveal the features of the use of Al in various sectors.

In the existing literature, the essence of environmental
management of oil and gas companies is disclosed in detail.
Ibrahim et al. (2020), Margheritini et al. (2020), Wu et al. (2020),
Basile et al. (2021) note in their works that the environmental
management of oil and gas companies makes an important
contribution to environmental protection and improvement
the environmental friendliness of the energy economy. At the
same time, the financial consequences of environmental
management for the energy companies themselves remain
poorly studied and poorly understood.

The role of Al in the oil and gas markets is also discussed in
sufficient detail in the available publications. Blumenthal et al. (2020),
Agbaji (2021), Desai et al. (2021), Di et al. (2021) in their works point
to the significant role of Al in energy distribution and energy
efficiency improvement of the economy, that is, in the
implementation of SDG 7. At the same time, the role of Al in
the environmental management of oil and gas companies is not
defined. An assessment of the existing literature showed that, despite
a significant number of publications, the problem of sustainable
development of oil and gas markets has been only partially studied.
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The experience and prospects of using Al in selected sectors
of the oil and gas industry are poorly understood and unclear. In
this regard, the prospects for the systemic (in the unity of the
criteria of environmental friendliness, lack of scarcity and break-
even operation) sustainable development of oil and gas markets,
as well as the importance of AI to achieve it, have not been
determined.

Along with the assessment of sustainable development, it is
expedient to perform the life cycle assessment of technology as
the factor of production of power resources in the oil and gas
markets—the expert evaluation of the environmental impact. Life
cycle assessment that has been performed based on existing
literature, has shown the close relationship between AI and
environmental management. At the first life cycle stage
involved with oil and gas production, AI allows optimizing
exploration and using them in the most efficient way to
preserve untapped oil and gas fields for the future generations
(Li et al., 2021).

At the second life cycle stage, Al helps to optimize logistics
and increase safety of oil and gas transportation and storage
(Ligozat et al., 2022). At the third life cycle stage, in the use of oil
and gas, Al contributes to the more efficient and money-saving
“smart” consumption of oil and gas resources in the energy
economy (Sulistyawati et al., 2020).

Life cycle assessment has shown that there is a close
relationship between environmental management of energy
companies in the oil and gas markets and the role of Al
Nevertheless, given the fact that the real-life experience of
energy companies is understudied, the actual closeness of this
relationship is yet to be clarified and is still only potential.

The gap analysis has revealed the first gap in literature which
is involved with the uncertainty of causal relationships of
environmental management of companies in the oil and gas
markets. Thus, despite the abundance of existing literature, it
remains unclear how environmental management was
implemented in the activities of energy companies. While
sustainability is assessed at the general market level, the
of

deficiently covered and are not adequately investigated.

business  practices environmental responsibility are
Due to the mentioned gap, environmental management in
the oil and gas markets is a “black box”, where state
environmental regulations (from regulation of the volume of
oil and gas production to environmental taxation of energy
companies) and industry-specific environmental standards are
at the entry, and the achieved level of environmental
performance of markets under consideration is at the output.
The need to fill the mentioned gap is due to the fact that it
is a barrier on the way to the management of environmental
performance of oil and gas markets. Existing literature reveals
the status quo, but prevents from changing a take on it. From
the research and practice perspective, it is extremely
important to study the actual practices of environmental

management of energy companies, because it opens up
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possibilities and prospects to manage and improve the
environmental performance of oil and gas markets.

The second gap in literature consists in the ambiguous role of
Al in the environmental management of companies in the oil and
gas markets. Thus, available literature points to the active digital
modenization of the energy economy; however, it remains
unclear how exactly high technologies of the AI era are used
in the activities of energy companies.

The importance of filling the identified gap is attributable to
the fact that it prevents from determining the degree of
fulfillment of potential of using AI in the environmental
management of energy companies. The existing view from the
standpoint of oil and gas markets in general only shows their
general level of digitalization, which is fairly high. That said, the
rate of active use of Al in the environmental management of
energy companies, which remains outside the existing view, can
be either high or low.

Based on the existing works of Yu et al. (2020), Zhu et al.
(2022), revealing the advantages of using Al for environmental
management of energy companies, this article hypothesizes that
this management in the oil and gas markets in the interests of
sustainable development should be carried out based on Al since
this will ensure simultaneous compliance with all the specified
criteria.

In this regard, this article raises the research question on
how the environmental management of companies in the oil
and gas markets for the sustainable development should be
performed. Relying on existing works by Yu et al. (2020), Zhu
et al. (2022), which reveal the benefits of using AI for the
environmental management of energy companies, the
authors of this article put forward a hypothesis that this
management in the oil and gas markets for the sustainable
development must be performed through the use of Al since
this of all
abovementioned criteria.

will  ensure simultaneous observance

The contribution of this article to literature consists in
filling the two identified gaps which ensures, first, the
disclosure of contents of the “black box” of environmental
management of companies in the oil and gas markets. As a
result, the article opens up possibilities to manage the
environmental performance of oil and gas markets through
the of the practices

management of energy companies.

adjustment of environmental

Second, the detected degree of involvement of the
potential to use AI in the environmental management of
companies in the oil and gas markets, as well as identifying
the prospects for a more perfect fulfillment of this potential.
The mentioned academic contribution is made and the
identified gaps are filled in this article through a fresh
approach to the oil and gas markets—from the standpoint
of environmental management of energy companies, which
means the study of these markets at the corporate (micro-)
level.
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Methodology and materials

This article uses the Impact, Population, Affluence, and
Technology (IPAT) method to clarify the factors that have an
impact on renewable energy sources. Reliable and authoritative
official statistics from the World Bank (2022) at the global level
serves as the empirical basis of the research of international
practices.

In accordance with the selected method, the “I” variable in
the “I=PAT” equation is reflective of the result of environmental
management of companies in the oil and gas markets, whose
indicator is renewable energy consumption (% of total final
energy consumption), which increased from 16.86% in
2010 to 17.54% (the most up-to-date statistics) (World Bank,
2022). Hence, the Impact in recent years decreased by 4.03%.

Population, despite a significant increase in the world
population in the period under consideration, demonstrated a
responsibility towards the environment in terms of energy use. In
this article, it is assessed in terms of fossil fuel energy
consumption (% of total), which decreased from 80.8% in
2010 to 79.7% (the most up-to-date statistics) (World Bank,
2022). Hence, the Population in recent years decreased by 1.36%.

Affluence, even with intensive economic growth, also
decreased due to the environmental responsibility of society
and the economy. In this article, it is assessed in terms of
total natural resources rents (% of GDP), which decreased
from 3.7% in 2010 to 2% (the most up-to-date statistics)
(World Bank, 2022). Hence, the Affluence in recent years
decreased by 45.95%.

Technology gained momentum thanks to the Fourth
Industrial Revolution, as a result of which the world entered
the AT era in the period under consideration. In this article, it is
assessed in terms of alternative and nuclear energy (% of total
energy use), which increased from 8.3% in 2010 to 13.4% (the
most up-to-date statistics) (World Bank, 2022). Hence, the
Technology in recent years decreased by 61.45%.

Thus, technology has made the most significant contribution
to the minimization of detrimental effect of the energy economy
on environment over the period from 2010 to the present day. In
this regard, the technological progress is a key factor in
improving the efficiency of environmental management of
energy companies in the oil and gas markets. Therefore, it is
expedient to focus further research in this paper on the in-depth
study of the selected technology factor.

Use of Al in various sectors of the oil
and gas industry

Based on the results of the structural and functional analysis
of value chains in the oil and gas industry conducted in this
article, we will analyze the practical experience of using Al in
various sectors of the oil and gas industry.
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In the production and market supply sector (energy
distribution, efficiency and supply), the analysis of seismic
data and exploration drilling data using AI allows drilling
fewer wells and doing less testing in exploration, which saves
both money and time. The return on smart fields, even due to the
introduction of Al has increased by 2-10%.

Chevron has invested more than $6 billion in the i-Field
“Connected fields” project and is now generating about $1 billion
in additional revenue per year. Productivity of production
facilities increased by 4%, and oil recovery factor by six
p- p. At Gazprom Neft, the time for interpreting geological
data due to the work of AI was reduced by 6 times, and the
amount of useful information extracted from them increased by
30% (Vedomosti, 2022).

In the financial management sector (investment, recovery
and stakeholders’ profit including employment and society
welfare), the implementation of Al increases the return on
investment. In this regard, C3. ai is a good example - it is an
applied artificial intelligence company that has created several
commercial platforms for introducing machine intelligence into
business processes, including in the field of oil and gas.

The company was founded in 2009 by billionaire and tech
investor Thomas Siebel, a native of Oracle. Clients (about 30 in
total) include oil and gas companies such as Shell and Baker
Hughes. The company’s revenue has been growing exponentially
over the last 5 years: in 2017 it was estimated at $33 million, and
in 2021 at $183 million. Oil and gas investors can invest in
projects involving the implementation of Al in the activities of oil
and gas enterprises, both through the acquisition of C3. ai shares
(indirectly) and through financing the development of applied
solutions for expanding the use of Al in the activities of oil and
gas enterprises (BCS-express, 2021).

In the environmental management sector that makes the oil
and gas business sustainable, due to the introduction of Al
Gazprom’s environmental performance has increased, which is
reflected in corporate sustainability reports for 2021. In
particular, a 6% reduction in waste was achieved. Due to the
optimization of logistics with the help of A, the frequency of
accidents during the transportation of oil has decreased - this has
ensured savings in fuel and energy resources in the
implementation of energy supply programs by 24.6%.

The data presented on whether AT has been used in this oil
and gas industry showed that AI provides significant benefits in
all sectors of the oil and gas industry. In the first two sectors
(product development and financial management), Al improves
only the economic efficiency of oil and gas companies. In the
third sector (environmental management), both the economic
(saving of oil and gas resources) and environmental
(environmental protection) efficiency of oil and gas companies
are simultaneously increasing.

In this regard, the most promising and should be carried out
as a matter of priority is the expansion of the use of Al in the third
sector (environmental management). Therefore, in this article, it
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is advisable to focus on the third sector (environmental
management) of the oil and gas industry as the most
promising from the standpoint of environmental economics
and management.

The activities of oil and gas companies in the environmental
management sector can differ in terms of their site-specific
operations, environmental issues, and waste generation and
disposal. Options for environmental management can be
different and specific to a particular facility.

AT can be useful for the environmental management of oil
and gas companies, firstly, for planning oil and gas production,
the most efficient use of fields and slowing down the depletion of
oil and gas resources - their conservation for future generations.
In this case, oil and gas fields act as an object of environmental
management, and as an option for environmental management
based on Al, intellectual support for planning and development
of fields. The successful experience of Chevron can serve as an
example.

Secondly, to reduce production waste: optimize logistics and
prevent accidents (natural disasters) during the transportation of
oil and gas. In this case, the object of environmental management
is the transportation of oil and gas, and the environmental
management option based on Al is environmentally
responsible optimization of logistics. The successful experience
of Gazprom can serve as an example.

International experience in
environmental management of
companies in the oil and gas markets
based on Al

In order to get the most complete, accurate and reliable
picture of the global prospects of environmental management
companies in the oil and gas markets based on Al in the interests
of sustainable development, we will conduct an international
review of the experience of the largest fuel and energy companies
operating in these markets.

As a result of the systematization of international
experience (based on the materials of What Next, 2022),
the following areas of environmental management of
companies in the oil and gas markets based on AI in the
interests of sustainable development have been identified,
firstly, reduction of greenhouse gas emissions and freshwater
consumption (for example, Abu Dhabi National Oil
Company (ADNOC), the UAE).

Secondly, prediction of production waste (for example,
Swedish multinational corporation, ABB, Sweden). Thirdly,
decarbonization and achieving zero carbon emissions (for
example, British Petroleum, the UK). Fourthly, optimization
of oil and gas production (for example, Baker Hughes, the
United States) and their processing (for example, JXTG
Holdings, Japan).
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The international review of best practices conducted in the
study allows us to propose a universal recommendation to
expand the range of Al use in the oil and gas markets from
the achievement of SDG seven to the implementation of

of SDGs
development.

environmental ~management-the achievement
13-15-in  the of

Nevertheless, international experience does not reveal the

interests sustainable
prospect for compliance with the third (financial) criterion of
stability of markets and gas with the help of Al which requires an
in-depth (case) study.

Case study of sustainable
development of oil and gas
companies in Russia with the help of
Al-based environmental
management

The methodology of this study is based on the application of
a systematic approach. The empirical basis of the study is the
materials of Global 2000 (Forbes, 2022). Further, the article
presents a quantitative and qualitative study on the example
of Russia, which allows us to obtain the most objective results.
The top five Russian oil and gas companies in 2022 (with the
industry affiliation “Energy: Oil & Gas Operations”) were
selected for the study (based on the results of 2021),
according to the Forbes rating (2022).

Table 1 shows their financial indicators (based on the results
of 2021) from the Forbes Global-500 rating (2022), as well as
their weight in the Moscow Exchange (2022) “Vector of
Sustainable Development” (as of 18 May 2022).

The variation analysis in Table 1 has shown that the rank of
TOP five Russian oil and gas companies in 2022 in the Global-
500 Forbes ranking (2022) is highly differentiated (the variation
is 104.36%). The market value of their assets (the variation is
95.65%), the volume of sales (the variation is 75.22%) and the
amount of profit (the variation is 59.47%) vary highly as well.

This being said, the market capitalization (the variation is
38.35%) and weighting coefficient in the Index “Sustainable
development vector” (the variation is 29.55%) are moderately
differentiated and fairly uniform. This is indicative of potential
relation between the market value of energy companies in the oil
and gas markets and their environmental management. To prove
the existence of this relation, we shall turn to the results of the
correlation analysis.

Correlation analysis of statistics in Table 1 showed that
environmental management (reflected in the index “Vector of
Sustainable Development”) contributes to improving the
position of companies in the global ranking (correlation
-57.09%), increasing sales (48.46%), profit (88.46%), asset
value (91.26%) and market share (78.63%) of oil and gas
companies. As a result of studying the applied experience of
oil and gas companies in Russia, it was revealed that they actively
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TABLE 1 Financial indicators and weight in the index “Vector of sustainable development” of the top five Russian oil and gas companies in 2022.

Company Rank Sales, billions Profit,
(the less, of dollars billions
the of dollars
better)

Rosneft 53 126.9 10.9

Gazprom 32 122.6 22.7

LukOil 99 116.3 9.9

Novatek 316 13.2 13.4

Tatneft 539 14.8 3.0

Average for the top 5 207.8 78.76 11.98

Variation, % 104.36 75.22 59.47

Correlation with weight in -57.09 48.46 88.46

the “Vector of Sustainable
Development” index”, %

Source: Compiled by the authors based on materials.

carry out Al-based environmental management in the interests
of sustainable development.

Since 2020, Tatneft has been implementing a project to use
Al in field development (in drilling, that is, in production
management). This energy company also creates and actively
uses digital twins of drilling rigs in order to minimize the
environmental costs of its operation (Energy Land, 2022).
Novatek uses Al to prevent accidents during oil production
(drilling) and prevent environmental disasters (ComNews,
2022b).

LukOil uses AI to monitor serviceability, predict and prevent
equipment breakdowns for reducing environmental costs (Perm
Oil, 2022). Gazprom (2022a) applies Al in oil engineering.
Rosneft uses AI for oil exploration and production, which
makes it possible to ensure eco-friendly drilling and use it
most effectively to preserve untouched oil fields for future
generations (ComNews, 2022a).

Thus, the prospects for improving the environmental
management of companies in the oil and gas markets based
on Al in the interests of sustainable development are associated
with its use for the systematic implementation of SDGs seven to
eight and SDGs 13-15.

Discussion

The article contributes to the development of the concept of
environmental management of oil and gas companies, revealing
the role of AI in its improvement in support of sustainable
development. In contrast to the works of Ibrahim et al. (2020),
Margheritini et al. (2020), Wu et al. (2020), Basile et al. (2021) the
article substantiates (by the example of the case experience of the
largest energy companies in Russia in 2022) that the
environmental management of oil and gas companies creates
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Assets, Market value, Weight in the index
billions billions of dollars  “vector of sustainable
of dollars development”

208.5 48.1 3.93

3317 60.8 5.6

95.7 412 2.87

325 426 343

19.9 16.7 297

137.66 41.88 3.76

95.65 38.35 29.55

91.26 78.63 -

advantages not only for the environment but also for the financial
efficiency and stability (break-even operation) of these
companies (implementation of SDG 8).

The obtained results also contradict the existing works of
Blumenthal et al. (2020), Agbaji (2021), Desai et al. (2021), Di
et al. (2021), as it has been proved (using the example of the
international experience of energy companies from the UAE,
Sweden, the UK, the United States and Japan) that Al can play an
important role in the oil and gas markets, contributing not only
to ensuring a deficit-free energy economy (implementation of
SDG 7) but also to environmental protection (implementation of
SDGs 13-15). Thanks to the results obtained in the course of the
study, a systematic view of the prospects for the sustainable
development of oil and gas markets has been formed, and the
importance of Al for this process has been demonstrated.

Conclusion

Thus, the following results have been obtained in the course
of research. First, the structural and functional analysis of value
chains in the oil and gas industry has made it possible to
distinguish between three sectors: 1) production and supply
on the market (energy distribution, energy efficiency and

supply),
recovery of investment, and the benefit of parties concerned,

energy 2) financial management (investment,
including employment and welfare of the community) and 3)
environmental management, which makes oil and gas business
socially responsible.

Second, the advanced experience of using AI in each
identified sector of oil and gas industry has been studied, and
the quantitative and qualitive assessment of advantages of Al has
been performed. Third, the maximum potential of using Al in the

environmental management sector has been substantiated, since
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it ensures the growth of both economic and environmental
performance at the same time, and, accordingly, is the most
beneficial to environmental economics and management.
Fourth, it has been substantiated that the options of
environmental management can be diverse and characteristic
of a particular object. It has been shown how Al can be useful to
environmental management of oil and gas companies in such an
object as oil and gas fields (intelligent support of reservoir
planning and development by AI based on Chevron’s
experience for resource conservation), as well as in such an
object as oil and gas transportation (environmentally
responsible optimization of logistics using AI based on

Gasprom’s experience).

Practical significance of the research,
academic contribution and future
research

So, the hypothesis put forward in the article has been
confirmed and it has been revealed that management in the
oil and gas markets in the interests of sustainable development
should be carried out based on Al since this ensures simultaneous
compliance with all the criteria for the sustainability of these
markets: environmental friendliness, energy scarcity and
financial efficiency of oil and gas companies. The theoretical
significance of the study consists in expanding the existing
use of Al
management

understanding of the in the practice of

environmental of energy companies and
clarifying its contribution to the implementation of the SDGs.

The practical significance of the article is that the progressive
international experience illustrated and systematized in it can
become more widespread around the world in support of the
sustainable development of oil and gas markets. Management
implications are related to the fact that the authors’ conclusions
and recommendations make it possible to increase the efficiency
of using Al in the activities of oil and gas companies and provide
them with an application guide for the practical implementation
of the SDGs. Social implications consist in the fact that the article
has formed scientific and methodological support and revealed
the applied perspective of a more complete (systemic) support of
the SDGs in the oil and gas markets with the help of AL

This article uses reliance on the experience of individual
energy companies as the limitation of results obtained. This is
attributable to the goal setting of this article and the intention to
study the real-life experience of environmental management of
companies in the oil and gas markets in the most thorough and
deep way possible. Nevertheless, the focus on the case experience
of Russia as an energy exporting country is the limitation of this
article.

It appears that in other countries, especially in the energy
importing countries, sustainability of energy companies,
although being heavily dependent on of the AI era, still
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implies some other role of these technologies in the
environmental management. While the exporting countries
mainly use Al in oil and gas extraction and transportation, it
is obvious that the use of Al to increase sustainability of oil and
gas storage and consumption is dominant in the importing
countries—it is expedient to engage in the study of relevant
practices during further research following this article.

Recommendations and solution

To solve the raised problem of ensuring sustainability of
energy companies in the oil and gas markets, it is suggested to
increase the rate of active use of AI in the environmental
management. The case experience of Russia has shown that
despite diversification and success rate, the practices of using
Al in the environmental management are fragmented and are
implemented by individual separate companies. In this regard,
the solution is involved with the institutionalization of the most
advanced practices.

It is recommended, first, to use Al in the exploration and
development of oil and gas fields. Second, in the “smart” oil
production for the lean drilling, as well as for the prevention of
accidents during oil production and prevention of environmental
disasters. Third, for the monitoring of working order and
equipment failure prediction and prevention to reduce
environmental costs in oil engineering.

The proposed recommendations ensure the consistent use of
Al throughout the life cycle in the oil and gas markets and allow
for the maximum possible fulfillment of the potential of AI to
support sustainable development of companies in these markets.

Conclusion and policy implications

Hence, it may be concluded that the article has filled both
identified gaps in literature, having formed a new approach to the
oil and gas markets—from the standpoint of environmental
management of energy companies, that is, after the study of
these markets at the corporate (micro-) level.

First, this article revealed the contents of the “black box” of
environmental management of companies in the oil and gas
markets, having demonstrated the modern real-life experience of
using Al in the environmental management at each stage of life
cycle in the oil and gas markets. As a result, the article has opened
up possibilities to manage the environmental performance of oil
and gas markets through the adjustment of the practices of
environmental management of energy companies.

Second, this article has demonstrated that there is a
substantial potential of using AI in the environmental
management of companies in the oil and gas markets;
however, the experience of Russian companies has shown that
this potential has not been fully unlocked. Each company focuses
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on using Al at a certain life cycle stage. The prospects for the
better fulfillment of this potential are involved with the consistent
use of AT at all life cycle stages in the oil and gas markets.
Policy implications are involved with the need to support the
institutionalization of practices of using Al in the environmental
management of energy companies in the oil and gas markets. In
order to have an impact on environmental management, it is
expedient to promote tax and subsidiary encouragement of
investments to “smart” innovations of energy companies.

Author contributions
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Introduction

This article focuses on the category of environmental justice, the achievement of
which involves reducing the inequality of the world’s countries in the state of the
environment and climate. Although climate change is a global problem, it manifests
itself, to varying degrees, in the countries of the world. In the existing literature, in
particular, in the works of Filho et al. (2022), Martin-Arias et al. (2022), Peng and Huang
(2022), and Tu et al. (2022), much attention is paid to the problem of climate change and
combating it (the implementation of SDG 13).

