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Abstract: Integrating intelligence into building structures offers numerous benefits for smart
cities. This research focuses on the significance of smart buildings within city environments
settings, providing valuable insights into the seven domains that significantly impact smart
cities. It emphasizes the development of smart buildings that positively influence the
environment, boost creativity and enable the seamless development of more intelligent inner-
city environments. To address challenges across these domains, the Delphi method was
employed, engaging a diverse group of experts to identify key issues and assess their relative
importance, and SPSS software was used to analyze the data. The primary objective is to
determine which smart building domains should be prioritized for citywide smartification and
how they reinforce other building domains. Ultimately, this focus on innovation strengthens
the sustainability of smart cities by analyzing the impacts of building performance across
various domains and promoting citywide innovation networks. By examining the unique
features of smart buildings, this research underscores innovation as a driving force for
reshaping the cityscape. The aforementioned approach significantly advances smart city
development, as technologically enhanced buildings are the foundation of innovative cities. In
the absence of intelligent building practices, achieving smart cities is impossible; cities are
fundamentally shaped by their buildings. Smart buildings take the first essential step toward
creating smarter urban environments.

Keywords: smart cities; smart buildings; urban innovation; buildings innovation; integration
of building domains

1. Introduction

The trend of urbanization has significantly changed how people view modern
living standards. This is evident in the 2018 Update of the World Urbanization
Outlook. Considering the recent growth in urban population and job creation for
individuals, there have not yet been serious efforts made in the area of education and
awareness for residents. One of the main problems and challenges is that at present,
55% of the world’s population lives in urban areas. Figure 1 shows the urban and rural
populations, and this figure is projected to reach 68% by 2050 [1]. Therefore,
education and awareness for the acceptance of smart technologies should be a top item
in the government’s plan. However, the fast urbanization has not come with enough
progress in urban services. The strong understanding that citizens need to take part in
building their tech-driven city still seems to be very difficult for local people [2].
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Figure 1. Number of people living in urban and rural.

Cities are facing numerous challenges such as too many people, flooding, slow
public service delivery, and more. In light of these serious challenges, the idea of a
smart urban center has arisen as a hopeful solution on the global stage [3]. In the field
of intelligent urban development, the essential role of technology must be noticed,
especially the role that smart buildings play. Smart buildings, commonly known as the
thinking centers, are the main part of smart cities, and without truly intelligent
buildings, a fully developed smart city cannot exist [4]. These buildings are basically
self-sufficient structures that form the base of intelligent urban environments [5].
Given that major cities, even though they only cover 5% of the planet’s land area, are
responsible for a remarkable 75% of global fossil fuel use, it is our responsibility to
take real actions. These actions should not only reduce the rising use of fossil fuels in
cities but also deal with problems of high energy demands in urban areas during a time
of rapid urbanization and a big rise in energy needs [5]. In this case, using smart
buildings in the system of smart cities is not just a future idea; it offers a real and quick
solution for now and later. The growth of smart buildings is not just about city planning
or building systems; instead, it acts as a main push for progress in city development
and the country’s economy. Moreover, it improves the overall quality of living for city
residents, who are encouraged to embrace the demands of smart and eco-friendly
world issues [6].

In addition to the above, the right to legal exchange plays an important role in
creating the infrastructure necessary to implement smart building technologies in
urban environments. These technologies require infrastructure that must be secured
from private land, so the right to legal consensus serves as a means of maintaining a
balance between individual property rights and social needs [7]. Also, protecting
privacy and data in smart city buildings presents challenges. These challenges allow
the implementation of projects by exercising the right to consent without the need for
full ownership of land and reduce the contradictions between public needs and private
rights [8]. In this regard, legal standards and frameworks are especially important in
the field of data protection.
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In this context, a useful framework has been proposed by the British Standards
Organization (BSI) specifically in their comprehensive and free report, PD 8100 on
Smart Cities [9]. As a guide for urban decision-makers and project managers, the
framework sets out how to use innovative technologies in cities and helps them meet
technical and legal requirements. Finally, standards at different levels help guide urban
leadership and decision-making managers, enabling them to effectively implement
smart projects in compliance with technical and legal requirements [10].

This study looks into smart buildings and their important role in the progress of
smart cities. With rising urbanization and the urgent need for sustainable solutions,
Table 1 shows why this research is important by pointing out main gaps in integrating
smart technologies to solve challenges highlighted in previous research.

Table 1. Some of the reasons in previous studies that show the necessity of doing this research.

Author(s) Title of Paper Summary
This study examines fundamental gaps between innovation in smart urban areas and the
. A review on key innovation core features of digital innovation. These gaps underscore the necessity for new digital
José and . . . : . .
. challenges for smart city platforms that can provide technical solutions in an accessible and easy-to-use format for
Rodrigues [2] ... 7. . . o . . .
initiatives numerous cities, while also emphasizing innovation, technological neutrality, and data
interoperability.
Impact of integrated artificial This research explores the incorporation of artificial intelligence and Internet of Things
intelligence and Internet of Things technologies to tackle the challenges faced by modern cities and to improve citizens’
Hoang [11] . . . . . . . . .
technologies on smart city quality of life. When effectively combined, Al and IoT provide transformative solutions
transformation for enhancing smart infrastructure and optimizing public services.
This study highlights the importance of integrated energy management through
- Optimisation of energy and life Sunthalpower, an innovative solar generator system that combines various technologies to
Apanaviciene . s .. . . . .
et al [6] cycle costs via building envelope: maximize solar energy use for powering structures in a way that is both efficient and
a BIM approaches environmentally sustainable, underscoring the need for energy integration in smart
buildings.
.. Smart building integration into a  The findings of this article show that smart buildings, leveraging the capabilities of smart
Apanaviciene . ‘ s . . .
etal [1] smart city (SBISC): Development cities in the domains of smart energy, smart transportation, smart living, and smart

Kim et al [5]

Altaf et al [12]

To et al [13]

of a new evaluation framework environment, possess a higher potential for achieving increased intelligence.

Smart building integration into a
smart city: Comparative study of
real estate development

A systematic review of the smart
energy conservation system: From
smart homes to sustainable smart

cities

Collecting, analyzing, and analyzing real-time data for urban management systems and
building maintenance systems enables the adoption of informed decisions in the fields of
energy, mobility, and environmental concerns. At the same time, it ensures an enhanced
quality of life and productivity for individuals inside structures and cities.

The three main obstacles to smart cities are cooperation, flexibility, and decentralization.
Overcoming these obstacles is essential for the advancement of connected homes within
sustainable connected cities.

