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Challenges facing urban
areas:
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Smart cities have emerged as aresponse to the challenges
facing urban areas, such as:

population growth, congestion, and pollution.

This report provides an overview of smart cities, their importance,
characteristics, and stages of development as well as the most prominent

modern technologies used in smart cities and the most prominent
solutions employed to improve the quality of life of residents. It also
discusses a number of success stories of smart cities around the world
and summarizes the efforts made by the Kingdom of Saudi Arabia to

transform some of its cities into smart cities.

Furthermore, the report covers the most prominent improvements in
the quality of life in smart cities, including transport systems, energy
and building management, along with the most important modern
technologies employed therein, such as artificial intelligence, blockchain,
and the Internet of Things (loT).

It also reviews global criteria for evaluating smart cities, the key
international statistics and indicators of their expansion. It discusses
the current status of smart cities in the Kingdom, strategies for dealing
with them, and notable achievements, and their important figures and
information, both achieved and expected, in the coming years.

The report highlights the proposed technologies of interest in the
Kingdom used to maximize the benefits of building and developing
smart cities. The socio-economic, living, and environmental impacts were
outlined in general for smart cities and specifically for the proposed
technologies.

In general, the report emphasizes that the expansion of smart cities
in the Kingdom of Saudi Arabia is an ongoing process that requires
significant investments, innovation, and collaboration. However, if
effectively implemented, smart cities have the potential to improve
the quality of life for Saudi citizens, attract investments, and promote

sustainable development.

Finally, thereport presents key insights, recommendations, and lessons
learned, summarizing the reasons that have made smart cities gain

increasing attention worldwide.



! "////

aul Tl djljg & z
uill og_looll d__1idig = =
; MINISTRY OF COMMUNICATIONS 2 N
STR COMMUNIC, S 0y N
AND INFORMATION TECHNOLOGY ’ll\\\\

5 | Introduction

02
Introduction



6 | Introduction

! l/////

\\\\l Iy,

N

Report Objectives

Introduction

Report
Objectives

Smart cities have emerged as an influential concept in
urban development circles, transforming traditional cities
into interconnected urban areas that rely on data and
modern technologies. By harnessing these technologies
and innovative solutions, countries seek to increase
efficiency standards, environmental sustainability, and
improve the quality of life for their residents. Smart cities
play a pivotal role in shaping the future of urban life due
to their significant economic and social impact, which is

discussed in this report.

The report sheds light on smart cities and the latest technologies being
adopted and implemented. It also Highlights prominent international
experiences and success stories, as well as the economic and social
impacts of smart cities and their role in improving the quality of life
for citizens. The report reviews the progress made by Saudi Arabia in
adopting smart cities and explores opportunities for further growth and

innovation in this field.
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A smart city is a city where the efficiency of traditional services is
enhanced through digital solutions, providing better living condi-
tions for its residents and a more attractive business environment for
investment. The aim of smart cities is to leverage digital technologies for
better resource utilization, carbon emissions reduction, interactive and
responsive city management, safer public spaces, and meeting the needs
of the population ¢

The concept of smart cities is relatively recent, emerging in the early
2000s to describe the development of cities to become more efficient
using modern technologies. The first smart city projects were launched
in the early 21st century, with notable examples such as Songdo in South
Koreaand Amsterdam in the Netherlands, which ranked 15th in the Smart
City Index published by the International Institute for Management
Development (IMD) in 2023°. Smart cities, in general, aim to utilize data
and digital technologies to monitor events and changes in the city in
real-time and respond to them quickly and effectively, thereby
improving urban life and creating more productive work environments.
Smart cities operate through a system that includes a technological
foundation, sensors, communication networks, and data transformation

applications, as showed in the following®.

Operate System

Data

>

Information > Orders > Actions



Looking towards the future, the application of smart city
technologies is expected to become more widespread, as almost
every city in the world today adopts at least one form of these
technologies. The focus is expected to shift towards deepening
community engagement and citizen participation in the
governance of these cities. The development of 5G networks,
artificial intelligence, and blockchain will further stimulate
innovation in this field.

The implementation of smart city technologies covers various
aspectof urban life, such as resource management, urban
planning, and improving services provided to citizens. It also
includes the management of traffic, transportation, waste
management, water, street lighting, parking,and more.
Companies utilize these technologies to analyze large amounts
of data to assist in decision-making and efficient resource
management.

Moreover, smart cities have a positive impact on the quality of
life for residents, including reducing greenhouse gas emissions,
improving public safety, facilitating access to healthcare and

education for a larger population®.
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Smart cities have emerged as a solution to the long-standing

challenges faced by cities due to population growth rates.

These challenges necessitated innovative solutions to make

cities more sustainable and efficient, leading to the emergence

of smart cities.

The following points illustrates the key challenges that led to

the emergence of smart cities:

02

Pressureonthe

infrastructure.

05

Decline in the level of social

services.

03

High prices of basic services
(such as electricity, water, gas,

etc))

06

Pollution and environmental

degradation.
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Trends and Technologies®

1.

Key Technologies Used in

SmartLighting

2.

Key Technologies Usedin

Waste
Management

Light sensors and smart bulbs:

Smart bulbs in smart city streets adjust the lighting levels based on the
presence or absence of individuals or vehicles. These bulbs use light
sensors and renewable energy sources such as solar power, contributing
to energy conservation and reducing carbon emissions in these cities. A
prominent example is the city of Dortmund in Germany, where 30,000
traditional streetlights have been converted to smart lights using LED

technology and incorporating smart lighting controls®.

Artificial intelligence:

Lighting control systems powered by artificial intelligence utilize
machine learning algorithms toimprove the lightingin public areas.
These systems can analyze factors such as traffic congestion, air
pollution levels, temperatures, and natural light levels, and provide

real-time information to relevant smart city authorities.

Internet of Things (loT) and smart waste bins:

Several cities worldwide have adopted smart bins equipped with sensors
to monitor waste levels. These bins transmit data to waste collection
authorities, enabling them to collect garbage when the containers are
full. This helps improve waste collection efficiency in cities and reduce
operational costs. San Francisco and Amsterdam are among the most
globally recognized cities for implementing smart bins.

In 2018, traditional garbage bins were replaced with solar-powered smart
bins in San Francisco, in order to develop the city's garbage collection

system by allowing remote monitoring of waste levels”.
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SolarEnergy:

Solar energy, as a clean and renewable energy source, plays a significant
role in smart cities. Solar energy converts sunlight into electrical energy
through photovoltaic panels or concentrated solar power using mirrors.
Solar technology can provide heat, cooling, natural lighting, electricity,

and fuel for various applications®.

Blockchain:

Some modern electronic applications employ blockchain technology to
manage the generation, consumption, and distribution of clean energy in
cities. These applications facilitate the exchange of surplus clean energy
withininterconnected smartcommunitiesautomaticallyandinreal-time,
enabling better management of energy resources, especially during peak

times.

Carbon capture technology:

Carbon capture is a process aimed at reducing carbon gas emissions
into the air by capturing carbon dioxide from fuel-operated industrial
processes. The captured gas is then transported through pipelines and
stored underground to minimize its environmental impact. The captured
gas can also be utilized to produce various products and materials such as

cement and plastic.

