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Abstract: In an era marked by rapid urban growth and environmental challenges, the advent of “smart cities” holds 
promise for a sustainable future. Central to the operational efficiency of these cities is the role of Artificial 
Intelligence (AI). This Systematic Literature Review addresses the critical question: How can AI be used in 
sustainable smart cities? Using Kitchenham’s guidelines, the review followed a three-step Planning, 
Conducting, and Reporting process. Through a comprehensive search in the databases ACM, IEEEXplore, 
Scopus, Science Direct, and Emerald, a total of 46 high-quality papers were identified. These papers were 
scrutinized to understand the AI services utilized in smart cities, the benefits, the challenges of implementation, 
and potential solutions to these challenges. Findings reveal that AI’s impact is multi-dimensional, affecting 
transportation, energy management, and citizen engagement, among other areas. However, several challenges 
remain, considering ethics and data management. This review serves as an exhaustive guide for researchers 
and policymakers interested in leveraging AI for sustainable urban development. 

1 INTRODUCTION 

In an age of rapid urbanization and environmental 
challenges, a ”smart city” has emerged as a beacon of 
hope for a more sustainable and efficient future. A 
smart city is constantly evolving and, therefore, 
requires constant communication and dissemination 
of information (Zubizarreta et al., 2016). At the heart 
of these smart cities lies the transformative power of 
Artificial Intelligence (AI), which can be defined as 
an information processing system capable of 
generating new non-trivial information processing 
systems (Suleimenov et al., 2020). With this in mind, 
AI emerges as a vital ally,- enabling municipalities to 
harness data-driven insights and make informed 
decisions that can lead to creating genuinely 
sustainable smart cities. In line with the original 
definition of sustainable development, a city can be 
defined as sustainable “if its conditions of production 
do not destroy over time the conditions of its 
reproduction” (Imperatives, 1987) (Castells, 
2000)(Ahvenniemi et al., 2017). The fusion of AI 
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technology and urban planning represents a paradigm 
shift in how cities operate, manage resources, and 
serve their inhabitants; intelligent machines are 
utilized for making smart decisions and for removing 
human tasks in various fields like automatic sensing 
applications, medical applications, automated 
farming, and automated vehicle driving (Wang et al., 
2019)(Sharma et al., 2021). It goes beyond mere 
automation; it’s about creating cities that are not just 
smart but also sustainable, livable, and resilient. 

This article delves into the pivotal role of AI in 
shaping the future of our urban landscapes, exploring 
how it is helping to build greener, more efficient, and 
socially inclusive cities. From optimizing 
transportation systems to managing energy 
consumption and fostering citizen engagement, AI is 
driving a revolution that promises to redefine urban 
living for future generations. However, there is a need 
to carry out a systematic study that answers the 
following central research question: RQ) How can AI 
be used in sustainable smart cities, considering AI-
based services, its benefits, challenges, and solutions 
for these challenges? 
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This paper is structured in five sections to discuss 
research results. After this brief introduction, we 
describe primary concepts and related work in 
Section 2. Section 3 details the research method based 
on the Systematic Literature Review. Section 4 
presents the results and discusses our research 
secondary questions. Finally, Section 5 presents 
conclusions and future work. 

2 BACKGROUND 

2.1 AI Mechanisms and Technologies 
Across Industries   

AI-based services harness various mechanisms and 
technologies, revolutionizing multiple industries (Lee 
Park, 2019; Li et al., 2021; Lee Yoon, 2021). 

Machine Learning (ML) stands out as a 
cornerstone, enabling systems to learn from data, 
adapt, and improve performance over time (Singh, 
2007). Supervised Learning trains models on labelled 
datasets, while unsupervised Learning discovers 
patterns in unlabelled data. Reinforcement learning 
introduces decision-making through reward-based 
systems. 

Deep Learning, a subset of ML, utilizes neural 
networks with multiple layers to process complex 
data representations, excelling in tasks such as image 
and speech recognition (Mathew et al., 2021). 
Convolutional Neural Networks (CNNs) are pivotal 
for visual data (Li et al., 2021), while Recurrent 
Neural Networks (RNNs) excel in sequential data like 
language (Medsker, 2001). 

