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ARTICLE INFO ABSTRACT
Keywords: Addressing the global urgency for improved sustainable cities and communities, as per the United Nations
Artificial intelligence (AI) Sustainable Development Goal (SDG) 11, requires innovative and disruptive approaches, which also include

Sustainable development

Sustainable Development Goals (SDGs)
SDG 11

Sustainable cities

Urban sustainability

applying artificial intelligence (AI). While AI holds significant potential to address complex socio-economic and
environmental challenges in cities, a comprehensive analysis of its applications and implications, particularly in
urban contexts, is required to address the research gap in understanding how Al can be effectively deployed to
meet the challenges. This paper reports on a study that evaluates how Al may facilitate achieving SDG 11. This
assessment includes an expert-driven literature review, drawing insights from authoritative sources. In addition,
a set of case studies illustrate practical applications of Al to improve urban sustainability. The combination of
these approaches led to findings that underscore the pivotal role of Al in optimizing energy use, streamlining
waste management, enhancing traffic flow, and contributing to environmental sustainability. However, ac-
cording to the findings, Al implementation needs oversight to ensure it is ethical, inclusive, and privacy-
respecting as an effective tool to aid decision-making. By fostering collaboration among planners, policy-
makers, and Al experts, the full potential of Al may be unlocked to shape sustainable urban environments and
realize SDG 11.

1. Introduction efficiently manage resources, limit their environmental impacts, and
improve citizens’ well-being (Sharifi et al., 2024). Old ways of managing

As cities continue to grow and environmental disasters wreak havoc cities are challenged when 60 % of the global population resides in
with greater intensity, new tools and solutions are urgently needed to urban areas, and by 2050, 68 % of the world’s 9.7 billion (roughly 6.6
improve the sustainability of cities and communities so they can billion) people will be in cities, mostly in low- and middle-income
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African and Asian countries (UN Department of Economic and Social
Affairs, 2018). New tools such as those supported by artificial intelli-
gence (AI) may help to address these colossal challenges in providing
crucial services such as transportation, health care, and education to all
residents (Acharya et al., 2021). Rapid urbanization associated with
increasing resource consumption, higher pollution, and rising green-
house gas emissions requires resource management tools (UN-Habitat,
2022).

Accordingly, the United Nations (UN) Sustainable Development
Goals (SDG), adopted in 2015, were developed to provide a compre-
hensive framework and direction for addressing these issues, but
without identifying how to do so. Adding to existing challenges, a
confluence of unfavorable conditions and crises, e.g., the COVID-19
pandemic, the war in Ukraine, (Ben Hassen & El Bilali, 2022; Zhao
etal., 2022), has severely hampered the pursuit of the SDGs so that there
are significant doubts about reaching the goals as planned by 2030 (Leal
Filho, Viera Trevisan, et al., 2023). Al may enable the required accel-
erated progress, so this study examines how AI may address SDG 11,
sustainable cities, and communities (United Nations General Assembly,
2015).

Al offers many creative, disruptive, and potentially new approaches,
including the ability to combine several digital technologies and apply
them to sustainable development issues (Ghobakhloo, 2020; Saner et al.,
2020). Indeed, the rapid growth of technology has given rise to Al, of-
fering many effective tools with significant potential to expedite ad-
vancements towards the SDGs (Nasir et al., 2023; Teh & Rana, 2023;
Vinuesa et al.,, 2020). With careful and ethical oversight, Al may
contribute to a greener, more sustainable world, assisting in mitigating
and adapting to climate change (Coeckelbergh, 2021).

Al encompasses a diverse range of technologies such as data analytics
and predictive modelling, machine learning (ML), deep learning, ro-
botics, and more, providing the capacity to analyse extensive quantities
of data (“Big Data”), identify patterns, and generate intelligent decisions
(Schintler & McNeely, 2022; Yigitcanlar et al., 2021). Consequently,
these new software tools present considerable potential for effectively
tackling the complex sustainability issues of growing urban regions,
including resource management, transportation, energy efficiency,
waste management, and social equity (Yigitcanlar & Cugurullo, 2020).
By applying intelligent data-driven decision-making techniques while
considering privacy and other ethical issues, Al may improve how cities
and communities are planned, developed, and governed while opti-
mizing resource allocation and enhancing the quality of life for all res-
idents (Sirmacek et al., 2023). AI may support low-carbon systems by
fostering the development of circular economies and smart cities that
effectively use resources (International Energy Agency, 2017). Smart
systems underpinned by Al may support low-carbon cities by connecting
various linked technologies, such as electric driverless cars and smart
appliances, to a grid powered by renewable energy (e.g., smart grids)
(Fuso Nerini et al., 2019). As Al analyzes big data, it can help anticipate
weather events and climate systems, improving power grid projections
and energy management (Coeckelbergh, 2021).

In addition to overcoming knowledge asymmetries and human
emotional bias, both of which impediments to finding solutions for
environmental sustainability (Cullen-Knox et al., 2017), AI holds sig-
nificant value. According to Nishant et al. (2020), this value lies not only
in its ability to lower society’s resource usage intensities but, more
importantly, in how it supports and encourages environmental gover-
nance at a higher level. Addressing knowledge gaps and promoting
elevated environmental governance underscores the multifaceted po-
tential of Al in advancing sustainable practices.

Although AI presents significant opportunities, it also gives rise to
crucial ethical, social, and environmental concerns, such as threats to
privacy and data protection, algorithmic governance, lack of trans-
parency, human-Al interaction, and high energy consumption (Coeck-
elbergh, 2020). For instance, the rising energy needs of data centres and
communication networks, driven by increased demand for Al processing
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and data storage, add to the carbon footprint and environmental impact
(Belkhir & Elmeligi, 2018; Nordgren, 2023). It is imperative to consider
these implications to ensure the responsible and inclusive implementa-
tion of Al technologies in urban environments. There are various pros
and cons associated with Al, as summarized below.

e Al holds immense potential in advancing sustainability, character-
ized by its wide use, rapid development, and capacity to support
decision-making. The broader integration of Al across various sectors
can amplify its positive impact on sustainable practices. The rapid
development of AI technologies ensures ongoing innovation,
fostering continual improvements in addressing complex environ-
mental and socio-economic challenges (Aina et al., 2023; Alshu-
waikhat et al., 2022; Yigitcanlar et al., 2021).

e Al can streamline procedures, enhancing efficiency and resource
optimization. Through data analysis and predictive capabilities, Al
facilitates informed decision-making, contributing to more effective
and sustainable solutions in energy consumption, waste manage-
ment, and urban planning (Schintler & McNeely, 2022; Yigitcanlar
et al., 2021)., as well as in education Lin and Yu (2023).

o However, the use of Al in sustainability also comes with certain
limitations. Access to Information Technology (IT) is a prerequisite
for leveraging Al benefits, potentially excluding communities with
limited technological resources. Security concerns, including data
privacy and protection, pose challenges that need careful consider-
ation to ensure the responsible and ethical deployment of AI in
sustainable initiatives (Aina et al., 2023; Sharifi et al., 2024).

o The wide-ranging social implications of AI implementation must be

acknowledged. While AI has the potential to benefit society as a

whole, there is a risk of exacerbating existing inequalities. Certain

groups may face disadvantages regarding access to Al-driven solu-

tions, creating a potential digital divide (Caragliu & Del Bo, 2023;

Schintler & McNeely, 2022; Sharifi et al., 2024).

A balanced approach is crucial in navigating the integration of Al for

sustainability. Addressing limitations by ensuring equitable access,

prioritizing security measures, and considering broader social im-

plications will be essential to harness the full potential of Al as a

powerful tool for advancing sustainability.

Moreover, evaluating Al tools is crucial in ensuring their effective-
ness, safety, and ethical deployment. In particular, evaluation helps
determine the performance of Al tools in terms of accuracy, speed,
scalability, and resource efficiency. This involves benchmarking against
existing methods or standards to assess whether the Al tool meets the
desired objectives. Also, evaluation ensures that Al tools produce reli-
able and consistent results across different datasets and environments. It
involves testing the robustness of Al models against various inputs,
including edge cases and adversarial examples, to identify potential
weaknesses or biases. Finally, evaluation may help to uncover ethical
issues such as bias, fairness, transparency, and accountability in Al
systems. Ethical evaluation involves assessing whether the Al tool re-
spects privacy, human rights, and societal values and complies with
relevant regulations and standards.

Accordingly, this paper aims to explore the role of Al in fostering
sustainable cities and communities (SDG 11) by advancing the princi-
ples of sustainability and social progress outlined in the SDGs. The
research gap addressed in this paper revolves around the need for a
comprehensive analysis and synthesis of the diverse applications and
implications of AI technologies, particularly within urban contexts.
Despite the acknowledged potential of Al in advancing SDGs and sus-
tainability, there is a gap in understanding how Al can effectively
contribute to the multifaceted issues faced by cities. The text emphasizes
the urgency of addressing this research gap, especially in the context of
unfavorable conditions and crises, such as the COVID-19 pandemic and
geopolitical events, posing significant obstacles to the timely achieve-
ment of SDGs. The outlined research objectives emphasize the paper’s
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commitment to filling this research gap.

