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Abstract

Urban development is being transformed at
astronomical speed through leveraging Artificial
Intelligence (Al) for data-driven urban design that
will sustainably address those challenges that had
long bedeviled urban settlements worldwide. Hence,
the goal of applying Al in urban design and
management is to incorporate Al into the
transformation of those standard features of urban
settlements such as large population, overstretched
public transportation and utilities to achieve a data-
driven system capable of responding to the needs of
citizens in an efficient and sustainable manner. It is,
therefore, not surprising that cities around the
world are leveraging Al not only to incorporate Al
into urban design and architecture but also to
achieve a smarter urban environment through the
deployment of Al to simulate the effects of unbridled
population growth, inadequate infrastructure and
inefficient public services, among others, which are
the hallmarks of cities in Nigeria and, indeed, in
many others across the world. Al could, therefore,
transform traditional city infrastructure into a
responsive, data-driven ecosystem capable of
meeting the needs of urban dwellers. It is against
this backdrop that this paper asserts that the
incorporation of Al into urban design is capable of
revolutionising the sector. Consequently, the paper
suggests that a radical reorientation is long overdue
for the 21 century urban planners. The paper
recommends that the institution of Al in urban
design should be the norm rather than the exception
in Nigeria and Africa as a whole.

Keywords: Urban design, Artificial Intelligence,
transformation, infrastructure

I.  Introduction

Artificial intelligence (Al) refers to
technology that enables computers and machines to
simulate human learning, comprehension, problem
solving, decision making, creativity and autonomy.
In this wise, applications and devices equipped with
Al can see and identify objects. They can
understand and respond to human language as well

as learn from new information and experience. They
can also make detailed recommendations to users.
Similarly, Al can act independently, thus replacing
the need for human intelligence or intervention, a
good example is the self-driving car (Stryker &
Kavlakoglu, 2024).

Unsurprisingly, urban designers are
leveraging Al to achieve sustainable urban design
and architecture through leveraging data analytics
and machine learning to optimise public services
and improve resource management towards
enhancing the quality of life for residents. In this
wise, Al is being used to address such challenges as
traffic congestion, energy consumption, public
safety, waste management, healthcare and even
citizen engagement. Furthermore, Son, ef al, (2023)
citing Yigitcanlar & Teriman (2015) and Berawi
(2019), stated that the concept of sustainable
development of urban architecture has been pushed
to the forefront of urban policy debate in the hopes
of constructing a desirable urban future. It is also
defined as the balance of sustainable economic
growth and ecological regeneration as well as
process for meeting future urban goals without
compromising society's well-being, quality of life,
and environment.

Leveraging technology for managing cities
is not entirely new as pointed out by Huang (2021),
Zhou, et al., (2022), and Sanchez ef al., (2022) cited
in Son, et al.,, (2023) as the practice dated back to
the 1950s and 1960s and is amplified in the
Sustainable Development Goals (SDGs). However,
the recent advances in data analytics has made the
concept more achievable.

In recent times, Al has been key to efforts
to building or transforming existing cities into
“smart” ones. To achieve this, designers leverage
cutting-edge technologies, such as the IoT (Internet
of Things), big data analytics, and machine learning,
to optimise urban services, enhance the quality of
life for residents, and address the myriad challenges
posed by increasing population density, climate
change, and resource scarcity (Bhatti, et al., 2025).

| Impact Factor value 7.52 |

ISO 9001: 2008 Certified Journal

Page 325


https://www.sciencedirect.com/science/article/pii/S2210670723001737#bib0144
https://www.sciencedirect.com/science/article/pii/S2210670723001737#bib0024
https://www.sciencedirect.com/science/article/pii/S2210670723001737#bib0024
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/environmental-impact-assessment
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/environmental-impact-assessment
https://www.sciencedirect.com/topics/medicine-and-dentistry/quality-of-life
https://www.sciencedirect.com/science/article/pii/S2210670723001737#bib0122

www.ijhssm.org

¢

International Journal of Humanities Social Science and Management (IJHSSM)
Volume 5, Issue 6, Nov.-Dec., 2025, pp: 325-339

ISSN: 3048-6874

Smart cities, according to Fabio (2025)
represent an innovative approach to urban planning
and management that leverages technology to
optimise various aspects of traditional city life.
Therefore, in smart cities, urban planners deploy
data analytics to ensure efficient management of
public services, including utilities, transportation,
waste disposal, among others, to achieve a more
sustainable and convenient living environment for
residents. Therefore, the deployment of Al into
urban planning is a turning point in the way cities
are built and run as planners could harness the
power of data-driven decision-making and
automation.

Designing smart cities is a direct response
to the challenges posed by rapid urbanisation
occasioned by population growth and the tendency
for a huge chunk of the population moving to cities
with the attendant issue of overstretched public
services and the consequential need for their
effective management comes into play. It is,

therefore, a welcome development, when Al, which
has been described as a game-changer, is being
deployed to revolutionise the way cities are
conceived, operate and managed (ibid).

