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Dear colleagues, researchers, practitioners, professionals, students, and all those
sincerely committed to exploring pathways toward a harmonious future, to all who observe
with both enthusiasm and thoughtful reflection the ways in which artificial intelligence
increasingly permeates the fabric of our daily lives and shapes the trajectory of societal
development. We are pleased to present a Special Issue of Sustainability dedicated to a theme
that only a few decades ago many regarded as belonging to the realm of science fiction:
the integration of artificial intelligence into applied practices for advancing sustainable
development. Today, we stand at the threshold of an era in which the analytical, predictive,
and cognitive capacities of machine intelligence are no longer experimental tools confined
to specialized laboratories, but rather a systemic factor influencing the economy, social
sphere, environmental management, and culture. We live in a time when technologies are
becoming an inseparable part of every aspect of life—from climate monitoring and the
optimization of urban systems to the management of production and natural resources. At
the same time, Al generates unprecedented challenges—ethical, legal, and humanitarian.
This is why it is now essential to discuss not only what kinds of problems algorithms can
solve, but also how they operate, whom they serve, and according to which principles
they evolve.

The aim of this issue is to bring together cutting-edge scientific research devoted to
the application of Al in addressing concrete, practical challenges within the context of sus-
tainable development. Each contribution presented here not only demonstrates scholarly
novelty but also illustrates how machine learning, big data, and contemporary computa-
tional approaches are helping to shape a future in which comfort, safety, environmental
integrity, and social justice are prioritized. The articles assembled in this volume (see List of
Contributions) showcase real-world applications of Al: in crop yield forecasting, ecological
risk management, greenhouse gas emissions monitoring, and the assessment of the hydro-
chemical state of water bodies. Although these topics differ in scale and domain, they are
united by a common philosophy: artificial intelligence is becoming a key instrument in the
realization of the global goals of sustainable development [1-3].

As editors, we recognize that artificial intelligence has the potential not only to resolve
specific technical problems but also to serve as a global resource for enhancing quality
of life, equity, and sustainability. For this reason, we believe it is crucial to frame any
discussion of Al within the context of ethics, human rights, and the fundamental values of
contemporary society. Our task as a scholarly community is to ensure that this integration
proceeds not only effectively but also ethically, fairly, transparently, and with due respect
for the rights of individuals and society at large [4-6].
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I'would like to draw particular attention to the values that underpin any responsible
work in the field of artificial intelligence. The ethics of algorithm design and deployment,
transparency in decision-making, protection of personal and confidential data, and the ac-
cessibility of technologies across diverse social groups—these principles cannot be optional.
They constitute the foundation of trust between science and society [7-10].

Sustainable development is impossible without the integration of advanced digital
tools. Equally, it cannot be achieved without commitment to the values of Society 5.0—an
envisioned society in which humans, technologies, and nature form a respectful, ethical, and
safe unity. Society 5.0 affirms that technologies must not displace human beings but rather
augment their capacities and create conditions for a dignified and meaningful life [11,12].
This principle is particularly relevant when it comes to artificial intelligence—systems
capable of transforming the structure of entire industries and regions.

Artificial Intelligence as a Driver of Sustainable Development

Historically, the concept of sustainability has been linked primarily to natural re-
sources, economic growth, and social stability. However, since the mid-2010s, international
academic and policy discourse has increasingly emphasized that sustainable development
is unattainable without digital transformation. The nature of contemporary challenges
is complex, dynamic, and interconnected. Climate change, ecosystem degradation, soil
depletion, freshwater scarcity, demographic transitions, and globalized markets do not
merely coexist; they amplify one another. In such conditions, linear and routine approaches
are insufficient for effective planning and adaptation [13-16].

Artificial intelligence demonstrates a unique capacity to process vast datasets, identify
hidden correlations, forecast risks, and support decision-making under uncertainty. For this
reason, Al is increasingly viewed as the core of the “Fourth Industrial Revolution”—a trans-
formation that reshapes not only industry but also the models of human-nature interaction.