Building professionals’ intention ~ Building experts considered digital systems for monitoring people’s movements to be less
to use smart and sustainable significant. The most and least critical features highlighted a safety-privacy dilemma. This
building technologies—An challenge pressures construction professionals to design improved premises security and

empirical study

monitoring systems without compromising individuals’ privacy.

1.1. Definition of smart buildings

A smart building is any structure that employs automated procedures to manage
various building activities, including heating, ventilation, air conditioning, lighting,
security, and other systems [11]. Smart buildings are characterized by their capacity to
adjust to user requirements through advanced automation and data analysis, creating
a responsive environment [12].

In the early 1960s, smart buildings were merely mechanical concepts reflecting
potential innovation in building design through technical and scientific advancements
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[13]. The first definition of a smart building was first introduced in 1989 by the
Intelligent Building Institute of the United States. It was defined as a structure that
delivers an efficient environment through the optimization of its architecture, systems,
services, and their interconnected relationships. Over time, emphasizing operational
efficiency, the effectiveness of urban residents, and the utilization of information and
communication technologies [1].

The transition from traditional buildings to smart buildings involves the
incorporation of cutting-edge technologies, including automation systems, data
analytics, and the Internet of Things (IoT), to optimize building performance, enhance
energy efficiency, ensure environmental sustainability, and improve occupant comfort
by enabling real-time responsiveness to environmental changes and user needs [14].

Recent research defines a smart building as a framework that incorporates
technology to enhance operational efficiency, performance, and occupant comfort.
Smart buildings leverage technologies such as Artificial Intelligence (Al) and the
Internet of Things (IoT) for instant real-time decision-making and automated
processes, thereby improving operational efficiency and ensuring occupant safety
[15]. These structures are thoughtfully engineered to maximize energy efficiency and
resource utilization by implementing advanced systems focused on energy
management, safety, and user comfort [16].

A key assessment tool employed to evaluate the intelligence of buildings is the
Smart Readiness Indicator (SRI), introduced by the European Commission. The SRI
primarily assesses the degree of automation and energy efficiency in smart buildings
[17]. The central aim of smart buildings is to establish a comfortable living and
working environment for occupants while simultaneously minimizing operational
costs by promoting efficient energy and resource management [18].

1.2. The interconnection of buildings and smart cities

Smart devices in urban areas require strong energy networks and advanced
transportation systems. In this context, smart buildings become even more intelligent
and play a leading role in the transformation. To achieve this, effective management
and coordination of various processes and technologies are necessary. This calls for
the development of digital infrastructures, which are crucial for bringing about a
significant improvement in the efficiency of smart environments [19]. Smart buildings
bring sustainable amenities and conditions to urban centers, catering to the lifestyles
of their inhabitants while enhancing and elevating them [20]. These buildings can
become more sophisticated by utilizing the capabilities of smart cities in areas such as
smart energy, smart transportation, smart living, and smart environments. Although
smart buildings and smart cities are different ideas, their combination emphasizes the
need for coordination and cooperation to leverage the benefits of the environmental
assets and technological potentials they both provide [1].

The transition from intelligent residences to eco-friendly, connected urban areas
represents a strategic pathway to overcoming three main obstacles in developing smart
urban environments: interoperability, flexibility, and decentralization [5]. Humanity
presently finds itself amidst a data revolution that furnishes novel insights into cities,
empowering policymakers to gain a deeper understanding of citizen expectations vis-
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a-vis “smart” buildings and urban settings. While exploring the requisite infrastructure
to support smart environments, it is equally imperative to ascertain the optimal modes
of citizen interaction with these dynamic ecosystems [21]. Information and
communication technology emerge as pivotal components in addressing urban
challenges through the lens of “smart” solutions [22]. Although a globally recognized
definition of a smart city remains elusive, a consensus among researchers underscores
the centrality of information and communication technologies as the bedrock of smart
urbanization [23]. The path to smartifying hinges on city governments’ ability to
transcend a narrow focus on specific technologies or the emulation of established
global products. Instead, it necessitates comprehensive studies that take into account
the specific requirements and complexities of each city [24].

In the realm of a smart environment, the orchestration of several integral
components is imperative to attain the vision of a fully realized smart city. These
indispensable elements encompass smart buildings (which include smart homes),
smart networks, and smart meters, all of which converge to shape a comprehensive
smart urban ecosystem. Their seamless integration is critical for building truly smart
and sustainable urban areas [25]. The acceptance of the concept of smart buildings
relies on support from senior management, stakeholders in energy companies, and
construction firms, with mobilization for this purpose already observable within these
organizations. Furthermore, information and communication technology emerge as a
pivotal component in addressing urban challenges through the lens of “smart”
solutions. However, the process of adopting this type of technology in construction or
existing buildings is still in its early stages [26].

A structured framework for organizing smart city services is delineated in Kim
and Yang [24], emphasizing three key facets: a) The advancement of eco-friendly
intelligent city service indicators, grounded in the amalgamation of environmentally
sustainable smart city principles and sustainability criteria. b) The elucidation of the
intricate relationship between sustainable smart city services and their interplay with
broader conceptualizations of smart cities. ¢) The articulation of an evolutionary
paradigm by modeling the progression of services within the context of sustainability,
discerning the unique characteristics of smart cities and their evolving nature. A salient
hallmark of smart cities is their interdependence with existing efficient urban systems
[27], with smart buildings standing as one of the linchpin components within these
city systems.

Two distinct perspectives exist concerning smart cities: one emphasizes real-time
monitoring, efficient governance, and the reinforcement of public safety and security
through robust information and communication technology infrastructure, while the
other champions innovation, creativity, entrepreneurship, and inspiration, fostering an
environment that harnesses the ingenuity of smart citizens [28]. It is the people who
consume energy, not the buildings themselves [26]. Indeed, the efficacy of smart
buildings hinges upon the engagement of intelligent consumers—citizens who
actively participate in intelligent energy consumption practices [29]. Ultimately, a
smart city is one that continually advances its performance in meeting the evolving
needs of its citizens, embodying a commitment to perpetual improvement and
enhancement [30].
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1.3. Performance metrics of smart buildings

Smart buildings assume a pivotal role in fulfilling the multifaceted needs of a
smart city. They seamlessly integrate state-of-the-art technologies, enabling them to
operate with energy efficiency, promote sustainability, and enhance the overall living
experience for residents [31]. When it comes to delivering intelligent services,
residential buildings hold an advantage over their commercial counterparts. This stems
from the fact that residential buildings typically feature less intricate technical
equipment and exhibit more straightforward performance requirements. In contrast,
constructing models for commercial buildings proves to be a more intricate endeavor,
given the heightened complexity associated with accommodating diverse occupants
and specialized functionalities [32].