This research has three main objectives. Firstly, through an expert-
driven literature review, the article aims to thoroughly examine the
various Al applications, implications, and opportunities to improve the
sustainability of cities and communities. Specifically, this study exam-
ines how Al-powered systems analyse data, optimize resource manage-
ment, improve urban planning, enhance transportation systems, and
enable smarter infrastructure. Secondly, the ethical, social, and envi-
ronmental issues and obstacles related to integrating Al into sustainable
cities and communities are examined. It highlights the need for
responsible Al development, ensuring that Al systems are consistent
with sustainability goals and societal progress. Thirdly, significant in-
sights and recommendations are developed for policymakers, practi-
tioners, and scholars working in sustainable urban development by
presenting successful case studies, assessing consequences, and identi-
fying research gaps and future research opportunities.

The following section explores the connection between Al and SDG
11. Section 3 details the methodological approach used in this study;
Section 4 presents the case studies, results, and discussion; and finally,
the main lessons from the paper are summarized in Section 5.

2. Al and SDG 11: sustainable cities and communities

The integration of Al in urban planning and management is funda-
mental for achieving the UN SDG 11, which aims to make cities and
human settlements inclusive, safe, resilient, and sustainable. This liter-
ature review explores the synergy between Al and urban sustainability,
focusing on the development of smart, sustainable cities and the appli-
cation of Al in advancing sustainable urban environments (Beck et al.,
2023). The section is divided into four main sub-sections: Defining Al,
Conceptualising AI Urbanism, Urban sustainability, and the Role of Al in
Urban and Sustainable Development.

2.1. Defining Al

Al includes many systems, including robotics and information sys-
tems, that simulate and support human intelligence and activities,
including recognition, comprehension, learning, and intelligent actions
(Wirtz et al., 2019). Al offers many potential existing and future appli-
cations for sustainable, resilient cities (Schintler & McNeely, 2022). An
example of a broad Al category is the “Artificial Intelligence of Things”
(AIoT), which refers to commonplace Internet-connected devices known
to other devices through their connectivity, sharing information across
databases (Marr, 2017). This connectedness transforms the material and
natural worlds, interwoven into an information system facilitated by Al
In cities, AloT enhances energy and resource efficiency, transportation
systems, waste management, and environmental conservation (Bibri
et al., 2024).

2.2. Conceptualising Al in urbanism

The emergence of Al is gaining ground and becoming an integral part
of today’s functional societies (Sharifi et al., 2024). A critical context of
its operationalization is in urban spaces and processes, such as con-
struction, traffic management, and manufacturing. Palmini and Cugur-
ullo (2023) maintain that in Western modernity, there is an increasing
shift in the quality of the connection between society and technology.
Early conceptualization of this relationship between society and tech-
nology was captured by Francis Bacon (1561-1626) (Winner, 1978) in
his social utopia termed the New Atlantis, which underscores technology
as a powerful force that drives societal improvement (Cugurullo, 2021).
This idea of technologically powered societies has since gained
momentous recognition, touching on different sectors and disciplines in
science, social science, arts, and humanities (Cugurullo et al., 2023;
Palmini & Cugurullo, 2023). This is so even as many cities are being
developed as smart cities (Clement et al., 2023), with Al taking a central
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stage in urban life. Given the two words that make up Al, that is,
“artificial” and “intelligence” Cugurullo defined urban Al as “artifacts
operating in cities, which are capable of acquiring and making sense of
information on the surrounding urban environment, eventually using
the acquired knowledge to act rationally according to pre-defined goals,
in complex urban situations when some information might be missing or
incomplete” (Cugurullo, 2020:3). What this definition implies is that the
reliance on Al urbanism expressed in different forms such as autono-
mous vehicles, urban robots, city brains or urban software agents are not
linear and require multifaceted inputs from other smart technologies,
including sensors (Cugurullo et al., 2023). In this light, there is a close
relationship between smart urbanism and Al urbanism, with the latter
posing emerging opportunities and challenges that touch on
sustainability.

2.3. Urban sustainability

Urban sustainability and sustainable urban development represent
critical facets of contemporary urban planning and policymaking, aimed
at addressing the multifaceted challenges of rapid urbanization and its
impact on environmental, economic, and social systems (Kolesnichenko
et al., 2021). These concepts emphasize the importance of developing
cities in a manner that ensures a balance between growth and the
preservation of natural resources, promotes equitable social inclusion,
and fosters economic viability, thereby enhancing the quality of life for
all residents without compromising the ability of future generations to
meet their own needs. Sharifi et al. (2024) conducted a systematic
literature review on smart cities and their alignment with SDGs, iden-
tifying both co-benefits and trade-offs associated with smart city ini-
tiatives in the context of sustainable development.

SDG 11, adopted by the United Nations in 2015 as part of the 2030
Agenda for Sustainable Development, explicitly targets making cities
and human settlements inclusive, safe, resilient, and sustainable. It en-
compasses a broad range of objectives, including ensuring access for all
to adequate, safe, and affordable housing and basic services; providing
safe, affordable, accessible, and sustainable transport systems;
enhancing inclusive and sustainable urbanization; protecting the
world’s cultural and natural heritage; reducing the adverse effects of
natural disasters; reducing the environmental impact of cities; and
providing access to safe, inclusive, and accessible green and public
spaces (United Nations General Assembly, 2015). The development of
smart cities, or smart sustainable cities, represents a pivotal advance-
ment towards achieving urban sustainability (Dionisio et al., 2023).
Smart sustainable cities integrate information and communication
technologies (ICT) and other means to improve the efficiency of urban
operations, services, and connectivity while ensuring that such ad-
vancements contribute to the SDGs (Clement et al., 2023). These cities
leverage big data, the Internet of Things (IoT), Al, and other techno-
logical innovations to optimize resource use, reduce emissions, improve
transportation systems, and enhance the overall quality of urban life.
The integration of these technologies into urban planning and man-
agement processes facilitates more informed decision-making, improves
service delivery, and fosters greater engagement between citizens and
their governments (Bibri & Krogstie, 2020; Yigitcanlar et al., 2021). This
literature collectively underscores the significance of leveraging
responsible Al to navigate the complexities of urban development,
suggesting that a strategic deployment of AI could significantly
contribute to creating more sustainable, efficient, and liveable urban
environments in line with SDG 11 objectives.

Urban planning is currently capitalizing on Al-driven insights to
strike a balance between essential urban components, from public util-
ities and green spaces to efficient traffic flows. These optimized city
layouts, informed by real-time data and parallel the concepts, were put
forth by Bettencourt and West (2010) in their seminal work on the sci-
ence of cities. The transformative impact of Al extends beyond urban
design and redefines urban mobility. In progressive cities such as San
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Francisco, Al-based projects have significantly reduced traffic conges-
tion, enhancing public transportation routes. In terms of pollution
challenges, applications such as those utilized in Beijing pinpoint
pollution sources with unprecedented accuracy, enabling timely and
effective interventions (Buonomano et al., 2023). In the energy sector,
another pivotal urban consideration, European cities are adopting Al-
powered smart grids. These systems dynamically optimize energy dis-
tribution, ensuring efficient consumption and minimizing waste. Al
tools are carving out their niche in architecture and construction,
fostering energy-efficient building designs, a trend increasingly recog-
nized in global architectural discourse. These advances underline AI's
vast potential in achieving SDG 11 and indicate a future where urban
environments are increasingly sustainable, efficient, and aligned with
global sustainability benchmarks (Singh et al., 2023).

Moreover, the rise of participatory urban planning, facilitated by
digital platforms and Al, fosters inclusivity by allowing residents to
engage in decision-making processes. As highlighted by Alizadeh and
Hitchmough (2019), such approaches empower marginalized commu-
nities and ensure that urban development initiatives address their
unique needs and concerns. Consequently, Al contributes to the tech-
nical optimization of cities and serves as a conduit for democratic urban
transformation. As Al continues to penetrate urban development, it in-
troduces novel opportunities for monitoring and evaluating progress
towards SDG 11 targets. Real-time data streams, harnessed through IoT
devices and sensors, offer unprecedented insights into urban dynamics.
This data-driven approach aids decision-makers in identifying emerging
trends, responding to crises promptly, and fine-tuning policies for
maximum impact. For instance, Al-powered predictive models can
anticipate spikes in energy demand or congestion, enabling proactive
interventions that minimize strain on resources and enhance urban
resilience. Additionally, AI's analytical capabilities can streamline the
measurement of indicators related to SDG 11, facilitating more accurate
assessments of progress. By automating data collection and analysis, Al
mitigates the challenges posed by data accessibility and standardization
(Alshuwaikhat et al., 2022; Klopp & Petretta, 2017). Nonetheless,
ethical considerations, such as data privacy and algorithmic bias, must
remain paramount in integrating Al-driven solutions within urban
governance frameworks, ensuring that technological advancements
remain aligned with the overarching principles of sustainability and
inclusivity. In this regard, collaboration between technology experts and
urban practitioners is vital to co-create solutions that address local
challenges and leverage AI’s transformative power. Furthermore, as Al
becomes increasingly ingrained in urban systems, fostering a culture of
transparency, accountability, and open dialogue is imperative. This
approach will engender trust among citizens, enabling them to actively
participate in shaping Al-driven urban transformations and ensuring
that the benefits of technological progress are equitably distributed
across diverse populations. In essence, the fusion of AI's potential with
human agency holds the key to steering urban development towards a
sustainable and inclusive future. Therefore, in order to efficiently
monitor the advancements of SDG 11 indicators, future studies on urban
metabolism should actively involve collaborative co-design with local
communities. This approach ensures the delivery of pertinent empirical
evaluations coupled with practical indicators along the specific context
(Musango et al., 2020).

