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ABSTRACT: Rapid urbanization and climate change necessitate the adoption of innovative technologies to enhance resource
efficiency and environmental sustainability in smart cities. Artificial Intelligence (Al)-driven optimization has emerged as a
transformative solution for improving water usage and waste management by leveraging real-time data analytics, predictive
modeling, and automation. This study explores the integration of Al into urban water and waste systems to enhance efficiency,
reduce resource wastage, and minimize environmental impact. Al-powered water management utilizes machine learning algorithms
and Internet of Things (10T) sensors to monitor consumption patterns, detect leaks, and optimize distribution networks. By analyzing
vast datasets, Al enables predictive maintenance, demand forecasting, and adaptive water pricing strategies, reducing water losses
and ensuring sustainable usage. Smart irrigation systems employ Al to assess weather conditions, soil moisture, and plant
requirements, leading to optimized water allocation and conservation. In waste management, Al enhances collection logistics,
sorting efficiency, and recycling processes. Al-driven route optimization for waste collection reduces fuel consumption and
operational costs by dynamically adjusting pickup schedules based on waste levels. Computer vision and robotic automation
improve waste segregation, increasing recycling rates and minimizing landfill dependency. Predictive analytics further supports
waste reduction initiatives by identifying consumption trends and promoting circular economy practices. Integrating Al with cloud
computing and blockchain enhances data security and interoperability, facilitating seamless collaboration among urban stakeholders.
Al-driven decision support systems empower policymakers with actionable insights for formulating sustainable urban strategies.
However, challenges such as data privacy concerns, infrastructure costs, and public acceptance must be addressed for successful
implementation. This paper underscores the potential of Al-driven optimization in transforming urban water and waste systems to
achieve environmental sustainability. By leveraging Al's predictive capabilities and automation, smart cities can significantly reduce
resource wastage, lower carbon footprints, and enhance resilience against climate challenges. Future research should focus on
enhancing Al algorithms, fostering interdisciplinary collaborations, and developing regulatory frameworks to ensure ethical and
equitable Al deployment in smart cities.

KEYWORDS: Artificial Intelligence, Smart Cities, Water Management, Waste Management, Environmental Sustainability, 10T,
Predictive Analytics, Machine Learning, Resource Optimization, Circular Economy

1.0. INTRODUCTION

The rapid pace of urbanization has led to increased pressure
on natural resources, exacerbating environmental challenges
such as water scarcity, pollution, and inefficient waste
management. The growing demand for water in urban areas,
coupled with rising waste generation, poses significant threats
to sustainability and public health. Traditional water
distribution and waste management systems often struggle to
meet the needs of expanding populations, leading to resource
wastage, contamination, and environmental degradation.
Climate change further intensifies these challenges, making it
imperative for cities to adopt innovative solutions that
enhance resource efficiency and promote environmental

sustainability (Alozie, 2024, Nwulu, et al., 2024, Olisakwe,
Bam & Aigbodion, 2023, Oyedokun, 2019).

Smart cities, which leverage digital technologies for
improved urban management, are at the forefront of
addressing these sustainability issues. Effective resource
management is crucial in ensuring that cities remain
habitable, resilient, and environmentally friendly. Sustainable
water usage and waste management practices contribute to
reducing pollution, conserving natural resources, and
mitigating the adverse effects of climate change. However,
achieving efficiency in these sectors requires intelligent
systems capable of analyzing data, predicting trends, and
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automating processes (Ajiga, et al., 2024, Nwulu, et al., 2023,
Olisakwe, et al., 2024, Thompson, et al., 2024).

Artificial Intelligence (Al) has emerged as a transformative
tool in optimizing water usage and waste management in
smart cities. Al-driven technologies, including machine
learning, computer vision, and predictive analytics, enable
cities to monitor water consumption, detect leaks, optimize
distribution networks, and enhance wastewater treatment.
Similarly, Al-powered waste management systems improve
collection logistics, facilitate automated waste sorting, and
enhance recycling processes (Akinsooto, Pretorius & van
Rhyn, 2012, Nwulu, et al., 2023, Oteri, et al., 2023). By
integrating Al with Internet of Things (loT) sensors, cloud
computing, and data analytics, cities can achieve real-time
monitoring, predictive maintenance, and dynamic resource
allocation. These advancements not only reduce operational
costs but also minimize environmental impact and promote
sustainable urban development.

This research explores the potential of Al-driven optimization
in transforming urban water and waste management systems.
It examines how Al enhances efficiency, reduces resource
wastage, and supports sustainability goals. The study also
highlights challenges such as data privacy concerns,
infrastructure costs, and regulatory considerations, while
providing recommendations for the ethical and effective
deployment of Al in smart cities. By leveraging Al’s
capabilities, cities can build intelligent, adaptive, and eco-
friendly infrastructures that ensure long-term environmental
sustainability (Apeh, et al., 2024, Ochuba, et al., 2024,
Olisakwe, Tuleun & Eloka-Eboka, 2011).

2.1. Methodology

This study employs the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
methodology to ensure a structured and transparent approach
in selecting, assessing, and synthesizing relevant literature on
Al-driven optimization of water usage and waste
management in smart cities for environmental sustainability.
The methodology consists of four key phases: identification,
screening, eligibility, and inclusion.

The identification phase involves a comprehensive search for
relevant literature using databases such as IEEE Xplore,
ScienceDirect, Springer, and Google Scholar. Search terms
include "Al in water management,” "machine learning for

waste reduction,” "smart city water optimization,” and
"environmental sustainability through AL." Articles published
between 2019 and 2025 are considered to ensure the inclusion
of recent advancements. Duplicates are removed before
proceeding to the screening phase.

During the screening phase, titles and abstracts of the
identified studies are reviewed to determine relevance to Al-
driven water usage optimization and waste management in
smart cities. Inclusion criteria require studies to focus on Al-
based methodologies, smart city infrastructure, waste
reduction strategies, and environmental sustainability
outcomes. Studies that do not align with the research
objective or focus on non-relevant Al applications are
excluded.

The eligibility phase involves a full-text review of the
screened studies to assess their methodological rigor, data
sources, and analytical frameworks. Studies are selected
based on their methodological soundness, alignment with
research objectives, and contribution to the body of
knowledge on Al-driven sustainability practices in urban
water and waste management.

The final inclusion phase results in a refined selection of
studies that provide empirical evidence, theoretical insights,
and practical applications of Al techniques in optimizing
water consumption and waste management in smart cities.
Extracted data include Al methodologies applied, types of
sensors and monitoring technologies used, efficiency
improvements achieved, and environmental benefits
observed.

The Al-driven framework integrates machine learning
algorithms, real-time data analytics, and Internet of Things
(1o0T) sensors to monitor and optimize water consumption
patterns, detect leaks, and improve wastewater treatment
processes. Predictive analytics models are developed to
forecast demand fluctuations and enhance resource allocation
efficiency. The implementation of Al in waste management
involves automated sorting systems, route optimization for
waste collection, and data-driven decision-making for
recycling processes. Blockchain technology is considered for
enhancing data security and transparency in water usage
tracking and waste disposal monitoring.

A PRISMA flowchart shown in figure 1 is generated to
illustrate the study selection process, ensuring clarity and
replicability of the methodology.
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Figure 1: PRISMA Flow chart of the study methodology

2.2. Al in Smart Water Management

The integration of Artificial Intelligence (Al) into smart water
management has revolutionized how cities monitor,
distribute, and optimize water resources. With rapid
urbanization, increasing water scarcity, and the growing
demand for sustainable resource management, Al-driven
technologies provide innovative solutions for efficient water
usage, predictive maintenance, and waste reduction (Alozie,
et al., 2024, Ochuba, et al., 2024, Olisakwe, et al., 2023,
Toromade, et al., 2024). Through the use of 10T sensors,
machine learning algorithms, and real-time analytics, Al
enhances water distribution networks, irrigation systems, and
wastewater treatment processes, ensuring sustainability in
smart cities.

Al-powered water monitoring and distribution systems
leverage 10T sensors and machine learning to optimize water
supply networks. These systems use real-time data collected

from sensors installed in pipelines, reservoirs, and
distribution points to monitor water flow, detect anomalies,
and enhance operational efficiency (Sam Bulya, et al., 2024,
Sobowale, et al., 2021, Temedie-Asogwa, et al., 2024). 10T-
based monitoring ensures that water utilities can track
consumption patterns and respond proactively to fluctuations
in demand. Al algorithms analyze vast datasets to detect
irregularities such as leaks, pressure drops, and contamination
risks, reducing water losses and preventing infrastructure
failures. Predictive maintenance models further enhance
system reliability by identifying potential faults before they
lead to major disruptions. By continuously analyzing sensor
data, Al can predict when pipes require maintenance or
replacement, minimizing costly repairs and reducing water
wastage. Alzahrani, Chauhdary & Alshdadi, 2023, presented
in figure 2, domestic wastewater management cycle in smart
cities

Figure 2: Domestic wastewater management cycle in smart cities (Alzahrani, Chauhdary & Alshdadi, 2023).
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Leak detection is another critical application of Al in water
management. Conventional leak detection methods rely on
manual inspections or acoustic devices, which can be time-
consuming and inefficient. Al-driven leak detection uses
machine learning models to analyze sensor data and detect
anomalies in water pressure, flow rates, and acoustic signals.
Advanced algorithms, such as deep learning models, can
distinguish between normal fluctuations and potential leaks,
allowing utility companies to address issues in real-time
(Arowosegbe, et al., 2024, Ochuba, et al., 2024, Olisakwe, et
al., 2022, Uchendu, Omomo & Esiri, 2024). By integrating
Al with Geographic Information Systems (GIS), water
utilities can pinpoint the exact location of leaks, reducing
response time and mitigating water loss. Predictive analytics
further enhance leak management by forecasting potential
leak-prone areas based on historical data and environmental
factors.

Adaptive water pricing and demand forecasting are essential
for promoting sustainable water use. Al-powered demand
forecasting models analyze historical consumption data,
weather patterns, and socio-economic factors to predict future
water demand. These models enable utilities to optimize
water supply strategies, ensuring that resources are allocated
efficiently. Al-driven dynamic pricing models adjust water
tariffs based on real-time consumption patterns, encouraging
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responsible water usage (Akinsooto, 2013, Odeyemi, et al.,
2024, Oluokun, et al., 2024, Oyedokun, et al., 2024). For
instance, during peak demand periods, Al can implement
higher pricing structures to discourage excessive use, while
lower tariffs can be applied during off-peak hours to balance
demand. Such adaptive pricing strategies contribute to water
conservation and financial sustainability for utility providers.
Al-driven smart irrigation systems play a crucial role in
minimizing water wastage and improving agricultural
sustainability. Traditional irrigation methods often result in
excessive water consumption, leading to resource depletion
and environmental degradation. Al-enabled irrigation
systems assess weather conditions, soil moisture levels, and
crop requirements to optimize water distribution (Alozie,
2024, Odili, et al., 2024, Oluokun, et al., 2025, Oteri, et al.,
2023). By integrating Al with 10T sensors, smart irrigation
systems continuously monitor environmental parameters and
adjust irrigation schedules accordingly. These systems use
machine learning algorithms to analyze real-time weather
data, ensuring that irrigation occurs only when necessary.
Herath & Mittal, 2022, presented figure of Al involvement in
different domains of smart city as shown in figure 3.

Smart
Economy
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Figure 3: Al involvement in different domains of smart city (Herath & Mittal, 2022).

Al-based irrigation models consider factors such as
temperature, humidity, wind speed, and precipitation
forecasts to determine the optimal amount of water needed
for crops. By automating irrigation schedules, Al minimizes
water wastage and enhances agricultural productivity.
Precision agriculture, powered by Al, further refines
irrigation practices by tailoring water distribution to the
specific needs of individual plants (Azaka, et al., 2022, Odili,
et al., 2024, Oluokun, et al., 2024, Thompson, Adeoye &
Olisakwe, 2024). Al-driven image recognition techniques
assess crop health, identifying signs of drought stress or
overwatering. Based on these insights, irrigation systems can

adjust water flow rates, ensuring that crops receive the right
amount of water at the right time.

Al for wastewater treatment and reuse enhances the
efficiency of treatment plants by automating processes,
monitoring pollutants, and optimizing resource recovery.
Traditional wastewater treatment systems often rely on
manual sampling and laboratory analysis, which can be slow
and labor-intensive. Al-powered machine learning models
analyze real-time water quality data, detecting contaminants
and predicting treatment requirements. These models
improve treatment efficiency by dynamically adjusting
chemical dosing, aeration levels, and filtration processes
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based on water composition (Aminu, et al., 2024, Odio, et al.,
2024, Oluokun, et al., 2025, Oyedokun, et al., 2024).
Al-driven monitoring of pollutants ensures that wastewater
treatment plants operate within regulatory standards. Sensor
networks continuously collect data on parameters such as pH,
turbidity, dissolved oxygen, and chemical concentrations. Al
algorithms process this data to identify deviations from safe
levels, triggering automated responses to mitigate
contamination risks. For instance, if Al detects an increase in
heavy metal concentrations, treatment processes can be
adjusted in real-time to neutralize pollutants effectively
(Ayanponle, et al., 2024, Qdio, et al., 2024, Oluokun, et al.,
2024, Toromade, et al., 2024). By automating monitoring and
response mechanisms, Al reduces human error and enhances
treatment reliability.
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Sustainable strategies for water reclamation and reuse are
essential for reducing reliance on freshwater sources and
mitigating water scarcity. Al-driven models optimize water
recycling by predicting demand for reclaimed water and
identifying suitable applications. Recycled water can be used
for industrial cooling, landscape irrigation, and groundwater
recharge, reducing pressure on natural water bodies. Al-
powered decision support systems evaluate the feasibility of
water reuse projects, considering factors such as treatment
costs, energy consumption, and environmental impact (Al
Zoubi, et al., 2022, Odio, et al., 2024, Oluokun, et al., 2025,
Udeh, et al., 2024). By integrating Al with smart water grids,
cities can create closed-loop water systems that maximize
resource efficiency. Figure 4 shows mart Waste Management
System presented by Gade, 2019.
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Figure 4: mart Waste Management System (Gade, 2019).

