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Preface

Today, urban areas are inhabited by more than half of the world’s population. More 
than 70% of worldwide carbon emissions and 60%–80% of energy usage take place 
in metropolitan areas, according to the Organisation for Economic Co-operation and 
Development (OECD). Governments and municipalities may create more intelligent, 
sustainable cities using ICTs and other technology. To address current and future 
generations’ economic, social, environmental, and cultural demands, a municipality 
must be innovative and use ICT to boost living standards, city performance and services, 
and competitiveness. Although there is not yet a city where every system and function 
are linked together, many are well on the way to becoming intelligent, sustainable cities. 
They utilize technology to reduce energy consumption and waste, increase traffic safety, 
monitor air quality, report crimes in progress to police, and upgrade water and sewage 
systems, to name a few examples. Many ICT-based applications and services rely on a 
stable, secure, dependable, and interoperable telecommunications infrastructure, which 
is essential for smart, sustainable cities. 

The IoT is a rapidly growing network of computing devices with built-in sensors 
and software that can connect and share data, allowing billions of devices and 
objects with smart sensors to connect, collect information in real-time, and 
wirelessly communicate this data to a centralized control system. These networked 
control centers oversee traffic flow, reduce energy use, and enhance a wide range of 
municipal services. Computational analysis of massive data sets is made possible by 
AI, revealing patterns that may be utilized to inform and improve municipal decision-
making. For example, electricity networks called “smart grids” employ digital 
communication technology to monitor and react to fluctuations in local electricity 
usage, allowing for more efficient use of electricity and a reduced environmental 
impact. Users have more say over their energy consumption with the help of IoT 
devices like smart meters and sensors that report back to energy providers on 
consumer energy habits. Thoughtful city planning, predictive maintenance of city 
services, real-time monitoring, decision-making, and optimization of emerging 
technologies across different industries like AI, the IoT, and others are all made easier 
with the help of digital twins, which employ virtual and augmented reality to do 
the same. When compared to the current 3G and 4G networks, which have issues 
supporting the variety of services needed for sustainable smart city applications, 
the rollout of 5G, the fifth generation of mobile technology in many countries, has 
the potential to connect more devices to the Internet, the possibility to transfer data 
faster, and the potential to process large amounts of data with minimal latency.

While no “smart” or “sustainable” communities are wholly wired for all municipal 
systems and services, many are well on their way. Some urban areas, for instance, 
use ICT to better manage their energy resources, garbage, housing stock, medical 
facilities, transportation networks, air quality, alert systems for criminality on the 
streets, and water and sewage systems. Improving the quality of life for people living 



in rural areas and helping to accomplish the United Nations’ Sustainable Development 
Goals (SDGs) are both possible outcomes of rural community development that are 
both smart and sustainable. 

The International Telecommunication Union (ITU) funds technical research and 
encourages continuing collaboration between governments, industry firms, and other 
stakeholders to boost the dependability, security, and interoperability of urban ICT 
infrastructure. The ITU is promoting information and communication technologies 
to improve the efficiency of services and living standards in metropolitan areas. 
Improving the quality of life for rural residents and contributing to the SDGs can be 
aided by, for instance, innovative construction and sustainable rural communities. 
Among the seventeen SDGs is SDG 11, which focuses on creating sustainable cities 
and neighborhoods. ICT can speed up the process of achieving this goal as well. SDG 
11 emphasizes the need to develop environmentally friendly urban environments. The 
concept of a “Smart City” and the theories behind it have come a long way in recent 
years. This is in large part because so many branches of government are investigating 
the potential of “smart city” technologies. The United Nations, the European Union, 
and other federal ministries have also tackled the issue of urbanization to improve a 
city’s quality of life via ICT and to satisfy present and future generations’ economic, 
social, environmental, and cultural demands. 

The book discusses the structure and operation of a sustainable smart city, a model 
for the next generation of urban areas. To maximize resource utilization efficiency, 
enhance urban management and services, and better the lives of its residents, “smart 
cities” implement various information technologies and novel ideas to integrate 
the system and services into the town. All facets of city life make use of the latest 
generation of information technology. It accomplishes the refined and dynamic 
management of urbanization, which helps reduce “big city illness,” improve the 
quality of urbanization, increase the efficiency of urban governance, and better the 
lives of residents. These urban forms invest in human and social capital as well as 
transportation and information communication infrastructure, practice participatory 
management of these and natural resources for scientific management, all of which 
contribute to the city’s ability to grow economically and socially sustainable and to 
provide its residents with a high quality of life.

This book presents the modern concept of a “sustainable smart city” based on 
smart management, smart human environment, and smart technologies of urban 
communications. It explores the vision, planning, and action strategy of a smart 
city. In addition, it presents practical examples of smart city building, detailed 
explanations of the elements influencing construction decisions, and the methods 
used to narrow those choices. Readers involved in building intelligent cities as 
well as government officials, company managers, scientific researchers, college 
lecturers, and students will find this book a useful resource. It includes thirteen 
chapters, each presenting a particular component, system, or technology essential to 
developing a next-generation smart city that can function without compromising its 
environmental or economic sustainability. Writing a book takes time and work, just 
like developing a construction concept does, and requires the cooperation of many 
individuals over a prolonged period. We must start by giving each other credit for 
our contributions to our joint venture. As such, I offer my deepest gratitude to every 
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Chapter 1

Blending Human Ware with 
Software and Hardware in the 
Design of Smart Cities
Amjad Almusaed and Asaad Almssad

Abstract

Sustainable innovation entails realizing society-oriented value creation in an 
environment-friendly manner. A smart city can be viewed as a holistic paradigm 
that avails of state-of-the-art information and communication technologies (ICTs, in 
other words) to advance the so-called “Internet of Things.” This aids the management 
of urban processes and improves the quality of life for the citizens. Smart cities are 
bound to keep getting “smarter” as the ICTs keep developing. While the technological 
factor represented by the IoT, augmented and virtual reality, artificial intelligence, 
urban digital twinning, cloud computing, and mobile Internet is a driving factor 
unarguably, innovation in urban ecology is a vital socio-economic factor that will 
spur the transformation of urban areas in the world to smart cities. In this chapter, 
the authors answer the “what,” how, and “who,” so to say, of the paradigm—smart 
cities—with real-life examples and a case study. They emphasize the importance of 
human ware and remind readers that technology—the all-encompassing Internet of 
Things with its infantry of cameras, sensors, and electronic devices—though power-
ful, is a humble servant in the service of the inhabitants of a smart city.

Keywords: artificial intelligence, cloud computing, internet of things, smart cities, 
urban digital technology, urban spaces

1. Introduction to the paradigm: smart cities

Functionally, one may identify residential, industrial, and commercial areas 
within a city. The city government and the commercial facilities are usually central-
ized in the so-called “city Centre” or “central business district,” while the residential 
areas (inner city) and industrial complexes are distributed over the surrounding 
land area [1]. According to the United Nations (2016), by 2030, 60% of the global 
population will be urbanized [2]. The paradigm “smart city” was conceived in 2008, 
when IBM created a plan for the Smart Planet project to build new cities that could 
support a burgeoning human population, while also enhancing the quality of life 
for their inhabitants. Leading IT corporations jumped on the bandwagon and the 
concept entrenched itself. Many countries—Singapore, the United Arab Emirates, 
and South Korea to name but three, have invested a lot in their smart city initiatives. 
Songdo (South Korea) can be looked upon as the very first turnkey smart city. Cities, 
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in general, are hubs of creativity and innovation, which stand them in good stead 
to adapt to/counter/minimize/solve problems/challenges related to rapid urbaniza-
tion, including issues with social cohesion, the demand for natural resources, the 
effects of climate change, and rising demand for city services such as transportation, 
health, housing, and social care [3, 4]. The development and integration of ICTs 
remove obstacles to the exchange of knowledge and information, and restrictions 
on innovation while encouraging the dissolution of barriers between different social 
organizations and activities. The transition from the production paradigm to the 
service paradigm positively impacts the “industrial form,” “city-administration form,” 
and the “urban form” in general [5]. The idea of a “smart city”—from a technocratic 
perspective—is to manage the inanimate assets in the urban setting to serve the 
animate entities (human inhabitants) by integrating various ICTs (information and 
communication technologies) and IoT solutions. The assets include local informa-
tion systems departments, schools, libraries, transportation, hospitals, power plants, 
water and waste management utilities, law enforcement agencies, and other public 
services [6–8]. By utilizing urban informatics technology to improve the efficiency of 
service provision, and cater to the ever-changing demands of the inhabitants, a smart 
city strives to make living healthier, safer, more prosperous, comfortable, and enrich-
ing for its citizens, by gathering data continuously and promptly addressing any 

Figure 1. 
The six main smart city elements [10, 11].
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issues of inefficiency that may crop up [9, 10]. The Center for Regional Science at the 
Vienna University of Technology has identified six key characteristics of a smart city 
(encompassing all the pillars of sustainable development), which provides a useful 
foundation for choosing dimensions while considering a particular city’s resources 
and long-term objectives (refer Figure 1) [10, 11].

• Smart environment

• Smart mobility

• Smart living

• Smart people

• Smart government

• Smart economics

Needless to state, to use a metaphor, smart government is akin to the lubricant 
which keeps the intermeshing gears of environment, mobility, living, people, and 
economics rotating in tandem. Improvements of [11] and changes in the digital 
infrastructure [10] are under the purview of “smart government.”

What is a smart city?
The “what” if “smart cities” can be comprehended well, by resorting to published 

literature. What follows is a bulleted list carefully compiled from relevant literature 
sources.

• The definition of a smart, sustainable city is “an innovative city that uses infor-
mation and communication technologies (ICTs) and other means to improve 
quality of life, the efficiency of urban operation and services, and competitive-
ness, while also guaranteeing that it meets the needs of current and future 
generations concerning economic, social, and environmental aspects” [12].

• A “smart” city, or Smart Municipal, on the other hand, is a man-made intercon-
nected system of information and communication technologies with IoT, or the 
internet of things, which streamlines the administration of internal city activities 
and improves the quality of life for citizens.

• A city that aspires to become a smart, sustainable city must, in theory, improve 
its attractiveness, sustainability, and inclusivity, for inhabitants (permanent and 
temporary) [13, 14].

• According to the Smart City Council, “A smart city incorporates digital  
technology in all the functions of the

• A city can be defined as “smart” when sustainable economic development with 
intelligent management with investments in human and social capital and 
traditional (transport) and modern (ICT) communication infrastructure and 
promote a higher quality of life. Natural resources are used through participatory 
action and engagement [15].
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• A smart city is “the successful integration of physical, digital, and human 
systems in a built environment to ensure a sustainable, prosperous, and inclusive 
future for residents,” according to the British Standards Institution (BSI) [16].

• There are eight key aspects that define a smart city, according to Frost and Sullivan 
(2014): smart governance, smart energy, smart building, smart mobility, smart 
infrastructure, smart technology, smart healthcare, and smart citizens [16].

• A smart city brings together technology, government, and society to enable 
the following features: a smart city, a smart economy, smart mobility, a smart 
environment, smart people, smart-living smart governance [17].

• The concept is not static; there is no absolute definition of a smart city, no end 
point, but a process, or series of steps, by which cities become more “livable,” 
more resilient and, therefore, able to respond more quickly to new challenges [14].

• Smart cities represent a unique specific entity—something that can be taken 
as a whole and launched as a comprehensive itemized list. All hardware must 
be linked to the internet of things, all software must be connected, and every 
component must be instantaneously updated and synchronized for a city to be 
deemed smart [18].

• This group of cities may be compared to a well-functioning biological creature 
that promotes social welfare. Digital smart city technologies make life better for 
inhabitants on all levels. For example, the time wasted in slow-moving traffic is 
almost eliminated, parking spots for private vehicles can be easily located, and 
inhabitants feel more secure and safer. In a nutshell, smart technologies will 
make life more convenient and comfortable, for the urbanites of the world (55% 
in 2018 and expected to be 60% by 2030) [19, 20].

• The main idea of a smart city is the prevalence of ICTs and the IoT to gather data on 
energy and water usage, vehicular traffic, air pollution, and other urban “vari-
ables” in order to plan, make decisions, change and evolve into a more sustainable 
urban setting, utilizing resources—be they water, energy, food or for that matter, 
urban space, optimally [19, 20]. However, authors of Ref. [21] point to the shorter 
lifetimes of the smart network devices (necessitating frequent replacements) and 
the high energy consumption associated with the data servers for instance.

2. Wise use of the limited resource: urban space

The need of the century is an agglomeration of urban areas generating sustainable 
economic development and contributing to social welfare (enhancement of quality of 
life, in other words), by availing of the six key “smart” characteristics which have been 
referred to earlier, and thus adapting to or surmounting the sustainability-related chal-
lenges of the century [22, 23]. The increase in urban land usage is sometimes referred to 
as urbanization. The traditional definition of urbanization considers “land-use change” 
from scattered “exploitation” of the resource to more compact land-use practices [24]. 
It is an assemblage of architectural and engineering artifices that enable the city’s 
permanent and transient residents to perform their daily functions. Mythologically, 
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the city was looked upon as an analogue of the model of the world—the heavenly 
world in earthly manifestation, in other words. “The city is the connection of heaven and 
earth, and we live in it,” is one of the many inscriptions on tablets from the Sumerian 
civilization [25]. The city spaces represent a system that presupposes the presence of 
material/s (what the studied phenomenon or phenomena consist of/s of). The city 
spaces can be guided by anthropocentric logic—in other words, place a person at the 
heart of the urban planning process. The materials in the space will then obviously have 
the “fingerprints” of the inhabitants, so to say. These “fingerprints” are the needs and 
values of the human entities of the system [26]. In the past, cities were created to pro-
vide safety and defense against outside threats for their inhabitants. Following this, the 
inhabitants began to group together and become “fellow citizens” to support trade. The 
purpose of “public spaces” in urban areas is the facilitation of social interaction and 
communication. These spaces need to express empathy for human needs so that people 
of any socioeconomic class may feel comfortable when they spend their leisure time 
there. Using a thermodynamic metaphor, high-quality and lively public spaces provide 
both sensible and latent benefits to the populace [27, 28]. They serve as incubators for 
urban development and must be designed/created in keeping with the aspirations of 
its “users.” Practice shows that the most popular urban spaces are multifunctional, 
providing visitors with options for several leisure activities, and by doing so, attracting 
people from different walks of life. In today’s globalized human society characterized 
by fluidity and diversity, the approach to urban spatial and structural organization has 
changed considerably and is oriented toward unification, optimization, and digitaliza-
tion [29]. Society needs new views and strategies in the context of urban evolution to 
understand and corroborate the requisites for a “human-friendly, safe and comfortable 
urban environment,” and the modus operandi to get there [30, 31]. Many researchers 
are actively considering the future of cities in terms of the digitalization of society and 
the introduction of IT technologies, believing that these processes can influence the 
creation of comfortable and conducive social conditions. In the process, less atten-
tion is paid to the interactions among the denizens of the city. Its significance in the 
formation and development of individual identities is overlooked. The influence of the 
environment—both natural and anthropogenic—on society (the society-environment 
nexus, in other words) cannot be ignored or denied. Cities are centers of intellectual 
activity, commerce, culture, science, productive labor, social development, and much 
more [32]. Nevertheless, they are also plagued by a host of challenges, triggered by 
population growth—overcrowding, lack of housing, lack of funds to provide basic 
services to the population, and degradation of infrastructure [33]. If these challenges 
are not addressed pronto and tackled head-on, there is a clear risk of rising discontent, 
escalating political and racial conflicts, and a spike in the crime rate [34]. What lies 
ahead for urban planners and city administrators is a gargantuan task Clever, out-of-
the-box approaches may ease the way forward a little—utilization of the resources and 
ideas of the neighborhood to design areas that seamlessly and naturally blend into the 
urban fabric. The motivator here should be the fostering of a sense of community, via 
creative uses of urban space—like for instance, converting an ancient town square for 
new purposes, or by rebuilding a park on a site that houses an abandoned factory.

2.1 Modern cities and the “smart city” model

Many cities have implemented “smart city” (hereafter written without quota-
tion marks) policies. Smart city conceptualizations of cooperation place a strong 
emphasis on a strong inter-stakeholder rapport, which is indispensable for effective 
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collaboration towards common goals. Apart from inter-stakeholder liaison (involv-
ing the government, inhabitants, industries, banks, media, academic institutions, 
commercial entities, etc.), there is also a need for inter-departmental collaboration at 
the governmental level [35]. “Smart” entails “transparency” and thereby the avail-
ability of data and information across open-access networks to inhabitants of the 
city. Globally, smart cities seek leaders with foresight, who are effective team players. 
Over the last decade, the concept of “smart cities” has gained significant popularity 
in policy and research circles. However, as it evolves, it needs to adopt a more citizen-
centric approach, instead of being a slave to technology [23].

2.2 Digital city infrastructure

Digital city infrastructure comprises the fundamental information technologies, 
organizational structures, and associated services and facilities required for a business 
or industry to operate in a smart city. A given urban infrastructure may be linked to 
other cities and countries, forming in the process, what could be labeled as regional, 
national, or global infrastructures. If specific to the corporate world, one could speak 
of industrial or corporate digital infrastructures [36]. Such infrastructures are complex 
systems consisting of many subsystems, networked computers, controllers, sensors, 
and devices, which amass and crunch data, and transmit processed data, alternately 
called “information” [37]. The digital infrastructure rides over and thereby monitors the 
physical infrastructure, which includes roads, bridges, parks and buildings, security and 
safety systems, HVAC systems, water and sanitation networks, power supply systems, 
inter alia.. Digital infrastructure is critical at facilities where a range of services are offered 
by a host of service providers [38]. Institutions are progressively compelled to reassess 
their current capabilities, structures, and cultures to uncover possibilities to incorporate 
state-of-the-art technologies, in the process of overhauling existing work models [39]. 
Coordinating the multiple tasks happening concurrently within institutions is indisput-
ably a complex, time-consuming, energy-intensive task. Consider this as an example—
simultaneous operation of both heating and air conditioning systems on the premises 
of a firm. The implementation of a digital (city, corporate, or industrial) infrastructure 
eliminates the complexity of operating multiple systems simultaneously and results in 
some cost reduction too in the process. Avoiding redundancy by using one single network 
for the transmission of video, voice, and data is cost-effective [40]. The digital infrastruc-
ture available today needs to evolve to meet the ever-changing needs of urban residents, 
related to the nine components of the digital/physical infrastructure shown in Figure 2.

Future smart cities will need to manage almost in real-time, optimize their resource 
usage, boost mobility, lower noise, and pollution levels, provide easy access to online 
services, have smart buildings that draw visitors, improve the safety and security of its 
citizens, and create new economic opportunities. This will necessitate harnessing ICTs, 
and monitoring and measuring to be able to manage [41]. While data networks are 
mandatory, data privacy issues cannot be swept under the carpet [42]. The definition of 
a smart, sustainable city is “an innovative city that uses information and communica-
tion technologies (ICTs) and other means to improve quality of life, the efficiency of 
urban operation and services, and competitiveness, while also guaranteeing that it 
meets the needs of current and future generations concerning economic, social, and 
environmental aspects” [43]. A “smart” city, or Smart Municipal, on the other hand, is 
a man-made interconnected system of information and communication technologies 
with IoT, or the internet of things, which streamlines the administration of internal 
city activities and improves the quality of life for citizens. A city that aspires to become 
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a smart, sustainable city must, in theory, improve its attractiveness, sustainability, and 
inclusivity, for inhabitants (permanent and temporary) [44, 45]. Real-time monitoring 
generates data collected from citizens (households) and other items of infrastructure 
in the city (refer Figure 3). These data are stored on computer systems in data centers, 
which can be a group of buildings housing mobile systems and associated components 
[46]. The data security issues referred to earlier, are very crucial for these data centers; 
likewise, the energy consumption by the servers which hold the unimaginably huge 
volumes of data is also a matter of concern [44], especially in smart cities, which have a 
substantial portion of their electricity being sourced from fossil-fuel-powered thermal 
power plants. However, the data centers can be equipped with their own renewable 
power production units for captive consumption, if possible and feasible.

Our understanding of local city dynamics is evolving thanks to smart cities. To 
design public policies oriented toward improving the quality of life for the citizens, 
thorough, holistic planning is necessary. All stakeholders involved, all types of 
resources demanded, and all items of infrastructure need to be factored in, to harness 
the synergies, and minimize the tradeoffs/conflicts [47]. Personalized smart cards 
owned by the inhabitants and used at various “points-of-sale,” parking lots, public 
transportation systems, etc., are vital components of the “smart networks” in smart 
cities. The use of these smart cards enables the city planners to analyze the behavioral 
patterns of the inhabitants and utilize this knowledge as the basis for decision-
making focused on modifications to, and improvements of the city infrastructures 
[48]. Smart city programs are being implemented (note that this is of a dynamic 
nature, and is continuous) at the time of writing, in Amsterdam, Barcelona, Madrid, 
Stockholm, Chicago, Beijing, Glasgow, Dublin, and various cities in India; and there 
is thus a gradual proliferation of smart meters, smart grids, smart residences, and 
smart buildings [49]. Figure 4 illustrates the four characteristics of smart buildings/
residences [49].

Figure 2. 
Smart city infrastructure components.
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3. Smart facility management

3.1 Internet of things (IoT) in smart city

The term “Internet of Things” abbreviated as IoT was coined way back in 1999 by 
entrepreneur Kevin Ashton, who co-founded Auto-ID Labs (an independent labora-
tory network and research group in networked radio-frequency identification devices 
and new sensor technologies) at the Massachusetts Institute of Technology. IoT, 

Figure 3. 
Practical application in different development areas [46, 47].

Figure 4. 
The four features of smart buildings [49].
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which has now come to stay, is often promoted as the next significant advancement in 
massively dispersed information, allowing any physical device to automatically join 
online and be searched for by anybody in the world [50]. The Internet revolution has 
occurred in four different phases—the first three focused on specific devices [51]. 
Through the IoT (the fourth phase, or wave), these devices that have become part and 
parcel of the anthroposphere, are all connected to each other directly or indirectly—
usually securely—to enable centralized monitoring and control, quick responses 
to emergency situations, and proactive/reactive strategizing. Indeed, nothing is 
perfect. There are loopholes and risks and data privacy, as also referred to earlier, is 
a concern that needs to be addressed with vigil [45]. Intelligent computers which can 
comprehend, learn, and perform human-like activities and be trained to modify tasks 
over time to increase accuracy and efficacy are a part of what is termed as artificial 
intelligence or AI [49]. AI, thus, is a part of the IoT. One application is the control and 
optimization of the amount of energy used for lighting and heating. Another example 
is the concept of a “smart factory,” in which automated guided vehicles (AGVs) moni-
tor industrial equipment, look for problem areas, and then rearrange themselves to 
forestall and obviate breakdowns [52].

Traditionally, connectivity relied primarily on Wi-Fi, but today, 5G and other 
types of networking platforms are becoming more efficient at managing large data-
sets and providing speed and reliability [53]. The utilization of the data, not the data 
itself, is the primary goal of data collection. IoT devices gather and send data, which 
must be very carefully examined to make wise decisions (see Figure 5). IoT is slated 
to grow thanks to developments in AI-supported machine learning and superior 
analytics [53, 54].

3.2 Artificial intelligence in smart cities

Humankind strives to create better-living conditions in cities, and technological 
advances have brought about rapid transformations over time [55]. A modern smart 
city, while developing sustainably, must respect the planetary boundaries and ensure 
the socio-economic welfare of not just the existing population but also the genera-
tions to follow. Decision makers must continuously be aware of the connections, 
synergies, and trade-offs among these pillars to uphold and advance the principles of 
this paradigm in the interest of human development and ensure responsible human 
behavior and actions at the global, national, community, and individual levels [56]. 

Figure 5. 
Smart cities working process.
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Artificial intelligence (AI) is a powerful tool in the “toolkit” of urban planners. Smart 
algorithms are currently helping many organizations in the private and public sectors 
to improve their operating efficiencies [57]. In the public sector, for instance, city 
traffic management can be improved significantly by availing of an adaptive AI-based 
traffic management system [58]. Strategic placement of sensors closes to street lamps/
bulbs in public spaces facilitates data gathering. According to a new study, a new 
breed of intelligent lampposts that can monitor body temperature and recognize 
crowding may be able to stem the spread of COVID-19 and restore communities [59, 
60]. They could also consist of 5G Wi-Fi hotspots, air quality sensors, flood monitors, 
digital signs, and video surveillance systems. For instance, the municipal council 
of Barcelona has created a camera-based system mounted on lampposts in the Las 
Ramblas region to aid crowd management and monitor public health on the beaches 
[61]. The municipality used scanning devices to get the images and some AI to analyze 
them to figure out how much of the beach is free. Smart solutions do not have to be 
universal, perfect, and extremely expensive. Any small improvement using AI, albeit 
far from perfect, can bring in a lot of value. Organizations must comprehend the 
value AI technologies can bring to their operations. However, current AI research is 
more concerned with understanding how AI is adopted technologically than finding 
its use-related organizational issues [62]. China, for instance, has seen tremendous 
economic expansion and hyper-rapid urbanization over the last three decades, aided 
by ICTs, cloud computing, and the IoT [63]. Alibaba’s ET City Brain 2.0 is an AI-based 
traffic management system first adopted by the Hangzhou city administration to 
report violations of traffic rules in real-time and provide unhindered passage for 
emergency vehicles such as fire engines, in the event of emergencies [64, 65]. It goes 
without saying that machines, unlike humans, do not get tired while performing 
repetitive tasks such as checking the identity of passengers at airports. Repetitive 
manual work is often error-prone owing to the resulting tedium [66, 67].

AI has sparked controversies around the world, and many of them have not 
been resolved. Inhabitants are averse to being monitored and label the presence of 
video cameras collecting data, as an infringement of their right to privacy. However, 
responsible city administrations must impress upon people the indispensability 
of AI-based technologies to support intelligent decision-making to ensure greater 
safety, security, and comfort [68]. The data gathered by IoT applications are typically 
unstructured. AI-based models extract relevant data from huge volumes of diverse 
datasets and facilitate focused learning therefrom [69]. As artificial intelligence has 
grown and its demand for data has expanded, the number of IoT devices has substan-
tially increased. It is common to undervalue the promise that applications of artificial 
intelligence offer for “smart cities.”. At the time of writing, the taxonomy of smart city 
indicators is under discussion. Additionally, since the concepts of sustainability and 
resilience are increasingly understood to be linked to the idea of the smart city, more 
clarification is needed regarding how various assessment frameworks or indicator sets 
are aligned with sustainability and resilience dimensions and characteristics [23].

3.3 Augmented and virtual reality (AR/VR) in smart cities

ICTs are not without their challenges; they have spawned cybersecurity concerns. 
Although augmented reality (AR) and cyber-security technologies have been around 
for a while, of late, they have experienced exponential growth [70, 71]. Augmented 
reality will be an integral part of the digital infrastructure of smart cities in the years 
to come [72].
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Virtual reality or VR has come a long way since 1961 when it was first introduced 
for military applications in the USA. The deployment of AR and VR in urban environ-
ments offers several benefits, including easy navigation and a good knowledge of the 
specifics of urban life. It can increase public participation in urban decision-making 
and contribute to a collaborative urban design process [73, 74]. A “smart city” 
does not just imply the accessibility of municipal services online, but also entails a 
deeper integration of such services and automated systems, facilitating proactive 
asset management and the wise use of urban space [74] (and customer relationship 
management, where the inhabitants are the “customers” of the city administration). 
Figure 6 illustrates the six areas in which AR and VR can be effectively deployed in 
smart cities.