The task of birthing smart cities
necessitates the input of consultants and engineers to
ensure that the design is practicable and satisfies all
criteria. This is because buildings that are both
useful and aesthetically beautiful require a process
that combines creativity, technology, and, of course,
teamwork. Therefore, this paper discusses the
application of Artificial Intelligence (Al) in urban
design and architecture to make for a more livable
city environment for urban or rather smart city
dwellers with mention of how design outcomes can
be improved by incorporating copious amounts of
data to create tailored designs that cater to the
specific needs of individuals or communities Lea,
2020; Budig, et al., (2014) cited in Elmaz, et al,
(2024).
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Fig. 1: The interplay of factors necessary for the conception and delivery of smart cities (source: Almaz, ef al.,

II.  Background to the Study

Against the backdrop of increasing
urbanisation in contemporary times coupled with the
need to prioritise the comfort of residents, urban
planners are leveraging Al to design cities that do
just that. According to Warner & Mansker-Young
(2023), the definition of a smart city is still
evolving, but the study noted that there are basic
qualities of a smart city among which are the
leveraging of information and communication
technologies to enhance service delivery, citizen
well-being, sustainability, and economic
development. Indeed, Al can make cities not only
more effective but also highly efficient, a situation,
which is highly imperative given the projected rapid

2024).

growth of urban populations over the next few
decades. It is to this end that as a fallout of the
SmartAmerica Challenge, for instance, that city
governments in the United States alone will be
investing around $41 trillion over the course of the
next 20 years to upgrade their infrastructure and
take advantage of IoT solutions. Furthermore, the
study reported that close to two-thirds of cities have
already invested in smart city technology, and many
others are on the verge of implementation.

In Estonia, the 2025 edition of Smart City
Challenge will focus on creating scalable, impactful
solutions that improve the quality of life in urban
areas and pave the way for smarter and more
resilient urban futures. Areas of focus include
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bringing up interdisciplinary approach to developing
novel solutions for urban challenges proposed by
cities around the world and developing
commercially-scalable solutions that also contribute
to the sustainability of set goals. All these are to
generate innovative ideas that not only solve
technical or operational issues, but also enhance
overall urban well-being (Taranov, 2025).

NEC (2018) states that there are many
reasons why cities aimed at being “smart”, with
reasons ranging from the growth and aging of the
population, the growing concern for the
environment, the advances in technology, to the
increased expectations of citizens regarding public
services. In terms of architecture of the built
environment, innovative ideas that can transform the
built environment can be generated through
Artificial Intelligence. By incorporating Al into
architectural design, architects can utilise the vast
amounts of data available to enhance design quality.
In essence, Al could prove useful in generating
novel design choices through simulations, therefore,
reducing manual input, optimising building
performance to save time and money, this makes the
resulting building cost-effective, energy-efficient,
and structurally strong. Also, Al can spot patterns
that human architects might miss. Consequently, Al,
through its ability to simulate design alternatives,
can more quickly and accurately, complements
human knowledge (Almaz, ef al., (2024).

In Nigeria, Koko & Bello (2023) in their
investigation into the problem of urban congestion
in Lagos, the commercial capital of Nigeria, found
out that housing shortages, infrastructure strain,
traffic congestion, waste management difficulties,
and socio-economic disparities constitute the norm
rather than the exception in the city. However,
through data analytics, city authorities and NGOs
have canvassed and implemented sustainable urban
development initiatives, including transport
upgrades, green space promotion,  waste
management, and creative housing solutions,
informal settlement transformation, renewable
energy integration, and urban regeneration to
address the challenges but pointed out more still
needs to be done to make the city truly smart.

Statement of the Problem

As long as the world keeps becoming
urbanised, city planners are embracing the concept
of smart cities to change the narratives with regard
to traditional challenges associated with urban life.
Such challenges include unbridled population
growth, inefficient public services and poor
environment management, among others, which are

the hallmarks of major Nigerian cities and, indeed,
elsewhere. With the advent of Al, transformations
that can redefine urban life can be delivered
expeditiously and efficiently. Urban planning and
architectural design entails a complex interplay of
diverse data sources ranging from management of
public utilities to waste management and mass
transportation. With Al algorithm, streamlining the
process by analysing vast amounts of data to
optimise the provision and management of critical
infrastructure becomes highly achievable.

Given this backdrop, smart cities are
becoming the trajectories of traditional cities and are
becoming increasing the norm especially with
enough government funding and the ascendancy of
visionary city administrators. It is against this
backdrop that the paper seeks to gain the
understanding of policy makers on the need to
prioritise policies that would redefine urban life in
Nigeria.

Objective of the Paper

The objective of the paper was to highlight the
narratives surrounding the smart city phenomenon
while ventilating the imperatives of transforming
some major Nigeria’s traditional cities into smart
ones.

Significance of the Paper

The significance of the study centres on the
necessity of deploying Al-driven technology into the
management of Nigerian cities as is being done
elsewhere across the world to improve the quality of
life of urban residents. This study, therefore, seeks
to contribute to existing literature on the desirability
of smart cities in the existential experiences of
Nigerians while stimulating necessary discourse on
the subject leading to development of smart cities
across Nigeria in the long run. And as noted by
Sanchez, et al., (2022), this is an opportune time for
urban planners to consider the application of Al-
related techniques given the vast quantities of data
available, increased processing speeds, popularity
and development of planning-related applications.
Research on these topics by urban planning scholars
has increased over the past few years, but there is
little evidence to suggest that the results are making
it into the hands of professional city planners or
policy makers in Nigeria.