Natural Language Processing (NLP) empowers 
AI to comprehend and generate human language. 
This technology underpins virtual assistants, chat-
bots, and language translation services, facilitating 
seamless human-computer interaction. Computer 
Vision extends AI capabilities to interpret and 
understand visual information (Kothadiya et al., 
2021). Image recognition, object detection, and facial 
recognition are prominent applications that enhance 
the healthcare, security, and retail sectors. 

Other AI mechanisms include expert systems, 
rule-based systems that mimic human expertise, and 
reinforcement learning for autonomous decision-
making (Shrestha et al., 2019). Speech recognition 
technology enables voice-based interactions, while 
robotics integrates AI for physical tasks in industries 
like manufacturing and healthcare. Overall, the 
synergy of these mechanisms fuels AI-based services, 
transforming industries by automating processes, 

improving user experiences, and fostering innovative 
solutions across diverse domains (Noor et al., 2022). 

2.2 Related Works 

This section summarizes ten systematic studies of the 
literature on Sustainable Smart Cities, covering 
various topics from energy management and 
transportation to governance and data security. 

Alotaibi et al. (2020) examine recent literature on 
smart grids, highlighting their role in enhancing 
energy efficiency and sustainability in urban 
environments. Also concerning energy efficiency, 
Khaje Nasiri et al. (2017) investigate energy-efficient 
IoT applications in sustainable solutions, 
emphasizing reducing environmental impact in smart 
urban environments. 

With a focus on IoT applications, Vaidian et al. 
(2019) explore their impact on urban mobility, 
providing insights into sustainable transportation 
solutions. Concerning smart buildings, Ejidike 
Mewomo (2023) explores technologies and strategies 
for sustainable construction and operation, 
contributing to eco-friendly urban development. Also 
relating to human well-being, Nitoslawski et al. 
(2019) highlight their importance in promoting 
environmental sustainability and residents’ well-
being through green spaces in smart cities. 

Regarding smart city management, Abdullah et al. 
(2019) examine waste management literature, 
focusing on smart solutions, such as IoT-enabled 
optimization, for efficient and sustainable urban 
waste management. Analyzing governance literature, 
Pereira et al. (2018) explore models and frameworks 
for effective smart city governance, contributing to 
sustainable urban development. 

Concerning technological concerns, Wong et al. 
(2022) present a review investigating blockchain’s 
potential and applications for sustainable urban 
development, emphasizing transparency and 
decentralized systems. Shehab et al. (2021) discuss 
connectivity, emphasizing high-speed, low-latency 
communication for improved urban services and 
sustainability. Finally, Ismagilova et al. (2020) assess 
the literature on data security and privacy in smart 
cities, addressing concerns and proposing strategies 
to ensure secure and responsible data management. 

Considering the various aspects and themes 
discussed in each of these literature reviews, the 
current study proposes a consolidated perspective 
from a holistic view of how AI can be used in smart 
cities, its benefits, challenges, and potential solutions 
for these challenges. A summary of related works can 
be found in Table 1. 
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Table 1: Related works. 

 

3 METHOD 

A systematic literature review (SLR) was carried out 
to collect data. This research has followed 
Kitchenham et al.'s (2009) guidelines for conducting 
a Systematic Literature Review. They defined an SLR 
as “a means of identifying, evaluating, and 
interpreting all available research relevant to a 
particular research question, topic area, or 
phenomenon of interest.” This is the primary rationale 
for doing an SLR because if research isn’t thorough 
on the existing literature, it is of little scientific value. 

Using this method, it is possible to get a structured 
view of how smart cities have been implementing AI 
sustainably by reviewing studies written about topics 
related to the area. Also, a well-defined methodology 

makes it less likely that the results are biased, gives a 
wide range of information across different settings 
and empirical methods, and provides the possibility 
of turning it into real data visualization (Kitchenham 
et al., 2009). 

This review was divided into three stages: 
Planning, Conducting, and Reporting. 

3.1 Planning the Review 

Developing research questions that could guide the 
search and selection processes was necessary to plan 
out the SLR successfully. So, we unfold the central 
research question (How can AI be used in sustainable 
smart cities?) in the following secondary questions: 

 RQ1: What AI services are used in smart cities 
for sustainability? 

