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Abstract—Significantly, urban centers are responsible
for huge percentages of energy consumption. Most of this
energy is used for buildings, public lighting, and
infrastructure. Energy efficiency is an essential aspect in
attaining sustainability in arid regions such as Saudi
Arabia, which are mostly urbanized. The paper aims to
explore how Internet of Things (IoT) technology can be
used to attain energy efficiency and sustainability in
urban regions. The research paper will use Saudi Arabia
as a case example. The paper will discuss an IoT
architecture to be used to attain energy efficiency in
urban regions. The IoT architecture is composed of
different layers, such as distributed sensors,
communication networks, edge computing, and cloud
computing. The potential impacts of deploying loT
technology to attain energy efficiency are analyzed in this
paper. The potential impacts are analyzed using a mixed
approach. The paper presents some practical implications
that are essential in guiding policymakers and
organizations to attain energy efficiency through
deploying IoT technology.
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L INTRODUCTION

The increase in the level of urbanization, along with
the growth of the economy, has led to an increase in
the level of energy consumption. In this regard, it has
been  identified that buildings, transport
infrastructure, and other public facilities are the
primary consumers of energy. In this regard, the
concept of energy efficiency has been identified as
one of the most important pillars for the development
of sustainable development initiatives. In this regard,
digital technologies such as IoT technology have
been identified as one of the most important
facilitators that can help transform conventional
cities into smart and sustainable cities.

The use of IoT technology has been identified as one

of the most important facilitators that can help create
urban centers that can be monitored through the use
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of a series of sensors as well as communication
networks that can analyze data from various urban
facilities. In this regard, it has been identified as one
of the most important facilitators that can help urban
centers as well as energy providers across the world
to monitor the level of energy consumption. In this
regard, it has been identified that various research
works have been conducted, and it has been identified
that IoT technology has been helpful in reducing the
level of energy consumption. However, it has been
identified that the effectiveness of IoT technology is
dependent upon the climatic as well as infrastructure
characteristics. In hot arid climates, the problem of
EE becomes more critical. The challenges facing the
Saudi Arabian cities in the field of ES are more
critical due to the extreme climate conditions. On the
other hand, tremendous progress has been made in
the field of digitalization, smart cities, and EE, which
are the major
diversification. It is with this background that the
importance of an in-depth inquiry into the role of IoT-
based urban monitoring systems for the improvement
of EE and the environment becomes imperative.
However, despite the fact that the body of literature
regarding the role of [oT for the improvement of SC

components of economic

has been increasing over the last few years, some key
issues still remain to be addressed. Firstly, the body
of literature regarding the role of IoT for the
improvement of SC was conceptual, with few
technical papers regarding the role of IoT for the
improvement of SC being carried out. Secondly, it is
imperative for a standard framework for the
evaluation of the role of IoT for the improvement of
SC to be established. Thirdly, the body of literature
regarding the role of IoT for the improvement of SC
was focused on Western countries, whereas few
papers regarding the role of IoT for the improvement
of SC in the Middle East are available. Therefore, the
policymakers should be enlightened regarding the
role of IoT for the improvement of SC in the Middle
East.
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Another important issue that needs to be addressed in
the field of the role of IoT in the improvement of SC
is the design and implementation of the system.
Urban IoT systems include a variety of devices,
different wireless technologies, and various
computing systems. Deciding on the number of
sensors, sampling rate, cloud or edge computing, and
standardization can affect the performance of the [oT
system. Moreover, security, privacy, and governance
issues are increasingly critical in the wurban
environment, particularly in collecting detailed
information from various public and private assets.
The objective of this research is to bridge the gaps in
the literature by examining the contribution of IoT-
based urban monitoring systems to the improvement
of energy efficiency and sustainability, with a special
emphasis on the Kingdom of Saudi Arabia. The paper
introduces the IoT-based system architecture for
urban monitoring systems and evaluates the
efficiency of the IoT-based system in the
implementation of energy efficiency applications.
The paper is focused on the urban energy sectors that
are critical and can benefit from the monitoring and
control of the system, where the improvement of
energy efficiency is significant. The energy
efficiency is measured based on the consumption,
peak demand, and efficiency, whereas the
sustainability is measured based on the reduction of
carbon emissions and improvement in resource
utilization. The contributions of this paper are as
follows: First, this paper presents a complete IoT-
based system architecture for urban monitoring
systems, with  special emphasis on the
implementation of energy efficiency applications.
Second, this paper presents the benefits of loT-based
monitoring systems, with special emphasis on energy
and sustainability improvements. This is a gap in the
literature.  Third, this paper presents the
implementation  considerations of IoT-based
monitoring systems. This is significant and can be
helpful for all the parties involved in the
implementation of Smart Cities. The rest of this paper
is structured as follows: Section 2 presents the
literature, whereas Section 3 presents the system
architecture and data processing system. Section 4
presents the research methodology, whereas Section
5 presents and analyzes the results. Section 6 presents
the implications and limitations of this paper, and
Section 7 presents the conclusions and future
research.
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IL. LITERATURE REVIEW