From agricultural monitoring to urban planning, Al helps render processes more
environmentally responsible, manageable, and adaptive.

This issue brings together five articles that exemplify both the intellectual boldness
and the social responsibility of their authors. Each contribution illustrates, in its own
way, that Al is not only a powerful predictive tool but also a technology that can be made
understandable, controllable, and safe.

e “Predicting Sustainable Crop Yields: Deep Learning and Explainable Al Tools”
(Contribution 1) addresses the critical theme of food security—a cornerstone of sustain-
able development. Its significance lies in moving beyond abstract machine learning
models toward practical scenarios where decision transparency is essential for effective
policy and management.

e “Digital Visualization of Environmental Risk Indicators in the Territory of the Urban
Industrial Zone” (Contribution 2) explores the challenges of assessing and communi-
cating environmental risks in complex urbanized landscapes. The study demonstrates
how Al systems can collect and analyze data on air, soil, and water pollution and
represent these findings through digital maps and risk indices.

e  “Statistics Using Neural Networks in the Context of Sustainable Development Goal 9.5”
(Contribution 3) focuses on the application of neural networks to monitor and evaluate
progress toward Sustainable Development Goal 9.5, which emphasizes strengthening
scientific research, modernizing industrial technologies, and expanding access to
innovation. This article illustrates how Al contributes to more precise and evidence-
based decision-making in public and sectoral policy.

o  “Assessment of Water Hydrochemical Parameters Using Machine Learning Tools”
(Contribution 4) concentrates on water quality control—a cornerstone of ecological
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sustainability. The study highlights how Al can be deployed to safeguard natural
ecosystems. In the context of accelerating climate change and anthropogenic pressures,
such monitoring systems are becoming indispensable elements of adaptive water
resource management.

e “An Enhanced Particle Swarm Optimization Long Short-Term Memory Network
Hybrid Model for Predicting Residential Daily CO2 Emissions” (Contribution 5)
presents an example of research into processes where Al can serve as the foundation
of climate-responsible urban policy. The study demonstrates how the technological
integration of advanced Al methods with practical applications can directly support
the fulfillment of climate commitments.

Ethics and Responsibility in the Application of Artificial Intelligences

Across all the contributions in this issue, a central idea emerges clearly: artificial
intelligence is not merely a collection of algorithms. It is a tool that directly affects human
rights, safety, dignity, and the health of the environment. The ethics of Al design and
application are not optional supplements but an integral component of sustainable devel-
opment. This consideration is especially vital in the era of Society 5.0, where technologies
are envisioned as extensions of human intelligence and as pillars of new forms of solidarity
and responsibility. Society 5.0 asserts that Al must reinforce human rights, create conditions
for safe and meaningful living, and promote equal access to opportunities. Values of justice,
transparency, and inclusivity must be embedded into every line of code and every model
architecture [4,10].

If Al is to become a genuine resource for sustainability, we must clearly articulate the
guiding principles:

e Transparency: Algorithms must be accountable. People have the right to know how

forecasts or managerial decisions are generated and on what grounds [8,14].

e  Explainability: Al outcomes cannot remain a “black box,” especially when they pertain

to human health, safety, or well-being [4].

e  Fairness: Systems must not discriminate based on gender, age, ethnicity, or socioeco-
nomic status.
e Data protection and privacy: Reliable safeguards must be in place when collecting

and analyzing large datasets, including personal and biometric information [5].

e Inclusivity: Access to technologies and their benefits must be ensured for all stake-
holders, regardless of income level or country of residence.

These ethical imperatives define the framework within which artificial intelligence
can and must evolve as an instrument of genuine public good.

Society 5.0: A Humanistic Model of the Technological Future

An important theoretical and practical foundation for conceptualizing Al in the context
of sustainable development is the model of Society 5.0—a vision first proposed in Japan
and later adapted in several European and Asian countries.

