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Abstracts: A smart city concept ensures sustainable development and addresses urgent urban, social, economic, and
environmental concerns. Smart cities have significant potential for improving the economy and living conditions of cities
and their residents; however, this potential has yet to be fully realized in many countries. Given its escalating urban
challenges, the current international smart-city frameworks and models are insufficient to enable developing cities, such
as Muscat city of Oman, to implement the smart-city concepts successfully. Literature review and previous studies
indicate a lack of studies on systematic methodologies and standards to manage, initiate, and process the urban
transformation towards smart cities in developing countries. It is due to a lack of knowledge regarding the unique
characteristics of methodological frameworks for smart transformation tailored to each country's social, economic, and
political circumstances. This paper aims to present an integrated methodological framework for urban transformation in
the context of the social, economic, and governmental factors that affect each country's approach to smart and
sustainable cities. The study depended on a qualitative and critical analysis of a selective body of literature and studies.
The study presents a framework that differs from previous frameworks presented in the context of developing countries
as it includes: the stages of preparation, groundwork, and setting of the basis for the city, as well as the importance of
these stages in building the bridges between reality and hope; KPIs at different stages allow comparison of city
performance before and after based on a smart urban transformation model, a smart city planning strategy, and an
Omani case study focused on the smart cities concept. Finally, the study ends by presenting a proposed model,
“CLEVER”, that is assumed to be an effective approach to the smart transformation of cities in developing countries such
as Muscat-Oman.

Keywords: Smart, Sustainable city, Urban transformation, Omani cities, Strategic urban planning.

1. INTRODUCTION

Smart Cities as a Solution for Urbanization Challenges
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Figure 1. Smart City and Urbanization Challenges.
Source: Zigurat Global Institute of Technology- Barcelona [45].

The phenomenon of worldwide urbanization poses the question of whether urban areas can accommodate the
additional 2.5 billion people predicted to live there by 2050 and the environmental and social consequences this
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shift might produce. Many experts have stated that smart cities are the best strategy for meeting the challenges
posed by urban growth and achieving sustainable development objectives (Figure 1). A comprehensive
understanding of how smart city works is imperative. Oman's cities are similar to the rest of the world regarding
building a sustainable or smart city. The Sultanate of Oman has made several remarkable achievements during its
development. A recent effort to achieve that goal is Oman Vision 2040, which outlines the country's future planning.
By empowering local citizens through their involvement and participation in several aspects of city management, the
vision laid the foundation for 12 national priorities [37]. Oman's development is linked to the global Sustainable
Development Goals (SDGs). Specifically, the ninth national priority, "Developing Governorates and Sustainable
Cities", aims to address global challenges like poverty and inequity and to give all citizens equal opportunities for
prosperity by transforming Omani cities into Smart Sustainable Cities SSCs with advanced Information Technology
IT infrastructure that promote social justice and equality for all members of society [37].

The idea of a sustainable smart city has become a model for city development. Cities such as Muscat- Oman,
are interconnected and interactive at all levels, thanks to technological and information technologies; on the
contrary, traditional city systems mainly operate in isolation status [39]. Information and communication technology
(ICT) is the bridge that connects them [32]. In a connected city, the city systems work as a single entity, which helps
in improving the city's performance in all areas and improving its quality of life. The idea of a smart city limits itself to
formation and management yet also considers human and workforce development. Hence, it has been decided that
the Sultanate will implement a smart city initiative to offer advanced services to its citizens (Figure 2). This solution
aims to establish a three-dimensional city encompassing a city's geographical, social, and economic dimensions
using modern technology. This approach will enable urban communities to create advanced and smart Omani cities
that stimulate growth and are safe homes. In the next phase of the Sultanate's development, efforts will ensure that
all its citizens can access successful sustainable development [40].

As a result of equitable development, the value chain will be integrated among governorates, and people's living
standards will be raised. As part of the development planning for the governorates, available resources will be
exploited, whether current or future, and public utilities and services will be integrated. It is imperative to
acknowledge that governorates differ from one another.

Balanced and just development to
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comparative advantages of
governoratesand urban areas

Urbanandrural, as well as heritage, cultural
and natural areas that are highly flexible and
capable of dealing with climate change

effect
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Figure 2. Comprehensive geographical development, following a decentralized approach, that develops a few urban centres and
utilizes land in an ideal and sustainable way- Main goals.
Source: Available online: OmanVision2040-Preliminary-Vision-Document.pdf

Despite daunting infrastructure challenges worldwide, smart city technologies are transforming the economics
and nature of infrastructure. By using technology, it is possible to gather information on usage patterns at a lower
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physical cost and transaction cost. As a result, cities can leverage existing infrastructure systems more effectively
with an unprecedented volume of data available to them.

MUSCAT SMART CITY

Figure 3. Muscat Smart City, the Vision of Tomorrow.

By tapping into smart systems, Muscat city authorities can improve efficiency by watching events unfold,
analyzing demand patterns, and responding faster and often at lower costs. Figure 3 indicates some of these
relevant categories. However, adding an intelligence overlay can help Muscat governorate make the most of its
existing assets and extend its lifespans. Embedding smart technologies from the outset can ensure investments go
further, even in new urban development. To meet this challenge, the application of city solutions focusing on smart
urban planning and transformation processes faces challenges that differ from city to city. [18] The organizational
and administrative approach problem is urgent and will be discussed in the next section.

2. RESEARCH PROBLEM (Urgent Need for Muscat’s Transformation to a Smart City)

The wealth that came with the oil industry was followed by huge demographic changes and the challenges of an
increasing population, both by internal and external migration (see [37,38]). Especially the Muscat Capital Area
(MCA), located in the Al Batinah coastal plain, faced massive changes. As shown in Figure 4, “Oman has
experienced an era of intensive and rapid modernization, and the Capital Area of Muscat is undergoing an almost
unprecedented process of urbanization” [37].
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Figure 4. Urban Development and Land use of Muscat (1960-2020).

Source: Appropriate Housing Typologies, Effective Land Management and the Question of Density in Muscat, Oman- Wolfgang Scholz,20RCID
(2021).

Uncontrolled urbanization would lead to serious problems that could affect the city and its residents. Those
problems could be categorized as; Housing Problems, Overcrowding, Unemployment, Development of Slums,

Water and Sanitation Problems, Poor Health and Spread of Diseases, Traffic Congestion, and the increase in
Urban Crime rates.