Sensors and cameras:

These technologies work to improve traffic management, enhance
traffic safety, and optimize public transportation efficiency in smart
cities.

These devices and technologies facilitate real-time data exchange
regarding traffic movement between traffic authorities in smart cities,
residents,and publictransportation drivers. Thisenables smoother traffic

flow and reduces congestion.

Electric vehicles:

Smart cities governments prioritize raising awareness about electric
vehicles, facilitating their licensing procedures, and developing suitable
infrastructure as electric vehicles play a vital role in reducing carbon
emissions and promoting sustainable transportation” . China is a lead-
ing advocate for electric vehicles, with 60906 of global electric car salesin
2022 taking place in China. Europe and the United States are the second
and third largest markets, respectively, with both experiencing a growth

of 159/ and 559/ in electric vehicle sales in 2022" .
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Smart systems can help cities in better management of wastewater
through three approaches.Firstly, smart systems can preventsewage
overflow by using Internet of Things (IoT) sensors to detect overflow
and send real-time notifications to the entities responsible for water
facilities for necessary maintenance. Secondly, sensors can measure
and track chemical levels in wastewater treatment processes. Thirdly,
artificial intelligence algorithms can analyze data from water distri-
bution pipelinesin the city to detect and notify about leaks or poten-

tial leaks®.

Wastewater treatment plays a crucial role in smart city efforts to en-
hance sustainable agricultural practices. By treating wastewater and
reusing it for irrigation through advanced filtration techniques, bio-
logical processes, and purification technologies, smart cities can turn
wastewater into a valuable resource for agriculture. This approach
not only reduces the pressure on freshwater resources but also min-
imizes the discharge of untreated water into the environment, thus

reducing pollution.

Smart water meters can be installed to allow consumers to monitor
their freshwater consumption in real-time and compare their use

with others in the neighborhood.

Singapore’s Public Utilities Board manages a smart water network
that collects detailed data on water consumption in homes to identi-
fy consumption patterns. The data is then analyzed and provided to
customers, enabling them to monitor their water usage patternsand

manage water consumption more effectively®.
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Building Management Systems:

These systems monitor and control buildings using sensors for lighting,
heating, ventilation, air conditioning, and security. Modern building
management systems improve energy efficiency, facilitate proactive

maintenance, and detect faults.

6.

Key Technologies Usedin

A notable example of a smart building is The Edge in Amsterdam, dubbed

“the world’s smartest building” by Bloomberg. The Edge is also one of

smart Buildings the most environmentally friendly buildings worldwide, achieving the

highest-ever BREEAM (Building Research Establishment Environmental
Assessment Method) sustainability rating of 98.49%6. The building
incorporatesaround 28,000 sensors,and each occupant can use a mobile
application to find available spaces for work or meetings. The building’s
roof is covered with solar panels, resulting in 70%b0 less electricity

consumption compared to similar buildings®.

The Edgein Amsterdam

The Edgeis also one of the most environmentally o
friendly buildings worldwide, achieving the o
highest-ever BREEAM (Building Research

Establishment Environmental Assessment
Method) sustainability rating of 98.4%b.

Less Electricity

7009/ Less Electricity
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Prominent solutions used toimprove
quality of lifein smartcities4

1.
Public Safetyand
Security

Modern technologies and digitization enhance public safety and
security in smart cities, enabling more effective and rapid crisis
response and crime prevention. This is achieved through the use
of surveillance cameras, real-time audio and visual data collected
from multiple sources, big data analytics, artificial intelligence,
automatic street lighting, instant crime identification, predictive
and proactive security measures, and cameras tracking individuals
exhibiting suspicious behavior or transactions before a crime occurs
contributing to crime reduction, particularly in geographically limited
areas.

These applications of smart cities can also reduce fatalities by 8-10%b6
and crime rates by 30-400%%. In a city with a population of five million

people, such applications can potentially save up to 300 lives annually®.

300 People/per year

Can be saved with smart cities technologies

2.
Digital Citizenship and
E-Governance

Smart cities’ authorities provide unified and integrated platforms for
digital citizenship. Utilizing technologies such as blockchain and loT,
stakeholders in smart cities employ solutions like online voting, digital
passports, tax declarations, security permits, and government fee
payments. These measures contribute to increased transparency in
government transactions. Smart cities also promote citizen engagement
and participation by enabling citizens to contribute to decision-making
processes through collaborative platforms and open data initiatives, to
contribute to the development and management of their cities, and to

create a more inclusive, democratic, and developmental environments.
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6.
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Smart mobility involves using modern technologies to provide more
efficient and sustainable transportation options. These advancements
include automating the process of booking and tracking public
transportationservices,enhancinginfrastructure, promotinglow-carbon
transportation alternatives, and encouraging shared transportation.
Smart city technologies can reduce travel time through smart mobility
applications and intelligent synchronization of traffic signals, improving

traffic flow and reducing congestion.

In response to the impacts of climate change, the construction industry
has adopted flexible work environments, remote management
techniques, and automated building control systems. These advanced
solutions include digital twins, smart sensors, cloud computing, and data
analytics. Construction solutions in smart cities incorporate solar panels
on facades to achieve energy neutrality and carbon emissions reduction.
They also enhance safety standards on construction sites by tracking
workers’ activities and ensuring their compliance with safety regulations,

thereby helping prevent accidents proactively.

Smart cities aim to provide efficient and environmentally friendly energy
supplies. Virtual Power Plants (VPPs) are valuable tools that optimize
energy resource distribution by remotely monitoring different energy
sources to ensure sufficient energy supply for the city. VPPs utilize
computer-based energy distribution planning and leverage blockchain
technology to effectively manage peak loads, enable demand response,
and conserve energy. Some solutions also help users predict energy

shortages and manage interconnected devices based on data analytics.

The issue of global warming has increased the need for improved water
management systems. In response, smart control systems have been
implemented, integrating cloud computing and smart sensors to reduce
water wastage in homes, public spaces, and agricultural projects. Other
solutions include smart technologies leveraging the Internet of Things

(loT) to monitor water qualituy.



18 | Prominent Solutions Used to Improve Quality of Life in Smart Cities \\ o e e a4

7.
Health Improvement

8.

Environmental Quality
Enhancementand
Sustainability Promotion

9.
Smart Education

.l//,/

il il iy
TECHNOLOGY FO!

\\\\l 1 //,

\l MINISTRY OF COMMUNICATIONS \\
~ AND INFORMATION TECHNOLOGY '/]\\\

Digital applications offer opportunities to improve health outcomes.
Remote patient monitoringsystemscanreducethe healthcareburdenby
4%/oin high-income cities. Data-driven interventions targeting maternal
and child health can decrease neonatal health problems by over 5%a.
Early warning systems, vaccine tracking systems, and electronic health
records provide data-driven solutions to identify high-risk populations,
enhance intervention accuracy, and improve health outcomes”. Digital
applications also enable the tracking of individuals with chronic diseases,
alerting emergency services in real-time when they experience fatigue
or falls through wearable smart personal sensors to alert emergency

services to their locationinreal time.