The integration of Al into smart water management presents
numerous benefits, including improved operational
efficiency, cost savings, and environmental sustainability.
Al-driven optimization reduces water losses, enhances
infrastructure resilience, and supports sustainable urban
development. However, challenges such as data privacy
concerns, infrastructure costs, and technical barriers must be
addressed for successful implementation (Ajayi, et al., 2024,
Odio, et al., 2024, Oluokun, et al., 2024, Oteri, et al., 2023).
Future research should focus on refining Al algorithms,
improving sensor accuracy, and developing regulatory
frameworks to ensure ethical Al deployment.

By leveraging Al-driven technologies, smart cities can
transform water management practices, ensuring that
resources are used efficiently and sustainably. The
combination of 10T, machine learning, and real-time analytics
enables cities to enhance water distribution, optimize
irrigation, and improve wastewater treatment. As Al
continues to evolve, its potential to drive water sustainability
will expand, paving the way for resilient and intelligent urban
ecosystems (Akhigbe, et al., 2025, Odio, et al., 2021,
Oluokun, et al., 2024, Uchendu, Omomo & Esiri, 2024).

2.3. Al in Smart Waste Management

The integration of Artificial Intelligence (Al) into smart waste
management systems has significantly improved the
efficiency, sustainability, and cost-effectiveness of urban
waste collection, sorting, and disposal processes. Rapid
urbanization and population growth have led to an
exponential increase in waste generation, posing severe
environmental and logistical challenges (Sam Bulya, et al.,
2023, Sobowale, et al., 2022, Soyombo, et al., 2024).
Traditional waste management approaches are often
inefficient, leading to excessive fuel consumption, high
operational costs, and unsustainable landfill dependency. Al-
powered solutions are transforming waste management by
enabling real-time monitoring, predictive analytics, and
automation, ultimately reducing waste, optimizing resource
utilization, and promoting circular economy practices in
smart cities.

Al-optimized waste collection and logistics leverage machine
learning algorithms and real-time data analytics to enhance
waste collection efficiency. Traditional collection methods
often operate on fixed schedules, regardless of actual waste
levels, leading to unnecessary fuel consumption and
operational inefficiencies (Alozie & Chinwe, 2025, Odionu,
Bristol-Alagbariya & Okon, 2024, Olutimehin, et al., 2024).
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Al-driven route optimization systems analyze data from loT-
enabled smart bins, GPS tracking, and historical waste
generation patterns to dynamically adjust waste collection
schedules. By predicting fill levels and optimizing routes, Al
minimizes travel distances, reduces fuel consumption, and
lowers operational costs. These intelligent scheduling
systems ensure that waste is collected only when necessary,
preventing overflow and reducing environmental hazards.
Predictive analytics play a crucial role in forecasting waste
generation patterns, allowing city planners to allocate
resources more efficiently. By analyzing historical waste
data, weather conditions, population density, and commercial
activity, Al models can predict peak waste generation periods
and adjust collection frequencies accordingly. For instance,
during major events or holiday seasons, Al can anticipate
increased waste production and deploy additional collection
units to prevent accumulation (Ajiga, et al., 2024, Odionu &
Bristol-Alagbariya, 2024, Olutimehin, et al., 2024). These
predictive capabilities enable municipalities to optimize
workforce deployment, reduce maintenance costs, and
enhance overall waste management efficiency.

Al-driven waste sorting and recycling systems enhance the
efficiency and accuracy of waste segregation, promoting
sustainable resource recovery. Traditional manual sorting
methods are labor-intensive, error-prone, and inefficient,
leading to increased landfill waste and contamination of
recyclable materials. Al-powered robotic automation and
computer vision technologies are revolutionizing waste
sorting by automating material classification and segregation
(Akinyemi & Onukwulu, 2025, Odujobi, et al., 2024,
Olutimehin, et al., 2024). Advanced image recognition
algorithms analyze waste composition in real-time,
identifying and separating recyclable materials from non-
recyclables with high precision.

Computer vision systems equipped with deep learning
models can differentiate between plastics, metals, glass, and
organic waste, ensuring proper sorting and reducing
contamination rates. Al-driven robotic arms use sensor-based
decision-making to pick and place waste materials into
appropriate recycling bins. These systems not only improve
sorting accuracy but also increase processing speed, reducing
the reliance on human labor and minimizing operational costs
(Apeh, et al., 2024, Odunaiya, et al., 2024, Olutimehin, et al.,
2024). By automating waste segregation, Al enhances the
efficiency of recycling facilities and maximizes resource
recovery rates.

Al also plays a vital role in contamination detection,
preventing the mixing of non-recyclable materials with
recyclable waste. Contaminated recyclables can significantly
degrade the quality of recycled materials and render them
unusable. Al-powered sensors detect contaminants such as
food residue, hazardous chemicals, and mixed materials,
ensuring that only clean recyclables are processed (Alozie,
2024, Odunaiya, et al., 2024, Olutimehin, et al., 2024, Oteri,
et al., 2024). This technology improves the overall

effectiveness of recycling programs and increases the market
value of recycled materials, making waste management more
economically viable.

Circular economy practices are further enhanced through Al
applications that promote waste reduction and material reuse.
Al-driven analytics help manufacturers design products with
recyclable materials, extending product lifecycles and
minimizing waste generation. Predictive modeling assists
businesses and municipalities in implementing waste
reduction strategies, such as optimizing packaging materials
and encouraging sustainable consumption behaviors
(Arowosegbe, et al., 2024, Odunaiya, et al., 2021, Omomo,
Esiri & Olisakwe, 2024). By integrating Al into circular
economy initiatives, cities can transition towards zero-waste
models, reducing landfill dependency and minimizing
environmental impact.

Al-enabled predictive waste management utilizes data
analytics and machine learning models to optimize landfill
management, waste-to-energy conversion, and public
engagement strategies. Traditional landfill management
methods often struggle with inefficient space utilization,
methane emissions, and environmental contamination. Al-
powered decision support systems analyze landfill data,
optimizing waste compaction processes and predicting
landfill capacity requirements (Ajayi, et al., 2025, Odunaiya,
et al., 2024, Omomo, Esiri & Olisakwe, 2024). These models
enhance landfill operations by ensuring optimal space usage,
reducing environmental hazards, and improving regulatory
compliance.

Waste-to-energy conversion is another critical area where Al
enhances efficiency. Advanced Al algorithms optimize the
combustion process in waste-to-energy plants, maximizing
energy output while minimizing emissions. Al-powered
sensors monitor temperature, oxygen levels, and combustion
efficiency in real-time, adjusting parameters to achieve
optimal energy production. By improving waste-to-energy
conversion rates, Al contributes to sustainable energy
generation and reduces reliance on fossil fuels (Akinsooto,
De Canha & Pretorius, 2014, Odunaiya, et al., 2024, Omomo,
Esiri & Olisakwe, 2024).

Public engagement and behavioral prediction are essential for
promoting waste reduction and sustainable waste
management practices. Al-powered sentiment analysis tools
monitor public attitudes towards waste management
initiatives, providing insights into community concerns and
preferences. Behavioral prediction models analyze consumer
waste disposal patterns, identifying areas where targeted
awareness campaigns can drive behavioral change. For
example, Al can track recycling participation rates and
recommend personalized incentives to encourage proper
waste disposal (Sam Bulya, et al., 2024, Sobowale, et al.,
2023, Soyombo, et al., 2024, Udeh, et al., 2024). By fostering
public awareness and participation, Al strengthens
community-driven sustainability efforts.
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The integration of Al into smart waste management presents
numerous advantages, including cost savings, operational
efficiency, and environmental sustainability. However,
challenges such as data privacy concerns, infrastructure costs,
and regulatory considerations must be addressed to ensure
successful implementation. Future research should focus on
enhancing Al algorithms, improving sensor accuracy, and
developing scalable  Al-driven waste  management
frameworks (Alozie, et al., 2024, Odunaiya, et al., 2022,
Omomo, Esiri & Olisakwe, 2024).

By leveraging Al technologies, cities can transform waste
management practices, reducing resource wastage, lowering
carbon footprints, and promoting circular economy
principles. Al-powered waste management systems
contribute to building cleaner, more sustainable urban
environments, ensuring that waste is managed efficiently and
responsibly. As Al continues to evolve, its potential to
revolutionize waste management will expand, paving the way
for smarter, greener, and more resilient cities (Ajiga, et al.,
2024, Odunaiya, et al., 2024, Omomo, Esiri & Olisakwe,
2024).

2.4. Integration of Al with Emerging Technologies

The integration of Artificial Intelligence (Al) with emerging
technologies has significantly enhanced the efficiency,
transparency, and sustainability of water usage and waste
management in smart cities. As urban populations continue to
grow, the demand for optimized resource management has
increased, necessitating the adoption of Al-driven solutions
that leverage cloud computing, blockchain technology, and
decision support systems (Akhigbe, et al., 2024, Ofodile, et
al., 2024, Omomo, Esiri & Olisakwe, 2024). These
technologies work synergistically to improve real-time
monitoring, predictive analytics, data security, and policy
formulation, ensuring sustainable and efficient urban water
and waste management systems.

Cloud computing and Al-driven data analytics have
revolutionized smart waste and water management by
enabling real-time data collection, processing, and decision-
making. Traditional resource management systems often rely
on fragmented data sources and outdated infrastructure,
making it difficult to achieve efficient monitoring and
response strategies (Alozie, 2024, Ofodile, et al., 2024,
Omomo, Esiri & Olisakwe, 2024, Toromade, et al., 2024). By
integrating Al with cloud computing, municipalities and
utility providers can access vast amounts of real-time data
from 10T sensors, satellite imagery, and smart meters. This
integration  facilitates predictive analytics, allowing
authorities to anticipate water demand fluctuations, detect
leaks, and optimize waste collection schedules. Al-powered
cloud platforms analyze historical data and environmental
factors to provide accurate forecasts, helping cities allocate
resources more efficiently.

In smart water management, Al-driven cloud computing
solutions enhance the performance of distribution networks
by continuously monitoring pressure levels, water quality,

and consumption patterns. Cloud-based Al systems detect
irregularities, such as leaks or contamination, and trigger
automated responses to mitigate potential risks. These
systems also support adaptive water pricing models, where Al
adjusts tariffs based on real-time demand and supply
conditions, promoting responsible water usage (Aminu, et al.,
2024, Ofodile, et al., 2024, Omomo, Esiri & Olisakwe, 2024).
By leveraging cloud computing, cities can implement
scalable and cost-effective water management solutions
without requiring extensive physical infrastructure upgrades.
Smart waste management also benefits from Al-driven cloud
platforms, which optimize waste collection and recycling
processes. Traditional waste collection follows fixed
schedules, leading to inefficiencies such as half-empty bins
being emptied or overflowing bins being neglected. Al-
powered cloud analytics process data from smart bins, GPS
tracking, and population density maps to optimize waste
collection routes dynamically. By analyzing waste generation
patterns, Al ensures that collection trucks operate efficiently,
reducing fuel consumption and carbon emissions
(Ayanponle, et al., 2024, Ofodile, et al., 2024, Omomo, Esiri
& Olisakwe, 2024). Furthermore, cloud-based Al systems
enhance recycling efforts by identifying contamination levels
in recyclable materials and optimizing sorting mechanisms in
waste processing plants.

Blockchain technology plays a crucial role in enhancing data
security and transparency in resource management. Al-driven
water and waste management systems generate and process
vast amounts of sensitive data, including utility usage, waste
disposal records, and financial transactions. Ensuring the
integrity and security of this data is critical for building trust
among stakeholders and preventing unauthorized access or
tampering (Ajayi, Alozie & Abieba, 2025, Ogedengbe, et al.,
2024, Omowole, et al., 2024). Blockchain technology
provides a decentralized and immutable ledger system that
records all transactions related to resource management,
ensuring transparency and accountability.

In smart water management, blockchain technology
facilitates secure and transparent data sharing among water
utilities, regulatory agencies, and consumers. Al-generated
insights, such as water quality reports and consumption
records, are stored on a blockchain network, ensuring that
data remains tamper-proof and auditable. Consumers can
access real-time water usage reports, promoting awareness
and encouraging sustainable consumption practices
(Akinsooto, Ogundipe & lkemba, 2024, Ogunsola, et al.,
2025, Omowole, et al., 2024). Blockchain-enabled smart
contracts further enhance efficiency by automating billing
processes based on Al-driven consumption analytics,
reducing administrative costs and preventing disputes.

In waste management, blockchain ensures traceability and
accountability throughout the waste lifecycle. Al-powered
waste tracking systems record data on waste generation,
collection, transportation, and disposal, storing it on a
blockchain network. This transparency prevents illegal
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dumping, ensures compliance with environmental
regulations, and promotes sustainable waste management
practices. Blockchain also enhances recycling efforts by
verifying the authenticity of recyclable materials, preventing
fraud in waste trading markets (Sam Bulya, et al., 2023,
Sobowale, et al., 2021, Soyombo, et al., 2024, Uchendu,
Omomo & Esiri, 2024). By integrating Al with blockchain,
cities can create secure and verifiable waste management
systems that foster public trust and regulatory compliance.
Al-powered decision support systems are transforming policy
formulation in smart cities by providing data-driven insights
and predictive analytics. Traditional policymaking often
relies on historical data and subjective assessments, which
may not accurately reflect current and future challenges. Al-
driven decision support systems analyze real-time data,
identify emerging trends, and generate actionable
recommendations for policymakers (Alozie, et al., 2025,
Okeke, et al., 2023, Omowole, et al., 2024, Oyedokun, Ewim
& Oyeyemi, 2024). These systems enhance urban planning,
resource allocation, and environmental sustainability
initiatives by optimizing policy decisions based on data-
driven evidence.

In smart water management, Al-powered decision support
systems assist policymakers in addressing water scarcity,
pollution control, and infrastructure planning. By analyzing
climate patterns, demographic trends, and water consumption
behaviors, Al models predict future water demand and supply
challenges. Policymakers can use these insights to implement
sustainable water management strategies, such as investing in
rainwater harvesting, expanding water recycling programs,
and enforcing water conservation policies (Ajiga, et al., 2024,
Okeke, et al., 2022, Omowole, et al., 2024, Toromade, et al.,
2024). Al-driven models also help identify high-risk areas
prone to water contamination, enabling proactive measures to
ensure public health and safety.