It is beneficial to realize that the primary characteristic of an urban environment 
is the concentration of social activity. Therefore, it is necessary to analyze statistics 
on the environment, commercial activity, and the use of public spaces by the citizens, 
in addition to traffic data from streets, electrical networks, and water supplies. The 
social, economic, and biophysical surroundings have an impact on how people act 
and interact, and thereby on health and quality of life [75]. Visualization helps city 
authorities to understand the prevailing situation better and make improvement 
decisions based on such understanding. All these concepts and elements are presented 
as layers of the urban geographic information system (GIS). The connection with 
urban GIS is the most understandable and well-developed use of VR and AR in smart 
city technologies. At the same time, Web virtual reality (WebVR), IoT, and three-
dimensional (3-DGIS) geographical information system (3-DGIS) with peer-to-peer 
(P2P) networks are some of the most recent integrated IT tools. These are useful 
while handling spatial “big data” (remote sensing data) [76]. Much has been written 
about the potential of smart urbanism to bring about varied and permanent types of 
progress, including favorable energy efficiency improvements and a heightened sense 
of environment friendliness [77].

Figure 6. 
The six critical areas for the use of virtual reality/augmented reality in a smart city [73, 74].
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3.4 The urban digital twin technology

The urban digital twin (UDT) technology combines 3D city models with dynamic 
data from sensors and GIS technologies, and contributes to a much-better under-
standing of cities [78]. This strategy is based on the idea of the possibility that a static 
structure with dynamic features will arise. Although this technique has industrial 
and technical roots, NASA employed it for the first time in the 1960s to physically 
duplicate systems on Earth to match those in space. The digital twin is now within 
reach as production and manufacturing become increasingly digital, and the IoT 
becomes all-pervading. Digital twins are created to interact with their environment in 
several ways to replicate complex structures and processes for which it is challenging 
to predict effects throughout the product’s existence.

This link between the actual and virtual worlds occurs almost instantly, and more 
precise forecasts can be made well in advance to enable adaptation or preventative 
management [79]. Due to its low cost, rapid analysis, minimal risk, and potential for 
substantial insight, the simulation of manufacturing systems is a potent tool for the 
analysis of systems, and an understanding of the roles of and the interactions among 
the components thereof. A software equivalent of a physical item mimics a real thing’s 
inner workings, technical details, and behavior [80]. The digital twin’s use of sensor 
data from an actual device working in parallel to set input actions on it is a critical 
component of data-driven decision-making, monitoring of complex systems, product 
validation and simulation, and object lifecycle management. Both offline and online 
modes of working are possible. Additionally, information from the digital twin’s 
virtual sensors and the actual device’s sensors may be compared to find abnormalities 
and the causes thereof (Figure 7) [82].

Although there has been a proliferation of publications related to UDT (or DT, 
rather), any investment in such technology needs to be made, after a thorough under-
standing of the requirements, purposes to be served, and the benefits and limitations 
of the technology [83]. The academic sector, businesses, and the public transportation 

Figure 7. 
Digital twins, environments of all types [81].
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sector are particularly interested in DT, as it holds promise to help users surmount the 
challenges posed by tighter profit margins, and stringent quality demands imposed 
by regulators and consumers, and productivity improvements expected by investors 
[84]. Creating smart cities is a complicated process involving a web of interactions 
among municipal departments, external stakeholders, and a wide range of service 
providers. City planners may create smart, sustainable, safe, and liveable smart cities 
with the use of two technological practices: urban information modeling (CIM) and 
city digital twins (UDT) [85].

3.5 Urban drones in smart cities

Drones are vital components in smart city networks, supporting a plethora of 
functions (see Figure 8) ranging from delivery of packages to policing to traffic moni-
toring to firefighting to rescue operations during natural calamities [88]. However, 
due to the absence of established algorithms for using urban drones in both standard 
and special circumstances, it is desirable to assess the drone-related experience and 
identify the most valuable strategies for future best practices [89]. When traffic and 
street cameras do not serve the purpose or are absent, drones can step in as replace-
ments. The quadcopter can provide real-time video surveillance and help to avert 
natural catastrophes, investigate traffic accidents, photograph scenes of crime and 
gather evidence, and detect faults in infrastructures. The features of urban drones 
differ based on the platform and the intended application, and thereby a classification 
must take into consideration a wide range of factors [90]. Most of the drones studied, 
utilized single-rotor, rotary-wing drones with cameras serving as aerial sensors [91]. 
Perhaps, using drones to deliver packages can reduce traffic congestion (as drones 
would be replacing road vehicles which would otherwise be deployed for the courier 

Figure 8. 
The role of drones in a smart city [86, 87].
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service), curtail air pollution [86], save time [87], and venture into areas that would 
be a wee bit difficult for rescue workers to directly get to [92]. Cumulatively, over 
time, the benefits would be conspicuous.

4. Application of the IoT

4.1 Cloud computing and peripheral computing

Applications connected to the IoT have become interesting areas of research for 
engineers and academics. This testifies to the size and significance of data-related issues 
that must be resolved in modern commercial enterprises, particularly in cloud comput-
ing. Just like network connections, the expansion of cloud computing is strongly tied 
to the growth of the IoT. Due to its ability to provide processing power and on-demand 
storage for big data, IoT cloud services have allowed devices to capture, store, and 
transmit larger and more complex sets of data [93, 94]. Additionally, while retaining the 
security of a closed system, private cloud solutions have allowed businesses to handle 
significant volumes of different types of IoT data. Traditional urban management 
techniques and technologies can no longer keep up with cities’ demands and diversified 
development needs—road traffic management, medical and health services, and public 
service facilities [94]. Just as network connections have been closely tied to the growth 
of the IoT, cloud computing too is. Because IoT cloud services can provide processing 
power and on-demand storage for big data, applications can be hosted in the cloud. A 
cloud computing service provider makes public cloud services available, allowing third 
parties to update the IoT environment and incorporate data into IoT-enabled electrical 
products [95]. Urban architectural standards have evolved over time and are often in a 
state of flux, which is due to the rapid alteration in the influential factors [96–98]. The 
sustainable development goals (SDGs) of the 2030 Agenda for Sustainable Development 
of the United Nations include, among other things, making cities more sustainable 
and resilient. ICT solutions relevant to different urban systems and domains come into 
play here [99]. Most urban stakeholders (service providers as well as service receivers) 
see cloud computing as an emerging and attractive strategy for healthcare. It has the 
unique capability to provide limitless capacity and power of procedure in e-healthcare 
[100]. For example, the IoT will optimize the provision of urban medical services, 
and this will improve both intra-sectoral and inter-sectoral communications. Patient 
data are valuable assets that need to be stored and referred to, also in the future. Cloud 
computing will serve to reduce the human labor required for the storage, retrieval, 
and interpretation of these records. Cloud computing may also be utilized to construct 
databases and platforms for medical and health services. Additionally, patients may 
register remotely through the IoT, and this healthcare access can be provided to 100% 
of the urban population quite easily [101, 102]. Cloud computing can perform real-time 
forecasting and evaluation of traffic conditions, analyze traffic development trends, 
offer trustworthy decision-making resources for traffic management departments, 
and facilitate road traffic guidance. Based on the current remote monitoring system of 
traffic, the traffic signal lights are managed and controlled to achieve adequate traffic 
flow control, and almost eliminate the likelihood of an accident. The standardization 
and unification of road traffic management may also be achieved by remote traffic 
control and electronic toll collection, eliminating the problem of slack law enforcement 
brought on by “human-friendly” management and promoting society’s peaceful and 
steady growth [102]. IoT devices are often widely dispersed across different regions, 
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but they all transmit data to a single central system [109]. As IoT data volumes increase, 
a corporation may run out of bandwidth and cloud capacity. Additionally, gather-
ing, transmitting, processing, and receiving data at its destination become more time 
consuming. Furthermore, inefficiencies result from this “delay” especially in businesses 
where real-time information is crucial for success in the marketplace. With the help of 
edge computing technologies, the processing can be decentralized and moved closer to 
the data source [103], by effectively deploying localized computing systems and boost-
ing the processing capability of the IoT devices in the process.

• The sensor-based smart city of the future will be composed of four technological 
layers [104]. Sensors, which can be automated terminals, wireless and mobile 
sensors, and network cameras recording images, videos, and sound.

• All these sensors on the city network, connected through the communication 
infrastructure

• Data collected by the sensors are consolidated, processed, and analyzed to obtain 
useful information

Time series analysis is possible to understand the trends and patterns, related to 
energy usage, noise reduction, traffic optimization, and implementation of safety and 
security measures [105].

4.2 Smart surveillance

Urban lighting systems can double up as surveillance systems in a smart grid [106]. 
Installing street lighting surveillance technology does not require creating a complete 
smart grid. In numerous UK cities, a microphone system is installed on streetlights, 
and the possibility of adding cameras to them is being discussed, at the time of 
writing. People who live in regions that are vulnerable to crime and terrorism have 
experienced several changes in their daily routines, which have affected the quality of 
their lives [107]. Microphones installed on lighting systems to detect angry and suspi-
cious voices, activate cameras connected to the, investigate the sources of the voices 
further—this is in vogue in New York City for example. As the populations in cities 
keep increasing, so does the crime rate, as the potential returns for criminal activities 
are obviously larger in bigger, densely populated cities with more wealthy inhabit-
ants [108, 109]. The standards for installing and employing video surveillance are 
not usually explicitly and comprehensively defined in legal terms, and this absence 
of standardization leads to cities in different countries adopting different approaches 
to avail of this technology to fight crime [110]. Regardless of the weather, intelligent 
technology can “recognize” faces up to 70 meters [111, 112]. Real-time analysis 
enables one to react immediately to emergencies.

5. Illustrating with a case

5.1 Smart city model

Expectations of urban inhabitants have changed radically, owing to the realiza-
tion that ICTs are indeed able to provide them with better services than before. This 
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necessitates better space planning (as urban space is a limited resource) [113]. The effec-
tive use of urban space is of paramount importance if transport-related problems are to 
be solved in a smart city. There is a critical upper limit to the number of vehicles, which 
can be plying on the roads (again, fixed lengths and thereby fixed traffic capacity) at a 
given time, without causing congestion. Parking spaces are always at a premium when 
the fleet of private vehicles in the smart city increases. Thereby, one finds the clever use 
of underground spaces [114], or the introduction of multi-storeyed parking facilities.

It goes without saying that in developed cities, the creation of a digital matrix of 
target indicators is crucial as a management tool for a “smart” system and as a descrip-
tion of the current space-planning structure of the city, both above and below the 
ground. As a result, soft or non-physical assets share a significant capital component 
with multiple effects in many situations for a smart city. In addition to the advantages 
offered by the conventional physical infrastructure, they allow a city to implement and 
mainstream a people-centered strategy [115]. The combination of typical indicators 
and opportunities adequate to the spatial resources of the city development provides 
the basis for identifying the development vectors of the system, and the thresholds 
for their actual implementation—the so-called certainty thresholds. In year-2013, 
Vienna, Toronto, Paris, New York, London, Tokyo, Berlin, Copenhagen, Hong Kong, 
Barcelona, Boston, San Francisco, Amsterdam, Karamay, Singapore, Songdo, and Sao 
Paulo were rated as smart cities [116–118]. Four years later, in 2017, Copenhagen was 
named as the most technologically advanced one. Cities such as Singapore, Stockholm, 
Zurich, Boston, Tokyo, San Francisco, Amsterdam, Geneva, and Melbourne were the 
other 9 in the top-10 list. The next subsection focuses on Singapore in greater detail.

5.2 Singapore as a smart city

Data generated by billions of individuals daily through their usage of modern 
technologies and social media had made artificial intelligence possible [119]. Singapore 
has structured its public and private transportation networks, installed smart traffic 
lights and sensors to measure traffic congestion, introduced smart parking throughout 
the city, and will soon see the widespread usage of autonomous cars. Despite being 
a wealthy country, Singapore is well known for its strict social laws. A few years ago, 
Singapore started an initiative to transition to a smart city. The “whole of nation” 
approach was adopted to give better assurance of success and experiment with new 
technologies and concepts of IoT and CPS (Cyber-Physical Systems). Technology matu-
rity, ease of use, and public acceptance were emphasized. All aspects of urban infra-
structure, including transportation, telecommunications, healthcare, and resources 
management, would be encompassed [120]. To date, the whole world is interested in 
Singapore’s emphasis on environment-friendliness in their urban design approach. 
Technology has enabled a selective application of robotics to either supplement or 
replaces tedious human labor [121]. The Smart Nation concept aims to use sensors 
linked to aggregation boxes to gather citywide data digitally. The competent agencies 
get the data collected on pedestrian activity or traffic volume for analysis and decision 
making in the delivery of services. The National Research Foundation oversees enhanc-
ing Virtual Singapore, a dynamic 3D city model, and a collaborative data platform for 
planning. Public and commercial businesses can use it to create tools to evaluate ideas 
and products, such as modeling crowd dispersals from potential sports arenas [121]. The 
government wants to install solar panels on the roofs of 6000 buildings by 2022, as well 
as smart and energy-efficient lighting for all public routes [121]. Singapore is now really 
“smart,” thanks to several strategic programs undertaken by the government in close 
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collaboration with other stakeholders in the country. New technologies are currently 
being tested in the city. It relates to “life issues” and the electronic government. They 
develop a CODEX, a digital platform that swiftly and effectively offers citizens digital 
services (see Figure 9) [122, 123]. Through the Moments of Life initiative, parents can 
register a new-born, find a kindergarten, or find information about necessary vaccina-
tions, older people can find out about public services, and professionals can find a job.

5.3 Smart public transport and unmanned vehicles

Notwithstanding recent developments, resolving traffic congestion problems has 
not been easy in Singapore [124]. The government is seeking to address this issue by 
restricting the number of vehicles on the road and raising costs. However, a successful 
transportation policy may be achieved with innovative ideas:

• Sensors: With their assistance, traffic can be diverted when sectional congestion 
is identified.

• Autonomous taxis: The cost of transportation will be lower without a driver.

Over time, people have realized the negative impacts (congestion, noise, and 
air pollution) of unrestrained use of private vehicles—both four wheelers and two 
wheelers. There is an increasing predilection for the use of public transportation. Out 
of 5.6 million people, there were 7.54 million daily bus trips nationwide in 2018, and 
attempts are constantly made to improve the quality of service provided [125]. To 
test robotic automobiles, the whole western portion of the nation—more than 1000 
kilometers of roads—was made available to businesses. Since last year, locals have 
used autonomous busses and shuttles, and the nation’s first unscrewed taxis debuted 
in 2016 [126]. Standards for drones have been formalized, to increase the effectiveness 
of developing and introducing new robots on the road.

5.4 Smart multipurpose lighting

Making a city smart requires investments in high-speed fiber networks, smart 
city technologies, a strategy for data-sharing and data security, and a master plan for 
urban growth. The adjective “smart” must perforce also imply “sustainable,” “equi-
table,” and “inclusive” [127]. The “Lamp Pole as a Platform (LaaP)” trial initiative was 

Figure 9. 
CODEX platform [122].
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launched by Singapore in 2018, and streetlights were integrated with various sen-
sors, including cameras with facial recognition software. Upscaling to track human 
activity and monitor air quality, will make it multi-functional and multipurpose. The 
project is a part of the broader Smart Nation program, which aims to use cutting-edge 
technology for “crowd analytics,” to combat terrorism and augment the safety and 
security of the inhabitants of Singapore (Figure 10).

To date, over 100,000 lampposts in Singapore are equipped with surveillance cameras, 
which might soon assist law enforcement in identifying people in crowds (Figure 11).

Figure 11. 
The technique for identifying faces in crowds.

Figure 10. 
‘Lamp pole as a platform’ initiative [128].
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Such video surveillance can stifle free expression and association, violate the rights 
to travel and rest, and erode the right to privacy in general [129].

5.5 Education and tech-savviness

In the 1960s, English was mandated as the medium of instruction in schools, 
and universities started teaching entirely in English. Additionally, the government-
sponsored students who intended to study abroad. The bilingualist strategy focus-
ing on speaking English and the native tongues of the three major ethnic groups: 
Tamil for Indians, Mandarin for the Malay population, and Chinese for the Chinese 
community, mandates that pupils in schools learn both their respective mother 
tongues and English [130]. This characterizes a high level of concern and respect for 
human capital. As part of the Smart Nation Fellowship, specialists from abroad are 
attracted to Singapore [131]. By analyzing Singapore’s recent Smart Nation effort, 
the authors of this chapter would like to recommend the inclusion of the actual 
human and embodied work into the ‘smart urbanism’ paradigm.. Smart Nation 
Together is an educational course on programming and teaching technologies, 
including 3D printing and artificial intelligence, designed for children, adults, and 
the elderly [132].

5.6 Healthy is smart, smart is healthy

A complex housing several research facilities, medical facilities, and enter-
tainment spaces will be constructed in Singapore, by 2030. Health City Novena’s 
master plan aims to create an infrastructure that makes sidewalks, underground 
parking lots, and parks as comfortable as possible for patients [133]. The develop-
ers have made the inanimate infrastructure subservient to the animate entities it 
is meant to serve—patients, students, guests, and employees of these facilities. 
Singapore’s digital environment makes it possible to both receive and provide 
services. If someone needs urgent medical assistance, a responder app alerts medi-
cal volunteers within a range of a kilometer [134]. Harnessing the benefits of the 
“enabling aspects of technologies” to the fullest for its citizens, is what has been 
the hallmark of Singapore’s entrenchment as a leading smart city (city-state) in 
the world [135].

Highly reliable high-speed Internet and the ubiquity of smartphones (some 
Singaporeans own more than one smartphone) characterize Singapore. This makes 
it possible to unburden doctors, by organizing remote consultations in cases where 
the ailment is mild, or the patient query is simply about preventative/prophylactic 
measures [136].

5.7 Continuous collaborative innovation

Singapore has been a hotbed of innovations, and a crucible for experimentation, 
for many years now. The government, in its capacity as financier and promoter, 
works shoulder to shoulder with tech-start-ups and experts in academia and indus-
try, to keep innovating, testing, and implementing briskly.. Singapore’s innovation 
policy while facilitating continuous urban transformation within this city state also 
has positive spillover effects on other countries in ASEAN, Asia and elsewhere in the 
world, which can learn from the success of this innovation-powerhouse in South-East 
Asia [137].
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5.8 Digital Singapore enabling resources management

Thousands of cameras and sensors make it possible to create a digital copy of the 
city. This is necessary to predict various events, from natural disasters to pandem-
ics [138]. In addition, the digital model keeps track of the number of inhabitants, 
resource consumption, climate change, and many other factors that impact their 
lives, favorably or otherwise. Resource scarcity (or rather an impending resource 
scarcity) is directly correlated with the population density of a city. Smart meters and 
sensors come in handy here, to limit resource consumption in both the residential 
and commercial sectors. Singapore has incorporated cutting-edge automation tech-
nologies—bolstered by ubiquitous sensing and data gathering—to address a host of 
challenges related to the management of resources [139]. Solar panels are integrated 
into building facades, to generate electricity for captive use. The NEWater wastewater 
treatment and recycling system meet 30% of the city’s potable-water needs, reduc-
ing its dependence on freshwater imports from Malaysia. Modular vertical farms, 
designed to enable all the plants to have adequate sunlight and water, enable efficient 
farming, in a country where arable land is at a premium.

6. Results and conclusions

A smart city takes recourse to digital technologies to streamline all “urban 
operations” to enable quality-of-life improvement for its inhabitants. In addition to 
promoting social well-being, it also has a beneficial impact on industrial development 
and economic growth. Businesses are impacted favorably by digitization, as it gives 
them an attractive return on investment. Emergencies necessitating quick remedial 
measures can be effectively managed if smart technologies are availed of. The IT 
infrastructure of a smart city is comprised of several networked computers, control-
lers, sensors, and devices. These subsystems gather huge volumes of data that need 
to be stored, crunched, and transmitted. The city administration can communicate 
directly with the inhabitants (as well as with all the urban infrastructure elements) 
through the IoT. This will enable the administrators to monitor and measure in real-
time and combine proactive and reactive approaches to adapt and evolve and keep 
enhancing the quality of life of the city’s inhabitants. Building a smart city calls for 
comprehensive perception, ubiquitous interconnection, ubiquitous computing, and 
integrated applications through new-generation IT applications like the IoT and cloud 
computing, represented by mobile technology.

Wikis, social networks, and complete integration techniques must be used in 
smart cities from the standpoint of social development to actualize a knowledge 
society characterized by using creativity and innovation which is free, collaborative, 
and benefits the masses. For instance, smart (adjustable) street lighting can conserve 
a lot of energy. Smart traffic lights can autonomously select the mode of operation 
depending on their analysis of the flow of vehicles and the traffic scenario. All public 
locations with video cameras and emergency call panels serve to ensure security. 
Real-time information—about various aspects of the lives of the citizens, like health-
care, utilities, security, and transportation, inter alia—streamed from the cameras is 
gathered and examined. Smart houses and buildings are also a component of develop-
ing smart cities.

Managing urban infrastructure, such as transportation, education, healthcare, 
housing and community services, security, requires the integration of several ICTs. 
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The overarching goal of developing a “smart city” is to augment the standard of living 
of its citizens by employing urban informatics technologies to enhance the effective-
ness of the services provided. For a qualitative improvement in the level of security, a 
move to proactive actions that enable crime prediction and resource allocation plan-
ning is required. By examining historical data on antecedents, it is possible to develop 
risk profiles.

A smart city is an advanced kind of “urban informatization” that completely 
utilizes the new generation of ICTs in all areas of urban life. Ideas for regional devel-
opment like e-government, intelligent transportation, and smart grids commonly 
merge with smart cities. Smart cities must necessarily have other attributes such as 
“eco-friendly” and “low-carbon.”

While technological innovations aided by ICTs are looked upon as solutions for 
all challenges by some techno-optimists, it must be borne in mind that “smartness” 
is incomplete without human-networks-building and human capital development. 
Smart cities, after all, must be “of the people,” “by the people,” and “for the people,” 
with technology being just a humble servant of the masses.
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Chapter 2

Embracing Human Complexity in 
Service Design for Inclusive and 
Sustainable Smart Cities
Margherita Pillan

Abstract

According to the UN Agenda 2030, the sustainable development of cities is aimed 
at innovation for social, environmental, and economical progress. The goal is the 
development of services and socio-technical systems apt to conjugate inclusivity) 
with economical and ambient sustainability. To produce social progress, the innova-
tion of infrastructures and services should match the diversified needs of the contem-
porary multicultural environments and be designed to favor the change of behavior 
of citizens toward more convenient and sustainable lifestyles. The chapter discusses 
the importance of the active contribution of citizens to achieving the objectives of the 
UN Agenda 2030. It argues the opportunity to include scientific theories on human 
complexity in university training for sustainable service design and proposes the 
theories of Design for Behavior Change as a valuable conceptual tool. Finally, the 
chapter focuses on the general value of considering gender perspectives in the design 
of smart services and systems to optimize satisfaction and adherence to services.

Keywords: sustainability, United Nations agenda 2030, service design, design for 
behavior change, gender issues

1. Introduction

Smart cities are paradigms for the development of urban environments and the 
contemporary expression of the eternal human strive toward the perfect settlement.

In human history, the ambition of conceiving ideal urban organizations is very 
old, and the dreams of the perfect city always reflected the culture, values, and 
beliefs of the philosopher and architect generating them. The vision of future urban 
settlements is animated by the intention of progress, by the aspiration of achieving 
an ideal condition, and overcoming problems and critical situations. Each proposi-
tion for urban development reflects, in explicit or implicit ways, a system of values 
and priorities and a vision of the relationship between humans and the natural 
environment. From Plato to Leon Battista Alberti in the Italian Renaissance to Le 
Corbusier, the study of the paradigms proposed for the cities of the future produces 
a representation of the human aspiration for improvement according to the values of 
their time and of the struggles for the realization of visions through attempts, errors, 
and improvements [1].
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Plato’s idea of roles in society was influenced by the assumption of the natural 
social distinction between freemen and slaves and by the importance paid to military 
protection; the wish to contribute to restoring people’s dignity inspired Gropius’s 
work [2]; contemporary theories on social innovation express the convincement 
that people and communities are main stakeholders in the invention of solutions for 
sustainable and desirable development [3].

The primary purpose of smart cities is the creation of environments and socio-
technical ecosystems capable of conjugating the well-being of individuals and 
communities with respect for the environment and wise use of resources [4]. Smart 
cities involve policies and deal with productivity, sustainability, and well-being [5]. 
They can therefore be ascribed to the realm of utopian models for urban development 
aimed at providing the context for an ideal and desirable future for humans.

However, several specific factors mark the novelty and peculiarity of the smart 
city; among others:

• the centrality of digital technologies that provide the nervous system and  
access/control terminals for a new generation of solutions based on information 
and algorithms [6–8];

• the lack of a unique model for development: the invention of smart solutions 
is an open opportunity for innovation and progress where private companies, 
policymakers, and local administrators, together with single citizens and associa-
tions, are agents and stakeholders for smart initiatives to create economic, social, 
and environmental value [9];

• the global and planetary dimensions of the unprecedented challenges that 
humanity is facing today.

Smart solutions are made possible by the availability of digital infrastructures and 
applications. Technologies provide the means for the automation of physical services 
and facilities, enable the exchange of information and control, and provide access 
at a distance to facilities and commodities [10]. The scenarios referred to the smart 
city aim at the rational use of local resources, and at the optimization of efficiency 
and satisfaction for main services, including mobility, transportation, health care, 
democratic participation, smart generation, and distribution of energy [7, 10].

Several smart city initiatives are animated by the ambition of creating progress in 
terms of social and environmental sustainability, but the creation of socio-technical 
systems based on digital technologies is not necessarily always aligned with the values 
of sustainable development [11].

The digital transition is associated with enormous economic interests; the creation 
of digital infrastructures and services has been both demand- and market-driven. The 
case studies on smart cities reflect different models and ambitions of urban develop-
ment and include eco-city experiments, systems aimed at improving the efficiency 
and effectiveness of economic and productive environments, and initiatives for 
the creation of elitist contexts [7, 9]. Digitalization can be leveraged as a strategic 
opportunity for industrial and business competition. Big data, artificial intelligence, 
and automation can increase efficiency and promote the innovation of products, 
processes, and services; they also support the creation of virtuous synergies between 
different comparts of industry and services. On the other hand, according to the 
UN report on Technology and Innovation [12], creating digital facilities and systems 
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requires financial investments and research and technical capabilities. Countries 
with low capabilities of investment, poor education and research systems (notably 
for STEM disciplines), and scarce industrial know-how could have severe difficul-
ties in grasping the opportunities offered by digitization. Specific support actions 
should therefore aim at supporting the digitalization of those nations that have the 
most significant difficulty in implementing the digital transition. Furthermore, the 
report refers that “Women are also severely underrepresented in the key area of ICTs, 
accounting for only 30 percent of total workers in the digital sector in the European 
Union. Underrepresentation occurs at all levels, but particularly in decision-making 
positions”.