The concept of environmental justice was formed in the era of colonialism and was
supplemented in the subsequent period in connection with the division of the countries of
the world into developed and developing countries. At that time, environmental
inequality was evident in the limited capacity of developing countries and colonies to
protect the environment. The most harmful industries were located on their territory.
They also acted as exporters of resources for the developed countries, depleting their
mineral wealth. This implied high environmental costs of economic growth in developing
countries.

In this regard, the concept of environmental justice has taken shape as equal
opportunities for countries to protect the environment (Budolfson et al, 2021;
Cappelli et al.,, 2021; Dagdeviren et al., 2021; Gazzotti et al.,, 2021; Pérez-Pena et al.,
2021; Yang and Tang, 2022). Based on this concept, an approach to ensuring
environmental justice through responsible production (corporate social responsibility)
and consumption has developed (Ali et al., 2016; Anantharajah and Setyowati, 2022;
Furlan and Mariano, 2022; He et al., 2022; Islam, 2022). The problem is that the concept
and approach to ensuring environmental justice based on experience do not correspond
to the new realities.

Over the past decades, all countries have received equal opportunities to protect the
environment thanks to the coordinated efforts of the entire world community to
implement the Millennium Development Goals, and then their successor, the
Sustainable Development Goals (SDGs), under the auspices of the UN. Social
progress and the strengthening of priorities of environmental values have contributed
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to the formation of sustainable communities and territories in
each country and the achievement of a high level of
development of responsible production and consumption.
Nevertheless, there remains a noticeable gap in the “green”
economy and the implementation of SDG 13 between
developed and developing countries and between countries
within these categories.

Thus, the new essence of environmental justice in the
“Decade of Action”

literature, which is a research gap. Another gap is connected

is not revealed in modern scientific

with the fact that the potential of scientific and technological
progress, in particular, artificial intelligence (AI) as advanced
technology of Industry 4.0 in terms of combating climate change,
is insufficiently studied. This article is intended to fill the noted
gaps in the literature and aims to analyze AT’s contribution to the
fight of
environmental justice in the global economy. The goal is

against climate change and the achievement
achieved with the help of a set of the following fundamental
and applied tasks:

— To rethink the meaning of environmental justice in the
“Decade of Action.”

— To study the current level, trends, and causes of inequality in
countries in the state of the environment and climate.

— To identify the prospects for achieving environmental
justice in the global economy based on the most optimal
use of the potential of artificial intelligence in contributing to
the fight against climate change.

The originality of the article lies in developing a new
approach to achieving environmental justice in the global
economy through the use of artificial intelligence as a tool to
combat climate change.

Literature review

The problem of country inequality is well recognized and
reflected in SDGI10 and disclosed in detail in the existing
literature (Goyal et al., 2021; Chia et al., 2022; Cojocaru et al.,
2022). In the available publications, the difference in natural and
climatic conditions is mainly considered from the standpoint of
the country’s wealth in natural resources for economic growth
and the standpoint of the favorable climate for the development
of certain sectors of the economy (e.g., agriculture) (Rahman
et al.,, 2022; Shimada, 2022).

Thus, by now, the economic perspective of studying the
environmental inequality of countries has developed and
prevails (Adom and Amoani, 2021; Duan et al, 2022; Sahin
and Ayyildiz, 2022). Decarbonization carried out in support of
sustainable development in the current interpretation is
considered a factor that limits (slows down) economic growth
(Sisodia et al., 2020; Zhao et al., 2022).
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The exacerbation of climate change phenomena in the
“Decade of Action” highlighted a new, much less studied
component of the environmental inequality of countries from
the standpoint of differences in the favorable climatic conditions
for human life and health (Mupedziswa and Kubanga, 2017;
Streimikiené et al., 2022).

The COVID-19 pandemic has demonstrated the dangers of
climate change as a factor in disrupting ecosystems, reducing
biodiversity, and spreading zoonotic diseases (Harjoto et al.,
2021; Sergi et al., 2021; Popkova et al., 2022; Stuart et al,
2022). Climate anomalies (abnormal frosts and droughts) that
have become more frequent during the “Decade of Action” have
focused attention on climate change as a factor in the quality of
life and sustainable development of society (Mocuta, 2017; Ptak-
Wojciechowska et al., 2021).

The review of the literature revealed the insufficient
development of the social perspective of the environmental
inequality of countries. In particular, the theoretical and
methodological basis for assessing climate inequality has not
been formed, which is a gap in the literature. The prospects for
reducing environmental inequality and achieving environmental
justice in the global economy are also unclear, which is another
gap in the literature.

This raises a research question (RQ) about how to achieve
environmental justice in the global economy. This study
hypothesizes that the fight against climate change based on
artificial intelligence (AI) will achieve environmental justice in
the global economy. In order to fill in the identified gaps, search
for an answer to the set RQ and test the hypothesis put forward,
this article conducts a quantitative and qualitative study: based
on quantitative methodology (method of analysis of variation),
environmental inequality of countries is monitored, and based on
qualitative analysis (method of a case study), it defines the
contribution of Al to the fight against climate change and the
achievement of environmental justice in the global economy.

Environmental justice: A new
meaning in the “decade of action”

The theoretical foundation of this research is the concept of
social justice. Forsyth and McDermott (2022) identified the
effects of alienation and deep co-production in transformative
environmental science and policy, through which they described
the signs of a violation of climate justice and justified ways to
restore it. Zeng et al. (2022) showed a strong relationship between
environmental justice and health risks (using the example of
Shanghai, China).

Du and Sun (2022a) developed a benefit-sharing model for
cooperative air pollution prevention and control in China and
also offered recommendations for using this model to achieve
environmental justice. Smith and Wodajo (2022) substantiated
the relationship between climate justice and environmental
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TABLE 1 Climate index in the G7 and the BRICS countries in 2018-2022.

Category Country

The G7 countries Canada

France

Germany

Italy

Japan

United Kingdom
United States
The BRICS countries  Brazil

China

India

Russia
South Africa
Analytics Average for the G7 countries (points)
Variation on the G7 countries (%)
Average for the BRICS countries (points)

Variation on the BRICS countries (%)

10.3389/fenvs.2022.952695

Climate index, score 0-200

2018 2019 2020 2021 2022
52.82 52.55 50.57 56.75 55.98
89.80 88.25 90.25 89.94 89.70
82.53 82.51 83.00 82.97 82.44
91.38 91.25 92.27 91.48 91.45
84.82 84.79 84.79 85.27 85.27
87.92 87.82 87.62 88.04 88.06
78.23 77.51 77.54 77.28 76.78
94.23 95.35 97.16 92.39 97.15
78.81 78.91 79.19 80.15 78.41
65.68 65.74 64.87 65.30 65.13
44.70 46.53 40.36 38.46 48.95
95.98 95.97 95.25 95.25 95.25
81.07 80.67 80.86 81.68 81.38
16.33 16.33 17.58 14.66 15.03
75.88 76.50 75.37 74.31 76.98
28.15 27.37 31.26 31.31 26.53

The percentage ratio of the average for the G7 countries to the average for the BRICS countries ~ 6.84 5.45 7.29 9.91 5.72

Variation across the entire sample of 12 countries

justice. Martin (2022) identified the evolution of climate action in
the environmental justice movement, 2010-2020.

Medina et al. (2022) proved the need for an environmental
justice approach to wastewater epidemiology for rural and
disadvantaged communities (California, United States). Reeder
et al. (2022) argued for the key role of environmental justice
organizations and the spread of conflict over mining in Latin
America. In turn, Gouveia et al. (2022) proved the connection
between air pollution and environmental justice in Latin
America.

Du and Sun (2022b) argued the need for collaborative air
pollution prevention and control from a global community
environmental justice perspective (based on a two-stage
(2022)  identified the
phenomenon of globalization of sustainable development

dynamic game model). Hope

using the example of decolonial destruction and
environmental justice in Bolivia. Jiang and Yang (2022)
argued for the significant impact of spatial and ethnic factors
health

environmental justice in Greater Los Angeles. Carvalho et al.

on the socioeconomic status, of residents, and
(2022) proposed inequality scales to determine the role of spatial
extent in environmental justice analysis.

In the 21st century, the world has entered the era of global
equality of opportunities and freedoms, supported by
globalization. This requires a revision of the concept of
because,

opportunities for countries in the fight against climate

environmental  justice despite  the same
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20.77 20.38 22.77 21.64 19.41

change, they achieve significantly different results in
implementing SDG 13. Therefore, equality of opportunity
does not guarantee the same progress for countries in the
fight against climate change and, therefore, is not identical to
environmental justice.

In the “Decade of Action,” results come to the fore—it is in
the light of the results of the implementation of the SDGs that the
sustainability of each country and the world economy as a global
system is assessed. Therefore, a new interpretation of
environmental justice is proposed as the degree of
environmental inequality (i.e., uniformity of results in the
fight against climate change). Clarification of this concept
makes it possible to reliably quantify environmental justice in

the global economy.

Inequality of countries in the state of
the environment and climate: current
level, trends, and reasons

In order to quantify the inequality of countries in the state
of the environment and climate, the authors used the Numbeo
(2022) statistics for 2018-2022 in developed countries (using
the example of the G7) and in developing countries (using the
example of the BRICS), as shown in Table 1.

Source: calculated and compiled by the authors based on the
materials of Numbeo (2022).
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As calculated in Table 1, global environmental inequality
(variation across the entire sample) is quite large: in 2018, it was
20.77%; in 2020, against the background of the COVID-19
pandemic, it increased to 22.77%; and in 2022, it decreased to
19.41%. Overall, it remained at a high level. Among the BRICS
countries (26.53% in 2022), environmental inequality is higher
than among the G7 countries (15.03% in 2022). The percentage
ratio of the average for the G7 countries (81.38 points in 2022) to
the average for the BRICS countries (76.98 points in 2022) is also
very high —26.53% in 2022, although it has decreased compared
to 2021, when it was 31.31%. The causes of environmental
inequality are the following:

— Limited opportunities for climate change forecasting;

— Insufficient awareness of climate change risks and
opportunities to reduce them;

— The complexity of introducing innovations (e.g., “clean”
energy and “green” transport) in the fight against climate
change.

Responsible production and consumption cannot fully
the
environmental justice in the “Decade of Action” lies beyond

eliminate above reasons. Consequently, ensuring
social progress. In this regard, it is advisable to determine
whether technological progress (AI) can overcome this limitation

and provide instrumental support for environmental justice.

Prospects for achieving
environmental justice in the global
economy based on the optimal use of
the potential of artificial intelligence
to contribute to the fight against
climate change

To determine Al’s contribution to the fight against climate
change, which was partially considered only in separate works by
Bartmann (2022), Gooroochurn et al. (2022), and Popkova et al.
(2020), a review of international experience was conducted. This
made it possible to identify the prospects for achieving
environmental justice in the global economy based on the
optimal use of the potential of artificial intelligence to
contribute to the fight against climate change.

These prospects are connected, firstly, with high-precision
forecasting (short-, medium-, and long-term) and scenario
analysis of climate change using AIl. As demonstrated by the
best experience of the American startup “Terrafuse AI” the
advantages of using Al in the fight against climate change can
be the detection of climatic anomalies (forest fires, changes in the
natural habitat of various species on land and the sea) and
predicting their occurrence (Share America, 2022).

Secondly, AI can provide automated information support to
the broad masses of the population (and business) on climate
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change issues, measures taken to slow down this process, and
practical climate solutions available to everyone. This will involve
the whole society in the fight against climate change. A successful
example is the AI system “LaMDA,” launched by Google as a
chatbot for users (Davis, 2022).

Thirdly, Al can generate applied innovations, considering the
sectoral characteristics of the economy. For example, the World
Meteorological Organization uses Al to prevent natural disasters,
reduce greenhouse gas emissions, and develop “clean” energy and
“green” transport in the international fight against climate
(Federal
Environmental Monitoring(Roshydromet), 2022).

change Service for Hydrometeorology and

Discussion

The contribution of the article to the literature consists of
clarifying the essence of environmental justice as a criterion and
target of environmental economics and management. The
scientific novelty of the research and the results obtained in
the article consist of rethinking the concept and essence of
environmental justice, considering the new, modern realities
of the “Decade of Action.” In contrast to existing works
(Budolfson et al., 2021; Cappelli et al., 2021; Dagdeviren et al.,
2021; Gazzotti et al.,, 2021; Pérez-Pefia et al., 2021; Yang and
Tang, 2022), the authors proposed to define environmental
justice not from the standpoint of equality of opportunities,
but equality of results in protecting the environment and
combating climate change. The author’s definition provides
for for

new opportunities determining (in particular,

quantitative measurement) and studying changes in
environmental justice.

According to the updated definition, a new approach to
ensuring environmental justice using high technologies of
industry 4.0, and first of all AI, has been proposed. In
contrast to the existing publications (Ali et al, 20165
Anantharajah and Setyowati, 2022; Furlan and Mariano, 2022;
He et al, 2022; Islam, 2022), the article proposes to combat
climate change based not on social but technological progress. In
addition, the article determines the causes of climate change and
demonstrates that social factors only indirectly affect them, while
technological factors make it possible to eliminate these causes.
The proposed new approach is based on international best
practices and therefore opens up wide opportunities for highly
effective practical use of Al in the integrated fight against climate

change.

Conclusion
Rethinking the meaning of environmental justice in the

“Decade of Action” and comparing the results in the field of
environmental protection and combating climate change to
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measure environmental inequality are the results of the study.
Guided by the new meaning of environmental justice, its
assessment was made, which revealed that the degree of
environmental inequality is high (climate variation:
19.41%), it increased in the conditions of the COVID-19
pandemic in 2020-2021; and in 2022, it began to decrease
but remained high.

Quantitative analysis of ecological inequality in the state of
the environment and climate in the dynamics of 2018-2022 in
developed (on the example of the G7) and in developing (on the
example of the BRICS) countries is supplemented by a qualitative
analysis showing that the way to achieve environmental justice
lies not in the field of social progress but the field of technological
progress.

Prospects have been identified, and recommendations have
been proposed to achieve environmental justice in the global
economy based on the most optimal use of the potential of
artificial intelligence to contribute to the fight against climate
change. In particular, 1) high-precision forecasting, 2) automated
increase in environmental awareness of the population, and 3)
the creation of applied innovations specific to each sector of the
economy using Al are proposed.

The theoretical significance of the article (the contribution of
the article to the literature) is to clarify the essence of
environmental justice in the global economy and reveal the
potential of artificial intelligence to help combat climate
change in the interests of ensuring environmental justice in
the global economy. The practical significance of the results
obtained in the article is that they have formed an
instrumental apparatus for achieving environmental justice in
the world economy.

The authors’ recommendations are of interest and value to
the state and supranational (e.g., the UN) environmental
regulators, as they offer a new promising solution to the
problem of achieving environmental justice in the global
economy. The social significance of the article is that its
results make it possible to increase the effectiveness of the
fight against climate change and accelerate the achievement of
environmental justice in the global economy.

The novelty of the article and its contribution to the existing
literature is that the results obtained have strengthened the
theory
environmental justice in the global economy. The concept of

and methodology for assessing and analyzing
environmental justice is rethought in the article from the
standpoint of sustainable development in the “Decade of
Action.” In the updated concept, environmental justice has
received a more accurate and reliable measurement from the
standpoint of the results of SDG13 in the field of combating
climate change.

The consequences of the results for practice are related to
the fact that clarifying the cause-and-effect relationships of
environmental inequality, achieved in the article, opens up
opportunities for its identification, systematic monitoring,
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and overcoming. The author’s theoretical interpretation
and improved methodology for assessing environmental
inequality make it possible to monitor environmental
inequality based on annual reports on the SDGs, in
particular, complete, transparent, and open UN reports on
sustainable development.

The practical value and significance of the results obtained in
the article also lie in the fact that they proved the limitations of
existing technologies in measuring and overcoming
environmental inequality. AI is proposed as a promising
technology for combating climate change and achieving
environmental justice in the global economy, as well as the
current directions for its use.

As a result, the article has formed a clear vision and offered
practical recommendations for improving the current practice of
combating environmental inequality in the global economy. The
practical management implications of the article are to
substantiate the need for systematic implementation of
SDG10 and SDG13, reveal the prospects, and develop applied
recommendations for achieving this based on combating climate
change based on Al

The limitation of the research is the isolated consideration
of technological progress in the AI era as a source of
environmental justice in the global economy. While this
allowed for the most accurate and reliable characterization
of the potential of this source, it left other sources
unconsidered. As shown in the article, social progress alone
is insufficient to fully achieve environmental justice in the
global economy.

Nevertheless, a combination of social and technological
progress may help achieve more significant results due to the
synergistic effect of socioeconomic development. In this regard,
the role of social progress in the fight against climate change, if it
is systematically achieved, together with technological progress,
deserves to be studied. The prospects for future academic
pursuits are related to the systematic study of the sources of
environmental justice in the global economy, in particular,
technological and social progress.
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Introduction

Responsible production and consumption is one of the key mechanisms of the
environmental economy. The advantage of this mechanism is its market nature. An
alternative (or complementary) mechanism of state regulation involves, for example, the
introduction of environmental norms and standards, taking into account the strategic
priorities of the economic system (Peng and Jiang, 2021). Its disadvantage is a certain
disconnection from economic reality and generalization, as a result of which the
environmental practices provided by this mechanism may be formal and limited due
to the narrow framework outlined by the state.

In contrast, responsible production and consumption is associated with increased
flexibility and includes a much wider range of eco practices. And these practices are based
on the actual current opportunities of business and society, providing fertile ground for
the implementation of their “green” initiatives. Voluntary environmental protection
based on altruism implies a more thoughtful and serious approach, as well as a strict focus
on achieving concrete outcomes, thereby eliminating formality and false results (Liu et al.,,
2021; Ravina-Ripoll et al., 2021; Smith et al., 2021; Whitson and French, 2021; Vecchi,
2022).

The formation of the environmental Al economy in the context of industry 4.0 has
endowed “smart” technologies (automation tools controlled by artificial intelligence) with
a key role in responsible production and consumption. Advanced production and
consumption technologies really contribute to the introduction of “green” innovations
in many ways, increasing the degree of control over the consumption of natural resources
and production waste, as well as providing intellectual support for their reduction
(Schwartz et al., 2020; Bianchet et al., 2021; Konig et al., 2022).

The problem is that the high level of digital competitiveness of the AI economy does
not guarantee its great contribution to environmental protection. For example, the global
leaders of responsible production and consumption according to the UNDP, (2022) on the
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countries’ progress towards achieving SDG 12 in 2021 are
Ethiopia  (96.1588  points, 1st place), Mozambique
(96.1192 points, 2nd place), Benin (96.0360 points, 3rd place)
and other countries that are not even included the IMD World
Digital Competitiveness ranking (2022), while the SDG 12 Index
of the Al economies leading the /MD (2022) is low. For example,
Singapore ranks 178th (16.3123 points), Iceland—175th
(28.5343 points), Switzerland—173rd (39.4245 points) in the
UNDP ranking (2022).

In the existing literature, Amos and Lydgate (2020),
Cappelen and Ognedal (2017), Jacob-John et al. (2021),
Palakshappa and Dodds (2021) the issues of responsible and
detail.  Digital
competitiveness as the basis for the development of the AI

consumption are covered in sufficient
economy is considered in the publications of Anisha et al
(2022), Cheng et al. (2022), Vekaria et al. (2021). The
of the of

consumption in the environmental Al economy is noted and

importance development responsible and
emphasized in the works of Fraga-Lamas et al. (2021), Ruffolo
(2022), Wilson et al. (2022). However, the cause-and-effect
relationships and features of the development of responsible
production and consumption in the AI economy remain
poorly understood and insufficiently developed in the
available literature.

Consequently, there is a gap in the logical chain of
development of responsible production and consumption in
the environmental AI economy. The originality of this study
lies in the fact that it critically re-examines the scientific
concept of the economy of artificial intelligence and the
essence of the Fourth Industrial Revolution. The article
substantiates that the main source of development of
the

environmental Al economy is the increase in the level of

responsible  production and consumption in
environmental awareness in society and business. The
purpose of the article is to study the role of education and
social policy in the development of responsible production

and consumption in the AI economy.

Case experience of the Kyrgyz republic in
the development of responsible
production and consumption in the
artificial intelligence economy based on
education and social policy

The experience of the Kyrgyz Republic, which demonstrated
serious results in the practical implementation of SDG 12
(86.505 points according to the UNDP, 2022), is also very
notable. Though the statistics of IMD (2022) and Times
Higher Education (2022) are not available for the Kyrgyz
Republic, its case experience shows that knowledge and its
diffusion are very important for the development of the
responsible production and consumption.
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The Concept of the green economy of the Kyrgyz Republic
“Kyrgyzstan — country of the green economy”, which was
adopted by the decree of the Jogorku Kenesh of the Kyrgyz
Republic (2022) dated 28 June 2018, No. 2532-VI, notes the
necessity and planned measures on the increase of awareness and
development of environmental education as a very important
direction of the green economy. “Green thinking, green
upbringing, green education” were adopted as a special
“green” direction of the Kyrgyz Republic. In this context, the
following measures of stimulating the domestic production and
consumption through the development of education and
diffusion of knowledge are implemented:

— Using the 3R principle in the development of green
thinking: Reduce (consumption), Reuse, and Recycle;

— Multiple courses on the foundations of environmental
knowledge in the educational establishments of all levels
of the educational system;

— Environmental upbringing and education for sustainable
development;

— Large-scale training of specialists on the issues of ecology,
nature protection, and the green economy;

— Training programs on the development of green
entrepreneurship;

— Dissemination of traditional folk knowledge in nature used,
reflected in national epic, sagas, legends, and literary works
of Kyrgyz writers, which foster humans’ caring attitude
toward nature, flora, and fauna;

— ’Environmental informational and educational centres,
which are oriented at the work with the population based
on specially protected areas;

— Green PR in mass media, publication of popular scientific
literature on the issues of preservation of biodiversity,
regular preparation and publication of annual overview on
biological resources and biodiversity, publication of school
and university study guides in view of the specifics of the
biodiversity of the Kyrgyz Republic.

The report on the course of achievement of the Sustainable
Development Goals in Kyrgyzstan, prepared by the UN
interdepartmental task force within the MAPS mission (2022),
notes that the basis of the provision of transitioning to the
rational models of consumption and production (achievement
of SDG 12) includes the increase in the level of education and
awareness of the current problems of environment and the
opportunities to solve them in the practice of business and
households.

Literature review and gap analysis

The fundamental basis of this study is the Theory of
Ecological Economics, according to which the ecological
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economy is defined as a set of economic practices and economic
systems that support and contribute to sustainable development:
the implementation of sustainable development goals (SDGs)
(Ali et al,, 2022; Singh et al., 2022; Li et al., 2022; Zhou et al,,
2022). Artificial intelligence (AI) is treated in the existing
literature as an end-to-end Industry 4.0 technology (Patel
et al., 2018; Hayhoe et al, 2019; Jin, 2019; Mhlanga, 2020;
Paynabar and Callicott, 2021; Spanaki et al., 2021).