II. Methodology
This study employs a quantitative approach
to assess the role of Al in the transformation of
urban public services within smart cities. In this
paper, primary and secondary sources have been
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consulted to elicit requisite data. The primary
sources included detailed examination of some
organisational reports while secondary sources
included articles, journals and other online sources.
All these sources have all assisted in the
examination of the issues raised in the study. It is
hoped that the paper will provide insights into the
role of Al in the development of smart cities.

Theoretical Framework

Many frameworks can be leveraged to
explain the necessity and the repercussions of
adoption of smart cities initiatives in Nigeria and
beyond. For instance, one of these frameworks is the
Complex Adaptive Systems (CAS) Theory. This
theory, as described by Carmichael & Had zikadic
(2019), posits that the Complex Adaptive Systems
(CAS) is a framework for studying, explaining, and
understanding systems or agents that collectively
combine to form emergent, global-level properties.
These agents can be nearly anything, from ants or
bees, to brain cells, to water particles in a weather
pattern, to groups of cars or people in a city or town.
These agents produce emergent patterns via
correlated feedbacks throughout the system,
especially those feedbacks that create and fortify a
basin of attraction. The term basin of attraction has
been used to describe such systems, to capture the
idea of correlated feedbacks among the agents of a
system that create these identifiable and distinct
patterns. It is these agents and the patterns generated
that constitute the data utilised by Al to organise
such complexities as smart cities. The term
‘adaptive’ in the theory implies a tipping point,
where the stable system (a traditional city in this
sense) finally crosses some thresholds, and begins a
rapid transition to a new state (a smart city). These
thresholds can be characterised as a qualitative
change in system characteristics (demographics,
technology, funding, etc.). In essence, smart cities,
with their inter-connected systems leveraged by Al,
are prime examples of complex adaptive systems.
Hence, the CAS theory with its emphasis on self-
organisation, adaptation, and emergent behaviour,
speaks to how Al technologies integrate and
function within a smart city environment.

Yet another relevant theory is the Socio-
Technical Systems Theory, which posits that
technology and society are interconnected and co-
evolved. The socio-technical theory, according to
Pasmore et al., (1982), is a “method of viewing
organisations, which emphasises the inter-
relatedness of the functioning of the social and
technological sub-systems of the organisation and

the relation of the organisation as a whole to the
environment in which it operates. Put simply, the
socio-technical system perspective contends that
organisations are made up of people that produce
products or services using some technology, and that
each affects the operation and appropriateness of the
technology as well as the actions of the people who
operate it.” Abbas & Michael (2025) also echoed
this position as they describe the socio-technical
theory as an organisational theory that
conceptualises a given work or other system in view
of its constituent social and technical subsystems,
with the goal of achieving system success through
joint optimisation. Consequently, the socio-technical
systems theory is a framework for understanding
how social and technical aspects of an organisation
or entity interact and influence each other. The
theory recognises that organisations are complex
systems with two inter-related subsystems: social
(people, culture, etc.) and technical (technology,
tasks, etc.). It is, therefore, the optimisation of these
sub-systems that makes for system success and
effectiveness. In essence, this theory highlights the
importance of social and organisational factors
alongside technological components in the design
and implementation of smart city initiatives. Hence,
the theory states that the development of smart cities
is not only about deploying technology but is also
about how the residents interact and are impacted by
them.

The Technology Acceptance Model (TAM)
can also be leveraged to discuss how users
(residents of a city) accept or perceive new
technology especially as related to the deployment
of Al in smart city development noting that the
acceptance or support of existing or future residents
of an existing city or the ones transiting to smart
cities is crucial to the success of such enterprises.
The theory dwells on such factors as ease of use,
among others, as determiners of acceptability. The
technology acceptance model (TAM) is a widely-
accepted theoretical framework that explains how
users accept and use technology. Musa, et al,
(2024) assert that TAM has been applied in various
marketing contexts to explain consumer behaviour
toward new technological products and services. By
understanding how consumers perceive their
products’ usefulness and ease of use, marketers can
design effective marketing strategies that maximize
consumer adoption and wusage rates. Perceived
usefulness and perceived ease of use are the two
cognitives that TAM proposes. According to TAM,
an individual’s actual use of a technological system
is influenced directly or indirectly by the user’s
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behavioural  objectives,  attitude,  perceived
usefulness, and perceived ease of the system.

By implication, TAM 1is predicated on three
perceptions/factors. These are the perceived
usefulness of a technology or system and deals with
the extent to which a person believes that using a
particular system would enhance their job
performance or make their tasks easier (or lives
easier in the planned smart city). Another factor has
to do with the perceived ease of use, which refers to
the extent to which a person believes that using a
particular system or technology would be free of
effort. While the third one is that of behavioural
intention, which suggests that the first two factors
directly influence a person's intention to use a
technology or system. This intention then leads to
the acceptance or actual use of the technology,
hence, the theory can be used to design and
implement technologies that are more likely to be
accepted and used by individuals.

This paper has situated the decision to conceive and
build smart cities within the ambits of complex-
adaptive theory, socio-technical systems theory and
technology acceptance model as these corroborate
its contention that the decision to go smart by any
particular city authority or nation is likely to be
predicated on emergent situations, the social context
of the decision as well as the acceptance of residents
of the changes being implemented.