Digital applications can help cities address the environmental challenges
resulting from urbanization, manufacturing, and consumption. Smart
cities have a better environmental impact by adopting sustainable
practices and leveraging technology to improve resource utilization,
reduce energy consumption, and achieve better waste management
through recycling using robots integrated with artificial intelligence
algorithms and e-waste recycling kiosks. Smart cities prioritize
environmentally friendly transportation methods and enhance green
infrastructure by integrating renewable energy sources to reduce

environmental impact”.

Smart city technologies have a significant impact on the education
process, especially in the areas of remote learning and preparing children
and youth for future employment opportunities. With the advancement
of digital infrastructure in educational institutions, smart cities create
a conducive environment for distance learning, which has become a
crucial

element in recent educational practices. Smart cities also integrate
advanced technologies into classrooms, creating smart learning
environments where classrooms are equipped with interactive white
boards, digital displays, audiovisual tools, enhancing the learning
experience and supporting modern interactive teaching methods.
Furthermore, these advanced technologies promote the development
of digital skills among students and prepare them for future jobs. Smart
schools and universities in smart cities contribute to preparing qualified
workforce for the digital age and meeting the requirements of the

fast-paced job market.
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Sustainable Urban Planning e

Smart CItIeS Smart cities work towards improving resource utilization, reducing

energy consumption, and waste generation, leading to more sustainable

and Susta|nab|e urban environments. Sustainable urban planning is a key focus for

U ban Plann.n smart city authorities. By integrating modern technologies and making
r ! g data-driven decisions, smart cities create environmentally friendly and

resource-efficient urban environments.

Sustainable urban planningincludes strategies such asimproving energy
consumption, increasing the utilization of renewable energy sources,
expanding green infrastructure, and adopting circular economy
principles.

These approaches contribute to reducing carbon emissions, mitigating
the impacts of climate change, improving the population’s quality of life

through clean air, and optimizing resource utilization.
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Challenges facing smart cities

Despite offering many

solutions to city problems,

Smart cities face several
challenges, including™

Privacy and securityrisks:

The technologies used in smart cities pose risks to the privacy and
security of citizens due to the dissemination and use of personal data by
various entities. Additionally, the city’s infrastructure may be vulnerable
tocyberattacks,databreaches,and othersecurity threats. Therefore, the
development of smart citiesshould be supported by robust cybersecurity

measures and laws protecting user data.

Increased social and economic gaps:

Communities with low income or marginalized groups may face barriers
in accessing and benefiting from smart city technologies, due to the
high cost of transitioning to smart homes or businesses. This leads to an
expansion of the digital divide and exacerbates existing inequalities in
accessing services. Smart cities also require significant investments in
infrastructure, connectivity, and maintenance, the affordability of these

technologies poses a significant financial challenge for governments.



Technical issues:

Smart cities heavily rely on advanced technologies such as the Internet
of Things (loT), data analytics, and communication infrastructure. This
reliance creates vulnerabilities that can disrupt city operations and
services in case of technical failures, system malfunctions, or lack of
continuous updates. The application of technologies in smart cities also
faces the challenge of high initial investment costs and maintenance, as
advanced infrastructure and technologies require substantial financial
resources. This makes it difficult for some cities, especially in developing
countries, to adopt these technologies on a wide scale. Developing
countries also face a shortage of necessary expertise for developing
and operating smart cities, which can hinder the progress of smart city

initiativesin those countries.
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innovative tool that measures and evaluates cities worldwide based on
their ability to promote economic growth while ensuring the inclusion
of all social strata of city residents in sharing the economic benefits. By
integrating modern technologies and data-driven solutions into urban
development, cities have the potential to enhance economic growth and
social well-being, while ensuring the equitable distribution of benefits
to all segments of society”. The index is important for decision-makers
in smart cities to develop policies that incentivize economic growth and
ensure citizen participation in the benefits as well.

The Institute for Management Development (IMD) conducts an annual
intensive study to rank the top smart cities in the world. The study
involves a broad survey of citizens in 141 cities. The 2023 edition of the
indexranked141smartcitiesgloballybased ontheirresidents) perceptions
of the technologies implemented in their cities, as well as economic and
social data taken from the United Nations Human Development Index
(HDI) for each city™.

Here are three models of the top smart cities globally according to the
IMD index for 2023:

Zurich secured the first place in the index for the fourth consecutive year.

The city invests significant efforts and resources in smart technologies

related to healthcare, safety, and governance. Here are some examples

of completed projects™

¢ Power-to-Heat system: Utilizing renewable energy to generate heat
for city buildings.

e eZurich initiative: This initiative promotes the use of digital
technologies and data to enhance the effectiveness of public
services and increase citizen participation. It aims to position Zurich

as a global hub for information and communication technologies.
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Oslo ranked second for the fourth consecutive year. The city has
implemented severalinitiatives, including:

1. Dedicated automatic toll systems for zero-emission vehicles.

2. Future Built project: Aiming to reduce the city’s carbon footprint by
509%/6 through raising awareness of the ways in which architecture helps
to make cities environmentally friendly and have lower carbon emissions.
3.Smart street lighting project: An initiative to improve the efficiency of
street lighting systems in the city, resulting in significant cost savings, as

the city now saves nearly $1.3 million annually in electricity expenses.

Canberra secured third place in the index due to its commitment to

innovation, digital transformation, and sustainability. The city has
implemented severalinitiatives, including:

1. Canberra Digital Strategy: This strategy aims to utilize technology to
enhance societal well-being. It focuses on community services, data,
planning, industrial partnerships, and redefining government operations
with a priority on citizen-focused services.

2. Development of the “Digital Twin” platform at the city level, allowing
real-time monitoring and management of various city functions. This
platform collects data on traffic, energy usage, water management,
and other aspects of city life, using this information for data-driven

decision-making to improve city services™.



A il
27 | Global Smart City Classification Standards and Prominent Models \\}C\\ oL o oo a4t E
,«‘\/l MINISTRY OF COMMUNICATIONS

757" AND INFORMATION TECHNOLOGY “, ]\\\\\

1y,

Rt

Copenhagen, Denmark?®

Copenhagen ranked fourth in the index and aims to create a cleaner

environment and improve the health of its citizens through data-driven
smart solutions. It also strives to become the world’s first carbon-neutral
capital by 2025%.

Examples of the city's smart effortsinclude:

1. Free public access to government-owned data sources:

The Copenhagen government provides free public databases to foster
innovationin the city.

2. Over a million bicycle trips are made in Copenhagen daily, and the
government continuously works to provide better conditions for cyclists.
3.Smartstreetlights: Thecity’'ssmartlightinginfrastructure hasachieved
a 76%0obreduction in general lighting expenses by adjusting light intensity

based on traffic movement.

Prosperitg and » Citiesare evaluated based on their ability to promote economic
. growth.
Inclusion .

Sharing of benefits from economic developmentamongall
C|tg Seal and Award segments of society is one of the key evaluation criteria.

* Theindex assists decision-makersin smart cities in formulating
policies that stimulate economic growth and ensure the

(PICSA) Index

participation of citizensin the benefits.