Incorporating Internet of Things (IoT) technology in
the urban environment has been a topic of significant
interest over the past decade, considering the need to
increase the level of energy, operational, and
sustainability efficiency in the urban environment.
IoT-based urban monitoring systems allow the
continuous acquisition of information from scattered
resources, making it possible to analyze and control
the various domains of the urban environment.
Considering the literature, it can be broadly classified
into the following categories: IoT-based applications
for energy-efficient buildings, IoT-based
applications for smart public infrastructure, IoT-
based applications for urban sustainability
monitoring, and IoT-based applications for system-
level design.

2.1 IoT for Energy Efficiency in Buildings

It has been identified that the urban environment
comprises a number of buildings, which are
considered to be the most significant energy-
consuming resources, especially in regions where the
temperature is very high. There have been a number
of studies conducted regarding the incorporation of
IoT technology, IoT sensors, and smart meters to
monitor the energy consumption, indoor
environmental conditions, and the occupants of the
building. These systems enable the adaptive control
of the HVAC system, thus resulting in a significant
reduction in the level of electricity consumption.
Considering the literature, it has been identified that
the real-time occupancy detection, temperature, and
humidity monitoring of the building increase the
level of efficiency of the HVAC system, thus
increasing the level of comfort. IoT-based systems
also enable the implementation of predictive
maintenance and fault detection systems, thus
resulting in reduced energy consumption due to
faulty systems.

Machine learning algorithms have also been
proposed in the literature that may be incorporated in
IoT systems for energy demand prediction. Load
prediction algorithms have also been proposed in the
literature that may be incorporated in IoT systems for
peak demand prediction. However, the majority of
the research has been conducted considering a single
building or a controlled environment. Therefore, the
applicability of research conducted in this domain
may not be applicable in real-world scenarios.
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2.2 Smart Street Lighting and Public Infrastructure
The second domain proposed in the literature
regarding the use of loT-based monitoring systems
for energy saving purposes is smart street lighting.
Smart street lighting has been proposed as a system
that may be implemented for energy saving purposes.
The system may be implemented by incorporating
light sensors, motion sensors, etc., with the purpose
of adaptive dimming of streetlights. According to the
literature, a saving of 30% to 60% may be achieved
in terms of energy costs by implementing smart street
lighting systems as opposed to conventional street
lighting systems. In addition to energy saving, one
other major advantage that may be achieved through
the implementation of IoT-based systems in street
lighting infrastructure is the ease with which
streetlights may be maintained.