The concept of an ecological Al economy interprets it as an
economy in which artificial intelligence (AI) is widespread and
actively used to support sustainable development and the
implementation of the SDGs (Cao et al, 2021; Khan et al,
2021; Dragomir, 2022; Dwivedi and Paul, 2022; Howe et al,,
2022; Jia et al., 2022; Xu et al., 2022).

In their works, Pan et al. (2020) define social policy as a
direction of state economic policy designed to improve the
quality of life of the population through support for
employment and social adaptation to changes (economic
crises, scientific and technological progress). So that social
policy does not undermine the population’s initiatives to
improve the quality of life, it is necessary to preserve the
market mechanism. In this regard, the development of
education is a promising tool of social policy, as it expands
employment opportunities and increases the income of the
population while maintaining market relations in the labour
market.

In the existing literature, Dimitropoulos et al. (2021),
Wearn et al. (2019), the Fourth Industrial Revolution is
interpreted as a path to automation—the replacement of
humans with machines. Artificial intelligence is considered a
non-human subject of management, which ensures responsible
(more economical use of natural resources) production and
consumption through strict measures and total control. From
the standpoint of responsible production and consumption, the
environmental Al economy is interpreted as a cyber-ecological
system in which artificial intelligence acts as the controlling
entity and the environment is the controlled object (Pan et al.,
2020; Zhang et al., 2020).

Although the potential of artificial intelligence to protect the
environment (for example, through automated waste sorting,
high-tech circular production, and monitoring of waste disposal
through AI-controlled machine vision) is well known and high, it
remains unclear how this potential is realized in practice. The
uncertainty of the causal relationships between the development
of the
environmental Al economy is a gap in the literature, which

responsible production and consumption in
this article aims to fill.

The works of (Fai Pun 2006), Pérez et al. (2021), Rezaei et al.
(2021) (Singh et al., 2022), note that the subject of responsible
production and consumption is a human being. Studies by
Dzindolet et al. (2006), Karim et al. (2022) indicate that there
are two subjects in automated production and consumption

processes at once—although artificial intelligence performs
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command functions, as well as execution and control ones,
the decision-making function is performed by a human. This
means that responsibility is human property, not artificial
intelligence.

The works of D’Souza et al. (2022), Li and Wang (2022),
Mamzer et al. (2021) indicate that environmental responsibility is
rooted in human nature (a part of a human being). In terms of
practice, it can be seen that the ecological economy develops as
knowledge about the environment and ways to protect it is
gained. “Green” innovations are created purposefully in
response to identified and widely publicized environmental
problems and are implemented only if they have benefits for
the environment. That is, the environmental economy is rooted
in social progress.

Based on this, the article raises a research question (RQ)
about the role of education and social policy in the development
of responsible production and consumption in the Al economy,
and also puts forward the hypothesis that responsible production
and consumption are achieved by increasing the level of public
consciousness, diffusion of new knowledge and technologies. The
hypothesis states that responsible production and consumption
act as humanity’s initiative to protect the environment, which is
based on the knowledge gained.

Methodology

The basis of the research conducted in this article is an
empirical analysis of the role of education and social policy in the
development of responsible production and consumption in the
Al economy. To obtain the most accurate and reliable results, the
article relies on econometric methodology, as it allows using the
mathematical apparatus in the study.

To take into account the special context of the era of artificial
intelligence, IMD (2022) is chosen as a source of data on social
policy. Education in the era of artificial intelligence is specific and
involves the training of digital personnel - this feature is taken
into account and reflected by IMD statistics (2022). “Knowledge”
and “knowledge transfer” are chosen as indicators of social
policy, since they collectively represent the creation and
dissemination of knowledge in the AI economy.

Times Higher Education (2022) “Impact Rankings 2021:
responsible consumption and production” was chosen as an
indicator of the development of education for responsible
production and consumption since this indicator most
accurately reflects the contribution of higher education to
responsible production and consumption and allows us to
quantify this contribution.

As a result in the field of responsible production and
consumption in the AI economy, the progress achieved in the
implementation of SDG12 is assessed by UNDP (2022) as the
most reliable and authoritative source of statistics in the field of
sustainable development and the implementation of the SDGs.
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To form a representative sample, it includes developed and
developing countries that show the best values in the Times
Higher Education (2022), from different geographical regions of
the world: Europe (United Kingdom, Ireland, Russia), America
(United States, Canada, Mexico) and Asia (Thailand, Indonesia,
Saudi Arabia), Oceania (Australia). To take into account the
characteristics of developed and developing countries, their
experience is studied separately. The study is based on data
for 2021.

To determine the

production and consumption and its support in society and

relationship between responsible
university education, the method of correlation analysis was
chosen. The choice of this method is explained by the fact
that it allows establishing relationships between variables
without the need to separate them into factor and result
This
qualitative point of view it is impossible to state categorically

variables. is valuable for this article since from a
what is primary (and what is secondary): the development of
education and social policy or responsible production and
consumption.

The regression analysis method, which uses equations of type
Y =a + bX to predict the value of dependent variable Y according
to the known value of independent variable X, serves as a
potential alternative in this paper. In contrast to it, the
statistical concept of correlation measures the direction and
intensity of the relation between the two number variables.

Since all the variables under consideration are social in
nature, they are closely interrelated in a cohesive way. Thus, a
preliminary qualitative analysis shows that, on the one hand, the
implementation of social policy through the development of
education is based on the current level of progressiveness of
society, which characterizes and ensures responsible production
and consumption in the Al economy. On the other hand, the
implementation of social policy through the development of
education is instrumental in social progress and promotes
responsible production and consumption in the Al economy.

The above-described two-way relation between variables in
the continuous cycle of social progress is indicative of a
the
consideration. As a result, it is difficult and even incorrect to

consistent interrelation between indicators  under
divide them into factor variables and resulting variables, since all
of them are equivalent. Therefore, the correlation analysis is
preferred in this paper, which has constituted a ground for

choosing this method for the research.

Empirical analysis of the role of education
and social policy in the development of
responsible production and consumption
in the artificial intelligence economy

To test the hypothesis put forward, the role of knowledge (the

“knowledge” indicator calculated by IMD, 2022), its
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FIGURE 1
Responsible production and consumption and its support in
society and university education in 2021.

dissemination (the “knowledge transfer” indicator calculated
by IMD, 2022), as well as universities [based on the materials
ofthe Times Higher Education (2022) World University Rankings
2021:
production”] in achieving results in the field of responsible
production and consumption in the AI economy
[implementation of SDG 12 according to the UNDP (2022)].
The international experience is studied and the peculiarities of

“Impact  Rankings responsible consumption and

developed and developing countries are identified.

To conduct the study, a sample of five developed and five
developing countries were formed, demonstrating the best values
in the Times Higher Education (2022). The sample contains data
on the university from each country that occupies the best
position in the ranking. The list of universities is as follows:
the United Kingdom: University of Manchester; Ireland:
University College Cork; the United States: Arizona State
University (Tempe); Canada: University of British Columbia;
Australia: University of Wollongong; Thailand: King Mongkut’s
Institut

Prince

University of Technology Thonburi; Indonesia:
Teknologi Saudi  Arabia:
Mohammad Bin Fahd University; Mexico: Metropolitan

Sepuluh  Nopember;

Autonomous University; Russia: Altai State University. The
factual basis of the study is shown in Figure 1.

Source: systematized and constructed by the authors based
on materials from IMD (2022), Times Higher Education (2022),
and UNDP (2022).

Using the method of correlation analysis based on statistics
from Figure 1, the relationships of indicators are established. It
should be noted that there is a positive correlation between
SDGI12 and its support by universities, and a negative
correlation with knowledge (IMD, 2022), since the higher the
score, the better, and the lower the values in places, the better. In
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developed countries, the link between the implementation of
SDG 12 and the “knowledge society” is very close
(correlation —84.47%), as well as with the diffusion of
knowledge (correlation -77.46%) and with the support of
universities (correlation 58.16%).

In developing countries, the relationship between the
implementation of SDG 12 and the diffusion of knowledge is
moderate (correlation —2.95%), as well as with the support of
universities (correlation 2.13%). And the connection with the
“knowledge society” is contradictory (correlation 27.58%).

The results obtained are consistent with the existing literature
by D’Souza et al. (2022), Li and Wang (2022), Mamzer et al.
(2021) that the environmental economy is rooted in social
progress and developed through social policies with a focus
on education.

The difference between the obtained results and the available
publications (Jiang et al., 2020; Zhang et al., 2020) is that the
environmental Al economy includes not only a cybernetic
(artificial intelligence, AI) and physical (environment) but also
a social component that plays a connecting role and largely
determines achievements in the field of responsible production
and consumption.

Differences in results between developed and developing
countries indicate that, in contrast to Dimitropoulos et al.
(2021), Wearn et al. (2019) responsible (environment-friendly)
production and consumption are not a guaranteed result of the
Fourth Industrial Revolution, that is, not a property of artificial
intelligence (AI), but an achievement of humanity through social
policy and education.

The obtained results confirm the hypothesis put forward
by the authors and indicate that factors such as knowledge,
increasing environmental awareness and university support
contribute to the development of responsible production and
consumption in the economy of environmental AL, but their
role differs significantly between countries—it is more
pronounced in developed countries, but insignificant in
developing countries.

Case experience of the Kyrgyz republic in
the development of responsible
production and consumption in the
artificial intelligence economy based on
education and social policy

The experience of the Kyrgyz Republic, which demonstrated
serious results in the practical implementation of SDG 12
(86.505 points according to the UNDP, 2022), is also very
notable. Though the statistics of IMD (2022) and Times
Higher Education (2022) are not available for the Kyrgyz
Republic, its case experience shows that knowledge and its
diffusion are very important for the development of the
responsible production and consumption. The Concept of the
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green economy of the Kyrgyz Republic “Kyrgyzstan—country of
the green economy”, which was adopted by the decree of the
Jogorku Kenesh of the Kyrgyz Republic (2022) dated 28 June
2018, No. 2532-VI, notes the necessity and planned measures on
the increase of awareness and development of environmental
education as a very important direction of the green economy.
“Green thinking, green upbringing, green education” were
adopted as a special “green” direction of the Kyrgyz Republic.
In this context, the following measures of stimulating the
through  the
development of education and diffusion of knowledge are

domestic  production and consumption

implemented:

— Using the 3R principle in the development of green
thinking: Reduce

(consumption), Reuse, and Recycle;

— Multiple courses on the foundations of environmental
knowledge in the

educational establishments of all levels of the educational
system;

Recommendations for the development
of education and improvement of social
policy for responsible production and
consumption in the artificial intelligence
economy

Based on the established evidence base, a new approach to
managing responsible production and consumption in the
economy of artificial intelligence, based on the development of
knowledge and technology, is proposed. The central role in the
authors’ approach is assigned to universities as drivers of Al-
economy development. Based on the recommended approach, the
following recommendations are proposed for public
administration aimed at developing education and improving
social policy in support of responsible production and

consumption in the AI economy:

- Inclusion of the SDG 12 support factor in the organization
of universities’ activities and their scientific research
when distributing state (e.g., grant, subsidiary) funding
among them;

—Inclusion of knowledge about the problems of
environmental Al economics, as well as skills and
abilities for the implementation of SDG 12 in the
practice of responsible production and consumption in
the requirements for the competencies of university
graduates and their consolidation in state educational
standards;
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— Increasing the accessibility of higher education, as well as
encouraging young people to obtain higher education and
advanced training in university educational programs that
provide for the development of competencies of responsible
production and consumption.

Discussion

The review and empirical analysis of international experience
revealed the significant role of education and social policy in the
development of responsible production and consumption in the
Al economy. In developed countries, this role is more
pronounced as they have already finally entered the era of
artificial intelligence (AI) and are characterized by a larger
and more effective social policy and a higher level of
competitiveness in universities.

Unlike the existing studies of Dimitropoulos et al. (2021),
artificial intelligence in this article is endowed not with a direct,
but an intermediary function in the environmental AI economy
and is considered as a technology to support decision-making by
people who are subjects of management in the implementation of
responsible production and consumption practices. In this
regard, a new interpretation of the Fourth Industrial
Revolution is proposed as a new stage in the development of
the “knowledge economy”—the evolution of man (with the
secondary role of machines).

Unlike (Jiang et al., 2020; Zhang et al., 2020) responsible
production and consumption in the environmental AI economy
are represented in the form of cyber-socio-ecological systems.
The added new (social) component clarified the causal
between the of
production and consumption in the environmental AI
economy. Unlike D’Souza et al. (2022), Li and Wang (2022),
Mamzer et al. (2021), the authors reasoned that environmental

relationships development responsible

responsibility is not natural, but a human property acquired
through education, a competence that should be mastered and
developed.

Conclusion

So, as a result of the study, its goal has been achieved—the
role of education and social policy in the development of
responsible production and consumption in the Al economy
has been studied. The hypothesis put forward was confirmed
based on econometric methodology (correlation analysis
method) and it was proved that knowledge, environmental
the
development of responsible production and consumption in

awareness and university support contribute to
the environmental AI economy has been confirmed and
proven. At the same time, it was revealed that the role of

knowledge and universities is more significant in developed
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countries, while in developing countries it is not so

pronounced and contradictory. One of the possible
explanations for this fact may be the reduced effectiveness
of institutions in developing countries—it is proposed to
devote future scientific research to test this assumption.
The following are proposed as recommendations for the
development of education and the improvement of social
of

consumption in the AI economy. Firstly, taking into

policy in support responsible production and
account support for SDG12 in the activities of universities
and their scientific research when distributing public funding
among them. Secondly, the inclusion of knowledge about the
problems of environmental Al-economics, the skills and
abilities to implement SDGI12 in the practice of responsible
production and consumption in the competencies of
and their

educational standards. Thirdly, increasing accessibility and

university graduates consolidation in state
stimulating the acquisition of higher education and advanced
training in university education programs that provide for the
development of the competencies of responsible production
and consumption.

The novelty of the article is connected with the
development of a new approach to the management of
responsible production and consumption in the economy
of artificial intelligence, based on the development of
knowledge and technology. The contribution of the article
to the literature is to substantiate the central role of
universities in the development of responsible production
and consumption in the environmental AI economy.

The theoretical significance of the results and the conclusions
of this study lies in the disclosure of the essence and explanation
of subject-object relations, as well as the relations of responsible
production and consumption in the environmental AI economy.
The practical significance of the authors’ recommendations is
that they make it possible to achieve increased flexibility and
efficiency of state incentives for responsible production and
consumption in the economy of ecological AI by shifting
from direct to indirect (based on a market mechanism)
regulation.

Author contributions
All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it for
publication.

Acknowledgments

The research is carried out with the financial support of the
Russian Academy of Sciences in the framework of the
scientific project No. 20-18-00314 “Transformation of

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.929193

Atabekova et al.

public relations in the context of Industry 4.0: legal

prevention”.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

Ali, Q., Parveen, S., Yaacob, H., Rani, A. N., and Zaini, Z. (2022). Environmental
beliefs and the adoption of circular economy among bank managers: Do gender, age
and knowledge act as the moderators? J. Clean. Prod. 361, 132276. doi:10.1016/j.
jclepro.2022.132276

Amos, R., and Lydgate, E. (2020). Trade, transboundary impacts and the
implementation of SDG 12. Sustain. Sci. 15 (6), 1699-1710. doi:10.1007/s11625-
019-00713-9

Anisha, P. R., Reddy, C. K. K., and Nguyen, N. G. (2022). Blockchain technology: A
boon at the pandemic times — a solution for global economy upliftment with AI and
IoT. Switzerland: EAI/Springer Innovations in Communication and Computing,
227-252. doi:10.1007/978-3-030-70501-5_11

Bianchet, R. T., Provin, A. P., Beattie, V. L., and de Andrade Guerra, J. B. S. O.
(2021). COVID-19 and sustainable development goal 12: What are the impacts of
the pandemic on responsible production and consumption? Environ. Footprints
Eco-Design Prod. Process., 35-71. doi:10.1007/978-981-16-3860-2_2

Cao, S., Nie, L., Sun, H,, Sun, W., and Taghizadeh-Hesary, F. (2021). Digital
finance, green technological innovation and energy-environmental performance:
Evidence from China’s regional economies. J. Clean. Prod. 327, 129458. doi:10.
1016/j.jclepro.2021.129458

Cappelen, A. W, and Ognedal, T. (2017). Certification and socially responsible
production. Econ. Gov. 18 (1), 71-84. doi:10.1007/s10101-016-0184-2

Cheng, X, Zhang, X., Yang, B.,and Fu, Y. (2022). An investigation on trust in Al-enabled
collaboration: Application of AI-Driven chatbot in accommodation-based sharing
economy. Electron. Commer. Res. Appl, 101164. doi:10.1016/j.elerap.2022.101164

D’Souza, C., Ahmed, T., Khashru, M. A, Ratten, V., and Jayaratne, M. (2022). The
complexity of stakeholder pressures and their influence on social and
environmental responsibilities. J. Clean. Prod. 358, 132038. doi:10.1016/j.jclepro.
2022.132038

Dimitropoulos, N., Togias, T., Michalos, G., and Makris, S. (2021). Operator
support in human-robot collaborative environments using Al enhanced wearable
devices. Procedia CIRP 97, 464-469. doi:10.1016/j.procir.2020.07.006

Dragomir, D.-A. (2022). Research on data analysis (environmental, social and
economic) in the context of implementing the circular economy. Smart Innovation,
Syst. Technol. 276, 133-147. doi:10.1007/978-981-16-8866-9_12

Dwivedi, A., and Paul, S. K. (2022). A framework for digital supply chains in the
era of circular economy: Implications on environmental sustainability. Bus. Strategy
Environ. 31 (4), 1249-1274. doi:10.1002/bse.2953

Dzindolet, M. T., Beck, H. P., and Pierce, L. G. (2006). “Adaptive automation:
Building flexibility into human-machine systems,” in Understanding adaptability: A
prerequisite for effective performance within Complex environments advances in
human performance and cognitive engineering research. Editors C. Shawn Burke,
L. G. Pierce, and E. Salas (Bingley: Emerald Group Publishing Limited), 6, 213-245.
doi:10.1016/S1479-3601(05)06007-8

Fai Pun, K. (2006). Determinants of environmentally responsible operations: A
review. Int. J. Qual. Reliab. Manag 23 (3), 279-297. doi:10.1108/
02656710610648233

Fraga-Lamas, P., Lopes, S. L, and Ferndndez-Caramés, T. M. (2021). Green IoT
and edge Al as key technological enablers for a sustainable digital transition towards
a smart circular economy: An industry 5.0 use case. Sensors 21 (17), 5745. doi:10.
3390/s21175745

Hayhoe, T., Podhorska, I, Siekelova, A., and Stehel, V. (2019). Sustainable
manufacturing in industry 4.0: Cross-sector networks of multiple supply chains,
cyber-physical production systems, and ai-driven decision-making. J. Self-
Governance Manag. Econ. 7 (2), 31-36. doi:10.22381/JSME7220195

Frontiers in Environmental Science

81

10.3389/fenvs.2022.929193

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the
publisher.

Howe, B. M., Angove, M., Aucan, J., Barros, J. S., Bayliff, N., Weinstein, S., et al.
(2022). SMART subsea cables for observing the earth and ocean, mitigating
environmental hazards, and supporting the blue economy. Front. Earth Sci.
(Lausanne). 9, 775544. doi:10.3389/feart.2021.775544

IMD (2022). World digital competitiveness ranking 2021. Available at: https://www.
imd.org/centers/world-competitiveness-center/rankings/world-digital-competitiveness/
(Accessed 04 20, 2022).

Jacob-John, J., D’souza, C., Marjoribanks, T., and Singaraju, S. (2021).
Synergistic interactions of SDGs in food supply chains: A review of
responsible consumption and production. Sustain. Switz. 13 (16), 8809.
doi:10.3390/su13168809

Jia, L., Hu, X., Zhao, Z., He, B., and Liu, W. (2022). How environmental
regulation, digital development and technological innovation affect China’s
green economy performance: Evidence from dynamic thresholds and
system GMM panel data approaches. Energies 15 (3), 884. doi:10.3390/
en15030884

Jiang, C., Ma, Y., Chen, H., Zheng, Y., Gao, S., and Cheng, S. (2020). Cyber physics
system: A review. Libr. Hi Tech. 38 (1), 105-116. doi:10.1108/LHT-11-2017-0256

Jin, A. (2019). Digital innovations, Al, industrie 4.0. Control Eng. 66 (4), 5.