Smart Citg e (Citiesare evaluated based on a large-scale survey to collect their
citizens’ perceptions of the new technologiesimplemented in their
Index

cities as well as economic and social data of the city.
* The 2023 edition of theindex ranked 141smart cities globally

(IMD) Index
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Global Statistics The smart city market is expected to grow at a compound annual

. rate of approximately 24%%o, and reach approximately $71 trillion by
d nd Flg ureson the 2030, as shown in Chart (1). The smart city sub-sectors are expected to
Smart Citg Market experience significant growth in the coming years, as shown in Chart (2) *
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According to the latest available data for the year 2019, the regions that
represent the highest global spending on smart cities are Asia-Pacific
(including China and Japan), followed by the Americas, then Europe, the
Middle East, and Africa, as shown in chart (3) *.

Within the broader framework of smart cities, there are
several subsectors or markets. The following table provides
key indicators about subsectors such as smart mobility,
smart energy, smart public and government services, and

smart waste management.
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1. Smart Mobility The smart mobility sector encompasses various innovations that utilize

$250B

Thesmart mobility

market is expected to grow
to approximately $250
billion by 2030 3

579 093

48.2 o °

2021 2022 2023

2.SmartEnergy

modern technologies, including:

Smart sidewalk that can collect and transmit weather data and

traffic conditions, sharing them with drivers and traffic authorities

in the city.

e Smart traffic signals that analyze traffic patterns and adjust their
timing to alleviate congestion.

e Smart intersections that can improve the flow of vehicle and

pedestrian traffic, detect hazards, and reduce accidents *.

2503

2084 ©

1736 @
1445 o

1204
10022 ¢

2024 2025 2026 2027 2028 2029 2030

To meet global climate goals, a radical transformation in the energy
sector is necessary, requiring a tripling of clean energy investments
worldwide™. Digitization and technologies like the Internet of Things
(loT) can play a crucial role in transforming the electricity sector and
improving the efficiency of energy systemsin cities.

Smart street lighting is a promising solution to reduce energy
consumption and costs associated with traditional street lighting.
Currently, only 3%b of street lighting poles worldwide are enabled with
smart technologies, despite significant opportunities for electricity
savings by adjusting lighting based on ambient light levels, weather
conditions, and human presence. Smart streetlights can also monitor

traffic flow, pedestrian crossing areas, and air pollution™.
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Smart public services, also known as e-government or digital public
services, have a significant impact on how citizens interact with their
local and national governments.

Using modern technologies, citizens can apply for services such as
studyingabroad, opening bank accounts,and submitting tax declarations
with just a few clicks”. Governments are also creating smart platforms
and systems that enable civic participation and collaboration between
the public and private sectors™.

The United Nations E-Government Survey provides valuable insights
into how countries use modern technologies to facilitate citizens’ access
to government services. The survey measures the level of e-government
development in countries by evaluating the development of websites
and the accessibility features of those services, such as information
infrastructure.

In 2022, Saudi Arabia ranked 31st globally in the survey, achieving a
higher score than all regional averages, demonstrating the state’s
efforts to leverage modern technologies to facilitate citizens’ access

to electronic services”.
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Smart waste management systems offer a promising solution, as both
companies and citizens can benefit from sensors that employ Internet
of Things technology to determine the need for waste collection by
measuring and tracking waste levelsin bins.

Sensors can also notify waste collection service workers when containers
are full, allowing for better planning and reducing unnecessary collection
operations. This can lead to cost reductions of up to 5090, making it an
important option for cities looking for more sustainable and efficient
waste management while considering limited financial resources.

The global market value of smart waste management reached $1.56
billion USD in 2020 and is expected to grow significantly in the coming
years. With increasing demand for sustainable waste management
solutions, the global market size for smart waste management is
projected to reach $4.12 billion USD by 2027
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Economic impact*

01
Economic Growth
and Gross Domestic

Product (GDP) Rates

The expansion of building and developing smart cities contributes to
increasedeconomicgrowthratesfor countries. Forexample, theadoption
of open data policies typically employed by governments in smart
cities is expected to globally raise GDP growth by nearly $1 trillion USD
by 2028.The multiplier effect resulting from governmentinvestmentsin
smart cities is also projected to reach $10 trillion USD by 2028. Research
alsoanticipatesthat the expansion of smart city development will lead to
aglobalincrease in GDP by $10 trillion USD by 2028*.

by 2028 the adoption of open data policies

typically employed by governments in smart

citiesis expected to globally raise GDP growth

by nearly:

02
Employment

The emergence of smart cities is expected to have a significant impact
on employment. On one hand, the expansion of smart cities will create
new job opportunities for professions such as developers, data analysts,
Internet of Things specialists, and cybersecurity experts, who will play crucial
roles in designing, implementing, and maintaining advanced systems.
On the other hand, several traditional jobs may be replaced or undergo
significant changes. Digitization and Al-powered systems may reduce
the need for manual labor and routine administrative tasks. Therefore,
governments need to proactively address these workforce changes
by providing training programs, upskilling individuals in affected jobs,
enablingthemtoadapttotheevolvingjoblandscape,and takeadvantage

of new opportunities arising in the context of smart cities.
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Smart cities have a significant impact on foreign direct investment.
Advanced technologies employed in smart cities, along with their digital
infrastructure, create a favorable business environment.

The interconnectivity of devices through the Internet of Things (loT),
big data analytics, and artificial intelligence (Al) systems enable the
provision of smart solutions across various economic sectors, including
transportation, energy, healthcare, and public services. These smart
solutions enhance operational efficiency and improve resource
utilization for companies. Additionally, these advancements attract
foreign direct investment by improving the innovation environment
and providing a strong digital infrastructure that helps companies

achieve profits.

Smart cities enhance collaboration between the public and private
sectors, creating a favorable environment for economic growth and
development. This collaboration often takes the form of Public-Private
Partnerships (PPPs), where private companies contribute their
expertise, investments, and technological solutions to support initiative
implementation.

Governments, in turn, benefit from the resources and capabilities
of the private sector to improve service delivery to citizens and enhance
technological infrastructure. The private sector also gains access to a
wide market of customers, research and development opportunities.
PPPs are expected to become the primary method of funding smart

city projects in the future, in addition to revenue-sharing agreements,

44-45

franchise contracts, and pay-per-performance arrangement
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Social and Livelihood Impact?®

01
Connected Citizens

02

Improved Quality
of Life for Persons
with Disabilities

03
Increased Citizen
Engagement

The emergence of smart cities has led to the concept of connected
citizens, asindividualsincreasingly rely on mobile devices tointeract with
city services. This includes the integration of modern technologies like
the Internet of Things (loT) into public services such as transportation
and government services, facilitating citizen communication and access
to information and services. This creates a more connected and socially
engaged community. However, it is important to address challenges
related to data security and privacy to ensure the protection of personal

information.

Smart cities provide a better standard of living for persons with disabilities
through the deployment of loT devices and smart infrastructure. For
example, smart transportation systems equipped with real-time updates
and assistive technologies facilitate mobility for individuals facing
mobility challenges. Persons with disabilities also benefit from smart
buses equipped with tracking and pre-booking applications, as well
as public transportation systems connected to mobile applications,

providing accurate information, schedule updates, and bus routes.