 RQ2: What are the benefits related to the 
implementation of AI in the context of RQ1? 

 RQ3: What are the challenges associated with 
implementing AI in the context of RQ1? 

 RQ4: What solutions to challenges 
encountered? 

The aim of the first research question (RQ1) is to 
establish a foundational understanding of the specific 
AI applications currently employed in smart cities 
that revolve around sustainability. The second 
research question (RQ2) aims to uncover the positive 
outcomes and advantages of incorporating AI in the 
pursuit of sustainability in smart urban environments. 
The third research question (RQ3) focuses on 
identifying and comprehensively assessing the 
hurdles and complexities that arise when 
implementing AI into the sustainability framework of 
smart cities. Finally, the fourth research question 
(RQ4) explores and presents potential remedies and 
strategies to overcome the challenges of integrating 
AI for sustainability in smart cities. 

A generic search string was constructed to explore 
these research questions. It was developed to 
encapsulate key concepts, ensuring a focused and 
comprehensive retrieval of relevant literature. 
Specifically, it encompasses the following keywords: 
artificial intelligence, sustainable, and smart cities. 
Thus, the final search string developed was as 
follows: 
 

 
(“Artificial Intelligence” OR AI OR “Machine 

Learning” OR “Deep Learning”) AND 
(sustainability OR sustainable OR green) AND 

(“smart cities”). 
 

Ref Title Summary
(Alotaibi et al., 

2020)
A comprehensive review of recent 

advances in smart grids: A 
sustainable future with renewable 

energy resources.

Focuses on the role of smart 
grids in enhancing energy 
efficiency in urban areas.

(Vaidian et al., 
2019)

Impact of Internet of Things on 
Urban Mobility.

Explores the impact of IoT 
applications on sustainable 
transportation solutions in 
urban settings.

(Wong et al., 
2022)

Potential integration of blockchain 
technology into the smart 

sustainable city (SSC) 
developments: a systematic 

review.

Investigates the potential 
applications of blockchain in 
promoting sustainability and 
decentralized systems in urban 
development.

(Shehab et al., 
2021)

5G networks towards smart and 
sustainable cities: A review of 

recent developments, applications 
and future perspectives.

Examines the literature on how 
5G technology contributes to 
improved urban services and 
sustainability.

(Ejidike and 
Mewomo, 2023)

Benefits of adopting smart 
building technologies in building 

construction of developing 
countries: Review of the literature.

Analyses literature on 
technologies and strategies for 
sustainable construction and 
operation of smart buildings.

(Abdullah et al., 
2019)

IoT-based smart waste 
management system in a smart 

city.

Focuses on IoT-enabled 
optimization and other smart 
solutions for efficient and 
sustainable urban waste 
management.

(Nitoslawski et 
al., 2019)

Smarter ecosystems for smarter 
cities? A review of trends, 

technologies, and turning points 
for smart urban forestry.

Reviews literature on energy-
efficient IoT ap- plications, 
emphasizing reducing 
environmental impact in smart 
urban environments.

(Khajenasiri et al., 
2017)

A review on Internet of Things 
solutions for intelligent energy 

control in buildings for smart city 
applications.

Analyses governance literature, 
exploring models and 
frameworks for effective smart 
city governance to contribute 
to sustainable urban 
development.

(Pereira et al., 
2018)

Smart governance in the context of 
smart cities: A literature review.

Addresses concerns and 
proposes data security and 
privacy strategies in smart 
cities, ensuring secure and 
responsible data management.

(Ismagilova et al., 
2020)

Security, privacy and risks within 
smart cities: Literature review and 

development of a smart city 
interaction framework.

Discusses several aspects of 
how AI can be used in smart 
cities, its benefits, challenges, 
and potential solutions for 
these challenges.