IV. Literature Review

Artificial Intelligence (Al), as asserted by
Son, et al., (2023) citing Sanchez et al., (2022);
Press, (2016); Anyoha (2017); Herath & Mittal
(2022), is not well understood by most people,
including urban planners. The study, however, noted
that the concept of integrating intelligence in
machines and systems can be traced back to the 16th
century, it was not until 1956 that the term
“Artificial Intelligence” was officially coined by
computer scientists; John McCarthy, Allen Newell,
Cliff Shaw, and Herbert Simon.

According to to Adenekan, et al., (2024), the
concept of smart cities dated back to the early 20th
century. The term, which gained prominence in the
late 20th and early 21st centuries and could be
traced through distinct phases. First, was the
pioneering thinkers envisioning futuristic cities that
harnessed the power of electricity,
telecommunication, and automation such as
Ebenezer Howard's Garden City movement in the
late 19th century and Le Corbusier's Radiant City
concept in the early 20th century, both of which
were reported to have proposed integrated urban

designs to improve quality of life through efficient
infrastructure and green spaces, among others.

Similarly, He and Chen (2024) states that the
application of artificial intelligence in urban space
and architecture began in the 1970s adding that in
the past 10 years, artificial intelligence has been
applied in many research directions of urban design
and related aspects leading to the accumulation of
geographical design intelligence. Consequently, Al
could also help to transform complex qualitative
descriptions in space into quantitative analysis and
design models through intelligent mechanisms. Al in
urban design and planning could also be reflected in
the deployment of Al algorithms and thinking to
calculate and analyse the relevant data in urban
design research efficiently and accurately while
harvesting relevant knowledge and rules from it.

Some researchers, however, opine that there
is no one-size-fits-all definition for smart cities. For
instance, Chawla (2016) noted that there is no
universally accepted definition of a smart city as it
could mean different things to different people
hence, the conceptualization of a smart city,
therefore, could vary from city to city and country to
country, depending on the level of development,
willingness to change and reform, resources and
aspirations of the city residents. Hence, the concept
of a smart city would have different connotations in
Nigeria compared to Europe. Furthermore, citing
UN-Habitat (2016), the study notes that more than
50% of the world's population currently lives in
cities, and that by 2050, this proportion will exceed
70%. It added that every one out of two persons in
the world resides in cities. Therefore, cities currently
contribute up to 70 per cent of the global Gross
Domestic Product (GDP). To effectively leverage
the growth opportunity which cities present, they
would have to become "smart" so as to attract more
investments, employers, residents and visitors and
globally competitive and the preferred choice of the
residents and visitors.

To Bhatti, et al, (2025), smart cities are
centres in which urban infrastructures are enhanced
through the integration of cutting-edge technologies
such as artificial intelligence (AI) to enhance
efficiency, sustainability, and enhanced quality of
life for urban residents. In recent times, Al has seen
applications in such areas as transportation, energy,
healthcare, and waste management to address the
myriads of challenges facing urban residents. The
study recalled the earlier one done by Mohd, et al.,
(2018) and Zhang, et al., (2020), where the potential
to enhance traffic flow was demonstrated through
leveraging machine learning algorithms and real-
time data from IoT technology, which enabled the
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interconnection of physical devices and sensors to
create a networked infrastructure, for collecting and
analysing real-time data. This has facilitated the
development of smart grids, smart buildings, and
smart transportation systems that optimize energy
usage, improve efficiency, and enhance urban
mobility to predict traffic patterns, optimise traffic
signals, and reduce congestion. In this wise, He &
Chen (2024) citing Yap et al.,(2023), stated that Al
technology can also address issues related to
transportation  decision-making  noting  that
advancements in urban data research have
demonstrated the effectiveness of deep learning
methods in evaluating active mobility potential for
urban environments. These are as especially related
to using integrated street view imagery, deep
learning and urban networks to evaluate active
mobility to assess traffic environment.

In the same vein, He & Chen (2024) also
assert that almost every organisation is now focused
on transforming data into actionable insights. For
example, to detect and quantify a water pollution
problem, a water quality monitoring network could
be designed and established through artificial
intelligence technology. Furthermore, large-scale
soil regulation and agricultural sustainability can be
addressed with geographic information systems.
These findings underscore the critical role Al plays
in the development of sustainable urban
environments.

According to Ferhati, et al, (2024), the
application of Artificial Intelligence in sustainable
urban planning design aims to create an Al-powered
model that is capable of detecting urban sprawl,
urban decay, infrastructure deficiencies, and
environmental degradation, as well as generate
sustainable solutions.

In terms of architectural design, Almaz, et
al., (2024) stated that the integration of artificial
intelligence (AI) in architecture is transforming
building design, making it faster, more efficient, and
more sustainable. Al is, therefore, allowing
architects to interact with data scientists and
engineers. Furthermore, the study recommends
merging Al into architecture education to generate
initial project forms or prototypes, improving
interaction with experienced architects, and
revolutionise the way students learn and create, thus

allowing them to explore innovative designs they
may not have considered while in the long run,
aspiring designers' comprehension of design-related
concepts, their creativity and  Al-inspired
architectural touch, could manifest in time.

Sanchez, ef al., (2022), however, noted that
advances in information technologies have moved
very slowly in the field of urban planning, especially
as related to ‘smart city’ technologies while
revolutionising other domains, such as consumer
goods and services. In this context, the study noted
that Baidu, Amazon, Netflix, Google, and many
others are using these technologies to gain insights
into consumer behaviour and characteristics to
generate traffic and huge profit margins.