Figure 5. GIS Simulation for Urban expansion in Muscat (2005-2050).
Source: Al Awadi (2008).

Muscat will face challenges in meeting the needs of its growing urban populations, including housing,
transportation, energy systems and other infrastructure. Employment and basic services such as health care and
education are also affected. The importance of integrated policies to manage urban growth that guarantee all
access to infrastructure and social services will grow in this context. By having access to such information, countries
can improve the planning and administration of their cities (and even their entire countries) and develop a
sustainable development plan that maximizes economic opportunities for their people while minimizing
environmental damage. Proper administration and projection of city development require a detailed understanding
of what is happening within the city and around the city. Cities and humanity are looking for a way forward. Smart
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cities are easier to develop in countries with advanced technology, powerful resources, and effective city-planning
strategies [37].

The main problem of this research is not to provide solutions or benefits of the concept but to provide a
systematic approach and a logically applicable methodology that can be applied to Oman’s case or any similar
countries that need unique circumstances of management and resources. The lack of methodologies and local
approaches to initiate such transformation is a phenomenon. In brief, the problem statement can be stated as:

“Developing countries lack the research capacity necessary for city initiatives to achieve sustainable

smart cities; Oman’s smart cities transformation processes lack methodologies and metrics for
management and implementation”.

3. STUDY OBJECTIVES

As a result, and based on the issues discussed above, a comprehensive, integrated methodological framework
is a must. Using a detailed methodological framework for urban transformation towards a smart sustainable city in
the Omani context will be a bridge between the knowledge gap in the methodological frameworks for smart
transformation in the Omani context and executive and academic fields of practitioners such as planners,
policymakers and other key stakeholders in an effective action plan, initiatives and programs for the implementation

of sustainable smatrt cities with the ensures of effectiveness and efficient way.
Hence, the main aim is to:

“Create a model that links the methodology of the transformation process, the smart sustainable city and
the methodology of strategic planning for urban development”.
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Figure 6. Linking the Three Interconnected Methodologies.

4. METHODOLOGY

This study is based on a qualitative and critical analysis of a selective group of literature and previous research,
including refereed academic articles published in scientific journals, conferences, reports, documents, and articles
published on the internet. This review was conducted primarily to acquire conceptual knowledge of smart
transformation and its main issues. Moreover, the study focuses on examining the methodologies of the strategic
planning process for urban development and the context of the Omani case with respect to smart cities. This critical
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review of frameworks and roadmaps for the transformation of Omani cities towards sustainability was conducted to
identify the stages for developing an integrated systemic framework for the smart transformation that can be applied
to Omani cities.

The framework proposed by lbrahim, M., El-Zaart, A., & Adams [28] was used to construct the proposed
methodological framework. The proposed framework was developed based on three references: 1) A theoretical,
logical model of the smart urban transformation process. 2) The methodological model of the strategic planning
process for urban development; 3) The Omani case context regarding the smart city concept application.

This framework provides a basis for developing and setting realistic, effective, and applicable action plans,
initiatives, and programs compatible with the Omani context rather than adopting unsuitable foreign policies and
strategies. A comprehensive survey was conducted using the EBSCO, Elsevier: ScienceDirect, and SAGE Springer
databases through the Masader — Oman Virtual Science Library “https://www.masader.om/” to access the relevant
literature and references. To find the available literature on the topic of study. To identify the relevant articles for
review, all refereed books and scientific papers published in refereed journals on smart cities available in the
sources mentioned above from January 2010 to September 2022 were reviewed to cover all aspects that affect the
construction of the methodological framework to be proposed, three sets of search terms were used: 1) “smart city”,
“sustainability”, and “urban transformation framework” as terms for the combined research process and the result
resulted in 60 scientific references in the English language; 2 “smart city” and “sustainability” and “strategic urban
planning” 53 scientific references were also found; 3) “smart city” and “Oman” 3 references were obtained.

The total number of references obtained was 116, which met the essential search criteria; 54 articles were
deleted due to the distance of their field from the field of study or repetition. Following the preliminary analysis by
reading the summaries, 23 scientific papers were excluded, and the latest references were taken. The references
were selected and identified to contribute to the following:

e Identifying the frameworks proposed in the literature and previous studies (focusing on the context of
developing countries, especially the Omani case), to identify the knowledge gap and shortcomings in those
frameworks.

e Forming a clear, comprehensive, and integrated picture of the process of smart urban transformation (the
phenomenon of urban transformation and its relationship to the smart, sustainable city, the importance and
advantages of smart transformation as a strategic option, the driving forces, components and pillars of the
process of smart urban transformation), with

e Building a logical and modern realism theoretical model for intelligent urban transformation.

e Identifying the strategic planning model for sustainable urban development and its importance in the
transformation process towards a smart, sustainable city.

e Reviewing Omani experience with smart cities and strategic urban planning. In addition, it identifies the
opportunities and challenges facing smart city applications in Omani cities.

As a result, the list of references was limited to 39 articles. All articles were independently reviewed, each used
according to the topics presented in this paper. This is in addition to 6 references in Arabic obtained by researching
the same method as before but using the Arabic language. Figure No. (1) presents the general structure of this
paper (objectives, methodologies, structure of the study)
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Figure 7. General Structure of the Research Paper: Objectives - Methodologies and Structure of the Study.

5. LITERATURE REVIEW
5.1. Conceptual Theoretical Framework for the Smart Urban Transformation

This part aims to build a realistic, logical, modern theoretical model for smart urban transformation. This model
is the cornerstone of the methodological framework for the transformation of Omani cities, which is built toward
smart, sustainable cities. The model is built through 1) Tracking the phenomenon of urban transformation and its
relationship to the smart sustainable city; 2) Recognizing the importance and advantages of smart transformation as
a strategic option; 3) Driving forces, components, and pillars of the intelligent urban transformation process.