Carvalho et al. Current study. Consolidated perspective from 
a holistic view of how AI can 
be used in smart cities.
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3.2 Conducting the Review 

The research methodology employed for this study 
involved an automated search conducted across five 
prominent research databases: ACM, IEEEXplore, 
Scopus, Science Direct, and Emerald. These 
platforms were selected for their significant 
representation within the computing domain. Since 
the topic of implementing AI in smart cities is of 
considerable recency (Herath and Mittal, 2022), the 
search scope was restricted to papers published in the 
last five years, considering the period from 2018 to 
2023. Besides, this period was chosen, considering 
the analysis of this topic from a trend perspective. In 
the initial search, a total of 590 results were obtained 
across the five databases: ACM (113), IEEEXplore 
(79), Scopus (246), Science Direct (111), and 
Emerald (41). 

Given the substantial volume of retrieved studies, 
a three-step selection process was implemented. First, 
a pre-selection step applied exclusion criteria based 
on the paper’s abstract alone. The exclusion criteria 
encompassed studies unavailable for viewing, studies 
with paid content, duplicates, those outside the 
defined research area, early access studies, and 
studies with four pages or fewer. Subsequently, the 
second step applied inclusion criteria, which were (1) 
studies between 2018 and 2023, (2) studies in 
English, (3) studies in the field of computer science 
or related areas, and (4) studies that were articles, 
conferences, or journals. 

After applying all criteria by filtering out within 
the title and abstract, a total of 110 studies were left, 
and an additional 18 more were approved after 
analysing their introduction and conclusion, leaving 
with a total of 128 papers. 

In the final step, quality criteria were applied, 
evaluating aspects such as the adequacy of contextual 
description, clarity of study aims, appropriateness of 
research methodology, transparency of findings, 
relevant and consistent discussions, and that it 
answers at least one research question. These criteria 
were applied by awarding a grade (0, 0.5, or 1) for 
each criterion, totalling a maximum of 5 points per 
study. 

Therefore, studies that had a score lower than 
three were discarded. Furthermore, the study was 
excluded if the score for the “Answer at least one 
research question” criteria was zero. Nineteen studies 
achieved a score of 5 points, five studies scored 4.5 
points, twelve studies achieved 4 points, six studies 
were awarded 3.5 points, and a further four studies 
were given 3 points, thus leaving a total of 46 studies 

after all criteria. The selected papers are listed in 
Table 2. 

Table 2: Selected studies. 
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3.3 Limitations and Threats to Validity 

Considering the classification of threats to validity 
(Wohlin et al., 2012), we observe some threats to 
validity. 

While employing a Systematic Literature Review 
(SLR) offers a structured and comprehensive 
approach to synthesizing existing research 
(Kitchenham et al., 2009), it is important to recognize 
certain inherent limitations and potential threats to the 
validity of the findings. One notable consideration is 
that the decision to include only English-language 
studies may introduce a language bias. Valuable 
research in other languages may be overlooked, 
potentially excluding important insights from non-
English sources. 

Given the review’s focus on studies published 
between 2018 and 2023, there is a temporal limitation. 
While this timeframe was chosen to encompass the 
most up-to-date research, it may inadvertently exclude 
older studies with relevant discussions in the field of 
AI in sustainable smart cities. 

4 METHOD 

The studies collection process involved multiple steps 
and criteria to ensure quality and relevance. Table 3 
provides a detailed view of the process.  

Initially, 590 studies were identified from various 
databases, including IEEE Xplore, ACM, Scopus, 
Science Direct, and Emerald. After applying three 
consecutive filters and a quality assessment, the total 
number of studies was reduced to 46. 

We then analysed the annual trends in article 
publication on the subject. Fig. 1 shows the yearly 
evolution of the number of studies published on the 
subject. 

Notably, there was a significant increase in 
publications between 2019 and 2022. The year 2019 
has three publications, increasing to 8 in 2020, 12 in 
2021, and reaching a peak of 16 in 2022. It’s worth 
noting that the data for 2023 only includes six studies, 
considering that the research occurred in the middle 
of this year. This could indicate a continuing upward 
interest and research activity trend around the subject. 

Following the quantitative reduction in studies, 
the quality of these studies was assessed. Table 4 
offers insights into the perceived quality of studies by 
showing the average scores from various research 
databases. Science Direct leads the list with an im- 
impressive average of 4.50, closely followed by ACM 
with an average of 4.40. Despite having the most 
studies at 19, IEEE Xplore has an average score of 

4.26. Emerald and Scopus trail with averages of 4.17 
and 4.00, respectively. The overall average score 
across all databases stands at 4.32. 