In waste management, Al-powered decision support systems
optimize landfill management, recycling policies, and waste
reduction strategies. Al-driven analytics assess waste
generation patterns, predict landfill capacity requirements,
and recommend waste diversion strategies to minimize
environmental impact. Policymakers can use these insights to
develop targeted waste reduction initiatives, such as
incentivizing composting, implementing extended producer
responsibility (EPR) programs, and promoting circular
economy practices (Alozie, et al., 2024, Okeke, et al., 2023,
Omowole, et al., 2024). Al-driven simulations also enable
policymakers to evaluate the environmental and economic
impact of different waste management policies before
implementation, ensuring data-driven decision-making.

The integration of Al with emerging technologies presents
several benefits, including improved efficiency, cost savings,
and environmental sustainability. However, challenges such
as data privacy concerns, interoperability issues, and
regulatory constraints must be addressed to ensure successful
implementation. Future research should focus on developing

standardized Al frameworks, enhancing cybersecurity
measures, and fostering collaboration between technology
providers, policymakers, and environmental organizations
(Arowosegbe, et al., 2024, Okeke, et al., 2022, Omowole, et
al., 2024).

By leveraging Al-driven cloud computing, blockchain
technology, and decision support systems, cities can create
intelligent and resilient urban environments. These
technologies enable real-time monitoring, predictive
analytics, and secure data management, ensuring that water
and waste resources are utilized efficiently and sustainably.
As Al continues to evolve, its integration with emerging
technologies will further enhance the ability of smart cities to
tackle environmental challenges and achieve long-term
sustainability goals (Apeh, et al., 2024, Okeke, et al., 2023,
Omowole, et al., 2024, Oyedokun, Ewim & Oyeyemi, 2024).
The continued advancement and adoption of Al-driven
resource management solutions will play a critical role in
shaping the future of sustainable urban living, paving the way
for cleaner, greener, and more efficient cities.

2.5. Challenges and Ethical Considerations

The integration of Artificial Intelligence (Al) in optimizing
water usage and waste management in smart cities presents
numerous opportunities for improving efficiency, reducing
environmental impact, and promoting sustainability.
However, alongside these advancements, several challenges
and ethical considerations must be addressed to ensure the
responsible and effective deployment of Al-driven systems
(Ajayi, et al., 2025, Okeke, et al., 2022, Omowole, et al.,
2024, Uchendu, Omomo & Esiri, 2024). Key concerns
include data privacy and cybersecurity risks, high
infrastructure costs and implementation barriers, and ethical
dilemmas related to public trust and acceptance of Al in urban
sustainability efforts. Addressing these issues is essential for
fostering confidence in Al-driven solutions and ensuring their
long-term success in managing water and waste resources.
One of the primary challenges associated with Al-driven
resource optimization is data privacy and cybersecurity. Al-
powered water and waste management systems rely on vast
amounts of real-time data collected from loT sensors, smart
meters, GPS tracking devices, and cloud platforms. This data
includes sensitive information about household water
consumption, waste disposal habits, and geolocation details,
making it a potential target for cyberattacks and data
breaches. Unauthorized access to such data can lead to
privacy violations, misuse of personal information, and
security threats to urban infrastructure (Alozie, 2025, Okeke,
et al., 2024, Omowole, et al., 2024, Osazuwa, et al., 2023).
Ensuring data security in Al-driven systems requires robust
encryption protocols, stringent access controls, and
compliance with data protection regulations.

Cybersecurity threats pose additional risks to Al-powered
water distribution networks and waste management systems.
Hackers could potentially manipulate Al algorithms to
disrupt water supply chains, alter waste collection schedules,
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or introduce false data into predictive models. Such
disruptions could lead to service inefficiencies, resource
wastage, and even public health hazards (Akinyemi &
Onukwulu, 2025, Okeke, et al., 2023, Omowole, et al., 2024).
Strengthening cybersecurity measures is crucial for
preventing unauthorized intrusions and ensuring the
reliability of Al-driven resource management systems. The
adoption of blockchain technology can enhance data security
by providing immutable records of water and waste
transactions, ensuring transparency and reducing the risk of
data manipulation.

Beyond data security concerns, the high costs of
infrastructure and implementation pose significant barriers to
the widespread adoption of Al-driven optimization in smart
cities. Implementing Al-powered water and waste
management systems requires substantial investment in 10T
sensors, cloud computing platforms, Al-driven analytics, and
advanced automation technologies (Akhigbe, et al., 2023,
Okeke, etal., 2022, Omowole, et al., 2024). Developing smart
infrastructure from scratch can be financially burdensome for
municipalities, particularly in developing regions with
limited resources. Even in well-funded urban areas, the costs
associated with maintaining and upgrading Al-driven
systems can be a deterrent to large-scale adoption.

Another financial challenge lies in the integration of Al with
existing infrastructure. Many cities still rely on traditional
water distribution and waste management systems that were
not designed for Al-driven optimization. Retrofitting these
systems to accommodate Al technology requires significant
capital investment, as well as technical expertise to ensure
seamless integration. Municipalities must also consider the
long-term costs of Al system maintenance, data storage, and
software upgrades, which can place additional strain on urban
budgets (Ajiga, et al., 2024, Okeke, et al., 2023, Onukwulu,
et al., 2024). Policymakers and city planners must develop
innovative funding models, such as public-private
partnerships and government incentives, to support the
implementation of Al-driven sustainability initiatives.

In addition to financial barriers, technical limitations can
hinder the effectiveness of Al-driven resource management.
Al models rely on large datasets to generate accurate
predictions and optimize decision-making. However,
incomplete or biased data can compromise the reliability of
Al-driven insights, leading to suboptimal resource allocation
and unintended consequences (Anaba, et al., 2025, Okeke, et
al., 2022, Onukwulu, et al., 2022, Paul, et al., 2024). Data
collection challenges, such as sensor malfunctions, network
failures, and inconsistencies in historical records, can affect
the performance of Al-driven water and waste management
systems. Addressing these limitations requires continuous
monitoring, data validation, and improvements in Al model
accuracy to ensure optimal functionality.

Ethical considerations and public acceptance play a crucial
role in determining the success of Al-driven optimization in
smart cities. While Al offers significant benefits for

sustainability, concerns about job displacement, decision-
making transparency, and algorithmic bias must be carefully
addressed. The automation of water distribution and waste
collection processes raises concerns about the potential loss
of jobs for workers traditionally employed in these sectors.
Al-driven waste sorting and recycling systems, for example,
reduce the need for manual labor in recycling plants, which
could lead to workforce displacement (Atta, et al., 2021,
Okeke, et al., 2023, Onukwulu, et al., 2024, Oyedokun, Ewim
& Oyeyemi, 2024). Policymakers must develop strategies to
retrain and reskill workers to transition into new roles in Al-
driven industries, ensuring that economic benefits are
equitably distributed.

Another ethical concern is the transparency and
accountability of Al decision-making processes. Al
algorithms analyze vast datasets to optimize water
distribution schedules, predict waste generation patterns, and
recommend sustainability policies. However, if these
algorithms operate as "black boxes" with opaque decision-
making mechanisms, it becomes difficult for policymakers
and citizens to understand how  Al-generated
recommendations are made (Ajayi, Alozie & Abieba, 2025,
Okeke, et al., 2022, Onukwulu, et al., 2023). The lack of
transparency in Al decision-making can erode public trust
and lead to resistance against Al-driven sustainability
initiatives. Ensuring algorithmic transparency requires the
development of explainable Al models that provide clear
justifications  for  their recommendations, allowing
stakeholders to assess their reliability and fairness.
Algorithmic bias is another critical ethical issue in Al-driven
resource management. Al models are trained on historical
data, which may contain biases related to socioeconomic
status, geographical location, or consumption patterns. If Al
algorithms are not carefully designed to account for such
biases, they may inadvertently reinforce existing inequalities
in resource distribution (Arinze, et al., 2024, Okeke, et al.,
2024, Onukwulu, et al., 2025). For example, Al-driven
dynamic water pricing models may disproportionately impact
low-income communities, making essential water services
less affordable. Similarly, waste collection schedules
optimized by Al could inadvertently prioritize affluent
neighborhoods over underprivileged areas, exacerbating
environmental disparities. Addressing algorithmic bias
requires careful data curation, fairness-aware Al training
techniques, and continuous evaluation of Al-driven policies
to ensure equitable resource distribution.

Public perception and acceptance of Al-driven optimization
in water and waste management are also key factors in
determining its success. Many citizens may be skeptical about
the reliability and fairness of Al-generated decisions,
particularly in critical areas such as water access and
sanitation. Concerns about data privacy, algorithmic control,
and potential misuse of Al technology can lead to resistance
against its adoption (Sam Bulya, et al., 2024, Sobowale, et al.,
2024, Soyombo, et al., 2024). Building public trust requires
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transparent communication about the benefits, risks, and
safeguards associated with  Al-driven sustainability
initiatives. Engaging citizens in the decision-making process,
soliciting feedback, and providing educational campaigns on
AT’s role in environmental sustainability can enhance public
acceptance and support.

Ensuring that Al-driven resource management aligns with
ethical sustainability principles requires collaborative efforts
among policymakers, technology developers, environmental
experts, and community stakeholders. Developing clear
regulatory frameworks that outline ethical Al use, data
protection standards, and accountability measures can help
mitigate potential risks (Akinsooto, Ogundipe & lkemba,
2024, Okeke, et al., 2023, Onyeke, et al., 2024). Ethical Al
governance should prioritize human-centered approaches that
balance technological advancements with social and
environmental considerations. Cities must also establish
independent oversight bodies to monitor the impact of Al-
driven water and waste management policies, ensuring that
they align with sustainability goals and uphold public
interests.

Despite these challenges, Al-driven optimization remains a
promising solution for addressing urban sustainability issues.
The benefits of Al in reducing resource wastage, enhancing
efficiency, and minimizing environmental impact outweigh
its limitations, provided that ethical considerations and
implementation barriers are adequately addressed. Future
research should focus on improving Al models for real-time
adaptability, ensuring inclusivity in Al-driven decision-
making, and developing cost-effective Al solutions for
municipalities with limited resources (Ajiga, et al., 2024,
Okeke, et al., 2022, Onyeke, et al., 2024, Oyeyemi, et al.,
2024). By integrating Al responsibly and equitably, smart
cities can achieve sustainable water and waste management
while fostering public trust and ethical governance.

As Al continues to evolve, its role in smart city sustainability
will become increasingly significant. Policymakers and urban
planners must proactively address cybersecurity risks,
financial constraints, ethical concerns, and public acceptance
to maximize the potential of Al-driven resource optimization.
By prioritizing transparency, inclusivity, and fairness, Al can
serve as a powerful tool in building resilient, sustainable, and
intelligent cities that efficiently manage water and waste
resources while safeguarding the interests of all citizens
(Alozie, et al., 2025, Okeke, et al., 2023, Onyeke, et al., 2024,
Tula, et al., 2024). The future of Al-driven urban
sustainability depends on a balanced approach that embraces
innovation while upholding ethical and social responsibility.

2.6. Future Directions and Recommendations

The future of Al-driven optimization of water usage and
waste management in smart cities is promising, with
emerging technologies offering innovative solutions to
enhance efficiency, reduce waste, and promote environmental
sustainability. However, to maximize the benefits of Al while
addressing existing challenges, cities must focus on

advancing Al algorithms, fostering interdisciplinary
collaborations, and developing robust regulatory frameworks.
These strategies will ensure that Al is deployed responsibly
and effectively in managing water and waste resources,
creating resilient and sustainable urban environments
(Amafah, et al., 2023, Okeke, et al., 2022, Onyeke, et al.,
2024).

Advancements in Al algorithms will play a crucial role in
enhancing the predictive capabilities of smart city water and
waste management systems. Current Al models rely on large
datasets to predict water demand, detect leaks, optimize waste
collection routes, and automate recycling processes.
However, these models need continuous improvement to
increase accuracy, adaptability, and efficiency (Akhigbe, et
al., 2022, Okeke, et al., 2024, Onyeke, et al., 2024). Future Al
advancements should focus on developing deep learning
models capable of handling real-time data fluctuations and
detecting anomalies with greater precision. By integrating
reinforcement learning techniques, Al systems can
dynamically adjust their strategies based on changing
environmental conditions, infrastructure performance, and
user behavior.

The integration of Al with edge computing will further
enhance predictive capabilities by enabling faster data
processing at the source. Traditional Al-driven systems rely
on cloud computing, which requires data transmission to
centralized servers for analysis. While effective, this
approach can introduce latency issues and increase
dependency on internet connectivity. Edge computing allows
Al algorithms to process data locally on loT-enabled devices,
such as smart meters, sensors, and waste collection units
(Ajiga, et al., 2024, Okolie, et al., 2021, Onyeke, et al., 2024,
Uchendu, Omomo & Esiri, 2024). This decentralized
approach reduces response times, enhances real-time
decision-making, and improves system resilience against
network disruptions. By leveraging Al-powered edge
computing, cities can achieve more efficient and responsive
water and waste management.

Another critical aspect of Al advancements is the
incorporation of hybrid Al models that combine machine
learning with traditional physics-based simulations. In water
resource management, for example, Al models often struggle
with complex hydrological processes that require domain-
specific knowledge (Alozie, 2024, Okolie, et al., 2022,
Onyeke, Odujobi & Elete, 2024). By integrating Al with
physics-based modeling techniques, cities can improve the
accuracy of flood predictions, optimize reservoir
management, and enhance climate resilience. Similarly, in
waste management, Al can be combined with life cycle
assessment models to evaluate the environmental impact of
different waste treatment methods and support data-driven
decision-making.