5.2. The Phenomenon of Urban Transformation and Its Relationship to the Smart Sustainable City

Change is an essential component of the human condition, as it is a continuous phenomenon with the
continuous development of thoughts, practices, and experiences. The processes of change did not stop over time
but differed in speed and complexity. In the eighteenth century, radical urban transformations occurred in cities,
from industrial towns to global cities, then globalization. The twenty-first century has also withessed a development
in the concept of urban transformation of international towns (after industry) into sustainable cities, competitive
areas, and knowledge cities [20]. They are reframing cities and defining the concept of urban transformation. Thus,
urban transformation approaches focus on comprehensive urban renewal at the institutional, organizational, and
physical-spatial levels. Urban transformation processes are currently taking place through multi-model frameworks.
The main challenge in urban transformation has become integrating different models of transformation processes,
for example: linking heritage preservation and curricula to green, sustainable, smart, and knowledgeable cities [ 38].

The concept of sustainable development has been applied in urban planning since the early nineties.
Sustainable urban development is a strategy used as a pathway to create a healthy, livable, and prosperous
environment with minimal demand for resources and energy. Also, it has a minimal negative environmental impact
[8]. Sustainability in urban development is defined as “a process of change in the built environment that promotes
economic development by conserving resources, improving the quality of life for the individual and society, and
enhancing the ecosystem.” Sustainable urban development is achieving a balance between economic and urban
development and justice, Social and Environmental Protection in Urban Areas [35].

636



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 2, pp. 630-652

Conflicts between sustainable urban development goals have become one of the most difficult challenges
facing the urban planner in relation to planning the transition toward sustainable cities. Planners
must simultaneously use the three values while balancing economic, social, and environmental factors [5]. This
requires cooperation between all parties (development partners) to form a comprehensive idea of the complex
challenges and issues facing contemporary cities and identify the actions to be taken to balance the aspects of
sustainability: promoting economic development, conserving resources, and ensuring the safety of the ecosystem
and the improvement of social aspects [27].

According to Angelidou et al. [6], environmental problems have become global, and sustainable technology
development requires innovative solutions and advanced methods resulting from opening potential horizons for
technology Information and communications. This will increase the efficiency of city systems, services, and
infrastructure. This is achieved during a comprehensive transformation process to enhance the sustainability of
cities [25]; in this spirit, the integration of the agenda began with Research on innovation in urban computing and
ICT development with Sustainable Development and Urban Planning Agenda [6]. Thus, encouraging investment in
technology information and communication and directing them to address environmental issues and social and
economic needs in contemporary cities [8; 11]. An urban technology vision for smart, sustainable cities that
reflects scientific, technological, social, and institutional developments provides an understanding of cities'
problems. It also provides options for ICT solutions to help meet the challenges of urban sustainability and
urbanization [10]. In today's environment-managing computational resources using information and communication
technology is critical to achieving sustainable smart cities in environmentally and technologically advanced
countries. Urban planning is not only a topic of academic discourse but also a way of life. This is done through
diverse urban development strategies and projects that exploit the potential of Innovative ICT to stimulate and
enhance sustainable urban development processes. Thus, the advancement and development of cities in terms of
urban sustainability and quality of life [7]

As a result, the concept of smart urban transformation in urban studies refers to the use of innovative
technology to address the increasingly complex challenges cities face when trying to achieve sustainability. An
urban transformation process that is smart and sustainable is viewed as a comprehensive approach. This approach
attempts to combine sustainable and smart cities and remedy their main shortcomings. The goal is to improve their
contribution to achieving sustainable development goals. This is accomplished by integrating what each category
offers to maximize its use with regard to pervasive computing and advanced information and communication
technology (from smart cities), design concepts and planning principles (from sustainable urban forms) to
accomplish the goal of promoting sustainability in the era of hyper urbanization [8, 9]

5.3. Smart Urban Transformation as a Strategic Option

To keep pace with the modern global urban trend, there have been many initiatives worldwide to implement the
smart city concept sustainably. To do this, countries have adopted three strategic paths: (1) the Greenfield Stream,
which is the creation of a completely new city; (2) the Brownfield Stream, which is the transformation of traditional
cities into sustainable smart cities; (3) Merging the two previous tracks by creating neighbourhoods within the
extensions of existing urban areas [25].

Angelidou [4] has made it clear that most urban planners in the Western world see cities as old enough to
accommodate current residents and their activities. We should focus on developing it rather than creating new
cities. This requires a budget of up to ten times greater than a city development list [2]. In addition, the
establishment of new cities near existing cities is dangerous. This is because adopting a new city over an existing
one encourages the use of cars and increases fossil fuel consumption, which increases environmental pollution [3].
However, the first path was adopted in developing countries, and many initiatives were launched to develop entirely
new smart cities, such as Cyberjaya (Malaysia) and Masdar City (Abu Dhabi - United Arab Emirates). These cities
were designed and built from scratch and require huge investment. Even with the application of standards and
modern methods in infrastructure and construction, most of these cities remain ghost towns because they failed to
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attract a population. This is according to a study conducted by McKinsey Global Institute (MGI) on 50 smart cities
around the world [29].

On the other hand, in the second track, the existing cities are developed into sustainable smart cities according
to the characteristics and priorities and needs of existing cities, in addition to global market forces and available
technology. In order to reach socially sustainable and livable cities. This indicates the importance of involving city
residents as well as cooperation between public and private actors. Among the most critical features of this strategy
are the following:

e Capitalizing on the collective momentum and participation of the population when employing new
technologies and open data allows for a combination of top-down (government-led) and bottom-up
(government-led) work society). The success of smart cities does not depend on the implementation of smart
city solutions but rather on learning innovation with smart environments and capabilities distributed between
organizations and people, which contributes to 1) creating A collaborative, inclusive and cohesive
environment. 2) Create partnerships to implement IT-related initiatives and communications jointly; 3)
Coordinating the efforts of this collaborative environment in order to achieve a common group of goals that
reflect the vision and priorities of the city [42]

e The existence of an urban system and infrastructure already in place reduces the volume of investments and
the budget required for the development of a sustainable smart city [2,5]. Likewise, the real challenges that
cities face It is a catalyst for innovation in the field of digital technologies and smart applications [34]

e Benefitting from the unique local and cultural aspects of cities (personality, character, and identity) help cities
compete and face globalization and the loss of identity. It is a digital technology and the promotion of
distinctive cultures in cities that will allow them to become more sustainable and endurance. By providing this
level of urban innovation, society will have the ability to progress from being a widespread phenomenon of
digital globalization to a modern mode of achieving society's Meaning and Values. So future smart cities
should depend on their own ecosystems and distinct informatics to meet local economic, social, and
environmental needs [23] and [16]

