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Abstract—In the contemporary dynamic digital world,
the use of data to promote innovation acts as a highly
effective method of solving significant sustainability
problems existing around the globe. More precisely, Big
Data and Artificial Intelligence (AI) have become highly
valuable tools for enhancing decision-making processes,
improving the efficiency of resource management, and
ensuring environmental sustainability. The aim of this
paper is to explore the impact of Big Data and AI on
sustainability in various spheres such as energy,
agriculture, transport, and urban planning. Through the
analysis of huge amounts of data, these two tools allow
the discovery of patterns and the gaining of insights that
can be used for the optimization of processes, waste
reduction, and encouragement of ecological behavior.
Moreover, the paper examines the use of Al for
predicting future events, climate change forecasting, and
system development from the perspective of
sustainability. Meanwhile, ethical aspects, challenges,
and the importance of innovations that should cover
everybody and work for everyone are highlighted. By
means of examining specific examples, theories, and
perspectives, the paper shows how Big Data and Al
impact sustainability and what new possibilities appear
because of their combination.

Index Terms—Digital Transformation, Innovation,
Artificial Intelligence, Big Data

L INTRODUCTION

The process of digitalizing the economy and society
provides many opportunities in different spheres like
healthcare, agriculture, management of government
bodies, development of innovations, education, and
environmental issues. Increasingly, many
organizations and routine operations become

IJIRT 208013

digitalized and online. Due to further improvement of
technology, the expenses on collection, storage, and
analysis of data have reduced significantly. At present,
we are going to enter a new era, which will be defined
by the importance of big data. Taking into
consideration the expansion of virtual environments,
Internet of Things, smart cities, and autonomous
machinery, there will be even more data.
Digitalization, big data, and artificial intelligence will
have a significant impact on all spheres of human
activity. Eventually, digitization will become an
impactful force that will influence the economy and
well-being of citizens. In order to cope with the fast-
paced, complex, and unpredictable world, the skill of
innovativeness is  highly = valued nowadays.
Innovativeness is the creation of value that
corresponds to customer requirements and market
demands.

Innovation driven by data entails the use of both data
and digital technology. Innovation happens very
rapidly due to technological developments, and the
success in innovation adoption in organizations largely
depends on knowledge management. The critical
competitive advantage lies in using the appropriate
instruments to transform data into knowledge.
Particularly crucial is big data, which represents the
main source for innovative activities and new product
creation, process improvement, and market
development. The current chapter examines digital
technologies, the analysis of big data and artificial
intelligence, and their effect on innovation.
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Furthermore, it discusses the revolutionary effects
produced by data-driven innovation on the business
environment. It is assumed that the following chapter
will provide important insights and understanding of
the role of data-driven innovation for decision-makers.
Rapid developments in big data and artificial
intelligence have led to dramatic changes in numerous
industries. Apart from the revolution in the business
field, the mentioned technologies have changed
society in terms of solving global issues related to
climate change, resource depletion, and environmental
destruction. Data-driven innovation, based on large
amounts of data and artificial intelligence analysis, is
a powerful instrument for achieving sustainability
objectives.

IL. LITERATURE RESEARCH

The main focus of this study is on the environmental
aspect of sustainability in smart cities. In recent years,
several studies have looked into emerging
environmentally sustainable smart cities (Al-Dabbagh
2022; Kim et al.2021; Makani et al.2022; Saravanan
and Sakthinathan 2021; Shruti et al.2019; Singh et
al.2022; Tripathi et al.2022). These studies have
generally been limited in scope until more recently,
when environmentally sustainable smart cities gained
popularity and became widely accepted from the mid-
2010s onwards. This shift is supported by the fact that
sustainable cities, especially eco-cities, have been the
main focus of urban development efforts over the last
four decades (Bibri 2021a, 2021b).

Stiibinger and Schneider (2020) conducted a data-
driven review and found that environmental
sustainability will become increasingly important in
smart cities in the coming years. This reflects the
growing need to reduce energy, water, and waste
consumption, as well as to lower emissions of heat and
air pollution. As a result, research on environmentally
sustainable smart cities remains relatively limited
compared to studies on sustainable smart cities in
general. In relation to the integration of Al, IoT, and
Big Data technologies, only one review study has
focused specifically on Al or AloT applications in
emerging smarter eco-cities as a model for
environmentally sustainable urban development (Bibri
et al., 2023).
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This study uses a combination of configurative,
aggregative, and narrative synthesis methods. Most
other reviews on the connection between Al and smart
cities focus on issues like governance, planning, or
sustainable development (Allam and Dhunny 2019;
Navarathna and Malagi 2018; Nishant et al.2020;
Sharifi et al.2023a). None of this address
environmental sustainability from the perspective of
AloT in smart cities. Therefore, there has been no
bibliometric analysis conducted on emerging
environmentally sustainable smart cities, nor have any
reviews combined bibliometric analysis with evidence
synthesis methods.