Interdisciplinary collaboration between technology experts
and policymakers is essential for the successful deployment
of Al-driven sustainability solutions. The integration of Al in
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urban resource management requires expertise from multiple
fields, including data science, environmental engineering,
urban planning, economics, and social sciences. However,
gaps in communication and understanding between these
disciplines often hinder the effective implementation of Al-
powered initiatives (Ajiga, Ayanponle & Okatta, 2022,
Okolie, etal., 2023, Onyeke, et al., 2022). Bridging these gaps
requires the establishment of collaborative platforms where
stakeholders can share insights, exchange knowledge, and co-
develop Al-driven solutions tailored to local urban contexts.
Policymakers must work closely with Al researchers and
industry experts to ensure that technological advancements
align with public policy objectives. Decision-makers should
actively engage with Al specialists to understand the potential
and limitations of Al-driven resource management systems.
Regular workshops, advisory panels, and public consultations
can facilitate knowledge transfer and help policymakers make
informed decisions on Al adoption in smart cities (Arinze, et
al., 2024, Okolie, et al., 2024, Onyeke, et al., 2023, Otokiti,
et al., 2022). Additionally, Al developers must incorporate
ethical ~ considerations, environmental  sustainability
principles, and regulatory requirements into their design
processes, ensuring that Al solutions meet both technical and
societal needs.

Public-private partnerships (PPPs) can further strengthen
interdisciplinary collaboration by leveraging industry
expertise and investment to accelerate Al deployment. Many
Al-driven water and waste management innovations originate
from private-sector research and development initiatives.
Municipalities can benefit from partnerships with technology
companies, startups, and research institutions to pilot Al-
based solutions and scale successful implementations
(Akhigbe, et al., 2021, Okolie, et al., 2025, Onyeke, et al.,
2024, Paul, et al., 2021). PPPs also provide opportunities for
knowledge-sharing,  capacity-building, and financial
sustainability, ensuring that cities can affordably integrate Al
technologies into their infrastructure.

Developing regulatory frameworks for responsible Al
deployment is crucial to ensuring ethical, secure, and
sustainable Al implementation in smart cities. While Al
offers significant benefits for resource optimization, its
deployment must be guided by clear policies that address data
privacy, algorithmic transparency, cybersecurity, and social
equity. Without appropriate regulations, Al-driven systems
could pose risks such as biased decision-making, unfair
resource allocation, or data security breaches. Governments
must establish legal and ethical guidelines that define how Al
should be used in water and waste management while
protecting public interests (Ajiga, et al., 2024, Okon, Odionu
& Bristol-Alagbariya, 2024, Onyeke, et al., 2022).

One key aspect of regulatory frameworks is the establishment
of data governance policies to safeguard sensitive
information collected by Al-driven systems. Smart water
meters, waste sensors, and Al-powered monitoring platforms
generate large volumes of real-time data related to

consumption patterns, environmental conditions, and
infrastructure performance. Ensuring the security and privacy
of this data requires stringent regulations on data access,
storage, and sharing (Akinsooto, Ogundipe & Ikemba, 2024,
Okon, Odionu & Bristol-Alagbariya, 2024, Onyeke, et al.,
2023). Policymakers should mandate encryption standards,
anonymization protocols, and consent-based data collection
practices to prevent unauthorized use of personal or sensitive
information.

Algorithmic transparency is another crucial regulatory
consideration. Al-driven decision-making in water and waste
management should be explainable and auditable to prevent
biased or opaque outcomes. Black-box Al models, where
decisions are made without clear justification, can undermine
public trust and accountability. To address this, governments
should require Al developers to use explainable Al (XAl)
techniques that provide interpretable insights into how Al
systems arrive at decisions (Ariyibi, et al., 2024, Okon,
Odionu & Bristol-Alagbariya, 2024, Chikelu, et al., 2022).
Transparency reports, independent audits, and public
disclosures of Al methodologies can further enhance trust in
Al-driven urban sustainability initiatives.

Cybersecurity regulations must also be strengthened to
protect Al-powered resource management systems from
cyber threats. Water distribution networks, wastewater
treatment plants, and waste collection fleets are critical
infrastructure components that, if compromised, could lead to
severe public health and environmental consequences.
Governments should enforce cybersecurity best practices,
including Al-driven threat detection, network segmentation,
and incident response protocols, to safeguard urban
infrastructure against cyberattacks (Awonuga, et al., 2024,
Olisakwe, Ekengwu & Ehirim, 2022, Orugba, et al., 2021).
Establishing regulatory compliance standards for Al vendors
and service providers can ensure that cybersecurity measures
are integrated into Al-driven solutions from the outset.

In addition to technical regulations, policymakers must
address the social and economic implications of Al
deployment in resource management. The automation of
waste sorting, recycling, and water distribution processes
could lead to job displacement in traditional labor-intensive
sectors. To mitigate these effects, governments should invest
in workforce reskilling programs that equip displaced
workers with Al-related skills. Al-driven sustainability
initiatives should be designed with a focus on social
inclusivity, ensuring that benefits are equitably distributed
across different communities (Alozie, 2024, Olisakwe,
Ikpambese & Tuleun, 2022, Opia, Matthew & Matthew,
2022).

Regulatory frameworks should also promote Al-driven
sustainability through incentives and funding mechanisms.
Governments can introduce tax incentives, grants, or
subsidies to encourage municipalities and private enterprises
to invest in Al-powered water and waste management
systems. Additionally, regulatory bodies can establish
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sustainability certification programs that recognize cities and
businesses implementing Al-driven environmental solutions,
fostering a culture of innovation and responsible Al adoption
(Ariyibi, et al., 2024, Okon, Odionu & Bristol-Alagbariya,
2024, Chikelu, et al., 2022).

The future of Al-driven optimization in smart cities depends
on continuous innovation, effective collaboration, and
responsible governance. Advancements in Al algorithms will
enhance predictive capabilities, enabling cities to proactively
manage water and waste resources (Akinsooto, Ogundipe &
Ikemba, 2024, Okon, Odionu & Bristol-Alagbariya, 2024,
Onyeke, et al., 2023). Interdisciplinary collaboration will
ensure that Al solutions are aligned with policy objectives,
while regulatory frameworks will provide safeguards against
potential risks. By addressing these future directions and
recommendations, cities can harness the full potential of Al
to create sustainable, efficient, and resilient urban
environments. As Al technologies continue to evolve, their
integration into water and waste management systems will
play a pivotal role in shaping the future of environmental
sustainability, paving the way for cleaner, smarter, and more
resource-efficient cities.

2.7. Conclusion

The integration of Artificial Intelligence (Al) in optimizing
water usage and waste management has transformed smart
cities by enhancing resource efficiency, reducing
environmental impact, and promoting sustainability. Al-
driven technologies have significantly improved water
distribution systems, enabling real-time monitoring, leak
detection, predictive maintenance, and adaptive pricing
models that optimize resource allocation. Similarly, Al-
powered waste management solutions have enhanced
collection logistics, waste sorting, recycling efficiency, and
landfill management, reducing operational costs and
minimizing waste accumulation. These advancements
contribute to the creation of intelligent urban ecosystems
where water and waste resources are managed proactively,
ensuring long-term sustainability and resilience.

Al plays a crucial role in fostering sustainable urban
development by providing data-driven insights, automating
decision-making processes, and enhancing environmental
conservation efforts. The use of Al in smart water
management reduces inefficiencies, conserves freshwater
resources, and ensures equitable access to clean water. In
waste management, Al-driven automation and analytics
support circular economy initiatives by optimizing recycling
processes, reducing landfill dependency, and promoting
sustainable consumption behaviors. Al-powered predictive
analytics enable cities to anticipate resource demands,
mitigate climate-related risks, and implement proactive
sustainability measures. Through Al integration, cities can
develop adaptive policies that respond dynamically to
environmental challenges, ensuring that urban growth aligns
with sustainability goals.

While Al-driven solutions offer immense potential, their
successful  implementation requires further research,
interdisciplinary collaboration, and robust regulatory
frameworks. Challenges such as data privacy concerns,
cybersecurity risks, infrastructure costs, and ethical
considerations must be addressed to ensure responsible Al
deployment. Future research should focus on improving Al
algorithms, enhancing data security measures, and refining
predictive models for greater accuracy and efficiency.
Policymakers, technology experts, and environmental
stakeholders must work together to develop Al governance
frameworks that prioritize transparency, inclusivity, and
fairness.

The widespread adoption of Al-driven optimization in water
and waste management is essential for achieving sustainable
urban development. Governments, research institutions, and
industry leaders must invest in Al innovation, pilot Al-driven
sustainability initiatives, and establish policies that support
ethical Al integration. Cities must embrace Al as a strategic
tool for environmental conservation, leveraging its
capabilities to build smarter, more resilient, and resource-
efficient urban infrastructures. By fostering Al-driven
sustainability solutions, societies can move towards a cleaner,
greener future where technological advancements and
environmental stewardship go hand in hand.

REFERENCES

I. Ajayi, A. M., Omokanye, A. O., Olowu, O.,
Adeleye, A. O., Omole, O. M., & Wada, 1. U. (2024).
Detecting insider threats in banking using Al-driven
anomaly detection with a data science approach to
cybersecurity.

2. Ajayi, A., Akerele, J. 1., Odio, P. E., Collins, A.,
Babatunde, G. O. & Mustapha, S. D. (2025). Using
Al and Machine Learning to Predict and Mitigate
Cybersecurity Risks in Critical Infrastructure.
International Journal of Engineering Research and
Development, 21(2), pp. 205-224.

3. Ajayi, O. O., Alozie, C. E., & Abieba, O. A. (2025).
Enhancing Cybersecurity in Energy Infrastructure:
Strategies for Safeguarding Critical Systems in the
Digital Age. Trends in Renewable Energy, 11(2),
201-212.

4. Ajayi, O. O., Alozie, C. E., & Abieba, O. A. (2025).
Innovative cybersecurity strategies for business
intelligence: Transforming data protection and
driving competitive superiority. Gulf Journal of
Advance Business Research, 3(2), 527-536.

5. Ajayi, O. O, Alozie, C. E., Abieba, O. A., Akerele,
J. I, & Collins, A. (2025). Blockchain technology
and cybersecurity in fintech: Opportunities and
vulnerabilities. International Journal of Scientific
Research in Computer Science, Engineering and
Information Technology, 11(1).

4295 Jessica Obianuju Ojadi®, ETJ Volume 10 Issue 03 March 2025



“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

6. Ajiga, D. 1, Adeleye, R. A., Asuzu, O. F., Owolabi, 15. Akhigbe, E. E., Ajayi, A. J., Agbede, O. O., &
O. R, Bello, B. G., & Ndubuisi, N. L. (2024). Egbuhuzor, N. S. (2025). Development of
Review of Al techniques in financial forecasting: innovative financial models to predict global energy
applications in stock market analysis. Finance & commodity price trends. International Research
Accounting Research Journal, 6(2), 125-145. Journal of Modernization in  Engineering,

7. Ajiga, D. 1, Adeleye, R. A., Tubokirifuruar, T. S., Technology and  Science, 7(2), 509-523.
Bello, B. G., Ndubuisi, N. L., Asuzu, O. F,, & https://doi.org/10.56726/IRIMETS67149
Owolabi, O. R. (2024). Machine learning for stock 16. Akhigbe, E. E., Egbuhuzor, N. S., Ajayi, A. J.,, &
market forecasting: a review of models and Agbede, O. O. (2022). Optimization of investment
accuracy. Finance &  Accounting  Research portfolios in renewable energy using advanced
Journal, 6(2), 112-124. financial modeling techniques. International Journal

8. Ajiga, D. 1., Hamza, O., Eweje, A., Kokogho, E., & of Multidisciplinary Research Updates, 3(2), 40-58.
Odio, P. E. (2024). Assessing the role of HR https://doi.org/10.53430/ijmru.2022.3.2.0054
analytics in transforming employee retention and 17. Akhigbe, E. E., Egbuhuzor, N. S., Ajayi, A. J., &
satisfaction strategies. International Journal of Agbede, O. O. (2021). Financial valuation of green
Social Science Exceptional Research, 3(1), 87-94. bonds for sustainability-focused energy investment
https://doi.org/10.54660/IISSER.2024.3.1.87- portfolios and projects. Magna Scientia Advanced
94&#8203;:contentReference [oaicite:0]{index=0}. Research and  Reviews, 2(1), 109-128.

9. Ajiga, D. 1., Hamza, O., Eweje, A., Kokogho, E., & https://doi.org/10.30574/msarr.2021.2.1.0033
Odio, P. E. (2024). Exploring how predictive 18. Akhigbe, E. E., Egbuhuzor, N. S., Ajayi, A. J., &
analytics can be leveraged to anticipate and meet Agbede, O. O. (2023). Techno-Economic Valuation
emerging consumer demands. International Journal Frameworks for Emerging Hydrogen Energy and
of Social Science Exceptional Research, 3(1), 80-86. Advanced Nuclear Reactor Technologies. IRE
https://doi.org/10.54660/IJSSER.2024.3.1.80- Journals, 7(6), 423-440.
86&#8203;:contentReference [oaicite:1]{index=1}. https://doi.org/10.IRE.2023.7.6.1707094

10. Ajiga, D. 1., Hamza, O., Eweje, A., Kokogho, E., & 19. Akhigbe, E. E., Egbuhuzor, N. S., Ajayi, A. J., &
Odio, P. E. (2024). Investigating the use of big data Agbede, O. O. (2024). Designing risk assessment
analytics in predicting market trends and consumer models for large-scale renewable energy investment
behavior. International Journal of Management and and financing projects. International Journal of
Organizational Research, 4(D), 62-69. Multidisciplinary Research and Growth Evaluation,
https://doi.org/10.54660/IJIMOR.2024.3.1.62- 5(1), 1293-1308.
69&#8203;:contentReference [oaicite:2]{index=2}. https://doi.org/10.54660/.1IIMRGE.2024.5.1.1293-

11. Ajiga, D. 1., Hamza, O., Eweje, A., Kokogho, E., & 1308
Odio, P. E. (2024). Evaluating Agile's impact on IT 20. Akinsooto, O. (2013). Electrical Energy Savings
financial planning and project management Calculation in Single Phase Harmonic Distorted
efficiency. International Journal of Management and Systems. University of Johannesburg (South Africa).
Organizational Research, 3(1), 70-77. 21. Akinsooto, O., De Canha, D., & Pretorius, J. H. C.
https://doi.org/10.54660/IJMOR.2024.3.1.70- (2014, September). Energy savings reporting and
77&#8203;:contentReference [oaicite:3]{index=3}. uncertainty in Measurement & Verification. In 2014

12. Ajiga, D. 1., Hamza, O., Eweje, A., Kokogho, E., & Australasian  Universities Power Engineering
Odio, P. E. (2024). Assessing the role of HR Conference (AUPEC) (pp. 1-5). IEEE.
analytics in transforming employee retention and 22. Akinsooto, O., Ogundipe, O. B., & lkemba, S.
satisfaction strategies. (2024). Regulatory policies for enhancing grid

13. Ajiga, D. 1., Ndubuisi, N. L., Asuzu, O. F., Owolabi, stability through the integration of renewable energy
O. R., Tubokirifuruar, T. S., & Adeleye, R. A. and battery energy storage systems (BESS).
(2024). Al-driven predictive analytics in retail: a 23. Akinsooto, O., Ogundipe, O. B., & Ikemba, S.
review of emerging trends and customer (2024). Strategic policy initiatives for optimizing
engagement strategies. International Journal of hydrogen production and storage in sustainable
Management & Entrepreneurship Research, 6(2), energy systems. International Journal of Frontline
307-321. Research and Reviews, 2(2).