Table 3: Evolution of the studies collection process. 

 

 

Figure 1: Yearly evolution of the number of studies. 

Table 4: Average Quality Scores per Research Database. 

 

The types of publications in which these studies 
appeared also offer insights into the field’s academic 
maturity and activity. Fig. 2 shows the distribution of 
the 46 selected studies based on the publication type. 
Among them, 18 were published in conferences and 
28 in journals. 

 

Figure 2: Types of published studies. 
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The significant number of conference studies 
suggests that the study area is active and possibly 
emerging, with new findings being frequently 
debated. On the other hand, the more significant 
presence in journals also suggests academic maturity 
of the topic. This scenario indicates a subject with a 
good balance, reflecting both innovation and 
consolidation in the field of research. 

Lastly, Fig. 3 illustrates the distribution of the 46 
selected studies by research database. IEEE Xplore 
leads the pack with 19 studies, suggesting that this 
database might be a primary source for research in 
this field. It is followed by Science Direct, which 
contributed 14 studies. Scopus and ACM have equal 
contributions, each with 5, and Emerald has 3 studies. 

 

Figure 3: Concentration of studies by research database. 

4.1 The Potential of AI for Industrial 
Applications 

The field of sustainable smart cities has witnessed a 
burgeoning interest in various AI concepts, each of 
which plays a pivotal role in bolstering urban 
sustainability and the overall quality of urban life. 
This research paper delves into a selection of the most 
promising AI concepts within this domain, particularly 
emphasizing their applications and implications. In the 
context of smart cities striving for sustainability, 
diverse artificial intelligence (AI) services emerge as 
critical contributors to achieving environmental goals. 
As outlined in Fig. 4, these AI services are evaluated 
and ranked based on their significance. 

At the forefront of this spectrum is Environmental 
Monitoring and Management, scoring the highest at 
8. AI’s capabilities are harnessed to continuously 
monitor and regulate various environmental factors, 
such as air quality, water quality, and overall 
ecosystem health. By doing so, these AI systems not 
only facilitate the identification of pressing 
environmental and mental issues but also enable 
timely interventions to mitigate and manage these 
challenges. 

 

Figure 4: Concentration of benefits related to AI in smart 
cities collected in studies. 

The second-most important AI service, with a 
score of 7, is Energy Management and Efficiency. AI 
technologies are indispensable in optimizing energy 
consumption and promoting energy-efficient 
solutions within smart cities. These systems help 
reduce energy consumption and emissions and 
encourage the adoption of sustainable energy 
technologies, contributing significantly to 
environmental sustainability and urban liveability. 
Similarly, Transportation and Traffic Management, 
with a score of 7, leverages AI to streamline traffic 
flow, minimize congestion, and enhance 
transportation systems, ultimately reducing emissions 
and improving mobility in urban areas. 

Data Analysis and Predictive Modelling, rated at 
7, enable informed decision-making processes for 
sustainability initiatives and urban planning. By 
harnessing AI-driven data analysis and predictive 
modelling, smart cities can better address 
environmental challenges and optimize resource 
allocation for maximum impact. In contrast, AI’s role 
in Waste Management, Sustainability in Buildings, 
Disaster Prevention and Management, Citizen 
Engagement and Participation, Urban Planning and 
Design, Green Manufacturing and Technology, IoT 
for Sustainability, Education and Social Networking, 
Smart Hospitality Services, Climate and Weather 
Impact Assessment, and Synergies between Techno-
Scientific Domains, all receiving varying scores, 
illustrate the diverse applications of AI in promoting 
sustainability across different facets of urban life. 
These applications collectively contribute to the 
development of smart cities that are not only 
environmentally sustainable but also energy-efficient 
and responsive to the needs of their citizens, all while 
minimizing their ecological footprint. 

In summary, integrating AI services into smart 
cities is a multifaceted and powerful approach to 
addressing environmental challenges and enhancing 
urban living while prioritizing sustainability. This 
research underscores the critical role AI plays in 
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shaping the future of cities, where technology and 
data-driven solutions work in tandem to create more 
resilient and environmentally conscious urban 
environments. 