Karim, M., Swart-Opperman, C., and Bick, G. (2022). Robotics at dimension data:
Friend or foe of the human in process automation? Emerald Emerg. Mark. Case
Stud. 12 (1)-40. doi:10.1108/EEMCS-03-2021-0075

Khan, S. A. R, Ponce, P., Thomas, G., Al-Ahmadi, M. S., and Tanveer, M.
(2021). Digital technologies, circular economy practices and environmental
policies in the era of Covid-19. Sustain. Switz. 13 (22), 12790. doi:10.3390/
sul32212790

Konig, P. D., Wurster, S., and Siewert, M. B. (2022). Consumers are willing to
pay a price for explainable, but not for green Al Evidence from a choice-based
conjoint analysis. Big Data Soc. 9 (1), 205395172110696. doi:10.1177/
20539517211069632

Li, C,, Sampene, A. K., Agyeman, F. O., Brenya, R., and Wiredu, J. (2022). The role
of green finance and energy innovation in neutralizing environmental pollution:
Empirical evidence from the MINT economies. J. Environ. Manag. 317, 115500.
doi:10.1016/j.jenvman.2022.115500

Li, D, and Wang, L. F. S. (2022). Does environmental corporate social
responsibility (ECSR) promote green product and process innovation? MDE.
Manage. Decis. Econ. 43 (5), 1439-1447. doi:10.1002/mde.3464

Liu, F., Lai, K., and Cai, W. (2021). Responsible production for sustainability:
Concept analysis and bibliometric review. Sustain. Switz. 13 (3), 12751-12827.
doi:10.3390/su13031275

Mamzer, H., Skedsmo, P. W., and Westawski., J. M. (2021). Attitudes
towards the polar regions as a reflection of the Sense of responsibility for
the environment. Theor. Backgr. Furth. Study. Front. Environ. Sci. 9. doi:10.
3389/fenvs.2021.610926

Mhlanga, D. (2020). Industry 4.0 in finance: The impact of artificial intelligence
(ai) on digital financial inclusion. Int. J. Financial Stud. 8 (345), 45-14. doi:10.3390/
ijfs8030045

Palakshappa, N., and Dodds, S. (2021). Mobilising SDG 12: Co-creating
sustainability through brands. Mark. Intell. Plan. 39 (2), 265-283. doi:10.1108/
MIP-08-2018-0360

Pan, Y., Sun, H., and Taghizadeh-Hesary, F. (2020). Can environmental corporate
social responsibility Reduce Firms’ idiosyncratic Risk? Evidence from China. Front.
Environ. Sci. doi:10.3389/fenvs.2020.608115

frontiersin.org


https://doi.org/10.1016/j.jclepro.2022.132276
https://doi.org/10.1016/j.jclepro.2022.132276
https://doi.org/10.1007/s11625-019-00713-9
https://doi.org/10.1007/s11625-019-00713-9
https://doi.org/10.1007/978-3-030-70501-5_11
https://doi.org/10.1007/978-981-16-3860-2_2
https://doi.org/10.1016/j.jclepro.2021.129458
https://doi.org/10.1016/j.jclepro.2021.129458
https://doi.org/10.1007/s10101-016-0184-2
https://doi.org/10.1016/j.elerap.2022.101164
https://doi.org/10.1016/j.jclepro.2022.132038
https://doi.org/10.1016/j.jclepro.2022.132038
https://doi.org/10.1016/j.procir.2020.07.006
https://doi.org/10.1007/978-981-16-8866-9_12
https://doi.org/10.1002/bse.2953
https://doi.org/10.1016/S1479-3601(05)06007-8
https://doi.org/10.1108/02656710610648233
https://doi.org/10.1108/02656710610648233
https://doi.org/10.3390/s21175745
https://doi.org/10.3390/s21175745
https://doi.org/10.22381/JSME7220195
https://doi.org/10.3389/feart.2021.775544
https://www.imd.org/centers/world-competitiveness-center/rankings/world-digital-competitiveness/
https://www.imd.org/centers/world-competitiveness-center/rankings/world-digital-competitiveness/
https://doi.org/10.3390/su13168809
https://doi.org/10.3390/en15030884
https://doi.org/10.3390/en15030884
https://doi.org/10.1108/LHT-11-2017-0256
https://doi.org/10.1108/EEMCS-03-2021-0075
https://doi.org/10.3390/su132212790
https://doi.org/10.3390/su132212790
https://doi.org/10.1177/20539517211069632
https://doi.org/10.1177/20539517211069632
https://doi.org/10.1016/j.jenvman.2022.115500
https://doi.org/10.1002/mde.3464
https://doi.org/10.3390/su13031275
https://doi.org/10.3389/fenvs.2021.610926
https://doi.org/10.3389/fenvs.2021.610926
https://doi.org/10.3390/ijfs8030045
https://doi.org/10.3390/ijfs8030045
https://doi.org/10.1108/MIP-08-2018-0360
https://doi.org/10.1108/MIP-08-2018-0360
https://doi.org/10.3389/fenvs.2020.608115
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.929193

Atabekova et al.

Patel, P., Ali, M. I, and Sheth, A. (2018). From raw data to smart manufacturing:
Al and semantic web of things for industry 4.0. IEEE Intell. Syst. 33 (4),
849701279-849701286. doi:10.1109/MIS.2018.043741325

Paynabar, K., and Callicott, M. (2021). Al-Based analytics for industry 4.0:
Opportunities and challenges for manufacturing improvement. TAPPICon LIVE
2021 (2), 1128-1135.

Peng, C., and Jiang, H. (2021). The influence of Host Country’s environmental
regulation on Enterprises’ Risk preference of multinational investment. Front.
Environ. Sci. doi:10.3389/fenvs.2021.667633

Pérez, A., Collado, J., and Liu, M. T. (2021). Social and environmental concerns
within ethical fashion: General consumer cognitions, attitudes and behaviours.
J. Fash. Mark. Manag. doi:10.1108/JFMM-04-2021-0088

Ravina-Ripoll, R., Nunez-Barriopedro, E., Almorza-Gomar, D., and Tobar-
Pesantez, L.-B. (2021). Happiness management: A culture to explore from brand
orientation as a sign of responsible and sustainable production. Front. Psychol. 12,
727845, doi:10.3389/fpsyg.2021.727845

Rezaei, A., Ahmadi, S., and Karimi, H. (2021). The role of online social networks
in University students” environmentally responsible behavior. Int. J. Sustain. High.
Educ. doi:10.1108/IJSHE-05-2020-0168

Ruffolo, M. (2022). The role of ethical Al in fostering harmonic innovations that
support a human-centric digital transformation of economy and society. Lect. Notes
Netw. Syst. 282, 139-143. doi:10.1007/978-3-030-81190-7_15

Schwartz, R., Dodge, J., Smith, N. A., and Etzioni, O. (2020). Green AL Commun.
ACM 63 (12), 54-63. doi:10.1145/3381831

Singh, E., Mishra, R,, Kumar, A, Lo, S.-L., and Kumar, S. (2022a). Circular
economy-based environmental management using biochar: Driving towards
sustainability. Process Saf. Environ. Prot. 163, 585-600. doi:10.1016/j.psep.2022.
05.056

Singh, S., Sharma, P., Garg, N., and Bala, R. (2022b). Groping environmental
sensitivity as an antecedent of environmental behavioural intentions through
perceived environmental responsibility. J. Enterprising Communities People
Places Glob. Econ. 16 (2), 299-319. do0i:10.1108/jec-09-2020-0169

Smith, R. D. J., Kamwendo, Z. T., Berndt, A, and Parkin, J. (2021). Taking
knowledge production seriously in responsible research and innovation.
J. Responsible Innovation 8 (2), 199-208. doi:10.1080/23299460.2021.1935584

Frontiers in Environmental Science

82

10.3389/fenvs.2022.929193

Spanaki, K., Karafili, E., and Despoudi, S. (2021). Al applications of data sharing
in agriculture 4.0: A framework for role-based data access control. Int. J. Inf. Manag.
59, 102350. doi:10.1016/j.ijinfomgt.2021.102350

Times Higher Education (2022). THE world university rankings “impact
rankings 2021: Responsible consumption and production”. Available at https://
www.timeshighereducation.com/rankings/impact/2021/responsible-consumption-
and-production#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/undefined
(Accessed 04 20, 2022).

UNDP (2022). Sustainable development report 2021: The decade of action for the
sustainable development goals. Available at https://www.sdgindex.org/reports/
sustainable-development-report-2021/(Accessed 04 20, 2022).

Vecchi, M. (2022). Groups and socially responsible production: An experiment
with farmers. J. Econ. Behav. Organ. 196, 372-392. doi:10.1016/j.jebo.2022.01.020

Vekaria, D., Kumari, A., Tanwar, S., and Kumar, N. (2021). Eboost: An Al-based
data analytics scheme for COVID-19 prediction and economy boosting. IEEE
Internet Things J. 8 (21), 15977-15989. doi:10.1109/JI0T.2020.3047539

Wearn, O. R, Freeman, R, and Jacoby, D. M. P. (2019). Responsible AI for
conservation. Nat. Mach. Intell. 1, 72-73. doi:10.1038/s42256-019-0022-7

Whitson, J., and French, M. (2021). Productive play: The shift from responsible
consumption to responsible production. J. Consumer Cult. 21 (1), 14-33. doi:10.
1177/1469540521993922

Wilson, M., Paschen, J., and Pitt, L. (2022). The circular economy meets
artificial intelligence (AI): Understanding the opportunities of AI for reverse
logistics. Manag. Environ. Qual. Int. J. 33 (1), 9-25. doi:10.1108/MEQ-10-
2020-0222

Xu, S., Yang, C., Huang, Z., and Failler, P. (2022). Interaction between digital
economy and environmental pollution: New evidence from a spatial perspective.
Int. J. Environ. Res. Public Health 19 (9), 5074. doi:10.3390/ijerph19095074

Zhang, C., Xu, X, and Chen, H. (2020). Theoretical foundations and applications
of cyber-physical systems: A literature review. Libr. Hi Tech. 38 (1), 95-104. doi:10.
1108/LHT-11-2017-0230

Zhou, X., Jia, M., Altuntas, M., Kirikkaleli, D., and Hussain, M. (2022). Transition
to renewable energy and environmental technologies: The role of economic policy
uncertainty in top five polluted economies. J. Environ. Manag. 313, 115019. doi:10.
1016/j.jenvman.2022.115019

frontiersin.org


https://doi.org/10.1109/MIS.2018.043741325
https://doi.org/10.3389/fenvs.2021.667633
https://doi.org/10.1108/JFMM-04-2021-0088
https://doi.org/10.3389/fpsyg.2021.727845
https://doi.org/10.1108/IJSHE-05-2020-0168
https://doi.org/10.1007/978-3-030-81190-7_15
https://doi.org/10.1145/3381831
https://doi.org/10.1016/j.psep.2022.05.056
https://doi.org/10.1016/j.psep.2022.05.056
https://doi.org/10.1108/jec-09-2020-0169
https://doi.org/10.1080/23299460.2021.1935584
https://doi.org/10.1016/j.ijinfomgt.2021.102350
https://www.timeshighereducation.com/rankings/impact/2021/responsible-consumption-and-production#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/undefined
https://www.timeshighereducation.com/rankings/impact/2021/responsible-consumption-and-production#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/undefined
https://www.timeshighereducation.com/rankings/impact/2021/responsible-consumption-and-production#!/page/0/length/25/sort_by/rank/sort_order/asc/cols/undefined
https://www.sdgindex.org/reports/sustainable-development-report-2021/
https://www.sdgindex.org/reports/sustainable-development-report-2021/
https://doi.org/10.1016/j.jebo.2022.01.020
https://doi.org/10.1109/JIOT.2020.3047539
https://doi.org/10.1038/s42256-019-0022-7
https://doi.org/10.1177/1469540521993922
https://doi.org/10.1177/1469540521993922
https://doi.org/10.1108/MEQ-10-2020-0222
https://doi.org/10.1108/MEQ-10-2020-0222
https://doi.org/10.3390/ijerph19095074
https://doi.org/10.1108/LHT-11-2017-0230
https://doi.org/10.1108/LHT-11-2017-0230
https://doi.org/10.1016/j.jenvman.2022.115019
https://doi.org/10.1016/j.jenvman.2022.115019
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.929193

? frontiers ‘ Frontiers in Environmental Science

@ Check for updates

OPEN ACCESS

EDITED BY
Bruno Sergi,
Harvard University, United States

REVIEWED BY

Ishfag Hamid,

Shri Mata Vaishno Devi University, India
Md Shabbir Alam,

University of Bahrain, Bahrain

*CORRESPONDENCE
Tatiana M. Vorozheykina,
vorozheykina@gmail.com

SPECIALTY SECTION
This article was submitted to
Environmental Economics and
Management,

a section of the journal

Frontiers in Environmental Science

RECEIVED 25 May 2022
AccepTED 08 August 2022
PUBLISHED 14 September 2022

CITATION
Vorozheykina TM (2022), Challenges
and prospects of decarbonization of the
economy in the age of Al.

Front. Environ. Sci. 10:952821.

doi: 10.3389/fenvs.2022.952821

COPYRIGHT
© 2022 Vorozheykina. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Environmental Science

TYPE Opinion
PUBLISHED 14 September 2022
Dol 10.3389/fenvs.2022.952821

Challenges and prospects of
decarbonization of the economy
in the age of Al

Tatiana M. Vorozheykina*

Russian State Agrarian University—Moscow Timiryazev Agricultural Academy, Moscow, Russia

KEYWORDS

reduction of carbon emissions, decarbonization, “clean” energy, artificial intelligence
(Al), disruptive technological innovations, industry 4.0, environmental Al economics
and management

Introduction

Decarbonization is on the agenda of most countries of the world (Lau, 2022; Luo et al.,
20225 Mathur et al., 2022; Obrist et al., 2022; Zhao et al., 2022). The global GHG emission
reduction agenda was launched in November 2021 at the UN (2022) Climate Change
Conference in Glasgow (COP26). At this conference, environmental degradation and the
importance of decarbonization were recognized by 120 world leaders (Adebayo, 2022a;
Adebayo et al.,, 2022; Adebayo, 2022b).

The problem is that, despite the significant progress made in decarbonizing the
economy by individual countries, their results are contradictory (Dogan et al., 2022; Li
et al,, 2022; Nasir et al,, 2022). On the one hand, the benefits of reducing the carbon
footprint of the economy for the environment and quality of life are obvious (the tip of the
iceberg) (Murshed et al., 2021; Hamid et al., 2022a; Alam et al., 2022; Hamid et al., 2022b;
Murshed et al., 2022; Popkova, 2022).

On the other hand, deep contradictions of decarbonization remain undisclosed, but
gradually are coming to the surface (Ratner et al., 2022), since the existing technological
structure does not allow for completely replacing natural energy resources with “green”
analogues (Sisodia et al., 2020; Teichmann et al., 2020). A vivid manifestation of these
contradictions is that the countries that are leaders in the field of decarbonization of the
economy—the United States, Japan, the European Union and the United Kingdom—are
experiencing energy crises (Gallo et al., 2020; Ratner et al., 2021; Streimikiené et al., 2022).

This contradiction is becoming more acute in the era of artificial intelligence. In the
works of Kovacova and Lazaroiu (2021), Popkova et al. (2021), Sergi and Popkova (2022),
the Al era is defined as a modern period of world history, the distinctive feature of which is
the gap between people and automation tools. For the first time in the history of industrial
revolutions, automation does not improve the human use of means of production but
completely isolates and excludes him from economic processes.

As noted in the works of Chen et al. (2021), Faheem and Butt (2022), Matsunaga et al.
(2022), Oks et al. (2022), the systematic nature of cyber-physical systems achieved in the
Al era reflects the revolutionary communications of inanimate objects (digital
technology) with each other, with physical objects (for example, buildings,
equipment) and even with wildlife (for example, natural resources in various
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industries or plants and animals in agriculture). But this
integration does not apply to a man who is outside of
Industry 4.0 systems.

This article uses a broad interpretation of the Al era, which is
not limited to AI alone and covers the whole set of disruptive
(subversive) technological innovations of Industry 4.0, in
particular, robots, Big Data and data analytics, as well as the
Internet of Things (IoT). All technologies of the Al era are
characterized by high energy intensity, which was the criterion
for their generalization in the works of Hao et al. (2022),
Miskiewicz et al. (2021), Reshetnikova and Pugacheva (2022),
Wang et al. (2022).

Full automation, taking place in the Al era, brings the energy
intensity of the economy to a critical level even with the use of
energy-saving technologies (Berner et al,, 2022; Chen et al., 20225
Muhammad et al,, 2022). And “clean” energy today is not able to
cover the growing demands of the economy in energy, which
does not allow reduction and may even lead to a forced growth in
carbon emissions. In this regard, in the works of Doroshuk
(2021), Maggiore et al. (2021), Parmar et al. (2022), Qi et al.
(2022), the Al era is considered an unfavourable time and an
unfriendly technological landscape for decarbonization.

Thus, the relevance of the study is explained by the fact that
the era of artificial intelligence associated with total automation
creates increased risks of climate change and, at the same time,
opens up high-tech opportunities for energy saving. The main
reason for conducting this study is the need to form a systematic
understanding of the special context of decarbonization, which
consists in the era of artificial intelligence, taking into account its
advantages and disadvantages, as well as the formation of a
balanced (providing both deficit-free and environmentally
friendly energy) approach to the development of an ecological
Al-economy in support of decarbonisation.

The research question of this article is as follows: “How to
achieve a reduction in carbon emissions and decarbonization of
the economy and at the same time avoid an energy crisis (energy
shortage)?” To answer the research question posed in this article,
the hypothesis Hy is put forward that artificial intelligence allows
achieving a reduction in carbon emissions and decarbonization
of the economy and at the same time avoid an energy crisis
(energy shortage).

The purpose of the article is to reveal the features of the
decarbonization of the economy in the era of artificial
intelligence, taking into account the challenges of developing
“clean” energy and the prospects for reducing carbon emissions
using robots, Big Data, [oT and Al After the above introduction,
this article reveals the challenges of the Al era for “clean” energy
and decarbonization of the economy. Using the regression
analysis method, the impact of robot density on CO:2
emissions and the share of renewable energy in the leading
in 2021
according to the International Federation of Robotics (2022b).

countries in industrial robotization is modelled,

Then describes the prospects and recommendations for

Frontiers in Environmental Science

84

10.3389/fenvs.2022.952821

decarbonization of the AI economy. Further, the results
obtained are discussed in comparison with the existing
literature, and a conclusion is made at the end of the article.
The contribution of the study to the literature consists of a
systematic analysis and rethinking of the consequences of the
spread and use of disruptive innovations of Industry 4.0 for
“clean” energy in the era of artificial intelligence. The author’s
systematization and classification of these innovations made it
possible to identify and clearly distinguish between the
innovations of the era of artificial intelligence that contribute
to the reduction of carbon emissions (Al IoT and Big Data), as
the of this
decarbonization (robots). In this way, the article opens up

well as innovations era that slow down

opportunities  for more environmentally  responsible
dissemination and application of the disruptive innovations of
Industry 4.0, as well as their flexible combination in support of

decarbonization.

Theoretical mechanism and hypothesis
built-up

The fundamental research framework in this article is the
Theory of decarbonization of the economy. Comparison and
contrast of different studies within the limits of this theory has
revealed the controversial aspects of decarbonization as a
scientific and economic category. Camarasa et al. (2022), Lau
(2022), Luo et al. (2022) in their writings point out that
decarbonization is essential since it is one of the most
important vectors of development of ecological economics.

As opposed to them, Fulzele et al. (2022), Pilloni et al. (2022),
Vatsa and Miljkovic (2022) in their writings point out the
increasingly growing need for energy resources and, in
particular, fossil fuel energy, to accelerate the recovery of the
global economy from the COVID-19 crisis. Gargallo et al. (2022),
Ram and Webler (2022), Tan et al. (2021), Zhang et al. (2022) in
their publications maintain that the world community is not
ready to completely abandon fossil fuel energy and that clean
energy involves certain constraints that are associated with its
incomplete coverage of economic entities (constraints of
infrastructure), high cost (financial constraints), as well as low
and unpredictable performance (natural and climatic constraints
of renewable energy sources).

The literature review has identified its main gaps that need to
be worked upon. The first gap is the contradiction of
decarbonization as a catalyst for sustainable development
while also an obstacle to economic growth. The second gap is
that while the existing literature by Favi et al. (2022),
Mastrocinque et al. (2022), Matsunaga et al. (2022), Morelli
et al. (2022), Vitiello et al. (2022), Wachnik et al. (2022)
points out the special context of energy development that has
formed at present in the context of the Al economy, this context
has been left out of consideration in decarbonization planning.
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This allows defining the study’s problem statement as the
uncertainty of the prospects for achieving decarbonization of the
economy in the AI era. The significance of this research is
attributable the fact that decarbonization is declared as an
official priority of the countries across the world, most of
which have already approved their national decarbonization
strategies by now. However, given acute energy deficiency and
unprecedentedly high global energy prices, these strategies have
been jeopardized. In this respect, the potential of various factors
to support decarbonization strategies should be identified.
Among these factors, the AI economy is of paramount
of the

mode

allows
the

importance, since it taking advantage
opportunities
(Industry 4.0).

The research question of the article consists in methods of

created by new technological

achieving carbon reduction and decarbonization of the economy
while also avoiding an energy crisis (energy shortage). Based on
the writings by Ahmed et al. (2022), Dimou and Vakalis (2022),
Ragulina et al. (2022), Xuan and Ocone (2022) which point out
the benefits of Al-based energy automation, this article puts
forward the HO hypothesis that carbon reduction and
decarbonization of the economy while avoiding an energy
crisis (energy shortage) can be achieved through the use of
Artificial Intelligence.

The contribution of the article to the systematic research
literature in this area of investigation consists in precise
definition of the features—challenges and prospects—of the
decarbonization of the economy in the new context of
modernity, that has formed in the era of Artificial Intelligence.
The theoretical mechanism for testing the hypothesis advanced
in this article is involved with a qualitative-quantitative analysis
analysis of the cause-and-effect relationships of the development
of clean energy and carbon reduction using robots, Big Data, IoT
and AI based on the systematic approach.

Challenges of the Al era for “clean” energy
and decarbonization of the economy

To test the proposed hypothesis Ho, the Systematic Approach
methodology is used, based on which a quantitative and
qualitative analysis of the impact of disruptive technological
innovations of the era of artificial intelligence on reducing
carbon emissions and decarbonizing the economy is carried
out. The quantitative analysis includes econometric modelling
of the impact of the spread of robots as the advanced technology
of the AT era on climate change. The qualitative analysis is related
to expert analytics on the contribution of the Internet of Things
(IoT) and Big Data as disruptive technological innovations in the
era of artificial intelligence to the decarbonization of the
economy.

The quantitative analysis has used such variables as Robot
Density according to the International Federation of Robotics
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(2022a) as a factor in the AI economy, as well as CO2 emissions
and the share of renewable energy according to the UNDP (2022)
as results in the field of decarbonization (development of clean
energy and carbon reduction).

The choice of indicators is explained by the fact that
industrial robots are the technology of the AI era, which is
the most widespread and used in practice today. Also, thanks
to the global efforts of the UN, serious progress has been made
today in the development of “clean” energy and the
decarbonization of the economy (Figure 1).

A simple linear regression allowed us to obtain models
093 + 0.0001*rb and renew = 27.01-0.03rb),
according to which, with an increase in robot density by

(carb =

1 robot per 10,000 employees, COz emissions from fuel
combustion for electricity and heating per total electricity
output increase by 0.0001 MtCO2/TWh (correlation 11.43%),
and the share of renewable energy in total primary energy supply
is reduced by 0.03% (correlation 44.42%).

According to the International Federation of Robotics
(2022b), the global average in 2021
435 robots per 10,000 employees, and by 2024 it will increase
to 518 robots per 10,000 employees, that is, by 19.08%. Based on
the regression models obtained above, it can be expected that this

robot density is

will increase CO2 emissions from fuel combustion for electricity
and heating per total electricity output by 1% and reduce the
share of renewable energy in the total primary energy supply
by 9.68%.

Consequently, robotization represents a serious challenge in
the AI era for “clean” energy and decarbonization of the
economy. At the same time, other disruptive technological
innovations are also actively developing. Thus, according to
(2022),
increase from 2.65 million units in 2022 to 3.09 million units

Mordor Intelligence IoT active connections will
by 2025—and this is only in retail. According to IDC Corporate
USA (2022), global spending on Big Data in 2021-2025 will
increase by 12.8% annually. This opens up favourable
opportunities for “smart” analytics of “clean” energy with the
help of artificial intelligence.