In this sense, the convergence of Al and urban policy holds immense
promise in reshaping the urban landscape. As Al technologies continue
to advance, they offer a unique opportunity to create smarter, more
responsive cities. The future of urbanization, shaped by the synergy of
human innovation and technological advancement, has the potential to
redefine cities and how we perceive and interact with urban
environments.

2.4. The role of Al in urban and sustainable development

The advancement of computational capabilities and technologies,
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such as Al, opens new pathways for addressing urban sustainability and
development issues (Yigitcanlar et al., 2021). In recent years, Al has
significantly progressed and is now instrumental in remote sensing and
geospatial analysis. Al algorithms and deep learning frameworks have
proven effective in monitoring land cover changes and analyzing urban
and natural expansion patterns (Al-dousari et al., 2023; Mishra & Singh,
2023). Furthermore, Al’s capabilities in climate and weather pattern
monitoring are notable contributions to environmental sustainability
and urban planning (Malla & Arya, 2023; Mishra & Arya, 2020),
enhancing our response to climate variability and extreme weather
events, which are vital for sustainable urban development.

The Al has applications in several applications in Urban Planning and
Design, namely:

e Disaster Preparedness and Resilience: Al's predictive capabilities
improve early warning systems and disaster response strategies,
increasing city resilience to natural disasters.

e Waste Management: By optimizing collection routes and recycling
processes, Al-powered systems contribute to sustainable waste
management.

e Water Management: Al algorithms enhance water demand fore-
casting, leak detection, and distribution system optimization.

e Public Services and Governance: Enhanced data analysis and
smart governance systems facilitated by Al improve public admin-
istration, service delivery, and citizen engagement.

o Affordable Housing: Al analytics help identify optimal locations for
affordable housing, considering accessibility, infrastructure, and
community needs.

o Healthcare Services: AI's role in healthcare through predictive

analytics and remote monitoring leads to better public health

outcomes.

Preserving Cultural Heritage: Technologies like image recognition

and virtual reality, powered by Al, aid in conserving cultural

heritage.

Transportation Planning and Smart Mobility: Al-driven solutions

in transportation planning enhance traffic flow, reduce congestion,

and promote sustainable and accessible transportation networks.

Intelligent traffic management systems and predictive maintenance

are key to this evolution towards smarter mobility solutions.

e Smart Energy Systems: In the realm of energy management, Al is
pivotal in optimizing energy consumption in buildings and through
smart grids, promoting sustainable energy practices and reducing
overall consumption.

Urban sustainability involves developing and implementing strate-
gies and practices that seek to meet the needs of the present without
compromising the ability of future generations to meet their own needs
within urban settings. This concept is closely tied to the development of
smart, sustainable cities, which leverage technology and innovation to
improve efficiency, reduce environmental impact, and enhance the
quality of life for their inhabitants. SDG 11 targets the challenges of
rapid urbanization, aiming to promote sustainable urban development
by improving access to essential services, reducing pollution, enhancing
urban resilience, and promoting community inclusivity.

3. Methods

The importance of Al to the success of SDG 11, that is, sustainable
cities and communities (Department of Economic and Social Affairs, n.
d.), was assessed through an expert-driven literature review, delving
into authoritative sources. This foundational phase aimed to establish a
robust understanding of the theoretical framework and existing
knowledge surrounding AI's role in achieving urban sustainability. The
rationale behind the paper is the perceived need to evaluate how Al may
facilitate achieving SDG 11.

Building upon this groundwork, a series of case studies are next
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meticulously examined, providing real-world illustrations of how Al
technologies have been practically implemented to contribute to sus-
tainability in various urban contexts. These case studies serve as valu-
able examples, offering insights into the diverse applications of Al in
areas such as urban planning, transportation, energy management,
disaster preparedness, waste management, water conservation, public
services, housing projects, healthcare, and cultural heritage preserva-
tion. The case studies were chosen based on their significance within a
city’s context. A total of 4 items were selected as examples of using Al to
implement the different aspects of SDG 11. Yin’s (2017) methodological
approach was applied in determining and analyzing the cases to com-
plement the information available in the literature review. The analysis
highlights the implications of using Al in several urban settings. Alto-
gether, the four sets of case studies allowed the authors to deepen the
discussion on AI’s role in contributing to the success of the SDGs, and
SDG 11 in particular.

The literature search and case studies laid the foundation for a
comprehensive analysis and discussion. This phase involved synthesiz-
ing the findings from the literature review and case studies identifying
patterns, trends, and critical insights. The goal was to provide a nuanced
understanding of the multifaceted ways Al intersects with SDG 11,
fostering sustainable cities and communities. This comprehensive
analysis not only highlighted the potential of AI but also addressed
challenges, ethical considerations, and the need for inclusive, privacy-
respecting implementations.

Fig. 1 details the methodological approach used in this study.

The case studies provide a deeper insight into how Al is being used to
implement SDG 11. By examining the common themes and results across
these studies, it is possible to understand the evolution of Al technolo-
gies in cities and communities globally. The description of the study
cases was divided into four categories: Al and Transport Planning, Al in
Traffic Management, Al in Smart Energy Systems, and Al in Urban
Planning. These categories were based on SDG 11 targets, described in
Table 1. Insights garnered from the literature and case studies provide
an assessment of potential Al applications to support the implementa-
tion of SDG 11. This study examined how Al-powered systems can
analyse data, optimize resource management, improve urban planning,

Literature search

Case studies

Comprehensive analysis and
discussion

Fig. 1. Phases in the research.
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Table 1
SDG targets used for categorizing the addressed case studies.
Target By 2030, provide access to safe, affordable, accessible and sustainable
11.2 transport systems for all, improving road safety, notably by expanding
public transport.
Target By 2030, reduce the adverse per capita environmental impact of cities,
11.6 including by paying special attention to air quality and municipal and

other waste management.
Target 11. By 2020, substantially increase the number of cities and human
b settlements adopting and implementing integrated policies and plans
towards inclusion, resource efficiency, mitigation and adaptation to
climate change, resilience to disasters, and develop and implement, in
line with the Sendai Framework for Disaster Risk Reduction
2015-2030, holistic disaster risk management at all levels,
Target 11. Support least developed countries, including through financial and
c technical assistance, in building sustainable and resilient buildings
utilizing local materials.

Source: based on United Nations SDG 11 targets (United Nations General As-
sembly, 2015).

enhance transportation systems, and enable smarter infrastructure. The
outcomes of the analysis are presented in the next section.

4. Results and discussion

The study has identified a set of possibilities in terms of how Al can
be utilized to enhance urban planning processes. The following section is
divided as follows. The first subsection provides an overview of Al po-
tential processes and possibilities. The second subsection contains case
studies divided into five subsections: case studies on Al in general urban
planning, case studies on Al in transport planning in cities, case studies
on Al in traffic management, and case studies on Al in smart energy
systems.

4.1. Overview of Al potential processes and possibilities

In this section, a comprehensive exploration of diverse applications
unfolds, highlighting the transformative capabilities of Al The first
subsection, 4.1.1 Data Analysis, delves into the pivotal role Al plays in
extracting meaningful insights from vast datasets, revolutionizing
decision-making across industries. Subsection 4.1.2, Predictive Ana-
lytics, demonstrates AI's prowess in forecasting future trends and out-
comes, offering invaluable foresight for strategic planning. Subsection
4.1.3, Simulation, Modelling, and Urban Management, underscores AI's
impact on urban planning through advanced simulation and modelling
techniques. In 4.1.4 that is on Traffic Management, the focus shifts to Al-
powered solutions optimizing traffic flow and mitigating congestion,
while 4.1.5 on Energy Efficiency explores Al applications in enhancing
energy management systems for sustainable and resource-efficient
practices. Finally, Subsection 4.1.6 discusses the use of Al for smart
infrastructure planning. Together, the different subsections extensively
paint a vivid picture of AI's multifaceted potential, driving innovation
across data analysis, prediction, urban planning, traffic, and energy
domains.