4.2 What Are the Benefits Related to 
Implementing AI in Smart Cities 
for Sustainability? 

Integrating Artificial Intelligence (AI) into the 
infrastructure of smart cities holds substantial 
promise in advancing sustainability across a broad 
spectrum of domains. As elucidated in Fig. 5, this 
implementation offers multifaceted advantages. 

 

Figure 5: Concentration of benefits related to AI in smart 
cities collected in studies. 

Firstly, in Environmental Monitoring and 
Management, AI can revolutionize real-time 
monitoring, enabling cities to vigilantly track 
pollution levels, air quality, and water quality, 
thereby facilitating the prompt implementation of 
remedial measures to mitigate environmental harm. 
The application of AI-driven systems in Energy 
Management and Efficiency stands to optimize 
energy consumption in buildings, street lighting, and 
public facilities, manifesting as reduced energy 
wastage and a subsequent decrease in greenhouse gas 
emissions. 

Additionally, the utilization of AI in 
Transportation and Traffic Management promises 
improved traffic flow, reduced congestion, and 
enhanced public transportation systems, ultimately 
leading to lower fuel consumption and decreased air 
pollution. In Data Analysis and Predictive Modelling, 
AI is indispensable for data-driven decision-making, 
harnessing its ability to analyse vast datasets to 
predict future trends and optimize resource allocation. 
These applications collectively contribute to the 
overarching goal of sustainability in smart cities. 

Moreover, AI’s role in Waste Management 
streamlines waste collection routes, curtails overflows, 
and augments recycling processes, thereby minimizing 

landfill usage and fostering recycling. In terms of 
sustainability in buildings, AI-driven building 
management systems hold the potential to optimize 
energy usage, lighting, and temperature control, 
resulting in tangible energy savings and reduced 
carbon footprints in urban buildings. 

Furthermore, AI can lend its capabilities to 
Disaster Prevention and Management by bolstering 
early warning systems and enhancing disaster 
response, ultimately bolstering resilience and 
mitigating the environmental impact of disasters.  

AI’s influence extends into fostering Citizen 
Engagement and Participation, utilizing AI-powered 
platforms to promote citizen involvement in 
sustainability initiatives, bolstering awareness, and 
encouraging responsible behaviours among residents. 

In urban planning and design, AI’s role is to 
optimize land use and reduce resource consumption, 
aiding in designing more sustainable urban layouts. 
The convergence of AI and the Internet of Things 
(IoT) yields remarkable potential for sustainability, 
with real-time monitoring and control of critical 
aspects such as water and energy usage. AI-driven 
educational platforms and social networks contribute 
to sustainability awareness and education among city 
residents, while in the domain of Smart Hospitality 
Services, AI enhances energy efficiency and resource 
management in hotels and hospitality facilities, 
aligning with sustainability objectives. Moreover, AI 
can assist in Climate and Weather Impact 
Assessment, supporting the evaluation of climate 
change impacts and predicting extreme weather 
events, which aids in proactive preparation and 
adaptation. 

Lastly, AI catalyses synergies between Techno-
Scientific Domains, facilitating collaboration and 
knowledge sharing among diverse scientific 
disciplines, leading to innovative and sustainable 
solutions. Incorporating AI into smart cities is a 
pivotal catalyst in advancing sustainability goals. Its 
manifold applications optimize resource usage, 
enhance environmental monitoring, and stimulate 
citizen engagement, collectively fostering the 
development of more efficient, eco-friendly, and 
resilient urban environments. 

4.3 What Are the Challenges 
Associated with Implementing AI 
in Smart Cities for Sustainability? 

Pursuing sustainability and smart city goals through 
integrating AI technologies is undoubtedly a 
promising avenue, but it is not devoid of significant 
challenges. Fig. 6 summarizes the challenges found. 
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Figure 6: Concentration of challenges by collected studies. 