Given that the majority of human life unfolds within indoor environments, it
follows that buildings serve as a cornerstone for the global landscape of electricity
consumption and carbon dioxide emissions [33]. All new buildings are projected to
achieve carbon-neutral status by 2050. Fifty percent of existing buildings will reach
carbon-neutral readiness levels by 2040, and more than 85 percent will be carbon-
neutral by 2050 [34]. Currently, the vast majority of buildings function as inactive
energy consumers, isolated from the external world. To align with the objectives of
power companies and overarching policy goals, there is an urgent need to transition
consumers from being passive and unresponsive energy users into active contributors
within the broader power system [35].

An urban evaluation framework must be established to assess the functionality of
diverse intelligent technology applications concerning carbon emissions. Notably,
intelligent energy networks, intelligent advanced water management systems, and
sensor-based waste collection mechanisms have proven effective in reducing carbon
footprint and enhancing overall environmental sustainability [23]. Furthermore, the
widespread integration of smart buildings, with solar energy playing a central role,
greatly supports global initiatives to reduce the environmental footprint of the
construction and building industry [36].

Table 2. Smart building performance categories.

Performance

Performance outcome

Occupant comfort
Energy efficiency

Time savings
Safety
Expert systems

Healthcare

Service delivery

Smart buildings take into consideration occupants’ behavior and strive to enhance their comfort levels.
Smart buildings have the capability to significantly reduce energy consumption and associated costs.
Automation of daily routines within smart buildings can result in substantial time savings.

Smart buildings are equipped with fire and gas leak detection systems, self-diagnostic capabilities, and advanced
warning mechanisms, thereby enhancing safety levels.

Embedded systems in smart buildings retain domain knowledge.

Health-related considerations hold paramount importance in smart buildings, offering services including ideal
temperature, air quality, and lighting conditions.

Smart building services can enhance the quality of life for elderly and disabled individuals by creating comfortable,
secure, and supportive living environments.

In contrast, technologies such as smart windows and gray water recycling within
smart homes, while beneficial, have demonstrated comparatively lower environmental
performance. For instance, during scorching summer days, smart windows can adjust
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their light absorption properties to limit sunlight penetration, thereby reducing the
need for cooling within the enclosed space. This practice translates into substantial
electricity savings [23]. The main goal of an energy management system is to
accomplish optimal energy acquisition and usage across the entire organization,
minimizing energy expenses without impacting productivity and reducing
environmental impacts [37]. The performance of smart buildings is divided into seven
distinct areas, as presented in Table 2.

1.4. Key features of smart buildings

Smart buildings are distinguished by their incorporation of intelligent
measurement systems, information and communication networks, security
apparatuses, and responsive systems capable of interacting with both occupants and
environmental conditions [38]. This enables the provision of a comfortable indoor
environment across varying seasons.

Both smart cities and smart buildings share a common mission: to serve humanity
by delivering rational and personalized solutions, thereby improving the standard of
living for individuals [1]. Nonetheless, smart homes and buildings, by ensuring
efficient environmental monitoring and the optimization of critical parameters, play
pivotal roles in achieving long-term sustainability [39].

It’s essential to distinguish between smart buildings and other sustainability-
focused building concepts such as zero-energy buildings or passive buildings. While
the latter are primarily concerned with sustainable features, smart buildings go beyond
sustainability and leverage advanced technologies to accomplish an ideal balance
between convenience and sustainable efficiency [13]. The design process for smart
buildings also deviates from conventional building design, incorporating elements that
facilitate learning from occupants, adaptation to their lifestyles, and decision-making
regarding the adjustment of multiple engineering systems. A “smart” building
comprises a nexus of elements including hardware, software, and communication
networks [40].

The seamless integration of physical systems with cutting-edge Internet of Things
and cloud-based control technologies, powered by advanced communication
engineering, facilitates real-time monitoring and management. This, in turn, results in
enhanced energy efficiency and superior thermal livability [41]. As a result of these
advancements, designers and architects envisioning the buildings of the future are
equipped with comprehensive knowledge of every aspect of a building, with the sole
exception being the implementation of the software component integral to smart
buildings, which is crucial for optimizing building performance and sustainability
[40].

Irrespective of whether cities and buildings are labeled as “smart” or
“intelligent,” the core concept of “intelligence” hinges on the building’s capacity to
interact with individuals and society. The “intelligent” aspect, in particular, strives to
enhance the system’s interaction with humans [42]. Human-object communication
capabilities in loT devices also allow for remote intervention across various
applications, creating new efficiencies in response and control. One core function of
these IoT devices is real-time data collection, which involves monitoring
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environmental and physical conditions that guide subsequent automated actions by
embedded operators [43]. This technology underpins smart systems infrastructure,
from smart buildings to more expansive systems such as smart cities [44].

This software component, often residing in the cloud, constitutes a complex
dimension of building management, primarily centered around data storage. Given the
vast volume of data involved, conventional approaches must undergo modification to
align with emerging requirements, ensuring effective management of this increasing
complexity and the successful integration of smart technologies in building
management [45].

The advent of 5G wireless networks stands as a pivotal solution in the framework
of intelligent urban areas, serving as the connective tissue linking countless Internet
of Things (IoT) devices. Notably, smartphones and vehicles are emerging as potential
communication and computational resources within smart cities, characterized by their
abundance, expansive coverage, and high urban density [46]. In this landscape, the
incorporation of intelligent technologies into buildings—enabled by the Internet of
Things—is pivotal in improving user comfort and advancing technological
capabilities. The deployment of these systems strives to minimize energy expenses
while maintaining the building’s environmental sustainability throughout its life cycle
[47].

To capture the movement patterns of citizens, mobile phone wireless signal
tracking is employed, representing a departure from previous methodologies. This
approach allows for real-time anomaly detection, applicable to both individuals and
vehicles, and can extend to specific locations or even within building interiors. The
creation of smart buildings within smart cities necessitates advanced technologies
capable of supporting efficient and sustainable energy strategies [48].

1.5. Smart building technologies

Smart meters are essential for managing household energy consumption from
electrical appliances and heating/cooling systems, as they transmit data to centralized
smart home energy management systems through communication networks. This data
is then used by optimizers or controllers to make informed decisions, ensuring
coordinated and optimal energy consumption and on-site electricity generation [49].
The replacement of residential smart meters is only part of the costs associated with
installing a smart grid system [26]. However, with [oT interlinking, smart meters allow
home occupiers to remotely manage their energy usage and gain detailed insights into
their expenditure habits. Sophisticated analytical tools can analyze this data to provide
tailored recommendations for energy efficiency [41].