5.4. Driving Forces, Components, and Pillars of the Smart Urban Transformation Process

Although there is no single solution, there are recurring elements in the literature that support intelligent
transformation for cities, whether in the strategic planning or implementation phase. These elements constitute the
driving and supporting forces for the success of the transformation process. These elements can be categorized as
follows:

o Digital technologies (software, hardware, platforms, and networks)

It is the technological component that adds digital intelligence to existing urban systems. It is effective and
economical in improving some quality-of-life indicators by 10-30 % [29]. In order for the city to become smart, it
should have three layers that work together simultaneously (see Figure 8) 1) the technology base that consists of
smartphones and sensors connected to high-speed networks (wired such as fibres), optical fibres, and wireless
such as Wi-Fi; 2) a set of specific applications that translate Raw data into appropriate warnings and actions which
improves decision-making through the use of Data provided by all relevant authorities, governments, business
owners, and residents; 3) class Users, residents, visitors, or those in charge of the city administration, companies,
and institutions [43].

The success of the Smart Transformation depends on the widespread dissemination of applications in various
spheres (urban services, environment, buildings, transportation and mobility, security, networks, energy, water,
etc.), resulting in a behavior change wherein agencies and residents alike perform their functions remotely using the
digital media available by default [29]. Modern applications provide instant information to users 24/7/365 to help
them make better decisions. This reduces the need for mobility, uses less energy and water, and reduces the stress
on urban systems. Lives, crime prevention. It also saves time and reduces the waste of effort, money and
resources. It enhances social bonding. As a result, energy consumption and harmful emissions are reduced,
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improving cities' performance and increasing their efficiency. In this way, they become more productive and
sustainable [44] [10].

The tech base 3. Adoption and usage,
includes networks often leading to better
of connected devices decisions and

and sensors behavior change

Smart applications
and data-analysis
capabilities

Traditional infrastructure ... ‘ W ‘iﬁ.? & “’% ﬂ J - (both physical and social)

Figure 8. Layers of "Smartness" Will Elevate Life in Cities of the Future.
Source: McKinsey Global Institute analysis.

As the use of different information models and applications leads to interoperability, smart cities and how they
are implemented require a compatible and integrated platform of modern technology applications. These include
Net Objects, cloud computing, signal preprocessing, and geographic data networks. Through the combination of
these advanced technologies and the underlying information system, a smart city can be developed that is efficient,
sustainable, and able to meet the future's needs. In addition to ensuring data privacy, big data storage and
management must be secure. Before sensors are widely deployed, cybersecurity precautions must be taken to
protect data from hacking, viruses, and corruption [15].

e People (Education, Innovation and Creativity)

People are key to the success of the transformation process, but they are often neglected at the expense of
technology. ICTs and technological advances do not automatically transform and improve cities but are contingent
on human effort [43]. Citizens represent the driving force for the smart city, and their participation is its starting
point. Citizens of smart cities are not only measured on their level of educational qualification but also by the level of
social interaction that extends beyond the concept of "life personality” to include a concern for general issues.
Smart solutions can solve some urban problems from citizens through citizen awareness, community participation,
learning, training and skills development, creativity, flexibility, openness, cultural and social pluralism and
cooperation between the various parties [21].

The population has an imperative role in the process of smart transformation, which is through 1) participation
This is in all phases of the transformation process, starting with putting forward and formulating a vision, strategy
and goals transformation process; Then participating in the implementation process and managing that process; 2)
Innovation and dissemination of technology solutions information and communications to help solve urban
problems; This is done through an intense focus on education that enhances knowledge and innovation. Hence, the
formation of a group of citizens that is the nucleus of the smart society; 3) Through some applications on their
smartphones, residents can act as mobile smart sensors, reducing the costs of implanting sensors across the city
[30].

e Institutions (city government, universities, institutes, and organizations)

Developing a comprehensive vision for the transformation process requires the involvement of organizations to
provide governance, guidance, and leadership. Preparing governance is a major challenge for smart city
development. Some traditional challenges include limited transparency and accountability, isolated city services,
and a lack of human resources [24]. The smart city needs a smart governance model to address these limitations
and integrate collaboration, communication, partnership, and leadership solutions and implementation of the
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structure Infrastructure and ICT support smart governance that facilitates service integration and collaboration
communication and data exchange work to strengthen the dynamics of the relationship between institutions [30].

Paving the way for the smart transformation process is the responsibility of the city government. This is because
the city government must develop a model of smart governance to manage and operate the city [36]. To ensure the
transition to sustainable urban systems, the government should commit to The package includes the following
guiding principles: 1) Manage resources more effectively and understand urban systems, so Develops integrated
urban models and tools to provide a comprehensive view of energy consumption Resources [21] 2) Upgrading the
infrastructure, with the aim of providing smart systems and networks for water, energy and mobility Waste
disposal...etc. 3) Development of urban services 4) Shift towards smart governance and access to government
information, data, and citizen participation in decision-making [1,17,4]; eliminating Legal and regulatory barriers as
well as contradictions between international, national, and regional regulations that impede cooperation or impede
the transformation process [21].

A smart governance model must produce results and changes at three levels: at the first level (government
institutions) and at the second level (relationships between government and external actors). The most significant
one is to think beyond the impact of developing the governance model to produce results at the third level
(improvements in all elements of the city) [12]. The flow of information helps to understand how the city works and
how residents use its elements, which helps in identifying realistic and viable solutions to urban problems [40]

Kumar, H. et al. [41] stated that the shift toward smart cities depends on many Enabling factors and key
constituents. Information and advanced technology are not an end in themselves. Rather, it is a means to achieve
urban sustainability and a better quality of life for citizens. This is achieved through enabling factors to monitor
urban systems and provide strong safety and security systems, research and development systems and parking
systems. Smart cars, and intelligent transportation, reduce the need for mobility and improve services, networks,
and city performance. The transformation process also depends on non-technical components, such as providing
affordable and appropriate housing and developing pedestrian and bicycle paths [33]; This is in addition to a diverse
list of enabling factors circulated in the specialized scientific literature. Figure (9) shows a list of factors that
contribute to smart cities and their components, categorized into six aspects: enabling factors and environmental
elements, infrastructure, logistical strategy, social and technology, then transport and mobility factors.