Except for street lighting, IoT systems have been
proposed for the monitoring of other areas of public
infrastructure, such as the water supply system,
traffic signals, etc. The application of IoT systems for
the monitoring of these areas of infrastructure can
result in the best use of resources with the least
amount of cost. However, the application of IoT
systems for the monitoring of these areas of
infrastructure, as proposed in the literature, is isolated
for each of these areas of infrastructure, without any
emphasis placed on the integration of these
applications for the best use of resources with the
least amount of cost.

2.3 Urban
Sustainability
The application of IoT technology in the monitoring
of environmental factors that are often related to

Environmental Monitoring and

urban sustainability is important as well. For
instance, different studies have indicated that there is
a possibility of reducing fuel as well as emissions as
a result of monitoring and controlling factors that are
often associated with traffic congestion. (Impact of
Traffic Management on Black Carbon Emissions: a
Microsimulation Study, 2016) Moreover,
environmental sensors are often integrated with
energy monitoring systems in order to determine their
impact on the environment. Nonetheless, as much as
there are benefits associated with the application of
IoT technology in different aspects of a city,
sustainability analysis, as indicated in different
literature, is often carried out in relation to indirect
results as opposed to actual results. For instance,
reducing carbon dioxide emissions is often carried
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out in relation to general factors without adequate
consideration of energy composition and climate.
This is particularly important in a country like Saudi
Arabia.

2.4 Edge Computing and Data Analytics for Urban
IoT

As the number of urban IoT systems is increasing, the
problem of the amount of data, delay, and network
congestion is becoming more significant. To address
this problem, the use of edge computing technology,
which is dependent on the analysis and processing of
the data collected from the sources, is becoming more
significant. It has been identified that the use of a
hybrid edge cloud is more beneficial for the urban
energy management system, and real-time control is
possible with the help of the cloud computing system.
(Alharbi, 2026) The use of advanced data analysis
technology, such as artificial intelligence and
machine learning, is also making the use of IoT
monitoring systems more efficient. The use of
anomaly detection, demand forecasting, and
predictive maintenance is possible with the help of a
continuous flow of data from the urban IoT system.
However, the use of the above techniques is
dependent on the quality and availability of the data,
which is still a problem.

2.5 Governance, Security, and Implementation
Challenges

Besides technical issues, the role of governance and
security has also been identified as an important
aspect for the successful implementation of IoT-
based urban systems. The security risks associated
with [oT devices and the data ownership issues can
negatively affect the successful implementation of
IoT-based systems in cities. There are several studies
on the importance of establishing standardized
protocols and regulatory frameworks for the
successful implementation of IoT-based systems.
(Khan et al., 2025)

Moreover, the implementation issues associated with
IoT-based systems are not discussed sufficiently in
the literature. The technical viability of IoT-based
systems has been proven through pilot projects and
studies. (Waqar et al., 2025) However, the successful
implementation of IoT-based systems at a larger scale
depends on the coordination and cooperation of
different stakeholders and authorities at the local and
central levels.
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The lack of specific studies on loT-based systems has
also failed to provide decision-makers with a better
understanding of the benefits and risks associated
with IoT-based systems.

III. IoT-BASED URBAN MONITORING
SYSTEM ARCHITECTURE

In this section, the proposed IoT-based urban
monitoring system architecture, which is intended to
support the improvement of energy efficiency and
sustainability, is discussed. The proposed
architecture is intended to support the urban
monitoring system in a large-scale city environment
and is based on the climatic and infrastructural
conditions of Saudi Arabia. The proposed IoT-based
urban monitoring system is based on a multilayer
architecture, and security and governance are
included in all layers of the proposed IoT-based
urban monitoring system architecture.

3.1 Design Principles
The proposed IoT-based urban monitoring system
architecture is based on five specific design

principles: scalability, interoperability, real-time
responsiveness, energy efficiency, and security. The
proposed urban monitoring system must support
thousands of heterogeneous devices distributed
across the city. The proposed IoT-based urban
monitoring system must be able to support the
integration of heterogeneous systems from various
vendors, and thus, the proposed IoT-based urban
monitoring system must be based on the principle of
interoperability. The proposed IoT-based urban
monitoring system must be able to respond to the
changing conditions in real-time, especially in the
case of energy-intensive resources such as HVAC
and lighting. The proposed IoT-based urban
monitoring system must be based on the principle of
energy efficiency, and thus, the proposed IoT-based
urban monitoring system must support the efficient
use of energy by the system itself.