29 ¢

In the contemporary landscape, terms like “Internet of Things,” “smart home,”
and “ubiquitous computing” have transcended academic discourse and become
integral to everyday life. Digitalization is rapidly evolving not only in terms of
technological solutions but also in terms of applications in buildings. Understanding
the optimal use of existing and emerging digital technologies throughout the building
life cycle and how these technologies can contribute to making buildings more
sustainable is essential.

The incorporation of intelligent home technology within larger intelligent urban
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frameworks enables the amalgamation of information gathered from structures with
other sources, including traffic patterns, weather forecasts, and energy consumption
patterns. This synergy between smart buildings and smart city infrastructure enhances
emergency response services [42]. Sustainability stands as a fundamental pillar in the
development of smart cities. Smart devices and services have become integral
components of smart urban environments, and the application of city information
management fosters effective solutions for urban construction challenges [46].

1.5.1. Blockchain technology and its impacts

Blockchain technology is poised to enhance the lives of smart city residents by
providing improved availability of public transit, reduced travel durations, and
heightened data security standards. Furthermore, it supports the development of
community energy optimization systems for intelligent urban areas, offering enhanced
data accessibility and the ability to minimize reduced expenses and inefficiencies in
energy generation and distribution [50]. Additionally, blockchain technology enables
the secure management of sustainability data, such as energy consumption and carbon
emissions, ensuring transparency and accountability within smart urban frameworks
[51].

In the realm of smart buildings, blockchain creates interoperable systems that
communicate and exchange data, ensuring privacy and data governance for residents
living in smart homes within the broader concept of smart cities [52].

1.5.2. Advanced energy management systems

Transforming conventional buildings into intelligent, energy-efficient facilities
depends on the implementation of advanced energy management systems designed to
reduce usage and boost efficiency. For these systems to succeed, active resident
participation is essential, requiring an understanding of their energy-saving behaviors
[37]. Additionally, the design of future smart buildings will necessitate sophisticated
energy management systems capable of coordinating various energy subsystems both
economically and efficiently. These systems should integrate seamlessly within a
connected network, enabling real-time data exchange across the community [49].

The Internet of Things (IoT) facilitates the integration of smart grids, facilitating
smooth interaction between solar systems and the wider energy network [41]. Solar
energy, with its abundance, availability, and suitability for remote locations, is
especially well-suited for building-based microgrids, where reliability and adaptability
are prioritized. To meet the dynamic demands of urban spaces, scalable and flexible
energy solutions are needed [49]. The overarching goal of building energy
optimization is to attain high levels of energy performance and reduced greenhouse
gas output, all while remaining cost-effective and maintaining consumer comfort and
preferences [53]. Incorporating renewable energy sources in buildings, therefore,
offers notable benefits for climate, health, and economic well-being within smart
cities.

1.5.3. IoT for energy efficiency and smart automation

The incorporation of IoT technologies in intelligent structures significantly
enhances energy efficiency. Researchers analyze energy usage trends to create
predictive models and improve algorithms for intelligent building management
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systems [54]. Smart sensors and devices collect data to optimize energy use in real-
time, enabling more sustainable building operations [55].

IoT automates multiple building systems, including heating, ventilation, and air
conditioning (HVAC), improving operational efficiency and occupant comfort [56].
IoT technologies enhance automation systems in intelligent structures, allowing
continuous monitoring and management of systems like HVAC, lighting, and security
through interconnected devices and sensors [57]. Facility managers can remotely
monitor and control building systems, leading to enhanced efficiency and user comfort
[58].

IoT-enabled lighting systems adjust depending on usage patterns and
environmental factors, reducing energy inefficiency and improving user experience
[59]. These smart lighting systems monitor and control lighting with sensors and loT
devices, contributing to energy performance and user occupant satisfaction in
advanced buildings [60]. By adjusting lighting based on occupancy and natural light
levels, these systems achieve significant energy savings and enhance the user
experience [61].
10T for enhanced safety and predictive maintenance

IoT technologies play a pivotal role in improving building safety by integrating
advanced sensors that monitor environmental conditions such as air quality, fire
hazards, and structural integrity. These sensors provide early warnings, enabling
timely interventions to mitigate risks [62]. Additionally, [oT enables predictive
maintenance of building systems by continuously monitoring their performance and
identifying potential issues before they lead to failures. This reduces downtime, lowers
maintenance costs, and enhances overall operational reliability [63].

loT-driven personalization and sustainability

IoT fosters greater personalization for building occupants by offering tailored
services such as automated temperature adjustments, customized lighting, and smart
appliance control based on user preferences. Furthermore, IoT supports environmental
sustainability by optimizing resource consumption, including energy and water, and
minimizing waste through real-time monitoring and automated adjustments [43].

In particular, IoT significantly enhances residents’ lives within smart buildings
by increasing security, environmental compatibility, and convenience [64]. Smart
buildings hold the promise of home appliances that can anticipate occupants’ needs
and act accordingly at the push of a button. By generating substantial data streams,
these buildings enable researchers to utilize machine learning and big data analytics
to manage, process, and gain insights from this wealth of information [32].

IoT integration, when combined with information and communication
technology (ICT) and other innovative technologies, holds the potential to
revolutionize smart cities. A fundamental requirement for loT-enabled smart cities is
the swift and timely sharing of critical information, with minimal reporting delays.
Data must be continually updated at short intervals to ensure the city’s sustainability
and environmental friendliness through the constant monitoring of loT-enabled
sensors [65].

Based on recent research, the integration of IoT in smart building technology
enhances residents’ quality of life by automating tasks and enabling intelligent, low-

10
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intervention decisions that facilitate a more streamlined living experience.
Additionally, IoT devices embedded in building operations contribute by integrating
system elements both horizontally and vertically, allowing residents access to data and
operational insights, enhancing management efficiency across departments [44].

2. Materials and methods

In this study, at the first stage, the scientific works of authors in the field of smart
buildings and smart cities published in scientific databases were analyzed. Relevant
articles were carefully examined, and through the synthesis method, the main concepts
related to the research topic were extracted. Subsequently, using the comparison
method, the perspectives and methodologies employed by other researchers—from
traditional buildings to the role and function of smart buildings within smart cities—
were reviewed. Furthermore, the inductive method was used to derive general
conclusions from specific data, and finally, based on the deductive method, the
research hypotheses and findings were logically analyzed and evaluated.