In other words, socially sustainable digitalization requires dedicated education 
plans, inclusive industrial growth and policies, and the capability to design for 
diversity.

Altogether, the experiments and the criticism that accompany them do not ques-
tion the potential of ICTs in the generation of meaningful and desirable solutions for 
social and environmental progress, but they point out the importance of dealing with 
the complexity of the impacts and frictions connected to change [13].

In this context, the updating of education programs becomes an important prior-
ity to provide the young generations of designers with a suitable background and 
sense of critics [14–16].

Smart cities are transdisciplinary project fields, and their creation requires the 
convergence of different domains of knowledge; they are an ideal melting pot where 
human sciences, design disciplines, and formal sciences collaborate and become 
contaminated. Smart systems and services, in fact, involve three dimensions and 
architecture: the physical dimensions, the network of information, and the organiza-
tion [17]. No development proposal is politically neutral: inevitably, every vision of 
the future arises from an interpretation of what is right and desirable for individuals, 
communities, and the environment. Each discipline involved in urban development 
should develop an ethical reflection on the consequences of project choices and on 
how to approach the project of the future, considering the impacts and consequences 
of change in a conscious and responsible way [18].

In the design of smart solutions, the design of services and interaction has the 
task of understanding people’s needs and attitudes and inventing solutions that are 
meaningful, desirable, and simple. To this end, user-centered design approaches have 
been developed, which include multiple survey techniques on users and contexts, 
aimed precisely at collecting insights and identifying design opportunities [19–21].

However, in many cases, the implementation of smart socio-technical systems 
oriented toward sustainability requires a change of mentality and behavior on the 
part of people so that they can accept and adhere to new services and systems [22].

Designing smart solutions for sustainable development is not only a question of 
understanding and responding to people’s needs but, rather, of designing to enable 
changes that are acceptable and beneficial for people and communities.

A question therefore arises: what are the skills that can strengthen the ability of 
designers to understand human complexity in order to design solutions that garner 
the support of end users?

This document contributes to answering this question by indicating two specific 
themes: the theories of Design for Behavior Change as a useful support to the under-
standing of how to cope with human reluctance for change and the importance of 
considering the specific gender point of view in order to design services capable of 
responding more effectively to people’s needs.
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The remainder of this document is organized as follows: a section is dedicated 
to illustrating the importance of the active participation of end users in the actions 
for achieving the objectives of the 2030 Agenda. Two sections are dedicated to the 
theories of design for behavior change and briefly indicate the results of their applica-
tion in a university course. Finally, a fourth paragraph focuses on the importance of 
including the gender perspective in the preliminary research for the design of services 
for developing inclusive services; it also briefly reports the results of an education 
experiment.

2. Citizens are the main actors in sustainable development

Humanity today faces multiple challenges on which the future of human beings 
and the planet will depend. Climate change, dramatic social inequalities, conflicts, 
pollution, and scarcity of resources ask for actions and responsibility for improving 
human conditions and conservating natural systems for future generations. Digital 
technologies play a crucial role in the search for suitable solutions, but technology 
alone is not sufficient, and every social actor should contribute to the mitigation of 
the current crises [23, 24].

A meaningful example of the importance of citizens in sustainable development is 
the energy transition. Energy services are the focus of the seventh goal in UN Agenda 
2030 and one of the arenas where smart systems must provide value for people and 
environments. The targets listed for this goal include the development of techno-
logical systems for the production and distribution of clean energy, the substantial 
increase of renewable sources in the production mix, and the improvement in energy 
efficiency. Digital systems play a fundamental role in the creation of smart systems 
that can improve the efficiency and quality of energy services [25] and are essential 
for managing the integration of local and centralized production. But the energy chal-
lenge is not only a matter of production and distribution systems.

The document Climate Change and Energy Renovation Wave by the European 
Commission for the Environment provides a map of the different opportunities for the 
specific and local strategies in each country in the European Green Deal: each contest asks 
for a specific approach to the energy transition. Citizens can be an active part by giving 
their contributions with behaviors and lifestyles that favor energy savings: they can build 
or renovate homes and workplaces following sustainability criteria so as to reduce the 
need for energy in thermal regulation; influence the energy policies of local administra-
tions and the energy industries by asking for transparency on the energy sources negotiat-
ing for a fair mix; participate in the co-production of energy, exploiting local resources; 
contribute to culture change by their advocacy on the value of the energy transition [26].

Figure 1 maps the potential contributions of citizens to the energy transition.
Nowadays, the availability of energy supply under reasonable conditions for con-

sumers and companies – considering quantity, quality, and costs of the services – is 
not guaranteed in a uniform and fair way in the various parts of the world. According 
to the UN Agenda, “Health, food security, gender equality, education, economic 
development and other sustainable development goals critically depend on access to 
clean, affordable and reliable energy services” [27].

The agenda points out as a primary priority the task of “ensuring universal access 
to affordable, reliable, and modern energy services, and of expanding infrastructure, 
and upgrading technology for supplying modern and sustainable energy services for 
all in developing countries” [28].
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To produce progress in terms of environmental and social sustainability, the 
energy transition must therefore involve people so that they collaborate in identifying 
and implementing the most acceptable, desirable, and effective solutions in local level 
contexts.

3.  Change is a difficult challenge in the design of solutions for sustainable 
development

The example of the energy transition is emblematic of the fact that to succeed in 
the challenges of our time, it is necessary to integrate technological skills with the 
ability to involve citizens as active and fundamental actors of change. In other words, 
the energy transition requires the convergence and collaboration of different domains 
of knowledge and expertise, including human and brain sciences, providing insights 
into human mental models and processes and the capability to develop languages, 
experiences, and storytelling to favor awareness and engagement. This is necessary 
for most changes required by the sustainability goals. According to Linner et al. [29], 
the agenda goals require social research for understanding how the transformation 
takes place in local contexts and how it is associated with changes in sense-making 
and social values.

The change of mindsets and behaviors is not an easy task. The lack of knowledge, 
suitable means, and technical skills can hinder the active participation of citizens in 
change. But often, the implementation of new socio-technical systems also encoun-
ters obstacles related to the lack of understanding of the importance of the transfor-
mations required by the sustainable development goals and to scarce motivation for 
personal engagement. The change of mindset is not straightforward even in front to 
sound scientific data demonstrating evidence [30–33]. According to these authors, 
the reluctance toward a change of opinion is very strong in individuals, regardless 
of their education and cognitive capabilities. From the point of view of social and 

Figure 1. 
How citizens can engage themselves in the energy transition.
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personal stability, attachment to the personal convictions and vision of reality can be 
useful as it contributes to sustaining determination and perseverance even in the face 
of crises and difficulties.

In the implementation of systems for sustainable development, reluctance to 
change is a factor of complexity to cope with, also demanding specific attention and 
dedicated knowledge. For this purpose, the theories of Design for Behavior Change 
(DfBC) can offer a valuable contribution.

4.  Including design for behavior change in the conceptual toolbox for the 
design of digital services and systems

Design for Behavior Change (DfBC) is a set of design theories based on the 
application of behavioral sciences and aimed at supporting the project of solutions 
requiring a change of attitude, behavior, or mindset in users. According to Niedderer 
et al. [34], “Design for behavior change is concerned with how design can shape or 
influence human behavior and sustainable innovation”.

While it can be argued that most design work is addressed to have an impact on 
users, according to Lockton [35], “Systems intentionally designed to influence behav-
ior different from that usually associated with the situation or in situations where a 
user would not otherwise have a strong idea of what to do (e.g., with an unfamiliar 
interface), represent a degree of designer intent beyond this”.

It is important to point out that DfBC is not aimed at the persuasion of the 
users; it aims instead to understand what are the factors that prevent people from 
adopting a certain behavior even when it is associated with obvious individual 
and collective advantages. Application of DfBC could impact solutions to support 
health-friendly lifestyles; could empower people to reduce the use of energy and 
water resources, food waste, and correct waste management; could give a con-
tribution to enabling responsibility toward the common goods and the territory; 
could promote the adoption of collaborative behaviors; could encourage responsi-
ble behaviors in mobility. According to Wendel [36], DfBC assumes that the human 
mind has limits in attention and willpower and that human activities depend on 
both conscious and unconscious thinking, with habits and automatism often gov-
erning our behaviors while our decision processes are influenced by the context. 
These assumptions are coherent with the findings of the scientists rewarded with 
the Nobel prize to the psychologist Daniel Kahneman and the economist Richard 
H. Thaler.

Figure 2 shows the main obstacles that can hinder people from changing behavior 
even when they understand the benefits of change.

Other authors instead frame the obstacles to behavior change in terms of physical 
vs. phycological capabilities, reflective vs. automatic motivation, and physical vs. 
social opportunities.

Withe et al. [37] produced a review on strategies for shifting consumer behaviors 
to be more sustainable. Their research includes several factors such as social influence, 
habits, sense of self, feelings, and cognitions. The authors propose drivers for positive 
engagement of citizens and consumers that address the importance of operating on 
symbolic attributes of innovative proposals. They remark the focus on broadening the 
sense of self associated with the adoption of sustainable lifestyles and preferences; the 
focus on positive emotions, empathy, and moral elevation as leverages in sustainable 
change.
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Michie et al. present a systematic review on the effectiveness of different tech-
niques for behavior change in health care [38]. Despite the available data document-
ing the effectiveness of the techniques evaluated by the authors, the paper points out 
the opportunities and needs for systematic and comparative studies on the topic that, 
with the support of data collection and analysis, could provide new paradigms for 
research in health care.

Altogether, academic literature on DfBC shows its potential as a conceptual aid in 
the design of services requiring change of behavior and/or mindset in final users and 
stakeholders.

The DfBC theories can be useful in the design of digital solutions for sustain-
ability? To answer this question, during the academic year 2021-2022, an educational 
experiment was conducted with the students of the MsC in Digital and Interaction 
Design at the Design School of Politecnico di Milano within the course of UX Design. 
The course aims at teaching how to design digital services and applications, and it 
includes preliminary research on contexts, stakeholders, and users to collect insight 
and design opportunities. The class counted approximately 60 students from 14 dif-
ferent countries, working in 9 teams. Students attended lectures on the sustainability 
goals of the 2030 agenda; the lessons on theories and case studies on DfBC introduced 
students to the difficulties of inducing a change in behavior and provided the concep-
tual tools to frame the bottlenecks that can prevent it.

Although initially, a few students declared difficulties in understanding the 
theories of the DfBC, during the course, the teams progressively recognized its 
value. Behavioral and cognitive sciences provide new models to describe the under-
standing of the complexity of the information processing and decision-making 
processes that govern human behavior; the acknowledgment of this knowledge 
and its implications may require a change of mindset in designers that is not easy to 
accept at first.

Figure 2. 
The several factors that can hamper the availability of citizens for behavior change. The bold frame points the 
attention to the specific focus of theories for DfBC.
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The teams were free to look for design opportunities, scouting for innovative 
forms to produce digital or digital/physical services; they were asked to conduct 
preliminary research, devise concepts, and prototype the applications for final assess-
ment with stakeholders and users. The concepts proposed by the students included a 
service to reduce food waste and a system to encourage the consumption of seasonal 
food, applications to counter impulsive purchases in the field of clothing, a physical/
digital system for education in the conscious use of mobile phones for children, a 
service for reducing the use of disposable items in the hotel sector, an application for 
self-control and awareness in interpersonal communication on digital channels.

The results of the course showed that the theories of the DfBC can offer a con-
tribution to university education for the digital services project capable of making 
students expand their user-centered culture and develop a complexity-aware attitude. 
According to the students, the discussion on the DfBC theories also stimulated their 
thinking about the ethical issues in the design of digital services.

5. Exploiting human diversity in the design for sustainable development

The scientific knowledge that describes the general human reluctance toward 
change can be valuable for the design of effective systems involving people in changes 
for sustainability.

This topic is twined with another one that should be considered fundamental 
in university-level training education for the inclusive design of smart services and 
systems, i.e., the attention to human diversity.

The issue of human diversity has been vastly explored in research and theories of 
service and interaction design: as stated by D. Evans [39], in service and interaction 
design, it is important to start from the assumption “that one size doesn’t fit all” and 
that innovation asks for the capability of coping with human differences. Designers 
can refer to literature from different disciplines investigating human diversity to 
extract knowledge to design for inclusivity. Examples of this are the research on 
human disposition and the impacts of age on the relationship with technologies [40, 
41]. On the other hand, interaction and service design rely on multiple methodolo-
gies for the human-centered design that have been developed for research on users 
and contexts. Over the last half-century, the methodologies for user-centered design 
kept on evolving, together with the conception of the role of the final user in the 
design process: from being the recipient of the project to being a stakeholder in the 
invention and implementation of services. In a recent paper, Auernhammer et al. [42]
reported research outcomes on the evolution of Human Centred Design over the last 
half-century.  The document also presents a map visualizing the various approaches 
adopted in investigating user needs for the different design purposes and branches: 
from Ergonomics to the studies on human-computer interaction and design for all. 
The document enlists the fields of application for the studies on users, ranging from 
interaction design to universal design and design for inclusion. It also traces the main 
steps of the evolution: from ergonomics to participatory design and the growing 
importance of psychological theories.

Despite the wide deployment of methods and approaches for research in users, 
research in this sector has paid little attention to the specific needs and viewpoints 
of women. For example, Beebeejaun [43] remarks that gender issues are yet scarcely 
considered in the academic literature, despite the fact that they should be a pivotal 
focus in considering social diversity.
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Gender equality is the focus of the fifth goal on the UN Agenda, and this specific 
focus is important and a priority not only for women but for all social communities 
since, as clearly indicated in the UN Agenda, “Women are not only the hardest hit 
by this pandemic, they are also the backbone of recovery in communities. Putting 
women and girls at the center of economies will fundamentally drive better and more 
sustainable development outcomes for all, support more rapid recovery, and place the 
world back on the footing to achieve the Sustainability Development goals” [44, 45].

The tasks in the fifth goal focus on the mitigation of gender-based violence, the 
need for dedicated social protection and economic stimuli, and the importance of 
inclusion of women and girls in planning and decision-making. Asteria [46] points 
out that “Smart cities must develop gender sensitivity and awareness about the needs 
of women by using inclusion mechanisms.”

Furthermore, the goal points out the importance of adopting gender perspectives 
in data and coordination mechanisms that are crucial for the future of smart cit-
ies. Special attention should be paid, in fact, to bias in AI algorithms due to uneven 
availability of data or to gender blindness in data gathering. Bias in data gathering and 
processing impacts not only women but also on fairness and the capability to manage 
diversity in the whole society [47, 48].

The adoption of a gender perspective is valuable also in the design or optimiza-
tion of services and systems dedicated to all citizens regardless of gender, such, for 
example, in the case of mobility and transport services. The studies on this topic that 
consider a gender perspective show the specific needs, priorities, and requirements 
of women. According to Chang [49], the perception of spaces, including affordances 
and risks, is gender-dependent. The World Development Report 2012 [50] reports 
specific women’s needs related to their activities, their role in their families, and 
activities as caregivers. Women have specific needs regarding the time schedule, the 
physical and ergonomic characteristics of the vehicles, and the personal safety of 
vehicles and stations. In several countries, women have limited access to transporta-
tion due to their limited economic power and technical skills and reduced access to 
ownership of transportation means. Limited access to transportation and mobility 
has an impact on opportunities for education, work, health care, culture, and leisure. 
Some countries, such as Sweden and Germany, have developed gender-oriented 
services and initiatives to mitigate the gap in opportunities for women and facilitate 
the adhesion to sustainable services [51, 52].

The digression on the issue of mobility and transport is just one of the examples 
that can be cited to illustrate how considering the point of view of women on a 
specific service or system leads to the understanding of specific factors that can jeop-
ardize access and acceptability for a large part of the population. The same reasoning 
could be extended to sectors such as smart working systems, medical care, and others.

In the academic year 2020-2021, during the period of social restrictions due to 
the pandemic due to Covid-19, an educational experiment was conducted to investi-
gate the potential of adopting a gender point of view within the process. Design for 
digital services and systems. The experiment was conducted with the students of 
the MSc in Digital and Interaction Design at the School of Design of the Politecnico 
di Milano and involved about 60 students who conducted preliminary research and 
development of innovative digital service concepts. The course was conducted with 
the participation of the Consulta Femminile Interassociativa di Milano (Consfim, 
https://www.consultafemminilemi.com) and the local club Soroptimist International 
Milano alla Scala. Among other activities, these female associations are promoting 
the debate on smart cities with a gender-focused approach aimed at orienting the 
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local administration toward inclusive policies for development. Similarly as in the 
education experiment on DfBC reported in the first part of this document, students 
were asked to generate concepts of digital services with a double-diamond design 
approach, freely scouting for design opportunities through research on users and 
context. However, in this course, students were asked to investigate the specific point 
of view of women and collect specific design hints related to the diversity of gender. 
The students expressed great appreciation for this experience, and several reported 
that the analysis of the perspective of gender enabled a deeper and more articulated 
understanding of needs and opportunities to create value for the users. The concepts 
developed by the teams included mobility and transportation (focus on access to 
sharing-service, safety in public transportation and urban mobility, last-mile mobil-
ity), social life for elderly people, mental health, family activities for children’s care 
and education, and the exploitation and care of public spaces. The female association 
that patronized the experiment expressed high appreciation for the outcomes of pre-
liminary research and concept development; they consider the contents as valuable to 
inspire and orient the dialog with the local public administration for gender-sensible 
development policies. Further information can be found in a dedicated paper [53].

6. Conclusions

According to the idea of a smart city, urban centers are conceived as dynamic enti-
ties capable of fast evolutions and adaptation far beyond the constraints of physical 
structures that define the city layout and material configuration. Implementing the 
new socio-technical systems should give solutions for the challenges of our time if 
they are framed in the sustainable development goals of the UN Agenda 2030. The 
digital infrastructures can provide data enabling efficient use of resources and ser-
vices by offering the means for understanding and answering the diversified needs of 
citizens. The conjugation of the principles of environmental and social sustainability 
with the development models of smart cities is fertile. It can offer significant oppor-
tunities for innovation and progress to benefit people and the environment. As clearly 
indicated by the UN documents, the exploitation of this potential asks for large and 
diversified involvement and engagement of citizens.

This document reports research aimed at developing education at the univer-
sity level for designing interactive solutions and digital services coherent with the 
principles of social and environmental sustainability. The research starts from the 
assumption that the capability to deal with the complexity of social systems and 
cope with human diversity is a requirement for the design of inclusive and desirable 
development.

The first section of the document presents the research background; it points out 
the importance of confronting the innovation paradigms of smart cities with the 
development goals of the UN Agenda 2030 and of updating the contents for design 
education considering the outcomes of behavioral sciences that can be useful in the 
project of inclusive solutions.

Section two refers to the energy transition program as a case study showing the 
diversified modality in which the citizens can contribute to the implementation of the 
goals for sustainable development. The third part reports literature references about 
the complexity of producing changes in behaviors and mindsets.

The deployment of the main theories on design for behavior change is the main 
content of section four. This knowledge enriches the theoretical and methodological 
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competencies for designing effective services and physical-digital systems; it provides 
suitable content for university design education, as demonstrated by a teaching 
experience performed at the Design School of Politecnico di Milano, also reported in 
the chapter.

The fifth and last part of the document focuses on gender issues and on the 
importance of considering women’s perspectives in the design of inclusive and effec-
tive socio-technical systems. Gender equality is a primary requirement for democracy, 
and it is a specific goal of the UN Agenda. The chapter points out the value of consid-
ering gender issues in the development of general-purpose services, and it reports the 
case study of transportation as a meaningful example. Academic literature shows that 
gender-oriented studies are currently very scarce; to ensure inclusive development, 
it is, therefore, necessary to develop dedicated research. The document reports the 
results of an educational experiment for service design with a gender perspective, 
which demonstrate the effectiveness of this theme in university education.

To summarize, this chapter is an act of advocacy for the inclusion of two topics 
in design education. Cognitive psychology and behavioral sciences provide helpful 
knowledge for education on inclusive design. The focus on the gender perspective 
is also presented as a valuable source of inspiration in the development of innova-
tive socio-technical systems. Both topics are complex and require investigations and 
discussions, but experiments demonstrated their suitability for university education 
and the cultural growth of young designers.

Future developments of the research will focus on both, with a special focus on 
how to create motivation and engagement for sustainability.

The document “New threats to human security in the Anthropocene” [54] points 
out the importance of working for improving the availability of solidarity, agency, 
and engagement. These goals ask for multidisciplinary research and experimentation 
and more dialog between the social stakeholders of development.
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Chapter 3

Analysis of Solution Diversity in
Topic Models for Smart City
Applications
Toshio Uchiyama and Tsukasa Hokimoto

Abstract

Topic models are known to be useful tools for modeling and analyzing
high-dimensional count data such as documents. In a smart city, it is important to
collect and analyze citizens’ voices to discover their concerns and issues. Topic
modeling is effective for the above analysis because it can extract topics from a
collection of documents. However, when estimating parameters (solutions) in topic
models, various solutions are reached due to differences in algorithms and initial
values. In order to select a solution suitable for the purpose from among the various
solutions, it is necessary to know what kind of solutions exist. This chapter introduces
methods for analyzing diverse solutions and obtaining an overall picture of the
solutions.

Keywords: topic model, diversity of solution, normalized mutual information,
typification of solutions, topic distribution, word distribution, information-theoretic
clustering

1. Introduction

Probabilistic latent semantic analysis (PLSA: probabilistic latent semantic analysis)
[1] and latent Dirichlet analysis (LDA: latent Dirichlet allocation) [2] are known as
topic models to analyze count data such as documents (text data). In a smart city, it is
important to collect and analyze citizens’ voices to discover their concerns and issues.
Topic modeling is effective for the above analysis because it can extract topics from a
collection of documents. However, when estimating parameters (solutions) in topic
models, various solutions are reached due to differences in algorithms and initial
values. There could exist a lot of local optimal solutions that are distinct but are
equally optimized in the objective function (Figure 1). Since each of these solutions
presents an interpretation of data, they are meaningful and worth using. In order to
select a solution suitable for the purpose from among the various solutions, it is
necessary to know what kind of solutions exist. This chapter introduces methods for
analyzing diverse solutions and obtaining an overall picture of the solutions.

The solution, which is the set of parameters estimated in topic models, has a topic
distribution θ and a word distribution ϕ. A topic distribution θ is tied to each
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document, and it represents the mixture ratio of topics in the document. The word
distribution ϕ represents the probability of occurrence of each word in a topic. The
methods presented here analyze diverse solutions using topic and word distributions,
respectively.

The method [3, 4] using topic distribution θ defines the normalized mutual infor-
mation (NMI) [5] that can be calculated for two solutions as the similarity between
them, and assign coordinate values to them by multidimensional scaling (MDS) [6].
The coordinate values can be used to visualize the distribution of solutions in low-
dimensional space.

Word distribution ϕ directly represents topic characteristics and is easy for
humans to understand, making their analysis valuable. Specifically, clustering and
network representation of similar relations are used to obtain groups of word distri-
butions that are similar to each other. Each solution is then typified based on the
frequency distribution of the groups. As a result, several typical solutions and word
distributions that could be taken were successfully represented in a human-
understandable form [7].

The related studies are shown below. As for analyzing multiple solutions, there are
studies on clustering. In these studies, the Rand index or NMI is used to define the
distance or similarity between solutions. Then, a non-redundant alternative solution
for a given solution is found [8], several non-redundant are searched [9], and solu-
tions are visualized by dendrogram [10]. This chapter focuses on topic model which
includes hard clustering as a special case. The article [11] is a study of visualizing the
solution of a topic model, but for a single solution. Few studies analyze and visualize
multiple solutions in topic models.

The experiments deal mainly with text data of news articles and show the distri-
bution of the solutions and the typical topics in the topic model. We expect that the
proposed methods will contribute to the discovery of problems in smart cities.

2. Topic models and estimation of its solution

Topic models could be described by a generative probability model as shown in
Figure 2. Shaded circles represent observed variables and white circles represent

Figure 1.
An objective function for topic model J and local optimal solutions.
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unobserved variables. The square plates represent repetitions, and the number in the
lower right corner indicates the number of repetitions. Items inside the plate are
conditionally independent given the variable outside the plate. In fact, the observed
variables are “words” and the observed data, which is the accumulation of these
words, is a document.

Assume that there are topics k k ¼ 1, … ,Kð Þ, document i i ¼ 1, … ,Nð Þ, and M
types of words in the total of documents. Also, assume that each topic k has a
word distribution ϕk ¼ ϕk

1, … ,ϕk
m, … ,ϕk

M

� �
and the document has a topic

distribution θi ¼ θi1, … , θik, … , θiK
� �

. For each document i, the following is
repeated ti times. A topic z is assigned based on the topic distribution θi, and a
specific word w is generated based on the word distribution ϕz. All words gener-
ated for document i are aggregated by type and made into an observed value
vector xi ¼ wi

1, … ,wi
M, where wi

m denotes the frequency of m-th word. Hence,
l1-norm of i-th observed value vector

P
m∣x

i
m∣ equals ti. All observed value vectors

are denoted by X ¼ x1, … , xN
� �

, which is the vector representation of all
documents. α and β are hyperparameters for the prior probability distributions of
the topic distribution θ and the word distribution ϕ respectively, and a uniform
Dirichlet distribution is assumed here.

Given the probability P mjið Þ that word m is generated in document i,
P kjið ÞP mjkð Þ ¼ θikϕ

k
m if the k-th topic is assigned, so P mjið Þ ¼PK

k¼1θ
i
kϕ

k
m considering

all topics. The number of words m in document i equals xim, and all word generations
are independent. Therefore, the simultaneous probability for all document genera-
tions can be represented by a multinomial distribution

YN
i¼1

Ai
YM
m¼1

XK

k¼1

θikϕ
k
m

 !xim

, (1)

where Ai is the number of combination for document i. Taking the logarithm of
Eq. (1) yields

XN
i¼1

logAi þ
XN
i¼1

XM
m¼1

xim log
XK

k¼1

θikϕ
k
m

 !
: (2)

The first term is a constant for the observed value vectors X , and the second term is
the objective function to be maximized, when inferring parameters. A set of parame-
ters θ,ϕf g of this function is a solution to be inferred. In the experiment, we use the
equivalent perplexity:

exp
�PN

i
PM

mx
i
m log

PK
k θ

i
kϕ

k
m

� �
PN

i
PM

mxim

0
@

1
A: (3)

Figure 2.
Graphical model for topic model.
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There are various algorithms for estimating the model parameters, including col-
lapsed Gibbs sampling (CGS) [12], variational Bayesian estimation (VB) [2], collapsed
variational Bayesian estimation (CVB) [13], maximum likelihood estimation (ML)
[1], maximum a posteriori probability (MAP) estimation [14]. From these, we use
MAP estimation, CGS as a sampling approximation method, and CVB0 [15], which
uses zero-order approximation of CVB, as a variational approximation method to
estimate diverse solutions.