4.1.1. Data analysis

In terms of data analysis, Al can process vast amounts of data
collected from various sources, such as sensors, satellites, and social
media, to provide valuable insights for urban planning. It can also
analyse traffic patterns, energy consumption, and environmental factors
to understand the dynamics of a city. Al applications are facilitated by
data collection and analysis. Al systems can acquire data and learn from
it even under uncertainty, ultimately making decisions without super-
vision (Cugurullo, 2020). AI, machine learning, and blockchain systems
that enable various smart city systems are underpinned by massive
amounts of data referred to as “big data”. Much of that data comes from
the IoT, including mobile applications and social media platforms, and
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the analysis is done “in the cloud” - cloud computing (Allam & Dhunny,
2019; Arfat et al., 2017; Yigitcanlar & Cugurullo, 2020). Some examples
include Samsung’s Brightics Al which accelerates particular Al systems
development with pre-developed data analysis modules (Gupta & Deg-
belo, 2023; Samsung, 2023). Prometea is another example of data
analysis Al applied within judicial systems, where it can even assist in
making legal decisions (Gupta & Degbelo, 2023. Although city services
are facilitated by Al, misinformation dissemination and personal infor-
mation security risks are high, dealing with these privacy concerns is
also within the realm of ICT solutions such as blockchain (Braun et al.,
2018). Urbanites must pay attention to the integrity and transparency of
their institutions overseen by strong democracies, or else elites who rise
to power could use smart city systems to control citizens. Citizens must
be savvy about their data security as it is collected, stored, and
disseminated for analysis and use. Blockchain plays a role in urban data
security because as it analyzes data, the data are kept in a decentralized
repository in the cloud, referred to as a distributed ledger (Ahmed et al.,
2022). Blockchain tracks devices and sensors as part of the IoT using
smart contracts, which are automated transactions without central
oversight. Because the ledger is shared and distributed, this increases
trust as a more transparent system (Ahmed et al., 2022). This system is
expected to be more eco-efficient and effective by reducing computing
resources and power consumption while using clean energy. Blockchain
has evolved over time, and version 4.0 has improved through increased
privacy and security to enable its use in a broader set of industrial ap-
plications (Ahmed et al., 2022). The fifth version, which is still under
development, will assist in integrating the various advanced digital
technologies for improved interoperability and security, but storage will
remain a challenge (Ahmed et al., 2022). Overall, at the basic level of
data collection and security, several urban citizen-centric issues are
relevant as we use data in Al and other related advanced IT systems
(Degbelo et al., 2016; Gupta & Degbelo, 2023). Citizens must be
engaged, improve their data literacy for their own protection, and be
involved in co-developing the urban systems they will use. Therefore,
citizens and their urban systems will gain from the combination of open,
accessible, quantitative, and qualitative data to develop more holistic,
inclusive, relevant, and user-friendly applications that can deliver
personalized services and work towards making cities sustainable ac-
cording to SDG 11 (Gupta & Degbelo, 2023).

4.1.2. Predictive analytics

Al algorithms can be used for predictive analytics by leveraging
historical data to predict future trends and patterns in urban develop-
ment. This information can help urban planners make informed de-
cisions about the demographic patterns and well-being of the populace,
infrastructure investments, land use, and transportation systems. With a
projected global population of 9.7 billion people by 2050 due to
increased life expectancy while fertility falls, along with the increasing
migration into cities (United Nations Department of Economic and So-
cial Affairs, Population Division, 2022), developing holistic solutions to
deal with several urban sustainability issues that consider diverse and
changing demographics becomes more complex. Sophisticated infor-
mation technology support systems applying “big data” and predictive
analytics can help reduce complexity (Batty, 2018). Al systems used
appropriately with knowledgeable and ethical human oversight can
offer some potentially helpful tools (de Lange, 2020). For example,
while many cities experience inward migration and must provide ser-
vices for youth as they mature, populations across Western nations are
also aging (United Nations Department of Economic and Social Affairs,
Population Division, 2022). By 2050, over 1.5 billion people could fall
into the 65 years or over category, matching the number of children
under age 12 (United Nations Department of Economic and Social Af-
fairs, Population Division, 2022). Policymakers and institutional de-
signers can turn to Al to integrate specialized health and wellness, social,
safety, supply, transportation, exercise, and leisure services with
specialized housing for growing numbers of older adults (Skouby et al.,
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2014).

This may include the use of robots, monitoring, and home-based
rehabilitation systems in smart homes connected to smart cities
(known as Integrated Smart Home and Smart City system (ISHSC)) to
enable extended independent living that reduces social isolation
(Skouby et al., 2014). Older adults also need increased social security
and pension support systems that will draw upon limited financial re-
sources as populations grow and inequality increases (United Nations
Department of Economic and Social Affairs, Population Division, 2022).
Issues for older adults during the COVID-19 pandemic were heightened
in problematic long-term care home settings where social interaction
and outdoor time became limited. This recent experience shed light on
the problems we will face in the future if we do not start designing now
for this demographic. The literature explains that AI can help us devise
ways to improve the quality of life while reducing healthcare costs,
personalizing services, predicting future needs, and making them more
effective for older people (Skouby et al., 2014). However, increasing
numbers of youth also need services. Quality health care and education
are critical if countries are to benefit from the “demographic dividend”,
an opportunity for accelerated economic growth through more signifi-
cant numbers of working-age adults (Aged 25-65 years) (United Nations
Department of Economic and Social Affairs, Population Division, 2022).
While attempting to educate many youth, the standard of education is
falling due to a lack of resources (United Nations Department of Eco-
nomic and Social Affairs, Population Division, 2022). Instead, the world,
especially in growing urban centres in Asia, needs new skills and more
sophisticated education to deal with the upcoming complex challenges
(Batty, 2021; United Nations Department of Economic and Social Af-
fairs, Population Division, 2022). Under constrained resource circum-
stances, Al may facilitate this education goal but also create problems
for youth facing underemployment due to automation (Batty, 2018; de
Lange, 2020). They must choose careers dealing with unexpected events
and non-routine behavior (Batty, 2018).

4.1.3. Simulation, modelling and urban management

As to simulation, modelling, and urban management, Al-powered
simulations can create virtual environments to test and visualize
urban planning scenarios. Planners can simulate the effects of different
interventions, such as the construction of new buildings or changes in
zoning regulations, to understand their impact on the urban landscape.
Urban design, planning, and resource optimization management are
urban governance responsibilities assisted by advanced IT systems,
including AI (Voto, 2017). Planning, saving, and reducing the use of
resources in the urban context can result in many positive feedback ef-
fects and externalities. For example, improved energy conservation,
efficiency, and the use of clean energy can lessen local pollution and
GHG emissions for enhanced human health and reduced climate impacts
so that cities offer a higher quality of life and experience higher pro-
ductivity, thereby improving economic output, among many other
benefits (Geller et al., 2004; Wen et al., 2022). Because urban activities
are increasing in number and complexity, they require a considerable
number of resource management transactions; thus, blockchain can be
assistive to resource management types of Al integrated into urban
planning (Allam & Dhunny, 2019; PwC, 2016). A secure digital ledger
can manage these smart contract transactions automatically in a single
set of records (Allam & Dhunny, 2019; Reyna et al., 2018). This trans-
parent and accessible system can enable citizen engagement in gover-
nance, thereby designing a city with consideration for local preferences
and inclusive of critical local design parameters. For example, a smart
city dashboard enables experimental inputs to develop scenario analyses
that citizens can visualize (Contreras-Figueroa et al., 2021; Marsal-Lla-
cuna, 2020; Monteiro et al., 2018). Trust and accuracy are improved by
blockchain technology, which reduces the risk of data manipulation and
increases the likelihood of local acceptance of the designs (Huang et al.,
2021). Other Al-related advancements that assist in urban planning and
resource management involve Earth Observation (EO) technologies
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(Gupta & Degbelo, 2023). For example, mapping slums and tracking the
progress of locally informed policy helps cities address socioeconomic
inequality and related infrastructure problems, such as clean water de-
livery to inhabitants (Owusu et al., 2021). These systems include ma-
chine and deep learning. Alongside this aim of addressing urban
inequality, earth observation datasets enable the application of Artificial
Neural Network-Multilayer Perceptron and Markov Chain (MLP-Mar-
kov) and Cellular Automata and Markov Chain (CA-Markov) to model
urban growth (Mustak et al., 2022).

Moreover, land use and land cover changes are detected using these
EO datasets and Al such as deep learning neural networks (Helber et al.,
2019). Other examples of resource management functions that Al fa-
cilitates include energy management, waste management, and pollution
monitoring, as demonstrated by NOAA Air Resources Laboratory (ARL),
for example (Bedi et al., 2022; Gupta & Degbelo, 2023; NOAA, 2021).
The construction sector can also be greener by combining advanced
technologies (Allam & Dhunny, 2019). Construction planning systems
integrate green spaces, walls, and roofs into building plans, including
the building’s power, water, and waste management systems (Yezioro
et al., 2008). The positive outcomes of these planning and construction
systems are many. They include more efficient and better land use that
considers requirements for agriculture, increased compactness to
improve the economics of mass transit systems, reduced congestion and
emissions, and walkable, community-friendly cities (Gaigné et al., 2012;
Zhang, 2017).