Society 5.0 is not merely an information or industrial society, but a holistic paradigm in
which technologies are not an end in themselves, but a means of realizing human potential.
At its core lies the conviction that data and artificial intelligence should create the conditions
for a comfortable, just, and ecologically sustainable life.

Within this model, Al is regarded as a decision-support system that helps humans
better understand reality and manage complex processes, rather than replacing human will
or responsibility [10,11].
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The five fundamental values of Society 5.0, which we consider highly relevant for the
development and deployment of Al algorithms, are:

e Human-centeredness: all digital solutions must be designed for the benefit of people.

e Ethics and trust: technologies should inspire confidence through transparency
and predictability.

e Environmental balance: Al should contribute to reducing anthropogenic pressures
on nature.

o Inclusivity: access to tools and knowledge must be available to all.

e Innovativeness: a readiness for continuous learning and the revision of solutions as
new data emerge [10,11].

Artificial Intelligence for Real Life: Potential and Examples

What does the phrase “real-world application of AI” mean? It goes beyond laboratory
research. It refers to practical scenarios where algorithms help address challenges that
directly affect human health, nutrition, safety, and the future of entire regions.

One of the central themes of this issue is the shift of Al from being a field of purely
academic experimentation to becoming a domain of concrete solutions. Crop yield fore-
casting, water quality management, CO, emissions assessment, and environmental risk
monitoring are all tasks directly tied to people’s quality of life.

Modern deep learning systems, for example, make it possible to forecast crop yields
with an accuracy unattainable for classical agronomic models. This reduces the risks of
hunger and food-price inflation. Algorithms for analyzing hydrochemical data enable
the rapid detection of water pollution. Predictive models for CO, emissions monitoring
provide critical support for urban climate strategies.

Each of these cases illustrates that artificial intelligence need not remain an abstract
technology, but can function as a tool that enhances human comfort and safety. The
essential mission of science and engineering is to employ Al as a resource for strengthening
comfort, safety, and sustainability. At the same time, it is vital to remember that trust in new
technologies is impossible without ethical responsibility, accountability, and transparency.

This issue demonstrates that such approaches are not only possible but are already
being realized in leading scientific projects today [3,9].

Challenges and Prospects
Despite impressive achievements, the integration of Al into real life faces a number of
challenges, including:

Limitations of data and risks of bias [4,13];
Insufficient preparedness of specialists [3,10];
The need to harmonize ethical standards and regulatory frameworks [4];

Issues of long-term data storage and the energy efficiency of Al infrastructures [16].

These challenges, however, should not halt progress. Rather, they call upon us to act
responsibly, to formulate principles and standards that unite diverse industries, states, and
scientific communities.

Conclusions and Outlook

We stand at the threshold of a unique historical opportunity: to create systems in
which machine intelligence operates in alliance with human wisdom and ethics. Artificial
intelligence has the potential to become an instrument of profound transformation—not
only in business or industry, but also in ecology, healthcare, and social justice.

For this transformation to be genuinely sustainable, we must cultivate trust, ensure
transparency, and uphold the shared values of Society 5.0. Al for sustainability is a field
that still has a long road ahead. From early experiments to mature solutions integrated



Sustainability 2025, 17, 9148

50f6

References

into governmental and sectoral strategies, numerous scientific and organizational tasks
remain to be addressed. Yet it is already evident that the potential of these technologies is
immense. We are witnessing the birth of a new era: one in which algorithms begin to shape
models of resource management, threat forecasting, and urban development—where data
becomes an instrument of transparency rather than merely a tool of control.

Looking ahead, it will be crucial not only to expand computational capacities and data
volumes but also to safeguard the principles of openness, interdisciplinary collaboration,
and equitable access to the benefits of Al Only in this way can sustainable development
become a truly global project—one in which technologies serve humanity and nature,
rather than the reverse.

May this Special Issue serve as an example that technologies and values can advance
hand in hand, helping us to build a more sustainable, just, and livable world.

Sincerely,

Editors of the Special Issue
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