The update formulas used in the iterations in MAP estimation of θ,ϕ are

ϕ̂
k
m ¼ ηkm þ β � 1P

m0ηkm0 þM β � 1ð Þ , θ̂
i
k ¼

ηik þ α� 1P
k0η

i
k0 þ K α� 1ð Þ , (4)

where ηkm is the number of occurrence about the word of typem at topic k and ηik is the
number of assignment of topic k to data i. These can be calculated by

ρimk ¼
θikϕ

k
mP

k0θ
i
k0ϕ

k0
m

, ηkm ¼
X
i

ximρimk, ηik ¼
X
m
ximρimk: (5)

The updates at each iteration in CGS estimation can be written as

ϕ̂
k
m ¼ ηkm þ βP

m0ηkm0 þMβ
, θ̂

i
k ¼

ηik þ αP
k0η

i
k0 þ Kα

, (6)

using the sampled topic set. When sampling for the j-th word wij in data i, the
probability that the topic is k when the type of this word is m follows

P zij ¼ kjZnij,X
� �

∝
ηkmnij þ β

P
m0ηkm0nij þMβ

ηiknij þ α
� �

, (7)

where nij denotes that the information about the word wij under focus is excluded,
and Znij denotes the topic set excluding the topic zij of the word wij.

In CVB0 estimation, for the j-th word wij in data i, the burden rate that the topic is
k when the type of this word is m follows

ρijk∝
ηkmnij þ β

P
m0ηkm0nij þMβ

ηiknij þ α
� �

,
X
k

ρijk ¼ 1: (8)

The expectations of ηkm and ηik are respectively estimated by E ηkm
� � ¼Pi,j∣wij¼mρijk and

E ηik
� � ¼Pjρijk. Estimation of ϕk

m and θik are obtained by

ϕ̂
k
m ¼ E ηkm

� �þ βP
m0E ηkm0
� �þMβ

, θ̂
i
k ¼

E ηik
� �þ α

P
k0E ηik0
h i

þ Kα
: (9)

Estimation in CVB0 proceeds by alternating between estimating ϕk
m and θik and

updating the burden rate ρijk in Eq. (8) [15].

54

Sustainable Smart Cities - A Vision for Tomorrow



Initial value setting using information-theoretic clustering is applicable in MAP
estimation. It was shown that weighted information-theoretic clustering is a special
case of topic models (see Appendix A), and it was confirmed that using the clustering
results for initial value setting yields a better solution than using random initial value
setting [16]. Specifically, the method is to smooth the word distribution obtained from
clustering by adding a small value and use it as the initial word distribution ϕ.

3. An analysis method using topic distribution

This section presents the method [3, 4] to assign coordinate values to solutions
using the topic distribution θ. This allows visualization of solutions.

The Normalized Mutual Information (NMI) is known as external criterion for
evaluation of clustering [5], but can be applied to solutions in topic models as follows.

There are two solution, A and B for the same set of documents. A has J topics
Aj j ¼ 1, … , Jð Þ and B has K topics Bk k ¼ 1, … ,Kð Þ. The topic distribution of document
i i ¼ 1, … ,Nð Þ for A and B are denoted by θij and θik, respectively. Then, the degree of

simultaneous sampling of topic Aj and topic Bk can be expressed as tiθijθ
i
k, where ti is

the number of words included in document i. Integrating the degree of simultaneous
sampling across the entire document set yields

Dg Aj,Bk� � ¼
XN
i¼1

tiθijθ
i
k, j ¼ 1, … , J, k ¼ 1, … ,K, (10)

which represents the overlap between Aj and Bk. Hence, we obtain a confusion matrix
(Table 1) with Dg Aj,Bk� �

as an element. The total degree, say T, equals the number of

words in the total of documents
PN

i¼1t
i, since

P
jθ

i
j ¼

P
kθ

i
k ¼ 1 ∀ i.

Table 1 is a frequency distribution. Dividing this by the total frequency yields a
two-dimensional probability distribution. The simultaneous probability is given by

P Aj,Bk� � ¼ 1
T
Dg Aj,Bk� �

: (11)

Using the simultaneous probabilities P Aj,Bk� �
, the NMI between two solutions (dis-

crete random variables) A and B is defined as [5]

B1 B2 ⋯ BK Sum

A1 19.1 2.3 ⋯ 7.4 312.3

A2 24.2 0.2 ⋯ 4.9 319.5

⋮ ⋮ ⋮ ⋯ ⋮ ⋮

AJ 1.2 4.8 ⋯ 19.0 293.6

Sum 213.3 196.7 ⋯ 253.2 T

Table 1.
Confusion matrix.
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NMI A,Bð Þ ¼ I A;Bð Þ
H Að Þ þH Bð Þð Þ=2 , (12)

where I A;Bð Þ is the mutual information and HðÞ is the entropy. Specifically

I A;Bð Þ ¼
XJ

j¼1

XK

k¼1

P Aj,Bk� �
log

P Aj,Bk� �

P Aj� �
P Bk� � , (13)

H Að Þ ¼
XJ

j¼1

�P Aj� �
logP Aj� �

, H Bð Þ ¼
XK

k¼1

�P Bk� �
logP Bk� �

: (14)

Since a symmetrical relationship NMI A,Bð Þ ¼ NMI B,Að Þ is satisfied from above,
NMI can be thought of as a similarity related to information and also as an inner
product between solutions.

Let θljl ¼ 1, … ,Lf g be a set of solutions about topic models. Forming the inner
product matrix B L� Lð Þ whose elements are the inner products calculated as NMI
between them, then the matrix B enables us to assign coordinate values to the
solutions by multidimensional scaling (MDS) [6].

Let yl, Y ¼ y1 … yL
� �

be the coordinate value (vector) of l-th solution in Euclidean
space, and the matrix expression of them, respectively. B as the inner product matrix
can be expressed by

B ¼ YtY: (15)

Since B is symmetric and positive semidefinite from the definition of NMI, there
exists an orthogonal matrix Φ such that

ΦtBΦ ¼ Λ, (16)

where Λ is a diagonal matrix whose elements are eigenvalues of B. Hence,

B ¼ ΦΛΦt ¼ Λ1=2Φt
� �t

Λ1=2Φt
� �

¼ YtY, (17)

and we obtain

Y ¼ Λ1=2Φt: (18)

The vectors Y can be used to visualize the solutions in low-dimensional space. The
eigenvalue decomposition in (Eq. (17)) is for the origin viewpoint and not the center
of gravity, so when applying principal component analysis (PCA), it should again be
applied to the vectors Y.

4. An analysis method using word distribution

This section introduces the method [7] for representing typical solutions and the
topics contained therein, as well as possible topics that can be extracted, by means of
the word distribution ϕ that are easy for human to understand. Considering all word
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distributions in diverse solutions, the number of combinations of word distributions is
enormous. It is inefficient to treat “quite similar” and “different but similar” relation-
ship equally in order to get a complete picture of word distributions. Therefore,
we represent the former relationships by grouping them together under the same
representative word distribution and the latter relationships by analysis based on
similarity relations among representative word distributions. These are described in
detail below.

Information-theoretic clustering [16, 17] based on similarity of probability
distributions is used to estimate representative word distributions from word
distributions ϕ1, … ,ϕi, … ,ϕN� �

included in solutions. The objective function to be
minimized in this clustering is expressed as

JSW ¼ 1
N

XKf

f¼1

X
ϕi ∈Cf

DKL ϕi∥Qf� � ¼ 1
N

XKf

f¼1

X
ϕi ∈Cf

XM
m¼1

ϕi
m log

ϕi
m

qfm
, (19)

where DKLðÞ denotes Kullback-Leibler divergence, Cf is the estimated cluster of word
distributions that are quite similar to each other, and Qf is the estimated representa-
tive word distribution, which is literally representative of the word distributions that
could be extracted in topic modeling. The number of clusters Kf should be large
enough so that they consist of word distributions that are quite similar to each other.

Representative word distributions with similar relationships are then connected to
form similarity network of representative word distributions. Whether representative
word distributions ϕi and ϕj are similar or not is determined by Jensen Shannon (JS)
divergence given as

DJS ϕi,ϕj� � ¼ DJS ϕj,ϕi� � ¼ 1
2

DKL ϕi ϕi þ ϕj

2

����
� �

þDKL ϕj ϕi þ ϕj

2

����
� �� �

: (20)

In this network, there are groups of representative word distributions that are similar
to each other in areas of high edge density. These groups are extracted by the cluster-
ing algorithm based on maximizing modularity [18].

Since word distributions belong to one of the groups via the representative word
distribution, solutions can be typified by the frequency distribution of the group to
which the included word distribution belongs. As a result, several typical solutions can
be found by the analysis using word distributions.

5. Experiments

We used three text data sets: NYtimes [19], 20News [20], Nips [19]. Stop-words
included in 20News and documents with fewer than 40 words were removed. The
characteristics of data sets actually used are shown in Table 2.

Each data set was separated into a training set for 90% of its documents and a test
set for 10%. The test set were used to evaluate parameter estimation. The parameters
θ,ϕ, which are the solutions estimated for the training set, were analyzed. The
methods used are (1) MAP estimation (MapRnd), (2) MAP estimation using
information-theoretic clustering results for initial value setting (MapCL), (3) col-
lapsed Gibbs sampling (CGS), and (4) collapsed variational Bayesian estimation
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(CVB0). Of these, random initial values were given to the parameters in all cases
except (2), where a small value was added to each element of the word distribution
of the cluster obtained by weighted information-theoretic clustering to make the
initial word distributions ϕ and a uniform distribution was set as the initial topic
distribution θ [16].

The number of topics was set to K ¼ 10, and the hyperparameters were set to α ¼
1:01 and β ¼ 1:1 for MAP estimation and α ¼ 0:01 and β ¼ 0:1 for the other methods,
adjusting for differences in the update equations [15]. For each method, parameter
estimation was performed for 200 different random number series.

5.1 Experimental results

We evaluated a total of 800 solutions θ,ϕf g, estimated and acquired through the
four methods, by perplexity calculated using the test set (Table 3). With the acquired
ϕ as known, the topic distribution θtest was estimated using half of the words in each
document in the test set, and the perplexity was calculated from the word and topic
distributions ϕ, θtest using the other half of the words. Since the objective is to evaluate
the goodness of solution, the estimation of the topic distribution in the test set is the
same for all methods, and MAP estimation was used in this case. Table 3 shows that
MapCL, which uses clustering results as initial values, is superior to MapRnd, and that
Cvb0 performs better than the other methods except MapCL. The fact that Cvb0
shows better results is consistent with the results in [15].

We assigned coordinate values to the solutions by the analysis using topic
distributions and applied principal component analysis PCA to visualize them in
Figure 3.

In Figure 3, we see that MapCL is biased toward the range of large (20News) and
small (Nips) values of the first principal component. This indicates that the solutions
are method-dependent. These diagrams are useful to get an overall picture of the
distribution of solutions, and by choosing solutions far from each other (e.g., top left,
top right, center, bottom left, bottom right), a non-redundant solution set is obtained.
However, how they differ is difficult for humans to understand. Therefore, it is
important to analyze using word distributions that are easy for humans to understand.

Name Number of documents (N) Number of word types (M)

NYtimes 296,829 101,631

20News 14,111 60,149

Nips 1491 12,375

Table 2.
Characteristics of data sets used in experiments.

Name MapRnd MapCL Cgs Cvb0

NYtimes 5983.8 5959.3 5991.7 5973.7

20News 5693.3 5662.4 5772.7 5688.9

Nips 1993.3 1989.3 2006.4 1982.3

Table 3.
Perplexities archived in the four methods.
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For the analysis using word distributions, 100 representative word distributions
were first obtained by information-theoretic clustering (see Eq. (19)) from a total of
8000 word distributions, 10 in each solution. The frequency distributions of JS diver-
gence between word distributions and JS divergence between representative word
distributions are shown in Figure 4 (left). Since the two frequency distributions are
well matched, and the representative word distributions preserve the relationships
among the word distributions, Kf ¼ 100 would be sufficient for the number of
clusters.

Figure 4 (right) shows the frequency distribution of the JS divergence between
word distributions inside each solution and between representative word distributions
corresponding to the word distributions. The word distributions in the solution of
topic models are estimated to be different from each other in the sense of optimizing
the objective function (Eq. (2)). Therefore, the JS divergence between word distribu-
tions inside the solution has a larger value. Considering this figure, we determined
that word distributions are similar to each other if the JS divergence between them is
equal to 0.1 or less.

Figure 3.
Visualizations based on principal component analysis of solutions for NYtimes (top), 20News (bottom left), and
Nips (bottom right).
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We then connected representative word distributions with similar relationships for
the NYtimes data set and represented them as a similarity network of representative
word distributions in Figure 5. From this network, the clustering algorithm based on
maximizing modularity [18] was used to extract groups (g1 to g15) with representa-
tive word distributions that were in regions of high edge density. There were 10 large
groups with four or more vertices, the same as the number of topics K. In Figure 5,
the vertices are colored to distinguish the groups and only the network information

Figure 4.
Frequency distribution of JS divergence between word distributions for all solutions (left) and inside solutions
(right).

Figure 5.
Similarity network of representative word distributions for NYtimes.
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representing the adjacencies is meaningful, not the positions (coordinate values) of
the vertices.

Table 4 shows the high-frequency words in the representative word distributions
for each large group (g1 to g10) in NYtimes. For the adjacent and ambiguous groups
(g6 to g10) in Figure 5, two representative word distributions were chosen to repre-
sent the variation within the group, and the characteristic words representing the
differences are shown in bold. The words “school student” appear in g6, g7, and g8,
suggesting that there are a variety of topics related to these words. We see that the
word “drug” is listed with “doctor” in g6, but with “case” in g7.

The representative word distributions within these groups are somewhat different,
and it is not easy to select the appropriate one. Therefore, the proposed method of
representing relationships in a human-understandable form may be useful for users. If
we were to name the groups according to the high-frequency words, they would be, in
order, sports (g1), markets (g2), IT (g3), presidential election (g4), international
conflicts (g5), health care (g6), school (g7), entertainment (g8), housing (g9),
and food (g10).

We typified solutions by the frequency distribution of the group to which the word
distribution in the solution belongs. We call the types of frequency distributions
patterns, and the top five most frequently occurring patterns are listed in Table 5.
As the tables show, these patterns consist of combinations of the large groups (g1 to
g10). For patterns 1 and 2, we selected solutions that are typical in the sense that we
often find combinations of representative word distributions associated with the word
distributions in the solution, and listed in Table 6 the high-frequency words in the
word distributions belonging to these solutions. In the tables, the names of the groups
to which the word distributions belong are indicated.

gn fn High-frequency words

g1 f41 team game season player play games point run coach win won right hit left

g2 f40 company percent million companies market stock business billion money

g3 f22 com web computer site information www mail online .internet internet

g4 f55 .bush president campaign .george_bush .al_gore election political vote

g5 f36 official government .united_states .u_s military war attack palestinian leader

g6 f2 drug patient doctor cell research problem scientist percent health study

f70 school student drug patient percent program doctor women study problem

g7 f16 school case student drug law court official patient children lawyer found

f51 school student family children case home told police death law lawyer official

g8 f76 school student children family women home friend father mother parent

f61 show book film movie look music friend women play family character love

g9 f20 home family room building friend night house children town .new_york

f37 car building water room home air hour area miles town house feet place

g10 f6 water food room cup minutes small building hour restaurant add large home

f72 food cup minutes add water oil restaurant wine tablespoon fat sugar chicken

Table 4.
High-frequency words in the representative word distribution for each group in NYtimes.

61

Analysis of Solution Diversity in Topic Models for Smart City Applications
DOI: http://dx.doi.org/10.5772/intechopen.106009



As Table 6 (top) shows, the pattern 1 has no topics on IT and instead has two
topics on sports. The pattern 3 has no topics related to housing in g9 (see Table 5). If
we were to have the right set of topics for a smart city, we should choose a solution
from the pattern 2 (see Table 6 (bottom)), which includes the all groups, rather than
focusing on sports.

g1 g2 g3 g4 g5 g6 g7 g8 g9 g10 Number

Pattern 1 2 1 0 1 1 1 1 1 1 1 125

Pattern 2 1 1 1 1 1 1 1 1 1 1 81

Pattern 3 2 1 1 1 1 1 1 1 0 1 67

Pattern 4 2 1 1 1 1 0 1 1 1 1 66

Pattern 5 1 1 0 1 1 1 1 2 1 1 46

Table 5.
High-frequently occurring patterns. “Number” indicates the number of solutions belonging to the pattern.

Group name High-frequency words

Sports season team game run games hit player inning play baseball right

Sports team game season player play point games coach win won yard

Markets company percent million companies market business stock billion

Presidential election .bush president campaign .george_bush .al_gore election political

International conflicts official government .united_states attack .u_s military war leader

Health care drug patient doctor percent problem cell research study health

School school student case law court lawyer children police official family

Entertainment show book film movie music look play women friend character

Housing car building home room water hour house area air town miles

Food cup food minutes add oil tablespoon wine sugar pepper water

Group name High-frequency words

Sports team game season player play games point run coach win football

Markets percent company million companies market stock business billion

IT com web computer information site www mail online .internet

Presidential election .bush campaign president .george_bush .al_gore election political

International conflicts official government .united_states attack .u_s military war leader

Health care drug patient doctor health research study scientist cell problem

School school student law case court lawyer official children police family

Entertainment show film book movie look women play music friend character

Housing car building home room water hour house town miles area air

Food cup food minutes add oil wine tablespoon sugar pepper

Table 6.
High-frequency words in typical solutions for pattern 1 (top) and pattern 2 (bottom).
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Figure 6 shows similarity networks of representative word distributions for the
20News and Nips data sets. As these figures show, for both data sets, the number of
large groups was 10, the same as the number of topics.

The 20News and Nips solutions were typified based on the frequency distribution
of the groups, and the top five most frequently occurring patterns are shown in
Table 7. As the tables show, these patterns also consist of combinations of the large
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Figure 6.
Similarity networks of representative word distributions for 20News (top) and Nips (bottom).
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groups (g1 to g10). Since large groups play a role in many solutions, a solution
with one word distribution for all large groups would be the solution of interest.
However, such a solution is not necessarily the most common solution, nor is it
necessarily the optimal solution. For reference, Table 8 shows examples of such
solutions. The 20News example belongs to the most common pattern (pattern 1) and
could be a candidate for a good solution. In the 20News data set, documents are
labeled with the newsgroup to which they belong [20]. Using the label information,
we can find the high-frequency words of the documents belonging to each
newsgroup (see Table 9). Note that topic modeling does not use label information.
Comparing the topics in Table 8 (top) with those in Table 9, many of them are
associated. For example, g1 is associated with n11, g3 with n8–9, g4 with n15, g5
with n14, and g9 with n2. This association with the actual newsgroups would
supports that the solution in Table 8 (top) is appropriate. The Nips example
belongs to the fourth most common pattern, and a solution to the other patterns
would be appropriate.

g1 g2 g3 g4 g5 g6 g7 g8 g9 g10 Number

Pattern 1 1 1 1 1 1 1 1 1 1 1 215

Pattern 2 2 1 1 1 1 1 1 0 1 1 44

Pattern 3 1 2 1 1 1 1 1 0 1 1 39

Pattern 4 1 2 1 1 0 1 1 1 1 1 29

Pattern 5 1 1 1 1 1 1 2 0 1 1 27

g1 g2 g3 g4 g5 g6 g7 g8 g9 g10 Number

Pattern 1 1 1 2 1 2 1 1 0 0 1 119

Pattern 2 1 1 2 1 1 1 1 0 1 1 81

Pattern 3 1 1 1 1 2 1 1 1 0 1 67

Pattern 4 1 1 1 1 1 1 1 1 1 1 64

Pattern 5 1 1 2 1 1 1 1 1 0 1 56

Table 7.
High-frequently occurring patterns in 20News (top) and Nips (bottom).

Group High-frequency words

g1 game team writes year games article hockey play good players season ca time win

g2 god people jesus writes article christian bible church christ time good life christians

g3 writes car article good apr bike dod ve time ca cars back engine ll make front thing

g4 space nasa writes earth article gov launch system time orbit science shuttle moon

g5 writes article people health medical disease time cramer patients cancer study doctor

g6 people writes article government gun president make fbi time mr state law fire guns

g7 people israel armenian jews turkish writes armenians article war israeli jewish arab

g8 key encryption chip writes government information clipper keys system article

g9 file image window program ftp windows files graphics version server jpeg display

g10 dos windows drive writes card scsi system article mb pc problem mac disk bit work
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Group High-frequency words

g1 circuit signal analog chip system output current neural input neuron voltage filter

g2 speech word recognition system model context network hmm training sequence set

g3 function learning algorithm point vector result error bound case equation set

g4 image object images recognition feature map features representation set vector point

g5 neuron cell model input pattern network activity synaptic visual stimulus firing

g6 model data distribution parameter gaussian algorithm function method mean

g7 network unit input weight neural output learning training hidden layer error net

g8 set training data error algorithm classifier performance learning classification test

g9 model control system motion direction position movement motor eye learning field

g10 learning action function algorithm problem reinforcement policy system optimal

Table 8.
High-frequency words in solutions having one word distribution for all large groups for 20News (top) and Nips
(bottom).

Newsgroup High-frequency words

(n1) alt.atheism god writes people article atheism religion time evidence jesus

(n2) comp.graphics image graphics jpeg file bit images software data files ftp format

(n3) comp.os.ms-windows.misc windows file dos writes article files ms os problem win program

(n4) comp.sys.ibm.pc.hardware drive scsi card mb ide system controller bus pc writes disk dos

(n5) comp.sys.mac.hardware mac apple writes drive system problem article mb monitor mhz

(n6) comp.windows.x window file server windows program dos motif sun display

(n7) misc.forsale sale shipping offer mail price drive condition dos st email

(n8) rec.autos car writes article cars good engine apr ve people time ford speed

(n9) rec.motorcycles writes bike article dod ca apr ve ride good time bmw back riding

(n10) rec.sport.baseball writes year article game team baseball good games time hit players

(n11) rec.sport.hockey game team hockey writes play ca games article season year nhl

(n12) sci.crypt key encryption government chip writes clipper people article keys

(n13) sci.electronics writes article power good ve work ground time circuit ca make

(n14) sci.med writes article people medical health disease time cancer patients

(n15) sci.space space writes nasa article earth launch orbit shuttle time system

(n16) soc.religion.christian god people jesus church christ writes christian christians bible

(n17) talk.politics.guns gun people writes article guns fbi government fire time weapons

(n18) talk.politics.mideast people israel armenian writes turkish jews article armenians israeli

(n19) talk.politics.misc people writes article president government mr stephanopoulos

(n20) talk.religion.misc god writes people jesus article bible christian good christ life time

Table 9.
High-frequency words in the 20News data set.
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In order to select an appropriate solution, it is crucial to determine that the solution
is consistent with the objective. Selecting a pattern that matches the objective would
be the first step in finding a solution. After that, the solution can be obtained by
refining the word distributions that the solution should have by selecting representa-
tive word distributions for each group, while confirming the objective.

Since determining the degree of consistency is a relative issue, it is essential to
know the overall picture of the solutions and possible word distributions in them.

Figure 7 shows a visualization of the solutions using the patterns assigned by the
analysis based on word distribution and the coordinate values assigned by the analysis
based on topic distribution. Figure 7 (left) is more useful than Figure 7 (right)
(equivalent to Figure 3 (top)) in finding a solution, as it provides additional
information on the patterns needed in the first step.

The solutions for patterns 1–5 in Figure 7 (left) are grouped together in each
pattern. It means that the solutions with the same pattern are also similar to each other
in topic distribution. It is interesting to confirm that word and topic distributions are
related.

As the experimental results show, analysis using word distribution will play a
major role in the search for a solution. This is because the results can be presented in a
way that is understandable to humans and can be compared to the objective. Analysis
using topic distribution will play the role of a “map” that provides another point of
view when a decision is not clear. A map that provides a view of all the solutions
should be useful.

6. Conclusion

It has been reported that information-theoretic clustering outperforms spherical
clustering when targeting text data [17]. Topic modeling is an extension of
information-theoretic clustering (see Appendix A), which is why we apply this
technique to document analysis. The solutions obtained through modeling are diverse.

Figure 7.
Visualization based on principal component analysis of solutions in NYtimes. Patterns 1–5 (left), for all (right).
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In past studies, however, diversity has not been adequately considered. This
chapter introduced methods for analyzing diverse solutions and obtaining an overall
picture of the solutions. Also, we showed effectiveness of the methods through
experiments.

In this study, we found that there are many solutions that are different from each
other in topic models. It is difficult to obtain an appropriate solution by chance.
Furthermore, problems in the world, not to mention smart cities, are complex and
change rapidly, so there is a high risk of missing important topics. The proposed
analysis methods should be useful in the search for solutions. There are various
extensions of topic models, such as dynamic topic models [21], but even there, a
diversity of solutions may exist. The approach presented in this chapter may also be
used for analyses using such models.

Appendix A

We present the objective function of weighted information-theoretic clustering
(ITC) [16, 17] and show that it is a special case of the objective function of topic
models.

Assume that there are cluster Ck k ¼ 1, … ,Kð Þ and observed value vector
xi i ¼ 1, … ,Nð Þ, and that there are M types of words in the total of observed value
vectors. Also, assume that each cluster k has a word distribution ϕk ¼
ϕk
1, … ,ϕk

m, … ,ϕk
M

� �
and vector xi belong to one of the clusters. Clusters in clustering

is regarded as the same concept as topics. The objective function of ITC JSW and that
of weighted ITC JS0W are given by

JSW∝
XK

k¼1

X
xi ∈Ck

DKL pi∥ϕk
� �

¼
XK

k¼1

X
xi ∈Ck

XM
m¼1

pim log
pim
ϕk
m

, (21)

JS0W∝
XK

k¼1

X
xi ∈Ck

tiDKL pi∥ϕk
� �

¼
XK

k¼1

X
xi ∈Ck

XM
m¼1

xim log
pim
ϕk
m

, (22)

where pi ¼ xi=∥xi∥1 and ti ¼ ∥xi∥1 denote the word distribution and l1-norm of the i-
th vector xi, respectively. Comparing both objective functions, JS0W is weighted by ti

equal to the number of words in the i-th data (document). This is because it treats the
occurrence of words equally, as in topic models, whereas normal clustering treats each
document equally.

The interior of Eq. (22) can be transformed as

xim log
pim
ϕk
m

¼ �xim logϕk
m

� �� �xim log pim
� �

, (23)

where the second term is independent of the clustering result. Thus, the function to be
minimized can be expressed as

XK

k¼1

X
xi ∈Ck

XM
m¼1

�xim logϕk
m

� �
: (24)
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Meanwhile, the function to be maximized in topic models is

XN
i¼1

XM
m¼1

xim log
XK

k¼1

θikϕ
k
m

 !
, (25)

which is the second term in Eq. (2). Applying the hard clustering constraint:

θik ¼
1 xi ∈ Ck

0 otherwise

(
, (26)

we obtain

XK

k¼1

X
xi ∈Ck

XM
m¼1

xim logϕk
m: (27)

Since minimization of Eq. (24) is equivalent to maximization of Eq. (27), topic
modeling includes weighted ITC as a special case and is an extension of it.