This comprehensive interdisciplinary review is the
first to integrate smart cities, sustainable cities,
environmental  sustainability, and data-driven
technologies as advanced forms of information and
communication technology (ICT). It aims to offer new
insights into the growing field of environmentally
sustainable smart cities and to expand understanding
of the wunderlying models of urbanism and
technological areas by analyzing and synthesizing a
wide range of studies from different disciplines.

The trend in environmentally sustainable urban
development is expected to continue in this direction.
Consequently, academic interest in this topic is likely
to increase as more attention is given to the use of data-
driven technologies and smart city solutions to address
critical environmental sustainability challenges and
the urgent threats posed by climate change. Therefore,
it is highly relevant to examine the emerging interests,
terminologies, developments, applications, dynamics,
trends, and directions in the growing field of
environmentally sustainable smart cities to help
scholars, practitioners, and policymakers better
understand the processes involved in their
materialization, integration, functioning, prevalence,
appeal, and evolution.

III. MATERIALS AND METHODS

This study uses a new approach that combines two
methods to better understand both the wide and up-to-
date aspects of the topic being studied, as well as the
specific and detailed issues that need to be closely
examined. The process involves searching for,
choosing, and reviewing literature, which includes
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both bibliometric analysis and evidence synthesis.
These two methods work together — the synthesis
provides more depth to the analysis, while the analysis
helps guide the synthesis, leading to a better overall
result than either method could achieve on its own.
The data for the bibliometric analysis comes from the
bibliographic details of academic literature related to
smart cities, sustainable cities, advanced information
and communication technologies (including IoT, Big
Data, and Al), and environmental sustainability.

These details, along with related keywords, were
obtained from the Web of Science (WoS). WoS was
selected because it is well-known for including high-
quality peer-reviewed studies and comprehensive
bibliographic data, which are essential for accurate
analysis using tools like VOSviewer. Each article in
WoS has full details, including references it cites,
which helps produce accurate co-citation analysis. To
find relevant research, we created a broad search string
using terms related to smart cities, sustainable cities,
advanced ICT, and environmental sustainability (see
Appendix).

This search returned 5885 documents. The initial
search was done in early January 2022 using different
citation indexes from WoS, such as AandHCI, ESCI,
SCI-EXPANDED, and SSCI. Only articles published
up to that date and written in English were included,
including articles, reviews, conference papers, book
chapters, editorials, letters, and data papers. The titles
and abstracts were checked to ensure they focused on
the link between smart city technologies and
environmental sustainability. In the end, 2574
documents remained. The full bibliographic details,
including cited references, were downloaded from
WoS and used for the bibliometric analysis.

The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) was
originally meant to help researchers who use
systematic reviews and meta-analyses report their
methods and results clearly. However, it has now also
been used in bibliometric studies to provide a
structured way to explain the rationale and outcomes
of such research (Moher et al., 2009; Page et al., 2021).
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IV. ROLE OF BIG DATA IN SUSTAINABILITY
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Big Data refers to the huge amount of information
collected from many different sources like IoT
devices, sensors, satellite images, social media, and
systems that monitor the environment. As more
industries become digital, Big Data helps us
understand environmental changes and trends, which
can help reduce the negative impact of human
activities on Earth. When it comes to sustainability,
Big Data helps identify areas where things are not
working efficiently, improves how resources are used,
and creates solutions based on data to lower
environmental harm and make sustainability better.
Big Data allows for real-time analysis, predicting
future events, and planning for the long term, making
it an important tool for tackling sustainability issues in
areas like energy, agriculture, water management,
waste management, and climate change. In this
section, we look at two main ways Big Data helps
promote sustainability: by monitoring and improving
how resources are used, and by supporting
assessments of environmental impact.

V. ARTIFICIAL INTELLIGENCE FOR
SUSTAINABILITY

Climate change is one of the biggest challenges the
world is facing today, and artificial intelligence is
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helping a lot in understanding, forecasting, and dealing
with its effects. Al-driven predictive analytics makes
it possible to handle and study large amounts of data
about weather, carbon emissions, and other
environmental factors. Especially machine learning
models are assisting scientists and decision-makers in
making better predictions about what the future
climate might look like, which helps them prepare and
take action in response to environmental changes.

Artificial
Intelligence for
Sustainability

Predictive Alin Agriculture | [Alin Agriculture
Analytics for and Food and Food
Climate Change Security Security

Predictive Analytics for Climate Change:

Climate change is one of the biggest challenges facing
the world today, and artificial intelligence is helping us
understand, predict, and deal with its effects better.
Using Al, we can analyze large amounts of data about
weather trends, carbon emissions, and other
environmental factors. Machine learning models are
especially useful because they help scientists and
government officials make more accurate forecasts
about future climate changes. This allows them to
prepare and take action more effectively in response to
environmental changes.