In essence, Al has the capacity to enhance
urban living via the conception and transformation
of traditional cities into smart ones. Al can
significantly improve efficiency, sustainability, and
safety in urban environments. However, as noted by
Bhatti, et al., (2025), challenges related to data
privacy, system interoperability, and societal impact
must be addressed to realize the full potential of Al
in smart cities. Hence, extensive deployment of Al
should be balanced by ethical, social, and economic
considerations, ensuring that the benefits of Al-
driven smart cities are accessible to all residents.

In this paper, the decision to leverage Al-
driven technology to transform existing cities into
smart ones could be borne out of several factors
chief among which is change in demographics,
population growth, influx or emergence of literate
and tech-savvy residents; availability of needed
funds to upgrade public services including waste
management, energy, transportation and other
utilities, to mention but a few.

What Makes a City Smart?

According to Lopez, 2025), a smart city uses
digital technologies and data-driven tools to enhance
the quality and performance of urban services such
as transportation, energy, healthcare, and waste
management. Al enables these systems to self-
adjust, predict outcomes, and automate complex
tasks. Combined with IoT sensors, cloud
infrastructure, and real-time analytics, Al makes it
possible for cities to respond dynamically to ever-
changing needs of residents.
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Fig. 2: Reshaping the Urban Future through Al (source: Magdy, 2024)

What is Wrong with Today’sUrban Planning?

Helmbold (2024) asserts that with a
significant portion of the world population now
living in urban areas, modern city planners are
struggling to keep pace with the pace of growth. The
study noted that traditional planning methods often
rely on outdated data, which result in inefficient
designs that fail to address the dynamic needs of
growing urban populations. It was also reported that
in large cities such as Mexico City and Chennai, less
than half of the residents live within a 500-meter
walk of a public transit stop. Therefore, many
residents have to rely on informal and poorly-
tracked transportation. With AI, such limitations
could be overcome. It is also to be noted that poorly-
planned urban sprawl exacerbate social inequalities.
Even major US cities like Phoenix, Baltimore or
Seattle, have over 70% of their residents lacking
access to essential services like healthy food
markets or convenience stores.

Similarly, traditional urban planning is often
too rigid, with different departments working in
isolation, a fragmentation that reduces the ability to
respond to natural disasters or climate change. It is
estimated that in the next 100 years, 20% of urban
residents in coastal areas would be completely
inundated, which could be averted with AI on
account of its ability to provide robust, data-driven
solutions.

Al in Urban Planning

In recent years, the importance of Al in city
planning strategies has grown astronomically
especially with the advent of big data and the
Internet of Things (IoT) technologies, which laid the
groundwork for more-sophisticated applications of
Al such as urban planning. With Al systems

beginning to collect and cross-reference information
from multiple data points simultaneously, more
comprehensive insights and analysis are enabled. It
has been reported that the high latency witnessed in
ecarly stages of Al was resolved with the arrival of
5@, resulting in Al 5G smart cities with much more
improved quality of life in urban environments.

Jordan and Mitchell, (2015), Al-Garadi et
al., (2020) cited in Tekouabou ef al., 2022 observed
that the emergence of new algorithms, which allows
for the efficient process of large volumes
of collected data which are then deployed in many
useful applications and fields, could be directly
attributed to the growth of storage memories and
computational capacities of machines witnessed in
recent years.

Son, et al., (2023) citing
Yigitcanlar ef al., 2019, 2020, Allam &
Dhunny, 2019; Andrews et al., 2022;
Samsurijan et al.,, 2022, Kim efal., 2021, Nam &
Pardo, 2011; Micozzi & Yigitcanlar, 2022, noted
that in recent times, Al is also being adopted by
local government agencies. Here, the utilisation of
Al mainly centred around two interconnected areas:
(a) Urban service delivery and operations (e.g.,
traffic control, garbage collection), and; (b) Urban
policy, decision-making, and planning tasks (e.g.,
land use planning, development control). Thus, Al
has enabled urban planners to conceive and deliver
smart cities capable of addressing urban challenges
and providing sustainable development in smarter
ways especially with regard to livability, well-being;
sustainability and accessibility.

Furthermore, developing smart cities
through urban planning requires taking into
cognizance the diverse perspectives and insights,
while making allowance for potential bias and
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negative impacts on residents. As such, urban
planning requires strategic thinking at all levels to
deliver smart and sustainable development, solid
economic growth, and improved quality of life of
citizens. Nowadays, Al applications can be seen in
various parts of the world especially in cities in
Europe, America, and Asia, particularly in
Amsterdam, London, Vienna, Stockholm, Toronto,
Singapore, and Hong Kong, where Al has been
successfully leveraged to achieve sustainable
outcomes in their smart city transformation
objectives.

Challenges of Using Al in Urban Development

As much as Al has proved its usefulness in many
areas of modern life, challenges remain that must be
addressed to ensure that the technology benefits all
through a deployment process that should be fair,
protect privacy while avoiding bias. These are
further explicated as follows:

Privacy Concerns

One of the primary issues of leveraging Al in urban
planning is the potential for privacy violations.
Hence, to function effectively, AI must gather data
from multiple sources, including surveillance
cameras, mobile apps, social media and IoT devices

raising concerns about how the data generated might
be misused for tracking individual behaviours and
movements or being sold to third parties for
advertising and marketing purposes.