For weighted ITC, the learning algorithm needs to be changed from ITC [17].
Basically, it should treat documents differently based on the number of words they
contain. There are two ways to achieve this: one is to select documents with a proba-
bility proportional to the number of words they contain, and the other is to increase
the learning rate of competitive learning in proportion to the number of words in the
documents selected at learning time. In this experiment, we employed the latter [16].
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Chapter 4

Information and Communication
Technologies for New Generation
of Sustainable Smart Cities
Kamal Shahid, Muhammad Hassan, Ali Husnain
and Sadaf Mukhtar

Abstract

The huge growth of population in cities all over the world has forced countries to
regulate and manage resources in these places. Therefore, urban waste management,
fossil fuel conservation, affordable and resourceful healthcare systems, effective traf-
fic management, government transparency, and other concerns plague the world’s
main cities. These issues have prompted the creation of Sustainable Smart Cities,
which are innovative, technology-based, and environmentally friendly urban areas.
The sustainable smart cities deploy technologies specifically Information and Com-
munication Technologies (ICT) to keep an eye on the community and develop long-
term, cost-effective solutions. Thus, for the effective implementation of sustainable
smart cities, a stable, secure, inter-operable, and reliable telecommunication network
is necessary to enable applications and services in metropolitan areas. Recent
advancements in the areas of 5G, 6G, Block chain technology, Internet of Things
(IoT), and Artificial Intelligence (AI) are anticipated for working and assisting the
creation of sustainable smart cities. This chapter provides an introduction of the
elements of sustainable smart cities, as well as an overview of how cities throughout
the world have adopted them and projected trends for the next generation of
sustainable smart cities.

Keywords: sustainable, smart cities, IoT, blockchain, 5G, 6G

1. Introduction

A city that is smart, sustainable, and innovative is a city that is smart, sustainable,
and inventive that employs Information and Communication Technologies (ICT) as
well as other ways to raise the standard of living, the efficiency with which urban
activities and services are carried out, and the competitiveness of the city while also
meeting the financial, societal, environment, and historical needs of the growing
generations. Many individuals are migrating from rural to urban regions in search of
better employment and health. Smart cities rely heavily on information and commu-
nication technology. It increases residents’ well-being by providing better services.
Smart cities are efficient while also controlling complexity. The economy increases at
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a steady rate in tandem with the increasing rise of cities. People are increasingly
investing in this field.

In every way, ICT is critical. Cities’ challenges can be solved through informa-
tion and communication technologies. They also make certain that they are both
ecologically friendly and cost-effective. Water management, electricity, solid
waste, public transportation, traffic, and congestion are all areas where ICT can
help. ICT is a crucial platform of a smart sustainable city is to establish an intelli-
gent and cost-effective metropolitan setting without compromising the luxury,
ease, or standard of living of its residents. ICT is a crucial platform for connecting a
wide range of everyday resources to public infrastructure, such as resources,
transportation, and water [1].

ICT is a critical component that allows different domains to communicate and
facilitates the planning and handling of huge amounts of information, resulting in
smartly oriented urban systems and applications, civic engagement, and new services
and applications in various aspects of urban life, such as transportation [2]. Given the
crucial role of ICT in cities in the coming years, it is critical to create a robust and
trustworthy ICT infrastructure that will allow the city to respond more aggressively to
future crises while also boosting the quality of ICT, and therefore the people’ standard
of living [3].

Fifth-generation wireless technology (5G) provides greater system capacity,
higher data speeds, much lower latency, higher reliability, and higher communication
and excellent information in smart cities. Smart city systems use 5G technology to
improve sustainability. The 5G network’s strength is tested in all environmental,
social, and economic aspects, as well as tiny dimensions like energy efficiency, energy
consumption, environmental impact, pollution, cost, health, safety, and security,
among others [4].

5G is a vital part of the city’s progress, enabling the much-needed infrastructure in
smart cities to reach a promising but critical stage. The Smart City concept is feasible,
and it is now taking shape in a number of European and international cities. Commu-
nities must now support local cellular installations to allow 5th generation communi-
cation infrastructure in order for Smart Cities to reach their full potential and reap the
full advantages [5].

In addition to the high density of well-informed communication in smart cities,
huge system capacity with enormous data speeds, incredibly low latency, and great
dependability are all possible with 5G cellular technology. Popular systems including
better mobile wavelength services, low-latency reliability, and high-density machine
communication are expected to be revolutionized by future networks. This empha-
sizes the need of researching the long-term sustainability of 5G networks in smart
cities in order to both energy efficient and environmentally benign [4].

The readers can find plenty of articles, blogs, and books on the importance of the
internet and mobile networks to communities and the global economy. The next
generation of these networks, which includes 6G and the Internet of Things (IoT),
was recently suggested with the goal of providing city users with seamless communi-
cation skills. According to industry projections, the market for smart IoT devices
would exceed 50 billion dollars by 2020. Smart applications are likely to spearhead
new breakthroughs in cities centered on 6G/IoT as smart IoT devices become more
prevalent. By integrating 6G/IoT-based solutions into the ecosystem to innovate,
depending on the vision of network infrastructure needed to gather in-depth com-
munity information in emerging intelligent communities as well as cities, smart apps
play an obvious role in progressing smart cities [6].
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In smart cities, IoT technology poses a variety of difficulties, including increasing
energy consumption and hazardous and E-waste contamination. Smart city apps must
be eco-friendly, which is why they must transition to green IoT. Smart cities become
more environmentally safe because of green IoT. As a result, environmental conser-
vation, and cost-cutting measures must all be addressed [7].

IoT is linked to large-scale data analysis, which is reportedly making its way
into more metropolitan areas in order to increase energy efficiency and mitigate
environmental consequences. This is mostly connected to the optimal use of envi-
ronmental assets, smart infrastructure and resource management, and enhanced
environmental support service delivery. As a result, IoT and big data-related
applications can help to construct and improve a sustainable environmental design
process [8].

Smart cities may be created in six categories using IoT technology: smart people,
economics, transportation, environment, governance, and intelligent living With IoT
technology, smart cities may link items, people, and information via computer net-
works. Sensory issues, including reliability, connectivity, and data storage must be
addressed in order to efficiently employ IoT technology on daily basis. Data receivers
may have an impact on data gathering samples, numerical factors, and infrastructure
results. Thousands of network nodes, such as operating systems, operate together in
the Internet of Things, translating the natural world into a compressed form of data.
IoT technology isolates data using a tiny cloud computing system that connects gad-
gets and everyday items via an internet connection extension. Several scientists have
attempted to explain the various types of IoT [9].

2. Importance of smart cities

Smart city is a part of your smartness, healthy, and good life. The basic goal of a
smart city is to optimize city functions and boost the economy. Using smart technol-
ogies and data analysis, we can also improve people quality of life. ICT innovation has
always been important to the creation of new cities, particularly smart cities. Many
cities have contested the development of ICT, using terms like as intelligent, digital,
virtual, and ubiquitous since smart cities were launched [10]. As a result, many smart
city studies have emphasized the use of contemporary technologies to improve
municipal operations. When looking at a city, there are various dimensions to con-
sider. These dimensions are given in Figure 1.

• Infrastructure of smart city which includes Green Energy, Public transport,
Emergency services, Technology creativity.

• Environment of the smart city which includes landscape, buildings, parks, lakes,
rivers

• Solutions of smart city which include e-traffic, e-government, e-learning,

• Collaboration System of the smart city which includes data collaboration, Open
Data, synergy, innovation.

• Living of the smart city which includes Education, work, recovery, playing,
Human Resources
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2.1 Smart city – infrastructure

A smart city is defined by its ability to bring together people, ideas, resources,
knowledge, and technologies to create an efficient, sustainable and strong infrastruc-
ture that provides quality services while increasing inhabitants’ quality of life. There
are many infrastructure plans that are managed and operated by the city. With these
infrastructure programs, the city provides services to its residents. The infrastructure
system varies from city to city. All major topics connected to a smart city, including as
smart travel, smart economics, smart living, smart people smart environment, and
smart infrastructure, are built on top of smart government.

Smart mobility includes access to secure travel systems, modern resources, and
green infrastructure Means local access, and access to safe, sustainable, and modern
transportation systems. Furthermore, smart mobility entails giving individuals access
to new technology in order to make the urbanization process easier. Additionally, the
current transportation infrastructure should provide access to city travel information
via public transportation. The use of ICT to revitalize transportation operations in
order to provide accessible mobility is known as smart mobility. As a result, cities
should use ICT to increase mobility and develop a digitized and connected transpor-
tation network [11].

Figure 1.
Dimension of smart city.
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Smart energy also has an important role in infrastructure. Smart energy manage-
ment systems using renewable energy sources, sensors, digital controls, advanced
meters, automated analysis tools, monitoring, and optimization distribution and use.
Such systems improve grid performance and usability of the requirements of the
many contributors (producers, suppliers, and consumers). Renewable energy genera-
tion, automated demand feedback, micro grids, intelligent grid technology, energy
conservation, power plants, and new needs such as electric automobiles and smart
electrical goods are all examples of smart energy infrastructure advances. Such inno-
vative approaches enable community-based energy monitoring programs and increase
energy efficiency properties by expanding the network of smart power devices across
the city and providing a full picture of energy consumption trends.

Smart grids are an important component of smart infrastructure. A smart grid might
can be described as a system of supply of electricity from generation to place use
combined with ICT to improve grid performance, customer service, and environmental
benefits. Smart grids are employed in both wealthy and poor countries across the world.
For example, The smart grid used in Japan’s Kashiwa-no-ha smart city project is based
on a universal energy management system that integrates home power management
systems, real-time monitoring of power supply and demand, and self-support energy
management with the appropriate amount of energy generated and saved.

The idea of a smart city is built on the development of ICTs like as big data,
wireless communication, and the IoT. Things that were previously inconceivable in
earlier cities are becoming possible as a result of the advancement of new technology.
Digital devices and Internet networks are examples of smart technology, have been
continuously studied, and a variety of inventions and services that were developed
independently and subsequently linked together have been established [12]. Despite
the fact that technology infrastructure is an important component of a smart city, its
impact may be restricted if there is no human infrastructure in place. Even if a power
plant is built to provide energy, it will be meaningless unless it is backed up by human
infrastructure. Human infrastructure is as critical as technological infrastructure. This
is why people must be educated on how to construct a smart city so that cutting-edge
technologies can be utilized more effectively.

Smart digital infrastructure improves operational understanding and control, as well
as the efficient use of scarce resources in a city. One of the primary benefits of ICT in a
smart city is the capacity to record and distribute data in real time. Cities can take action
before the situation worsens if data is delivered in real time and is reliable. Another way
to think of digital infrastructure is as digital supporting layers (Figure 2).

• City: A meeting point for visual and digital infrastructure. Smart buildings, smart
navigation, smart grids (for resources like water, electricity, and gas), and
intelligent waste management systems are just a few examples.

• Sensor: This layer incorporates intelligent devices that measure and monitor
variables in the boundaries of the city and its environment.

• Communication: This layer comprises the storing and transmission of data and
information from the sensor level to data connections for further analysis.

• Data analysis: This layer includes analysis of data collected by different groups
smart infrastructure systems, to help predict specific events (such as traffic
congestion).
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• Automation:A digitally enabled interactive layer with automation capabilities.
Vertical location and measurement of a huge number of devices in many areas

2.2 Smart city – collaboration system

Smart cities have a large influence on various facets of human life, including
transportation, education, energy, and health. Weather information data, as an
example, the amount of data on weather information is rapidly expanding. For
agricultural development, identifying and extracting helpful information from the
huge amount of weather data can be very beneficial. In addition, weather data
analytics can help inform people ahead of time about potentially dangerous situa-
tions (e.g., extreme heat, flood information, drought, etc.) [13]. Governments
have begun to adopt smart city concepts in order to improve residents’ living
conditions and execute big data applications [14]. Big data plays an important role
in the smart city in order to change the economic condition of the country and its
potential. By fulfilling the primary smart environment features, cities are able to
realize the learning principles and requirements of the smart city applications.
These characteristics include sustainability, resilience, governance, improved
quality of life, and intelligent management of natural resources and municipal
services, to name a few [15].

Beginning with independent operations, information sharing and communication
are at the top of the hierarchy of relationships between governments, service
providers, and people, followed by cooperation, coordination, collaboration, and
eventually consolidation. The levels of relationships between governments, service

Figure 2.
Digital infrastructure.
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providers, and people, are followed by cooperation, coordination, collaboration, and
eventually consolidation, in which the organizations combine into a new, unified
entity. The characteristics of collaboration that have been recognized by: Long-term
relationship perspective, goal of achieving a previously unattainable outcome, sub-
stantial integration, synergy between organizations, systems have been altered, tight
links between actors, actors move outside of traditional functional areas, possibly a
new entity and highly interdependent, and power sharing [12].

Most big data applications for smart cities need intelligent networks that link many
components, including citizens. Automobiles, smart home gadgets, and cellphones are
examples of such devices. This network must be able to convey gathered data effec-
tively from its source to the location where big data is collected, saved, and stored. The
smart city processes the response and sends it to the various entities that need it.
Quality of service (QoS) network support is critical for smart city real-time big data
applications. In these applications, all current decentralized application events should
be broadcast in real time to where they can be processed. These events are sent from
the source as a raw event or as a filtered or aggregated event. Internet of Things (IoT)
can be used to detect and collect multiple objects for the use of a smart city. Remote
control requirements are usually implemented using the available network infrastruc-
ture. The flexible integration of many of the smart city’s features will be opened as a
result of this collaboration initiative [16].

2.3 Smart city – benefits

Cities are becoming more popular as a place to reside. As a result, there is an
increasing demand for efficient urban management. In the case of mega-cities, this
is especially true. The city and its residents will receive a lot of important benefits if
they grow under the smart city model, which actively leverages IoT and other infor-
mation technologies. The city and its residents will benefit from a number of great
benefits:

• The city’s utility efficiency has improved.

• Improved the city’s traffic flow quality

• The living standards of city people have generally improved.

• City lighting systems efficient management

• Increased public transport convenience and efficiency

• Timely transport services and increased road safety

• All city services operation centralized monitoring

• Increase health improvement system and update timely

• Install the latest crime detection system

When comparing the past to the present, you can see that most cities have built full
IoT ecosystems, which provide residents with several advantages such as mobility,
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security, health care, and enhanced efficiency. Every day, the environment changes,
and we are confidently advancing toward the next industrial revolution.

3. Role of key technologies in smart cities

Smart towns are interconnected cities that employ anything from IoT sensors to
open data collection and smart lighting to improve services and communication.
Smart cities are no longer the wave of the future, they are the technology of the
current age and growing rapidly because the Variety of software, IoT, Blockchain,
Geographic Information System (GIS), AI and communication network are spreading
around the world and its services are everywhere. These technologies are key to the
growth of smart cities around the world. In smart cities data are collected through the
citizens, buildings, infrastructure, assets, etc. and technology help us to use data to
manage and monitor different systems such as transportation system, utilities, power
plants, waste, water supply, information systems, schools, crime detection, libraries,
community services, and hospitals.

The IoT is an interconnected network of devices that interact and share data.
Home appliances, vehicles, and on-street sensors, to mention a few, are examples of
this. To be useful, the huge volumes of data generated by a smart city must be
analyzed quickly. Data acquired from these devices is stored in the cloud or on
servers, allowing public and private sector efficiency to be enhanced, resulting in
financial advantages and better human quality of life. A smart city is called a sustain-
able smart city they must meet the following criteria:

• Efficient and sustainable management system of natural resources for all citizens.

• All citizens and government, private agencies must be dedicated to the goal.

• Infrastructures and agencies must be technologically prepared to provide new
solutions and services that will make citizens lives easier.

• Citizens who can live and work in the city and benefit from its resources.

That is the way which has been highlighted how smart cities give citizens a more
efficient and high-quality living, and the way they use technology to reach these goals.

3.1 Impact of 5G in sustainable smart cities

Technology innovations and smart cities stand to benefit greatly from the capabil-
ities of 5G technology. As a result, latency is minimized, and several devices may be
connected at the same time with increased upload and download rates. In addition to
technological advancements like 5G and smart cities, cultural shifts, economic con-
straints, and an aging population are all contributing to this next wave of generational
change. It is being studied how 5G technology will alter the metropolis-based IoT
vertical businesses, and therefore how 5G will just be the primary engine of that shift.
A wide range of industries may benefit from 5G technology in smart cities, including
energy, health care and manufacturing; media and entertainment; automotive; and
public transportation [17].
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For the purposes of 5G, the four dimensions of the value chain: generation, trans-
mission, marketing, and consumption are all connected. Improved power manage-
ment, less downtime, and lower operating costs may be achieved via 5G’s use of
distributed energy resources, advanced measurement systems, and more ensures
effective communication into power-generating grids [18]. Using 5G’s enormous
bandwidth and ultra-low latency power, industries across the board will be able to
spur economic growth and innovation by creating new subindustries, cutting costs,
and raising the standard of goods and services they provide to their customers. Law-
suits affecting the usage of 5G mobile communications and how various sectors of the
smart city will evolve or establish themselves are examined in [18]. Reference [18]
also points out how ITS-5G and its consequences in a smart city may be realized via
the use of automobile communications. All of these factors are examined from various
angles to have a better understanding of ITS’s long-term impact on society. Economic
growth and innovation across sectors will be fueled by the 5G transition, based on
high throughput, IoT, and low ultra-low response power, driven by modernization,
cost reduction, and efficiency and quality of service. As a matter of fact, it will open
the door to a new problem that is not just technical, but social and moral as well.

The goal of 5G is to improve public health, public safety, transportation, smart
homes, and smart traffic systems, among other things. In fact, by 2020, the connection
will be real-time due to the 5G data speed set to supply, and the latency level will be
reduced to less than 2 milliseconds. If really want to maximize profits for people, then
the resources and tools that can be used to supply 5G should be made available in a
sustainable and environmentally friendly manner. If more efforts are made, the areas
will also be affected. It has reached a very promising, yet important crossroads. The
Smart City concept is a reality, and it is beginning to take shape in several European and
international cities. Communities now have to support small cellular deployments to
allow for 5th generation communication infrastructure so that Smart Cities can achieve
their full potential and reap huge benefits. This wireless technology development will
provide Smart Cities with their improved infrastructure. The next 10 years will see the
breakthrough in various RAN technologies, bringing the world to a place almost new.

Vehicle to Vehicle (V2V), Vehicle to Pedestrian Communication (V2P), Vehicle to
Infrastructure Communication (V2I), and inter-vehicle communications were briefly
discussed by Mustakim. Then the next level is to look at 5G car networks and car
network connectivity. The particularly focused on the role of unmanned aerial vehi-
cles (UAV) in 5G connectivity, which can help create and sustain smart cities, such as
deep-based UAV-based learning with the help of mm-wave and UAV space to
increase capacity and extract data. The field of wireless technology in the IoT world of
the smart city was explored by Wang et al. They also explained the reason for using
IoT and 5G UAVs in smart cities in their report [19].

Before 5G can be extensively spread, the global market has to examine the effect of
5G on the environmental, society, and the economy. As a result, this is critical in terms
of identifying and addressing risks and hazards. With the advent of new 5G technol-
ogies, the capabilities of mobile devices will unquestionably expand. Additional
advancements will alter how technology interacts with our surroundings. The para-
digm change from radio frequency to mmWaves, and even the new cell signaling, will
enable mass manufacture and the usage of a huge number of devices. Energy
harvesting, other energy sources, 5G green technology, large IoT sensors, smart
meters, and life cycle monitoring are among the methods used to achieve the metrics
for sustainability. IoT sensor deployment is one of the most important ways to achieve
5G network stability.
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Virtual networks and various radio communications in smart devices are the
foundations of 5G, which is based on virtual networks. New programs will be created
as a consequence of greater spectrum utilization. Because to network technologies like
software-defined networking (SDN) and network function virtualization (NFV), new
services will be interconnected between all network components. Mobile Edge
Computing (MEC) will assist decrease network latency since data cannot be
obtained from a package, and offering the product will enable several networks to be
displayed in the online system. Real-time data statistics may help you get there. This
will assist to defend and maintain important health as a consequence of these net-
works’ efforts [20].

With its low latency little less than 1 millisecond, 5G fiber optic cables are a key
component of sustainable transportation systems Cars equipped with 5G networks
can connect in a safe, healthy, and dependable manner. Car-to-network, car-to-
walk, car-to-cloud, car-to-grid, and car-to-device interoperability modes may all be
installed on the vehicle infrastructure. Using 4G, 5G, WiFi, and Bluetooth, vehicles
may exchange knowledge/analysis about their speed and position. As a result of
these innovations, drivers are better equipped to avoid collisions, boost traffic flow,
and save fuel [21].

Secure data transmission for sophisticated analysis will be possible with 5G net-
works. Data plays a critical role in decreasing costs and enhancing efficiency in the
healthcare business. 5G is predicted to have a latency of less than 1 millisecond, which
will enable the edge computer to process data more quickly. In-home and outpatient
surgical centers, walk-in clinics, care centers, and outpatient health care facilities may
all benefit from the implementation of 5G in the medical industry. The ability of the
hospital to transfer huge picture files may be improved as a result of this as well. It
takes less time to transfer or receive data when a channel has a lot of bandwidth [22].

By creating an autonomous robot for inhabitants, the Smart Cities “Integrated
Vision” aims to achieve its goal. In order for the Smart City environmentalist initiative
to be successful, there has to be strong coordination between the many stakeholders.
Today’s 3G/4G wireless technology cannot depend to supply in-depth information
necessary for the Smart City vision, such as the reliability of short delay and power
efficiency of devices and more. It is for this reason that 5G is a Smart City goal
providers network since it is essential for IoT, which is the backbone of Smart Cities.
Network sensors and data will be used by emerging communities to offer municipal
services more efficiently and effectively. Due to the enhanced IoT capabilities that 5G
will provide, Smart Cities will flourish. 5G’s ability to break down pricing barriers and
open up hitherto untapped markets is critical if Smart Cities are to be a success. The
development of 5G’s network buildings and infrastructure enabling apps may bring up
new employment prospects for smart cities [23].

3.2 Impact of 6G in sustainable smart cities

The sixth generation of wireless technology is known as 6G. Building on the
reconstructed infrastructure and enhanced power currently being developed in the 5G
millimeter-wave networks, the 6G network will follow in 4G and 5G [24]. It will
provide networks with greater speed and reduced latitude through high frequency
radio channels, allowing them to adopt sophisticated mobile devices and systems such
as non-motorized vehicles [25].

The goal of 6G communications is to improve on the standard set by 5G commu-
nications by offering better network data availability, mobile data throughput, and
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seamless pervasive connectivity. In addition, 6G communications will use a revolu-
tionary communication technique to get acceptance for a variety of mobile data
categories and provide them over improved radio-frequency networks [26]. Many
smart apps are integrated with 5G wireless communication technology. 5G standards,
on the other hand, greatly highlight the need for new and emerging technologies. Data
rate, volume, delays, reliability, resource sharing, and power/bit are some of these. To
address these needs, the research focused on 6G wireless connectivity, enabling new
technologies and applications [27].

6G offers very high data rates, up to 1 Tb/s, very high power, capable of supporting
battery-free IoT devices; has control of low downtime delay has very wide frequency
bands. Global broadband network streaming via global wireless integration with sat-
ellite systems; is a genius connected with the power of machine learning [28]. The
structure of 6G networks should be designed to manage communication, processing,
storage, and resource management as components of a cohesive system where its
complete management requires efficient interaction. It will provide ICT infrastructure
that allows end users to see themselves surrounded by a “great performance brain”
that provides almost zero-latency services, unlimited storage, and great cognitive
power [29]. Globally, the 6th generation (6G) mobile communication system is vig-
orously driven. Another way to achieve ultra-high-speed connectivity is to use
terahertz bands above 100 GHz, which have a much wider frequency band than 5G.
Dependence on frequency loss and channel features should be studied in order to
detect 6G service frequency bands based on system performance [30].

The use of 6G is promoted as a way to improve automatic driving performance.
Telephone driving (also known as slow-moving cars) is a concept when one is using a
car at a distance. Deep-sea research and interplanetary have both used tele-operated
driving. Tele-operation uses 5G networks tested by companies such as Ericsson and
Huawei. Calling will require communication between the driver and the vehicle,
especially when faced with an accident and the need for immediate response. If this is
done correctly, it will improve future car rental services. It is also important to have a
high level of security, privacy, and integrity of the network. Although research
focuses on completely independent vehicles, telecommunications are desirable when
autonomous mode fails or a complex situation requires human participation [31].

Several social pressures plaguing 4G wireless networks have been severely
curtailed by 5G networks. Environmental protection and education, for example, have
seen significant improvements in the 5G era. However, problems with connectivity
and urbanization persist. 6G will no doubt provide a sense of relief. For a fully
unlimited community, a hyper-connected user data connection will be full, and
regional restrictions will be violated. Communication capabilities with many 6G fea-
tures will contribute significantly to global sustainability and provide greater support
for a variety of services in the application phase [32].

Nanotechnology, biotechnology, cognitive science, and ICT will all focus on 6G.
Ultimately, this will raise public demands for sustainability, sustainability, openness,
and inclusion, leading to complex social integration. In addition, 6G will promote
productivity and rapid economic growth in rural and urban areas, helping to achieve
sustainable goals [33]. The business environment will change drastically thanks to 6G.
The changing business environment and the smooth and automated collection of
market data from individuals will determine the future of the business. With state-
of-the-art products and specialized services, 6G will provide an easy-to-use platform
for intelligent data processing. These products and services will be designed to be
extremely sustainable and customized to meet the unique needs of consumers in rural
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and urban areas. In addition, 6G will allow for the mobilization of people and the
development of high-quality distribution platforms to promote the sharing of sus-
tainable business models and accelerate equitable distribution of resources. Recently,
options for establishing a world-class, long-term 6G business future for all future 6G
business partners were re-evaluated [34].

3.3 Impact of AI in sustainable smart cities

In a smart city, one of the most crucial tools is AI. It is a sub-field of computer
science that focuses on enhancing machines’ cognitive skills and creating artificially
intelligent beings. Searches, mathematical computations, logic, algorithms, and
Bayesian and economical procedures are among the many instruments available.
There are several definitions of smart cities offered by various academics. To become
a smart city, however, a city must use ICT and AI to accomplish long-term social,
environment, and economic development while also raising the quality of life for its
citizens. A technologically interconnected city or the use of AI technology with big
data to produce intelligence & efficiency in managing the city’s resources [35] might
be used to describe the technology component of a smart city.

In a study [10] on good decision in smart cities using big data, researchers
established a three-layer framework that describes a smart city as instrumented,
networked, and intelligent. AI and IoT are used to gather real-time data from
surveillance cameras, monitors, and sensor-based devices as well as from open
data sources and social networking sites for rapid reaction in the implementation
phase of smart cities. In the “interconnected” phase, data from AI, IoT, and
other sources is combined and transformed into a piece of relative knowledge to
provide greater insights for smart decision-making. Finally, the city’s demands,
requirements, needs, and policies will be understood using converted data
obtained through data. As a result, it can help people make educated and wise
decisions [10].

In a Smart City project, the essential infrastructure elements which include AI are:

1.Public transportation system management.

2.Reliable electricity supply.

3.Cleaning and waste management.

4.Public transportation system management.

Also, e-governance and citizen collaboration will be used to attain these objectives.
This contains ambitious plans such as:

1.Service delivery using electronic means.

2.Citizen – the city’s eyes and ears.

3.Public information and redress of claims.

4.Video – Criminal Surveillance.
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AI in smart cities will play a key role in making urbanization smarter so that it is a
sustainable growth that makes cities armed with improved aspects of life, hiking,
shopping and enjoying a safer and more appropriate life in such an environment.