3.2 Layered Architecture Overview

The proposed system adopts a five-layer architecture,
as illustrated in Figure 1, enabling modular
deployment and flexible system evolution.

Figure 1. Conceptual architecture of the loT-based urban monitoring system
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Figure 1 illustrates a layered IoT architecture consisting of (1) sensing layer, (2) communication layer, (3) edge

IRE 1714519

ICONIC RESEARCH AND ENGINEERING JOURNALS 1505



© FEB 2026 | IRE Journals | Volume 9 Issue 8 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV918-1714519

computing layer, (4) cloud and data management layer, and (5) application and control layer. Security and
governance functions span across all layers.

3.3 Sensing Layer

The sensing layer will be composed of IoT sensors
that will be deployed all over the city to gather data
regarding the real-time performance and
environment. For energy efficiency, the sensing layer
will be composed of smart energy meters,
temperature sensors, humidity sensors, occupancy
sensors, light controllers, and runtime sensors.
(Wiese et al., 2025) Environmental sensors will also
be included for sustainability analysis. In an urban
environment where cooling is high, the sensors
deployed inside the building will also be important in
analyzing the performance of the HVAC unit. For the
street lighting, light sensors will also be included.
The IoT sensors will be designed with low power
consumption. The lifespan will also be long to
minimize maintenance costs.

3.4 Communication Layer

The communication layer will be responsible for the
communication between the sensors and other
processing units. In the urban environment, the
environment is heterogeneous and large. Therefore,
there may be multiple communication technologies
deployed at the same time. For the low power
consumption, low power wide area network
technology will be applied for the communication
protocols such as LoRaWAN and NB-IoT. These will
be applied for applications with low data rate
requirements and long range connectivity for battery-
powered devices. (LoORaWAN®: A Low-Power,
Long-Range IoT Solution, n.d.) Cellular and Wi-Fi
will also be applied for applications with high data
rate  requirements.  (Routray, 2022)  The
communication protocol will also be important in
analyzing the latency, reliability, power
consumption, and operation costs.

Hybrid communication will also be applied to the
applications.

Data aggregation will also be carried out at the
gateways to reduce congestion and enable optimal
data transmission to the edge or cloud layer.
(IoTMapper: A Metrics Aggregation System
Architecture in Support of Smart City Solutions,
2022)

3.5 Edge Computing Layer

This is the part of the architecture that offers data
processing services near the data source. This is an
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important part of the architecture, as it helps in the
alleviation of latency, bandwidth, and overall
dependability of the system. There are various tasks
that are executed by the edge computing devices,
including data filtering, compression, and anomalies.
(AI-Driven Anomaly Detection for Securing IoT
Devices in 5G-Enabled Smart Cities, 2025) For
example, anomalies in energy consumption are
detected by the edge devices, which immediately
send out an alert message. (Manduva, 2024, pp.
26083-26110) For the energy management
application, the services offered at this layer enable
real-time control, including the regulation of heating,
ventilation, and air conditioning systems, as well as
the dimming of streetlights. (O'Dwyer et al., 2020)
This is important for the cities, as they might
experience problems related to network connectivity.