Smart cities promote citizen engagement in city management through
the utilization of digital technologies. Through interactive platforms
and mobile applications, citizens and residents can effectively engage
with city governments, participate in decision-making processes, offer
suggestions, and access essential services. This participation empowers
citizensto contribute to the development of their communities, fostersa
sense of connection to the city, and cultivates a culture of transparency,
collaboration, and civic participation by enabling citizens to express their

opinions and actively shape the urban environment.



A=
38 | Economic and Social Impacts of Smart Cities \\\/ B oo a4

04
Easier Access to
Services

05
Sustainable
Environments
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The livelihood impact of smart cities lies in improving access to
essential services for the population Through the use of modern
technologies, access to healthcare, education, water, electricity,
and public transportation can beimproved, enablingresidents to benefit

from services more quickly and efficiently.

Smart cities play a crucial role in promoting sustainable housing
practices and creating environmentally friendly living environments. By
integrating advanced technologies and innovative design strategies,
buildings and communities are constructed with a focus on energy
efficiency, resource conservation, and carbon emissions reduction.
Sustainable housing solutions also include smart lighting systems,
automated energy management, increased utilization of renewable
energy sources, and advanced waste maagement systems. By employing
these technologies,energy consumption improves, environmenta
impact decreases, and residents enjoy comfortable and sustainable

living spaces aligned with global sustainability goals.

Green spaces hold a prominent position in smart cities as they reduce
urban heat, improve air quality, support biodiversity, and provide
recreational areas. They also ensure effective resource managementand

promote a healthier and more vibrant urban environment.
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Future of Smart
Cities Globally

68%/o

S7T

The concept of smart cities
initially focused on sensors
and data, but thatis nolonger
sufficient.

By 2050, it is projected that 6896 of the world’s population will live in
urban areas, and this growth in urban migration presents an opportunity
for the development of smart cities capable of meeting the needs of the

growing urban population “.

Smart cities are rapidly growing worldwide, and the global smart city
market is expected to reach $7 trillion by 2030, with a compound annual
growth rate of 24.1%06 until 2030,

Future smart cities must become adaptive and dynamically responsive to
continuous technological changes, while also addressing the increasing
risks of cyber threats. Therefore, it is essential for telecommunications

companies to collaborate with governments and invest in cybersecurity.



P ‘,ull////
[l E—— 11| R JT I L] > Z .
\\ GL__og looll d_yidig = addil @ diiwlj o o
- = TECHNOLOGY FORESIGHT CENTER
; ,‘\7 MINISTRY OF COMMUNICATIONS 7, \\
AND INFORMATION TECHNOLOGY 'I] ‘\\\

41 | Future of Smart Cities Globally

iy,

key expectations fortheimpact

of smart city expansion

7|
24.1%/6

Global Smart Cities Market

Itis expected toreach $7 trillion

by 2030, with a compound annual

growth rate of 24.19/0 until 2030

49

)
$27.7B

Global smartlighting
market size

Itis expected toreach $27.7
billion by 2026,

g
15-8%/0

Theimpact of smartcitieson
health

Reduce disease rates by 8-15%b6

annually®.

[

10-8%/o

Theimpact of smartcitieson
mortality

Reduce the mortality rate by
8-10%06 annually *.

g
20-35%0

Theimpact of smart citieson

emergency response times
Reduce emergency response

times by 20-35%b annually®.

Theimpact of
smartcitieson
unemployment
and employment

N

15-10%06

Theimpact of smartcitieson
the environment

Decrease greenhouse gas

emissions by 10-15%b6 annually®.

4

15-209%/0

Theimpact of smart citieson
health

Reduce disease rates by 8-15%b6

annuall®.

Studies indicate that building smart
cities provides a large number of
employment opportunities in urban

areas. The positive effects on

rates employment are primarily reflected

in medium and large cities, as well as

cities with higher levels of financial

and informational development *
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Smartcities
and KSAvision

Economic diversification plan

Smartcities
and KSAvision
2030

KSA vision 2030 represents a comprehensive plan aimed at achieving economic
diversification and reducing reliance on oil and its derivatives. The plan sets several
ambitious goals and initiatives in various sectors, including the development of
smart cities and the achievement of three Saudi cities among the top 100 citiesin
the world by 2030.

The vision of smart cities in the Kingdom of Saudi Arabia revolves around creating
sustainable and connected urban environments that enhance the quality of life
for residents and support economic growth. This includes the development of
smartinfrastructure, such assmartenergy networks, water managementsystems,
and transportation networks, as well as leveraging emerging technologies such as
the Internet of Things (loT), artificial intelligence (Al), and big data analytics to

improve planning, management, and service delivery to citizens.

To achieve this vision, the Saudi government has launched several initiatives
that focus on unifying the efforts of various sectors, including government
entities, private sector companies, and citizens, to participate in creating and
implementing innovative solutions for urban challenges. The government’s
vision also includes initiatives to improve mobility in cities, promote sustainable
energy, enhance public safety, and enable digital transformation in various

sectors such as healthcare, education, and tourism.
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Riyadh, the Third

Smartest Arab City

Riyadh, the Third
Smartest Arab
City

according to IMD

Smart City Index.
For 2023

Abu Dhabi

Among Arab Cities
Riyadh maintained its position as the third smartest Arab city. Abu Dhabi

ranked firstamong Arab cities, while Dubai ranked second. Mecca entered
the index for the first time and achieved the fourth position among Arab

cities, followed by Jeddah in fifth place and Medina in seventh place.

Mecca Jeddah Medina
Forth place Fifth place Seventh place
Globally

Riyadhranked 30th, Meccaranked 52nd, Jeddahranked 56th,and Medina
ranked 85th out of 141 cities worldwide *

Riyadh Jeddah Mecca Mdina
30th place 52th place 56th place 85th place

This is the result of the efforts undertaken by the responsible entities in
transforming Riyadh into a smart city. The Royal Commission for Riyadh City, in
collaboration with the Ministry of Communications and Information Technology
and the Saudi Data and Artificial Intelligence Authority, is working to activate the
enablers of the smart city and develop a strategy for smart applications. They are
also raising awareness among the city’s residents about the smart technologies
implemented in the city, particularly in terms of security and smart sustainability.
The Commission is also studying the establishment of the Riyadh Smart and
Cognitive City Center **.

In recent years, the city has also adopted the latest digital technologies and
solutions to facilitate and digitize government transactions and services,
streamline the steps required to establish new businesses, and significantly
contributed to improving healthcare and security indicators through government

applications and platforms *.
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o1
Programs and Initiatives
Keg Enablers for National Transformation Program: A government-led
Su pporti ng Smart initiative aimed at transforming the Kingdom’s economyinto
a knowledge-based digital economy. The program includes
Citiesinthe several initiatives related to smart city technologies, such as
the development of smart infrastructure and the expansion
Kin g dom of Saudi of the use of advanced technologies like Artificial Intelligence
. (Al) and the Internet of Things (loT).
Arabia &

The program’s targets related to smart cities include Target
23 (Digital Economy Development) and Target 18 (Reducing
all types of pollution)

National Industrial Development and Logistics Program:
Theenergy,industrial, trade,andlogisticssectorsplaya pivotal
role in the Kingdom's economuy. Therefore, this program
focuses on improving the competitiveness and efficiency of
these sectorsthrough localization and preparation for Fourth
Industrial Revolution technologies. For example, the Kingdom
has made significant progress in energy efficiency through
the implementation of smart metering, smart lighting, and

renewable energy projects .