The Delphi method serves as an efficient and effective approach for assembling
experts to engage in discussions, brainstorm, and systematically organize information
with the objective of developing a valid instrument, achieving consensus on a
particular topic, identifying common factors, or predicting trends [66]. A succinct and
broadly applicable definition was originally provided by the Rand Corporation, which
defined the Delphi method as a technique for “eliciting and refining group judgments”
[67]. This underscores the idea that “when something can be clearly defined, it is no
longer progressing”. This dynamic process not only facilitates the convergence of
diverse viewpoints but also encourages the evolution of ideas, allowing participants to
continually refine their judgments based on collective insights and emerging trends in
the field. Thus, the Delphi method acts not only as a tool for achieving consensus but
also as a catalyst for innovative thinking and informed decision-making in complex
areas of study, contributing to ongoing research and advancement.

2.1. Research design

In this research, questionnaires were administered to experts in two rounds. In
the initial round, the sum and average of the opinions were compiled, and experts were
subsequently asked to reconsider their responses in light of these averaged opinions.
Following this feedback, experts had the opportunity to reassess their original
responses in conjunction with the new information, with the option to add, modify, or
retain their initial responses. The number of iterations was determined by each group,
aiming to achieve a strong consensus or identify the absence of consensus. One of the
major obstacles and challenges in this study was the limited collaboration with experts.
Consequently, this study was conducted in two phases to analyze the results
effectively.

2.1.1. Study population

The study includes a total of 20 participants from various professional
backgrounds, ensuring a well-rounded perspective on the topic. This group consists of
two employers in the construction industry (construction managers), one consultant
specializing in urban planning and smart technologies (urban planning consultant),

11



Information System and Smart City 2025, 5(1), 2664.

one contractor with extensive experience in building construction (experienced
contractor), four academic members with expertise in smart cities, smart buildings, or
related fields (university professors), twelve professionals actively involved in
different sectors of the construction industry, including architecture, engineering, and
technology implementation.

Among these participants, 17 individuals demonstrated a comprehensive
understanding of smart building and smart city concepts, held educational
qualifications beyond a bachelor’s degree, and possessed work experience ranging
from 5 to 15 years in building construction. This ensured that the majority of
participants had a strong technical background relevant to the research. Additionally,
three end-users of buildings, who do not have a technical background, contributed
insights from a consumer perspective. Their input was crucial to assess the readiness
and willingness of the general public to adopt smart city technologies, enriching the
research with a broader viewpoint.

2.1.2. Delphi method steps

Step 1: Defining the problem: The initial phase of this research involved a
thorough review of existing literature to gain a comprehensive understanding of the
importance of smart buildings within the context of smart cities. Following this review,
a total of 64 questions related to the research objectives were developed and organized
into seven key categories. This categorization serves as a foundational framework for
the study, guiding its objectives and facilitating targeted data collection on crucial
aspects of the research topic.

Step 2: First round of individual surveys: In the first round of the Delphi method,
each expert was presented with the defined research problem and asked to provide
their independent responses. A diverse team of 20 experts was assembled, including
university professors, experienced construction professionals, and residents. This team
was introduced to the objectives of the study and the critical significance of the
research topic.

Step 3: Summarizing the responses: During this phase, the responses collected
from the first round were systematically compiled and summarized, while maintaining
the confidentiality of the participating experts. Each question was assessed using a 5-
point Likert scale (as shown in Table 3), ranging from “not important at all” (1) to
“very important” (5), to evaluate the significance for smart city development. The
detailed description of the scale is provided in Table 3.

Table 3. Likert scale.
Verbal expression Likert scale value
Very important 5
Very 4
Relatively 3
Alittle 2
Atall 1

The fourth stage: Second round of feedback and discussion: In the fourth stage,
the summarized results from the first round were presented to the participants. These

12
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results included the average opinions gathered from the initial round of responses.
Participants were then invited to reevaluate their initial answers, considering the
collective insights of the group. This iterative process aims to promote consensus and
refine expert opinions as the Delphi method progresses.

2.1.3. Data validation

To ensure the validity of the data, response sheets were initially distributed to a
select group of experts. Their task was to complete these sheets, helping to identify
potential errors in the questionnaire and suggest necessary improvements. Following
this, the reliability of the questionnaire items was assessed for each question group
using Cronbach’s alpha coefficient, computed using SPSS software. A coefficient
value above 0.7 is generally deemed acceptable for reliability. In this instance, the
coefficient obtained was 0.976, indicating that the questionnaire items exhibit
extremely high reliability and affirming the trustworthiness of the data. This
meticulous process reinforces the robustness and credibility of the data collected for
the research. Table 4 displays the results of the test for each category of questions.

Table 4. Validation of questions using Cronbach’s alpha coefficient.

Category of questions

Number of questions Reliability coefficient

The significance of intelligent buildings in the economic dimension of smart cities 8 0.820
The significance of intelligent buildings in the social dimension of smart cities 9 0.885
The significance of intelligent buildings in the environmental dimension of smart cities 11 0.906
The significance of intelligent buildings in the energy dimension of smart cities 7 0.851
The significance of intelligent buildings in the innovative dimension of smart cities 12 0.947
The significance of intelligent buildings in the technological dimension of smart cities 7 0.844
The significance of intelligent buildings in the integration dimension of smart cities 10 0.895
All 64 0.976

2.2. Methodological justification: Delphi and SPSS

The Delphi method was chosen for this research due to its structured ability to
gather expert opinions and reach consensus on complex and evolving topics. This
method enables the identification of key challenges and opportunities in adopting
smart cities, particularly in developing contexts such as Jordan [68]. Its iterative
feedback process and consensus-building approach enhance the reliability and novelty
of the findings by uncovering expert-driven insights often overlooked by traditional
methods [69]. This method is particularly suitable for topics that require expert input
and the achievement of structured consensus or exploration of diverse perspectives
[70]. Furthermore, compared to other research methods, the Delphi method is more
suitable for exploring multi-dimensional expert perspectives in dynamic fields such as
smart city initiatives [71].

SPSS is one of the most powerful tools for analyzing complex, non-numeric data,
making it ideal for survey-based research [72]. It offers a wide range of statistical
methods, including both descriptive and inferential statistics, along with useful data
visualization features that improve the interpretation of results [73]. Moreover, its
automation minimizes human error in analyzing data related to smart cities and
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buildings, enhancing the accuracy and reliability of results [74]. SPSS can efficiently
manage and analyze large datasets, making it easier to uncover meaningful insights
[75]. The software’s user-friendly interface allows researchers, even those with limited
statistical training, to conduct complex analyses with ease [76]. This feature is
especially valuable for research teams working on smart cities [77].