Bias in AI Systems and Equity Issues

Al is capable of worsening existing social
inequalities, especially if the data generated is not
free from biases that could perpetuate harmful
stereotypes. Also, Al could be deployed to favour
those who are already privileged. In this wise, an Al
system could improve public transportation access
to leisure spots in affluent neighbourhoods while
reducing or denying service availability for
disadvantaged sections of such cities.

Benefits of Deploying Al in Smart Cities

Smart cities are transforming urban environments by
integrating  digital technologies to enhance
traditional  urban  planning  services  and
infrastructure with the aim of creating more
efficient, sustainable, and safer spaces by leveraging
innovations like Al and open data (European Union
(2025). Al brings tangible improvements to urban
living by enabling cities to respond to challenges
with speed, precision, and foresight. These benefits
span across mobility, sustainability, safety, and
infrastructure resilience.

2-3

Fig.3: Al-driven Traffic Lights (Source: Venturous Group)

According to Venturous Group (2025), in a
city like Singapore, Al-driven traffic systems is
dynamically adjusting traffic signals based on real-
time conditions. In the same vein, the country’s
extensive public transport network, equipped with
smart sensors, have experienced a 92% reduction in
the number of bus services with crowding issues, as
well as a significant 3- to 7-minute reduction in
waiting times. Los Angeles, USA, notorious for its

traffic gridlocks, similar things are being done by
implementing Al-powered systems for predictive
traffic management, anticipating bottlenecks and
rerouting vehicles even before any delays occur.
The system has improved travel times by an
estimated 12%, and up to 16% in certain areas, and
helped reduce emissions from congestion by 3%.
Similarly, autonomous vehicles with Al features
could completely change urban mobility, creating
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smart transportation networks and minimising
infrastructure costs.

Public safety: Real-time predictions lead to
immediate response

In terms of public safety, Al is transforming cities
all over the world. For instance, back then in 2017,

the city of Barcelona, Spain, launched Sentilo, an
open-source Al system that monitors data from a
network of sensors to detect irregularities that could
indicate fires or accidents, allowing city officials to
act faster and in real time. The system could further
be configured to predict natural disasters, such as
floods, among others.

Fig.5: Smart City Management (Source: Venturous Group)

Clean Energy

Also, through Al-driven energy load
forecasting, the city of Barcelona has been able to
integrate renewable energy sources, such as solar
and wind, thus enabling the city to issue a four-year
action plan (2022-2025) to conduct carbon-
reduction and energy-conservation reform aiming
for an average 1% reduction in power use every
year. In the same vein, the Shanghai Academy of
Artificial Intelligence for Science and Fudan
University, China, recently introduced an upgraded
Al-powered model for climate and weather
forecasting which allows for optimised wind and
solar power generation and improved grid load
balancing. The energy savings are expected to grow
further and is a significant step towards the city of

Shanghai’s goal of reaching carbon neutrality before
2060. Furthermore, the significantly smaller city of
Copenhagen in Denmark, is also applying Al in a
similar way through optimising energy distribution,
balancing supply and demand, and introducing new,
renewable energy sources into the energy grid. In
the not-too-distant future, AI could help create
independent energy districts, where buildings
generate, store and distribute their own power,
creating net-zero emissions cities.
Urban Planning and Infrastructure Maintenance
Other potential areas for Al-driven
technology are urban planning and infrastructure
maintenance. In 2021, the city of London, UK, was
also reported to have implemented a digital twin
solution to monitor and analyse the status of the
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London underground system. To achieve this, real-
time sensor data was used to reveal information that
might have gone unnoticed, especially in terms of
faults, heat and noise hotspots within the
transportation system. This data-driven decision-
making would not only optimise operations, ensure
worker safety, but also minimise environmental
impact. Since the technology enables simulations,
possible reductions of up to 44% in operational
expenses and 26% in capital expenditures was
shown to be achievable. Also, the city deployed Al-
enabled cameras at its underground ticket barriers to
monitor whether more people were entering or to
exiting, which helps in reducing waiting time.
Future developments in Al technology
could be used to model and simulate potential city
expansion, thus enabling city planners to predict
how new developments will affect transportation,
utilities and public services. The technology has the
capacity to enable more efficient urban planning,
reduce running costs and paving the way for more
efficient resource allocation, as well as avoiding
both over-building and housing shortages. By
extension, Al could help monitor critical
infrastructure - important highways, bridges tunnels,
and sewage systems to identify wear and tear before
they become major issues, minimising costly
repairs, downtime while avoiding serious accidents.

Al in Architecture

In terms of designing enduring and
sustainable  architectural designs in  urban
environment, Almaz, et al., (2024), reported the use
of Artificial Architectural Intelligence (AAI) as a
technology that generates architectural designs
based on problem specifications and input
specifications. AAI uses algorithms and machine
learning techniques to analyze vast amounts of data
and identify patterns, creating innovative and
efficient architectural designs. By incorporating user

feedback and continuously improving its knowledge
base, AAI could revolutionise the architectural
industry by providing more accurate, and highly
customized design solutions. It is expected to be
applied to building, structure, and city design, using
visual media for spatial construction and creative
thinking. Therefore, AAI can help architects explore
new design possibilities and push the boundaries of
traditional architecture (ibid).