Firstly, the heightened expectations placed on AI 
solutions in the context of smart cities necessitate a 
robust urban infrastructure capable of accommodating 
and sustaining these technologies (S. Wu et al., 2020). 
Although imperative, this infrastructure requirement is 
a formidable challenge, often requiring substantial 
investments in physical and digital systems. 

Implementing and evaluating AI algorithms in the 
smart city environment introduces complexity. 
Algorithms, particularly those designed for traffic 
management, exhibit intricate behaviours that defy 
simple assessment. Comparing the performance of 
traffic controllers by merely controlling the average 
vehicular flow at intersections with and without them 
belies the intricacies that lie beneath. While 
promising for enhancing urban operations, the 
application of reinforcement learning techniques 
faces hurdles. The inherent complexity of the 
algorithms, combined with the stochastic nature of 
factors like quest location generation, impedes the 
convergence of reinforcement learning processes. 
Consequently, achieving the desired outcomes in AI 
applications for smart cities becomes daunting. 

AI’s contribution to increased electricity 
consumption in terms of computational power and 
data transmission has raised legitimate environmental 
concerns. The carbon emissions associated with this 
heightened energy usage are substantial and merit 
careful consideration (Yigitcanlar et al., 2021). 
Furthermore, the potential for errors in AI-driven 
critical decision-making processes, driven by user 
and data bias, poses another formidable challenge that 
demands rigorous mitigation measures. Processing 
vast volumes of transit data to extract actionable 
insights presents a multifaceted challenge (Zhang et 
al., 2021). The pre-processing required to cleanse and 
transform this data into valuable information can be 
resource-intensive and time-consuming, impeding 

the timely utilization of insight for urban planning 
and management. 

Additionally, limitations in data collection can 
undermine the relevance and accuracy of research 
findings. For instance, the study’s data aggregation 
concluded in August 2020, rendering it incapable of 
capturing subsequent developments, such as the 
COVID-19 outbreak that began in December 2019. 
These temporal gaps can compromise the efficacy of 
AI models in responding to dynamic urban challenges. 

Lastly, the domain of energy demand prediction, 
which relies heavily on machine learning and statistical 
models, poses challenges. Implementing these models 
effectively and ensuring their accuracy and adaptabi-
lity to changing circumstances is a non-trivial endea-
vour that requires ongoing attention and refinement. 

In the corpus of studies, particular challenges 
emerged as recurrent themes, underscoring their 
critical importance. Data Handling and Processing 
stood out as a ubiquitous challenge, emphasizing the 
need for efficient and streamlined data management 
processes. Privacy, Security, and Ethics resurfaced 
consistently, highlighting the imperative of 
establishing robust frameworks to address these 
ethical and security concerns. Furthermore, the 
intricate task of seamlessly integrating Infrastructure 
and Technology emerged as a persistent challenge, 
signifying its central role in successfully adopting AI 
in smart cities for sustainability. 

4.4 What Solutions to the Challenges 
Encountered? 

Fig. 7 shows the proposed solutions for integrating 
artificial intelligence (AI) into smart cities. These 
present a transformative potential, positively 
impacting a range of identified problems. The 
correspondence between the issues and solutions is 
presented in Table 5. 

 

Figure 7: Concentration of solutions by collected studies. 

Artificial Intelligence in Sustainable Smart Cities: A Systematic Study on Applications, Benefits, Challenges, and Solutions

651



Table 5: Solutions found. 

 

For example, the approach to enhancing the 
interpretability of AI algorithms addresses 
algorithmic complexity and tackles concerns about 
the transparency and comprehensibility of decision-
making processes. By visualizing crucial regions for 
classification, gains are made in performance and 
confidence in the results, facilitating the acceptance 
and utilization of these advanced technologies. 

Another crucial problem is high energy 
consumption, a considerable barrier to widespread AI 
implementation. The proposal to use more efficient 
algorithms has a direct positive impact, reducing the 
demand for computational resources and, 
consequently, electricity consumption. Moreover, by 
reducing energy consumption, efforts are made to 
mitigate carbon emissions, aligning with 
environmental sustainability objectives. 