3. Results

The characteristics of smart buildings have been systematically categorized into
seven distinct areas: economic, social, environmental, energy, innovation, technology,
and integration. This categorization serves as the framework for analyzing and
interpreting the data collected through questionnaires. To evaluate the hypotheses, a
one-sample Kolmogorov-Smirnov Test was conducted to assess the normality of the
data distribution, followed by a Kruskal-Wallis Test to determine significant
differences among groups. The following results highlight the importance of each area
in the development and assessment of smart buildings.

3.1. Statistical analysis

In this study, the statistical tests were conducted to evaluate the research
hypotheses: the one-sample Kolmogorov-Smirnov Test and the Kruskal-Wallis Test.

1) One-sample Kolmogorov-Smirnov Test: This test was employed to assess the
normality of the data distribution. The purpose of this test was to determine whether
the collected sample data originates from a normally distributed population. Assessing
normality is a crucial step in statistical analysis, as many parametric tests (e.g.,
ANOVA) assume that the data follows a normal distribution. By performing this test,
we aimed to validate the suitability of using parametric methods for further analysis.

Table 5. The result of Kolmogorov-Smirnov Test.

Sample size (V) 140
Mean 37.6571
Standard deviation 9.39904
Asymptotic significance (p-value) 0.002

According to Table 5, the results indicated a p-value of 0.002, which is below the
conventional threshold of 0.05. This suggests that the null hypothesis of normality is
rejected, implying that the data do not follow a normal distribution. Consequently, the
use of parametric tests such as ANOVA is deemed inappropriate.

2) Kruskal-Wallis Test: Given the violation of normality, the Kruskal-Wallis Test
was utilized as a non-parametric alternative to one-way ANOVA. This test aims to
evaluate whether there are statistically significant differences in the median scores
among multiple independent groups. The results, as presented in Table 6, indicate a
test statistic (H) of 78.071 with 6 degrees of freedom and a p-value of 0.000,
confirming that at least one group significantly differs from the others concerning the
scores.
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Table 6. The result of Kruskal-Wallis Test.

Variables Tested Results
Test statistic (H) 78.071
Degrees of freedom (df) 6
Asymptotic significance (p-value) 0.000

The standard deviation of the dataset (9.39904), derived from the one-sample
Kolmogorov-Smirnov Test, reflects the dispersion of the sample around the mean.
Given the non-normal distribution of the data, the Kruskal-Wallis Test was
appropriately selected to compare means across different groups. Subsequently, the
Bonferroni post-hoc test was employed for pairwise comparisons.

The Bonferroni post-hoc test is a statistical adjustment used to address the
problem of multiple comparisons. When conducting multiple hypothesis tests, such as
comparing means across several groups, the Bonferroni correction is used to prevent
an increase in the likelihood of false-positive results. The Bonferroni correction
mitigates this risk by adjusting the significance level (alpha) according to the number
of comparisons being made. Essentially, it divides the desired significance level (e.g.,
0.05) by the number of comparisons to establish a new threshold for determining
statistical significance. This ensures that even if individual tests show significance, the
overall family-wise error rate is controlled.

3.2. Analysis of domain-wise statistical significance

Table 7 presents the probability values derived from pairwise comparisons
between different domains across two rounds, as determined by the Bonferroni post-
hoc test. These results underscore the significant differences between the domains in
advancing smart cities, providing valuable insights into their relative importance. This
table highlights significant data with p-values less than 0.05, emphasizing meaningful
relationships between variables. This approach ensures that the focus remains on the
statistically significant associations contributing to the study’s core findings.

Table 7. Significant differences between domains in the development of smart cities.

Probability value
Variable Comparable variable
First round Second round
Environmental 0.000 0.000
Innovation 0.000 0.000
Economic
Technology 0.030 0.504
Integration 0.104 0.000
Environmental 0.004 0.000
Energy 0.001 0.004
Social Innovation 0.000 0.000
Technology 0.000 0.001
Integration 1.000 0.037
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Table 7. (Continued).

Probability value
Variable Comparable variable
First round Second round
Economic 0.000 0.000
Social 0.004 0.000
Environmental
Energy 0.000 0.000
Technology 0.000 0.000
Social 0.001 0.004
Environmental 0.000 0.000
Energy
Innovation 0.000 0.000
Integration 0.000 0.000
Economic 0.000 0.000
Social 0.000 0.000
Innovation Energy 0.000 0.000
Technology 0.000 0.000
Integration 0.002 0.000
Economic 0.030 0.504
Social 0.000 0.001
Technology Environmental 0.000 0.000
Innovation 0.000 0.000
Integration 0.000 0.000
Economic 0.104 0.000
Energy 0.000 0.000
Integration
Innovation 0.002 0.000
Technology 0.000 0.000

1) Economic domain:

e  First round: There is a significant interaction with the environmental and
innovation (p = 0.000), and technology (p = 0.030) domains, while showing no
significant interaction with Integration (p = 0.104).

e Second round: The economic domain remains significantly related to
environmental, innovation, and integration (p = 0.000), while showing no
significant interaction with technology (p = 0.504).

e  The strong correlations suggest that economic factors play a crucial role in
the development and integration of smart technologies and innovations
within urban environments.

2) Social domain:

e  First round: Significant relationships were found with environmental (p = 0.004),
energy (p = 0.001), and innovation and technology (» = 0.000), while showing
no significant interaction with integration (p = 1.000).

e  Second round: It continues to show significant correlations with environmental
(p = 0.000), energy (p = 0.004), innovation (p = 0.000), technology (p = 0.001),
and integration (p = 0.037).

e This indicates that social aspects significantly impact innovations and
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sustainability efforts, enhancing the quality of life in smart cities.

3) Environmental domain:

e  Both rounds: The environmental domain shows significant interactions with
economic (p = 0.001), social (p = 0.004), energy (p = 0.001), and technology (p
=0.000).

e  This highlights the importance of environmental considerations in driving
economic productivity and technological advancements in urban
development.

4) Energy domain:

e  Both rounds: The energy domain has significant relationships with social (p =
0.001), environmental (p = 0.000), innovation (p = 0.000), and integration (p =
0.000).

e [Effective energy management and sustainable practices are vital for
enhancing social interactions and environmental sustainability in smart
cities.

5) Innovation domain:

e  Both rounds: Innovation significantly interacts with economic (p = 0.000), social
(p = 0.000), energy (p = 0.000), technology (p = 0.000), and integration (p =
0.002).

e Innovation is a central theme across multiple domains, emphasizing its
pivotal role in the advancement of smart buildings and cities.

6) Technology domain:

e  First round: Significant correlations with economic (p = 0.030), social (p =
0.000), environmental (p = 0.000), innovation (p = 0.000), and integration (p =
0.000).

e Second round: Maintains significant relationships with economic (p = 0.030),
social (p = 0.001), environmental (p = 0.000), and integration (p = 0.000).

e  Technological advancements are crucial in transforming urban lifestyles and
promoting the development of smart cities.