3.6 Cloud and Data Management Layer

This is the core part of the architecture, as it offers
data storage, sophisticated data analysis, and overall
optimization of the system. The historical data
collected by the sensors in the cities is stored in the
databases, which is used for long-term trend analysis.
(Dutta et al., 2025) This part of the architecture offers
sophisticated data analysis, including forecasting,
benchmarking, and scenario analysis, used for
strategic decisions for the cities as well as the utility
companies. (Simmhan et al., 2018) This component
also enables data visualization capabilities that are
used for providing stakeholders with the required
data pertaining to the cities, such as energy
consumption. This component also enables APIs that
are used for integrating other systems, such as digital
twins, energy management systems, as well as the
cities' information systems. (Simmhan et al., 2018)

3.7 Application and Control Layer

The application and control layer are where the
results of the analysis are interpreted and converted
into actionable intelligence, which may be decision
support systems for urban planners, control systems
for energy infrastructure, report generation systems
for sustainability analysis, and many more. The
control measures may vary from manual, semi-
manual, and automated, depending upon the level of
governance. (Gupta et al., 2020)

Some examples of the application and control layer
may be adaptive lighting control, predictive
maintenance, and energy performance reports,
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among many more. This constant loop of monitoring
and control ensures that there is a constant
improvement in energy efficiency and performance.
(Bitrayoga et al., 2020)

3.8 Security and Governance Considerations

The security and governance issues are addressed in
all layers of the architecture. Authentication of
devices, secure communication, and encryption

provide security for the system against cyber attacks.
(Lightweight authentication for IoT devices (LAID)
in sustainable smart cities, 2025) Data governance
issues also come into play in providing security and
may include issues of data ownership, access, and
retention, which are in line with ethical and legal
requirements. (Smart City Data Governance:
Challenges and the Way Forward, n.d.)

Table 1. Key components and functions of the proposed IoT architecture

Layer Main Components Key Functions
. Smart meters, HVAC sensors, occupancy . .
Sensing o Real-time data acquisition
sensors, lighting controllers
Communication LPWAN, cellular, Wi-Fi, gateways Data transmission and aggregation
. . Low-latency processing, anomaly
Edge Computin, Edge gateways, local analytics modules . ’
& puting £ 8 v Y detection
. . Long-term analytics, forecasting,
Cloud & Data Databases, analytics engines, dashboards . & . Y g
visualization
Application Control systems, decision-support tools Optimization, automation, reporting
Security & . . .
Authentication, encryption, access control System integrity and data protection
Governance P Y gy P

Iv. RESEARCH METHODOLOGY AND
EVALUATION FRAMEWORK

The methodology for this research is designed to
ensure an evaluation of the effectiveness of IoT-
based urban monitoring systems in achieving energy
efficiency and sustainability in urban ecosystems,
specifically in the context of Saudi Arabia.

4.1 Research Design

A mixed research design is adopted for this research
to ensure an evaluation of both quantitative and
qualitative aspects of IoT-based urban monitoring
systems. The quantitative evaluation is carried out
based on energy consumption and peak demand data,
along with other relevant system performance
parameters obtained from urban assets. The
qualitative aspects are used to provide context to the
data and ensure an evaluation of feasibility,
governance, and operational issues. The evaluation
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methodology is based on a baseline, intervention, and
comparison approach. (An Urban Energy Baseline
Model for Measurement & Verification of Building
Energy Efficiency Retrofits in Abu Dhabi, 2024) The
baseline involves data collection prior to the
deployment of IoT-based urban monitoring systems,
followed by data collection in the post-intervention
phase with the ToT-based urban monitoring systems
deployed and operational. In situations where data
collection is not feasible, scenario-based analysis is
carried out to provide a realistic analysis.

4.2 Data Collection Tools and Sources

The data collection tools for this research are based
on [oT-based tools and sources. The tools used are:

* JoT-based tools and sources: smart electricity
metering, temperature and humidity sensors,
occupancy sensors, lighting controllers, and so on.

* Edge gateways: for data aggregation from edge
devices and anomaly detection.
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* Cloud-based platforms: for data storage,
visualization, and analysis.

» Municipality and facility records: for historical data
on energy consumption.