In fact, while developing smart cities, a few difficulties such as management,
sanitation, traffic congestion, security monitoring, parking management, and
much more may be addressed with AI to give a long-term solution for residents.
Smart Mobility solutions aim to increase safety and efficiency, reduce traffic
congestion, improve air quality and noise pollution and cost reduction. Wise mobil-
ity solutions are also seen as important for moving forward to decarbonize the
transport sector and achieve EU pollution reduction targets. AI is powerful an
emerging tool that prides itself on the ability to drive sustainable change into effi-
cient, sustainable resources and person-centered travel plans, especially in urban
situations.

In short, urban planning is about solving the challenges of modern civilization.
These problems are compounded by the growth of modern society. Problems in the
community range from general to technological, such as ensuring sanitation and
management of infrastructure. Wise cities have recently aroused the curiosity of social
scientists, engineers, and anyone interested in incorporating technology into their
daily lives [36]. AI and IoT have become an integral part of our daily lives. With the
proliferation of smart gadgets connected to the Internet, data is everywhere. Smart
solutions for smart cities can be built using this data. The effects of AI and IoT on
urban life are encouraging. Because of its amazing ability to transform everything, AI
is sometimes called the fourth industrial revolution. AI blesses humanity intelligent
health care to secure intelligent cities as it evolves day by day [37].

AI creates a modern world. From nineteenth century, planning of cities has
focused on improving the quality of life of the people by focusing on the economic
functioning of cities and social justice. Many tasks are common and are done
mechanically and humanly, but some systems are still working that require the
involvement of a sensitive human mind. Many common tasks are expected to be
replaced by clever operating principles in the near future, but those that require
significant skills, such as design, will take longer to automate [17].

The present state of AI necessitates the storage of enormous volumes of data. Data
about how people actually live in cities and just how cities change over time may be
accessible due to the rise of closed-circuit television, sensors, and humongous com-
munication networks in contemporary cities. Other objects such as land, buildings,
and open areas may be accessed. Using this data in an intelligent system, such as
machine learning models, urban planners may utilize it with precision understanding
and design to learn about the city’s fabric. It is possible to build an urban government
using information gleaned from numerous digital sources. Politicians may be able to
design better policies for city dwellers with the use of data from an analytical model.

As climate change is a big worry in today’s world, AI systems has also been used to
produce city planning strategies that lessen the consequences of climate change &
policies that assist mitigate climate change. There are also concerns about privacy
breaches when it comes to AI-based urban planning, which is a human activity in the
future. The privacy of residents living in smart cities is severely compromised as large
data must be collected and stored in order to create an AI model. Because data must be
stored locally, cyber criminals may try to access data centers and gain illegal access. As
a result, regulations and strategies to protect human data are needed [7].

A variety of AI-based applications are designed for intelligent and sustainable
cities. They have introduced a method that uses a calculator lens with a small
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microscope and machine learning methods to determine air quality. Their solution is
called C-Air, and includes a smartphone app that can manage and display multiple
settings and findings. It contains a machine that can take small pictures of particles in
the air, as well as a machine learning model that can predict what particles are in the
image and their size. They have used a machine learning algorithm they have made for
themselves [38]. They have introduced a Smart Traffic Management Platform that can
use big data and smart algorithms to improve traffic flow [37].

3.4 Impact of block chain in sustainable smart cities

Blockchain is an open and shared ledger technology (DLT) that can successfully
record, permanently, and securely record transactions between two parties. Integrates
a system with a distributed network of digital data that is copied and synchronized
across multiple devices. The main goal of the DLT is to build trust, accountability, and
transparency without relying on a single source of authority or in situations where
players do not trust each other. It also improves data integrity and geographical
distribution. The advent of Blockchain technology as a transparent and responsible
way to protect data opens the way for complex data privacy, security, and integrity
concerns to be resolved within the smart city ecosystem. Applications that include
data access, control, and distribution of patient records, electronics, and financial
management. Advanced technology and state-of-the-art networks are important
drivers of urban efficiency in a smart city.

Key components of a smart city ecosystem, such as its major infrastructure and e-
government services, are interacting in real time. Wireless communication networks,
combined with self-planning and livelihood networks, are essential to the develop-
ment of smart cities. By delivering critical security services to ensure authenticity,
confidentiality, integrity, and accessibility, high-speed, real-time security agreements
are an integral part of the smart city ecosystem [39]. Blockchain technology has the
ability to rebuild intelligent city infrastructure, change ecosystems to access improved
consumer services, and enable new applications. Because it enhances efficiency, pro-
tects sensitive data exchange, and enhances smart city systems integration, the
Blockchain is revered as a new development and wealth engine in the smart city.
Researchers and experts believe that, in addition to supporting cryptocurrencies,
Blockchain technology could help re-establish urban development around the world
by acquiring transactions with other services [40].

It can be thought of increasing traffic stability by reducing energy consumption,
improving safety, and reducing pollution through Blockchain-based Internet of Vehi-
cles (IoV). The introduction of Blockchain, as well as the transition from fuel-efficient
vehicles to electric and independent Blockchain powered vehicles, has the potential to
create new business models where mobility as a service replaces conventional car
ownership ideas. Citizens will benefit from a high level of smart travel, real-time
public transportation tracking, fast payment services, ample parking, and easy walk-
ing as a result [41].

Physicians can store patient health data in a Blockchain that can be set up to allow
interaction between different healthcare companies. In addition, Blockchain programs
can provide real-time access to patient medical records while providing protection
against data fraud that is difficult to track, such as adding or deleting drug allergies,
critical patient safety and institutional trust concerns. The fact that the Blockchain
enables security, privacy, and integrity of data without the need for an outside com-
pany to control the activity arouses interest in technology. For smart city
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administrators, ensuring that security becomes a priority to combat cybercrime. To
address the security and privacy challenges facing smart cities, the Blockchain must be
integrated to ensure that certain security errors do not continue to affect all other
smart city networks [42].

3.5 Impact of geographic information system (GIS) in sustainable smart cities

Smart cities are defined as areas of big cities that thrive on sustainability and
provide extraordinary living conditions by improving economic, environmental,
transportation, governance, and energy efficiency, among other things. Smart cities
use a network of sensors, cameras, wireless tools, and data centers to enable integrated
city monitoring and administration through the use of technology like GIS, Global
Positioning Systems (GPS), and remote sensors (RS). It is essential for transforming a
city into an intelligent city. GIS is used in surveying, engineering, and organizing the
collection, processing, management and presentation of location data, in addition to
the map display [43].

High-resolution satellite imagery helps to prepare land use maps of cities showing
agricultural land use, residential, industrial, commercial, social, and low land use. Parts
of a smart city include smart planning, public administration, smart power, smart
buildings, smart infrastructure, public safety, smart security, smart traffic manage-
ment, smart waste disposal and smart service delivery methods. GIS unifies all parts of
city planning and management, providing a one-stop shop for everyone. Because smart
cities include fewer participants, project success depends on the integration, network-
ing and collaboration of various actors in the smart city ecosystem [44].

A smart city is one in which investments in human and social capital, traditional
and modern transportation, infrastructure, and long-term economic growth result in a
greater standard of life by collaborating on natural resource management. A city with
the necessary infrastructure to provide a clean and sustainable environment through
new solutions [45]. Smart Solutions will allow communities to improve infrastructure
and services by integrating technology, information, and data. The need for a single
technology platform to facilitate the integration, integration, and collaboration of
various actors in the smart city ecosystem is part of the key achievement. GIS can play
an important role in establishing government-citizen interactions where citizens can
communicate with concerns, make feedback on local infrastructure, and learn about
measures to improve the city [46].

The city of the future will no doubt be very different from the city of today, and
none of us can fully predict the changes that will take place. The connected and
private vehicles will present more real-time GIS opportunities; that major changes are
taking place in our retail systems as a result of switching to online services; that new
digital technologies are changing the diversity of economic markets; and that climate
change will affect many aspects of urban life, especially in parts of the world where
food, energy, and water are nearing critical levels. Our future will be dominated by
global population change and great success in health care, all of which will bring
endless opportunities [35].

GIS systems have become an integral part of city planning. GIS has been
implemented in the information infrastructure of all major cities. It is used in the
investment process and strong management of well-known projects. Although GIS is
not a new solution, new applications have emerged in recent years. The Internet of
Things and other tools and technologies connected to the Smart City concept are
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booming. As a result, new potential areas for data collaboration and resource infor-
mation and integration are developing [17].

3.6 Impact of IoT in sustainable smart cities

IoT technological advancements and its implementation into intelligent cities have
transformed our work and living environments, while enhancing our civilization. There
are a number of downsides to IoT technology in smart cities, including higher energy
consumption, dangerous pollution levels, and the generation of electronic garbage (E-
waste). Green IoT is required for smart city applications to be ecologically sustainable.
As a consequence of green IoT, smart cities are more environmentally friendly, which
makes them more sustainable. As a result, it is important to address the threat of
pollution, traffic congestion, resource use, energy consumption, public safety, quality of
life, environmental sustainability, and cost management strategies and strategies [47].

The objects around us are integrated into many intelligent city applications,
enhancing our quality of life, thanks to dramatic advances in communication and
sensory technology. Internet of Things is a term used to describe the interaction of
objects in a smart city. In smart cities, IoT refers to everything that can be connected
anytime, anywhere, to any channel [48].

IoT technology is developing rapidly, allowing IoT components to be intelligent
through flexible communication network, processing, analysis, and storage, cameras,
sensors, Radio Frequency Identification (RFID), actuators, drones, cell phones, and
other IoT devices are examples. All of these devices have the ability to communicate
and work together to achieve common goals. IoT devices will be able to provide many
real-time monitoring applications using such components and communication tech-
nologies, as evidenced by environmental monitoring, healthcare, transportation inde-
pendence, digital industry and automation, and home automation. In addition, IoT
allows software Agents to exchange information, make collaborative decisions, and
complete tasks more efficiently [49].

IoT has a profound impact on smart cities, with its many programs affecting social
transformation, reducing traffic congestion, creating less expensive municipal ser-
vices, keeping citizens safe and healthy, reducing energy consumption, improving
monitoring systems, and reducing pollution in various ways. However, scholars are
focused on the natural challenges of IoT such as energy consumption, carbon emis-
sions, energy conservation, trade, carbon labeling, and footprint [50].

A data center, on the other hand, is required for data management and conversion
into smart city information, which would otherwise be impossible. As a result, it
consumes a large amount of electricity, is expensive to run, and has a significant
carbon impact. Many common gadgets, including handheld phones, actuators, sen-
sors, and RFIDs [51]. contribute to the production of big data. In order to be consid-
ered “smart,” a city must have a high standard of living, good environmental
management, and a healthy economy. Power and water supplies, internet connection,
smart parking, and other necessities for smart city applications should all be available
in smart cities. Unlimited internet computer services and storage are made possible by
cloud computing. An array of devices is shown to be linked together to collect data
over the internet cloud. It is possible to create a complete learning environment using
cloud computing and the IoT. A primary purpose of cloud applications is to encourage
ecologically friendly products that may be readily reused and recycled [52].

Garbage collection and intelligent city planning must be implemented to provide a
clean environment. The smart IoT devices, edge information, and cloud are being
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sought by businesses and governments alike as a low-cost means to gather various
forms of rubbish. It is necessary to build, run, and improve an automated trash
collecting system in order to get the most out of its use, storage, and production
capabilities. By permitting real-time supervision and cloud connection, the IoT may
assist enhance automated trash collection systems. In addition, the authors stress the
need of automating trash collection systems in order to increase productivity and
efficiency. They examine how smart city infrastructure may be integrated with tech-
nology. Real-time supervision and data gathering have been made possible thanks to
the IoT [53].

To send and receive data, a smart city is built on an intelligent foundation and a
complex system of ubiquitous networks, objects, government, and communications.
The data collected in the cloud of smart cities of any app is handled and analyzed
appropriately, allowing decision-making based on available facts and real-time action
to improve the way we work and live. Research is investigating the importance of
smart cities in creating sustainable cities. Air quality, renewable energy, energy effi-
ciency, water quality, and environmental monitoring are all major concerns [37].

Green IoT is important for smart cities to create environmentally friendly and
sustainable places to work and live. Raw IoT strategies and technologies surpass
traditional IoT strategies and technologies in big data analysis, making smart cities
safer, smarter, and more stable. The authors examined how big data has improved
living standards by reducing land pollution and using resources efficiently [54].

In the field of smart cities, IoT devices and technologies have gained a lot of interest.
It is necessary to address the definition of waste management and smart communities.
Smart cities propose the use of a large number of smart devices capable of processing
and computing to facilitate green automation, monitoring, and data collection. Under-
standing the field of waste management and determining value in controlled waste
collection and disposal requires understanding the permissive, planning, social, and
economic aspects. In addition, the efficient management and collection of wasteful city
infrastructure should be considered. The link between waste management and the
activities of smart communities must be handled in a consistent manner [7].

IoT has the potential to transform the healthcare industry by shifting its focus from
therapies to ensuring the well-being of everyone. This field, however, is still in its
infancy, and a few things need to be investigated before its full potential can be
determined. Discusses the effectiveness of IoT in preventive health care and treatment
in relation to a variety of workplaces such as disease monitoring, age-based monitor-
ing, body abnormalities, and profile-based monitoring; and presents open-ended
research questions and future research guides on IoT use [39].

Smart homes, workplaces, schools, data centers, industries, and warehouses are
examples of smart infrastructure. IoT technology can be used to control security,
surveillance, automation, power management, and other advanced architectural
features. Smart homes, workplaces, warehouses, and other smart buildings complete
their obligations quickly and efficiently [40].

Smart appliances and systems use sensors to monitor the environment and take
appropriate action, such as flashing lights or turning off the air heater. These clever
systems also help in predicting demand. Similarly, smart warehouses can help
improve supply chain management production. The biggest advantage of smart
houses and buildings is the convenience they offer users, as they are released to focus
on other activities. Intelligent health care systems need to be in place for cities to
thrive [41]. IoT applications have the potential to significantly improve urban trans-
port infrastructure.
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Among the features of an intelligent urban transportation system are the automatic
identification numbers, road vehicle counts, traffic signal automation, intelligent
lighting, and intelligent parking. The use of Internet of Things to manage vehicle
traffic information can help control real-time traffic, benefiting citizens, city govern-
ments, and the urban environment. The combination of sensory capabilities, modern
GPS-enabled vehicles, air quality, and sound sensors used on a particular road can
greatly assist in traffic monitoring and city sustainability [42].

Residents are concerned about the lack of adequate parking in cities. The Smart
parking lot software can track the number of vehicles in various parking lots
throughout the city, as well as their arrival and departure. Drivers may use street
sensors and sophisticated displays to determine the correct parking route in the city.
Users, sellers/contractors of parking spaces, government, and the general public all
make a profit in smart parking spaces. Finding a parking space quickly reduces traffic
congestion, less pollution, and happier residents [46].

4. State-of-the-art

Global urbanization is moving quicker than ever before, and it is happening all
across the planet. Global urbanization peaked in 2007 at 51%, and it is expected to reach
70% by 2050. Around 60% of the world’s population is expected to be living in cities by
2050, up from the current 1.4 billion urban residents in 1970 [55]. Fresh urban issues are
prompting new debates about how to deal with them. One and among the most sought-
after solutions is the creation of smart cities. An urban development strategy known as
the smart city involves constructing cities with the use of ICT. Cities are huge cause of
pollution, congestion, for waste, but they also exacerbate a variety of socioeconomic
concerns, such as increased poverty, crime, and unemployment, because of unchecked
population and growing resource demand, combined with poor organization and man-
agement. Because of this, urban management is one of the most serious concerns of the
twenty-first century, necessitating innovative measures in industries such as engineer-
ing, public safety, and the natural environment [56].

In a smart city environment, The Internet of Things provides framework for
connecting gadget allowing for easier information transmission across platforms [49].
As a result of the recent adoption of a variety of wireless technologies, like as IoT is
ready to become the next disruptive technology that takes full advantage of the
potential of the Internet. Smart retail, energy, transit, water, housing, healthcare and
grids all recently observed IoT being used to build intelligent systems in smart cities.

However, There is no globally accepted definition of a smart city, and it is difficult
to spot shared global patterns [49]. The concept focuses on integrating next genera-
tion information technology into all parts of life, including hospitals, electrical grids,
railroads, bridges, tunnels, highways, water systems, buildings, oil, dams and gas
pipelines, and other items all over the world [57]. The Internet revolution resulted in
unparalleled levels of connectedness and speed among individuals. The connectivity
of items to build a smart city will be the next revolution. The interconnectedness of
sensing and actuating equipment is emphasized in the smart city, a standard frame-
work that allows information to be transferred across platforms. Such sharing is
enabled by cloud computing, which serves as the unifying foundation for data ana-
lytics, omnipresent sensing and information representation. The post PC era has
arrived, and smartphones and different hand-held devices area unit reworking the
environment by creating it additional interactive and informative [58].
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The Internet revolution resulted in unparalleled levels of connectedness and speed
among individuals. The connectivity of items to build a smart city will be the next
revolution. The interconnectedness of sensing and actuating equipment is emphasized in
the smart city, a standard framework that allows information to be transferred across
platforms. Such sharing is enabled by cloud computing, which serves as the unifying
foundation for data analytics, omnipresent sensing and information representation. The
post-PC era has arrived, and smartphones and different hand-held devices area unit
reworking the environment by creating it additional interactive and informative [49].

Big data systems have been successfully stored, analyzed, and extracted in smart
cities to provide information that will be used to improve a variety of smart city
services. Big data could also help planners anticipate future expansion in smart city
resources, services, or places. The multiple aspects of big data emphasize its signifi-
cant benefits and improvements potential. The possibilities are limitless; nevertheless,
the availability of modern technology and equipment limits them. With the proper
tools and methodologies for economical and effective knowledge analysis, huge
knowledge will fulfill its aims and develop sensible town services. Such efficiency
would encourage collaboration and communication among organizations, as well as
the development of new services and apps that will strengthen the smart city.

Big data applications may benefit a wide range of industries in a smart city,
resulting in improved consumer experiences and services, as well as improved corpo-
rate performance. Diagnostic and treatment tools, Preventive care services, healthcare
records administration, and patient care may all be improved (see Figure 3). Big data
may help transportation networks optimize routes and timetables, handle fluctuating
needs, and improve environmental friendliness.

Figure 3.
Smart city and Business model for big data.
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The smart city age of big data has ushered in a lot of new value-creation possibil-
ities, which faces several difficulties, the majority of which are multi-dimensional and
may be tackled from various interdisciplinary viewpoints [57].

Cloud computing refers to a set of computing models that include a large number
of machines or clusters linked by a network system. It allows users for executing
complicated computing operations on vast area like mining enormous amounts of
social network data provided by smartphone apps [57]. The basic engine for cloud
computing is provided by big data technology such as the Hadoop framework.
Hadoop was intended to provide a platform and programming paradigms for distrib-
uting big dataset processing across several clusters. Hadoop is made up of two main
components: Hadoop Distributed File System and MapReduce, both of which are
intertwined [59], although the smart city’s real-time data storage and processing
requirements are taken into account. Using streaming architecture, the network’s
sensing devices will be able to communicate efficiently and smoothly.

4.1 Smart city performance evolution

The smart city diagnostic model’s indexes, such as Environment, Living, Traffic,
Governance, and Plan/Strategy have been observed to have a high frequency of smart
city performance evaluation indices, see Table 1. The smart city diagnostic model’s
indexes, such as Environment, Living, Traffic, Governance, and Plan/Strategy were
shown to have a high frequency of smart city performance evaluation indices. There
are unit limits in this it is troublesome to spot good cities from property indicators in

Sr. No. Category Frequency

1. Economy 1, 2, 8, 10, 11

2. Human Resources 1, 2

3. Governance 1, 2, 6, 8

4. Traffic 1, 2, 8, 10

5. Environment 1, 2,7, 8, 10

6. Living 1, 2, 7, 8, 10, 11

7. Strategy 3, 4, 5, 14

8. Execution 3, 4

9. Culture 5

10. Technology 5

11. Data 5, 10

12. Innovation 6, 7, 8

13. Sustainability 6

14. Social Integration 6

15. Information Linkage 6, 10

16. Infrastructure 7, 8, 11

17. Crime and Disaster Prevention 7

Table 1.
Smart city performance evaluation index frequency [60].
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key EU-based diagnostic models, additionally as international cities and inexperienced
town indexes, as a result of good cities area unit recognized as technology and systems
additionally as human parts.

When it comes to the smart city diagnosis model, there is a proclivity to focus on
European technology, systems, and human aspects. Most domestic diagnostic models,
on the other hand, have narrowly concentrated on technology elements that operate
as infrastructure construction. The Navigant index, as well as the Global System for
Mobile Association (GSMA) and Erickson indices, which are mental in nature and
evaluate private enterprises, have limitations due to their overemphasis on mobile
functions. Of course, technological infrastructure plays a major role within the devel-
opment of a sensible city, and it is integrated with ICT.

However, the above-mentioned characteristics cannot be used to draw judgments
about a good smart city. In order for a city to develop, many factors must be devel-
oped in consideration of the internal and external environments, including leadership,
organizational structure, governmental system, legal backgrounds, political processes,
interest groups, citizen support and participation, local industries and vendor com-
munities, and stakeholders. Look at how non-technical concerns like people’s collabo-
ration, government policy support, leadership, and local innovation should all be
included in smart city design and growth.

5. Conclusions

A second historical wave of migration from rural to urban areas is currently
beginning. According to the most recent United Nations study on Smart Cities, the
world would wish to develop 10,000 new cities by 2040, where China has already
committed to making 100 new cities to accommodate the 385 million people that are
expected to migrate from the rural area to the town. There will be seven new cities in
Korea, six in Asian countries, and personal sector initiatives like PlanIT vale in Portu-
guese Republic and Lavasa in Asian country square measure within the works. Utili-
zation way for Europe states that smart use and exploitation of technologies and
knowledge will help us face the challenges confronting society and Europe. There is a
clear trend towards increasing the percentage of people living in cities in the near
future. These urban conglomerates must therefore handle and resolve the bulk of
society’s issues, sometimes with scarce resources and sophisticated progressive
groups, in which judgment call becomes a cumbersome and inefficient process with a
lack of openness.

Many academics from numerous fields are interested in the fast growth of data
because of the large growth in connected devices in urban locations. This chapter,
therefore, highlights the role and importance of emerging information and communi-
cation technologies in new generation of sustainable smart cities. The elements of
sustainable smart cities have also been highlighted by giving an overview of how cities
throughout the world have adopted them and projected trends for the next generation
of sustainable smart cities. Section 2 discusses about the importance and need of smart
cities in our day to day life. The various dimensions that need to be considered while
looking at the smart cities are depicted using Figure 1. Section 2.1 provides infra-
structural requirements for smart cities. Section 2.2 explicates that smart cities project
success depends on the integration, networking and collaboration of various actors in
the smart city ecosystem, while Section 2.3 highlights how the cities and its residents
will benefit from a number of great benefits in smart cities. Section 3 provides Role of
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key technologies in smart cities, for instance, 5G, 6G, AI, Blockchain and IoT. Section
4 provides the state of the art in terms of the steps towards future sustainable smart
cities and finally Section 4.1 summarizes the discussion by providing the smart city
diagnostic model indexes, such as environment, living, traffic, governance, and plan/
strategy in Table 1.
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Chapter 5

The Effect of Smart City on the 
Promotion of Entrepreneurship
Jae Eun You and Jong Woo Choi

Abstract

As smart cities are early markets, there are many opportunities for new services, 
technologies, and platforms to enter. The smart city ecosystem is also necessary for 
sustainable smart cities. The smart city plan can serve as an opportunity for startups 
to take a new leap forward at a time when various regulations and fierce competition 
are entering a stagnant period. The brilliant ideas of prospective entrepreneurs have 
become new vitality in the smart city field. Prospective start-ups will come up with 
solutions and service ideas for a more convenient and safe life by analyzing market 
demand and gaps. If there were no various regulations in the smart city and various 
support policies, chances for start-ups would increase.

Keywords: smart city, entrepreneurship, start-ups, innovations, strategies

1. Introduction

From the beginning, smart cities received a lot of attention from both developed 
and developing countries regardless of their national technology level. Developed 
countries are promoting smart cities for optimal utilization and efficient management 
of existing urban infrastructure to solve urban problems, and developing countries 
have been interested in skipping technology levels by applying new urban infrastruc-
ture construction [1].

On the other hand, the general argument is that the concept of smart city  
varies depending on the economic level or policies of each country, region, or 
city, and there is no universally available concept. For example, the International 
Telecommunications Union [2] investigated the current status of global smart cities 
and identified 116 similar but different smart city definitions.

Recently, as smart city discussions continue, smart cities generally agree that 
information and communication technologies are applied to urban spaces to effi-
ciently utilize urban resources [3].

In response to the fourth industrial revolution caused by the development of IT 
technology, the word smart city means a combination of urban space and technology 
[4, 5], transforming the city into a new technology creation space. Due to the hyper-
connection of virtual space and physical space, an industry that maximizes efficiency 
by collecting people, assets, and data based on platforms and sharing goods and 
services, as in the case of Uber and Airbnb, is rapidly growing. In addition, the fourth 
industrial revolution is difficult to predict due to its rapid development and constant 
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convergence with other fields [6], and regulatory reform for the acceptance and 
spread of fast-growing new technologies is an important role for the government and 
a place to experiment [6]. In response to the fourth industrial revolution, the smart 
city approach of foreign countries also deals with “data-based platform access and 
demonstration in urban space,” and Korea is also introducing such smart city policies.

Smart cities have something in common in that they actively utilize the charac-
teristics of making the most of the city’s resources based on information and com-
munication technology, but there are some differences in the background, major 
means, and goals. As can be seen from the individual appearance of smart cities, 
mobility minimization, expansion of civic exchanges, efficient solutions compared to 
investment, data and platforms, urban demonstration, and regulation are suggested 
as major means. Due to different backgrounds, the scope of smart cities is expand-
ing, and as a result, difficulties exist in promoting smart city policies. In order for the 
smart city policy to be successfully promoted, it is necessary to clarify the goals and 
means to be achieved.

Although there are differences among works of literature, the components of 
smart cities are largely presented in the technical sector, the human resource sector, 
the institutional sector, and the innovation sector. Hwang [7] presented seven layers 
of smart city components such as urban infrastructure, ICT infrastructure, and 
spatial information infrastructure, focusing on the technology sector.

Smart cities can be largely divided into technology and infrastructure sectors, 
institutional sectors, and human resources sectors. The technology and infrastructure 
sectors include physical “urban infrastructure” such as roads and bridges, information 
and communication infrastructure such as communication networks, and informa-
tion and communication-related technologies and platforms represented by ICBM. 
In the institutional sector, the areas covered by smart cities are wide, and due to the 
characteristics of convergence and complexity by field, it shows high importance at 
the stage of actual management and operation of smart cities. The human resource 
sector acts as an important means of creating innovative services and achieving a 
smart city ecosystem by promoting innovative ideas, cooperation with the private 
sector, and citizens’ participation, reflecting the characteristics of rapidly developing 
and evolving information and communication technology.

The components of smart cities can be largely divided into infrastructure, data, 
services, and institutional sectors, and are included in seven detailed elements for 
each sector. The infrastructure sector includes urban infrastructure that can apply 
related technologies and services as physical and technical elements for building a 
smart city, ICT infrastructure that connects the entire city, and spatial information 
infrastructure necessary to fuse real space and cyberspace. The data sector is an area 
related to the production and sharing of data necessary to develop and operate new 
urban services, and IoT technology is a key element. The service sector is an area that 
provides actual urban services and includes algorithms for data utilization, reliable 
services, and urban innovation elements that are the basis for social and institutional.