4.1.4. Traffic management

Al can support traffic management by analyzing real-time data from
traffic sensors, GPS, and social media to identify congestion hotspots and
suggest alternative routes. It can also optimize traffic signal timings
based on current conditions to alleviate traffic congestion. Trans-
portation is the backbone of a city’s infrastructure, an ongoing focal
investment that demands special attention (Dai et al., 2018). However,
as these investments transform into Intelligent Transportation Systems
(ITS), including Vehicular Ad hoc Networks (VANETSs) and Mobile Ad
hoc Networks (MANETs), advanced information technologies become a
focus of this backbone (Fatemidokht et al., 2021; Mohanty et al., 2016).
ITS is addressing many urban issues stemming from transportation.
Climate change is aggravated to a great degree by emissions from fossil
fuel use in urban transportation, while local air pollution from the same
transportation harms human health; but technology offers alternatives,
and clean innovations are further beneficial by increasing city wealth
(Creutzig et al., 2019; de Lange, 2021). Equitable access to city services,
activities, and employment is threatened by poor urban transportation
infrastructure, but this, too, can be addressed with the help of AI and
complementary advanced technologies (Foth et al., 2013; Sharifi et al.,
2024; Soberman, 1997). Moreover, car traffic congestion on multi-lane
highways increases commute times and frustration while paving over
green agricultural lands and threatening economic productivity, water,
and food security; but we have technological solutions, some of which
may reduce the existing issues and some that may address root causes
(Joubari et al., 2022; Khozema, 2023; Liu et al., 2021; Madziel et al.,
2021). These are just a few of the many consequences of problematic
transportation planning and implementation that can begin to be
resolved with the assistance of Al. In some cases, the mistakes were
avoidable, such as paving over green space, and Al could have offered
alternative solutions for the public and politicians to consider. After the
poor decisions have been made, some Al solutions may help reduce the
ongoing damage. Cities need wide-ranging transportation solutions
immediately. But even when obvious solutions are enabled by available
transportation technologies and the private business expertise needed to
implement them, they are often delayed by political holdups and
incompetent city management (Cook, 2023; de Lange, 2023; Larson &
Rao, 1984). Al and other advanced IT have been and continue to be
instrumental in the development of many of the technological transit
solutions, such as autonomous electric vehicles (EVs), high-speed
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electric commuter rail, car sharing, and drones (otherwise called un-
manned aerial vehicles (UAVs)) (Allam & Dhunny, 2019; Parveen et al.,
2022; Ullah et al., 2020). However, Al can also facilitate the political
and problematic management stalemates to solve problems and assist in
making complex decisions that arise in multi-modal transportation
systems (Parveen et al., 2022; Quan et al., 2019). Al can make cities
smarter and cleaner by supporting transport planning information sys-
tems, illustrated by the dashboards above with scenario analyses, that
design in passive sustainability through the addition of safe bicycle lanes
and pedestrian-friendly areas alongside roads and mass transportation
(Allam & Dhunny, 2019; Huang et al., 2021).

Multi-modal transport solutions are complicated, and Al systems can
work out design solutions with multiple constraints. When well-
designed, multi-modal transport is more equitable, accessible, and
environmentally benign. Citizens have more, faster, and more
comfortable travel choices depending on individual preferences, thus
increasing the quality of life and improving the economy (Parveen et al.,
2022). Some recent research adds that Al is used in the ongoing logistics
and management of public multi-modal transportation, including ap-
plications for predictive maintenance, scheduling, and timetabling with
multi-modal trip planning, ticketing, customer analytics, and real-time
operations management (Parveen et al., 2022). The complexity of
multi-modal transport creates voluminous data that needs Al to analyse
and manage it. Technology solutions such as EVs and the awaited
autonomous EVs can aid in reducing fossil fuel emissions and congestion
where roads are already ubiquitous. Electric vehicles reduce overall
emissions and integrate smart Al systems such as predictive GPS infor-
mation and self-driving capabilities to optimize road conditions (Gupta
& Degbelo, 2023; Yigitcanlar & Cugurullo, 2020). Also, when car-as-a-
service is utilized (and in the future, autonomous EVs), commonly
known as car sharing, it can result in a reduction of cars on the road. If
the car service is sufficiently reliable, then buying a car can be avoided,
even in areas where there is no public transit service. Another technol-
ogy that can reduce vehicles, emissions, and congestion is high-speed
electric rail (HSR) for local or long-distance commuting. Al facilitates
HSR, ubiquitous in Europe and densely populated areas of Asia such as
China, for example (Yin et al., 2020). AI supports design, planning,
control, and maintenance. In European systems, Al is used in fault di-
agnoses in train control systems (Zang et al., 2019). Microwave sensors
have been tested in simulations to detect cracks in rails to prevent fatal
accidents remotely (Vijayakumar et al., 2009). China uses Al in the
intelligent construction of railway engineering (ICRE) and support sys-
tems such as building modelling, life cycle management, maintenance,
and communications systems, among others (Lu et al., 2019).

The applications for Al in HSR are growing and seem limitless. De-
livery approaches are also changing with new Al-supported technolo-
gies. Delivery trucks, also becoming electrified, consolidate package
deliveries. Deliveries have become more popular since the COVID-19
pandemic. Thus, the delivery cost has also fallen with increasing vol-
umes, adding to the convenience and time savings of online purchasing
from home. Delivery trucks reduce the number of individuals driving to
purchase goods, which is even better for lowering emissions if they are
hybrid or electric trucks. However, delivery will be further improved by
electrified, Al-supported UAVs (drones) flying to deliver packages,
thereby not using congested roads (Ullah et al., 2020).

Advanced technologies can also be combined to solve other trans-
portation challenges. The initial analysis is important for understanding
the challenges. For example, as traffic congestion remains a challenge
when not reduced by removing cars from the roads, an ITS uses
advanced sensors to generate big data to apply Al and deep learning to
understand traffic flows and predict congestion (Ullah et al., 2020). Al
can also support autonomous traffic control using vehicle-to-anything
(V2X) communication through a distributed vehicle and infrastructure
network to exchange real-time traffic information (Joubari et al., 2022).
Al systems will also prevent attacks through communication and GPS
systems where, for example, drones communicate with autonomous
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vehicles or navigate package delivery (Fatemidokht et al., 2021; Ullah
et al., 2020). Overall, these technology solutions - car-as-a-service, high
speed rail, and cleaner delivery systems - increase equitable access to
goods and services, activities, and employment. As volumes increase,
these shared transportation services can grow their reach and avail-
ability while prices decline. As the success of these approaches grows,
the services can invest to become more specialized to various circum-
stances, pressured by market competition. As car ownership is relin-
quished and/or cars are left at home, congestion, frustration, and the
political imperative to add more roads is eliminated. This technology
pathway to emissions reduction is more convenient, equitable, acces-
sible, efficient, and cost reducing (Ahmed et al., 2022). Moreover, when
we reduce pollution and reduce the damage/use of ecosystems for
transport purposes, we gain through improved water, food, and energy
security while reducing health care costs.

4.1.5. Energy efficiency

Al algorithms can optimize energy efficiency usage in urban areas by
analyzing data from smart grids, buildings, and infrastructure. It can
identify areas of high energy consumption, recommend energy-saving
measures, and help design sustainable urban environments. Energy
infrastructure is being built using technology to increase privacy and
stop cyber-attacks while giving power users more control over their
usage of power (Ahmed et al., 2022). When users have input, they can
make choices to conserve energy, thereby reducing energy waste so that
clean energy systems are more efficiently utilized and backup fossil fuels
are used less (Ahmed et al., 2022). Smart energy infrastructure, enabled
by AI predictive analytics, can deliver lower cost, reliable, and cleaner
power consumption that can also protect against disaster, increasing
with climate change, by adding forecasting, early warning, and financial
systems (Yigitcanlar & Cugurullo, 2020). Environmental monitoring and
more environmentally protective energy systems using Al, such as for
detecting and capturing pollution, can help address climate change,
pollution, and biodiversity loss (Yigitcanlar & Cugurullo, 2020). Al
helps by creating accurate energy maps using big data, with some of it
collected from smart grids, for energy planning and integrating renew-
able energy, thus accelerating the replacement of fossil fuels (Allam &
Dhunny, 2019; Ullah et al., 2020). Al is also applied within home energy
systems, creating smart homes that offer convenience using domestic
robotics (“domotics”) while using energy more economically (Murphy,
2018).