The sampling frequency of data collection for this
research is between 1 to 15 minutes, depending on the
constraints of communication with devices.
(Giordano et al., 2023) Additionally, weather data are
used to normalize energy consumption, especially for
cooling-dominated loads.

4.3 Evaluation Metrics

The evaluation of this system is based on three types
of evaluation metrics: energy performance,
sustainability impact, and operational efficiency.

4.3.1 Energy Performance Metrics
Energy efficiency improvements are quantified
using the following indicators:

° Energy savings (%):
Ewori — Erop
Energy Savings (%) = Shasetine 7 2198 100
Epaseline

where EbaselineE {baseline}Ebaseline represents
average energy consumption before IoT deployment
and EIoTE_{IoT}EIoT represents consumption after
deployment.

e  Peak demand reduction (kW):

Connect to WIFI
o

\ 4
Server
No
Connection
Ready ?

Connecting to Server |«
. 4

Initializing Connection

: https://doi.org/10.64388/IREV918-1714519

_ mar Trnar
AP P&asﬂffnf - S IaT
e Load factor improvement, defined as the ratio of
average to peak demand.

4.3.2 Sustainability Metrics
Environmental sustainability is assessed through
estimated carbon emission reductions:

COs avoided = (Epgsetine — Eror) ¥ EF

where EFEFEF is the grid emission factor (kg
CO2/kWh). Other sustainability metrics include
fewer maintenance visits and better asset use, which
help reduce emissions indirectly.

4.3.3 Operational Performance Metrics
Operational effectiveness of the [oT system is
measured using:

System latency (ms)

Data availability and uptime (%)

Anomaly detection accuracy (precision, recall)
e  Maintenance response time

These metrics assess the reliability and
responsiveness of the monitoring infrastructure.

4.4 Data Analysis Procedure

The analysis is conducted in four stages: data
preprocessing, normalization, performance
evaluation, and comparative assessment.
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Figure 3. Methodological workflow for evaluating IoT-based urban energy monitoring systems.
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Workflow description:

Raw sensor data collection

Data cleaning and validation

Weather and occupancy normalization
Energy and sustainability metric computation
Baseline vs post-deployment comparison

bl

Statistical comparison is done using descriptive
statistics and  percentage change analysis.
Additionally, paired comparison is used, depending
on the availability of the data, to determine the
significance of the improvement observed.

4.5 Validation and Robustness

To increase the wvalidity of the results, cross-
validation is performed using multiple sources.
Scenario testing is performed to analyze the system
performance based on variables such as sensor
density, communication time delay, and control
strategies. The analysis is performed to ensure that

the improvements are not due to other variables, such
as seasonal variations.

V. RESULTS AND ANALYSIS

In this section, the analysis of the obtained results is
presented based on the assessment of the loT-based
urban monitoring system for energy efficiency and
sustainability using the evidence of urban assets in
Saudi Arabia. The analysis of the obtained results is
performed based on the improvement in energy
performance, sustainability, and system performance
of the proposed system.

5.1 Energy Performance Results

The use of IoT-based monitoring and control
strategies has reduced the energy consumption in
critical urban energy sectors, such as buildings and
street lighting. (Alenazi, n.d.) Table 2 presents the
comparison of energy performance indicators before
and after the implementation of IoT.

Table 2. Energy performance comparison before and after [oT deployment

Metric Baseline || IoT-Enabled Operation Improvement
Average daily energy consumption (kWh) 12,500 10,300 17.6% reduction
Peak demand (kW) 2,150 1,820 15.3% reduction
Load factor 0.62 0.71 +14.5%
HVAC runtime (hours/day) 14.2 11.8 16.9% reduction

From these results, it can be observed that there is a
significant positive impact of IoT-based real-time
monitoring and control on energy efficiency.
(Morteza et al.,, 2024) The reduction in HVAC
running hours can be attributed to occupancy-based
control and fault detection, while peak demand
reduction can be attributed to load smoothing and
scheduling control. (Zhang et al., 2018, pp. 311-323)
Additionally, the increase in load factor implies that
energy consumption is evenly distributed over the
day. This is an important aspect for urban power
systems. (Load Factor: A Definition and Its
Significance in Electrical Systems, 2026)

5.2 Sustainability Impact Analysis

The energy savings achieved due to the deployment
of ToT have a significant impact on sustainability.