( \ [ A
Step Step
TECHNIQUE TRANSPORTATION
AND MOBILITY
» Consumption of + Providing affordable + Providing a vision + Development of * Advanced
renewable energy and adequate for renewal and educational services, technologies and « Establishment of an
resources housing development especially technical applications intelligent parking
+ Entrepreneurial and + Environmentally + Attracting talent and and practical + Facilitating access to system
environmental friendly building encouraging foreign + Development of internet services s Accelerate and
support development investment health services and v Effective information stimulate the use of
* sustainable + Adopting initiatives in * supportive medical care security system mass and public
resource the fields of government policies + Providing high- and + Establishment of a transportation
management construction « disaster low-skilled job monitoring system + Develop an
+ Reuse and technology management opportunities for city systems and environmentally
recycling of waste « Sufficient and planning « Raising literacy rates a network of remote friendly intelligent
+ Environmental efficient water and + Improving public- and digital literacy sensing devices and transportation system
protection system power supply private partnership + City image servers + Develop a network of
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Figure 9. Enabling Factors and Components of Smart Cities.
Source: Yadav, G., Mangla, S. K., Luthra, S., & Rai, D. P. (2019).
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5.5. Theoretical Logic Model for Smart City Transformation

After reviewing the previous topics and delving into the smart transformation process; Since there is no specific
definition of a smart city, each city has its own challenges and priorities; It is imperative to establish a framework for
a specific and theoretical model for the process of smart transformation of cities to facilitate understanding of its
steps, divisions, and success factors.

This perception is based on two basic models:

e The input/process/output model of the urban transformation process.

e The smart city development model proposed by the Smart Cities Council https://smartcitiescouncil.com

The logical model is the cornerstone of the proposed methodological framework. The model was developed

according to the transformation process model, where the model was divided into the three stages of the
transformation process (inputs - processes - outputs). The strategy should also consider the basic elements of a
measurable success metric in order to achieve a smart city transformation. The proposed smart city development
model From the Smart Cities Council illustrates these basic elements. These elements can be summarized as
follows: [14]

e Understanding the starting point: understanding the city's performance in the areas of leadership and
governance, the level of participation of different stakeholders and citizens; the efficiency of the data and
information infrastructure; and the efficiency of the information and communication technology infrastructure.

e Setting smart goals: The success of the transformation process depends on basing the strategy on specific,
measurable, applicable, realistic, and time-dependent smart goals that are compatible with city development
plans and national and global goals. A sound business plan and clear governance arrangements must be in
place, with performance measurement and evaluation tools identified.

¢ Not inventing the wheel: This is achieved by participating in sustainable smart city platforms to exchange
knowledge to promote efficient practices related to governance, transportation, water and sanitation,
electricity, mobility, environment, urban planning, social cohesion, quality of life, citizen participation and
digital infrastructure. With awareness of the local context and political and technical alternatives, with the
need to conduct research to assess alternatives related to policies, strategies, and tools, and choose the
option that corresponds to local conditions.

Considering the above, a logical and theoretical model of the intelligent transformation process can be conceived.
As explained in Figure (10); the theoretical model consists of the following sections:

e Input: City context: The context refers to specific issues and characteristics of the local environment (the city)
that should be taken into account in the development of a smart city. It includes various elements that will
influence choices for planning and implementation of Smart city initiatives, such as opportunities and
challenges, goals of the transformation process and driving forces, friends Governance, administration,
funding mechanisms and opportunities, legal and legislative framework, and technical capabilities.

e Operations: Action Plan: It refers to the necessary policies, strategies, initiatives, and practices. In addition,
the plan should take into account achieving gradual advancement towards the smart city commensurate with
administrative, technological, and financial capability. In its three sequential stages, the transformation
process should include: 1) construction of adequate housing and basic services; 2) establishing an
information and technical infrastructure of equipment, networks, software, applications, sensors, cyber
security, data centres, and the necessary analysis tools, then 3) deploying smart solutions in the fields of
education, economy, warning, disaster response, health, tourism, transportation, waste collection, services,
and public security and crime.

e Outputs: Smart Sustainable City: This is the desired goal of the transformation process. Renewal and
innovation are at the heart of this city. It has a strong focus on sustainability, improving the quality of life,
being a competitive economy, and raising living standards for its residents. According to the Smart City Group
of the Fiber to the home (FTTH) Council, it must have essentially achieved at least all of the following three
initiatives in order to be classified as a “smart city” [31:] a strong, secure, fibre-optic communications network;
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Government participation in providing added value to citizens; Initiatives to encourage the use of renewable

energy.
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Figure 10. The Proposed Theoretical Model for the Smart Transformation of Cities.
6. A STRATEGIC PLANNING METHODOLOGY FOR URBAN DEVELOPMENT

By identifying the methodology of strategic planning for urban development, we will be able to determine the
elements necessary to complete the methodology of the transformation process toward a smart city, which has
been presented in previous documents and studies. The smart city is a future vision that can be transformed
through strategic planning. It considers the characteristics and components of the existing urban context in addition
to all the characteristics and components of the smart city.

6.1. The Importance of Strategic Planning for the Transformation Process toward a Smart Sustainable City

The strategic planning approach has gained momentum in planning practices since the beginning of the current
millennium as a reaction to the emergence of urgent urban issues such as unequal development, social inequality,
environmental pollution, Global warming and climate change, the emergence of advancing technology, the
globalization of culture and economy, the rise of Energy costs, economic crises, etc. As a result, many countries,
including Oman, moved from the general planning of cities to the strategic planning of urban development. This is in
a way that contributes to achieving goals that are compatible with it with the goals of smart sustainable cities: [39]

= Benefiting from the distinctive characteristics and components of each city to resist the trend of globalization;
where should every city has a vision and plan to take advantage of city characteristics to improve urban
productivity and develop services; In order to ensure the city does not only prosperity at the local level but
may extend beyond that to achieve a position in the global/international context.

= Alleviating social inequalities and spatial isolation by taking care of marginalized and vulnerable groups
Focusing on raising efficiency, productivity and access to services for these groups in urban areas.

» Integrating the three dimensions of sustainable development, environmental, social and economic, into the
field of urban planning and development.