Thus, the obtained results revealed the challenges of the era
of artificial the
decarbonization of the economy. The first one is related to

intelligence for “clean” energy and
the fact that as robotization increases, CO2 emissions increase
and the share of renewable energy decreases. The second
challenge is that as the Internet of Things (IoT) advances and
Big Data spreads, new opportunities for decarbonization are
opening up that need to be exploited to mitigate and offset
the negative impact of robots on energy and the environment.

A systematic look at the identified challenges showed that the
era of artificial intelligence opens up new opportunities for
decarbonization to a greater extent than increases its risks.
This is explained by the fact that robotization is a factor of
energy and environmental risks developing at a slower pace

(6.36% per year) than two factors for the development of
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FIGURE 1

Robot density (rb), CO, emissions (carb) and the share of renewable energy sources (renew) in the leading countries in the robotics industry in
2021. Source: Compiled by the authors based on materials from the International Federation of Robotics (2022a), UNDP (2022).

“clean” energy and reducing greenhouse gas emissions: IoT
(5.53% per year) and Big Data (12.8% per year).
per y 8 per yt

Prospects and recommendations for the
decarbonization of the Al economy

Recommendations for standard business regulation policies
include stimulating entrepreneurial innovation and supporting
high-tech economic growth. In the field of innovation policy, it is
recommended to stimulate the balanced development of
disruptive technological innovations - robots, the Internet of
Things (IoT), Big Data and artificial intelligence (AI). In the field
of energy policy, it is proposed to tighten the requirements for
energy efficiency of disruptive technological innovations in
support of energy saving. In the field of environmental policy,
it is recommended to expand the use of high technology
the of
decarbonization strategies.

opportunities  in implementation economic

Big Data and IoT form the information base for “smart” AI-
enabled analytics. The promising role that artificial intelligence
can play in the transition to “clean” and alternative energy, as
well as in improving the energy efficiency of the economy, is

associated with the identification of the potential of disruptive

Frontiers in Environmental Science

86

innovations of the AT economy to support decarbonization. That
is, artificial intelligence is designed to become an intermediary, a
mediator between the Fourth Industrial Revolution and the
decarbonization of the economy.

Many advanced solutions in the field of decarbonization of
low-tech economic processes have already been found and are
successfully practised, but in the field of high technology, there is
a shortage of environmentally friendly solutions. Artificial
intelligence is able (unlike humans) to take into account the
subtleties of Industry 4.0 technologies and therefore offer non-
standard and revolutionary solutions for their use in order to
the The applied
recommendations proposed the
decarbonization of the Al-based economy to perform the role

decarbonize economy. following

are for  managing

described above in practice:

— Automated statistical monitoring of the contribution of
high technologies of Industry 4.0 (for example, robots) to
the decarbonization of the economy. The “smart” Al-
enabled identifying
contributions to the decarbonization of each technology

analytics  allows individual
and technical device. This will demonstrate the strengths
and weaknesses of decarbonization in the context of

enterprises and markets;
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— Highly detailed decarbonization planning in Industry 4.0.
Artificial intelligence will be able to select unique
decarbonization solutions for each enterprise and
market, as well as offer highly detailed plans for their
transition to clean energy and reduction of carbon
emissions;

— Search for solutions to complex optimization problems to
correspond to the specified decarburization criteria using
high technologies of Industry 4.0 (for example, robots).
Artificial intelligence, thanks to its high-performance and
record-fast analytics, can find optimal solutions for
decarbonization, for example, when saving the required
number of jobs or a given amount of required profit in case
of a limited budget.

The advantages of reducing carbon emissions and

decarbonizing the Al-based economy include, firstly, support

for decarbonization by high-tech sectors of the economy, which,
without the use of artificial intelligence, make a small or zero
contribution to decarbonization and may even hinder it.

Secondly, they involve system solutions for decarbonization,

covering the entire set of processes for the production of

“clean” energy, its distribution and optimal consumption, if

necessary in combination with fossil energy.

Discussion

The contribution of the article to the literature consists in
rethinking the prospects of decarbonization, taking into account
the peculiarities of the Al era. Following the research results, it
has been revealed that new challenges arise for “clean” energy
and decarbonization of the economy in the era of Artificial
Intelligence. On the one hand, there is an increasing energy
intensity of housekeeping and a growing need for fossil fuels for
the maintenance of robots. This gives rise to a challenge
associated with the need to increase the energy intensity of
robotic production works.

On the hand,
innovations of the era of Artificial Intelligence, including

other other disruptive technological
Artificial Intelligence as such, as well as the Internet of Things
(IoT) and Big Data,

decarbonization, supporting the development of “clean”

open up new opportunities for
energy and carbon reduction.

The prospects for decarbonization of the AI economy are
involved with the use of a systematic approach to the national
economic policy. This systematic approach should comprise and
ensure the integrated management of the development of
disruptive  technological ~ innovations,  energy  and
environmental economics. The advantage of the proposed
systematic approach will consist in the support of the
balanced and sustainable development, as well as consistent

progress in the implementation of SDG7 and SDG13.
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The contribution of the paper to the improvement of
scientific knowledge in the field of decarbonization and
combating climate change is as follows. Unlike Hao et al.
(2022), Miskiewicz et al. (2021), Reshetnikova and Pugacheva
(2022), Wang et al. (2022), it has been proved that disruptive
technological innovations are not homogeneous, but are
characterized by serious differences in terms of energy
efficiency. A new classification of these innovations according
to the criterion of consequences for decarbonization has been
proposed; technologies with high energy intensity (for example,
robots) and technologies that support decarbonization (for
example, IoT, Big Data and AI) have been identified. The
advantage of the author’s classification is that it allows flexible
use of technologies of the AI era, achieving the best practical
results in decarbonization.

Unlike Doroshuk (2021), Maggiore et al. (2021), Parmar et al.
(2022), Qi et al. (2022), it has been proven that in the era of
artificial intelligence there are no obstacles to decarbonization,
but on the contrary, new opportunities have been created for this.
Using only disruptive innovations of industry 4.0 (for example,
only robots) can hinder the reduction or even increase the
number of carbon emissions, as well as slow down the
transition to “clean” energy. But with the complex use of
technologies in the AI era, the disadvantages of some
technologies are compensated by the advantages of others.
And artificial intelligence can play a system-forming role in
this process, providing intellectual support for maximizing the
cumulative contribution of disruptive innovations of Industry
4.0 to the decarbonization of the Al economy.

The contribution of the findings to the growth of scientific
knowledge lies in the fact that they allow us to take a fresh look at
the process and prospects for the decarbonization of the
economy in the era of artificial intelligence, taking into
account both the advantages and disadvantages of the
disruptive innovations of Industry 4.0. This allows robots, Big
Data and Al to spread more consciously, with clear control and
high-precision prediction of their impact on carbon emissions
and clean energy. Due to this, the article more deeply revealed the
cause-and-effect relationships of the development of ecological
economics and management in the Al era, showing the place of
the disruptive innovations of Industry 4.0 in this process.

Conclusion

The results of the study revealed the challenges of the Al era
for “clean” energy and decarbonization of the economy,
associated, on the one hand, with an increase in carbon
emissions and a reduction in the share of “clean” energy as
robotics develops, and, on the other hand, with support for the
decarbonization of the AI economy based on Big Data, IoT and
Al The author’s conclusions that the disruptive innovations of
Industry 4.0 can both accelerate and slow down the processes of
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reducing carbon emissions and the transition to “clean” energy
allow a more objective and systematic look at the AI era as a
decarbonization context and take into account the peculiarities of
this context in the state and corporate managing the development
of ecological economics and management.

The theoretical significance of the study consists in revealing
the consequences of the spread of disruptive innovations of
Industry 4.0 Al
management through the author’s classification based on the

for environmental economics and
criteria of contribution to decarbonization. The article develops
and complements the scientific strategies of decarbonization,
presented in the writing by Hamid et al. (2022). The practical
significance of the author’s conclusions and proposed
recommendations on the use of artificial intelligence for the
decarbonization of the economy makes it possible to accelerate
the transition to “clean” energy and increase the scale of carbon
emissions reduction through the involvement of high-tech
sectors of the AI economy, which were previously considered
inaccessible for decarbonization.

The social significance of the research results is that they
support the systematic practical implementation of SDG 7 and
SDG 13 in environmental AI economics and management.
Suggestions for policy makers include flexible use of the
disruptive innovations of Industry 4.0: increased use of IoT,
Big Data and Al as catalysts for carbon reduction and clean
energy transition, and more thoughtful, careful and responsible
distribution of robots as potential inhibitors of these processes.

A limitation of the results obtained is that this study focuses
on decarbonization, while there are many other promising areas
the

management.

for development of environmental economics and
the

production and consumption waste, recycling, reducing the

Among these areas is reduction of
consumption of natural resources and increasing the resource
efficiency of the economy, etc. Each of these areas needs an
in-depth study of the
implementation in the AT era. In this regard, Future directions

independent prospects  for its

of research are related to the disclosure of the consequences (both
challenges and prospects) of the spread of disruptive innovations
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Introduction

The era of artificial intelligence (AI) is a period when automation for the first time
goes beyond the century-old practice of production and covers a wide range of
organizational processes in which intellectual support for managerial decision making
is provided (Dudukalov et al., 2021; Ivanov et al., 2022; Popkova, 2022). At the same time,
the Sustainable Development Goals (SDGs) have become widespread in the global
economic system. In their practical implementation, business practices are reviewed
from the point of view of ESG principles and transformed in accordance with them. This
process is called ESG investing, including environmental, social, and governance investing
on a systemic basis (Gao et al., 2021; Popkova et al.,, 2021; Popkova and Sergi, 2021;
Rehman and Noman, 2022).

ESG is a systemic approach to business management, which covers and reconsiders
through the lens of the SDGs (orients toward their support) environmental (E: with the
focus on corporate environmental responsibility), social (S: with the focus on corporate
social responsibility), and corporate (G: with the focus on financial management,
maximization of profit and increase in economic -effectiveness of business)
management. Thus, ESG investment is a process of financing sustainable development
(Aldowaish et al., 2022; Ge et al., 2022).

The concept of “ESG performance” means that a company is evaluated (by
shareholders and investors, government, and society) by the ESG criterion when
making decisions on management and interaction with the company (Inampudi and
Macpherson, 2020). For this purpose, corporate reporting is used, reports on sustainable
development, reports on corporate social and environmental responsibility, financial
reports, and ESG reports (Breedt et al., 2019). In the works of Fafaliou et al. (2022), Zhang
et al. (2022), and Zhang et al. (2021), the scholars note a strong influence of ESG on
companies in developed and developing countries: ESG determines the effectiveness of
companies, their sustainability to economic crises, investment attractiveness, and strategic
perspectives for the development of business.
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In the age of Al ESG practices are based on smart technology
automatization means (robots, unmanned transport) under the
control of AL, which are united in cyber-physical systems with the
help of the Internet of Things (IoT). ESG investment in the age of
AT acquires two specific features (Selim, 2020; Seetra, 2021). The
first one is that ESG investments imply the financing of smart
technologies which systemically improve the environmental,
social, and financial characteristics of business activities
(Minkkinen et al., 2022a). The second one is that ESG
investment is performed based on smart technologies, for
example, blockchain (Alkaraan et al., 2022).

The AT era opens up wide opportunities for the development of
ESG investments thanks to technological support for improving
decision making by all stakeholders (Teichmann et al, 2022).
Investors get access to “smart” analytics of investment projects
grouped, sorted, and ranked according to the criterion of the
degree of compliance with ESG principles, contribution to the
implementation of the SDGs, and the correlation between risk
and profitability (Aroul et al., 2022; Popkova et al,, 2020; Popkova
and Sergi, 2022). A business can establish stable AT communications
with the external environment, attracting a larger volume of ESG
investments and achieving greater payback (Shahzad et al., 2020).
Intelligent and automated state-public monitoring of ESG
investments is also becoming available to identify and encourage
the most responsible market agents (Andersson et al., 2022).

The established approach to the development of ESG
investments in the Al era is focused on technology, and therefore
it can be called technological. This approach is described in the
works of Ielasi et al. (2020), Tong et al. (2022), and Yasmine and
Kooli (2022) and involves stimulating scientific and technological
progress for A support of ESG investments. The disadvantage of the
existing approach is that it does not take into account the possibility
of using advanced “smart” technologies in practice, and the degree of
use of their potential.

As practice shows, the availability of advanced technologies is
not enough for their application. Based on the technological
approach, the works of Li et al. (2022), Minkkinen et al. (2022b),
Abdur Rehman Khan et al. (2022), and Seetra (2021) indicate the
feasibility of developing “smart” technologies to increase the volume
of ESG investments. Focusing on the existing concept of “smart”
ESG investments, the Al economy is progressing, but despite the
similar level of development of advanced “smart” technologies, there
are serious differences in the intensity of automation of ESG
investments in developed and developing countries (Jonsdottir
et al, 2022). The available publications (Chen et al, 2022
Sharma et al., 2022) do not explain these differences, which is a
gap in the literature. The set of conditions necessary and sufficient
for the development of the AI economy is more fully reflected in
UNCTAD (2022), which highlights the following:

— ICT ranking, showing the level of development, availability,

and quality of advanced telecommunications infrastructure
required for the application of “smart” technologies
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— Skills ranking, demonstrating the availability of highly
qualified personnel with digital competencies necessary
for the use of “smart” technologies

— R and D ranking, characterizing the direct accessibility of
“smart” technologies and the degree of their innovation

— Industry ranking, revealing the degree of high-tech
production and international trade

— Finance ranking, demonstrating the adequacy of funding
allocations to “smart” technologies and flexibility of
financial instruments to achieve this goal

Systematic consideration of the abovementioned conditions
reveals the Al economy in a new light-from the standpoint of
social institutes. Since it is the differences in institutional support
that form the basis for categorizing the countries of the world
with the division of developed and developing countries, this
(2022),
Yankovskaya et al. (2021), hypothesizes that the AI economy

article, based on the works of Shkalenko et al

institutes to determine the features of ESG investments in
developed and developing countries.

The purpose of this article is to identify prospects and offer
recommendations for the development of ESG investing in the Al
era, taking into account the characteristics of developed and
developing countries. To achieve this goal, the following tasks are
set and solved:

— To identify the features of the impact of digital technologies
of the AI era on the existing ESG investing practices in
developed and developing countries

— To identify the prospects for the development of ESG investing
in the Al era, as well as to offer authors’ recommendations,
separately for developed and developing countries

A theory for the relationship between ESG
and artificial intelligence: A literature
review and gap analysis

The central scientific category of this article is the age of
artificial intelligence (AI). It is treated as a new, modern stage of
the development of society and economy, in which smart
technologies, which are based on Al, are widely applied in
practice (Kukushkina et al., 2022; Ragulina et al., 2022).

The age of Al began due to the fourth Industrial Revolution, the
essential difference of which from previous industrial revolutions is
the systemic coverage of technological modernization (Wilson et al,,
2022). While in the past, industrial revolutions improved only
production technologies, now-under the conditions of the fourth
Industrial Revolution-management technologies are also improved.
Al ensures the intellectual support for decision making, in particular
investment decisions (Luitse and Denkena, 2021; Som, 2021).

This article is based on the theory of the relationship between
ESG and artificial intelligence (AI). ESG performance is the
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evaluation of the company’s effectiveness from the position of
sustainable development with the systemic coverage of
environmental (E: with the focus on corporate environmental
responsibility), social (S: with the focus on corporate social
responsibility) effectiveness, and effectiveness of corporate
governance (G: with the focus on profitability) (Avramov
et al,, 2022; Pedersen et al, 2021). ESG seriously influences
companies in developed and developing countries (Cardillo
et al.,, 2022; Chen et al., 2022; Loof et al., 2022).

Fritz-Morgenthal et al. (2022), Minkkinen et al. (2022b), and
Nauck (2019) point out in their works that AT allows (based on
the Internet of Things, I0T) to collecting and analyzing Big Data
on the topic of green innovation and corporate social and
environmental responsibility. This data can be used as a basis
for drawing much more complete and reliable internal and
external corporate sustainability reporting (Maas, 2018). In
addition, smart reporting on the implementation of ESG
investment projects can be drawn (Vetro et al., 2019).

Viriato (2019) and Wang et al. (2021) in their works hold that
Al allows investors to make the most justified (coordinated)
decisions on the location of ESG investments thanks to
automated market analysis and intelligent support for decision
making. In particular, corporate reporting can be processed by Al
at a rapid pace and serve as a milestone for investment decisions
(Cornforth, 2018). Furthermore, Al allows for building up the
most efficient investment portfolios with a consistent risk-return
ratio, as well as the ratio of economic, social, and environmental
efficiency of capital investment projects (Auer and Schuhmacher,
2016; In et al., 2019).

Thus, the literature review has shown that both from the
standpoint of demand (ESG investors) and the standpoint of
supply (companies implementing ESG investment projects), Al
contributes to benchmarking and ensures the balance of ESG
investment markets. On the other hand, the gap analysis has
revealed somewhat poor elaboration of the causal relationships of
the development of ESG investments in the Al era, which is a gap
in the literature. Since market patterns have their specific
character in developed and developing countries, the causal
relationships of the development of ESG investments in the
Al era are studied and modeled individually in these
categories of countries to fill the identified gap in this article.

Materials and methods

The initial point of this research is the following proposed
hypothesis: institutes of the AT economy determine the specifics
of ESG investment in developed and developing countries. The
logic of the research consists of the following: at the qualitative
level of the research, a potential connection between ESG
analyses and principles of responsible AI is seen. This
connection is manifested in the fact that responsible AI allows
for high precision forecasting of the environmental consequences
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of the activities of companies and planning of the projects of
corporate environmental responsibility (E).

Responsible AI ensures the growth of corporate social
responsibility through smart monitoring of the safety of
workplaces, remote execution of manipulations that are dangerous
for employees’ health, creation of knowledge-intensive jobs, and
expansion of opportunities for advanced training based on remote
corporate training (S); responsible AI also stimulates the
rationalization of the use of resources, optimization of all business
processes, especially production and logistics, and increase in the
scale effect and profitability of the business (G).

The methodology of testing the hypothesis is based on
regression analysis, as a reliable method of economic statistics.
The research is performed in two successive stages. In the first
stage, we determine the specifics of the influence of digital
technologies of the age of Al on the existing practices of ESG
investing in developed and developing countries. For this, we
perform the economic and mathematical modeling of the
influence of the factors of Readiness for frontier technologies
according to the UNCTAD (2022) on ESG score according to
Morningstar (2021). The research model has the following form:

ESG = a + by*ict + by#skl + by*r&d + by*ind + bs*fin, (1)

where ESG: ESG score, the rest: factors of readiness for frontier
technologies; skl: skill ranking; r&d: R&D ranking; ind: industry
ranking; fin: finance ranking; ict: ICT ranking.

To check the reliability of the econometric models, we use
significance F and t-Stat. We formed a sample of developed
countries (Denmark, Italy, the United States, Canada, Austria,
Belgium, Australia, Norway, New Zealand, and the Czech
Republic) and a sample of developing countries (China, India,
Colombia, Malaysia, Chile, Brazil, Indonesia, Qatar, Russia, and
Saudi Arabia). The samples contain countries with the highest
level of development of ESG investment, according to the ranking
by Morningstar (2021).

In the second stage, we determine the prospects and offer
recommendations for the development of ESG investment in the
age of Al in developed and developing countries. For this, we use the
least squares method based on the obtained regression models. We
also use the method of SWOT analysis to perform a quantitative-
qualitative study of strengths and weaknesses, opportunities, and
threats to the development of ESG investment in the age of Al in
developed and developing countries.

Features of the impact of digital
technologies of the Al era on the existing
ESG investing practices in developed and
developing countries

To determine the specifics of the development of ESG

investments in the AI era in developed and developing
countries (to test the hypothesis put forward in the article), an
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TABLE 1 ESG investments and readiness for frontier technologies in developed and developing countries in 2021.

Country ESG score Readiness for frontier technologies
(ESG)
ICT ranking Skill ranking R&D ranking Industry ranking Finance ranking
(ict) (skl) (r&d) (ind) (fin)

Developed countries Denmark 21,42 2 4 25 21 5
Italy 22,35 52 32 10 30 44
United States 22,56 14 17 2 20 2
Canada 23,43 13 21 9 27 17
Austria 23,77 26 26 23 26 36
Belgium 23,87 10 3 24 17 48
Australia 24,03 31 1 12 61 12
Norway 24,27 5 5 28 50 10
New Zealand 26,38 8 8 41 70 7
Czech 30,34 30 23 32 18 72

Developing countries ~ China 27,47 99 96 1 7 6
India 27,73 93 108 4 28 76
Colombia 28,26 88 79 53 99 77
Malaysia 28,56 29 65 33 12 19
Chile 29,50 61 45 45 109 20
Brazil 30,01 73 53 17 42 60
Indonesia 30,31 47 98 88 83 121
Qatar 32,18 42 100 57 137 42
Russia 33,42 39 28 11 66 45
Saudi Arabia 34,79 56 41 26 129 69

Source: compiled by the authors based on materials from Morningstar (2021) and UNCTAD (2022).

empirical study based on the available official statistics of
Morningstar (2021), reflects the level of development of ESG
investments in various countries was conducted. Readiness for
frontier technologies is also taken into account, reflecting the
quantitative measurement of the level of development of the
institutes of the Al economy. The study was conducted based on
10 developed and 10 developing countries from different parts of
the world with the highest level of development of ESG
investment in 2021 (Table 1).

The benefit of the ranking of developing and developed
countries shown in Table 1 is that it has revealed a significant
discrepancy between the existing boundaries of these categories
of countries based on the criterion of market freedom and the
efficiency of institutes (the integration of countries into the
OECD defines them as developed countries) and on the
criterion of income level (according to the World Bank
classification, countries with a high level of income are
considered as developed countries, while all other countries
are considered as developing countries) with the criteria of
ESG investments and readiness for frontier technologies.

For example, China is one of the most active users of artificial
intelligence (AI) on the international scale, although it ranks
among the developing countries. On the other hand, Austria is
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classified as a developed country by the OECD and the World
Bank, while Table 1 shows that this country is classified as a
country that is lagging behind in many respects. Standard
boundaries of categories of countries have been stored in
Table 1 the
interpretable, reproducible, and comparable with other studies

to make results comprehensible, easily
on the topic of distinctions between developed and developing
countries.