IRE 1714519 ICONIC RESEARCH AND

(Sampaio et al., 2021) The reduction in carbon
dioxide emissions can be calculated using a grid-
based emission factor. (Cho et al., 2025)

Table 3. Sustainability impact assessment

Indicator Value
Annual energy savings 203
(MWh)
Estimated CO: emissions
: 370
avoided (tons/year)
Maintenance visits reduced 2204
(%)
Equipment fault detection [|Reduced from days to
time minutes
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The reduction in the number of maintenance visits is
due to better predictive maintenance, which is
achieved through continuous monitoring. (Team,
2025) The earlier detection of faults not only
minimizes the amount of wasted energy but also
reduces indirect greenhouse emissions that occur
during manual inspection. (University, 2024)

5.3 Operational Performance of the IoT System

The operational performance of the proposed system
was analyzed, and it was clear that the reliability and
response time of the system were satisfactory.
(Djahafi & Salmi, 2024)

Table 4. Operational performance metrics

Metric Observed Value

System uptime 99.1%

Average data latency 480 ms

5.4 Visual Analysis of Results

-€

Communication Line
Power Line

Metric Observed Value
Anomaly detection precision 92%
Anomaly detection recall 89%
Data packet loss <1.5%

Edge computing has played an important role in
achieving low latency and reliability through
localized processing and reduced dependence on
continuous connectivity with the cloud. (Latency
Optimization in Edge vs. Cloud Computing: A
Comparative Study, 2025, pp. 45-67) The high
degree of accuracy in anomaly detection has proved
the success of analytics model usage in detecting
anomalies in energy consumption patterns.
(Enhancing resilience in complex energy systems
through real-time anomaly detection: a systematic
literature review, 2024).
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Figure 4. Comparison of energy consumption

5.5 Discussion of Key Findings
The findings of the study offer an affirmation of the
benefits that can be derived from the use of loT-based
urban monitoring systems in achieving energy
efficiency benefits in urban centers. The benefits
derived in terms of 15-20% are similar to the benefits
that can be derived from the use of loT-based smart
city systems in other parts of the world. (Orhan &
Yerden, 2025) The improvements in terms of
operational performance offer an affirmation of the
benefits that can be derived from the convergence of
edge cloud computing. (Ale et al., 2021) One of the
major implications of the findings is that technical
benefits can only be realized if there is an integration
of system governance and management practices.
Similarly, high system uptimes can only be realized
if standardized device management, communication,
and operational processes are integrated into the
system architecture. (System Architecture Design of
IoT-Based Smart Cities, 2024) This is significant
since it affirms the importance of developing urban
energy management strategies.

VI.  DISCUSSION AND POLICY

IMPLICATIONS
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and peak demand before and after [oT deployment.