2. Creative smart city composition

2.1 Open lab operations

Based on NB-IoT technology, this place provides a cooperative system and oppor-
tunity to develop innovative devices and creative services with mobile carriers in 
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the IoT market. By securing compatibility between various smart city products and 
services, it aims to improve user convenience, promote new product and service 
development, and create a smart home industry ecosystem that coexists with small 
and medium-sized companies. It supports the development of open smart city linkage 
technology and services. It helps develop IoT interworking technologies for interop-
eration between various products and devices of various manufacturers.

In addition, IoT convergence service models are discovered through collabora-
tion between large and small businesses based on interlocking, and open smart city 
testbeds are operated and demonstrated. It demonstrates the interoperability, com-
patibility, and commercialization appropriateness of various products and services. It 
also provides consulting services for commercialization of related small and medium-
sized enterprises. It prepares and distributes standards for open smart city linkage 
technology. It supports the operation of open IoT consultative bodies that participate 
in industry, academia, and research.

Open lab actively supports development companies and manufacturers to 
commercialize ideas by supporting development spaces and 3D printers, includ-
ing NB-IoT communication modules and development boards. Open lab receives 
business proposals for innovative devices and creative services to revitalize the IoT 
ecosystem.

2.2 Start-up incubating

It will build a “start-up incubation support platform” that can be operated con-
tinuously by combining hardware elements such as space, facilities, and equipment 
for cooperation with companies in industrial complexes with software elements such 
as research resources and capabilities.

Spigel [8] classified the ecosystem of start-ups into cultural, social, and physical 
dimensions, and saw it as a process in which components of three dimensions interact 
with each other and resonate [9]. The cultural dimension refers to a risk-taking entre-
preneurial culture or a successful model to benchmark, the social dimension includes 
social networking within the region and mentors that companies must follow, and 
the physical dimension encompasses national or local governments, infrastructure, 
research, and investment institutions [8]. This means that policy should create an 
environment in which entrepreneurs can start their own businesses without fear of 
failure. Fails in the growth of companies and entrepreneurs need to not become a 
burden on the economy to help.

Classification Contents

Supporting 
Target

Regional-specific convergence VR and AR technology-based enterprises and startups

• Enterprises in specialized industries and content production companies with 5G, VR, 
and AR technologies

• VR and AR content tasks composed of consortiums with local companies

Supporting 
field

Specialized industries such as aviation, IoT, and 5G-based VR and AR contents

• 5G-based content: High-capacity, high-quality content types that enable uninterrupted 
real-time experience and interaction with cloud servers and 5G wireless networks.

Table 1. 
Fostering realistic content.
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It is to complete a circular structure in which start-up companies can lead to new 
investments again through growth and spread. Therefore, early start-up companies 
should not have difficulty raising funds and securing talent.

2.3 Fostering realistic content

This project will be carried out as a project to foster new industries that foster 
innovative growth bases for industries by establishing 5G-based VR/AR platforms in 
connection with strategic industries, which are future growth engines. The main task 
is to create and utilize a development environment in VR and AR production base 
centers. It supports equipment and systems for technical support such as production 
and demonstration of convergence VR and AR contents (Table 1).

2.4 Building a cluster for revitalizing the unmanned aircraft (drone) industry

This project is a cluster construction project that builds a drone-only flight test 
site, in the landfill, in the Seoul metropolitan area, supports drone-related companies, 
and creates a space for civic experience (education) to create a foundation for foster-
ing new industries.

The project will establish a foundation for revitalizing the drone industry by 
providing a drone-only test site so that safety tests can be freely performed for a 
certain period of time at the request of operators (users) to support various flight 
test conditions such as night and altitude. It will build infrastructure facilities such as 
control towers, maintenance warehouses, offices, and take-off and landing sites.

The expected effect of this creates a foundation for establishing the drone industry 
promotion policy of the Ministry of Land, Infrastructure, and Transport, thereby 
providing conditions for fostering new industries. It creates a synergy effect of 
expanding the base of unmanned aerial vehicles, such as attracting related industries. 
Policy and technical support through the support of experts from the Ministry of 
Land, Infrastructure, and Transport and the Korea Aerospace Exploration Institute 
will be needed (Table 2).

2.5 Supporting innovation growth in robot industry

There is a need for bold fostering and support policies to enhance the competitive-
ness of the robot industry. It is necessary to establish a mid-to a long-term plan to fos-
ter the robot industry as a specialized industry by setting five major policy directions. 

Stage Content

1. Securing the 
site

• Establishment of drone cluster construction plan and securing site

• Completion of a drone-only flight test site

2. Perform Design • Perform basic design for drone cluster construction

• Supporting drone flight test sites and creating a citizen experience space

3. Operation • Corporate support for drone clusters and operation of citizen experience space

Table 2. 
Building a cluster for revitalizing the unmanned aircraft (drone) industry.
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Specifically, it will create a representative robot ecosystem through the successful 
creation of Robot Land. It is necessary to establish a support system to discover and 
intensively foster the specialized robot field and foster the robot industry by support-
ing the innovative growth of robot companies and establishing and spreading robot 
culture among citizens.

The main task is to create infrastructure to foster the robot industry such as Robot 
Land. By creating the Robot Land, robot industry promotion facilities will be acti-
vated, and robot test and certification support centers will be established. It fosters 
robot start-ups and supports the innovative growth of robot companies.

Furthermore, it spreads robot culture among citizens. Through this, cultural 
projects that can raise awareness of robots and induce citizens’ interest are carried 
out. Robot characters and content are developed and citizen participation in robot 
competitions is held.

Also, specialization creates the demand for robots. Through supply–demand 
matching, conditions for creating and revitalizing the robot industry ecosystem are 
created. Improve the organizational system and system for upgrading the robot indus-
try system. Establish a cooperative system for robot companies and strengthen system 
improvement and support organizations (Table 3).

2.6 Recruitment and operation of private start-up training institutions

It is necessary to select a private fostering institution with the capability and infra-
structure to discover and foster big data and AI-based startups that will lead to new 
industries by linking smart cities and bio-fusion. It supports private organizations 

Strategy Content

Creating a robot 
ecosystem

Development of robot-related industries, businesses, theme parks, housing, and 
commercial facilities

Building a cluster of robot industries by attracting and revitalizing robot industry 
promotion facilities (Robot Tower, Robot R&D Center)

Based on standards and technical standards, testing, inspection, calibration, and 
certification services such as reliability, performance, and safety of Korean robot 
companies are provided

Innovative growth of 
robot companies

Robot start-up discovery, start-up space operation, start-up, and job support

New R&D Support for Robot Companies

Support for patenting, testing, and certification of robot products

Support for participation in promising domestic and foreign exhibitions in the robot 
field

Networking support for robot companies

System Improvement and Policy Development for Robot Industry Development

Spreading robot 
culture to citizens

Development of robot characters, establishment of robot experience center, and 
holding robot-related competitions robot idea contest, promote robot-related 
cultural events

Robot training, camp operation

Table 3. 
Supporting innovation growth in robot industry.
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and companies that have the capacity and infrastructure to support startups and meet 
the qualifications.

As for the contents of the support, space to discover and foster startups and 
common and specialized startup programs (evidence, R&D, education, etc.) are 
supported. The selection of tenant companies shall be promoted through the formed 
committee. Rent for space will be provided free of charge for up to 5 years to tenant 
companies, and major fostering industries through common and specialized startup 
programs will be selected as fourth industry-specialized fields, such as big data, AI, 
blockchain, and IoT.

3. Smart city strategy

Currently, many local governments are promoting or planning to promote plat-
form-oriented smart cities. It is also aware of the importance of the platform when 
promoting smart cities, but it is still in the early stages of settling down where the 
results of the smart city platform are not as expected.

The distribution of urban integrated operation centers, which can be said to be 
the physical infrastructure of platform-oriented smart cities, is held by many local 
governments from the beginning, and local governments using self-communication 
networks are also showing a high rate. In addition, an integrated platform with a 
public nature is also expanding its construction through distribution and diffusion 
projects to local governments every year. While the distribution of physical infra-
structure and integrated platforms is being structured or rapidly spreading, the 
data linkage and utilization sector, which is the core of platform-oriented smart cit-
ies, is still insufficient, causing low achievement of platform-oriented smart cities. 
In order for platform-oriented smart cities to be implemented, the most important 
direction is to promote policies so that more data can be linked and utilized, and 
in addition, platform policy directions should be established so that various sub-
jects can participate and spread spatially. In fact, it will be possible to achieve the 
goals pursued by platform-oriented smart cities only when public and private data 
are linked and integrated, and at the same time, their joint use gradually spreads 
locally.

3.1 Seeking ways to link with private data

The current level of domestic smart cities is limited to linking and utilizing public 
data between different service fields. In the case of overseas, there are some cases 
in which private big data is used together with public data based on the platform of 
the urban integrated operation center. The biggest problem in linking private data 
with the platform in the domestic urban integration operation center is linked to the 
Personal Information Protection Act. Local governments’ opinions also argue that the 
integrated platform should be partially opened to increase its utilization.

Due to the existence of personal information in the integrated operation center 
and platform, local government officials are reluctant to actively develop and link 
solutions, and they are burdened by the law in terms of introducing and linking smart 
city solutions. While interest in platform-linked smart cities is mentioned, as the 
highest target type of local governments, the fiscal investment sector is the lowest 
so far. Therefore, there is a need to promote platform linkage as a national project so 
that smart city solutions suitable for the characteristics of local governments can be 
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discovered. If a pilot project linking private and public data is promoted by combin-
ing various newly introduced regulatory sandboxes, local governments will be able to 
push for a more distinctive smart city with the central government’s budget support.

Among the current government’s smart city promotion strategies, problem-
solving smart city-type urban regeneration targeting areas with innovative industries 
through national pilot cities have clear goals. However, in the case of existing urban 
areas, including new cities, where construction has been completed, there is an area 
where the identity of the goal is ambiguous. Therefore, as one of the goals of upgrad-
ing smart cities, it is necessary to seek ways to upgrade to data-oriented smart cities 
in the form of discovering and distributing private and public data-linked services as 
well as the current integrated platform distribution project.

In terms of technology, the current closed smart city platform, which is discon-
nected from the external network, should be upgraded to an open smart city platform 
so that information can be disclosed and provided. Due to regulations related to 
personal information protection, the current smart city platform is cut off from the 
outside world. Since there are definitely limitations in linking only public services, 
there is also a need to convert to a platform form in which data can be opened in order 
to expand its functions. Since it is practically impossible to switch from a closed 
platform to an open platform, due to current regulations, the most realistic alternative 
would be to apply it first using the regulatory special cases of the national pilot city 
currently being promoted and gradually spreading after a successful demonstration.

3.2 Smart city with innovative space creation

Smart cities that create innovative spaces can be seen as a type that lags behind 
in Korea compared to advanced countries abroad. The creation of innovative spaces 
includes demonstration and inter-city networks, and in the case of demonstration, 
there are many factors to consider, such as deregulation, goal-oriented performance 
indicators, open data policies, living labs based on civic participation, and new indus-
tries. Since inter-city networks simultaneously play a role as knowledge exchanges and 
potential overseas markets, global network support is needed at the national level.

Since discussions on innovative space creation-type smart cities have recently 
begun in the domestic smart city policy sector, it is necessary to consider various 
strategies. As can be seen from the results of the local government’s survey, there 
are few local governments that are currently promoting innovation space creation in 
smart cities in Korea, but as can be seen from domestic keyword analysis, keywords 
related to innovation have increased significantly over the past 2 to 3 years.

3.3 Introduction of practical regulatory sandboxes

With the recent revision of the Smart City Act, national pilot cities have intro-
duced and operated regulatory sandboxes. However, domestic regulatory sandboxes 
have the nature of regulatory exceptions for prescribed industries such as self-driving 
cars and drones, which the government believes have potential rather than discov-
ering unexpected new innovative industries. Regulatory sandboxes promoted in 
Japan are more comprehensive than national pilot cities in Korea because they try 
to introduce a method of granting regulatory deferral by deliberating on proposals 
from private companies that want to test new industries. Therefore, it is necessary to 
expand the subject of regulatory grace in the direction of Japanese-style regulatory 
sandboxes that can further expand the scope of regulatory sandboxes.
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As in the case of Japan, in order to implement regulatory sandboxes, the legal 
system needs to be improved in the short term, and it is also necessary to consider the 
management and operation of regulatory sandboxes. First, an organizational system 
related to the regulatory sandbox should be formed after the revision of the law in the 
form of a complete regulatory sandbox in the current form of special regulations. Two 
support organizations are needed to manage and operate regulatory sandboxes.

First, it is necessary to evaluate private companies’ proposals for testing new 
industries in the regulatory sandbox, and at the same time, to monitor the perfor-
mance and side effects of the new industry testing process of private companies. The 
role of the support center is to establish standards for allowing proposals, review the 
contents of proposal evaluation, determine acceptance levels, continuous monitoring 
of performance and side effects in the experiment process, and secure and promote 
markets for new industries that have been successfully demonstrated.

Second, a one-stop regulatory improvement center is needed. Most of the new 
industries that are newly tested in the regulatory sandbox are industries that are diffi-
cult to spread to other regions due to regulations. Therefore, it is necessary to operate 
a regulatory improvement center that monitors the tested process and supports the 
promotion of regulatory improvement at the same time if there is a high possibility of 
success. In general, it takes about 2 years until regulations are improved and legalized, 
so tests and regulatory improvement preparations need to be carried out in parallel so 
that they can be used immediately after a successful demonstration [10].

3.4 Promotion of special industry classification in smart urban industries

On the other hand, although the concept of smart cities is ambiguous and the 
definition and classification of related industries are unclear and extensive, efforts 
need to narrow the scope of smart city industries to revitalize the smart city innova-
tion ecosystem. As seen by integrated platform construction companies, the standard 
industry classification code is a mixture of manufacturing and software developers, 
and there are limitations that it is difficult to define the smart city industry based on 
the existing classification criteria. Therefore, it is necessary to quickly establish special 
industry classifications related to smart cities by referring to special classifications, 
such as the spatial information industry, and gradually supplement them in the future.

3.5 Improvement of smart city certification and standardization system

It is expected that new services will be derived by converging and combining 
existing services in relation to the smart city industry. Standardization should be sup-
ported, so that different services are linked and compatible under these conditions of 
convergence. Therefore, when various smart city services are developed, it is necessary 
to present guidelines related to standard procedures and frameworks to enable conver-
gence, complexity, and interoperability based on compatibility [11]. These efforts are 
related to entering not only domestic but also overseas smart city businesses, and for 
this, international cooperation related to smart city standardization is also needed.

3.6 Social and cultural innovation

Sociocultural innovation can be said to be the most abstract and difficult to present 
measures compared to the innovations of the assets discussed above. In the case of 
networking assets discussed in urban innovation spaces, a culture that allows people to 
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interact and talk with each other may be a more appropriate model for the West than 
for the Asian region. However, in Korea, if various community activities are activated 
and an environment where people can gather is created, the possibility of physical 
networking can increase. In fact, the prerequisite in terms of revitalizing platforms 
and networking assets is that cities should play a role as a place where various people 
meet, share opinions, and communicate offline as well as on online platforms.

3.6.1 Fostering an adventurous entrepreneurial spirit

First of all, socio-cultural innovation is needed in relation to the training of talents 
who are the basis of networking. It was found that domestic companies lack entrepre-
neurship to enjoy the adventure without fear of risk, and job seekers prefer stable jobs 
(Asan [12]). It can be seen that this trend of job preference does not solve the most funda-
mental problem of forming a smart urban innovation ecosystem. Therefore, it is neces-
sary for the public and private sectors to cooperate to educate entrepreneurship so that the 
start-up culture of enjoying and attempting new adventures can spread (Asan [12]).

In addition, it is related to socio-cultural changes, and even if necessary manpower 
is trained in many universities, their careers cannot be connected to related majors 
and there is a problem of preferring stable jobs such as public officials. As such an 
example, a survey of high school students’ future hopes showed that 50% preferred 
stable jobs such as public officials and professionals (Asan [12]). For this reason, it is 
necessary to recognize the perception that business activities related to start-ups can 
be stable for those who are worried about their careers. This direction can be resolved 
in a way that the government bears the failure, as previously discussed in the policy 
related to the revitalization of start-ups.

3.6.2 Promoting citizens’ awareness of participation in smart city policies

If there is a difference between the smart urban innovation ecosystem and the gen-
eral economic innovation ecosystem, it may be related to improving the quality of life 
of citizens. In other words, in order to revitalize smart urban innovation ecosystem, 
solving urban problems recognized by citizens, and creating a better city is a condi-
tion for revitalizing the smart urban innovation ecosystem. Therefore, it is necessary 
to collect opinions from citizens and create a system so that they can participate in 
urban policies and contribute to the city by providing urban problem solutions.

The way to influence citizens’ smart city policies is to use civil petition data. 
However, it is necessary to introduce a direct democracy method rather than an indi-
rect method using civil petition data to create a system so that citizens can directly 
propose urban policies and actively engage in urban management, and encourage 
citizens to participate in policies. In terms of technology, digital democracy using 
blockchain technology is under discussion, and there are cases that implement this. 
If direct democracy such as digital democracy is expanded, citizens’ interest in policy 
participation could increase.

4. Conclusions

This study presented a framework for establishing the concept and analyzing 
components of the smart urban innovation ecosystem in detail through literature 
research. The smart urban innovation ecosystem framework includes platforms, 
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physical assets, virtual assets, human assets, economic assets, institutions, and social 
culture as components, among which platforms, that is, networking assets, are the 
most important (Figure 1). Here, the platform is a platform as a city mentioned in a 
smart city and refers to both a digital platform in a virtual space and a platform in a 
physical space and a virtual space that encompasses networking assets discussed in an 
urban innovation space.

Based on the smart urban innovation ecosystem framework, this study discussed 
ways to improve the innovation of each innovation ecosystem component and revital-
ize the overall innovation ecosystem, focusing on the platform. As the term ecosystem 
implies, which means the circulation of matter and energy, there is a connection 
between each innovation ecosystem component, and if the connection between them is 
not smooth, the spread of innovation and innovation of the components is difficult to 
occur. For example, human assets affect not only virtual assets, such as the collection of 
big data and analysis using artificial intelligence in terms of technology development, 
but also economic assets in terms of entrepreneurship and smart urban industry.

In the case of the startup ecosystem related to the innovation ecosystem in terms 
of economy, it may seem related to the industrial economy, but as seen in Urban Tech, 
it is an important element of the smart urban innovation ecosystem in that there are 
many startups related to urban problem-solving. These startups emerge, spread, and 
lead to innovation in physical and virtual assets. To lead this creativity, talent needs 
an entrepreneurial spirit to enjoy the adventure without fear of risk, which must be 
accompanied by socio-cultural innovation that supports new attempts and helps them 
recover even if they fail.

In terms of institutional aspects, existing smart city policies have carried out vari-
ous institutional support projects such as infrastructure construction, R&D projects 
for technical support, and talent training projects. It is true that such institutional 

Figure 1. 
The framework of the smart urban innovation ecosystem.
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support contributed to the development of domestic smart cities, but the private sec-
tor and citizens were passive in the process of implementing these policies due to the 
government-led top-down ordering method. In the future, there should be institu-
tional support so that the private sector and citizens can play a leading role in estab-
lishing smart city policies. In addition, it is necessary to improve various regulations, 
such as improving the Personal Information Protection Act, and ultimately seek ways 
to realize comprehensive negative regulations. In addition, in order to present specific 
measures for the creation and revitalization of the smart urban innovation ecosystem, 
it is necessary to preemptively present the concept and scope by introducing a special 
classification of the smart urban industry.

Ultimately, it is necessary to activate the platform so that the innovations between 
these assets can be smoothly connected. Until now, it can be said that discussions are 
underway rather than implementing smart cities as platforms. As an ideal platform, 
smart cities are not only virtual city platforms that collect, analyze, and simulate 
urban data, but also online and offline platforms that integrate physical and virtual 
environments by expanding physical networking to exchange ideas through offline 
community activities.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 6

Research on Technology 
Governance of IoT Smart City in 
Yilan, Taiwan: Taking Intelligent 
Disaster Prevention as an Example
Chang-Wei Chai, Yu-Heng Huang and Tseng-Wei Chao

Abstract

An advanced smart building platform should meet the needs of humanization and 
provide the best information and communication technology integration capabilities 
to enhance the digital upgrading and transformation of the construction industry. 
From the perspective of the technology governance of the smart city in Yilan County, 
this study proposes the direction of the sustainable development of intelligence in 
Lan-yang area and discusses the intelligent disaster prevention of the IoT smart city 
in Yilan, Taiwan. In the study, data related to technology governance were collected 
through literature review and validation of empirical fire drills, including the mean-
ing of smart city, the development process of promoting smart city in Taiwan, and 
technology governance and smart city development. The content and analysis of 
empirical fire drills demonstrated the specific achievements of the smart city technol-
ogy governance development in Yilan County, Taiwan.

Keywords: technology governance, intelligent city, Internet of Things,  
intelligent disaster prevention, fire protection

1. Introduction

Last year, IEEE held the 2021 IEEE International Conference on Electronic 
Communications, Internet of Things and Big Data (ICEIB 2021) international sym-
posium in Yilan, Taiwan, and one of the papers was selected as the Best Paper Award. 
The paper provides forward-looking AIoT (The Artificial Intelligence of Things) 
Fairy technical capabilities through the Infairy IoT (Internet of Things) browser 
platform, integrates different communication protocols, realizes the interconnection 
and interoperability of IoT standards, solves the smart home fragmentation, and 
meets the needs of intelligent buildings to keep pace with the times.

The study site is located in Yilan County, northeastern Taiwan. The location is 
small and beautiful, which is conducive to the development of the pilot smart city 
market. Through the smart application of technology governance and industrial 
development, it will bring a new and better life experience, expand the energy of 
technology governance and the IoT industry, and introduce the smart city market.
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This study has been approved by the local government of Yilan County with the 
approval letter number: 1090066019, as shown in Figure 1, smart city official documents 
approved by Yilan County Government. The approved research field goals include the 
following seven aspects: (1) Demonstration Project of Intelligent Disaster Prevention 
and Intelligent Rehabilitation Aids in Yilan County Nursing Homes: Social Division and 
Health Bureau, (2) Old Building Access Control Upgrade Demo Construction Project in 
Yilan County: Construction Office, (3) Demonstration of intelligent fire joint defense 
system in Yilan County’s smart city upgrade project: Fire Department, (4) Intelligent 
Agriculture and Breeding Platform Demonstration Site in Yilan County: Agriculture 
Division, (5) School Intelligent Science Laboratory Construction Project: Department of 
Education in Yilan County, (6) Demonstration sites for the elderly living alone and nurs-
ing care in Yilan County: Health Bureau, (7) Smart hotel, smart home project in Yilan 
County: Construction Office/Industry and Tourism Office.

This chapter focuses on the third field “Demonstration of intelligent fire joint 
defense system in Yilan County’s smart city upgrade project” and combines the IoT 
technology as the core technology to build a smart city in Yilan, especially the intel-
ligent fire detection and alarm system in Yilan County.

2. Literature review

The concept of smart city originates from the concept of “Smarter Planet” pro-
posed by IBM. A smart city is a measure for the transformation of a smart planet 
from concept to concrete implementation. Smart city construction is to develop and 

Figure 1. 
Smart city official documents approved by Yilan County Government.
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apply massive data, cloud computing, IoT, mobile information and communication 
technologies on the basis of intelligence, develop new urban concepts and governance 
methods, and improve urban operation efficiency. The construction of information 
and communication technology and environmental facilities will create a sustainable 
ecological environment, allow citizens and enterprises to enjoy a more comfortable 
and convenient environment, and enhance the competitiveness of the city. A smart 
city is defined as a city that performs well in terms of future economy, mobility, 
environment, citizenship, quality of life, and government [1].

Six thematic areas must be present and addressed in any Smart City proposal. 
They are: Smart Economy, Smart People, Smart Mobility, Smart Living, Smart 
Government, and Smart Environment, proposed by Boyd Cohen in the model, known 
as “The Cohen Wheel” [2]. Each subject area contains a set of city indicators.

Cities face tight budget, which have led to budget cuts in addition to cost-cutting 
measures. Therefore, smarter and resilient infrastructure is essential to oversee urban 
challenges and transform urban environments [3]. The integration of smart city 
technologies can help achieve the goal of smarter and resilient infrastructure [4, 5]. 
Currently, proposals for cost-effective solutions to data-based decision-making are 
best involving IoT-based technologies [6]. The IoT is one of the technological para-
digms destined to exponentially increase the connectivity of various devices. The 
main advantage of IoT is its high impact on the daily behavior of potential users [7].

The IoT and Artificial Intelligence (AI) are current hot research topics due to 
recent industry achievements, and they have been shown to achieve better results in 
many disciplines such as automated factories, public surveillance, asset monitoring, 
waste management, weather monitoring, etc. Combining the IoT and AI is an effec-
tive way to intelligently upgrade existing information systems [8].

Infairy Technology Company has been engaged in the research and development 
of the IoT technology for more than 10 years. It integrates all communication stan-
dards and provides a smart IoT platform for true connectivity. The traditional IoT is 
limited by the problem of non-interoperability of standards, while Infairy Technology 
has not changed its hardware standards. Compatible with the original standards, 
coupled with the “standard interoperability” technology, solves the problems of the 
traditional IoT [9].

In Taiwan, there are many master’s and doctoral dissertations related to smart 
city research. These relevant dissertations can be used as a reference for the literature 
review of this study [10–16].

In terms of promoting smart cities in Taiwan, the Economic Development Council 
of the Executive Yuan (now the National Development and Reform Commission) 
passed the “Third National Construction Design in the New Century (2009~2012)” in 
2008, in which the main axis of national development policy of spatial reconstruction 
is the fifth project, namely “Smart Taiwan.” Since 2014, the National Development 
and Development Council has actively promoted the overall development plan of 
smart land and proposed the overall development plan and planning strategy of 
smart land. The content and analysis of the development of science and technology 
governance in Yilan County and the empirical fire drills of smart cities show the 
specific achievements of technology governance and smart city development in Yilan 
County, Taiwan, as follows: [17]

1. Governments at all levels in Taiwan are actively promoting the research planning 
and pilot tests of smart land. For the development of Information and Com-
munication Technology (ICT), the Yilan County Government provides a process 
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that takes into account the different aspects and characteristics of the problem, 
as well as various impacts and challenges, to form views and ideas that belong to 
Yilan. In the process of thinking about developing a smart country.

2. List the 104-year planning goals: In view of the problems faced by the urban 
development of Yilan County, through the operation of smart Yilan software and 
hardware, observe and understand the information environment of Yilan County’s 
future development problems and propose solution to introduce big data and GIS-
related technologies for planning “smart cities.” Through big data, open data, GIS, 
and other processing and cloud computing, it provides intelligent information that 
can be applied to smart cities, whether it is urban governance, improving people’s 
quality life experience, promoting the development of local industries, and exten-
sive public services as the foundation of smart land and city governance.