Pursuing to minimize decision-making errors is 
another challenge that the solutions address. By 
adopting explainable AI methods, such as SHAP 
(SHapley Additive exPlanations), that provide 
insights into the factors influencing predictions, 
optimizing decisions to improve energy consumption 
is possible (Lundberg & Lee, 2017). This more 
transparent understanding of decision-making 
processes allows for more precise and targeted 
adjustments, resulting in more efficient energy 
management. 

The integration and efficient sharing of data, a 
proposed solution for complexity in traffic data 
analysis, also resonates with other challenges. In 
addition to optimizing traffic management, this 
solution provides more precise data on travel patterns, 

facilitating the prediction of energy demand. This 
accurate prediction is crucial for efficiently allocating 
energy resources, enabling a more rational and 
sustainable use of the available energy. Regarding the 
limitation in data collection related to dynamic 
events, the proposal to implement a real-time data 
collection system solves this problem, contributing to 
a more holistic and real-time view of the urban 
environment. This means that the collected data 
addresses energy demand and assists in traffic 
management and various other areas, enabling more 
informed and dynamic urban planning. 

Finally, the proposed solutions directly address 
the issue of accurately predicting energy demand, 
considering its importance for energy efficiency. The 
continuous improvement of AI-based energy demand 
forecasting models optimizes resource allocation and 
contributes to more efficient energy use. The 
adaptability of these models to variations in 
circumstances and urban energy demands means 
more agile and effective energy management, leading 
to tangible benefits in terms of efficiency and 
sustainability. 

In an extensive review of studies conducted, 
several recurrent themes emerged as fundamental 
solutions to the challenges encountered in integrating 
artificial intelligence (AI) into the fabric of smart 
cities. Data Collection and Integration, as a 
cornerstone, enables a more precise understanding of 
urban dynamics. Complementing this, advancements 
in AI Algorithms and Technology were highlighted, 
paving the way for optimized energy management, 
and streamlined traffic flow. Simultaneously, 
emphasizing Transparency and Responsibility in AI 
systems underscored the necessity of building trust 
and comprehension among stakeholders. 

A parallel focus on Infrastructure and Technology 
Investment signified the essential role of financial 
backing for sustainable implementation. 
Additionally, ensuring privacy and security in data 
handling proved to be a non-negotiable aspect. Lastly, 
fostering collaboration through public-private 
partnerships and driving awareness via Education and 
Awareness initiatives were integral to sustainable 
progress. These intertwined solutions collectively 
present a roadmap for developing smarter and more 
efficient cities. 

Thus, the outlined solutions address the 
challenges in isolation and interconnect to amplify 
positive impacts across a broader spectrum of 
problems, contributing to more sustainable and 
resource-efficient cities. 
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5 CONCLUSIONS 

This paper has conducted a comprehensive review of 
the literature, highlighting the multi-faceted 
applications of Artificial Intelligence in the context of 
Smart Cities. The synthesis of information presented 
here underscores the potential for AI-driven solutions 
to tackle complex urban challenges and improve city 
dwellers' overall quality of life. By harnessing the 
power of AI to analyze and utilize Big Data 
effectively, Smart Cities can optimize resource 
allocation, enhance infrastructure, and provide 
innovative services that cater to the ever-evolving 
needs of their populations. Nevertheless, these 
advancements must be accompanied by robust ethical 
frameworks and stringent data privacy measures to 
safeguard individuals' rights and security. The 
responsible development and deployment of AI in 
Smart Cities should be guided by a commitment to 
transparency, fairness, and accountability. In essence, 
this paper highlights the promising synergy between 
Artificial Intelligence and the burgeoning realm of 
Big Data in Smart Cities. As we navigate the path 
forward, it is crucial for researchers, policymakers, 
and stakeholders to collaboratively address the ethical 
and legal challenges while harnessing the full 
potential of AI for the benefit of urban communities 
worldwide. By doing so, we can realize the vision of 
truly smart and sustainable cities that prioritize the 
well-being and prosperity of their residents. 

Future research could explore AI's ethical, legal, 
and data management aspects in Smart Cities, 
focusing on privacy, fairness, and accountability. 
Collaborative efforts are needed to integrate AI with 
Big Data for sustainable urban development, ensuring 
technology benefits all residents while responsibly 
addressing complex urban challenges and people's 
rights. 
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