7) Integration domain:

e  First round: Shows significant interconnections with energy (p = 0.000),
innovation (p = 0.002), and technology (p = 0.000), while showing no significant
interaction with economic (p = 0.104).

e  Second round: Continues to demonstrate significance with economic (p =0.104),
energy, innovation, and technology (p = 0.000).

e The integration of various domains facilitates innovation and efficient
energy management, thereby enhancing the overall functionality and
sustainability of smart cities.

The data analysis indicates that significant relationships exist among various
domains in the context of smart cities, emphasizing the need for a holistic approach to
urban development. Understanding these interactions can guide decision-making
processes related to the implementation and optimization of smart buildings in urban
environments, ensuring a balanced consideration of economic, social, environmental,
and technological factors.

While the previous table highlighted significant differences among certain
variable pairs, analyzing the pairs that do not show meaningful differences is equally
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important. This lack of significant difference may indicate consistency or convergence
between key variables within the framework of smart buildings. Figures 2 and 3
present a comparative analysis of variable pairs with no significant differences
observed. Such analysis provides deeper insights into the balance among various
dimensions of design and urban development, highlighting areas where integrated
approaches may need refinement or reinforcement.

1.000 1.000 1.000

Variable Pairs

Figure 2. Mean difference results for round 1.

The bar chart (Figure 2) illustrates the mean differences (Sig.) for variable pairs
in round 1, revealing no statistically significant differences across any of the
comparisons (Sig. > 0.05). For instance, pairs such as economic-social and
environmental-innovation exhibit no substantial variation, demonstrating uniformity
in their impacts. These findings underscore the interconnectedness of economic,
social, environmental, and technological dimensions in the context of smart building
assessments. This consistency advocates for a holistic, multidimensional approach in
urban planning and smart city development, ensuring balanced consideration of all
domains without prioritizing one over another.

1.000 1.000 1.000

Variable Pairs

Figure 3. Mean difference results for round 2.
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The bar chart (Figure 3) illustrates the mean differences (Sig.) for variable pairs
in round 2. Similar to round 1, the results reveal that most variable pairs do not
demonstrate statistically significant differences (Sig. > 0.05). Notably, the
environmental-innovation pair (Sig. = 0.095) approaches the significance threshold
but remains outside the statistically significant range. This consistency across variable
pairs suggests that the examined dimensions—economic, social, technological, and
environmental—exert comparable impacts, emphasizing the stability and coherence
of the framework. These findings underscore the importance of adopting an integrative
and multidimensional approach to smart building strategies, ensuring that all
dimensions are considered holistically. For urban policy and research, the lack of
statistically significant differences supports the reliability of the model and reinforces
the value of collaborative, cross-dimensional planning in achieving sustainable urban
development objectives.

3.3. Evaluation of domains significance and key advancements

Figure 4 illustrates the mean importance of different domains along with the
associated standard deviation bars, which reflect the variability in expert opinions
across these domains. The data highlights the relative significance of each domain,
with the standard deviation providing insight into the consistency or variability of
responses among participants. The higher the standard deviation, the more diverse the
expert opinions on the importance of that domain.

L
Economic

Social Environmental Energy Innovation Technology Integration

Figure 4. Mean importance of various domains with standard deviation.

1) Environmental and innovation domains: These two domains show the highest
mean values among all domains, with prominent standard deviations. This suggests
that both environmental and innovation aspects are viewed as highly important for
advancing smart cities. The larger standard deviations indicate variability in opinions
or impacts, highlighting that these areas may be influenced by diverse factors or have
varying levels of importance across different contexts.

2) Integration and social domains: Both integration and social domains have
moderately high mean values, with integration slightly surpassing social. The standard
deviations, while smaller than those of innovation and environmental, suggest a
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relatively consistent importance of these domains across the board. This reinforces the
notion that integrating various systems and prioritizing social aspects are essential,
though perhaps less variable or debated compared to environmental and innovation
domains.

3) Economic domain: The economic domain has a lower mean value compared
to the top-ranking domains but still holds moderate importance. Its smaller standard
deviation implies a more uniform consensus on its role in smart city development. This
likely reflects a shared understanding of the economic considerations in smart city
projects, albeit seen as less critical than environmental or innovation factors.

4) Energy domain: This domain shows the lowest mean value, which might
suggest that, within the context of smart cities, energy considerations are perceived as
less critical compared to others. However, the narrow standard deviation indicates a
consistent view, implying that energy factors are necessary but perhaps not as
prioritized.

5) Technology domain: Technology also has a lower mean value with a small
standard deviation. This could indicate that while technology is a backbone of smart
city projects, its role might be taken for granted, with a consistent view that it supports
but does not directly drive the most critical impacts alone.

Table 8 shows the comparison of two rounds of testing aimed at identifying key
advancements in smart city domains, with the goal of pinpointing the most impactful
areas for development and strategic focus. This research highlights specific domains—
such as innovation, environmental quality, and integration—as crucial contributors to
the sustainable growth and technological evolution of smart cities. To enhance
understanding, this analysis compares these areas across both rounds.

Table 8. Comparison of two rounds of testing for identifying key advancements in
smart city domains.

Index Mean (Round 1) Mean (Round 2) Change
Economic 34.65 33.15 —-1.50
Social 37.55 36.95 —0.60
Environmental 45.15 45.85 +0.70
Energy 29.30 29.95 +0.65
Innovation 48.45 51.10 +2.65
Technology 28.15 29.00 +0.85
Integration 40.35 42.75 +2.40

e  Highest increase in innovation and integration: The innovation (+2.65) and
integration (+2.40) domains show the most growth. This indicates a growing
focus on the importance of innovation and coordination between different sectors
in advancing smart city goals.

e  Stability in environmental, energy, and technology domains: Environment
(+0.70), energy (+0.65), and technology (+0.85) have slightly increased,
indicating that these areas remain highly important and play a key role in smart
cities.

e Decrease in economic and social domains: Economic (—1.50) and social (—0.60)
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have declined. This decrease may indicate less focus on economic and social

issues, while more attention is directed toward innovation, environmental

sustainability, and energy.

Overall, these changes suggest that, in the process of advancing smart cities,
priorities are shifting towards greater innovation and integration across sectors, while
economic and social aspects receive relatively less attention.