14. Ajiga, D., Ayanponle, L., & Okatta, C. G. (2022). 24. Akinsooto, O., Ogundipe, O. B., Ikemba, S. (2024).
Al-powered HR analytics: Transforming workforce Policy frameworks for integrating machine learning
optimization and decision-making. International in smart grid energy optimization. Engineering
Journal of Science and Research Archive, 5(2), 338- Science &amp; Technology Journal, 5(9), 2751-
346. 2778. 10.51594/estj.v519.1549

4296 ] Jessica Obianuju Ojadi®, ETJ Volume 10 Issue 03 March 2025



“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Akinsooto, O., Pretorius, J. H., & van Rhyn, P.
(2012). Energy savings calculation in a system with
harmonics. In Fourth IASTED African Conference
on Power and Energy Systems (AfricaPES.
Akinyemi, M., & Onukwulu, E. C. (2025).
Conceptual Framework for Advances in Technology
Integration: Enhancing Guest Experience and
Operational  Efficiency in Hospitality and
Logistics. International Journal of Research and
Innovation in Social Science, 9(1), 1911-1921.
Akinyemi, M., & Onukwulu, E. C. (2025).
Conceptual Framework for Sustainability in Action:
Resource Management and Green Practices in
Hospitality and Logistics. International Journal of
Research and Innovation in Social Science, 9(1),
736-744.

Al Zoubi, M. A. M., Amafah, J., Temedie-Asogwa,
T., & Atta, J. A. (2022). International Journal of
Multidisciplinary Comprehensive Research.

Alozie, C. (2024). Literature Review on The
Application of Blockchain Technology
Initiative. Available at SSRN 5085115.

Alozie, C. E. (2024). Analyzing Challenges and
Solutions for Detecting Deepfakes in Social Media
Platforms.

Alozie, C. E. (2024). Cloud Computing Baseline
Security Requirements Within an Enterprise Risk
Management Framework October 18,
2024. Management.

Alozie, C. E. (2024). Importance and
Implementation of Information Governance in
MSSPs.

Alozie, C. E. (2024). Literature Review on Big Data
Analytics and Business Intelligence in Fortune 1000
Company School of Computer and Information
Sciences, University of the Cumberlands.

Alozie, C. E. (2024). Threat Modeling in Health
Care Sector.

Alozie, C. E. (2025). Analysing Cloud DDoS
Attacks Using Supervised Machine Learning. Deep
Science Publishing.

Alozie, C. E., & Chinwe, E. E. (2025). Developing
a Cybersecurity Framework for Protecting Critical
Infrastructure in Organizations.

Alozie, C. E., Ajayi, O. O., Akerele, J. I., Kamau, E.,
& Myllynen, T. (2025). Standardization in Cloud
Services: Ensuring Compliance and Supportability
through Site Reliability Engineering Practices.
Alozie, C. E., Ajayi, O. O., Akerele, J. 1., Kamau, E.,
& Myllynen, T. (2025). The Role of Automation in
Site Reliability Engineering: Enhancing Efficiency
and Reducing Downtime in Cloud Operations.
Alozie, C. E., Akerele, J. 1., Kamau, E., & Myllynen,
T. (2024). Capacity Planning in Cloud Computing:

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

A Site Reliability Engineering Approach to
Optimizing Resource Allocation.

Alozie, C. E., Akerele, J. 1., Kamau, E., & Myllynen,
T. (2024). Disaster Recovery in Cloud Computing:
Site  Reliability Engineering Strategies for
Resilience and Business Continuity.

Alozie, C. E., Collins, A., Abieba, O. A., Akerele, J.
I., & Ajayi, O. O. (2024). International Journal of
Management and Organizational Research.
Alzahrani, A. 1., Chauhdary, S. H., & Alshdadi, A.
A. (2023). Internet of Things (IoT)-based
wastewater management in smart cities. Electronics,
12(12), 2590.

Amafah, J., Temedie-Asogwa, T., Atta, J. A., & Al
Zoubi, M. A. M. (2023). The Impacts of Treatment
Summaries on Patient-Centered Communication
and Quality of Care for Cancer Survivors.

Aminu, M., Akinsanya, A., Dako, D. A., &
Oyedokun, O. (2024). Enhancing cyber threat
detection through real-time threat intelligence and
adaptive defense mechanisms. International
Journal of Computer Applications Technology and
Research, 13(8), 11-27.

Aminu, M., Akinsanya, A., Oyedokun, O., & Tosin,
0. (2024). A Review of Advanced Cyber Threat
Detection Techniques in Critical Infrastructure:
Evolution, Current State, and Future Directions.
Anaba, D. C., Agho, M. O., Onukwulu, E. C., &
Egbumokei, P. 1. (2025). Transforming vessel and
fleet operations in oil and gas: A framework for
integrated operations planning and efficiency
optimization. Gulf Journal of Advance Business
Research, 3(1), 262-281.

Apeh, C. E., Odionu, C. S., Bristol-Alagbariya, B.,
Okon, R., & Austin-Gabriel, B. (2024). Advancing
workforce analytics and big data for decision-
making: Insights from HR and pharmaceutical
supply chain management. International Journal of
Multidisciplinary Research and Growth Evaluation
5(1), 1217-1222.
DOI:https://doi.org/10.54660/.1JMRGE.2024.5.1.1
217-1222

Apeh, C. E., Odionu, C. S., Bristol-Alagbariya, B.,
Okon, R., & Austin-Gabriel, B. (2024). Reviewing
healthcare supply chain management: Strategies for
enhancing efficiency and resilience. International
Journal of Research and Scientific Innovation
(IJRSD), 5(1), 1209-1216. DOI:
https://doi.org/10.54660/.1JMRGE.2024.5.1.1209-
1216

Apeh, C. E., Odionu, C. S., Bristol-Alagbariya, B.,
Okon, R., & Austin-Gabriel, B. (2024). Ethical
considerations in IT Systems Design: A review of
principles and best practices.

4297 |

Jessica Obianuju Ojadi?, ETJ Volume 10 Issue 03 March 2025


https://doi.org/10.54660/.IJMRGE.2024.5.1.1209-1216
https://doi.org/10.54660/.IJMRGE.2024.5.1.1209-1216

“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

50.

Arinze, C. A., Izionworu, V. O., Isong, D., Daudu,
C. D., & Adefemi, A. (2024). Integrating artificial
intelligence into engineering processes for improved
efficiency and safety in oil and gas operations. Open
Access Research Journal of Engineering and
Technology, 6(1), 39-51.

60.

A review of emerging trends and HR's evolving
role. International Journal of Science and Research
Archive, 11(2), 113-124.

Azaka, O. A., Nwadike, E., Igboka, K. U., &
Olisakwe, H. C. (2022). Design and Numerical
Analysis of a Laboratory Scale Lantern for Biofuel

51. Arinze, C. A., Izionworu, V. O., Isong, D., Daudu, Combustion and Flame Structure
C. D., & Adefemi, A. (2024). Predictive Analysis. Available at SSRN 4235973.
maintenance in oil and gas facilities, leveraging ai 61. Gade, D. (2019). Technology Trends and Digital
for asset integrity management. Solutions for Smart Cities Development.
52. Ariyibi, K. O., Bello, O. F., Ekundayo, T. F., & International Journal of Advance and Innovative
Ishola, O. (2024). Leveraging Artificial Intelligence Research, 6(1), 29-37.
for enhanced tax fraud detection in modern fiscal 62. Herath, H. M. K. K. M. B., & Mittal, M. (2022).
systems. Adoption of artificial intelligence in smart cities: A
53. Arowosegbe, O. B., Olutimehin, D. O., Odunaiya, comprehensive review. International Journal of
0. G., & Soyombo, O. T. (2024). Sustainability And Information Management Data Insights, 2(1),
Risk Management In Shipping And Logistics: 100076.
Balancing Environmental Concerns With 63. Nwulu, E. O, Elete, T. Y., Erhueh, O. V., Akano, O.
Operational Resilience. International Journal of A., & Omomo, K. O. (2024). Leveraging Predictive
Management & Entrepreneurship Research, 6(3), Modelling to Enhance Equipment Reliability: A
923-935. Generic Approach for the Oil and Gas Industry.
54. Arowosegbe, O. B., Olutimehin, D. O., Odunaiya, International Journal of Engineering Research and
0. G., & Soyombo, O. T. (2024). Risk management Development, 20(11), 951-969.
in global supply chains: Addressing vulnerabilities https://doi.org/10.ijerd.v20i11.951
in shipping and logistics. International Journal of 64. Nwulu, E. O, Elete, T. Y., Omomo, K. O., Akano,
Management & Entrepreneurship Research, 6(3), O. A, & Erhueh, O. V. (2023). The Importance of
910-922. Interdisciplinary Collaboration for Successful
55. Arowosegbe, O. B., Olutimehin, D. O., Odunaiya, Engineering Project Completions: A Strategic
0. G., & Soyombo, O. T. (2024). Sustainability And Framework. World Journal of Engineering and
Risk Management In Shipping And Logistics: Technology Research, 2023, 2(3), 48-56.
Balancing  Environmental = Concerns  With https://doi.org/10.53346/wjetr.2023.2.3.0048
Operational Resilience. International Journal of 65. Nwulu, E. O., Elete, T. Y., Omomo, K. O., Esiri, A.
Management & Entrepreneurship Research, 6(3), E., & Erhueh, O. V. (2023). Revolutionizing
923-935. Turnaround  Management  with  Innovative
56. Atta, J. A., Al Zoubi, M. A. M., Temedie-Asogwa, Strategies: Reducing Ramp-Up Durations Post-
T., & Amafah, J. (2021): Comparing the Cost- Maintenance. International Journal of Frontline
Effectiveness of Pharmaceutical vs. Non- Research in Science and Technology, 2023, 2(2),
Pharmaceutical  Interventions  for  Diabetes 56—68. https://doi.org/10.56355/ijfrst.2023.2.2.0056
Management. 66. Ochuba, N. A., Olutimehin, D. O., & Odunaiya, O.
57. Awonuga, K. F., Nwankwo, E. E., Oladapo, J. O., G. (2024). The evolution of quality assurance and
Okoye, C. C., Odunaiya, O. G., & Scholastica, U. C. service improvement in satellite
(2024). Driving sustainable growth in SME telecommunications through analytics: A review of
manufacturing: The role of digital transformation, initiatives and their impacts. Engineering Science &
project, and capture management. International Technology Journal.
Journal of Science and Research Archive, 11(1), 67. Ochuba, N. A., Olutimehin, D. O., Odunaiya, O. G.,
2012-2021. & Soyomb, O. T. (2024). A comprehensive review
58. Ayanponle, L. O., Awonuga, K. F., Asuzu, O. F, of strategic management practices in satellite
Daraojimba, R. E., Elufioye, O. A., & Daraojimba, telecommunications, highlighting the role of data
O. D. (2024). A review of innovative HR strategies analytics in driving operational efficiency and
in enhancing workforce efficiency in the competitive advantage. World Journal of Advanced
US. International Journal of Science and Research Engineering Technology and Sciences, 11(2), 201-
Archive, 11(1), 817-827. 211.
59. Ayanponle, L. O., Elufioye, O. A., Asuzu, O. F,, 68. Ochuba, N. A., Olutimehin, D. O., Odunaiya, O. G.,
Ndubuisi, N. L., Awonuga, K. F., & Daraojimba, R. & Soyombo, O. T. (2024). Reviewing the
E. (2024). The future of work and human resources: application of big data analytics in satellite network
4298 ] Jessica Obianuju Ojadi®, ETJ Volume 10 Issue 03 March 2025



“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

69.

70.

71.

72.

73.

74.

75.

76.

71.

management to optimize performance and enhance
reliability, with implications for future technology
developments. Magna Scientia Advanced Research
and Reviews, 10(2), 111-119.

Odeyemi, O., Mhlongo, N. Z., Nwankwo, E. E., &
Soyombo, O. T. (2024). Reviewing the role of Al in
fraud detection and prevention in financial
services. International Journal of Science and
Research Archive, 11(1),2101-2110.

Odili, P. O., Odunaiya, O. G., Soyombo, O. T.,
Ekemezie, I. O., & Usiagu, G. S. (2024). Operational
readiness and assurance (OR&A) in asset integrity:
Strategies for excellence in facility
management. Engineering Science & Technology
Journal. https://doi. org/10.51594/estj. v5i2, 834.
Odili, P. O., Odunaiya, O. G., Soyombo, O. T.,
Ekemezie, I. O., & Usiagu, G. S. (2024). The impact
of technical safety and integrity verification on
project delivery and asset performance. Engineering
Science & Technology Journal.

https://doi. org/10.51594/estj. v5i2, 832.