Saudi Building Code: The code comprises a set of rules and

regulations that govern the construction and maintenance
of buildings in the country. It includes rules related to energy
efficiency, sustainable building design, and the use of smart
technologies such as sensors and automation systems.
Chapter (13) of the code sets minimum design standards
that encourage buildings to use energy efficiently. The code
mandates buildings to have sufficient thermal resistance with
minimal air leakage and requires the design of mechanical
systems, water heating, electricity, and lighting in a way
that promotes effective and optimal use of non-renewable

energy sources.

e Kingdom’s Major Projects
e National Renewable Energy Program
e National Industrial Development and Logistics Program
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02
Responsible Digital Entities:
Kel_.j Enablers for _I:_/Iinistrg of Communications and Information
echnology
Su pporting Smart Digital Government Authority
The Saudi Data & Al Authority (SDAIA)
Cities in the National Digital Transformation Unit

National Cybersecurity Authority

Kingdom of Saudi
Arabia 91

Digital Regulations and Strategies:

National Strategy for Data and Artificial Intelligence
Communications and Information Technology Sector
Strategy 2023

Cloud Computing Regulatory Framework

National Cybersecurity Strategy: This strategy is
essential for addressing cybersecurity challenges that
accompany the expansion of smart city development. It
ensures the secure implementation of technologies used

insmart cities

04

Digital Infrastructure:

e 5GandFTTH (Fiber to the Home) Network Expansion
and Adoption Plan.
$18 billion Investment plan towards Data Centers by
MCIT.
SDAIA government cloud (DEEM).
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O1Ministry of Communications

and Information Technology ¢

* The Ministry launched five use cases for 5G and loT technologies
on the Khobar Corniche in collaboration with the Eastern Province
Development Authority, the Eastern Province Municipality, and STC
Solutions. The aim was to attract investment, stimulate the use of

modern technologies in smart cities, and leverage loT technology.

*  The Ministry developed the “Smart Homes Market Growth Incentive
Program” by preparing 14 initiatives to address the challenges facing
smart city development. These initiatives provide technological
solutions for smart homes in collaboration with Roshn Real Estate
and STC Channels.

e  TheMinistry,in collaboration with King Abdulaziz City for Scienceand
Technology, Saudi Arabian Internet Exchange, and DH, launched the
secondsite of the Saudi Internet Exchange (SAIX) and increased local
internet trafficexchange capacityto164 Gbps. Thishasenhanced the
efficiency of the Kingdom’s information infrastructure and reduced

the flow of local data traffic abroad.

¢ The Ministry signed a memorandum of understanding with the the
Economic Cities and Special Zones Authority (ECZA) and Emaar
in February 2023 regarding cooperation in digital infrastructure

investmentsin King Abdullah Economic City.

e The Ministry, in collaboration with the Saudi Federation for
Cybersecurity, Programming, and Drones (SAFCSP) and the Tahaluf
Company, organized two versions so far of the world’s largest
technical conference “Leap” in Riyadh, which specifically focused
on smart cities. A special platform for smart cities was allocated,
which included discussions on the implementation of the digital
infrastructure strategy, smart mobility technologies, the fifth

generation, digital twins, and cyber threats.
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02 Ministry of Municipal, Rural

Affairs and Housing%¢

The ministry launched its Smart
Cities Strategy for the municipal
and housing sectorsin the
Kingdom. The strategy aims to
transform the services provided
into smart services through the
use of digital technologies and
loT.

The sectors covered by smartcities in the municipal and housing sec-

torsinclude:

e Smart Monitoring

e SmartParking

e Smart Housingand Community Management

e Smart Systems for Land and Asset Management

* Smart Systems to Enhance Urban Scenesand Urban Planning

e Smart Systems for Environmental Preservation and Waste
Management

e SmartInfrastructure Management and Maintenance

e Smart Disaster Management

03 Ministry of Environment,

Water, and Agriculture ¢Z

e Improved connection of smart meters to systems to over 9690,
compared to 909%06in 2020.

¢ Launched the “Your Agricultural Guide” application, which aims to
facilitate farmers’ access to officials in all regions of the Kingdom
to resolve any issues that they face and answer their inquiries. The
application provides smart services to assist farmersin their work.

e In October 2021, the ministry held the second virtual international
workshop on developing smart vertical green farms and improving
theireconomiesinthe Kingdom of SaudiArabia, with the participation
of academic experts, government entities, private sector companies,
and industrial sectors from various countries.

* The ministry began establishing a specialized center for analyzing
data from digital communication channels to address beneficiaries’

complaints and support leaders in making proactive decisions.
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04 MODON

*  SaudiAuthority for Industrial Cities and Technology Zones (MODON)
focusesondevelopingindustrial citiesin the Kingdomand developing
the necessaryinfrastructure for those cities. Currently, the authority

oversees 36 existing or under-construction industrial cities.

¢ MODON adopts a Smart Cities initiative to enhance and develop the
enablers of smart cities in 12 industrial cities. The authority works
on developing and expanding the use of modern technologies and
sensors to collect data and manage resources in industrial cities,
thereby improving the quality of life. The initiative includes the
development of various areas in those industrial cities, such as water
and energy management, traffic, environmental monitoring, and
security®. MODON aims to expand the implementation of smart city

conceptsin 11 other industrial cities.

e TheperformanceindicatorsforsmartcitiesthatMODONisdeveloping
include the rates of industrial, security, and traffic incidents, making
cities more sustainable, digitizing city operations, and reducing
electricity consumption. To develop these indicators, MODON has
adopted several solutions in industrial cities, including smart traffic
signals, vehicle tracking through cameras and drones, smart water
meters, smart irrigation, and license plate recognition devices.
Some of the industrial cities where MODON has included smart city
tools are the First and Second Industrial Cities in Riyadh, the First,
Second, and Third Industrial Cities in Dammam, the First Industrial
City in Al-Ahsa, the Industrial City in Al-Kharj, the first industrial city
in Qassim, the Industrial City in Waad Al-Shamal, etc ™.
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* TheKingdom established the Saudi Data and Al Authority (SDAIA) to
positionthecountryasamajorplayerwithintheleadersofdata-driven
technological capabilities. The authority’s role includes developing
technologies used in smart cities and leading the national strategy
for data and artificial intelligence in partnership with the National
Information Center.

* In 2020, the authority set an ambitious goal of attracting $20 billion
from the foreignandlocalinvestments by 2030 to make Saudi Arabia
agloballeaderindataand Al

e Since then, the authority has made significant progress
towards achieving this goal by establishing a national datarepository
and utilizing data analytics through Al to identify cost-saving
opportunities and increase government revenues™.