4.1.6. Smart infrastructure planning

Al can help to optimize (smart) infrastructure planning by consid-
ering multiple variables, such as population density, traffic flow, and
environmental impacts of urban projects. It can also assist in designing
efficient transportation networks, optimizing utility services, and iden-
tifying suitable locations for suitable public projects (e.g., new roads) or
public amenities like parks and schools. Aside from transportation, Al
and other advanced information technologies can enhance many aspects
of a city’s infrastructure (Gupta & Degbelo, 2023). The potential ap-
plications are almost endless, so a few are outlined here. First, a priority
for considering how Al is implemented should always be the human
rights of citizens, which often translates into a focus on privacy and data
security (de Lange, 2020). These considerations should represent the
primary boundaries for considering how Al is implemented to improve
infrastructure. The following discussion covers the topics: how Al assists
in the oversight of infrastructure, service infrastructure and security,
energy management, water and waste management, and buildings and
construction. The term infrastructure can refer to many supporting
features within a city. Still, no matter which infrastructure it is, it is
better maintained, safe, and operational when ongoing oversight exists.
Across several cities in Malaysia and China they have capitalized on Al
by developing “city brains” to manage the energy, safety, and trans-
portation systems (Yigitcanlar & Cugurullo, 2020). These systems are
tremendous in some ways. For example, they can oversee traffic to
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predict traffic flow and notify police of car accidents (Macrorie et al.,
2021). However, these systems also violate privacy to the extent that
they could be considered surveillance that enables state control by an
authoritarian regime (Macrorie et al., 2021). This illustrates the earlier
statement about ethical boundaries that are so important for maintain-
ing human rights while managing growing cities that need sustainable
solutions. Most of these oversight systems rely on information, but how
to draw the line on what information is collected and who has access to it
is not always easy to discern, especially when many non-experts in data
security and privacy are involved in design. Designers of city oversight
systems will come from a variety of disciplines, and when the public is
also involved in design, where possible, it may be difficult to overcome
disagreement. The literature offers discussions on principles for striking
this balance between innovation and protecting the public (Hemphill,
2020). An approach to mitigating security and privacy problems is to use
the precautionary principle, thereby prioritizing human rights over
technical solutions when there are doubts about public protection (de
Lange, 2020; Hemphill, 2020). The governmental imperative to improve
services and the security of city services infrastructure is related to
oversight. Automation through Al is becoming ubiquitous across city
services and improving citizens’ overall quality of life, especially as
more personalized services are being demanded (Mishra & Chakraborty,
2020; Mishra & Tyagi, 2022). However, as the IoT increases connec-
tivity and data is more openly available, cyber security becomes more of
a concern due to the increased accessibility through systems and device
connections. Embedded in these automated unsupervised systems is also
improved security to increase citizen safety (Yigitcanlar & Cugurullo,
2020). Drones and other AI systems help identify hackers, terrorism
attempts, and organized crime like human and drug trafficking (Allam &
Dhunny, 2019). For example, the banking industry relies heavily on
advanced cyber security systems using Al to stop hacking into accounts
(AL-Dosari et al., 2022). Al assists water and waste management by
delivering clean water security. Al assists through various functions,
including water sanitation, quality, and drought planning (Yigitcanlar &
Cugurullo, 2020). However, these vital infrastructure services are not
always fairly distributed across cities (Pandey et al., 2022). The imper-
ative to address these inequalities rises as environmental issues further
impinge on urban contexts, leaving large populations vulnerable (Par-
thasarathy, 2018). Technologies such as Al help cities to fix and expand
infrastructure while considering these complexities that individual city
managers would otherwise find overwhelming. Buildings and con-
struction are increasingly applying Al tools with big, open data in more
transparent and democratic city design decision-making (Allam &
Dhunny, 2019; Barns, 2016). By accelerating the building of more
housing using decision tools, unaffordable cities like Toronto and Van-
couver in Canada may develop their housing stock more quickly about
increasing populations driven by immigration. Moreover, Al tools such
as digitizing sketch maps can help ensure that indigenous land rights are
incorporated into city planning (Chipofya et al., 2020; Gupta & Degbelo,
2023).

4.2. Case studies

Al has revolutionized life globally and can contribute to sustainable
development worldwide (Leal Filho, Eustachio, et al., 2023; Leal Filho,
Yang, et al., 2023). SDG 11 progress since 2025 has not been optimal,
and further effort is needed to enhance progress, namely in terms of
investment, technology, and infrastructure (Leal Filho et al., 2022). The
role of Al in contributing to the SDGs has been studied by Vinuesa et al.
(2020), who documented its potential to enhance each SDG technolog-
ical improvement, also in the case of SDG 11. In the scope of SDG 11,
Fig. 2 and the case studies presented in Tables 2 to 5 showcase the
contribution of Al to overall sustainable development in several areas,
discussed in detail.
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Fig. 2. Exemplified areas of intervention where Al is able to contribute to
SDG 11.

4.2.1. Al in general urban planning

Regarding the use of Al to enhance the effectiveness of urban plan-
ning and design processes the literature has explored the potential ap-
plications of Al-related tools and geo-localized big data to address
specific research challenges in this field (Table 2) (Kamrowska-Zatuska,
2021). For instance, a study conducted by Yigitcanlar et al. (2020)
centres on the perception and utilization of Al technologies in the
context of urban planning and development in Australia. By analyzing
location-based Twitter messages, they examined public sentiment and
opinions regarding Al technologies and their relevance in urban plan-
ning. The research findings shed light on the public’s attitudes towards
Al in the context of urban development, providing valuable insights into
how these technologies are perceived and integrated into urban plan-
ning practices in Australia. Samsurijan et al. (2022) presented a study
that assessed the impact of Al on urban services in Malaysia. The study
revealed that the success of Al in municipal services is closely tied to the
level of information technology literacy among the urban population.
This highlights the interplay between technological advancement and
digital literacy in urban service enhancement.

The study by Yigitcanlar and Cugurullo (2020) focuses on how urban
Al manages various aspects of cities, including transportation systems,
urban infrastructure, and domains like traffic control, air quality
monitoring, garbage collection, and energy management. The research
provides insights into the evolving field of urban Al and its potential to
contribute to smart and sustainable urban development. It highlights the
symbiotic relationship between Al and urbanism, where Al technologies
are critical in improving urban services and sustainability. Furthermore,
the study conducted by Sanchez et al. (2023) reports the results of a
national survey involving urban planners and their perspectives on Al
adoption and associated concerns. This research offers a comprehensive
understanding of how urban planning professionals view the adoption of
Al technologies. The study provides valuable insights into the potential
challenges and opportunities that urban planners face with integrating
Al in their work. These perspectives are crucial for shaping the future of
Al adoption in urban planning and design.

4.2.2. Al in transport planning
Traffic congestion is a major concern to urban planners. Table 3
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Table 2

Case studies on Al in general urban planning.
Nature of the case study Scope Reference
Implications of Al-based tools  This study discusses the Kamrowska-

and urban big data Zatuska (2021)
analytics in urban planning

and design

implications of Al-based tools
and urban big data analytics in
urban planning and design.
The study explores how Al-
related tools and geo-localized
big data can be used to solve
specific research problems in
urban planning and design.
The findings provide insights
for urban planners interested
in utilizing AI and big data
analytics in their practice.

It focuses on the perception
and utilization of Al
technologies in urban
planning and development in
Australia. The study examines
public perceptions of Al
technologies and their
application areas through
sentiment and content
analyses of location-based
Twitter messages. The
findings shed light on how Al
technologies are perceived
and utilized in urban planning
and development.

This paper assesses the
influence of AI on urban
services in Malaysia. The
study reviewed official
documents and articles related
to urban studies in Malaysia.
The findings revealed that the
development of global digital
technology influences the
upgrading of Al in urban
services in Malaysia. Also, the
success of Al in these
municipal services is
controlled by the rate of
information technology
literacy among the urban
population.

This study discusses how
urban AI manages various
aspects of cities, such as
transport systems, urban
infrastructure, and urban
domains like traffic, air
quality monitoring, garbage
collection, and energy. The
viewpoint also generates
insights into emerging urban
Al and the potential symbiosis
between AI and smart and
sustainable urbanism.

It discusses the results of a
national survey of urban
planners about their
perspectives on Al adoption
and concerns.

Public perceptions of Al
technologies in urban
planning in Australia

Yigitcanlar et al.
(2020)

Influence of Al on urban
services in Malaysia

Samsurijan et al.
(2022)

Sustainability of Al from the
lens of smart and
sustainable cities

Yigitcanlar and
Cugurullo
(2020)

Sanchez et al.
(2023)

Analysis of Al concerns and
expectations

highlights the cases of the applications of Al in transport planning. In
Pakistan, it costs close to one million rupees daily (Cao & Wang, 2019;
Khan et al., 2022). The City of Pittsburgh introduced a Scalable Urban
Traffic Control (Surtrac) system in 2012 for real-time traffic light co-
ordination based on AI and predictive data. It adapts traffic light
sequencing plans in real-time at road intersections. A smart real-time
urban vehicular road congestion estimation of traffic and clustering
technique for urban vehicular roads was also simulated on various road
maps in New Delhi, which indicates a significant reduction in travel time
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Table 3 Table 5

Case studies on Al in transport planning in cities. Case studies on Al in smart energy systems.
Nature of the case study Scope Reference Nature of the case study Scope Reference
Road condition monitoring to Captures initiatives by the Englund An overview of the relevance of  Artificial intelligence (AI) Zhao et al.

identify road imperfections
and irregularities

Swedish government to foster
smart cities and communities
nationwide.

et al. (2021)

Route optimization techniques ~ CrowdNavi, an app, was Fan et al.
that benefit from Google discussed, and the solutions and (2017)
technology to suggest the challenges associated with
best routes to road users and  operationalizing a crowdsourced
contribute to reducing traffic ~ navigation system were
congestion, vehicle unpacked.
emissions, and traveling
time.

Intelligent Park Monitoring Examined the implications of Khan et al.
helps drivers find parking motorists using Al in contexts (2022)
slots in car parks and also such as retail malls, skyscrapers,
helps park managers fiestas, festivals, and hospitals,
monitor park activities. where parking spaces are

limited.

Smart Street Lights (SSL) used The scope of the study is global, Patarroyo
to detect crowded areas and ~ with insights into the prevailing et al. (2019)
dynamically adapt light situation of light-emitting diode
intensity to improve technology in smart public
security, reduce accidents, lighting systems in cities
and save energy. worldwide.