= Promoting participatory and decentralization in proposing and implementing policies in order to integrate and
satisfy the interests of societies and stakeholders in the planning process.
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6.2. Strategic Planning Methodology

There are a variety of models for urban development strategic planning methodology. These may differ in terms
of style and some details, but there is consensus on a number of basic steps. All models share the following four
steps: the preparatory phase, case analysis, development and design, The strategic plan and the preparation of an
implementation plan with a timetable, and finally, monitoring, follow-up and review: [5] As a result, figure (11)
reviews and summarizes each of these steps as they contribute to our planning process.

7. A SMART CITY APPLICATION IN THE OMANI CASE

In the case of Oman, the government has been actively pursuing the development of smart city initiatives in
order to address the challenges facing the country's urban areas, such as traffic congestion, energy consumption,
and waste management. One example of a smart city application in Oman is the implementation of a smart
transportation system through Mwasalat transportation company, which uses real-time data and analytics to
optimize traffic flow, reduce congestion, and improve the overall efficiency of the transportation network. [38] This
system can include smart traffic lights, intelligent transportation management systems, and connected vehicles, all
of which work together to provide real-time information to drivers and help them make informed decisions about
their routes.

Another example of a smart city application in Oman is the development of smart energy systems, which aim to
improve energy efficiency, reduce greenhouse gas emissions, and promote the use of renewable energy sources.
[16] This can involve the deployment of smart meters, which allow for real-time monitoring of energy consumption,
and the integration of renewable energy sources, such as solar and wind power, into the energy mix.Overall, the
adoption of smart city technologies and practices in Oman is part of a wider effort to create more sustainable,
efficient, and livable urban environments. By leveraging the latest advancements in technology and data analytics,
the government of Oman is working to improve the quality of life for its citizens and enhance the competitiveness of
its cities on a global scale.

7.1. The Omani Experience in the Field of Applying the Concept of the Smart City

According to Oman Vision 2040, Sustainable urban development has become an imperative priority to make
sustainable cities a key driver for achieving national and global goals. The Ministry of Housing and Urban Planning
has launched an ambitious initiative to support the development of “Smart Cities” in three key locations in the
Sultanate of Oman: Suhar, Nizwa and Salalah. [39] The Omani government needs to pay special attention to work
on developing smarter cities to ensure sustainable development. The focus should be on the technology that helps
support the economy, people and the environment to achieve sustainable urban development as an imperative
priority and that to ensure: 1) Providing job opportunities and raising the efficiency and capabilities of individuals; 2)
Achieving equality of access for basic services, health care and equal opportunities in education.
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Figure 11. The model of the strategic planning process for urban development in light of the transformation processes towards
the concept of smart cities adopted vaguely by the Omani government.
Source: By author with modification, as the preparatory stage was added to the form submitted by Angelidou, M. (2015). [4,5, 37].

In Oman, the smart city concept is not clearly and specifically defined. Most of the Omani experiences were in
the form of creating new cities with world-class technological standards, Where Oman adopted the green path [39]
to ensure sustainable development and the preservation of its natural resources. In order to strengthen and
diversify Oman's economy, the government has invested in sustainable development through the design and
construction of new cities, such as Madinat Al Irfan, using cutting-edge technologies and sustainable practices to
minimize their environmental impact. The city features energy-efficient buildings, renewable energy sources, and
sustainable transportation systems.

Additionally, it includes green spaces and parks that encourage outdoor recreation and connect residents with
nature. These experiences in Oman show the country's commitment to sustainable development and willingness to
embrace the latest technologies to create a better future for its citizens. However, there is a general consensus that
the smart city concept in Oman involves using technology and data analysis to improve the quality of life for
citizens, enhance sustainability, and streamline urban services. This can include everything from smart
transportation systems and energy-efficient buildings to digital government services and improved public safety.

7.2. The Omani Experience in the Field of Strategic Planning for Urban Development (Negative Aspect)

The last few decades have been characterized by focusing on creating well-planned and sustainable cities. The
Omani government has invested in comprehensive planning processes that take into account the needs and
aspirations of its citizens, as well as the country's unique cultural and environmental context. The result has been
the creation of new cities and urban developments that balance economic growth, social well-being, and
environmental protection.
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One notable example is the "Muscat Master Plan," which guides the development of the capital city of Muscat
and its surrounding areas. The plan prioritizes the preservation of the city's cultural heritage while also addressing
its growing population and economic needs. It includes strategies for improving transportation, housing, and public
services and preserving the city's natural environment. A focus on public engagement and collaboration between
different government agencies, private sector organizations, and citizens has also characterized the Omani
experience in urban planning and development. This approach ensures that all stakeholders' needs and
perspectives are considered when making decisions about the future of the country's cities.

Overall, the Omani experience in strategic planning for urban development is positive, characterized by a
commitment to sustainability, public participation, and the use of technology and data analysis to inform decision-
making. Although the strategic planning process model shown in figure (11) was implemented vaguely, the
application process faced many negatives. [39] The negative aspects that affected the process of preparing
strategic plans for Omani cities were presented by extracting the opinions of 100 academics and executives with
experience in that field generally. Figure No. (12) illustrates the most important negative aspects of implementing
the strategic planning methodology for urban development in Omani cities.

7.3. Challenges Facing the Application of the Smart City in Omani Cities

There are two categories of challenges: the first represents the obstacle and the stumbling block in the process
of achieving a smart, sustainable city; the second represents governance and economics; it is the cause of the
transformation process in an entwined manner [13], and it must be addressed in order to pave the way for the
process and determine what is required to embark on it. However, the second group benefits from the
transformation process as its presence does not pose an obstacle. Rather, reaching a smart and sustainable city
means solving these challenges. There are several challenges facing the implementation of smart city initiatives in
Omani cities, some of which include:
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1. Lack of technology infrastructure: To be considered a smart city, a city must have a robust technology
infrastructure. This includes a high-speed internet network, a modern transportation system, and smart
energy management systems. In some cases, these technology infrastructures are lacking in Omani cities,
making it difficult to implement smart city initiatives.

2. Funding: Implementing smart city initiatives can be expensive, and many cities in Oman may not have the
financial resources to fund these projects. This can make it difficult for the government to implement smart
city initiatives at the p needed to meet their citizens' growing demands.

3. Data privacy and security: One of the hallmarks of smart cities is the collection and analysis of data to make
informed decisions. However, this data collection also raises concerns about privacy and security. To protect
citizens’ personal information, cities must have robust data privacy and security policies in place.