74-75,

The efforts of SDAIA in developing smartcitiesinclude™*

e Government Cloud Services (Deem), which integrated 169 data
centers and developed over 30 government cloud services.

e Development of the digital identity for the Saudi government,
benefiting over 15 million citizens and residents through the Unified
Access Service. This comes after the authority connected 267
entities to the Unified Access Service.

e SDAIAisworking on building the legislative environment related to
data privacy and cybersecurity. It participated inissuing the Personal
Data Protection Law (Royal Decree No. (M/19) dated 9/2/1443 AH)
and the key principles for protecting personal information and the

general principles andrules for data exchange.

The authority has established partnerships with several leading companiesin

technology and Al from the private sector, including IBM, Huawei, and Dell.

W

HUAWEI
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Statisticson Smart Citiesin KSA7¢

The Kingdom of
Saudi Arabia has
committed to
developing the
digitaleconomy

The expected
contribution of
smartcitiesto
the GDP

The Kingdom of
Saudi Arabiaaims
todiversifyits
economy

The Kingdom of Saudi Arabia has committed to developing
the digital economy to enhance the potential of non-oil
sectors. In 2022, the digital economy contributed about
15906 (44529 billion Saudi riyals) to the Kingdom's GDP. It is
expected to increase to 18.3%b (566 billion Saudi riyals) by
2025, representing a growth of approximately 120 billion
Saudi riyals”.

The expected contribution of smart cities to the Kingdom’s
GDP is around 23 billion Saudi riyals by 2025”.

The Kingdom of Saudi Arabia aims to diversify its economy
and increase non-oil exports from 16%%6 to 5096 by 2030,
and smart cities contribute to achieving this goal.

The Kingdom has allocated $500 billion for investment in
285 municipalitiesto transformthemintosmart cities”. The
smart cities market in Saudi Arabia is expected to grow at a
compound annual growth rate of 19.6%/ between 2020 and
2027,
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Smart cities have gained increasing attention worldwide
as the next phase of urban development, utilizing modern
technologies to improve services and quality of life. Smart
cities can have a significant impact on economic and social

development.

This report discusses various commonly used modern
technologies in smart cities, such as smart lighting, smart
energy management systems, smart waste management,
smart transportation systems, blockchain, artificial
intelligence, and etc. These technologies bring multiple
benefitstothe Kingdom anditscitizens. Here'san overview
of the key expected social and economic returns resulting
from the expansion of smart city development:
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the expansion of smart
citydevelopmentin
the Kingdom of Saudi
Arabia is expected

to have significant
economicimpacts
From an economic
perspective
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Enhancing communication among citizens and between citizens and
government entities, facilitating the communication of citizens and
creating a more cohesive and socially engaged society

Facilitating citizens’ access to public and government services
through the use of modern technologies.

Smart waste management technologies, such as smart bins and
recycling systems, contribute to waste collection and recycling
efforts development in the Kingdom, leading to more sustainable
cities.

Implementing smart energy management systems enables optimal
energy utilization and cost reduction for citizens and companies in
the Kingdom.

Smart lighting technologies, such as motion sensors, result in
significant energy savings and contribute to reducing the Kingdom'’s
carbon footprint.

Smart transportation systems, utilizing sensors and artificial
intelligence for traffic management, alleviate traffic congestion and

improve air quality in the Kingdom.

Smart cities provide advanced infrastructure that encourages inno-
vation and attracts investments from companies seeking a favorable
environment for their businesses, thus creating new job opportuni-
tiesin the technologysector and other essential sectors within smart
cities.

The technologies and tools used in smart cities help to reduce costs
and maintenance expenses for government entities and private
sector companies.

Smart cities provide citizens, residents, companies, and public and
private entities with the accessibility to vast amounts of data and
information, enabling better decision-making, fostering innovation,
and developing new products, services, and business models, thus

creating economic opportunities.
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These challenges include high initial investment costs for smart cities,
data security concerns, and the need for a workforce specialized in
the technologies used in modern cities. To address these challenges,
the Kingdom can establish partnerships between the public and private
sectors to finance smart city projects and develop supportive policies
and systems, such as the cybersecurity regulatory framework
and investment in research and development in the areas of
technologies used in smart cities, such as artificial intelligence,
Internet of Things, blockchain, and etc.

Finally, as part of the KSA Vision 2030, the transformation of its cities
into more sustainable places that increasingly rely on modern
technologies to facilitate the lives of citizens is envisioned.
By adopting the technologies used in smart cities and expanding
the creation of suchcities, the Kingdom has the opportunity totransform
its cities into more intelligent, sustainable, and prosperous urban

centers.

Most important proposed technologies to focusoninthe
Kingdom to maximize the benefits of building and developing

smartcities.
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The Singaporean government has developed Virtual Singapore, a three
dimensional digital replica of the city that can be used for simulation
and virtual testing to find more efficient solutions to urban planning
challenges®. Following the success of Virtual Singapore, the government
of the Kingdom can develop a similar digital replica to enhance urban

planning in its cities.

Artificial intelligence algorithms can analyze large amounts of data to
improve energy utilization, predict proactive maintenance needs, and
make data-driven decisions for efficient resource management. This can
lead to reducing the operating costs of the government and enhancing
the productivity for companies operating in the Kingdom. By investing
in artificial intelligence technology, the government can also create new
job opportunities and enhance the skills of the workforce to meet the

requirements of the digital age.

Artificial intelligence can enhance public safety in the cities of the
Kingdom by analyzing data from various sources, such as surveillance
cameras, to detect potential security threats and respond to them in
real-time. It can also enhance the capabilities of security agencies to
respond to emergencies. Additionally, Al-powered systems can facilitate
other services such as transportation, thereby improving the quality of

life for citizens and residents in the Kingdom.
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Estonia has successfully employed blockchain technology in its
smart city initiatives, particularly in the areas of digital identity and
e-governance. In December 2014, Estonia became the first country to
open its digital borders, enabling anyone from anywhere in the world
to apply to become an e-resident. Through the «E-residency» program,
the Estonian government provides digital identities to resident and
non-resident entrepreneurs, allowing them secure access to various
government services for online company formation and management.
Blockchain technology ensures the safety and security of personal data,
minimizing manipulation and fraud. The Saudi government can imple-
ment similar initiatives that leverage blockchain in smart cities to attract

foreign entrepreneurs and investors™.

The utilization of blockchain technology in Saudi cities will simplify
and secure various processes such as financial transactions, supply
chain management, and real estate transactions, thereby reducing
the number of intermediaries and associated costs. This will enhance
the attractiveness of Saudi cities for investments and contribute to

increasing economic growth rates.

Blockchain technology can be employed in smart cities to empower
Saudi citizens with greater control over their personal data and enable
them with secure digital identities. Furthermore, blockchain technology
promotes transparency in public services, such as the distribution of
social welfare, which fosters trust between citizens and governmental

institutions.