Smart real-time traffic The study methodology was Pattanaik
congestion estimation and employed in New Delhi in, India, et al. (2016)
clustering technique for covering several roadmaps. The
urban vehicular roads result indicated a drastic

reduction in travel time
compared to other conventional
techniques, such as path-finding
methods.
Table 4
Case studies on Al in traffic management.
Nature of the case study Scope Reference
Development of a new EIXGB can integrate edge Alkinani

empirically intelligent
XGboost (EIXGB) that can
monitor real-time public
traffic management with high
accuracy

4D trajectory prediction,
involving conflict detection
and resolution (CD&R) in Air
traffic management (ATM)

Enhanced traffic accident
management approach based
on Knowledge Discovery in
Databases (KDD)

Analysis of the introduction of
Al in the European Air traffic
management (ATM)

Focus on how eXplainable
Artificial Intelligence in ATM
(XAI) works

Adaptive Neuro-Fuzzy Inference
System (ANFIS) model was
developed to estimate the
extent of traffic emissions
(NO, and PMy) at
intersections

networks in public traffic
management with higher
accuracy and minimum error,
contributing to auto-tune
performance and adjust
decisions with minimum delay
Comparing the effectiveness of
methods for conflict detection
in ATM, demonstrating the
development of Al to improve
safety

A case study of traffic accidents
in Jordan is discussed, allowing
for the identification of driver
error as the main reason leading
to accidents

Documenting the implications
deriving from the challenges
posed by Al at the level of
‘control’ in terms of ATM, at
very different levels, from
regulatory to operational
frameworks

Systematic review analyzing the
state of the art with Al and ATM,
i.e., XAI

Discusses the advantages of an
ANFIS to promote better urban
air quality through direct
intervention in traffic
management, facilitating city
planners and decision-making
in urban air quality.

et al. (2023)

Monteiro
et al. (2023)

Alzyoud
(2023)

Stathis et al.
(2022)

Degas et al.
(2022)

Younes et al.

(2020)
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emerging information and
communication technologies
in the shift towards renewable
energy and the development
of intelligent energy systems.

Global trends in 5G applications
for smart buildings, along
with research and testing
carried out in 5G laboratories.

The introduction of smart
energy management
technologies is examined,
along with a discussion on the
obstacles encountered during
the implementation process
and the strategies employed
to overcome them.

Use of artificial intelligence
techniques in smart grid and
power systems.

A systematic review of recent
literature investigates the
research that has been done,
focused on enhancing energy
management systems for
smart buildings through the
application of artificial
intelligence techniques.

technologies have shown their (2023)
effectiveness in smart energy
systems through extensive
academic research and
practical applications in
various industries.

Singapore implements 5G
communication technology in
intelligent buildings to
establish an optimally cost-
effective system. The primary
objective is to attain peak
performance while minimizing
investment expenditure.

One more prospective
direction for smart energy
management involves
leveraging artificial
intelligence (AI) and machine
learning (ML) to optimize
energy consumption. These
advanced technologies are
capable of processing extensive
datasets and offering valuable
insights into consumption
trends. This empowers cities to
base their decisions on data,
ultimately enhancing energy
efficiency.

Huseien and
Shah (2022)

Pandiyan
et al. (2023)

In this paper, a comprehensive =~ Omitaomu
examination of recent and Niu
implementations of Al (2021)

methodologies in four critical
areas (namely, load prediction,
evaluation of power grid
stability, detection of faults,
and addressing security
concerns) is presented and
discusses existing challenges,
potential prospects, and the
envisioned trajectory.
Artificial intelligence
techniques have the capability
to model and comprehend
various scenarios. They can be
employed to create models for
forecasting consumption,
diagnosing situations, or
discerning occupants’
behavior, among other
applications.

Aguilar et al.
(2021)

(Pattanaik et al., 2016).

Researchers are increasingly exploring ways to detect roadway
anomalies using Al, which identifies road imperfections and lets city
managers decide quickly on necessary interventions (Khan et al., 2022).
In this regard, Sweden has initiated a project that uses Al software called
3DAI City to manage roadside infrastructure and enhance efficient and
sustainable transportation networks (SmartCitiesWorld, 2023). Olsson
(2022) reports that Univrses, the organization that developed the smart
city system, has created datasets that it uses to train AI models to un-
derstand multiple urban features that can be used to detect road works
and damages. Saving time on the road is another important area of in-
terest to city planners, road users, and researchers. Route optimization
techniques have improved over the years and are increasingly used by
road users for both direction and travel time optimization (Gianno-
poulos, 2004; Gipps et al., 2001; Zantalis et al., 2019). Route optimi-
zation technology suggests the best routes for specified user destinations
and contributes to reducing traffic congestion, vehicle emissions, and
travel time. This system mainly benefits from Google technology and
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crowdsourcing. Google Maps application, which is compatible with
most modern mobile devices, integrates GPS, gyroscope sensors, and an
accelerometer and has been quite helpful in this regard (Al-Dweik et al.,
2017; Fan et al., 2017; Zantalis et al., 2019). Zantalis, et al. (2019, p.15)
explain that “the end users’ mobile devices can send anonymous infor-
mation about their speed and location just by using the maps applica-
tion. Google Maps can now suggest new routes based on traffic
information in order to avoid congestion”.

Smart Street Lights draws on the IoT infrastructure, sensors, and
wireless communication systems (Dizon & Pranggono, 2022; Jia et al.,
2018). This technology is already used in many cities, including Shef-
field, Doncaster, and Edinburgh (Dizon & Pranggono, 2022). Some of
the existing models help streetlamps detect crowded areas and deter-
mine how to dynamically adapt the intensity of their lights in ways that
contribute to improving security, reducing accidents, and saving energy.
Through its autonomous alarm and GPS monitoring system, the street
light managers can also detect abnormal status, stolen and broken
lamps, and speed up their maintenance processes. This has been
implemented in Oslo, Norway (Jia et al., 2018; Suseendran et al., 2018;
Patarroyo et al., 2019; Zantalis et al., 2019). According to Kabir et al.
(2021, p.1), drivers in the U.S.A. tend to spend up to 17 h annually to
find a space to park their cars; in Kuala Lumpur (Malaysia), drivers may
need to spend up to 25 min daily waiting to find space to park their cars,
while 58 % of drivers in New Delhi, 44 % in Bangalore, 43 % in Nairobi
and 37 % in Milan have taken part in a fight or vocal argument over a
parking space. These examples highlight the need for smart ways to
solve car parking challenges. Thus, intelligent parking systems that use
Al have been used in many cities to help drivers discover available
parking spaces and provide progress reports on space occupation (Khan
et al., 2022). Nota Inc. (2023) reports a successful experiment of smart
parking in Milton Keynes by a South Korean start-up, Nota AI, which
uses Al Camera technology to monitor parking in real-time. Sony image
sensors with Al capability were tested in Rome (Ward-Foxton, 2021),
and the Queen Elizabeth Olympic Park in London worked with Fyma (an
Al company) to transform CCTV cameras into smart devices for the
monitoring of the 560-acre park, including monitoring of users, bus
stops and vehicles’ waiting times (Shift, 2022).

4.2.3. Al in traffic management

In Table 4, several case studies involving the use of Al in the context
of traffic management are presented.

Advances in computer and communication technologies, as well as
the rising use of IoT and Al technologies, have prepared the way for
enormous enhancements in modern transportation systems, contrib-
uting to the advancement of modern traffic management and SDG 11. In
consideration of this, Alkinani et al. (2023) have conceived a logistic
empirically intelligent XGboost (EIXGB) to manage real-time traffic at
the edge networks, collecting and processing current traffic data, which
is then used to feed the machine learning, with the system proving to be
very efficient. The accuracy over the real-time traffic management
dataset was 87-97 %, contributing to a more precise decision-making
process at the public traffic management systems level. The effective-
ness of intelligent transportation systems depends on decision support
for real-time traffic management. To determine the main causes of
traffic accidents and their consequences on different types of accidents, a
case study of traffic accidents in Jordan was undertaken by Alzyoud
(2023), using actual data from the Public Security Directorate Records
and the Department of Statistics between 2016 and 2020. Driver error is
the main reason for the increasing number of accidents and injuries. The
authors report that using big data and Knowledge Discovery in Data-
bases (KDD) techniques can significantly improve existing traffic acci-
dent management practices, promoting the development of new policies
and regulations to improve road safety and reduce economic and envi-
ronmental impacts. While the analysis of traffic management per se
constitutes an important evaluation in terms of all the variables being
considered crucial in this respect, the integration of Al in the context of
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traffic management is an important synergy in the current times in order
to assess the urban air quality. Younes et al. (2020) managed to use an
Adaptive Neuro-Fuzzy Inference System (ANFIS) to analyse the extent of
traffic emissions (NO3 and PM;g). The hybrid model created revealed
that delaying traffic at certain intersections was able to contribute to
significantly reducing NO, and PM;( emissions, translating into better
urban air quality and unveiling the significance of using Al to contribute
to intervening at the level of traffic management and improving the
quality of air in the urban context. Thus, modelling environmental
pollutants, integrated with traffic management, contributes to
improving air quality and reducing pollution levels through suggested
Al actions that intervene in traffic congestion at intersections.