The findings of the study offer an affirmation of the
benefits that can be derived from the use of loT-based
urban monitoring systems in improving energy
efficiency benefits in urban centers, especially in hot
arid climates such as Saudi Arabia. The findings offer
an affirmation of the role that can be played by IoT-
based urban monitoring systems in improving energy
efficiency benefits in urban centers. The benefits
derived in terms of energy efficiency offer an
affirmation of the benefits that can be derived from
the integration of real-time monitoring with data-
driven control strategies in urban centers. (O'Dwyer
et al., 2020) From a technical viewpoint, the study
has offered an affirmation of the benefits that can be
achieved by integrating loT-based architectures with
other technologies. The edge computing architecture
was equally effective in improving system uptimes in
the system. The integration of predictive analytics
was equally effective in improving system uptimes in
the system. (Munir et al., 2017) Apart from the
technical aspects, the study also points out that
governance and cybersecurity are important aspects
for large-scale urban IoT systems. (Security, Privacy
and Risks Within Smart Cities: Literature Review
and Development of a Smart City Interaction
Framework, 2020) This implies that, for a pilot study,
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it might be successful in saving energy, but for
sustainability, it has to be able to manage devices as
well as standardized data protocols. Consequently, it
is important that policymakers in urban cities are able
to establish a governance environment that is able to
clearly articulate data ownership, access, as well as
cybersecurity. From a policy viewpoint, the study has
important implications for urban energy policy. This
is because, by using IoT technology, the municipality
will be in a position to make informed decisions
based on evidence that is collected in the process.
This implies that the municipality will be in a position
to effectively utilize available resources. Moreover,
IoT technology will be important in helping the
municipality effectively manage energy demand.
This implies that urban IoT technology will be able
to bridge the gap between urban energy management
and national sustainability targets.

In addition to this, the study has shown that the
investment in [oT technology will be economically
and environmentally sustainable. This is because the
technology will be able to save energy, and therefore
the smart city initiatives will be economically viable.
In addition to this, the study has shown that the IoT
technology will be able to save energy, and therefore
the smart city initiatives will be environmentally
sustainable. (Smart Cities as a Pathway to
Sustainable Urbanism in the Arab World: A Case
Analysis of Saudi Cities, 2023) However, for the
sustainability goals to be achieved, proper planning
and capacity building should be done. From the
above discussion, it is clear that it is not just a
technology, but it is a socio-technical solution. Thus,
for the future smart city initiatives, a holistic
approach should be adopted. As such, it is suggested
that for the future smart city initiatives, there should
be a combination of technical and institutional
preparedness for loT-based urban energy efficiency.

VII. CONCLUSION AND FUTURE RESEARCH
DIRECTIONS

The relevance of the importance of IoT-based urban
monitoring systems in terms of energy efficiency and
sustainability in urban areas, as discussed in the
context of the country of Saudi Arabia, has been
established through the research conducted within
this project. Through the benefits of distributed
sensing, edge computing, cloud computing, and
application-level  intelligence, the proposed
framework has established the relevance of energy
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efficiency, operational efficiency, and sustainability
in urban areas. The research conducted within this
project has established the relevance of loT-based
monitoring systems in urban areas, as they can be
utilized to decrease energy consumption and demand,
especially in energy-intensive applications. For
example, the research conducted within this project
has established the relevance of energy efficiency in
building cooling systems and public lighting systems.
Additionally, the research conducted within this
project has also established the relevance of
operational efficiency, as it has improved system
response time, fault detection, and maintenance. The
research conducted within this project has established
the relevance of energy efficiency, especially in hot
and arid climates, as they can be utilized to decrease
energy demand and consumption, especially in
building cooling systems.

From a policy point of view, it is important to note
that the matter of governance, cybersecurity, and
coordination is of high importance when it comes to
scaling up IoT systems. While the technical
advantages of the adoption and implementation of
IoT systems in monitoring systems have been
adequately proven, it is important to note that the
matter of data management, cybersecurity, and
capacity building in municipalities and energy
suppliers is of high importance when it comes to
scaling up IoT systems. (An information security
model for an IoT-enabled Smart Grid in the Saudi
energy sector, 2023) In addition to that, it is important
to note that the matter of aligning IoT systems with
sustainability and energy plans in cities is of high
importance when it comes to the maximization of the
benefits of IoT systems. (Trindade et al., 2017) The
way forward in terms of research should include
scaling up the research in various cities in the
country, as this will be important in determining the
trends. In addition to that, the way forward should
include the integration of renewable energy, electric
vehicles, and artificial intelligence in cities in terms
of IoT systems, as this will be important in the
development of a holistic smart city.
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