60 |Insights and Recommendations

S -ll//,
Ul n il <uug
Gl__og_laoll d -

/\l MINISTRY OF (ONIMUNI(AHON

AND INFORMATION TECHNOLOGY "]‘\\\\

R u,

Carbon Capture Technology

Recommendations and
Experiences of Countries
in Utilizing Technology

Economiclmpact

DNAR)

e

Social Impact

The Sleipner field, operated byagovernment-owned companyin Norway,
is considered the world)s first commercial project for carbon dioxide
storage.

The natural gas produced from the field contains up to 990 carbon
dioxide, but to meet the required export specifications, the percentage
needs to be reduced to a maximum of 2.5%0. Therefore, carbon dioxide is
removed from the produced hydrocarbons before they are injected back
into the earth®. The Kingdom of Saudi Arabia can consider implementing
similar carbon capture technologies in its smart city initiatives to reduce
emissions from industrial processes and contribute to climate change

mitigation efforts.

Carbon capture technology helps industries to comply with
environmental regulations and reduce carbon emissions. Industries
can also explore new revenue sources and market opportunities, such
as producing carbon neutral products or participating in carbon offset

programs.

Carbon capture technologies contribute to addressing climate
change by reducing greenhouse gas emissions and promoting public

participation in sustainable practices.
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The Hamburg Green Hydrogen Hub in Germany is one of the largest
projectsaimed atreducingreliance onfossil fuelsasanenergy sourceand
utilizing green hydrogen asa more environmentally friendly alternative™.
The hubis being developed through a partnership between the Hamburg
municipal heating company and three private sector companies (Shell,
Mitsubishi, Vattenfall). Hydrogen production at the hub is scheduled to
commenceinr-ro,pendingtimelyregulatoryapprovals® Thegovernment
of the Kingdom can invest in research, development, and necessary
infrastructure for green hydrogen production and utilization in similar
projects to accelerate the transition towards a more sustainable energy

sector.

Focusing on green hydrogen as an energy source reduces dependence
on fossil fuels, leading to enhanced sustainable economic growth. Green
hydrogen production can also drive the creation of new industries and
job opportunities in sectors such as renewable energy infrastructure

development.

Focusing on renewable energy sources contributes to reducing
greenhouse gas emissions, leading to improved air quality and public
health. The availability of green hydrogen asanalternative energy source
also enhances energy security, reduces reliance on non-renewable
resources, and contributes to a comprehensive transition towards a more

sustainable society.
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The government of Barcelona, Spain has employed cloud computing
through the «CityOS» platform. This platform collects and analyzes data
from various sources, including sensors, meters, and Internet of Things
(loT) connected devices, to providereal-timeinsights for city officials. The
CityOS platform enables the city to monitor and improve services such
as energy consumption and transportation systems. The government
of the Kingdom can consider establishing a similar platform that utilizes
cloud computing as part of its smart city initiatives, enabling data-driven

decision-making and enhancing the efficiency of urban services™.

Cloud computing enables cities to reduce infrastructure costs associated
with local data centers and traditional servers. It offers greater
operational efficiency and productivity, fosters innovation, and attracts
investments to the city, thereby stimulating economic growth and

creating employment opportunities.

Cloud computing platforms facilitate access to digital services and
applications,bridgingthedigitaldivideamongsocialclassesandpromoting
digital inclusion. They also enable collaboration and information sharing
among citizens, businesses, and government entities, while facilitating

the delivery of e-government services.
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Thereportdiscusses the successful case of The Edge, a commercial tower
in Amsterdam that is considered one of the smartest buildings in the
world.

Saudi Arabia can incentivize the creation of sustainable and energy
efficient buildings by encouraging the integration of smart technologies
such as energy management systems and Internet of Things devices,
which contribute to reducing operational costs and making buildings in

the Kingdom more sustainable.

Smart buildings achieve economic benefits by improving energy
efficiency and reducing operational costs, resulting inincreased property

value and potential financial returns for building owners and investors.

Smart buildings enhance safety and emergency response capabilities.
Through integrated sensor devices, surveillance systems, and realtime
data analysis, smart buildings can detect safety risks or potential
emergencies and respond to them quickly, such as fires or gas leaks.

Smart buildings also promote energy awareness, as occupants of these
buildings can monitor and manage their energy consumption patterns

through interactive dashboards.
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San Francisco city in the United States has succeeded with
implementing recycling programs to the extent that it has achieved a
recycling rate exceeding 80906 of total waste through its Zero Waste
program*.

The Kingdom has a significant opportunity to increase recycling rates as
it currently recycles only about 10906 of recyclable materials, while 90%06
of materials are disposed of through landfilling, causing environmental
harm and limiting the potential positive economic and environmental

impacts that can be derived from recycling operations®.

Expanding recycling in smart cities brings economic benefits such
as reducing waste disposal costs and promoting a circular economy.
Recycling also allows for the recovery of valuable resources from waste,

which can be reused or sold, generating potential revenue streams.

It enhances environmental awareness and sustainability while

promoting a sense of environmental responsibility.
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The application of smart lighting systems can be expanded in the streets
of the Kingdom, where these systems utilize smart sensors and advanced
control tools to adjust the brightness of street lighting based on natural
lightintensity. By integrating motion sensors, ambient light sensors, and
data analytics, modern lighting systems can improve energy consumption
by dimming or brightening lights in response to pedestrian and vehicle
traffic. These systems reduce energy waste and also enhance public
safety. A notable example of smart lighting projects is the city of
Dortmund in Germany, where 30,000 traditional streetlights have been

converted to smart lights, as mentioned in the report®.

The benefits of smart lighting systems in cities lie in increasing energy
efficiency rates and saving costs for city governments. Smart lighting
reduces energy consumption and decreases operational expenses
by utilizing energy-efficient LED lights and smart control systems.
Additionally, the longer lifespan of LED lights also reduces maintenance

and replacement costs, resulting in financial savings for cities.

Smart lighting systems improve the social aspects of cities by improving
safety. These systems provide features such as adaptive lighting and

remote monitoring, ensuring safe, well-lit public spaces.
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Singapore has launched the “Smart Mobility 2030” initiative, which is a
comprehensive smart transportation initiative that integrates various
technologies toimprove transportation efficiency. The city utilizessmart
sensors, data analytics, and real-time traffic management systems to
enhance traffic flow and provide accurate travel information for
passengers ™.

Investing in the development of smart mobility infrastructure presentsa
significant opportunity for the Kingdom, including smart transportation
systems, electronic mobility platforms, and the necessary infrastructure

for electric vehicle charging.

Indeed, modern technologies can be employed to enhance
transportation efficiency, reduce congestion, and improve the utilization
of infrastructure in Saudi cities. By leveraging technologies such as
real-time data analytics, loT-connected vehicles, and smart traffic
management systems, costs can be saved for citizens and businesses
by reducing fuel consumption and promoting the use of public

transportation  networks.

Smart transportation enhances convenience and safety in cities while
providing efficient and sustainable transportation options such as
ride-sharing and high-efficiency public transportation systems. This
reducesreliance on private vehicles and helps alleviate trafficcongestion.
Consequently, this leads to more environmentally-friendly Saudi cities

and improves the quality of life for citizens and residents in the Kingdom.
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