Al in Agriculture and Food Security:

Agriculture is key to maintaining sustainability
worldwide, and Al is becoming an essential tool for
making farming more efficient, responsible, and
sustainable.

By combining Al with big data, farmers can improve
various parts of their work, lower their environmental
impact, and boost food security. The use of Al in
farming is called “precision farming,” which uses data
to help farmers increase crop production while using
fewer resources.

Sustainable Transportation Systems:

Transportation is a major source of carbon emissions,
so making transportation systems more efficient is
vital for achieving environmental goals. Al is
changing the transportation industry by making traffic
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flow smoother, reducing traffic jams, and improving
fuel efficiency. Additionally, self-driving cars and Al-
based logistics are promising ways to cut down on
emissions and make transportation more sustainable.

VL CASE STUDIES OF DATA-DRIVEN
INNOVATION FOR SUSTAINABILITY

This section looks at real examples where Big Data
and Al have helped achieve sustainability goals.

6.1. Case Study: Smart Cities and Urban Sustainability
Using Al and IoT in cities around the world has made
resource management more efficient. Smart traffic
systems help reduce traffic jams, and energy
management systems help use electricity more wisely.
Cities like Barcelona and Singapore have used these
technologies to build more sustainable urban areas.

6.2. Case Study: Al in Renewable Energy: Al helps in
renewable energy fields like wind and solar power by
improving predictions of energy production.
Companies use Al to forecast weather and adjust how
the energy grid works, making sure renewable sources
are used as much as possible. This helps cut down on
reliance on fossil fuels.

6.3. Case Study: Waste Management in Circular
Economy: Al is used to improve waste collection,
recycling, and waste-to-energy systems. Companies in
the circular economy use machine learning to predict
how much waste will be generated, boost recycling
rates, and cut down on waste going to landfills.

VII. ETHICAL AND SOCIAL CONSIDERATIONS

While Big Data and Al have huge potential to help
with sustainability, they also bring up important
ethical issues that need to be handled carefully.
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7.1. Data Privacy and Security: When using data for
sustainability efforts, a lot of personal and sensitive
information is often collected. It is very important to
have strong privacy and security measures in place to
make sure data is used properly and not misused.

7.2. Equity and Inclusivity in Innovation:
Sustainability technologies should be designed in a
way that includes everyone, especially those who are
often left out. Policymakers and companies should
work to make sure that the benefits of Al and Big Data
are shared fairly, so that no group is left behind and
social inequalities are not made worse.

7.3. Accountability and Transparency: Sometimes Al
systems can act like "black boxes," meaning it's hard
to understand how they make decisions. It's important
to be open about how these Al algorithms are created
and used, so that people can trust them and hold them
responsible, especially when they affect the
environment.

VIIL CHALLENGES AND FUTURE
OPPORTUNITIES

Even though Big Data and Al have a lot of potential,
there are still several challenges that need to be
overcome for these technologies to fully support
sustainability.
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8.1. Data Quality and Integration: It's important to
have high-quality data that can be used across different
systems. However, many datasets are scattered,
missing information, or not consistent, which makes it
hard to find useful insights.

8.2. Technological and Infrastructural Barriers: Using
Al and Big Data solutions needs strong technology
and infrastructure, like powerful computing systems
and reliable data storage. In many areas, especially in
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developing regions, these resources might not be
available.

8.3. Policy and Regulation: Governments and
international bodies need to create and enforce rules
that promote the responsible use of Big Data and Al
for sustainability. This includes setting guidelines for
how data is used, protecting the environment, and
encouraging the adoption of these technologies.

IX. CONCLUSION

Innovation that is data-driven and utilizes such
advancements as Big Data and AI has many
opportunities to contribute to the sustainable
development of the FEarth and resolution of
environmental problems. Such tools will facilitate
informed  decision-making, efficient resource
utilization, and the ability to predict future
developments that will enable sustainable progress. It
is necessary to analyze the moral, social, and technical
aspects of these innovations to ensure responsible and
appropriate use of the technology. In view of climate
change and resource scarcity on Earth, it will be
necessary to unite Big Data, Al, and sustainability
initiatives for effective environmental protection and
sustainability.

X. RECOMMENDATION

Explain data-driven innovation and the connection to

the UN SDGs.

+ Methodology: Employ systematic literature or
bibliographic analysis of datasets from major
databases such as Scopus.

« Applications within sectors: Case studies on
applications  within  agriculture, intelligent
manufacturing, and zero-carbon emissions
monitoring.

« Balancing Challenges: Compare predictive
accuracy and the carbon footprint of training Al
models.

Construct frameworks for equitable, transparent, and

environmentally friendly use of technology.
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