As a result of processing the data from Table 1 using
regression and correlation analysis methods, the following two
economic and mathematical models of the contribution of the
institutes of the AI economy to the development of ESG

investments were obtained:

— Model for developed countries: ESG = 18.91 - 0.12ict +
0.07skl-0.02r&d + 0.11ind + 0.13fin. The resulting model
means that in developed countries, the development of ESG
investments is positively influenced by such institutes of the
AT economy as ICT and R&D. The cumulative correlation
of ESG investments with the institutes of the AI economy is
estimated at 83.86% (high). Because of the mentioned
inconsistency of the sample of developed countries
(reduced volume of ESG investments and readiness for
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frontier technologies despite the high-income level, high
market freedom, and high efficiency of institutes), the
model for developed countries is only reliable at a
0 .27746),
although the standard error is relatively small and is

significance level of 0.3 (Significance F =

equal to 2.06. The t-statistics for the factor variables
were as follows: for ICT ranking (ict): —1.04, for Skills
ranking (skl): 0.73, for R&D ranking (r&d): —0.16, for
Industry ranking (ind): 1.38, for Finance ranking (fin): 1.76;
— Model for developing countries: ESG = 32.86-0.07ict-
0.01skl-0.07r&d + 0.04ind + 0.03fin. The resulting
that in the
development of ESG investments is positively influenced
by such institutes of the AI economy as ICT, Skills, and
R&D. The cumulative correlation of ESG investments with

model means developed  countries,

the institutes of the AI economy is estimated at 94.56%
(very high). The model for developing countries proved to
be more reliable-it is reliable at a significance level of 0.05
(Significance F = 0.0440), and the standard error is small
and equals 1.22. The t-statistics for the factor variables were
as follows: for ICT ranking (ict): —2.91, for Skills ranking
(skl): —0.32, for R&D ranking (r&d): —2.73, for Industry
ranking (ind): 4.49, for Finance ranking (fin): 1.91.

Prospects and recommendations for the
development of ESG investments in the Al
erain developed and developing countries

To determine the prospects for the development of ESG
investments in the Al era in developed and developing countries,
based on the obtained economic and mathematical models, it was
found that in developed countries, due to the progress of ICT
institutes (+94.76% compared to the level of 2021) and R&D
(+95.15%), the level of development of ESG investments may
increase up to 26.80 points, that is, by 10.55% compared to 2021
(24.24 points).

To clarify the quantitative results, they were supplemented
with a qualitative study using the SWOT analysis method, as a
result of which (based on statistics from Table. 1) it was revealed
that the strengths (S) of the AI economy in developed countries
are the high level of development of such institutes as ICT (on
average, in the sample of developed countries, 19.10 position)
and R&D (20.60 positions).

The weaknesses (W) are the small contribution of skills to the
development of ESG investments, despite the high level of
development of this institute of the AI economy (14th place),
as well as the moderate level of development and a small
contribution to the development of ESG investments of such
Industry  (34th  position)
(25.30 positions). Opportunities (O) are associated with the
further development of ICT and R&D institutes, as well as

institutes  as and Finance

with the transformation of skills, industry, and finance
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institutes towards greater support for the SDGs and achieving
their more significant contribution to the development of ESG
investments. Threats (T) consist of the slow pace of development
of ICT and R&D institutes as well as difficulties in the
transformation of the Skills institute.

In developing countries, due to the progress of ICT institutes
(+98.41%), Skills (+98.60%) and R&D (+97.01%), the level of
development of ESG investment may increase up to 37.05 points,
that is, by 22.57% compared to 2021 (30.22 points). The SWOT
analysis showed that the strength (S) of the AI economy in
developing countries is a moderate level of development of R&D
institute (33.50 positions).

Weaknesses (W) is the low level of development of such
institutes as ICT (62.70 positions) and Skills (71.30 positions), as
well as a small contribution to the development of ESG
investments in Industry and Finance institutes. Opportunities
(O) are associated with the further development of R&D
institutes, with accelerated progress in the development of
ICT and Skills institutes, as well as with the transformation of
Industry and Finance institutes towards greater support for the
SDGs and achieving their more significant contribution to the
development of ESG investments. Threats (T) consist in the slow
pace of development of the R&D institute, as well as in difficulties
in the transformation of the finance institute.

Discussion

The article contributed to the development of the concept of
“smart” ESG investments by clarifying the causal relationships of
the development of ESG investments in the AI economy. In
contrast to Ielasi et al. (2020), Tong et al. (2022); Yasmine and
Kooli (2022), it has been proved that the contribution of the AI
economy to the development of ESG investments is related not so
much to institutes but technologies. This allows us to propose a
new (alternative) approach to the development of ESG
the Al the
development of institutes of the AI economy.

investments in era, involving systematic

However, standard institutes (freedom of international trade,
protection of investors, common “rules of the game” in industry
markets) are not enough. Special institutes are required and are
coming to the fore to ensure the movement of ESG investment
flows in the AI era. Corporate social and environmental
responsibility, green finance, corporate management, etc. serve
as these special institutes. This is because ESG investments in the
Al era, despite the traditional leadership of developed countries
in most rankings, are more pronounced in developing countries.

It is suggested that a new classification of countries, in which
the boundaries of developed and developing countries will be
determined with due account for the level of development of the
mentioned institutes of ESG investments in the AI era, could
serve as a basis for the proposed approach. This will provide a

means for a more reliable definition of the positions of countries
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in the world economic system from the standpoint of
environmental economics and management, as well as for a
more objective and accurate assessment of their progress in the
development of ESG investments in the Al era.

The advantage of the new approach is, first, that it more
accurately and reliably describes the regularities of development
of ESG investments in the AI era. Second, the new approach
explains the differences in the development of ESG investments
in the AI economy of developed and developing countries, and
also allows us to find unique application solutions for them,
taking into account their specifics.

Also, as a result of the study, unlike Li et al. (2022),
Minkkinen et al. (2022b), Rehman Khan et al. (2022); Satra
(2021), it has been proved that the development of “smart”
technologies alone are not enough to increase the volume of
ESG investments - the development of institutes of the Al
economy is also required. This served as an argument for a
clear division of the AI economies of developed and developing
countries, whose institutes contribute differently (among
institutes and categories of countries) to the development of
ESG investments.

Conclusion

The result of the study is proof of the hypothesis put forward
in the article. A review of international experience in
2021 showed that the institutes of the AI economy determine
the features of ESG investments in developed (where ICT and
R&D institutes are the most significant and highly developed)
and developing countries (where ICT, Skills, and R&D institutes
are the most significant, but only R&D institute is moderately
developed). The obtained models, reasonable prospects, and
proposed recommendations outlined the priorities for the
development of institutes in the AI economy for the most
effective support for ESG investments, taking into account the
characteristics of each category of countries.

The contribution of the article to the improvement of
scientific knowledge consists of the fact that the article has
provided a new basis for the classification of countries, which
enables a more exact definition of their modern boundaries in the
Al era. It is suggested that the level of development and institutes
of ESG investments could serve as this new basis. The article has
made its contribution to the literature through the development
of the theory for the relationship between ESG and artificial
intelligence (AI), showing that this relationship can be observed
at the level of institutes, not technologies, as in the previous
opinion.

The theoretical significance of the results obtained in the
article is related to the fact that the proposed new institutional
approach to the development of ESG investments in the AI era
takes into account the possibilities of using advanced “smart”
technologies in practice, as well as the degree of use of their
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potential, and therefore bridges the gap between theory and
practice. The applied significance of the authors’ conclusions and
recommendations is that they take into consideration the
characteristics of developed and developing countries and
allow for the most effective management of the AI economy
(through the development of its target institutes proposed in the
article) in support of the development of ESG investments.

Recommendation and solution

As a prospective solution to the problem of the development
of ESG investing in the age of AI, we propose a transition from
the isolated development of technologies to the systemic
development of institutes. Due to this, the process of
development of ESG investing in the age of Al transforms
from linear into cyclical, for institutes in society and the
economy initiate the creation and implementation of new
technologies, which, in its turn, strengthens the institutes and
causes repetition of the cycle.

In developed countries, for the development of ESG
investment in the age of Al it is recommended to focus on
the development of the institute of ICT and institute of R&D, and
in developing countries-also the institute of Skills. That is,
technologies play an important role, and for this, it is
the
infrastructure and disseminate ICT. However, the progress of

recommended to  improve telecommunication
technologies only is not enough in both categories of countries.

A mandatory condition for the development of ESG
investment in the age of AI is the growth of innovative
activity in the economy. For this, it is recommended to
increase the volume of financing of R&D and the share of
science-intensive, high-tech, and innovative products. In
developing countries, an important role belongs to social
adaptation. For this, it is recommended to fill in the gaps in
competencies, train digital personnel, create knowledge-intensive
jobs and implement corporate training.

The advantage of the proposed solution is the comprehensive
development of society, economy, and technologies, as well as
consideration of the specifics and offering of the authors’ applied
recommendations for developed and developing countries. This
will allow reaching the mass character of ESG investing and an
increase in scale in the age of Al, as well as ensure the reliable
support for the implementation of the SDGs in the Decade of
Action from society and business based on the technologies of the
age of Al and ESG investing.

Economic policy implications
The results obtained allow concluding that the models of

development of ESG investment in the age of Al are different in
developed and developing countries. Based on the compiled
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econometric models and results of the SWOT analysis, the
following recommendations for economic policy are offered
for developed countries: 1) supporting the achieved high level
of development of the institute of ICT and the institute of R&D
through the improvement of the legal regulation of these
institutes; 2) stimulating the growth of the contribution of
skills to ESG investments through the development of the
“knowledge economy”; 3) raising the level of the development
of the institutes of industry and finance and increasing their
contribution to ESG investments through the stimulation of
support for the SDGs.

The following recommendations for economic policy are
offered for developing countries: 1) supporting the achieved
high level of the development of the institute of R&D through
further development of the innovative economy; 2) raising the
level of the development of the institutes of ICT and skills
through accelerated digital modernization of society and
economy; 3) stimulating the growth of the contribution to
ESG investments by the institutes of industry and finance
through social

stimulating corporate responsibility. The

proposed recommendations allow focusing the national
economic policy on the key spheres, thus facilitating the

increase in its effectiveness.

Limitations and prospects for future
research

Summing up the research, it should be noted that the
institutional approach to studying the influence of the AI
economy on ESG investments, which is offered and used in
this article, has demonstrated its high effectiveness. The
advantage of the institutional approach is the possibility to
combine qualitative and quantitative research methods, as well
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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 333
Ttaly 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

ETpc SDG 15
521.64 55.69
671.91 26.43
359.21 58.99
441.26 61.59
120.5 60.68
85.36 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 54.5

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,
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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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
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“smart” Al 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 1)
demonstrates that results in the sphere of ecosystems

The framework model research  (Figure
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
in the
sustainable development ensure, first, the strengthening of the

environmental taxation based on Al interest of

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
countries of the

world—developed 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.

[
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Environmentally related tax revenue

synergetic effect
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Results in the sphere of
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—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
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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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Introduction

The problem of biodiversity conservation is formulated by the UN Sustainable Development
Goals (SDGs): SDG 14 (conservation of marine ecosystems) and SDG 15 (conservation of
terrestrial ecosystems) (Mehmood et al,, 2022; Sobieraj et al,, 2022; Wang et al,, 2022). The
relevance of this problem is particularly high at present against the background of the global
increase in the number of zoonotic diseases, as well as against the background of the COVID-19
pandemic, which, according to many scientists (Khetan, 2020; Codego et al., 2021; Ferndndez
et al,, 2021; Lawler et al,, 2021; Morand and Lajaunie, 2021; Tsantopoulos et al., 2021), is a new
zoonotic disease directly or indirectly caused by the destruction of the natural habitat of animals
and the unsafe neighbourhood of people with them.

In the existing literature, Dick et al. (2022), McLaughlin et al. (2022), Xie et al. (2022), the
reduction of biodiversity is interpreted as an environmental problem. The main attention is
paid to natural and climatic threats to biodiversity. In their works, Marques et al. (2019), Meng
etal. (2019), Otero et al. (2020), and Usman Mirza et al. (2020) also point to the significant role
of economic factors of biodiversity, the reduction of which is perceived as the environmental
costs of economic growth. At the same time, the role of social factors is insufficiently developed
and not defined, which is a research gap.

In this article, the study is based on the Noospheric model of economic systems, according to
which these systems are considered as a unity of all constituent elements aiming at a balance of
economic, social and environmental development. However, the role of social factors is not
elaborated sufficiently nor determined in developing countries, which is a research gap. It is
important to take into account the modern high-tech context of society’s development. The
transition to an AT economy in the works of Alvarez Leon (2021), Buhvald et al. (2021), Popkova
et al. (2020) and Popkova (2022) is associated with the formation of a technogenic (information)
society in which knowledge and technology are the driving forces.
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In this regard, the economy is perceived as a socio-economic
environment that is separated from environmental problems
and, in particular, unfavourable for solving the problem of
biodiversity conservation, since it contradicts the interests of
accelerating high-tech economic growth. Nevertheless, the
connection of the AI economy with biodiversity has remained
largely unexplored, which is another research gap filled in this
article.

This article aims to explore a change in ecological behaviour in the
Al economy and biodiversity against the background of the COVID-
19 pandemic, as well as to determine the post-COVID perspective of
biodiversity conservation through improving ecological behaviour in
the AI economy.

The originality of this paper consists in its elaborating on the
little-studied experience of developing countries in the sphere of the
change of ecological behaviour amid the COVID-19 pandemic by
the example of Russia and describing its consequences for
biodiversity and the post-COVID perspective in the Al economy.
The paper’s contribution to the literature consists in strengthening
the evidential base of the hypothesis on the popularisation of
responsible ecological behaviour in the AI economy under the
conditions of the COVID-19 pandemic, supplementing the
extensively researched experience of developed countries with
insufficiently researched in the literature the experience of
developing countries, by the example of Russia.

Literature review

The important role of ecological behaviour in the
preservation of biodiversity has been studied in detail and
described in multiple works by Chaigneau and Schill (2022),
Deng et al. (2016), Luengo-Valderrey et al. (2022), Sullivan et al.
(2017), Tang et al. (2022) and Toppi et al. (2016). The specifics of
ecological behaviour under the conditions of the AI economy are
described in the works of Ligozat et al. (2022), Nost and Colven
(2022), Sarmento and Loureiro (2021), Skiter et al. (2022) and
Yankovskaya et al. (2022).

Content analysis of the above literature demonstrated that
these specific features are contradictory. On the one hand, smart
technologies of the AI economy provide new opportunities for
environmental protection and, in particular, the preservation of
biodiversity. On the other hand, the dissemination of smart
technologies in the AI economy leads to new ecological risks,
i.e, an increase in the economy’s energy intensity. Aubry et al.
(2021), Guo and Lee (2022), Li et al. (2021), Naseer et al. (2022)
and Tagliacozzo et al. (2021) provide many proofs from
developed countries and propose a hypothesis on the increase
in the level of ecological responsibility of population and business
amid the COVID-19 pandemic.

While the main attention in these publications is focused on
the leading experience of developed countries, the experience of
developing countries remains poorly studied, the same as the role
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of smart technologies in the AI economy. Thus, there remains
uncertainty as to whether the proposed hypothesis can be used
for developing countries. This is a literature gap.

This allows formulating the research question (RQ) of this
paper. RQ: How did the ecological behaviour of developing
countries change under the conditions of the COVID-19
pandemic and what are its consequences for biodiversity and
the post-COVID perspective in the AI economy? In this paper,
the research is performed based on the model of 3Ps of
sustainability (3 principles of sustainability & sustainable
which these
considered in their unity, striving toward the balance of the

development), according to systems are
economic, social and ecological development. This allows filling
the discovered gap and studying the connection between social

factors (ecological behaviour) and biodiversity.

Materials and methods

This research is performed in two consecutive stages. The
first stage includes the determination of the lessons of the
COVID-19 pandemic
biodiversity. The research is performed based on the 3P

for ecological behaviour and
sustainability model: people, profit and planet. For this, the
method of case study is used for an overview of the leading
experience of Russia in the sphere of the use of ecological
behaviour of population and business amid the COVID-19
pandemic. The information and empirical materials of RBC
(2022) are used.

To reveal how the COVID-19 pandemic influenced
ecological behaviour and biodiversity, we use the method of
trend analysis. As the indicator of ecological behaviour, we use
social inclusion according to Global Green Growth Institute
(2022). As the indicators of protection of ecosystems and
preservation of biodiversity, we use Goal 14 Score and Goal
15 Score according to the UNDP (2022). The growth of these
indicators over 2019-2021 is assessed.

The second stage implies the determination of the post-
COVID perspective of improving the ecological behaviour in the
Al biodiversity. We
recommendations for the fullest development of the potential

economy to preserve propose
of the preservation of biodiversity in the post-COVID period and
perform an overview of the prospects for improving ecological

behaviour based on the leading technologies of the Al economy.

Lessons of the COVID-19 pandemic
for ecological behaviour and
biodiversity: An overview of the
leading experience of Russia

To determine the lessons of the COVID-19 pandemic for
ecological behaviour and biodiversity, let us perform an overview
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of the leading experience of Russia based on the 3P sustainability
model: people, profit and planet.

P1: People. RBC (2022) notes the growth of the popularity of
green technologies and ESG initiatives in Russia amid the
COVID-19 pandemic. Based on the “Zero waste” project of
Greenpeace in Russia, Procter & Gamble performed a
representative study of buyer preferences. It demonstrated a
large interest of the Russians in the “green agenda.” The
survey’s results showed that 90% of Russians are ready to sort
household garbage, and 69% are ready to pay the extra price for
eco-products. Also, 55% of the respondents express interest in
the ecological standards of manufacturers before purchasing
their products.

P2: Profit. From the position of the government, there are
government programmes for the development of the green
economy in Russia. One of the programmes envisages the
expanded responsibility of manufacturers-the use of the
mechanisms of economic regulation, according to which the
manufacturer and importer of goods have to dispose of the
manufactured or imported products at the end of their life
cycle, after their losing consumer properties. There is also a
national project “Ecology,” which is aimed at the effective
treatment of production and consumption waste. Another
important program is the one that supports projects on the
construction of infrastructure for waste treatment in Russia’s
regions.

The government’s initiatives are actively supported by
business, which implements multiple ESG initiatives. The
Russian branch of Danone declares ideas and implements the
principles of packaging eco production and control. By
2019-2020, the company’s share of recycled plastic in the
production of packaging reached 25%.

Rockwool factory in Vyborg, which manufactures heat-
insulating materials that are used in construction, works in
the regime of the circular economy. In 2020, the company
started working on the project of return of facade and roof
heat-insulating boards from the construction sites of St.
Petersburg and the Leningrad Region, according to the
“Vtoraya Zhizn”
Galaktika
campaign on the production of the environmentally friendly

(“Second life”) project. State concern

(dairy products) implements a dairy organic
product in organic packaging.

Rosseti Lenenergo PJSC implements a program of creation of
a network of electric charging stations, which will allow using
more electric cars. Sberbank offers green crediting: the transition
from physical carriers to a digital card in 2020 alone allowed
saving more than 1.3 tons of plastic in the North-Western
Federal District of Russia. In Murmansk Region, Sberbank
supports the campaign “Clean Arctic” in the implementation
of environmental projects on the replacement of equipment at
polluting companies in the region.

P3: Planet. Trend analysis allowed revealing that social
inclusivity in Russian society grew by 3.16% in 2020
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(77.88 points) compared to 2019 (73.36 points) (Global Green
Growth Institute, 2022). This provided serious results for the
preservation of biodiversity. Despite the modest result by the
Goal 15 Score (-0.04%), the Goal 14 Score grew by 23.14% in
2021 (52.3205 points) compared to 2019 (42.4900 points)
(UNDP, 2022).

The results that were obtained by the example of Russia
demonstrate a large value of ecological behaviour for the
preservation of biodiversity in developing countries. We also
revealed a substantial potential for the preservation of
biodiversity through the improvement of ecological behaviour
in developing countries, by the example of Russia.

The post-COVID perspective of
improving ecological behaviour in the
Al economy for biodiversity
conservation

To determine the prospects for unlocking the potential of
biodiversity conservation in the post-COVID period, we will
consider the prospects for improving ecological behaviour based
on advanced technologies of the AI economy:

o Artificial intelligence (AI) can provide intelligent decision
support in the field of biodiversity conservation. This will
allow finding flexible solutions for the development of
urban and rural areas with minimal damage to biodiversity;

 Ubiquitous computing (UC) will allow to track the number
and habitats of animals and, based on this, conduct
continuous monitoring of biodiversity;

« Big data will make it possible to study biodiversity trends
and select the most effective practices of ecological
behaviour for the conservation of biodiversity;

o Machine vision will enable us to identify practices of
ecological behaviour that are prohibited and negatively
affect biodiversity and to stop them in a timely manner.

The implementation of the mentioned prospects for
improving ecological behaviour in the AI economy will serve
the interests of biodiversity conservation to prevent future
epidemics and pandemics.

Discussion

The paper’s contribution to literature consists in
strengthening the evidential base of the existing hypothesis in
developing countries—specifying the role of ecological behaviour
in the AI economy in the preservation of biodiversity by the
example of Russia, amid the COVID-19 pandemic. The results
showed that biodiversity is determined not only by natural and

climatic factors [unlike Dick et al. (2022), McLaughlin et al.
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(2022), Xie et al. (2022)] and not only by economic factors
[unlike Marques et al. (2019), Meng et al. (2019), Otero et al.
(2020), Usman Mirza et al. (2020)] but also by social factors.
Ecological behaviour is a significant social factor that largely
determines success in preserving biodiversity.

It is also shown that, unlike Alvarez Leon (2021), Buhvald
et al. (2021), Popkova et al. (2020), and Popkova (2022), the AI
economy is not exclusively a technogenic environment. Based on
the Noospheric model of economic systems, it has been
established that favourable opportunities have been created in
the AI economy for the use of “smart” technologies to adjust
ecological behaviour in order to preserve biodiversity. This
enabled us to take a fresh look at the AI economy as an
economic system with a balance of economic, social and
environmental development.

Conclusion

The experience of developing countries (by the example of
Russia) was taken into account, and the lessons of the COVID-19
pandemic for ecological behaviour and biodiversity were
revealed. By the example of Russia’s experience in the 3P
sustainability model, we substantiated a large role of ecological
behaviour in the preservation of biodiversity amid the COVID-
19 pandemic. We also revealed a substantial potential for the
preservation of biodiversity through the improvement of
ecological behaviour in the post-COVID perspective, based on
smart technologies of the AI economy.