Odio, P. E., Ajiga, D. 1., Hamza, O., Eweje, A., &
Kokogho, E. (2024). Assessing the role of HR
analytics in transforming employee retention and
satisfaction strategies. International Journal of
Social Science Exceptional Research, 3(1), 87-94
Odio, P. E., Ajiga, D. 1., Hamza, O., Eweje, A., &
Kokogho, E. (2024). Evaluating Agile's impact on IT
financial planning and project management
efficiency. International Journal of Management
and Organizational Research, 3(1), 70-77.
www.themanagementjournal.com

Odio, P. E., Ajiga, D. 1., Hamza, O., Eweje, A., &
Kokogho, E. (2024). Exploring how predictive

analytics can be leveraged to anticipate and meet
emerging consumer demands. International Journal
of Social Science Exceptional Research, 3(1), 80-86.
Odio, P. E., Ajiga, D. 1., Hamza, O., Eweje, A., &
Kokogho, E. (2024). Investigating the use of big
data analytics in predicting market trends and
consumer behavior. International Journal of
Management and Organizational Research, 4(1),
62-69. www.themanagementjournal.com

Odio, P. E., Kokogho, E., Olorunfemi, T. A.,
Nwaozomudoh, M. O., Adeniji, I. E., & Sobowale,
A. (2021). Innovative financial solutions: A
conceptual framework for expanding SME
portfolios in Nigeria's banking sector. International
Journal of Multidisciplinary Research and Growth
Evaluation, 2(1), 495-507.

Odionu, C. S., Bristol-Alagbariya, B., & Okon, R.
(2024). Big data analytics for customer relationship
management: Enhancing engagement and retention
strategies. International Journal of Scholarly

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Research in Science and Technology, 5(2), 050-067.
https://doi.org/10.56781/ijsrst.2024.5.2.0039

Odionu, R. C. S., & Bristol-Alagbariya, B. (2024).
Data-driven decision making in human resources to
optimize

acquisition —and  retention.
International Journal of Scholarly Research in
Science and Technology, 5(2), 103-124.

Odujobi, O., Elete, T. Y., Adikwu, F. E., & Onyekwe,
F. O. (2024). Advanced -corrosion protection
frameworks for offshore and onshore oil and gas
infrastructure. future, 56, 61.

Odunaiya, O. G., Nwankwo, E. E., Okoye, C. C., &
Scholastica, U. C. (2024). Behavioral economics
and consumer protection in the US: A review:
Understanding how psychological factors shape
consumer policies and regulations. International
Journal of Science and Research Archive, 11(1),
2048-2062.

Odunaiya, O. G., Okoye, C. C., Nwankwo, E. E., &
Falaiye, T. (2024). Climate risk assessment in
insurance: A USA and Africa Review. International

talent

Journal of Science and Research Archive, 11(1),
2072-2081.

Odunaiya, O. G., Soyombo, O. T., & Ogunsola, O.
Y. (2021). Economic incentives for EV adoption: A
comparative study between the United States and
Nigeria. Journal of Advanced Education and
Sciences, 1(2), 64-74.

Odunaiya, O. G., Soyombo, O. T., & Ogunsola, O.
Y. (2022). Sustainable energy solutions through Al
and software engineering: Optimizing resource
management in renewable energy systems. Journal
of Advanced Education and Sciences, 2(1), 26-37.
Odunaiya, O. G., Soyombo, O. T., Abioye, K. M., &
Adeleke, A. G. (2024). The role of digital
transformation in enhancing clean energy startups'
success: An analysis of IT integration strategies.
Odunaiya, O. G., Soyombo, O. T., Okoli, C. E.,
Usiagu, G. S., & Ekemezie, 1. O. (2024). Renewable
energy policies and wildlife conservation: A review
of potential conflicts and coexistence strategies.
Open Access Research Journal of Multidisciplinary
Studies, 07 (01), 111-120.

Odunaiya, O. G., Soyombo, O. T., Okoli, C. E.,
Usiagu, G. S., Ekemezie, 1. O., & Olu-lawal, K. A.
(2024). Renewable energy adoption in multinational
energy companies: A review of strategies and
impact. World Journal of Advanced Research and
Reviews, 21(2), 733-741.

Ofodile, O. C., Al-Amin, K. O., Ewim, C. P. M., &
Igwe, A. N. (2024). Al-driven end-to-end workflow
optimization and automation system for SMEs.
Ofodile, O. C., Ewim, C. P.-M., Okeke, N. 1., Alabi,
0. A, & Igwe, A. N. (2024). Al-driven
personalization framework for SMEs:

4299

Jessica Obianuju Ojadi?, ETJ Volume 10 Issue 03 March 2025


http://www.themanagementjournal.com/
http://www.themanagementjournal.com/
https://doi.org/10.56781/ijsrst.2024.5.2.0039

“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Revolutionizing  customer
retention.

Ofodile, O. C., Ewim, C. P.-M., Okpeke, P., Aderoju,
A. 'V, Igwe, A. N., Shitu, K., & Ononiwu, M. 1.
(2024). Predictive analytics and Al in sustainable
logistics: A review of applications and impact on
SMEs.

Ofodile, O. C., Sam-Bulya, N. J., Igwe, A. N., &
Ewim, C. P.-M. (2024). Leveraging blockchain for
sustainable supply chain management: A data
privacy and security perspective.

Ogedengbe, D. E., Olatoye, F. O., Oladapo, J. O.,
Nwankwo, E. E., Soyombo, O. T., & Scholastica, U.
C. (2024). Strategic HRM in the logistics and
shipping sector: Challenges and
opportunities. International Journal of Science and
Research Archive, 11(1), 2000-2011.

Ogunsola, O. Y., Nwaozomudoh, M. O., Kokogho,
E., & Odio, P. E. (2025). A cybersecurity framework
for fraud detection in financial systems using Al and
microservices. Gulf Journal of Advance Business
Research, 3(2), 410—424. FE Gulf Publishers.
Okeke, 1. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2022). Developing a regulatory
model for product quality assurance in Nigeria’s
local industries. International Journal of Frontline
Research in Multidisciplinary Studies, 1(02), 54—69.
Okeke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2022). A service
standardization model for Nigeria’s healthcare
system: Toward improved patient care. International
Journal of Frontline Research in Multidisciplinary
Studies, 1(2), 40-53.

Okeke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2022). A model for wealth
management through standardized financial

engagement  and

advisory practices in Nigeria. International Journal
of Frontline Research in Multidisciplinary Studies,
1(2), 27-39.

Okeke, 1. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2022). A conceptual model for
standardizing tax procedures in Nigeria’s public and
private sectors. International Journal of Frontline
Research in Multidisciplinary Studies, 1(2), 14-26
Okeke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2022). A conceptual framework
for enhancing product standardization in Nigeria’s
manufacturing sector. International Journal of
Frontline Research in Multidisciplinary Studies,
1(2), 1-13.

Okeke, 1. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2022). Modeling a national
standardization  policy for  made-in-Nigeria
products: Bridging the global competitiveness gap.

International Journal of Frontline Research in
Science and Technology, 1(2), 98—109.

99. Okeke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2022). A theoretical model for
standardized taxation of Nigeria’s informal sector: A
pathway to compliance. International Journal of
Frontline Research in Science and Technology, 1(2),
83-97.

100.0Okeke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P.,
& Komolafe, M. O. (2022). A model for foreign
direct investment (FDI) promotion through
standardized tax policies in Nigeria. International
Journal of Frontline Research in Science and
Technology, 1(2), 53—66.

101.0keke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P.,
& Komolafe, M. O. (2023). A technological model
for standardizing digital financial services in
Nigeria. International Journal of Frontline Research
and Reviews, 1(4), 57-073.

102.0keke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P.,
& Komolafe, M. O. (2023). A policy model for
regulating and standardizing financial advisory
services in Nigeria’s capital market. International
Journal of Frontline Research and Reviews, 1(4),
40-56.

103.0keke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2023). A digital taxation model
for Nigeria: standardizing collection through
technology integration. International Journal of
Frontline Research and Reviews, 1(4), 18-39.

104.0keke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P.,
& Komolafe, M. O. (2023). A conceptual model for
standardized taxation of SMES in Nigeria:
Addressing multiple taxation. International Journal
of Frontline Research and Reviews, 1(4), 1-017.

105.0keke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2023). A theoretical framework
for standardized financial advisory services in
pension management in Nigeria. International
Journal of Frontline Research and Reviews, 1(3),
66-82.

106.0keke, 1. C., Agu, E. E., Ejike, O. G., Ewim, C. P.,
& Komolafe, M. O. (2023). A service delivery
standardization framework for Nigeria’s hospitality
industry. International Journal of Frontline Research
and Reviews, 1(3), 51-65.

107.0keke, 1. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2023). A digital financial
advisory standardization framework for -client
success in Nigeria. International Journal of Frontline
Research and Reviews, 1(3), 18-32.

108.0keke, 1. C., Agu, E. E., Ejike, O. G., Ewim, C. P.,
& Komolafe, M. O. (2023). A conceptual model for
Agro-based product standardization in Nigeria’s

4300

Jessica Obianuju Ojadi?, ETJ Volume 10 Issue 03 March 2025



“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

agricultural sector. International Journal of Frontline
Research and Reviews, 1(3), 1-17.

109.0keke, 1. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2023). A theoretical model for
harmonizing local and international product
standards for Nigerian exports. International Journal
of Frontline Research and Reviews, 1(4), 74-93.

110.0Okeke, I. C., Agu, E. E., Ejike, O. G., Ewim, C. P,,
& Komolafe, M. O. (2024). A compliance and audit
model for tackling tax evasion in Nigeria.
International Journal of Frontline Research and
Reviews, 2(2), 57-68.

111.0keke, N. L., Alabi, O. A., Igwe, A. N., Ofodile, O.
C., & Ewim, C. P.-M. (2024.). Al-powered customer
experience optimization: Enhancing financial
inclusion in underserved communities. /nternational
Journal of Applied Research in Social Sciences,
6(10). Fair East Publishers.

112.0keke, N. L., Alabi, O. A., Igwe, A. N., Ofodile, O.
C., & Ewim, C. P.-M. (2024). Customer journey
mapping framework for SMEs: Enhancing customer
satisfaction and business growth. World Journal of
Advanced Research and Reviews, 24(1). GSC
Online Press.

113.0kolie, C. 1., Hamza, O., Eweje, A., Collins, A., &
Babatunde, G. O. (2021). Leveraging Digital
Transformation and Business Analysis to Improve
Healthcare Provider Portal. IRE Journals, 4(10),
253-254.
https://doi.org/10.54660/IIMRGE.2021.4.10.253-
254&#8203;:contentReference[oaicite:0] {index=0}
.Okolie, C. 1., Hamza, O., Eweje, A., Collins, A.,
Babatunde, G. O., & Ubamadu, B. C. (2022).
Implementing Robotic Process Automation (RPA)
to Streamline Business Processes and Improve
Operational Efficiency in Enterprises. International
Journal of Social Science Exceptional Research,
1(1), 111-119.
https://doi.org/10.54660/IIMOR.2022.1.1.111-
119&#8203;:contentReference[oaicite: 1] {index=1}

114.0kolie, C. 1., Hamza, O., Eweje, A., Collins, A.,
Babatunde, G. O., & Ubamadu, B. C. (2024).
Optimizing Organizational Change Management
Strategies for Successful Digital Transformation and
Process Improvement Initiatives. International
Journal of Management and Organizational
Research, 1(2), 176-185.
https://doi.org/10.54660/1IJMOR.2024.3.1.176-
185&#8203;:contentReference[oaicite:2] {index=2}
&#8203;:contentReference[oaicite:3] {index=3}.

115.0kolie, C. 1., Hamza, O., Eweje, A., Collins, A.,
Babatunde, G. O., & Ubamadu, B. C. (2023).
Business Process Re-engineering Strategies for
Integrating Enterprise Resource Planning (ERP)
Systems in Large-Scale Organizations. International

Journal of Management and Organizational
Research, 2(1), 142-150.
https://doi.org/10.54660/IIMOR.2023.2.1.142-150
116.0kolie, C. 1., Hamza, O., Eweje, A., Collins, A.,
Babatunde, G. O., & Ubamadu, B. C. (2025). Using
Agile Methodologies to Drive Product Development
and Enhance Collaboration Across Cross-Functional
Business Teams. International Journal of Academic
Management Science Research, 9(2), 16-26.
https://doi.org/10.54660/IJAMSR.2025.2.1.16-
26&#8203::contentReference[oaicite:5]{index=5}.
117.0kon, R., Odionu, C. S., & Bristol-Alagbariya, B.
(2024). Behavioral analytics in digital payments: A

conceptual analysis of anti-money laundering
techniques. International Journal of Scholarly
Research in Multidisciplinary Studies, 5(2), 052-
072.

118.0kon, R., Odionu, C. S., & Bristol-Alagbariya, B.
(2024). Integrating data-driven analytics into human
resource management to improve decision-making
and organizational effectiveness. IRE Journals, 8(6),
574.

119.0kon, R., Odionu, C. S., & Bristol-Alagbariya, B.
(2024). Integrating technological tools in HR mental
health initiatives. IRE Journals, 8(6), 554.

120.0Olisakwe, C. H., Ekengwu, E. 1., & Ehirim, V. L.
(2022). Determining the effect of carburization on
the strain hardening behaviour of low carbon steel.
International Journal of Latest Technology in
Engineering, Management and Applied Science,
11(2), 12-18. IJILTEMAS.

121.0lisakwe, C. H., Ikpambese, K. K., & Tuleun, L. T.
(2022). Modelling and optimization of corrosion
rates of mild steel inhibited with Ficus thonningii
bark extract in 1 M HCI solution. International
Journal for Research Trends and Innovation, 7(10),
630-636. IJRTI.

122.0lisakwe, H. C., Bam, S. A., & Aigbodion, V. S.
(2023). Impact of processing parameters on the
superhydrophobic and self-cleaning properties of
CaO nanoparticles derived from oyster shell for
electrical sheathing insulator applications. The
International Journal of Advanced Manufacturing
Technology, 128(9), 4303-4310.

123.0lisakwe, H. C., Osazuwa, O. K., Chukwuneke, J.
L., & Ezeanyanwu, C. S. (2024). Inhibitive effect of
Mangifera indica extract on mild steel in
hydrochloric acid solution. Civil Engineering and
Environmental Sciences, 10(2), 067-072.

124.0Olisakwe, H. C., Tuleun, L. T., & Eloka-Eboka, A.
C. (2011). Comparative study of Thevetia peruviana
and Jatropha curcas seed oils as feedstock for Grease
production. International Journal of Engineering
Research and Applications, 1(3).