The Concept of a Smart City in Nigeria

As outlined in the Nigeria Smart City
Initiative (NSCI), a smart city involves leveraging
Information and Communication Technology (ICT)
and other technologies to improve urban living and
address challenges related to rapid
urbanization. This includes integrating human,
physical, and digital environments to provide
intelligent solutions for everyday city life.
Mansur (2019) noted that the Nigeria Smart City
Initiative (NSCI) was launched in Abuja, Nigeria, on
8th
August, 2017. The summit was to initiate sound
actionable strategies for transforming Nigerian
major urban centers from traditional dysfunctional
cities to modern, efficient, responsive ones capable
of satisfying the needs of present and future
generation of Nigerians. NSCI would rely heavily
on application of ICT and other smart technologies
in the operations and management of those cities.
The study also articulated the position of surveyors
in the plan to transform the Nigerian major urban
centres into functional, responsive, interactive and
resilient municipalities through city upgrade and
renewal, massive PPP investment on infrastructure,
citizen capacity development and strategic action
plans for migrating from traditional analogue ways
of doing things to applications of ICT and
Internet of Things in the decision-making processes
and the management of these cities.
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As also noted by Mansur (2019), in
traditional cities, management and administration
are usually manual, analogue and tedious; hence
decisions are based on inaccurate and insufficient
data; dissemination of information is slow and
ineffective and interaction between the city
administration and citizens is minimal and physical.
However, in smart cities, information from all
domains, administrative, economic, social, physical,
political, environmental, infrastructural, cultural,
among others, are electronically collected,
correlated and displayed in digital platforms such
that citizens can access specific, accurate and
comprehensive information about the city and
services it offers. On the other hand, smart cities
offer greater satisfaction for citizens and
enhancement of living environment. The study also
stated that the Nigeria Smart City Initiative (NSCI)
was launched in Abuja, Nigeria, on 8" August,
2017, via a summit aimed at initiating sound
actionable strategies for transforming Nigerian
major urban centres from traditional dysfunctional
cities to modern, efficient, responsive ones capable
of satisfying the needs of present and future
generation of Nigerians. To do this effectively,
NSCI would rely heavily on application of ICT and
other smart technologies in the operations and
management of those cities.

As further observed in NCC (2025),
Nigeria, in her bid not to left behind in the race to go
smart, convened the Nigerian Smart City Summit,
which was attended by many government officials,
businessmen, urban planners and developers, policy
makers, city administrators and other related
stakeholders, who saw the need to converge and

Fig. 6: An Architect Impssion ofa Nigeran Smart City (source: NC) ’
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discuss how to develop effective strategies for
emergence and actualization of the smart city
phenomenon in Nigeria. The Summit was put
together by the Nigeria Smart City Initiative (NSCI)
under the auspices of the Federal Ministry of
Communications in collaboration with AFRITEX
Initiative. Many presentations were made during the
summit. Among them is a paper by Chuks Okpaka,
Country Managing Director of Hewlett Packard,
who presented a paper titled: ‘‘Developing An
Effective Smart City Platform: Addressing
Usability and Accessibility Concerns’’, highlighting
the beauties of smart city which include better
connectivity, better security, cyber security,
predictive intelligence, better environment and
control.

Among the gains of smart city, as noted by Okpaka,
is safer driving through SWARM Intelligence and
analytics. This involves the use of information
gathered from other vehicles on the road (the
'swarm') and from infrastructure, towards passing
real-time contextual information to either a specific
car or other road users for better and intelligent
driving experience.

Another presenter, by Demola Aladekomo of the
Smart City, Lekki, Lagos, titled: Frameworks And
Models For Smart Cities Initiatives In Nigeria,
emphasised the need to recognise population growth
as an opportunity and to accept rural-urban
migration not as a threat but reality on the need to
use agglomeration, polycentric approach to
governance, utilisation of technology to leapfrog
development planning, promotion of good
governance and Rule of Law, as well as build
sustainable institutions.
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Furthermore, NHM (2024)stated that smart city
leverages digital technology and data-driven
approaches  to  optimize  urban  services,
infrastructure, and governance. The study noted that
key components of a smart city include smart
transportation systems, efficient waste management,
intelligent energy grids, and robust digital
connectivity. These initiatives aim to enhance urban
efficiency, reduce resource consumption, and
improve residents' overall experience. Urbanisation
is the defining trend of the 21st century, with cities
worldwide grappling with the challenges of
population growth, infrastructure demands, and
environmental sustainability. In Nigeria, the rapid
development of urban centres such as Lagos and
Abuja has spurred interest in smart city initiatives as
a means of fostering sustainable growth, improve
quality of life, and attract investment.

The Case for Smart Cities in Lagos and Abuja
According to NHM (2024), Lagos, Africa most
populous city, has a population of 20 million
residents and understandably grapples with
significant challenges in traffic management, waste
disposal, housing, and public safety. Hence, city
planners are exploring the smart city option to
address these issues as follows:

1. Smart Transportation: Traffic congestion is
a hallmark of Lagos. The state government is
exploring intelligent traffic management systems,
which include adaptive traffic lights, GPS-enabled
public transportation tracking, and digital ride-
sharing platforms to streamline movement.