The theoretical significance of the results obtained is that the
key role of social factors (ecological behaviour) in the
conservation of biodiversity is justified, as well as the close
relationship of the AI economy with biodiversity. The
practical significance of the conclusions is that they allow
accelerating progress in the practical implementation of SDG
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Introduction

Fundamental changes are taking place in the modern economy and business under
the influence of two global trends. The first trend is associated with the development of the
digital economy based on smart technologies under the influence of the Fourth Industrial
Revolution. Automation happens in all industries and encompasses all types of business
processes. In the era of artificial intelligence (AI), the countries of the world set themselves
the strategic task to strengthen digital competitiveness and gain unique competitive
advantages in the global markets of high-tech products (Popkova, 2022; Popkova and
Sergi, 2022). For this purpose, innovations are actively being introduced into the economy
and business, as well as telecommunications infrastructure is being developed (Ruffolo,
2022). The significance of the described trend is emphasized by SDG 9.

The second trend is environmental protection (Calero Preciado et al., 2022). This
protection is becoming ubiquitous, which clearly demonstrates the introduction of green
innovations at all stages of the value chain: from the transition to renewable energy
sources to biodegradable packaging and recycling (Mentzel et al., 2022). Among the wide
range of environmental initiatives implemented in the economy and business, the fight
against climate change occupies an important place (Dirmeyer et al., 2022). This trend is
reflected in the formulation of SDG 13.

The above trends are reflected in the development of ecological economy and
management in the AI era. We understand ecological economy and management as a
sphere of the economy in which economic processes and business practices are conducted
with strict observation of environmental principles, norms and standards and strive
toward contributing to environmental protection and the fight against climate change
(Badry et al., 2022; Bakkaloglu et al., 2022; Chen et al., 2022; Mohd Fuzi et al., 2022). The
Al era is a new stage in the development of the global economy, which started due to the
Fourth Industrial Revolution and is characterized by the formation of Industry 4.0,
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information society and the digital economy (Luitse and
Denkena, 2021; Som, 2021; Li et al., 2022; Ruffolo, 2022;
Wilson et al., 2022).

It is noteworthy that the peak of both described global trends
falls on the period from 2020 to 2030, called the “Decade of
Action”. In the existing literature, these trends are mostly
considered separately, and the subject area at the crossroads
of these trends—ecological economics and management in the Al
era—is a gap in the literature, since it is poorly studied. On the
one hand, this makes it possible to reliably describe the theories
of ecological economics and smart economics, respectively, as
well as to study in detail and in-depth the existing practice within
the boundaries of each trend.

On the other hand, an isolated consideration causes
uncertainty about the consequences of the overlap of these
trends on each other, which takes place in practice.
Theoretical models compiled separately within the boundaries
of each trend do not allow making reliable forecasts of economic
practice, since they are limited by a narrow set of factors of the
corresponding trend. The problem is that this reduces the
efficiency of economic and business management, as well as
hinders sustainable development.

This article seeks to solve the problem posed by filling the
identified gap in the literature. The purpose of the article is to
study the contribution of ecological economy and management
in the AT era to the fight against climate change for sustainable
development. To achieve this goal, the article sets two research
tasks. The first task is to model the contribution of ecological
economy and management in the Al era to the fight against
climate change for sustainable development. The second task is
to identify and measure the synergetic effect of the systemic
development of ecological economy and management in the AI
era to combat climate change from the perspective of sustainable
development.

Literature review

This article is based on three concepts elaborated in detail
and well-established in the scientific literature. The first is the
concept of ecological economics and business management
(Hassan et al., 2022; Xie and Jamaani, 2022). The second is
the concept of a digital economy based on smart technologies in
the Al era (Atabekova et al., 2022; Gyamfi et al., 2022). The third
is climate change and the fight against climate change (Bechtel
et al., 2022; Popkova and Shi, 2022; Skeiryté et al., 2022; Victor-
Gallardo et al., 2022). These concepts have been studied in detail,
and this indicates a high degree of elaboration of the research
problem and the reliability of its theoretical basis. However, there
is a scarcity of scientific research at the Intersections of these
concepts, which is a gap in the literature. In this regard, the
following two research questions (RQ) arise.
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RQ;: What impact does the development of the digital
economy and business based on smart technologies in the AI
era have on the ecological economy and management? The
available literature indicates the high risks of negative
consequences of the development of the digital economy
and business based on smart technologies in the era of Al
for the environment. Among these negative consequences are
increased energy intensity of automated business (Fu et al.,
2022; Kakraliya et al., 2022; Matsunaga et al., 2022),
increased environmental costs of high-tech economic
growth (Kong, 2021; Sun et al, 2021), as well as the
limitation of the use of “clean energy” (Garriz and
Domingo, 2022; Xiong et al., 2022).

Taking into account the publications of Bermeo-Ayerbe et al.
(2022), Chehri et al. (2022), Farzaneh et al. (2021), Wang et al.
(2021), which note the positive contribution of smart
technologies to the development of the ecological economy
and business, for example, Smart Grid, climate-smart
agriculture, automated recycling, this article puts forward the
H; hypothesis that the development of the digital economy and
business based on smart technologies in the AI era can have a
positive impact on ecological economy and management under
certain conditions. The article is devoted to the verification of the
proposed hypothesis and the identification of the conditions
under which the hypothesis is confirmed.

RQ,: How to manage the development of the digital
economy and business based on smart technologies in the
AT era to maximize their contribution to the fight against
climate change in support of sustainable development? The
existing literature offers separate recommendations for
managing subjects of both the digital economy and
business based on smart technologies in the AI era. In
their papers, Fendrich et al. (2022), Xie and Jamaani
(2022) consider that from the standpoint of the state, it is
necessary to develop an e-government system in the direction
of tightening environmental control (smart environmental
taxation, automated quality and environmental certification).

In their works, Rachinsky-Spivakov (2022), Zikargae et al.
(2022) express the opinion that from the standpoint of
consumers and the general public, electronic participation of
the population in environmental protection issues should be
expanded and the information society should be developed in the
direction of public environmental control. In their research,
Kazancoglu et al. (2021), Mishra et al. (2022) propose to
develop environmentally responsible high-tech industries from
a business perspective. Taking into account the positive
contribution of all these subjects separately, this article puts
forward the H, hypothesis that in order to maximize their
contribution to the fight against climate change in support of
sustainable development, it is preferable to systematically
manage the development of the digital economy and business
based on smart technologies in the AI era.
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Methodology

To obtain the most accurate and reliable results, the study
relies on the mathematical apparatus. The solution of the first
task, which consists in modelling the contribution of
ecological economics and management in the Al era to the
fight against climate change for sustainable development, is
carried out using the method of correlation analysis. The
choice of the correlation analysis method and its preference
for the regression analysis method, which acts as its
alternative, is related to the fact that the purpose of the
article is to study the complex relationships of indicators,
since the trends in the development of the ecological economy
and the digital economy have an equal impact on each other
(dependent and factor variables cannot be distinguished).

The information and empirical base of the study is statistical
data for 2022 published by WIPO (2022). The indicators of the
economy and management in the Al era are: 1) Government’s
online service; 2) E-participation; 3) High-tech manufacturing.
The indicators of ecological economy and management are: 1)
GDP/unit of energy use; 2) Environmental performance; 3) ISO
14001 environmental certificates/bn PPP$ GDP. The values of all
indicators are expressed in points to ensure their comparability.
The average correlation between groups of indicators is also
determined.

The study sample includes 15 of the best countries in the world
with a formed digital economy, which are active participants in the
Fourth Industrial Revolution and have demonstrated the best results
in combating climate change in 2022 in terms of implementing SDG
13 according to the UN (2022). The criterion for selecting countries
was also the availability of the full volume of statistical data (without
gaps) on the indicators selected for the study in WIPO (2022)
materials. The sample structure is dominated by five East and
South Asia countries (33.33%) and five OECD countries (33.33%).
The sample also includes two LAC countries (13.33%), one Sub-
Saharan Africa country (6.67%), one MENA country (6.67%) and
1 E. Europe and C. Asia country (6.67%).

The solution of the second task related to the identification and
measurement of the synergetic effect of the systemic development of
ecological economy and management in the Al era to combat climate
change from the standpoint of sustainable development is carried out
using the regression analysis method. The regression dependence of
Goal 13 Score (according to UN, 2022) in 2022 on the totality of the
six indicators of the ecological economy and digital economy listed
above from UN (2022) materials is determined. The correlation
coefficients of Goal 13 Score with the selected six indicators are
individually compared with the multiple correlation coefficient in the
regression model. Based on the obtained regression equation, a
forecast is made for the system management of all six indicators
to combat climate change.
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Results

Modelling the contribution of ecological
economy and management in the Al era to
the fight against climate change for
sustainable development

As part of the first task, the correlation analysis method was
used to model the contribution of ecological economy and
management in the Al era to the fight against climate change
for sustainable development. The sample of the study, as well as
the results of its processing using the selected method are shown
in Table 1.

The results of modelling from Table 1 identified the
significant contribution of environmental economics and
management in the Al era to the fight against climate change
for sustainable development. Among the indicators of economy
and management in the AI era, high-tech manufacturing
demonstrated the closest relationship with the indicators of
ecological economy and management: 20.51%, reflecting the
key contribution of business. The contribution of the state is
also significant (the correlation of government’s online service
with indicators of ecological economy and management was
18.24%) and the contribution of society (the correlation of
e-participation with indicators of ecological economy and
management was 13.33%).

Indicators of environmental economics and management, in
turn, have also demonstrated a close relationship with indicators
of economy and management in the AI era. The correlation for
GDP/unit of energy use averaged 11.92%, for environmental
performance—5.90%, for ISO 14001 environmental certificates/
bn PPP$ GDP—34.26%. Nevertheless, the average correlation of
the considered six indicators with SDG 13 score turned out to be
negative and amounted to —16.39%. This indicates an insufficient
use of the potential of ecological economics and management in
the era of artificial intelligence in terms of increasing the
contribution to the fight against climate change in the
interests of sustainable development.

The results obtained allow concluding that ecological
economy and management in the AI era take new forms of
e-government, information society and high-tech business.
Ecological economy and management contribute to the fight
against climate change for sustainable development. This is
manifested in the reduction of the economy’s energy intensity,
increase in ecological efficiency of economic growth and
development of ecological certification and quality of
products. This contribution is expressed in the fight against
climate change and is achieved through a combination of the
institutes of the AI era and ecological economy and
management.
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TABLE 1 Ecological economy, management in the Al era and the results of the fight against climate change in 2022, scores 1-100.

Country Regions in Indicators of economy and management in the Al era Ecological economy and management indicators Goal
the UN 13 score
éa;)szs;f)icatlon Government’s E-participation High-tech GDP/unit Environmental ISO

online manufacturing, % of performance 14001 environmental
service energy use certificates/bn PPP$

GDP
X1 X2 X3 X4 Xs X6 Yy

India East and South Asia 85.3 85.7 45.8 255 18.9 5.7 96.2

Brazil LAC 87.1 75.0 49.4 26.7 43.6 5.8 93.3

Peru LAC 753 76.2 15.5 434 39.8 11.7 92.7

Vietnam East and South Asia 65.3 70.2 39.0 19.6 20.1 11.2 92.6

Indonesia East and South Asia 68.2 75.0 39.0 36.9 282 4.5 92.1

Colombia OECD 76.5 86.9 25.4 47.5 424 24.8 88.7

Turkey OECD 85.9 89.3 413 45.8 26.3 7.3 85.9

China East and South Asia 90.6 96.4 64.4 15.5 28.4 42.9 85.5

South Africa Sub-Saharan Africa 74.7 75.0 26.8 10.0 37.2 7.6 81.7

Iran (the Islamic MENA 58.8 46.4 50.6 7.0 345 2.8 78.9

Republic of Iran)

Chile OECD 85.3 85.7 30.8 28.8 46.7 13.4 783

Italy OECD 82.9 82.1 52.2 435 57.7 44.9 76.3

Malaysia East and South Asia 85.3 85.7 60.3 255 35.0 16.8 73.7

Hungary OECD 74.7 67.9 79.7 30.1 55.1 54.8 724

Russian Federation E. Europe and C. Asia 81.8 86.9 29.4 9.4 37.5 1.3 70.8

Correlation Government’s online 100.00 - - - - - -6.63

coefficients, % service
E-participation 84.18 100.00 - - - - 4.50
High-tech 15.84 -10.55 100.00 - - - -34.33
manufacturing, %

GDP/unit of energy use  20.31 31.82 -16.38 100.00 - - 28.82
Environmental 11.67 -9.94 15.97 2643 100.00 - -55.71
performance

ISO 14001 certificates/ 22.73 18.11 61.94 25.32 55.23 100.00 -34.97
Arithmetic mean 18.24* 13.33* 20.51° 11.92° 5.90° 34.26 -16.39

“With indicators of ecological economy and management.

"With indicators of economy and management in the Al, era.

Source: compiled and calculated by the authors based on the materials of UN (2022), WIPO (2022).
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The synergetic effect of the systemic
development of ecological economy and
management in the Al era to combat
climate change from the perspective of
sustainable development

As part of the second task of the study, the regression analysis
method was used to identify and measure the synergetic effect of
the
management in the Al era to combat climate change from the
of The
dependence of Goal 13 Score in 2022 on six indicators of the

systemic development of ecological economy and

standpoint sustainable development. regression
ecological economy and digital economy from Table 1 was
determined, which allowed us to obtain the following

equation of multiple linear regression:

y = 116,75 + 1,04*x;, — 0,98*x, — 0,41%x; + 0, 32*x; — 0, 91*xs
+0,35%%q
(1)

To check the reliability of the regression Eq. 1, we will
conduct the F-test. The significance of F was 0.0521, therefore,
the equation corresponds to & = 0.10. For 15 observations and six
factor variables (k; = 6; k, = 15-6-1 = 8), the tabular F = 2.67. The
observed F = 3.5215—it exceeded the tabular and, therefore, the
F-test was passed.

It is also advisable to conduct a Student’s t-test. At 14 degrees
of freedom, the tabular t = 1.345. The observed t exceeded the
tabular modulo for all variables and amounted to 6.8115 for the
constant, 2.0410 for x;, —2.2981 for x,, —2.0893 for x3,2,3649 for
X4, —3.5882 for x5 and 1.6068 for x¢. Therefore, the t-test is also
passed. Together, both tests confirmed the validity and reliability
of Eq. 1 at a significance level of 0.10.

The multiple correlation coefficient in the regression model
was 85.17% (R* = 75.54), significantly exceeding the correlation
coefficients of Goal 13 Score with the selected six indicators
separately (shown in Table 1 and are (modulo) from 4.50% to
55.71%, and on average, as indicated above, they are -16.39%.
Based on the obtained regression Eq. 1, a forecast of the system
management of all six indicators for combating climate change
is made.

According to the forecast, with an increase of 15% government’s
online service (from 78.51 points in 2022 to 90.29 points), as well as
with an increase of 15%, respectively, GDP/unit of energy use (from
27.68 points to 33.22 points) and ISO 14001 environmental
certificates/bn PPP$ GDP (from 17.03 score up to 20.44 points)
Goal 13 score will increase to the maximum possible 100% (+18.06%
compared to 83.95 points in 2022).

The received results allow for a conclusion that the systemic
development of ecological economy and management in the AI
era ensures the synergetic effect for fighting climate change from
the position of sustainable development. Isolated measures of the
development of ecological economy and management in the Al
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era give a limited contribution to the fight against climate change.
Thus, the development of e-government by one point leads to an
increase in the result of the implementation of SDG 13 by
1.04 points. A decrease in the energy intensity of GDP by 1%
leads to an increase in the results of the implementation of SDG
13 by 0.32 points. An increase in the activity of ecological
certification of the quality of products by 1% leads to an
increase in the result of the implementation of SDG 13 by
0.35 points.

The full-scale fight against climate change within separate
directions requires their unattainable scale. Thus, to reach
100 points on SDG 13, it is necessary to raise government’s
online service up to 94 points or increase GDP/unit of energy use
up to 80 points, or raise ISO 14001 environmental certificates/bn
PPP$ GDP up to 65 points—which cannot be achieved in the
mid-term. Collectively, these measures allow—in the case of a
slight increase in their scale—achieving full-scale results in the
fight against climate change.

Discussion

The article contributes to the literature by strengthening
the systemic links between the concept of ecological
economics and business management and the concept of
the digital economy based on smart technologies in the Al
era, as well as by filling the gap in knowledge at the
intersection of these concepts. In contrast to the position of
such scientists as Fu et al. (2022), Garris and Domingo (2022),
Kakraliya et al. (2022), Kong (2021), Matsunaga et al. (2022),
Sun et al. (2021), Xiong et al. (2022), the authors proved that
the development of the digital economy and business based on
smart technologies in the AI era can have a positive impact on
the ecological economy and management, provided that all
economic entities—the state, society and business—show high
corporate environmental responsibility.

In contrast to the position of Fendrich et al. (2022),
Kazancoglu et al. (2021), Mishra et al. (2022), Rachinsky-
Spivakov (2022), Xie and Jamaani (2022), Zikargae et al.
(2022), it has been proved that systematic management of
the development of the digital economy and business based
on smart technologies in the AI era is required to maximize
their contribution to the fight against climate change in
support of sustainable development. This will make it
possible to obtain a synergistic effect in the form of
achieving much better results of the implementation of
SDG13 (correlation of 85.17%) compared to managing
these factors separately (correlation modulo: from 4.50%
to 55.71%, and on average 16.39%).

The scientific novelty and originality of the paper lie in its
filling the gap at the intersection of ecological economy and
business management, the concept of the digital economy and
the concept of climate change and the fight against climate
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change. Due to this, the paper, first, revealed the influence of the
development of the digital economy and business based on smart
technologies in the AI era on ecological economy and
management, manifested in the increase in results on SDG 3.
Second, the paper offered prospective measures for managing the
development of the digital economy and business based on smart
technologies in the Al era to maximize their contribution to the
fight against climate change, in the support of sustainable
development, which include the increase in government’s
online service, growth of GDP/unit of energy use and increase
in ISO 14001 environmental certificates.

Conclusion

The article has formed a systematic view of environmental
economics and management in the Al era, filled the identified
gap in the literature and solved the problems posed. The article
has answered both RQ and proved both hypotheses put
forward. The development of the digital economy and
business based on smart technologies in the era of AI can
have a positive impact on the ecological economy and
management, provided that the corporate environmental
responsibility of market participants is high (the H;
hypothesis has been proved).

Systematic management of the development of the digital
economy and business based on smart technologies in the Al era,
providing a synergistic effect in the form of maximizing their
contribution to the fight against climate change in support of
sustainable development is preferable (the H, hypothesis has
been proved). The theoretical significance of the results obtained
in the article is related to the clarification of cause-and-effect
relationships in the development of ecological economy and
management in the AI era. The practical significance of the
authors’ conclusions and recommendations lies in the fact that
they will improve the efficiency of economic management and
business in the “Decade of Action” and support the sustainable
development of the AI economy.
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Introduction

The motivation for this research was the large importance of the development of clean
energy for environmental protection and the uncertainty about the impacts of clean
energy on energy security. Sustainable and clean energy includes clean and alternative
energy, which is renewable and whose production does not lead to the depletion of natural
resources. Although sustainable and clean energy has been in existence for a long time, its
positions have significantly strengthened and it received a new impulse for development
after the adoption of the Paris Agreement (the United Nations Framework Convention on
Climate Change (UNFCCC), 2022) at the global level and green agendas and strategies of
decarbonization at the national level.

Both existing alternatives—sustainable and clean energy (e.g., solar, wind, and water)
and fossil fuel energy (e.g., oil, natural gas, and coal)—have advantages and disadvantages.
A choice in favor of a certain alternative is made, given the specifics of the needs of the
sectors and economies. During decision-making on the management of the fuel and
energy complex, it is necessary to be guided by the interests of energy security provision.

The institutional foundations of energy security were set by international regulatory
acts. The International Energy Agency treats energy security as “reliable, affordable access
to all fuels and energy sources” (IEA, 2022). Sustainability, here, is treated as the stability
and reliability of energy.

The UN (2022) supplements this treatment with the priority connected with the
implementation of SDG 7 in the aspect of “ensuring access to affordable, reliable,
sustainable, and modern energy.” Here, sustainability is closer to environmental
performance and is treated as energy’s friendliness toward the environment. The goal
of this paper is to study the contribution of sustainable and clean energy to the
strengthening of energy security.
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Literature review

This paper uses the scientific provisions of the concept of
energy security. General issues of clean energy were studied in
detail in Chen (2022), Jia et al. (2022), and Khalfaoui et al. (2022).
However, the consequences of the transition to sustainable and
clean energy for energy security remain insufficiently studied and
unclear, which is a literature gap. According to the concept of
energy security, the fuel and energy complex is a part of the core
of the environmental economy. Thus, this complex is assigned
two strategic functions in modern economic systems.

The first function is traditional and the most obvious
function—the provision of stability (continuous work and
absence of crises) and high effectiveness of the energy system
(Ragulina et al,, 2022). Since energy is an essential resource,
which is necessary for the normal implementation of most
economic processes, a deficit of energy is unacceptable
because it brings the risks of a reduction in the population’s
living standards and quality of life and a slowdown of the
economic growth rate (Chutcheva et al,, 2022).

The second function is more modern and is becoming more
significant due to support around the world—the protection of
the environment (Vorozheykina, 2022). In the past, this function
was considered additional, but today, it is the main function,
together with the first function, and equally significant
(Kukushkina et al., 2022). The fuel and energy complex
determines natural resource rent in GDP and preservation of
natural heritage for future generations. Being a part of the
industry, this complex forms a substantial part of production
waste and consumption in the economy. Modernization of the
fuel and energy complex facilitates the implementation of the
climate agenda (Yankovskaya et al., 2022).

The leading trend of the development of the fuel and energy
complex, conducted by the most progressive countries of the
world, consists in the transition to sustainable and environmental
(i.e., clean and renewable) energy (Hongsuchon et al., 2022). The
initial accumulated experience of this transition in recent decades
has been contradictory. Thus, the problem consists in the
uncertainty of the consequences and prospects for the fuel
and energy complex, executing its two described functions
with the dominance of sustainable and clean energy (Malhotra
et al., 2022).

The world community’s largest concerns are connected with
the risks associated with the first function—energy security.
Thus, it is important to study the contribution of sustainable
and clean energy to the strengthening of energy security
(Abotaleb et al., 2022). Considering energy security in the
context of the described functions of the fuel and energy
complex, this paper raises the two following research
questions (RQs).