4. Skill shortage: Implementing smart city initiatives requires a high level of technical expertise in areas such as
data analysis, information technology, and smart city planning. In some cases, there may be a shortage of
skilled professionals in these areas in Oman, making it difficult to implement these initiatives.

5. Resistance to change: There may be resistance to change from citizens and local businesses who are used
to the current way of doing things. Engaging with these stakeholders and working to overcome any resistance
to change is important to implement smart city initiatives successfully.

Despite these challenges, the Omani government is still moving forward with smart city initiatives, as it believes
it can improve its citizens' quality of life and create a more sustainable future for their cities.

8. A METHODOLOGICAL FRAMEWORK FOR TRANSFORMING CITIES TOWARD SMART CITIES: THE
OMANI CASE

With the aim of bridging the knowledge gap in the field of methodological frameworks for smart transformation
in the Omani context, a comprehensive theoretical rationale for the process of smart transformation is proposed by
providing a link between the methodology of the transformation process, the smart sustainable city and the
methodology of strategic planning for urban development. Figure No. 13 provides a detailed summary of the main
stages and components involved in the proposed methodological framework for applying the strategic planning
methodology for urban development. Within the context of the Omani case, this framework aims to achieve the
smart transformation of cities into smart sustainable cities.

8.1. Preparation Stage

¢ Identification of stakeholders to be involved in the smart city project as part of the operating environment (e.g.
government agencies and the local community)

e Gathering information about the city: cities must study the current system and the surrounding environment to
obtain a comprehensive overview of the current state of the city and a framework for study and work.

e Preparing a list of smart city directions. Learning from technologies and trends that have an impact on smart
cities: open data, e-participation, smart technologies (such as 10T, data analytics, cloud computing, artificial
intelligence, digital city platforms, constant and immediate interaction with the citizen, linking vehicles with
sensors/government networks, and increasing focus on technologies that focus on improving the lives of
citizens.

e Study and analyze the experiences of smart city projects in other countries to learn from their successes and
failures, with a focus on cases whose circumstances are similar to the Omani case.

8.2. Analyzing the Situation and Assessing the City's Readiness for Transformation
A multidisciplinary team of qualified professionals supports a readiness assessment, including representatives

from government, academia, industry, and civil society; representation should occur in the largest number of
different sectors.
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Figure 13. The proposed methodological framework for the smart transformation of cities towards a smart sustainable city in the
context of the Omani case — Clever Model.
Source: Ref. 28 with author modification and additions

The evaluation is carried out using a quadruple analysis (SWOT) for all dimensions and the following is a
detailed explanation explaining the steps of the proposed framework and the most important considerations and
tools used in components of smart cities. This is done using measurement indicators that are designed based on
smart city assessment systems. Provided that all parties participate in determining the indicators and their
qualitative weight, the analysis is done to extract the strengths, weaknesses, opportunities, and challenges. The
Readiness Assessment aims to identify issues and challenges that limit the sustainable growth of cities as well as
technological progress. Possible areas of assessment include the following:

e Priorities, values, driving forces, enablers, challenges, and risks.

e City stakeholders and their level of readiness for smart city initiatives, including their ICT capabilities.

e The current legal and regulatory framework for smart city initiatives.

e Financing mechanisms and opportunities, as well as local investment portfolios.

e Existing ICT infrastructure deployed in the city and in the regions and their capabilities, including the support
they provide to provide other public services such as energy, water, transportation, etc.

e Identify current public services in identified priority areas and potential areas for improvement.

The approach, objectives, and policies necessary for achieving a smart sustainable city are determined based
on the analysis. The situation requires a reform process and preparation for transformation if weaknesses and
challenges outweigh strengths and opportunities. The larger the gap, the more time and cost are needed for the
preparation and repair process. The reform plan is developed according to the priorities identified by agreement
between all parties and stakeholders. Worked to meet the challenges described in the first group in Table No.1
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8.3. Preparing the City for the Transformation Process

The onboarding process aims to inculcate the values and elements that drive the intelligent transformation

process. By implementing a reform plan to work on:

Devoting efforts and cooperation between academics and executives. This is to identify a set of smart good
practices for use by the city for the purposes of reciprocal and collaborative learning. ldeally, effective
practices should include examples of two types of cities: 1) cities with conditions similar to the local context
and 2) cities that excel in a specific area of interest to the local context. Through this, the city can enhance
cooperation in smart city development.

Initiating awareness campaigns and educating the community on issues related to smart sustainable cities,
such as energy consumption, use of renewable energy sources, carbon footprint, green areas, water
consumption, and waste management. Devoting special efforts to raising awareness and educating children
in schools.

Digital literacy, knowledge dissemination, innovation, and digital integration elevates the population, which is
the primary guarantor of the continuity of development.

Preparing comprehensive, effective and up-to-date databases on all city systems (transport, traffic, water and
electricity networks and stations, waste disposal, services, etc.) in order to improve the city's management
and quality of life.

Encouraging local technological and research institutions to produce technologies and applications as an
urgent and quick solution to problems that drain and waste billions, such as smart programming for street
lighting, as well as for heaters, air conditioners and elevators in various types of buildings; As well as
technologies and software that help in rationalizing water consumption and detecting network defects.

Legal, legislative and regulatory reform to ensure the success of the transformation process and remove any
obstacles and ensure the commitment of the various authorities and sectors to implement the transformation
process plan, ensuring decentralization as well as coordination and non-conflict between the plans of the
different entities, which ensures the commitment of the different entities to implement the scheme; It also
ensures the provision of technical and financial support necessary for implementation.

8.4. Define the Strategic Vision

The first challenge of smart transformation is to develop the strategic vision: determining why the smart

transformation is needed, the targeted changes and outcomes of this transformation, and what procedures and
resources are needed to carry out this smart transformation. The process of developing a strategic vision requires
the following:
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Understand why the city needs smart transformation. Justify the contribution of information and
communication technology to transforming the city into a smart city and setting strategic goals for smart
transformation.

Describe the objectives of the smart city strategy and the strategic challenges that may face the city’s smart
transformation. Example challenges: cost, diversity of technologies, interoperability, mega data analysis, and
information security. It should be based on SMART Objectives.