2. Digital Connectivity: Initiatives like the
Lagos Smart City Project aim to deploy broadband
infrastructure and increase digital literacy, fostering
a digitally connected society.

3. E-governance: Enhancing service delivery
through digitized platforms for tax payment,
business registration, and other public services is
key to improving efficiency and accountability.

As Nigeria’s capital, Abuja is uniquely placed as it
is a product of a planned urban design unlike Lagos,
which is a typical example of an urban sprawl and
unplanned built environment, therefore, making it
aptly positioned to be easily transformable into a
smart city. The relatively smaller population
compared to Lagos also provides an opportunity to
implement technology-driven  solutions more
effectively. Therefore, urban planners are looking in
the following directions:

1. Energy Efficiency: Smart grids and
renewable energy solutions are being considered to
address the city’s growing energy needs while
reducing reliance on fossil fuels.

2. Smart Infrastructure: Digital solutions for
managing utilities, such as water supply and waste
disposal, are being incorporated into Abuja’s urban
planning framework.

3. Urban  Security: With  increasing
urbanization, the government is prioritizing the
deployment of surveillance systems and Al-driven
crime prevention technologies to ensure public
safety.

Challenges in Implementing Smart City
Initiatives in Nigeria

While the prospects of smart cities in Lagos and
Abuja are promising, there are, however, several
challenges to be addressed. These borders mainly
on:

1. Funding Constraints: Implementing smart
city projects requires significant investment.
Securing both public and private funding remains a
major hurdle.

2. Infrastructure Deficits: Existing
infrastructure in Lagos, in particular, is inadequate
to support the demands of a smart city, necessitating
extensive upgrades.

3. Digital Divide: Low digital literacy and
limited access to technology in some areas hinder
widespread adoption of smart solutions.

4. Policy and Governance: Regulatory
frameworks need to be streamlined to encourage
innovation and collaboration between stakeholders.

V. Discussion of Findings

The paper highlights the transformative
potential of Al-driven automation systems in
enhancing the efficiency and sustainability of urban
settlements. The implementation of Al in traffic
management, energy, waste management, and
security, among others, was demonstrated to have
significantly impacted the operations of these public
services especially in the more advanced countries
of the world. In Nigeria, city planners are not lying
idle as they had launched several initiatives to
broaden national discourse on the deployment of Al-
driven technology in at least two promising Nigerian
cities, Lagos and Abuja. In all, the findings suggest
that Al can play a crucial role in addressing the
challenges faced by cities worldwide but which
advancements in technology can address provided
significant support could be mobilized in terms of
funding and political will.

VI.  Conclusion
Smart city initiatives in Lagos and Abuja
represent a transformative approach to urban
development. By harnessing technology and
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fostering collaboration, these cities can address
critical challenges, enhance quality of life, and
position themselves as models for sustainable
urbanisation in Africa. While significant obstacles
remain, the commitment of government, private
sector, and citizens will be critical in turning the
vision of smart cities into reality. However, the
advent of Al in urban planning opens a window of
opportunity into addressing the many ills bedeviling
cities.

As noted in Bhatti, et al., (2025) and throughout the
paper, the entry of Al into urban planning and
management showcases the potential of the
technology to solve pertinent problems, especially
as related to traffic management, security and
energy associated with cities.

Despite these promising results, the study also
reveals important challenges in the widespread
adoption of Al in smart cities. Issues such as ethical
concerns bordering on data privacy and bias have to
be addressed in ways that protect the privacy and
rights of the citizens.

The findings of this paper yields valuable data into
the capacity of Al to sustainably enhance urban
living. The paper urges more research into the
emergent field of Al in urban planning while
identifying those obstacles to the spread of Al would
continue its ineluctable inroads into major aspects of
modern life.

VII. Recommendations
To realize the Nigeria’s vision of smart cities in
Lagos and Abuja, the following measures are
recommended:
1. Public-Private Partnerships (PPPs):
Governments should collaborate with private sector
players to finance and implement smart city
projects.
2. Capacity Building: Investments in digital
education and workforce development will ensure
that residents can fully participate in and benefit
from smart city initiatives.
3. Scalable Solutions: Pilot projects in
targeted sectors, such as waste management or
transportation, can demonstrate the feasibility of
smart technologies and build momentum for broader
adoption.
4. Policy Alignment: Establishing clear and
supportive regulatory environments will attract
investment and facilitate innovation.
5. Privacy risks should be minimized by
implementing strict data governance policies that
ensure maximum transparency in data usage. Data
should be collected in an anonymous manner and
limited to only what is necessary for urban planning.

6. Al can be used responsibly and ethically
only if its applications have clarity and
accountability. Hence, decisions should be subject to
human oversight with appropriate guidelines
established to ensure fairness and transparency.

7. Citizens should be able to provide
feedback, share ideas and voice their opinions
before and after implementing changes to the
traditional city setting. Authorities must be prepared
to listen to all communities, through a participatory
process where they could be held accountable for
the decisions made.

8. To signal the readiness of policy makers in
Nigeria to embrace the smart city initiative, a
SmartNigeria Challenge, as done elsewhere across
the world, could be mounted and entries welcomed
from interested State Governors and a substantial
prize money to be won as seed capital by the
winning state/city across Nigeria.
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