4301 Jessica Obianuju Ojadi®, ETJ Volume 10 Issue 03 March 2025


https://doi.org/10.54660/IJAMSR.2025.2.1.16-26&#8203;:contentReference[oaicite:5]{index=5}
https://doi.org/10.54660/IJAMSR.2025.2.1.16-26&#8203;:contentReference[oaicite:5]{index=5}

“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

125.0lisakwe, H., Ikpambese, K. K., Ipilakyaa, T. D., &
Qdeha, C. P. (2023). Effect of ternarization on
corrosion inhibitive properties of extracts of
Strangler fig bark, Neem leaves and Bitter leave on
mild steel in acidic medium. /nt. J. Res. Trends and
Innov, 8(7), 121-130.

126.0lisakwe, H., Ikpambese, K., Ipilakyaa, T., &
Ekengwu, 1. (2022). The Inhibitive Effect of Ficus
Thonningii Leaves Extract in Im HCL Solution as
Corrosion Inhibitors on Mild Steel. Int J Innov Sci
Res Tech, 7(1), 769-76.

127.0luokun, O. A., Akinsooto, O., Ogundipe, O. B., &
Ikemba, S. (2025). Policy strategies for promoting
energy efficiency in residential load management
programs. Gulf  Journal of Advance Business
Research, 3(1), 201-225.

128.0luokun, O. A., Akinsooto, O., Ogundipe, O. B., &
Ikemba, S. (2025). Policy and technological
synergies for advancing measurement and
verification (M&V) in  energy efficiency
projects. Gulf Journal of Advance Business
Research, 3(1), 226-251.

129.0luokun, O. A., Akinsooto, O., Ogundipe, O. B., &
Ikemba, S. (2024). Integrating Renewable Energy
Solutions in Urban Infrastructure: A Policy
Framework for Sustainable Development.

130.0Oluokun, O. A., Akinsooto, O., Ogundipe, O. B., &
Ikemba, S. (2024). Leveraging Cloud Computing
and Big Data Analytics for Policy-Driven Energy
Optimization in Smart Cities.

131.0luokun, O. A., Akinsooto, O., Ogundipe, O. B., &
Ikemba, S. (2024). Enhancing Energy Efficiency in
Retail through Policy-Driven Energy Audits and
Conservation Measures.

132.0luokun, O. A., Akinsooto, O., Ogundipe, O. B., &
Ikemba, S. (2024). Optimizing Demand Side
Management (DSM) in Industrial Sectors: A Policy-
Driven Approach.

133.0luokun, O. A., Akinsooto, O., Ogundipe, O. B., &
Ikemba, S. (2024). Energy Efficiency in Mining
Operations: Policy and Technological Innovations.

134.0luokun, O. A., Akinsooto, O., Ogundipe, O. B., &
Ikemba, S. (2025): Strategic Policy Implementation
For Enhanced Energy Efficiency In Commercial
Buildings Through Energy Performance Certificates
(EPCS).

135.0lutimehin, D. O., Ofodile, O. C., Ejibe, 1., &
Odunaiya, O. G. (2024). The role of technology in
supply chain risk management: Innovations and
challenges in logistics. Journal of Management &
Entrepreneurship Research.

136.0lutimehin, D. O., Ofodile, O. C., Ejibe, I,
Odunaiya, O. G., & Soyombo, O. T. (2024).
Innovations in business diversity and inclusion: case
studies from the renewable energy

sector. International Journal of Management &
Entrepreneurship Research, 6(3), 890-909.

137.0lutimehin, D. O., Ofodile, O. C., Ejibe, I,
Odunaiya, O. G., & Soyombo, O. T. (2024). The role
of technology in supply chain risk management:
innovations and challenges in
logistics. International Journal of Management &
Entrepreneurship Research, 6(3), 878-889.

138.0lutimehin, D. O., Ofodile, O. C., Ejibe, I,
Odunaiya, O. G., & Soyombo, O. T. (2024).
Implementing Al in business models: strategies for
efficiency and innovation. International Journal of
Management & Entrepreneurship Research, 6(3),
863-877.

139.0lutimehin, D. O., Ofodile, O. C., Ejibe, I,
Odunaiya, O. G., & Soyombo, O. T. (2024).
Innovations in business diversity and inclusion: case
studies from the renewable energy
sector. International Journal of Management &
Entrepreneurship Research, 6(3), 890-909.

140.0momo, K. O., Esiri, A. E., & Olisakwe, H. C.
(2024): A Comprehensive Strategy for Zero-
Discharge Waste Management in Offshore Drilling
Operations.

141.0momo, K. O., Esiri, A. E., & Olisakwe, H. C.
(2024): Optimizing Drilling Fluid Systems for
Extreme Well Conditions: A Multi-Component
Approach.

142.0momo, K. O., Esiri, A. E., & Olisakwe, H. C.
(2024). A conceptual model for sustainable
cementing operations in offshore wells.

143.0momo, K. O., Esiri, A. E., & Olisakwe, H. C.
(2024). Advanced fluid recovery and recycling
systems for offshore drilling: A conceptual
approach.

144.0momo, K. O., Esiri, A. E., & Olisakwe, H. C.
(2024). Hydraulic modeling and real-time
optimization of drilling fluids: A future perspective.

145.0momo, K. O., Esiri, A. E., & Olisakwe, H. C.
(2024). Next-generation drilling fluids for horizontal
and multilateral wells: A conceptual approach.

146.0momo, K. O., Esiri, A. E., & Olisakwe, H. C.
(2024). Towards an integrated model for predictive
well control using real-time drilling fluid data.

147.0momo, K. O., Esiri, A. E., & Olisakwe, H. C.
(2024): Conceptual Framework for Developing
Environmentally Sustainable Drilling Fluids in
Deepwater Operations.

148.0momo, K. O., Esiri, A. E., & Olisakwe, H. C.
(2024): Revolutionizing High-Pressure, High-
Temperature Well Cementing: A Novel Approach to
Well Integrity.

149.0mowole, B. M., Olufemi-Philips, A. Q., Ofadile,
O. C, Eyo-Udo, N. L., & Ewim, S. E. (2024).
Barriers and drivers of digital transformation in

4302 Jessica Obianuju Ojadi®, ETJ Volume 10 Issue 03 March 2025



SMEs: A conceptual analysis. International Journal
of Frontline Research in Multidisciplinary
Studies, 5(2), 019-036.

150.0mowole, B. M., Olufemi-Philips, A. Q., Ofodili, O.
C., Eyo-Udo, N. L., & Ewim, S. E. (2024).
Conceptualizing green business practices in SMEs
for sustainable development. International Journal
of Management & Entrepreneurship
Research, 6(11), 3778-3805.

151.0mowole, B. M., Olufemi-Phillips, A. Q., Ofodile,
0. C,, Eyo-Udo, N. L., & Ewim, S. E. (2024). The
Role of SMEs in Promoting Urban Economic
Development: A Review of Emerging Economy
Strategies.

152.0mowole, B. M., Urefe, O., Mokogwu, C., & Ewim,
S. E. (2024). Building Financial Literacy Programs
within Microfinance to Empower Low-Income
Communities.

153.0mowole, B. M., Urefe, O., Mokogwu, C., & Ewim,
S. E. (2024). Integrating fintech and innovation in
microfinance: Transforming credit accessibility for
small businesses. International Journal of Frontline
Research and Reviews, 3(1), 090-100.

154.0mowole, B. M., Urefe, O., Mokogwu, C., & Ewim,
S. E. (2024). Optimizing Loan Recovery Strategies
in Microfinance: A Data-Driven Approach to
Portfolio Management.

155.0mowole, B. M., Urefe, O., Mokogwu, C., & Ewim,
S. E. (2024). Strategic approaches to enhancing
credit risk management in  microfinance
institutions. International Journal of Frontline
Research in Multidisciplinary Studies, 4(1), 053-
062.

156.0mowole, B.M., Olufemi-Philips, A.Q., Ofadile
0.C.,Eyo-Udo, N.L., & Ewim, S.E. (2024). Big data
for SMEs: A review of utilization strategies for
market analysis and customer insight. International
Journal of Frontline Research in Multidisciplinary
Studies, 5(1), 001-018.

157.0mowole, B.M., Olufemi-Philips, A.Q., Ofadile
O.C.,, Eyo-Udo, N.L., & Ewim, S.E. 2024.
Conceptualizing agile business practices for
enhancing SME resilience to economic shocks.
International Journal of Scholarly Research and
Reviews, 5(2), 070-088.

158.0mowole, B.M., Urefe O., Mokogwu, C., & Ewim,
S.E. (2024). Strategic approaches to enhancing
credit risk management in Microfinance institutions.
International Journal of Frontline Research in
Multidisciplinary Studies, 4(1), 053-062.

159.0mowole, B.M., Urefe, O., Mokogwu, C., & Ewim,
S.E. 2024. The role of Fintech-enabled microfinance
in SME growth and economic resilience. Finance &
Accounting Research Journal, 6(11), 2134-2146.

“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

160.0Onukwulu, E. C., Agho, M. O., Eyo-Udo, N. L.,
Sule, A. K., & Azubuike, C. (2025). Integrating
Green Logistics in Energy Supply Chains to
Promote Sustainability. International Journal of
Research and Innovation in Applied Science, 10(1),
86-117.

161.0Onukwulu, E. C., Dienagha, I. N., Digitemie, W. N.,
& Ifechukwude, P. (2024). Advanced supply chain
coordination for efficient project execution in oil &
gas projects.

162.0nukwulu, E. C., Fiemotongha, J. E., Igwe, A. N.,
& Ewim, C. P. M. (2023). Transforming supply
chain logistics in oil and gas: best practices for
optimizing efficiency and reducing operational
costs. Journal of Advance  Multidisciplinary
Research, 2(2), 59-76.

163.0Onukwulu, E. C., Fiemotongha, J. E., Igwe, A. N.,
& Ewim, C. P. M. (2022). International Journal of
Management and Organizational Research.

164.0Onukwulu, E. C., Fiemotongha, J. E., Igwe, A. N.,
& Ewin, C. P. M. (2024). Strategic contract
negotiation in the oil and gas sector: approaches to
securing  high-value deals and long-term
partnerships. Journal of Advance Multidisciplinary
Research, 3(2), 44-61.

165.0nyeke, F. O., Adikwu, F. E., Odujobi, O., & Nwulu,
E. O. (2024). Innovations in passive fire protection
systems: Conceptual advances for industrial safety.
International Journal of Engineering Research and
Development, 20(12), 307-314.

166.0nyeke, F. O., Elete, T. Y., Odujobi, O., & Nwulu,
E. O. (2024). Sustainable coating processes: A
conceptual framework for reducing environmental
impacts in oil and gas operations. [nternational
Journal of Engineering Research and Development,
20(12), 299-306

167.0nyeke, F. O., Elete, T. Y., Odujobi, O., & Nwulu,
E. O. (2024). Overcoming challenges in coating
applications in harsh environments: A framework
for innovation. International Journal of Engineering
Research and Development, 20(12), 307-314

168.0nyeke, F. O., Nwulu, E. O., Elete, T. Y., & Adikwu,
F. E. (2024). Advancing inspection techniques for
coating durability: A framework for integrating non-
destructive testing technologies. Infternational
Journal of Scientific Research Updates, 8(2), 164—
174

169.0nyeke, F. O., Nwulu, E. O, Elete, T. Y., & Adikwu,
F. E. (2024). Functional safety innovations in burner
management systems (BMS) and variable frequency
drives (VFDs): A proactive approach to risk
mitigation in refinery operations. International
Journal of Scientific Research Updates, 8(2), 175—
185

4303

Jessica Obianuju Ojadi?, ETJ Volume 10 Issue 03 March 2025



170.0Onyeke, F. O., Nwulu, E. O., Elete, T. Y., & Adikwu,
F. E. (2024). Functional safety innovations in burner
management systems (BMS) and variable frequency
drives (VFDs): A proactive approach to risk
mitigation in refinery operations. International
Journal of Scientific Research Updates, 8(2), 175—
185

171.0nyeke, F. O., Odujobi, O., & Elete, T. Y. (2024).
Safety-First Innovations: Advancing HSE Standards
in Coating and Painting Operations. Safety and Risk
Management Journal, 12(6), 45-58.
https://doi.org/10.1111/srm;j.2024.126

172.0nyeke, F. O., Odujobi, O., Adikwu, F. E., & Elete,
T. Y. (2022). Innovative approaches to enhancing
functional safety in Distributed Control Systems
(DCS) and Safety Instrumented Systems (SIS) for
oil and gas applications. Open Access Research
Journal of Multidisciplinary Studies, 2022, 3(1),
106-112.
https://doi.org/10.53022/0arjms.2022.3.1.0027

173.0nyeke, F. O., Odujobi, O., Adikwu, F. E., & Elete,
T. Y. (2022). Advancements in the integration and
optimization of control systems: Overcoming
challenges in DCS, SIS, and PLC deployments for
refinery automation. Open Access Research Journal
of Multidisciplinary Studies, 2022, 4(2), 94-101.
https://doi.org/10.53022/0arjms.2022.4.2.0095

174.0nyeke, F. O., Odujobi, O., Adikwu, F. E., & Elete,
T. Y. (2023). Functional safety innovations in burner
management systems (BMS) and variable frequency
drives (VFDs): A proactive approach to risk
mitigation in refinery operations. International
Journal of Science and Research Archive, 2023,
10(2), 1223-1230.
https://doi.org/10.30574/ijsra.2023.10.2.0917

175.0nyeke, F. O., Odujobi, O., Adikwu, F. E., & Elete,
T. Y. (2023). Revolutionizing process alarm
management in refinery operations: Strategies for
reducing operational risks and improving system
reliability. Magna Scientia Advanced Research and
Reviews, 9(2), 187-194.
https://doi.org/10.30574/msarr.2023.9.2.0156.