RQI: What is the contribution of sustainable and clean
energy to the provision of affordability and sufficiency of
(2020), Rybak et al. (2021),

energy? FEales et al and
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Villavicencio Calzadilla and Mauger (2018) provide legitimate
concerns regarding the transfer to clean energy, reducing the
affordability of energy in the economy. This allows formulating
hypothesis H1: sustainable and clean energy has a negative
impact on the stability and effectiveness of the energy system.
However, the existing arguments are based mainly on theoretical
assumptions and general regularities and thus need rechecking.

RQ2: What is the contribution of sustainable and clean
energy to the reduction of production waste and consumption
and the fight against climate change? The existing literature notes
that this contribution is significant since clean energy facilitates
the reduction of CO, emissions (Ajagekar and You, 2022; Qamar
et al,, 2022) and is climate friendly (Chen and You, 2022; Matak
et al,, 2022). This allows formulating hypothesis H2: sustainable
and clean energy makes a significant positive contribution to the
reduction of production and consumption waste and the fight
against climate change. However, here, the reasoning is also
fragmented and based on separate data; thus, it needs to be
strengthened.

To fill the discovered gap in the literature and ensure reliable
reasoning for the answers to the raised research questions, we
systemically study the contribution of sustainable and clean
energy to the strengthening of energy security, taking into
account both designated functions.

Results

A systemic approach to the contribution of
sustainable and clean energy to the
strengthening of energy security

In most of the existing sources, the two designated functions
of the fuel and energy complex are acknowledged, but they are
differentiated. Energy security is associated with the first function
(Popkova et al., 2019; Popkova and Sergi, 2021; Wang et al,
2022), while the second function belongs to the green economy
(Fouladvand, 2022; Oladeji et al., 2022).

A systemic view of these two functions in the Decade of
Action shows that energy security is inextricably linked to the
green economy. From the position of sustainable development of
energy security, this is not just sufficiency but also environmental
friendliness of energy. This is why this paper proposes a clarified
treatment of energy security in the unity of the results of the fuel
and energy complex executing its two functions.

It is suggested to treat energy security as the stability and high
effectiveness of the energy system and its correspondence to the
interest of environmental protection. The advantage of the new
definition is that it allows for a comprehensive and reliable
assessment of the prospects for the provision of energy
security—from the position of the consequences for energy
security to the position of the consequences for the
environmental security of energy.
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TABLE 1 Comparison of the results obtained and the literature.

Objects of comparison

RQ1

To provision of accessibility and
sufficiency of energy

Relevant SDG SDG 7

10.3389/fenvs.2022.1090110

Contribution of sustainable and clean energy

RQ2

To the fight against
climate change

To the reduction of production
and consumption waste

SDG 12 SDG 13

Existing Functions of sustainable | Provision of stability and high effectiveness of Environmental protection
literature and clean energy the energy system
Treatment Hypothesis H1: negative impact Hypothesis H2: significant positive contribution
Sources Eales et al. (2020), Rybak et al. (2021), and Ajagekar and You (2022) and Qamar et al. | Chen and You (2022) and
Villavicencio Calzadilla and Mauger (2018) (2022) Matak et al. (2022)
Results Functions of sustainable | Authors’ specified interpretation of the unity of two functions: simultaneous provision of stability, high effectiveness of the
obtained and clean energy energy system, and protection of the environment

experience

Source: authors.

International case experience of the
contribution of sustainable and clean
energy to the strengthening of energy
security

Using the formed systemic view of the contribution of
sustainable and clean energy to the strengthening of energy
security, given both designated functions, we perform a case
overview of the international experience of the execution of these
functions in practice. To strengthen the evidence base of
hypothesis H1, we use the experience of the countries of
BRICS, all of which ratified the Paris Agreement and adopted
national strategies on economic decarbonization.

As for sustainable and clean energy in Brazil, bioenergy and
hydropower dominate. Among the largest economies in the
world, the Russian fuel and energy balance is one of the most
environmental friendly economies (low carbon): more than one-
third of electric energy generation accounts for atomic energy,
hydropower, and other renewable energy sources. In recent years,
the share of sustainable and clean energy in India has increased,
with the active development of solar and wind energy.

China became a country with the world’s largest installed
capacity of hydropower, wind energy, and solar energy. South
Africa shows large potential for expanding the use of renewable
energy sources since it possesses rich natural resources of sun and
wind (BRICS Energy Research Cooperation Platform, 2022). As
of now, all countries of BRICS have a high level of energy
security. Therefore, sustainable and clean energy in BRICS
countries strengthens the stability and raises the effectiveness
of the energy system.
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Treatment Description of the weakness of hypothesis H1 Description of the strengths of hypothesis H2, which is supported with
(the influence is absent or weak) proof
Considered case BRICS G7
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To strengthen the evidence base of hypothesis H2, we use the
case experiences of countries in the G7, which demonstrate
serious results in the development of sustainable and clean
energy. The ongoing projects include forced decarbonization
of sectors, systemic changes for environmental sustainability
in all spheres of life, tackling extinction, and initiatives on
ocean protection (SDG Knowledge Hub, 2022). Therefore, in
countries of the G7, sustainable and clean energy makes a
to the of
production and consumption waste and the fight against

significant  positive ~contribution reduction

climate change.

Discussion

This paper contributes to the literature through the
development of the scientific provisions of the concept of
energy security by its integration with environmental
economics. The results obtained are compared to the existing
literature in Table 1.

As shown in Table 1, unlike the division—which is present in
the existing literature—between the function of provision of
stability and high effectiveness of the energy system
(Chutcheva et al, 2022; Ragulina et al, 2022) and the
function of environmental protection (Kukushkina et al., 2022;
Vorozheykina, 2022; Yankovskaya et al, 2022), this paper
proposes addressing these functions in a comprehensive
manner. Unlike Eales et al. (2020), Rybak et al. (2021), and
Villavicencio Calzadilla and Mauger (2018), we determined a

weakness of hypothesis H1. Using the example of the case
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experience of the countries of BRICS, we did not discover the
negative consequences of the development of clean energy with
regard to the accessibility and sufficiency of energy in the society
and the economy.

We also discovered the strengths of hypothesis H2 and
supported it with proof based on the case experience of the
G7. We demonstrated a positive contribution of sustainable and
clean energy to the reduction of production waste, which
strengthened the scientific evidence of the works of Ajagekar
and You (2022) and Qamar et al. (2022). We also discovered the
contribution of sustainable and clean energy to the fight against
climate change, which strengthened the scientific evidence of the
works of Chen and You (2022) and Matak et al. (2022). This is
why the transition to sustainable and clean energy should be
conducted in combination with other measures for
implementing SDG 12 and SDG 13.

Conclusion

This paper proved a significant, but moderate, contribution
of sustainable and clean energy to the strengthening of energy
security, filling a literature gap and providing answers to both
raised research questions. As an answer to RQ1, it was discovered
that the function of provision of stability and high effectiveness of
the energy system is further successfully performed by the fuel
and energy complex with the development of sustainable and
clean energy. As an answer to RQ2, it is determined that the
function of environmental protection is performed more
successfully by the fuel and energy complex with the
development of clean energy.

The originality and theoretical significance of the paper
consist in, first, clarification of the notion and essence of an
economic system’s energy security from the position of the
sustainable development goals (SDGs) through consideration
of not only the function of provision of stability and high
effectiveness of the energy system but also the function of
environmental protection and, second, rethinking the
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Introduction

Green finance is a set of innovative solutions in the financial sector of the economy, which
have become widespread due to the adoption by the United Nations (UN) of the Sustainable
Development Goals (SDGs) in 2015, which is expected to reach its peak in the Decade of Action
(Tong A et al,, 2022; Zhou and Tang, 2022). Green finance refers to the totality of financial
transactions (including public subsidies, private investment, lending, charitable contributions,
and payment for goods and services by consumers) that comply with ESG principles and are
carried out with corporate environmental responsibility by all subjects of financial relations
(Dong et al.,, 2022; Ronaldo and Suryanto, 2022; Tang M et al,, 2022; Wang K et al., 2022).

There are currently all necessary institutional conditions and prerequisites for the
development of green finance. Governments worldwide have ratified the SDGs and adopted
national strategies to decarbonize their economies (Feng et al., 2022; Li J et al., 2022). Businesses
actively publish corporate sustainability and environmental responsibility reports, following
ESG principles in their operations and building green business practices to their competitive
advantage (Jiang et al, 2022; Li S et al, 2022). In civil society and consumer society,
environmentally responsible communities are being created and developed; entire areas
(cities and regions) become environmentally sustainable, for example, by practising
recycling and clean energy (Desalegn and Tangl, 2022; Guo H et al,, 2022; Popkova, 2022;
Sun and Chen, 2022; Wu G, 2022).

Nevertheless, green finance continues to have a limited impact on the environmental
economy and management (Yang and Masron, 2022; Zhang and Liu, 2022). The causal
relationships between the spread and use of green finance remain largely undefined, which is a
gap in the literature. This raises the research question (RQ) of what importance green finance
has for the economy and environmental management and the prospects for increasing this
importance.

In seeking an answer to the posed RQ, this research considers the special context of the
Decade of Action because it takes place in the era of the economy of artificial intelligence (AI).
The essence of the Al economy consists in the automatization of economic processes and
dissemination of smart technologies, which are based on AL As such, green finance is
undergoing a digital upgrade, in which it is becoming increasingly smart. Consideration of
the context of the Al era ensures the originality of this research. This research aims to explore
the importance of green finance in the Al era for economics and environmental management.
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Literature review

The theoretical basis of this research is the concept of green finance.
The scientific provisions of this concept are detailed and described in
detail in existing publications (Guang-Wen and Siddik, 2022; Guo C Q
et al,, 2022; Kaginalkar et al.,, 2022; Li Q et al., 2022; Ma et al., 2022; Wu
H, 2022), which allows us to determine the degree of elaboration of the
problem of this research as a high. The conducted literature review and
content analysis of existing works on the given topic showed that the
existing literature notes a fragmented contribution of green finance to
the economy and environmental management.

We understand the environmental economy as a sphere of the
economy in which green innovations are actively implemented and
sustainable economic growth is achieved. Environmental management
is a process of business management with the implementation of
environmentally responsible organisational models and circular
business practices.
facilitate the achievement of the Sustainable Development Goals
(SDGs),
(development of clean energy, protection of ecosystems, fight against
climate change, efc.) (Huang et al., 2022; Li X et al., 2022; Li Z et al., 2022;
Liu and Tang, 2022; Pang et al., 2022; Tong J et al., 2022; Zhang et al.,
2022).

Chang et al. (2022), Chen et al. (2022), Tang (2022), and Wang Y
et al. (2022) note that the contribution of green finance to the

Environmental economy and management

which are connected with environment protection

development of the economy and environmental management is
achieved through its particularity of supporting ESG principles and
responsibility.
However, the existing literature leaves the RQ open and does not

the dissemination of corporate environmental

sufficiently reveal the specifics of green finance development in the Al
era. The lack of elaboration on the causal relationships between the
development of green finance in the AI era and its importance to
economics and environmental management is a gap in the literature
that this research seeks to fill.

Based on the works of Chen and Zhou (2021), Chen (2021), and
Natanelov et al. (2022), which noted the benefits of smart finance, the
research hypothesizes that the development of green finance in the AI
era is constrained by the lack of use of advanced smart technology
capabilities; the prospects for the development of green finance are
related to the increased use of these capabilities. To fill the gap, this
research systemically examines the implications of green finance for
the entire set of SDGs shaping the green economy and management
and considers the advantages of smart green finance as a new kind of
finance that has emerged in the AI era.

Materials and methodology

To solve the first research problem, the authors model the
contribution of green finance to economic development and
environmental management using the structural equation
modelling method (SEM). For this purpose, using the methods of
correlation and regression analysis, the authors determine the impact
of green finance factors allocated to the Green Finance Platform,
(2021) [“policy and strategy” (ps), “market and product” (mp), and
“international cooperation” (ic)] in 2021 on the results of
environmental economy and management from a sustainable
development perspective, i.e., scores of SDGs 2-3, 6-7, and 11-15

(UNDP, 2021) in 2022.
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To solve the second research problem, the authors studied the
international case studies of the development of smart green finance in
the Al era. The sources of information, evidence, and case studies are
IDOM (2020), Vinogradova (2021), and Damianova et al. (2018). This
allows specifying the role of smart technologies in the development of
green finance in the age of AT and identifying the consequences of their
development for traditional finance.

Results

Modelling the contribution of green finance
to economic development and
environmental management

In the first task of this research, the authors performed economic
and mathematical modelling of the contribution of green finance to
the development of the economy and environmental management
(Supplementary Material).As a result, nine multiple linear regression
equations were obtained, each of which was tested for reliability using
Fisher’s F-test. Detailedregression statistics are given along with the
Data Table in the Microsoft Excel file that accompanies this research.
To systemically reflect and comprehensively demonstrate the impact
of green finance on the economy and environmental management in
2022, the authors present the results using the SEM model in Figure 1,
with correlation coefficients in italics and regression coefficients in
regular font.

The SEM model in Figure 1 reflects the following results: the SDG
2 Score = 73.91-0.23*ps-0.08*mp+0.01*ic. According to this equation,
the SDG 2 Score increases by 0.23 points when policy and strategy
increase by 1. The SDG 2 Score increases by 0.08 points if the market
and product increase by 1. Correlation is high: the SDG 2 Score is
influenced by green finance factors by 62.34%. The significance is F =
1.7*10-0.5; therefore, the equation corresponds to the highest level of
significance 0.01. At a given significance level with three factor
variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the
tabulated F is 4.126. The observed F is 10.59, exceeding the
tabulated F. In this regard, the F-test is passed, and the equation is
reliable.

The SDG 3 Score = 96.06-0.03*ps-0.62*mp+0.15*ic. According to
this equation, the SDG 3 Score increases by 0.03 points when the
policy and strategy increase by 1. The SDG 3 Score increases by
0.62 points if the market and product increase by 1. Correlation is
high: the SDG 3 Score is influenced by green finance factors by 60.67%.
The significance is F = 3.7%10-0.5; therefore, the equation corresponds
to the highest level of significance 0.01. At a given significance level
with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 =
50), the tabulated F is 4.126. The observed F is 9.71, exceeding the
tabulated F. In this regard, the F-test is passed, and the equation is
reliable.

The SDG 3 Score = 92.71-0.07*ps-0.41*mp-0.06*ic. According to
this equation, the SDG 3 Score increases by 0.07 points when the
policy and strategy increase by 1. The SDG 6 Score increases by
0.41 points if the market and product increase by 1. The SDG 6 Score
increases by 0.06 points if international cooperation increases by 1.
Correlation is high: the SDG six Score is influenced by green finance
factors by 69.37%. The significance is F = 3¥10-0.7; therefore, the
equation corresponds to the highest level of significance 0.01;
therefore, the equation corresponds to the highest level of
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FIGURE 1

SEM model of the impact of green finance on the economy and environmental managementin 2022.

significance 0.01. At a given significance level with three factor
variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the
tabulated F is 4.126. The observed F is 15.46, exceeding the
tabulated F. In this regard, the F-test is passed, and the equation is
reliable.

The SDG 7 Score = 81.85-0.02*ps-0.17*mp-0.12*ic. According to
this equation, the SDG 7 Score increases by 0.02 points when the
policy and strategy increase by 1. The SDG 7 Score increases by
0.17 points if the market and product increase by 1. The SDG 7 Score
increases by 0.12 points if international cooperation increases by 1.
Correlation is moderate: the SDG 7 Score is influenced by green
finance factors by 50.73%. The significance is F = 0.002; therefore, the
equation corresponds to the highest level of significance 0.01. At a
given significance level with three factor variables (k1 = 3) and
54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The
observed F is 5.77, exceeding the tabulated F. In this regard, the F-test
is passed, and the equation is reliable.
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The SDG 11 Score = 97.28-0.18*ps-0.61*mp+0.18%ic. According
to this equation, the SDG 11 Score increases by 0.18 points when the
policy and strategy increase by 1. The SDG 11 Score increases by
0.61 points if the market and product increase by 1. Correlation is
high: the SDG 11 Score is influenced by green finance factors by
67.85%. The significance is F = 8*10-0.7; therefore, the equation
corresponds to the highest level of significance 0.01. At a given
significance level with three factor variables (kI = 3) and
54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The
observed F is 14.22, exceeding the tabulated F. In this regard, the F-test
is passed, and the equation is reliable.

The SDG 12 Score = 63.18-0.16*ps+0.84*mp-0.19*ic. According
to this equation, the SDG 12 Score increases by 0.16 points when the
policy and strategy increase by 1. The SDG 12 Score increases by
0.19 points if the market and product increase by 1. Correlation is
high: the SDG 12 Score is influenced by green finance factors by
66.75%. The significance is F = 1.5%¥10-0.6; therefore, the equation
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corresponds to the highest level of significance 0.01. At a given
significance level with three factor variables (kI = 3) and
54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The
observed F is 13.40, exceeding the tabulated F. In this regard, the F-test
is passed, and the equation is reliable. The SDG 13 Score =
63.17-0.52*ps+1.04*mp-0.25%ic. According to this equation, the
SDG 13 Score increases by 0.52 points when the policy and
strategy increase by 1. The SDG 13 Score increases by 0.25 points
if the market and product increase by 1. Correlation is moderate: the
SDG 13 Score is influenced by green finance factors by 66.75%. The
significance is F = 0.009; therefore, the equation corresponds to the
highest level of significance 0.01. At a given significance level with
three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50),
the tabulated F is 4.126. The observed F is 14.22, exceeding the
tabulated F. In this regard, the F-test is passed, and the equationis
reliable.

The SDG 14 Score = 5575 + 0.34*ps+0.43*mp-0.73*ic.
According to this equation, the SDG 14 Score increases by
0.73 points when the policy and strategy increase by L.
Correlation is moderate: The SDG 14 Score is influenced by
green finance factors by 35.06%. The significance is F = 0.08;
therefore, the equation corresponds to the highest level of
significance 0.01. At a given significance level with three
factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 =
50), the tabulated F is 2.23. The observed F is 2.34, exceeding
the tabulated F. In this regard, the F-test is passed, and the equation
is reliable.

The SDG 73.13-0.22%ps-0.50*mp+0.43*ic.
According to this equation, the SDG 15 Score increases by

15 Score =

0.22 points when the policy and strategy increase by 1. The
SDG 15 Score increases by 0.50 points if the market and
product increase by 1. Correlation is moderate: The SDG
14 Score is influenced by green finance factors by 47.51%. The
significance is F = 0.005; therefore, the equation corresponds to the
highest level of significance 0.01. At a given significance level with
three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 =
50), the tabulated F is 4.126. The observed F is 4.85, exceeding the
tabulated F. In this regard, the F-test is passed, and the equation is
reliable.

The cumulative contribution of each factor of green finance
(separately) to the development of ecological economy and
management is defined as follows:

—Policy and strategy: (62.34 + 60.67 + 69.38 + 50.73
+67.85 + 66.75 + 44.94 + 47.51) /8= 58.77%;

—Market and product: (62.34 + 60.67 + 69.38 + 50.73
+67.85 + 47.51) /6 = 59.75%;

—International cooperation: (69.38 +50.73 + 66.75 + 44.94
+35.07)/5 = 53.37%.

The results indicate that green finance significantly contributes
to the
management, supporting the implementation of the entire set of

development of the economy and environmental
environmental SDGs. The discovered systemic contribution of green

finance to the achievement of environmental Sustainable
Development Goals allows for a wider (than before) use of green
finance in the interests of the development of the economy and

management of the environment.
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Case study of smart green finance
development in the Al era

In the second task of this research, let us look at international case
studies of the development of smart green finance in the AI era. In
Russia, green finance is actively used to develop alternative energy and
waste recycling. ROSATOM has been issuing green bonds since 2021 as
an ESG tool for green financing of wind energy facilities. In the North of
Russia, in the Republic of Yakutia, a comprehensive program for the
development of solar energy based on green financing is being
implemented. The Yakutsk solar power plant was built based on a
green loan provided by “Otkritie” Bank to the “Enelt” Group for the
implementation of the project of “RusHydro” Corporation. Both
projects represent the Smart Grid. In the Yegoryevsk district
(Moscow Region), thanks to green investments, the group of
companies “Ecoline” will build the largest in Eastern Europe
automated waste recycling complex on the territory of
ecotechnopark “Vostok” in 2019-2020 (Vinogradova, 2021).

In 2014, China created a green finance task force to support the
decarbonization of the economy. First, information systems and big data,
which store information about credit histories in the field of green finance,
play an essential role in this process. Second, an important role is played
by smart green finance (Damianova et al, 2018). According to case
studies, the development of the environmental economy and
management in the Al era must be based on smart green finance.

Discussion

The research contributes to the literature by developing scientific
provisions of the concept of green finance, clarifying the causal
relationships of their distribution and use based on international
experience. In contrast to Huang et al. (2022), Li Z et al. (2022),
Liuand Tang (2022), Pang et al. (2022), Tong J et al. (2022), and Zhang
et al. (2022), this research justifies that green finance makes a holistic
and integrated contribution to economic and environmental
management, rather than a stand-alone contribution.

In contrast to Chang et al. (2022), Chen et al. (2022), Tang (2022),
and Wang Y et al. (2022), it has been proven that the spread of green
finance is significantly affected by its accessibility, which is enhanced
by the use of advanced automation tools. This means that the
importance of green finance for the economy and environmental
management in the AI era is determined not by institutions (ESG
principles and attractiveness to market actors) but by technology. Due
to its high-tech nature, smart green finance has become massively
available and could supplant traditional finance.

Conclusion

The main contribution of this paper to the literature is the
discovery and description of a complex chain of cause-and-effect
relationships of the development of green finance in the age of AL
The case study of the international experience of developed and
developing countries substantiates that the development of green
finance in the Al era is constrained by insufficient use of advanced
capabilities of smart

technologies. The prospects for the
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development of smart technologies are associated with the expansion
of the use of these capabilities.

The scientific novelty and originality of the research results lie in
the fact that the composed econometric model SEM, for the first time,
reflected the systemic relationship of green finance with the economy
and environmental management through the prism of the set of
environmental SDGs. The theoretical significance of the research is
that it reveals the peculiarity of green finance in the Al era, namely that
green finance can reach its full development potential only by relying
on smart technology.

The practical significance of the research lies in the fact that the
conclusion made about the increased use of smart technologies will
increase the competitiveness of green finance and accelerate its
spread in the economy and environmental management. The case
studies discussed will be useful for other countries in the world. The
results of this research will contribute to the ongoing discussions in
the sphere of environmental science on the topic of environmental
economics and management by a discovery of a new tool of the
management of environmental economy and business. This tool is
green finance.
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