Drawing an initial vision. The initial vision includes elements to focus on in building a successful smart
transformation strategy. In order to formulate the vision, it is necessary to identify: (i) the strengths and
weaknesses of the city, (ii) identify the main components to be strengthened through the transformation
strategy, such as leadership, governance, investment, services, interoperability, architecture infrastructure,
legislation, and workforce); (iii) determine the results, changes, and the desired smart transformation effect;
(iv) determine the necessary components, procedures, tasks, budget, programs, etc.) to achieve the desired
results.

Improving the vision by searching for opportunities and removing obstacles to success on an ongoing basis.
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8.5. Develop a Plan of Action

The Smart Cities Action Plan is a set of projects, programs, and activities at the city-wide level to achieve the

strategic vision. The action plan identifies the possibilities for success and establishes the elements for its
preservation; The processes to be followed to build an action plan to transform the city into a smart city are:

Involve stakeholders in planning and implementation; To ensure effectiveness and efficiency and contribute to
the sustainability of the smart city.

Policy development, strategic planning, and good practices, keeping in mind the differences between local
conditions and the urban context regarding financing, environmental, economic, and social aspects. A
successful strategy must be: 1) comprehensive and in-depth in all the details of the city while ensuring
progress in all dimensions so that progress is not made in one dimension at the expense of the deterioration
of another; 2) capable of aligning the capabilities and objectives of all stakeholders, according to the areas of
the priority that has been agreed upon between them; 3) takes into account the local characteristics, the
identity of the place, and the local challenges/needs/opportunities.

Preparing a list of the city's administrations, specifying the objectives of each. (education, health,
transportation, infrastructure, and environment).

Defining the activities for each department to achieve the strategic objectives, with preparing the
objectives/activities matrix to ensure that the activities are linked to the objectives and that the activities cover
all the objectives. Then the inputs and outputs of each activity are determined. The PERT method is applied
to manage time, organize the activities, and arrange them in terms of importance or priority, identify the
activities that are related or consequent to each other, and determine the least cost, critical time and the best
means to achieve the goal.

Define the list of programs. A program is a set of activities linked to each business process or strategic
objective. Then select Project List. The project is a set of programs.

Determining the necessary resources (human, technical, financial, logistic) to achieve activities, programs,
and projects.

Develop an executive plan and a timetable for implementation that includes planning for projects, programs,
and activities - in stages (short-term, medium-term and long-term). Clarifying the responsibility for
implementation and scheduling funding according to the time stages.

8.6. Establishing an Intelligent System for Follow-Up and Evaluation

The planning process does not end with the development and implementation of a plan, but rather it is an

ongoing process that needs management, monitoring and evaluation. Therefore, cities need to have a management
system for monitoring and evaluation to guide urban development and ensure the sustainability of development and
improvement. And the establishment of a smart system for monitoring and evaluation that depends on the following:
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List of Key Performance Indicators (KPI) as an effective tool for monitoring the sustainable development of
cities. It is necessary to define a list of indicators that include the stakeholder's perspective and allow
monitoring of the progress of the action plan and evaluation of its results.

Measurable goals: In this stage, the goals are transferred from the conceptual to the quantitative and
measurable levels. One of the best tools for identifying relevant KPIs is the GQM model (Goals-Questions-
Metrics).

The Smart City Dashboard is a massive and diversified city data platform that is dynamically updated in real-
time by a network of sensors to capture KPI values in the city. Sensors are placed at appropriate locations in
the city to capture real-time data and then send it to online dashboard servers. The city's performance map is
displayed on dashboards in the form of charts, graphs or maps to help decision-makers.
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9. CONCLUSION

The research concluded that smart transformation planning is a bridge between ideas and actions. In fact, it is
not a separate document or plan but is directly related to the city's plan for urban development and to its vision for
that field. It is necessary to study it systematically and strategically. Smart transformation strategies should include
all stages of strategic planning methodology (preparation, situation analysis, development, implementation, and
control) and utilize a city’s public and private resources. Obstacles to transforming into a smart sustainable city; 2)
identifying transformation activities and the best starting point, enabling the city to build, maximizing synergies,
reducing costs, increasing public support, and developing and attracting talent and investments.

Oman needs to adopt the second path (development of existing cities into sustainable smart cities) to take
advantage of cities' local and cultural characteristics to resist globalization and the loss of identity against the
background of digital globalization. This vision describes the elements of the road map that lead to more
sustainable and resilient cities. This road map is well described in the methodological framework presented in this
paper. The proposed methodological framework ensures verification of the city context at an early stage. This
allows this to be used for defining the elements of subsequent phases according to the city context, local needs and
interests, and sustainability goals. Learning from previous experiences, the presented framework ensures continuity
of the transformation process and continuous improvements. In addition, it produces additional changes at all levels
of the city. A smart city concept needs to be crystallized by studying the context of the city. In order to accomplish
this, one must understand the reasons for the transformation as well as their willingness to change. Any change
programs or initiatives are only likely to fail if they begin before a city is ready for change. Therefore, any
transformation process must consider the city's needs and capabilities and adapt the transformation framework
accordingly. Preparation, settings, and configuration of the city for transformation have been added to the
methodological framework proposed in this paper; they have not been present in any methodological framework
that has been proposed for developing countries, and they are two important stages in the context of developing
countries because there is a major gap between reality and expectations.

Key performance indicators (KPIs) are an important tool of the framework and are used in two phases: the first
is when assessing the city's readiness for the transformation process, and the second is after the start of
implementation of monitoring and evaluation. This allows a comparison of the performance of the city before and
after implementation that reflects the level of progress towards achieving the goals. To ensure a balance between
the elements of the city and not to improve in one area at the expense of another, the key performance indicators
must cover all dimensions of the smart city (economy, government, environment, people, mobility, living) as well.
The necessity of developing the legal and institutional framework to ensure the implementation of the steps of the
proposed framework, with the necessity of evading the negatives that affected the implementation of the
preparation of strategic plans for Omani cities, such as A representative voice for stakeholders- Availability of
cadres’ coordination between different sectors and agencies - Defining roles - Consolidating decentralization -
Providing the necessary funding...etc.

The methodological framework proposed in this research serves as guide-to-guide city planners and relevant
stakeholders throughout the transformation process by providing more critical details that support the success of the
transformation process.
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