176.0nyeke, F. O., Odujobi, O., Adikwu, F. E., & Elete,
T. Y. (2024). The role of data-driven insights in
industrial control systems: Advancing predictive
maintenance and operational efficiency in refinery
processes. Engineering Science & Technology
Journal, 5(12), 3266-3277.
https://doi.org/10.51594/estj.v5112.1775

177.0pia, F.N., Matthew, K.A. & Matthew, T.F., 2022.
Leveraging Algorithmic and Machine Learning
Technologies for Breast Cancer Management in
Sub-Saharan Africa.

178.0rugba, H. O., Chukwuneke, J. L., Olisakwe, H. C.,
& Digitemie, 1. E. (2021). Multi-parametric

“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

optimization of the catalytic pyrolysis of pig hair
into  bio-oil. Clean  Energy, 5(3),  527-535.
Chikelu, P., Nwigbo, S., Azaka, O., Olisakwe, H., &
Chinweze, A. (2022). Modeling and simulation
study for failure prevention of shredder rotor bearing
system used for synthetic elastic material
applications. Journal of Failure Analysis and
Prevention, 22(4), 1566-1577.

179.0sazuwa, O. K., Chinwuko, C. E., Chukwuneke, J.
L., Olisakwe, H. C., & Odeh, C. P. (2023).
Application of Galerkin Approach for the
Determination of the Optimum Buckling Value of a
Prismatic Bar.

180.0¢teri, O. J., Onukwulu, E. C., Igwe, A. N., Ewim, C.
P. M., Ibeh, A. I, & Sobowale, A. (2024).
International Journal of Social Science Exceptional
Research.

181.0¢teri, O. J., Onukwulu, E. C., Igwe, A. N., Ewim, C.
P. M., Ibeh, A. 1., & Sobowale, A. (2023). Cost
Optimization in Logistics Product Management:
Strategies for  Operational Efficiency and
Profitability.

182.0¢teri, O. J., Onukwulu, E. C., Igwe, A. N., Ewim, C.
P. M., Ibeh, A. 1., & Sobowale, A. (2023). Artificial
Intelligence in Product Pricing and Revenue
Optimization: Leveraging Data-Driven Decision-
Making.

183.0¢teri, O. J., Onukwulu, E. C., Igwe, A. N., Ewim, C.
P. M., Ibeh, A. 1., & Sobowale, A. (2023). Dynamic
Pricing Models for Logistics Product Management:
Balancing Cost Efficiency and Market Demands.

184.0tokiti, B. O., Igwe, A. N., Ewim, C. P., Ibeh, A. L.,
& Sikhakhane-Nwokediegwu, Z. (2022). A
framework for developing resilient business models
for Nigerian SMEs in response to economic
disruptions. Int J Multidiscip Res Growth Eval, 3(1),
647-659.

185.0yedokun, O. O. (2019). Green human resource
management practices and its effect on the
sustainable competitive edge in the Nigerian
manufacturing  industry  (Dangote) (Doctoral
dissertation, Dublin Business School).

186.0yedokun, O., Akinsanya, A., Tosin, O., & Aminu,
M. (2024). +A review of Advanced cyber threat
detection techniques in critical infrastructure:
Evolution, current state, and future direction.
Irejournals.com.
https://www.irejournals.com/formatedpaper/170610
3

187.0yedokun, O., Aminu, M., Akinsanya, A., &
Apaleokhai Dako, D. A. (2024). Enhancing Cyber
Threat Detection through Real-time Threat
Intelligence and Adaptive Defense Mechanisms.
International Journal of Computer Applications
Technology and Research, 13(8).

4304

Jessica Obianuju Ojadi?, ETJ Volume 10 Issue 03 March 2025



“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

https://doi.org/10.7753/ijcatr1308.1002

188.0yedokun, O., Ewim, E., & Oyeyemi, P. (2024).
Developing a conceptual framework for the
integration of natural language processing (NLP) to
automate and optimize AML compliance processes,
highlighting potential efficiency gains and
challenges. Computer Science & IT Research
Journal, 5(10), 2458-2484.
https://doi.org/10.51594/csitrj.v5i10.1675

189.0yedokun, O., Ewim, S. E., & Oyeyemi, O. P.
(2024). Leveraging advanced financial analytics for
predictive risk management and strategic decision-
making in global markets. Global Journal of
Research in Multidisciplinary Studies, 2(02), 016-
026.

190.0yedokun, O., Ewim, S. E., & Oyeyemi, O. P.
(2024, November). A Comprehensive Review of
Machine Learning Applications in AML Transaction
Monitoring.Https://Www.ijerd.com/.
https://www.ijerd.com/paper/vol20-
issuel1/2011730743.pdf

191.0yeyemi, O. P., Anjorin, K. F., Ewim, S. E., Igwe,
A. N., Sam-Bulya, N. J. (2024). The intersection of
green marketing and sustainable supply chain
practices in FMCG SME:s. International Journal of
Management & Entreprencurship Research, 6(10),
3559-3576. 10.51594/ijmer.v6i10.1661

192.Paul, P. O., Abbey, A. B. N., Onukwulu, E. C., Agho,
M. O., & Louis, N. (2021). Integrating procurement
strategies for infectious disease control: Best
practices from global programs. prevention, 7, 9.

193.Paul, P. O., Aderoju, A. V., Shitu, K., Ononiwu, M.
L., Igwe, A. N., Ofodile, O. C., & Ewim, C. P. M.
(2024). Blockchain for sustainable supply chains: A
systematic review and framework for SME
implementation. World  Journal of Advanced

Engineering Technology and Sciences, 13(1).

194.Sam Bulya, N. J., Oyeyemi, O. P., Igwe, A. N.,
Anjorin, F., & Ewim, S. E. (2024). Marketing-driven
supply chain innovation: A framework for FMCG
SME sustainability.

195.Sam-Bulya, N. J., Igwe, A. N., Ewim, C. P.-M.,, &
Ofodile, O. C. (2024). The role of distributed ledger
technologies in data interoperability and fusion for
enhancing sustainable supply chains.

196.Sam-Bulya, N. J., Igwe, A. N., Oyeyemi, O. P,
Anjorin, K. F., & Ewim, S. E. (2023). Impact of
customer-centric marketing on FMCG supply chain
efficiency and SME profitability.

197.Sam-Bulya, N. J., Oyeyemi, O. P., Igwe, A. N.,
Anjorin, F., & Ewim, S. E. (2024). The role of supply
chain collaboration in boosting FMCG SME brand
competitiveness.

198.Sam-Bulya, N. J., Oyeyemi, O. P., Igwe, A. N.,
Anjorin, F., & Ewim, S. E. (2024). The intersection

of green marketing and sustainable supply chain
practices in FMCG SMEs

199.Sam-Bulya, N. J., Oyeyemi, O. P., Igwe, A. N.,
Anjorin, K. F., & Ewim, S. E. (2023). Omnichannel
strategies and their effect on FMCG SME supply
chain performance and market growth. Global
Journal of Research in  Multidisciplinary
Studies, 3(4), 42-50.

200.Sam-Bulya, N. J., Oyeyemi, O. P., Igwe, A. N.,
Anjorin, K. F., & Ewim, S. E. (2023). Integrating
digital marketing strategies for enhanced FMCG
SME supply chain resilience. International Journal
of Business and Management, 12(2), 15-22.

201.Sobowale, A., Kokogho, E., Adeniji, 1. E.,
Olorunfemi, T. A., Nwaozomudoh, M. O., & Odio,
P. E. (2023). Framework for effective risk
management strategies to mitigate financial fraud in
Nigeria's currency operations. International Journal
of Management and Organizational Research, 2(6),
209-222. ANFO Publication House.

202.Sobowale, A., Kokogho, E., Adeniji, [. E.,
Olorunfemi, T. A., Nwaozomudoh, M. O., & Odio,
P. E. (2024). Conceptualizing improved cash
forecasting accuracy for effective currency reserve
management in Nigerian banks. International
Journal of Management and Organizational
Research, 3(6), 120—130. ANFO Publication House.

203.Sobowale, A., Nwaozomudoh, M. O., Odio, P. E.,
Kokogho, E., Olorunfemi, T. A., & Adeniji, I. E.
(2021). Developing a conceptual framework for
enhancing interbank currency operation accuracy in
Nigeria's banking sector. International Journal of
Multidisciplinary Research and Growth Evaluation,
2(1), 481-494. ANFO Publication House.

204.Sobowale, A., Odio, P. E., Kokogho, E., Olorunfemi,
T. A., Nwaozomudoh, M. O., & Adeniji, I. E. (2021).
Innovative financial solutions: A conceptual
framework for expanding SME portfolios in
Nigeria's banking sector. International Journal of
Multidisciplinary Research and Growth Evaluation,
2(1), 495-507. ANFO Publication House.

205.Sobowale, A., Odio, P. E., Kokogho, E., Olorunfemi,
T. A., Nwaozomudoh, M. O., & Adeniji, L. E. (2022).
A conceptual model for reducing operational delays
in currency distribution across Nigerian banks.
International Journal of Social Science Exceptional
Research, 1(6), 17-29. ANFO Publication House.

206.Soyombo, D. A., Kupa, E., [jomah, T. I., & Stephen,
A. (2024). Culinary narratives: Exploring the socio-
cultural dynamics of food culture in Africa.

207.Soyombo, O. T., Mhlongo, N. Z., Nwankwo, E. E.,
& Scholastica, U. C. (2024). Bioenergy and
sustainable agriculture: A review of synergies and
potential conflicts. Int. J. Sci. Res. Arch, 11, 2082-
2092.

4305 Jessica Obianuju Ojadi®, ETJ Volume 10 Issue 03 March 2025


https://doi.org/10.51594/csitrj.v5i10.1675

“Al-Driven Optimization of Water Usage and Waste Management in Smart Cities for Environmental Sustainability”

208.Soyombo, O. T., Odunaiya, O. G., Okoli, C. E.,
Usiagu, G. S., & Ekemezie, I. O. (2024).
Sustainability Reporting in Corporations: A
Comparative Review of Practices in the USA and
Europe. GSC Advanced Research and
Reviews, 18(2), 204-14.

209.Soyombo, O. T., Odunaiya, O. G., Okoli, C. E.,
Usiagu, G. S, & Ekemezie, [. O.
(2024). Sustainability reporting in corporations: A
comparative review of practices in the USA and
Europe. GSC Advanced Research and Reviews, 18
(02), 204-214.

210.Temedie-Asogwa, T., Atta, J. A., Al Zoubi, M. A.
M., & Amafah, J. (2024). Economic Impact of Early
Detection Programs for Cardiovascular Disease.

211.Thompson, 1., Adeoye, A., Taofic, A., Olisakwe, H.
C., & Chukwuemeka, O. (2024). Sustainable
materials for corrosion resistance energy harvesting:
A conceptual framework for innovations in
biodegradable solutions for nuclear
applications. Engineering Science and Technology
Journal, 5(10), 2911-2933.

212.Thompson, 1., Adeoye, O. A., & Olisakwe, H. C.
(2024). Ceramic matrix composites for corrosion-
resistant next-generation nuclear reactor systems: A
conceptual review of enhancements in durability
against molten salt attack. Open Access Research
Journal of Engineering and Technology, 7(2), 001-
015. Open Access Research Journals.

213.Toromade, A. S., Soyombo, D. A., Kupa, E., &
[jomah, T. I. (2024). Technological innovations in
accounting for food supply chain management.
Finance & Accounting Research Journal, 6(7),
1248-1258.

214.Toromade, A. S., Soyombo, D. A., Kupa, E., &
Ijomabh, T. I. (2024). Urban farming and food supply:
A comparative review of USA and African cities.
International Journal of Advanced Economics, 6(7),
275-2817.

215.Toromade, A. S., Soyombo, D. A., Kupa, E., &
Ijomah, T. 1. (2024). Reviewing the impact of
climate change on global food security: Challenges
and solutions. International Journal of Applied
Research in Social Sciences, 6(7), 1403-1416.

216.Toromade, A. S., Soyombo, D. A., Kupa, E., &
[jomah, T. I. (2024). Culinary narratives: Exploring
the socio-cultural dynamics of food culture in
Africa. Open Access Research Journal of Science
and Technology, 11(2), 088-098.

217.Tula, O. A., Adekoya, O. O., Isong, D., Daudu, C.
D., Adefemi, A., & Okoli, C. E. (2004). Corporate
advising strategies: A comprehensive review for
aligning petroleum engineering with climate goals
and CSR commitments in the United States and

Africa. Corporate  Sustainable  Management
Journal, 2(1), 32-38.

218.Uchendu, O., Omomo, K. O., & Esiri, A. E. (2024).
Conceptual advances in petrophysical inversion
techniques: The synergy of machine learning and
traditional inversion models. Engineering Science &
Technology Journal, 5(11), 3160-3179.

219.Uchendu, O., Omomo, K. O., & Esiri, A. E. (2024).
Conceptual framework for data-driven reservoir
characterization: Integrating machine learning in
petrophysical analysis. Comprehensive Research
and Reviews in Multidisciplinary Studies, 2(2),001—
013. https://doi.org/10.57219/crmms.2024.2.2.0041

220.Uchendu, O., Omomo, K. O., & Esiri, A. E. (2024).
Strengthening workforce stability by mediating
labor disputes successfully. International Journal of
Engineering Research and Development, 20(11),
98-1010.

221.Uchendu, O., Omomo, K. O., & Esiri, A. E. (2024).
The concept of big data and predictive analytics in
reservoir engineering: The future of dynamic
reservoir models. Computer Science & IT Research
Journal, 5(11), 2562-2579.
https://doi.org/10.51594/csitrj.v5i11.1708

222.Uchendu, O., Omomo, K. O., & Esiri, A. E. (2024).
Theoretical insights into uncertainty quantification

in reservoir models: A Bayesian and stochastic
approach. International Journal of Engineering
Research and Development, 20(11), 987-997.

223.Udeh, C. A., Oso, O. B., Igwe, A. N., Ofodile, O. C.,
& Ewim, C. P. M. (2024). International Journal of
Management and Organizational Research.

224.Udeh, C. A., Oso, O. B, Igwe, A. N., Ofodile, O. C.,
& Ewim, C. P. M. (2024). International Journal of
Social Science Exceptional Research.

4306 Jessica Obianuju Ojadi®, ETJ Volume 10 Issue 03 March 2025


https://doi.org/10.51594/csitrj.v5i11.1708