4. Discussion

As evidenced by the study’s findings and previous studies, the areas of
innovation, environment, and integration with the highest scores have played a crucial
role in the advancement of intelligent urban areas and sustainable buildings. The goal
of this part is to provide insights that help deepen the comprehension of the effects of
intelligent structures on the creation of intelligent urban areas and to accelerate the
achievement of long-term progress goals. Furthermore, the importance of other
domains, such as public trust and socio-economic factors, cannot be overlooked.

Successful examples of integrating innovation, environmentalism, and
integration in smart buildings include Singapore, Amsterdam, and Dubai. Singapore,
through its initiative to optimize energy consumption using the Internet of Things
(IoT) and Artificial Intelligence (Al) to reduce costs and greenhouse gas emissions
[78], highlights the importance of environmental considerations and technological
integration. Amsterdam’s solar city strategy, which reduces carbon emissions through
sustainable management in solar plant implementation [79], clearly demonstrates the
significance of innovation in creating smart cities. Similarly, Dubai utilizes Al and loT
for real-time building management and predictive maintenance, significantly
improving energy efficiency and sustainability [80]. These examples underscore the
vital role of combining innovation, environmental strategies, and integration in
developing smart urban solutions. All of these designs underscore the critical role of
digital innovations as transformative agents in promoting durability in urban life.
Intelligent energy optimization systems represent a major advancement in building
management, contributing to the development of more sustainable and energy-
efficient structures [47].

On the other hand, the study reveals that progress in the realm of digital
innovation has been comparatively slower than in other fields, with significant
challenges observed in regions such as North America. Issues like cybersecurity
threats and the digital divide have hindered the broad adoption of smart technologies,
ultimately eroding public confidence in these advancements [81-83]. This highlights
the need for addressing barriers to digital innovation to ensure widespread acceptance
and trust.

In line with the study’s emphasis on the pivotal role of innovation in shaping
smart cities, cities such as Amsterdam and Copenhagen exemplify how the integration
of Al and IoT in energy management systems has been instrumental in advancing
urban sustainability and driving technological progress [84,85]. These examples
highlight the imperative of technological advancement in the development of smart
cities.

Furthermore, the study’s recommendation to build public trust in digital

21



Information System and Smart City 2025, 5(1), 2664.

platforms resonates with Dubai’s citizen-centric approach. By harnessing big data and
social media, Dubai has successfully enhanced public engagement, transparency, and
trust in its smart city initiatives [86,87]. This underscores the importance of ethical
considerations and inclusive strategies in the pursuit of smart urban development.

Moreover, studies show that, without a genuine focus on sustainability, cities will
not be able to achieve smartness [2]. This study builds on these perspectives by
illustrating how balanced attention across economic, environmental, and technological
dimensions fosters the resilience of smart systems and encourages sustainable
practices across urban frameworks. For instance, Bandauko and Arku [88] highlight
the socio-economic challenges faced by African cities like Nairobi and Lagos,
emphasizing the need for sustainable urban development strategies that align
economic growth with environmental protection. Similarly, Al-Dabbagh [89]
discusses Dubai’s efforts to integrate green building regulations and eco-friendly
initiatives, showcasing how environmental considerations can be harmonized with
socio-economic goals.

The research highlights that, following innovation, the environmental domain is
crucial. Aligning environmental, social, and economic needs ensures sustainable
outcomes, strengthens energy efficiency, optimizes resource management, and
enhances the functionality of intelligent cities. Similarly, Al-Dabbagh [89] highlights
Dubai’s sustainable smart city initiatives, which integrate green building regulations
and eco-friendly practices to balance socio-economic growth with environmental
protection, further illustrating the importance of aligning environmental and urban
development goals.

Moreover, the integration of nature-based solutions, as discussed by Carvalho
[90], reinforces the role of sustainable practices in urban planning. These solutions,
combined with technological advancements like Al and [oT, as explored by Anwar and
Sakti [91], enable cities to enhance sustainability assessments and optimize urban
growth predictions. Such integrations not only improve energy efficiency and resource
management but also foster public trust and acceptance, as highlighted by Habib et al.
[92] and Neupane et al. [81], who emphasize the importance of trust in technology and
government for the successful adoption of smart city initiatives. Additionally,
Waclawek et al [93] underscores the significance of public-private partnerships and
community-centric business models in addressing urban challenges, while Tekin and
Dikmen [94] stress the need for inclusive citizen engagement to ensure accessibility
and social equity in smart city development. By prioritizing these aligned strategies,
cities can achieve holistic smart development, ensuring both environmental
sustainability and improved quality of life for citizens.

Finally, the third domain with the highest impact on smartification is integration.
These findings indicate that building integration can contribute to enhanced
coordination among various components of a smart city. The study’s emphasis on
integration as a catalyst for smart city development aligns with Kamvysi et al. [95],
who highlight the importance of integrated frameworks like Quality Function
Deployment (QFD) in designing targeted urban strategies. This study underscores that
effective integration enhances coordination, optimizes resource management, and
improves urban functionality. This synergy demonstrates how prioritizing integration
can address complex urban challenges while fostering sustainable and adaptive smart
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cities.

5. Conclusion

This research highlights the essential importance of innovation, environmental
considerations, and integration in advancing smart cities and eco-friendly buildings.
Our findings reveal that innovation is the most influential factor, acting as a catalyst
for enhancing urban environments and enhancing the well-being of residents. The
establishment of innovation ecosystems at the urban level is crucial for promoting
more intelligent and environmentally sustainable urban areas.

The environmental dimension is equally vital, emphasizing that intelligent energy
management in intelligent structures is vital to guaranteeing the sustainability and
resilience of urban environments. By aligning environmental strategies with socio-
economic needs, cities can achieve comprehensive and lasting outcomes.

Integration emerges as the third crucial factor, facilitating coordination among
various components of smart cities. This enhanced integration optimizes resource
consumption and supports a seamless exchange of information, paving the way for a
smart and sustainable ecosystem that significantly improves the quality of life for
residents.

In conclusion, the successful realization of smart cities hinges on a holistic
approach that embraces innovation, prioritizes environmental sustainability, and
fosters integration. Furthermore, the importance of other areas cannot be overlooked.
As cities continue to evolve, these domains must be effectively implemented to
address urban challenges, ensuring that the aspirations of smart cities are not only met
but also exceeded.

6. Limitations of the study

A primary limitation of this study was the limited access to specialists, which
hindered the scope of expert input. Despite efforts to engage with a wide range of
professionals, some individuals were unable or unwilling to participate. This challenge
impacted the depth of the insights gathered from experts. Additionally, the relatively
small sample size of participants in both rounds of the survey might restrict the
applicability of the results. Upcoming studies may benefit from a broader participant
pool and more comprehensive access to specialists in the field.
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