Air traffic management (ATM) is another area that can be challenged
through the intervention of Al. According to Stathis et al. (2022), a pilot
in a cockpit is the perfect example of the fruitful collaboration between
humans and machines, with ATM considered as the environment in the
flight Joint Cognitive System (JCS), i.e., pilot + automation. With Al
spreading fast, in both air and ground, these authors call attention to the
opportunities/challenges that must be taken seriously. Examples
involving innovative technologies have implications at the regulatory
and operational levels, and the question of who/what is ‘in control’ is
now more pertinent. The same authors guided us through a specific set
of challenges involving Al and the European ATM: i. political/regula-
tory; ii. Air Navigation Service Provider (ANSP)/business; iii. technical;
iv. operational; and v. Air Traffic Controllers (ATCOs) levels. All the
issues raised are translated into mainly two questions, i.e., the ‘in con-
trol’ already mentioned as well as how to amplify it; within this new
range of possibilities promoted by AI evolution, interesting examples
can be considered in the scope of sustainable development. An inter-
esting area of research in terms of ATM involves trajectory prediction
and conflict detection and resolution (CD&R). In order to assess this,
Monteiro et al. (2023) studied different simulation scenario databases,
resulting in the development of a new computational solution for CD&R
in 4D trajectories that includes a trajectory predictor, decision tree
pruning approach, and specifically designed big data databases, sup-
porting the decision-making of air traffic stakeholders - not replacing
ATCOs, but allowing human-machine integration to assist intelligent air
transportation, which is a significant contribution of AI to ATM safety
and sustainable development. ATM will become more and more com-
plex in the upcoming decades. It has to do with aviation growth and
complexity, as advocated by Degas et al. (2022). As just mentioned, Al
poses challenges and has not yet reached end-users regarding ATM. The
roles of air routes, airport management, aircrafts, and airlines in the
safety and fluidity of air traffic will all need to be considered in the scope
of how ATM eXplainable Artificial Intelligence (XAI) works, in order to
guarantee that air traffic is the safest possible, as it is necessary to further
invest in the predictive and prescriptive characteristics of the variables
analysed, beyond the more commonly reported descriptive features.

4.2.4. Al in smart energy systems

Regarding the relevance of emerging information and communica-
tion technologies in the shift towards renewable energy and the devel-
opment of intelligent energy systems, (AI) technologies have the
potential to enhance the effectiveness and efficiency of energy transition
planning and the management of smart energy systems, especially when
dealing with huge numbers of datasets (Choney, 2022). Table 5 presents
cases on the use of Al in smart energy systems. According to Zhao et al.
(2023), (AD) technologies have shown their effectiveness in smart energy
systems through extensive academic research and practical applications
in various industries. The authors showed that optimization techniques
could reduce the economic expenses associated with operating energy
systems. Time series and sequence-to-sequence learning have shown
great potential for integration into smart sensors, potentially leading to
scalable solutions for analyzing energy usage and providing accurate
forecasts for smart energy systems.

Smart energy systems can also be part of buildings and are defined as
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smart buildings, a concept based on energy efficiency combined with
smart grids - intelligent management systems incorporate functionalities
for storing and analyzing large volumes of data. Consequently, when
applied in buildings, they can enhance energy management, as applied
in Singapore (Huseien & Shah, 2022). Another advantage of smart
buildings is that because they are designed to efficiently arrange infor-
mation resources, they receive a minimum reasonable return on in-
vestment, highlighting the characteristics of eco-friendliness, comfort,
efficiency, and energy-saving features (Fan et al., 2019). Allam and
Dhunny (2019) affirm that artificial intelligence will soon be indis-
pensable for managing smart buildings, especially with the integration
of 5G technology, aiming to make buildings more adaptable rather than
simply automated. Smart cities generate substantial data; artificial in-
telligence - specifically through machine-to-machine communication
processing - plays a crucial role in analyzing it to further enhance
decision-making, helping with predictive and preventive measures
while providing a comprehensive approach to system settings.

Cities have a major challenge in managing their energy usage,
significantly contributing to urban carbon emissions. To promote the
development of diverse technological advancements in intelligent en-
ergy management to help environmental sustainability, encouraging
prospects for optimizing energy usage and reducing expenses. Smart
energy management involves artificial intelligence and machine
learning to optimize energy consumption, process extensive datasets
and offer valuable insights into consumption trends. This empowers
cities to base their decisions on data, ultimately enhancing energy effi-
ciency (Pandiyan et al., 2023). Furthermore, artificial intelligence
techniques can model and comprehend various scenarios. They can be
employed to create models for forecasting consumption, diagnosing
situations, or discerning occupants’ behavior, among other applications
(Aguilar et al., 2021).

It is becoming more apparent to apply artificial intelligence tech-
niques in the smart grid, which can be explained by the AI techniques
that use extensive datasets to develop intelligent machines capable of
performing tasks that typically demand human intelligence with speed
and accuracy. However, there are instances where Al may not entirely
replace human grid operators. Despite the potential for Al systems to
offer increased precision, reliability, and comprehensiveness, numerous
challenges persist in effectively implementing Al techniques within the
smart grid. In fact, the primary challenges are regarding data privacy
and security, along with addressing the “black box™ nature of certain Al
methods to foster a more human-centred approach in the design of Al
solutions (Omitaomu & Niu, 2021).

5. Conclusions

This paper has explored the role of Al in fostering sustainable cities
and communities (SDG 11) by advancing the principles of sustainability
and social progress outlined in the SDGs. The main contributions of this
paper lie in its comprehensive exploration of the role of Al in advancing
SDG 11 for sustainable cities and communities. By thoroughly exam-
ining various applications and implications of Al within this framework,
the paper demonstrates how Al can foster sustainable development,
emphasizing inclusivity, safety, resilience, and sustainability. It provides
detailed insights into the potential applications of Al, such as optimizing
energy use, streamlining waste management, improving traffic flow, and
enhancing environmental monitoring.

The potential applications of Al, as showcased on this paper, are
manifold. Al can optimize energy use in buildings and homes, reducing
consumption and costs. It can also help to streamline waste collection
and recycling processes. For instance, Al-powered sorting systems can
more efficiently separate recyclable materials, and predictive analytics
can optimize collection routes and schedules. In the field of traffic
management, Al can be used to improve traffic flow, reduce congestion,
and lower emissions, and support the development of smart mobility
solutions. Moreover, the paper highlights the environmental advantages
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of Al in predicting water demand, managing water distribution, moni-
toring air quality, and contributing to macro-level planning for more
sustainable urban environments. While acknowledging the significant
advantages of Al in urban settings, the paper emphasizes its role as a tool
to assist human decision-making, stressing the importance of ethical
considerations, addressing biases, and ensuring privacy in the imple-
mentation of Al systems in urban planning.

While this study offers valuable insights into the positive contribu-
tions of Al to urban sustainability, it is important to recognize the lim-
itations in the depth of analysis on ethical considerations, potential risks,
and the practical aspects of achieving collaborative efforts. In
acknowledging the negative aspects of Al that can potentially compro-
mise the sustainability of cities, it’s crucial to highlight specific areas
where the paper could benefit from a more nuanced exploration. Firstly,
the ethical implications of Al implementation, such as biases in algo-
rithms and decision-making processes, are briefly mentioned. However,
a more in-depth examination of how these biases can perpetuate existing
inequalities in urban settings and hinder social progress would
contribute to a more comprehensive discussion. The paper could benefit
from a detailed examination of the criteria and benchmarks used to
assess the performance of Al applications in comparison to traditional
methods. This includes metrics for accuracy, efficiency, and effective-
ness in addressing specific urban challenges. Discussing the complexities
of measuring success when considering the dynamic and context-
specific nature of urban environments would also contribute to a more
nuanced understanding of Al effectiveness.

Looking towards the future, the study advocates for collaborative
efforts among urban planners, policymakers, and AI experts to fully
harness the potential of Al in improving urban planning processes. By
fostering inclusive, ethically acceptable, and privacy-respecting imple-
mentations, this collaboration can contribute significantly to the reali-
zation of SDG 11, ensuring sustainable, resilient, and inclusive cities for
the growing global urban population. Based on the conclusions drawn
from this study, several suggestions for future studies to further explore
and advance the intersection of Al and SDG 11 for sustainable cities and
communities could address the following aspects:

e Human-Centric Al Integration. Investigate methods to enhance the
human-Al interaction in urban planning.

e Algorithmic Fairness and Bias Mitigation. Conduct research on devel-
oping and implementing algorithms that prioritize fairness and
mitigate biases in urban planning decisions.

e Privacy and Data Security in Al Systems. Explore strategies to enhance
the privacy and data security aspects of Al systems used in urban
planning.

e Community Engagement and Inclusivity. Investigate how to incorporate
community input and perspectives effectively in Al-driven urban
planning processes.

e Al for Social Equity. Examine ways in which Al can be leveraged to
address social equity challenges in urban areas.

e Long-Term Environmental Impact Assessment. Investigate the long-
term environmental impact of Al technologies used in sustainable
urban development.

e Policy Frameworks and Governance Models. Research optimal policy

frameworks and governance models for the responsible imple-

mentation of Al in urban planning.

Cross-Disciplinary Collaboration. Encourage collaborative research

efforts involving urban planners, policymakers, Al experts, envi-

ronmental scientists, and social scientists.

Scalability and Adaptability of AI Solutions. Evaluate the scalability

and adaptability of Al-driven solutions across different urban con-

texts and regions.

e Impact Assessment of Al in Urban Planning. Conduct comprehensive
studies to assess the impact of Al implementations in urban planning
on achieving SDG 11.
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