The graphic text description of Smart Land Map of Taiwan (Figure 2) is as follows [17]:

1. Smart land = smart city + smart urban and rural areas (smart townships) + 
 environmentally sensitive areas (mountain and sea monitoring)

2. The category of smart land: smart environment, smart economy, smart life, 
smart planning and governance, and smart society.

3. Smart country is an extension of smart city. ICT is introduced to assist in the 
development of cities and towns, as well as monitoring of mountains and coasts 
in environmentally sensitive areas. Advanced technology is used to improve the 
efficiency of government governance and the effective use of resources.

Figure 2. 
Smart Land Map Yilan County in Taiwan [17].
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3. Research methodology

Knowledge production within the field of business research is accelerating at an 
alarming rate, while still being decentralized and interdisciplinary. This makes it dif-
ficult to keep up with the latest technologies and to be at the cutting edge of research, 
as well as to assess the collective evidence for a particular area of business research. 
This is why literature reviews are more relevant than ever as a research method. 
Traditional literature reviews often lack thoroughness and rigor and are conducted 
ad hoc, rather than following a specific methodology. Therefore, questions can be 
raised about the quality and credibility of these types of reviews. Literature review as 
a method of conducting research provides an overview of different types of reviews 
and some guidelines to how to conduct and evaluate literature review papers [18].

Empirical research method is a special form of scientific practice research. 
According to the needs of existing scientific theory and practice, propose a design, 
use scientific instruments and equipment, and determine conditions, through 
purposeful and step-by-step operations under natural conditions, according to the 
changes in phenomena accompanied by observation, recording, and measurement 
in the activity of causality between phenomena. The main purpose is to illustrate the 
relationship between various independent variables and a dependent variable.

Software engineering is more than technical solutions. It also largely deals with 
organizational issues, project management, and human behavior. For a discipline like 
software engineering, empirical methods are crucial because they allow the incor-
poration of human behavior into the research approach taken. Empirical methods 
are common practice in many other disciplines. One motivation for using empirical 
methods in software engineering research is that it is needed from an engineering 
perspective to allow for informed and well-grounded decision. Empirical research 
methods in software engineering continue with a brief introduction to four research 
methods: controlled experiments, case studies, surveys and postmortem analyses. 
These methods are then put into an improved context. The four methods are pre-
sented with the objective to introduce the reader to these methods so that they can 
select the most appropriate method in a specific situation [19].

This chapter applies research methods such as literature research method and 
empirical research method to analyze and discuss actual research cases, so as to fully 
present the technical governance application of smart city IoT intelligent disaster 
prevention in Yilan County, Taiwan. The research design is as follows:

3.1 Current status of disaster prevention

For the construction of the intelligent fire joint defense system in the study, after 
the firefighters entered the fire scene, because they could not grasp the internal space 
conditions, and the surrounding smoke was dense, the visibility was insufficient. , 
Lost direction, no way to get out of the predicament of export research, analysis, and 
control. In previous cases, such as the fire at the Jingpeng factory in Taoyuan City, 
Taiwan, the regrettable death of firefighters has occurred continuously. The reason 
why firefighters are so helpless is because they have too little information on disaster 
relief. In the past few decades, firefighters have only relied on heavy and heavy paper 
to grab pictures, which are not only difficult to preserve, but also inconvenient to 
carry. They failed to provide interpretation to front-line personnel in a timely manner, 
making firefighters almost blindly rush into the fire scene. In addition, the KTV fire 
in Taipei City, Taiwan, further highlights the importance of self-management of fire 
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safety by the industry. Due to the complete shutdown of fire safety equipment such as 
smoke exhaust, sprinkler, alarm, and broadcasting systems, consumers cannot escape 
in time, causing heavy casualties. We should keep pace with the times, and only by 
combining technology can we improve the efficiency of disaster prevention and relief.

3.2 Intelligent disaster prevention solution strategy

In this research, an intelligent fire joint defense system is constructed in combina-
tion with the IoT technology, which provides real-time information for firefighters, 
so that firefighters can grasp the internal space situation after entering the fire scene. 
Using IoT technology to provide fire-related information for firefighters to interpret, 
reducing the casualties of firefighters due to insufficient information. In addition, 
actions that endanger public safety, such as the fire alarm system being closed pri-
vately by the operator, can also be communicated to the fire authorities through the 
real-time warning notification system to avoid the complete shutdown of fire safety 
equipment such as smoke exhaust, sprinkler, alarm, and broadcasting systems, result-
ing in consumption. The person cannot escape in time, resulting in the risk of serious 
casualties.

4. Research results

This research carried out a fire drill on June 20, 2020 at the Natural Beauty 
Dormitory, Wujie Township, Yilan County, Taiwan. The results of the relevant 
application of the IoT research were displayed in the fire drill. It is the first IoT 
technology disaster prevention exercise in the country. The fire chief of the county 
and city, the director of the Disaster Prevention Office of the Executive Yuan, and 
major media were all present. The research and development system combined 
industry-government-academic resources, led by the Fire Bureau of Yilan County 
Government and Chairman of Yilan County Council Jian-rong Zhang (Chief of 
Yilan County Volunteer Fire). The parliamentary secretary, Yu-heng Huang, was 
assigned to coordinate the liaison, participate in joint research and development, 
and introduce the first IoT-based intelligent fire protection system in Taiwan to 
improve disaster prevention and safety in Yilan County and more effectively reduce 
the danger of firefighters in the fire scene. The results of the relevant fire drills are as 
follows (Figures 3–5):

This exercise applies intelligent cloud platform of Infairy IoT browser technology 
as the IoT application infrastructure, combined with the firefighter’s mobile posi-
tioning device of search action technology, intelligent smoke detection of Horing Lih 
industrial co., Ltd., temperature, gas wireless sensors, and other equipment to build 
a set of a security disaster prevention and relief system based on the IoT, research 
team members develop intelligent sensing technology, external sensors detect the 
operation of the trusted switchboard, and actively report abnormal behavior (ex. 
power is turned off) to create a smart fire city system. The system can actively report 
the operation of the fire safety equipment and the location of the fire in the event 
of a fire. It can receive the positioning signal in real time through the combination 
of the alarm device and the positioning device and send the plan of the fire site and 
the position of the firefighters back to the on-site commander’s tablet computer. 
In order to avoid disasters in public places such as KTV in Taipei City, at the same 
time, this study cooperated with Taiwan Connection Co., Ltd., to enhance the LINE 
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community function, and played the role of a new “Community Watch and Help.” 
Through the LINE group notification function, the traditional “Community” Watch 
and Help Team has been advanced into a “Smart Community” Watch and Help Team 
Group, we can apply the IoT technology to build a smart city that makes people feel 
safe and secure at home.

Figure 3. 
Real photos of fire drills in Yilan County, Taiwan.

Figure 4. 
Fire drill results presentation manual in Yilan County, Taiwan.
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The notification process for the use of IoT technology combined with the commu-
nity software notification system is as follows:

1. When the smoke alarm is triggered in the home, LINE’s “neighbor group” can be 
notified immediately.

2. LINE’s “family group” can receive a notification immediately when the door is 
opened or when the elderly enters and exits.

3. When the electricity consumption is abnormal, the LINE “friend group” can 
receive abnormal electricity consumption information.

4. If a monitor is installed, watch it at the same time to transmit the monitor screen 
to each group synchronously.

The theme of this study exercise is “safety” and “ relieved.” During the exercise, 
through four major themes, this study will create an environment that will make Yilan 
County the most livable environment in Taiwan:

4.1 Intelligent disaster prevention linkage

When the smart sensor is triggered, the protective actions of firefighting through 
the Infairy smart cloud platform are as follows:

Open the windows of the home to exhaust smoke to avoid choking injuries and 
affect the escape time at the same time.

Figure 5. 
Invitation letter for the presentation of fire drill results in Yilan County, Taiwan.
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Turn off the gas to reduce the risk of increasing the fire due to gas leakage (Video 1, 
https://youtu.be/u9NxLUxXB9Q ) (Figure 6).

4.2 Firefighters fire location

The personal safety of firefighters in the fire scene is also very important in 
this research. During the exercise, a fire location environment was built, and the 

Figure 6. 
Schematic diagram of intelligent disaster prevention linkage.

Figure 7. 
Schematic diagram of firefighters’ fire location.
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indoor positioning App built into the firefighter’s mobile phone automatically 
transmits the current location information to the command center. The real-time 
position, stay time, and travel trajectory of firefighters in the fire scene are easy to 
grasp and dispatch disaster relief, and at the same time, it can effectively reduce 
the danger of firefighters in the fire scene (Figure 7) (Video 2, https://youtu.be/
U2KZqa-OCbE).

4.3 Abnormal notification of fire detector central control

When the trusted switchboard of the firefighting equipment is turned off, the 
detector immediately detects the abnormal situation, immediately transmits the mes-
sage through the LINE communication system through the Infairy intelligent cloud 
platform, and notifies the designated background (such as the command center of 
the Fire station and related personnel), in order to immediately notify the responsible 
personnel to dispatch personnel to investigate and report to prevent the occurrence of 
disasters (Figure 8) (Video 3, https://youtu.be/wcB_iEEGjEM).

4.4 Community watch and help announcement

The LINE group of the social software is not only a channel for communication 
between modern people, but also can play a new role of “community watch and help.” 
The relevant watch and mutual aid delivery procedures are as follows:

A. When the smoke alarm in the home is triggered, LINE’s “Neighbor Group” can 
be notified immediately.

B. People can receive a notification immediately in “family group” of LINE when 
the door is opened or when the elderly enters and exits.

Figure 8. 
Schematic diagram of abnormal notification of fire detector central control.
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C. When the electricity consumption is abnormal, the “friend group” of LINE can 
receive abnormal electricity consumption information.

D. If a monitor is installed, LINE can simultaneously transmit the screen of the 
monitor to each group at the same time.

Through the LINE group notification function, the traditional “community” 
watch and support team has been advanced into a “smart community” watch and 
support group, and the use of IoT technology to build a smart city that makes people 
feel safe and secure at home (Figure 9) (Video 4, https://youtu.be/VAhDuhAUDVs)

The actual case of the application of IoT technology in technology governance 
successfully demonstrated in this research exercise. At the same time as the results of 
the exercise were displayed, Yilan County Mayor Zi-miao Lin led the announcement 
that Yilan County fully introduced IoT technology in agriculture, aquaculture, and 
the elderly living alone. Care, security update of old apartment access control, smart 
accommodation and other scenarios, and implement the IoT concept into the basic 
education courses of middle and primary schools, and establish seven major fields 
such as the IoT teaching practice laboratory in middle and primary schools, so that 
the IoT concept can be realized. Taking root downward, and taking Yilan County as a 
demonstration site, Yilan County will become the first smart city in Taiwan that can 
be felt by the public (Figure 10).

The research team has applied distance teaching technology to guide primary and 
secondary school students of remote indigenous tribes to learn new knowledge of 
science and technology, and the results have been unanimously affirmed and favored 
by teachers and students of remote indigenous tribes [20].

After entering the fire scene, the firefighters were unable to grasp the internal 
space conditions, the surrounding smoke was dense, and the visibility was insuffi-
cient. Although they were only a few steps away, they were disoriented due to the bad 
environment of the fire scene and could not get to the exit. There is too little disaster 
relief information. Over the past few decades, relying only on heavy paper to grab the 
pictures is not only difficult to store, but also inconvenient to carry.

Figure 9. 
Schematic diagram of community watch and help notification in LINE.
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The tragedy cannot be repeated again. The Fire Department of Yilan County 
Government decided to cooperate with the team of Yizhong Information Co., Ltd., 
through the project of the Industrial Bureau of the Ministry of Economic Affairs to 
develop the “Smart Fire 3D Reality Control System,” taking the lead in the country 
and establishing the basis for visualization. 3D map data, personnel entry and exit 
control, and indoor positioning system will present information such as the internal 
configuration of the building, firefighting equipment, and storage of dangerous 
goods in a three-dimensional manner, assisting in real-time grasp of disaster relief 
and effective deployment and human life search and rescue. Among them, the indoor 
positioning system can provide a warning function, reminding the commander to 
send personnel to follow the line for rescue and assist each firefighter to walk out of 
the fire safely. It has been gradually extended to 239 places such as hotels and restau-
rants, large exhibition venues, shopping malls, and dangerous goods factories within 
the jurisdiction, which is expected to greatly reduce the risk of disaster relief.

5. Conclusion

The introduction of IoT technology into smart cities will bring more convenience 
and fun to the city’s daily work and life. In the future, urban intelligence will not 
be just cold steel, cement, and equipment, but will become a good partner in life, 
providing a safer, more convenient and energy-saving lifestyle. For example, the 
results of this research help fire and disaster relief to accurately grasp key information 
and effectively carry out disaster relief deployment and human life search and rescue 
operations. Among them, the indoor positioning system can provide a warning func-
tion, reminding the commander to dispatch personnel immediately, follow the line to 
rescue, and assist each firefighter to walk out of the fire safely. Relevant technologies 
can also be extended to hotels, restaurants, large exhibition venues, shopping malls, 

Figure 10. 
Schematic diagram of the application of IoT technology in seven fields of smart city in Yilan County, Taiwan.
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and dangerous goods factories in the county to reduce the risk of disaster relief for 
firefighters during disaster relief.

In addition, the establishment of a community watch and help LINE group in the 
research results can not only serve as a channel for communication between modern 
people, but also play a new role of “smart community watch and help,” up to 1. When 
the smoke alarm in the home is triggered, “neighbor group” of LINE can be noti-
fied immediately. 2. “family group” of LINE can receive a notification immediately 
when the door is opened or when the elderly enters and exits. 3. When the electricity 
usage is abnormal, the “friend group” of LINE can receive abnormal electricity usage 
information. 4. If a monitor is installed, watch it at the same time to transmit the 
monitor screen to each group synchronously. By combining the IoT technology with 
the function of LINE group notification, the traditional “community” support team 
has been advanced into a “smart community” support group. The results show that 
people’s homes are safer and more secure.
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Chapter 7

Communication Technologies  
and Their Contribution to 
Sustainable Smart Cities
Menachem Domb

Abstract

Sustainable smart cities (SSC) are becoming a reality as many develop their unique 
model of smart cities based on vast communication infrastructure. New technologies 
led to innovative ecosystems where transportation, logistics, maintenance, etc., are 
automated and accessed remotely. Information and communication coordinate their 
overall activities. Sensors embedded in these devices sense the environment to pro-
vide the required input. Together with artificial intelligence, machine learning, and 
deep learning, it enables them to facilitate effective decision-making. This chapter 
discusses the role of integrating technologies in smart cities, focusing on the informa-
tion and communication aspects, challenges, limitations, and mitigation strategies 
related to the infrastructure, implementations, and best practices for attaining SSC. 
We propose a four-layered model covering the main aspects of incorporating commu-
nication technology within sustainable smart cities. It covers the basic physical level, 
providing guidelines for designing a smart city that supports the requirements of a 
proper communications infrastructure. The level above is the network level where 
we describe current communication networks and technologies. The rest two upper 
layers represent the software with integrated and embedded communication compo-
nents. In summary, we conclude that communication technology is the key enabler of 
most of the activities performed in smart cities.

Keywords: smart city, sustainable, communications technologies, protocols, 
infrastructure, signal, wireless communications, urban area communication,  
signal attenuation, machine learning

1. Introduction

Typical SSCs are equipped with state-of-the-art technologies to support the new 
and modern lifestyle. Communication technologies are the primary enabler of most 
electronic interactions and associated operations. The European Parliament states, “A 
smart city seeks to address public issues via information and communication technol-
ogy (ICT) solutions.” The Japanese definition concentrates on energy, infrastructure, 
ICT, and lifestyle. Navigant Research [1] pointed out that investment in smart cities 
covers smart government, smart building, intelligent transport, innovative communi-
cations, and smart utilities. Wireless communication using electric signals is the core 



Sustainable Smart Cities - A Vision for Tomorrow

126

for accessibility and availability of communication everywhere within the city and at 
all times. The UN projected that 66% of the world’s population will be urban by 2050, 
and cities consume most of the world’s resources, such as 75% of the total energy. 
They will generate 80% of the greenhouse gases, causing adverse environmental 
effects. Smart cities with their inherent moderation and control of resource consump-
tion are the ideal solution to address these challenges, population growth, deteriora-
tion of energy sources, environmental pollution, etc. The International Organization 
for Standardization (ISO) provides standards to assure a wide range of smart cities’ 
quality, safety, and performance. Adherence to these standards benefits deploying, 
managing, and controlling smart cities. Implementing these standards requires 
embedding sensors within the involved devices and having these devices connected 
to a local network to establish inter-sensors communications using ICT. Nathali et al. 
[2] proposed a generic and universal bottom-up smart city architecture for real-world 
deployment. The architecture comprises four layers: sensing, transmission, data 
management, and application. Embedded communication means within each layer 
are critical and mandatory to ensure cooperation and synchronization among the 
various components of city sustainability.

ICT allows setting energy targets, observing, and enforcing them by deploying 
sensor networks covering primary energy consumption sources, such as municipal, 
industrial, hospitals, and citizens. A tool to identify optimal monitoring locations is 
available. In a case study, the ICT hotspots identified were heating systems, trans-
port systems, and potential transformation of the buildings and roads enabled by 
ICT solutions. Studies show that a successful implementation requires the timing 
of ICT-related decisions in the planning process and the actor-networks needed to 
implement the ICT solutions and their management. The planning process has several 
decision points: the property owner, meta-network governance coordination, and 
traveler information systems. A flexible-work-hub solution case study revealed that 
mobility management systems encourage environment-friendly transport modes to 
reduce transport demand with minimum impact. All transportation means should be 
equipped with efficient navigation systems, and flexible work hubs should be located 
in local nodes closer to people’s homes.

To provide a practical framework for this chapter, we propose a four-layer con-
cept, an analogy to the OSI seven-layer for communications. Figure 1 depicts the lay-
ers model, starting from the bottom with the physical city architecture layer, allowing 
electric and optical signals free of disturbances and delays. Then the network layer 

Figure 1. 
The multi-layer framework for smart city communications.
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where all the communication equipment, wireline, wireless, antennas, sensors, and 
IoT are optimally deployed. The intermediate layer contains the protocols and third-
party software required to support the application layer and manage the lower-level 
devices. The upper layer has applications enabling the end-user to enjoy the benefits 
of a sustainable city, such as energy control and waste and pollution management. 
Each layer is improving over time; this is presented by the vertical column called 
trends and developments.

2. Trends and developments

The global smart cities market size is expected to expand from $1.226T in 2022 to 
$6.965T registering a CAGR of 24.2% by 2030. Navigant Research [1], based on 443 
projects spanning 286 cities worldwide, will contribute nearly $1.7T to the global 
smart city technology market until 2030. Rapid urbanization led by government 
initiatives worldwide encourages sustainable and green technologies investment. Asia 
Pacific market seems to lead with a CAGR of 27.7%. Advanced cities use IoT to man-
age sustainable operations. For example, pollution, water, and healthcare. Endeavor 
Business Media announced the launch of smart-building technology embedding intel-
ligence for new constructions and existing commercial buildings. This technological 
development reduces energy consumption. Major Asian mobile operators take many 
5G deployments, and initiatives to resolve the problem of high bandwidth require-
ments are anticipated to drive the growth. The list of companies promoting smart 
cities shows that many leading communication vendors appear there, such as Cisco 
Systems, Inc., Ericsson, General Electric, Honeywell, IBM, Huawei Technologies, 
Siemens AG Telensa, Verizon, and Vodafone. The introduction of electric vehicles has 
been well accepted mainly due to their low pollution and modern look. However, it 
raised a new environmental issue of recharging stations and how to get rid of the big 
obsolete batteries.

To complement it, intelligent transportation systems (ITSs) [3] became decisive in 
minimizing congestion, pollution, and parking space. There is still a need for a closed 
monitoring system to prevent greenhouse gas emissions and promote efficient energy 
consumption, awareness, attraction, and broadcast decisions. Smart cities market 
report posted that the innovative utility section, the intelligent infrastructure, and 
the travel assistance segment are expected to grow at a CAGR of 22.9, 24.3, and 23.4%, 
respectively, over the forecast period. Endeavor Business Media, 06/21, announced the 
launch of intelligent construction technology combining smart communication com-
ponents, reducing energy consumption. Waste management companies deploy sensor 
networks and data platforms to generate practical insights, route optimization, and 
analytics decisions. The growing adoption of new technologies in the smart ticketing 
market, RFID, QR code, BFSI, and healthcare offer smart solutions across sectors.

Businesses look for new ways to engage their customers, streamline operations, and 
generate revenue, and many are turning to wireless wide area network (WAN) tech-
nology. Wireless connectivity is now essential for enabling agile and secure connectiv-
ity of people, places, and things, beyond the reach and limitations of traditional wired 
network connections, managed wireless. The emergence of 5G, with its faster speed, 
lower latencies, and enhanced network capabilities, catalyzes wireless WAN adoption 
as businesses seek to make their WANs cellular simple and fiber-fast for true wireless 
flexibility. This solution provides businesses with the necessary secure and flexible 
wireless cellular connectivity to any number of fixed sites managed by network 
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experts, helping organizations save time, money, and removing the burden of ongoing 
management or upfront infrastructure costs. Customers need an agile network that 
is quick to deploy, highly scalable, secure, and supports a broad WAN use case. They 
expect a plug-and-play, managed solution that enables simple and fast deployment of 
wireless connectivity when wired connections are unavailable, lack sufficient reli-
ability, are too costly, only applicable to fixed locations, and require long lead times. 
Managed wireless WAN is designed to connect thousands of endpoints while provid-
ing end-users with fast and secure access to the cloud, datacenter applications, and the 
internet. It provides employees with safe and reliable access to be productive anywhere 
without relying on a network provider to deliver a circuit. 5G wireless edge devices 
offer connectivity, and plans for future additions to the service include support for 
in-vehicle and internet of things (IoT) use cases and the addition of enhanced routing 
and security features. Examples of particular use cases have a temporary connection 
at a branch site, pop-up store, or construction trailer, expanding to new locations, 
or using a permanent cellular connection as a failover or WAN link for an SD-WAN 
deployment. It extends the reach of the enterprise to remote areas https://www.com-
puterweekly.com/news/252516487/European-employers-missing-the-opportunity-to-
automate-processes-for-hybrid-work enabling innovative use cases.

3. Application layer: applications with embedded communication

Advanced communications enable the use of new services covering a variety of life 
indicators applications, such as shorter commute time, clean air, traffic control, street 
lighting, smart parking, gathering management, accelerated emergency response 
time, reduced healthcare costs, decreased water consumption, recycled waste, harm-
ful emissions, sustainability, and other saving potential.

Figure 2 presents several key application types used in a typical SSC for manag-
ing, coordinating, synchronizing, and managing all city activities, such as advanced 
metering of water, electricity, and gas consumption control. Real-time metering 
of measurable elements, anomaly detection, alert systems, sensor-data collection, 
machine learning, deep learning methods, and big data analysis. The expected impact is 
efficient, balanced, cost-efficient, reliable, secured, improved power consumption, low 
air pollution, and tight coordination among city sectors, such as energy, transportation, 
water supply, healthcare, education, and culture. In parallel, privacy and security issues 
are handled, and centralized IoT applications for cost reduction and energy saving of 
LED lighting controls. Applications for managing surveillance cameras, environmental 
sensors, electronic billboards, charging stations, WiFi coverage, and smart transit 
systems reduce cost, improve safety, and routing management improve user experience, 

Figure 2. 
The application layer detailed examples.
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onboard WiFi reduce congestion, provide clean air quality, and priority access man-
agement. Other applications, sensing flow rates, tank pressure, water levels, remote 
management solution, monitoring or the components of the IoT, including a range of 
radio devices, system on modules (SOMs), sensors, water management applications, 
gateway to supply the connectivity for a range of application needs, water treatment 
solutions, evaluate critical environmental data, such as groundwater analytics provid-
ing recommendations to customers. Remote monitoring and management solution offer 
hidden visibility of equipment and customers usage of chemicals.

A collection of vast applications arsenal is the core enabler of SSC. Following 
are estimated global market values per application type: [4]. Smart metering for the 
electricity, gas, and water, market is estimated to reach $39B by 2027. The smart light-
ing market will grow at a CAGR of 18% to $31B by 2025. Intelligent electric vehicle 
(EV) charging market is expected to reach $70B by 2026. The solar photovoltaic (PV) 
market is estimated to grow by 5% annually, reaching $185B.

4. Intermediate layer: communication management

This layer provides the underlying generic technologies required by the application 
layer to operate, giving new ideas and capabilities, and empowering the software intel-
ligence to a leading position in the software domain. Figure 3 depicts state-of-the-art 
technologies enabling AI and other libraries to enrich the applications in the first-layer. 
The API library contains various generic software components the application layer 
uses. Big data is another component having a warehouse of data collected over a long 
period enriched with related market data. Data mining, AI, and BI use this data to 
identify data patterns, rules, and exciting insights. Machine learning (ML) and deep 
learning (DL) are two modern tools that are able to learn some insights by processing a 
given training data. These insights are then used to extrapolate and predict the behavior 
of the system results. Cloud computing transforms computer-owned usage into services 
without owning the computer environment. It is disconnecting computer services 
from the organization’s site. Consequently, the software can be accessed anywhere and 
anytime free of maintenance, which is an excellent advantage for a smart city. Cyber 
security is a comprehensive solution to secure the entire system from cyber-attacks.

The following are typical qualifications representing SSCs [4], as follows: 
Technological provision, environmental, social, economic sustainability, economic 
and social development, air quality, energy transition toward renewables, quality of 
living, waste per population, water sustainability, human infrastructure & networked 
markets, ESG performance, and smart city ecosystem. Some of the cities provided 
data regarding their status. One city deployed over 20,000 sensors for capturing 

Figure 3. 
The intermediate layer detailed examples.
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temperature, air quality, mobility data, lighting, noise, and climate. Another city 
implemented pollution-monitoring sensors and educational campaigns. Some cities 
stated that all new buildings are built with intelligent controls, low-energy heating, 
and digitized mobility using accessible WiFi in 755 public spaces. More options are 
wired bike-sharing, electrical vehicle plug-in spots, activated video feeds in busy 
intersections to smooth traffic, renewable energy, sustainable mass transit, $70B in 
total startup valuations, 100 accelerators, incubators, and co-working spaces, using 
100% renewable power, implementing real-time meter sensors, reducing emissions 
from daily commuting by sharing, and deploying sensors for heating, cooling, and 
lighting based on occupancy. Distribute to the public smart-mobile applications, 
measure and optimize biogas, energy efficiency, heating and cooling, smart grids, 
and consider electric buses and green energy systems.

Following are typical declarations of existing smart cities. The city goals are clean 
air, biodiversity, low carbon, green transportation, waste reduction, artificial intel-
ligence (AI), blockchain, internet of things (IoT), quantum computing helping in 
their intelligence journey, and cutting 40% of CO2 emissions by 2025. Becoming the 
leader in smart and sustainable building solutions. Through the $37N green build-
ing masterplan, make 80% of the city buildings eco-friendly by 2030, earn 80% of 
new buildings super low energy (SLE), and achieve an 80% improvement in energy 
efficiency for green buildings. Becoming a climate-friendly by 2040. Any services 
that can be digitized will be digitized. Become the world’s first carbon-neutral city by 
2025, becoming fossil-fuel-free by 2050.

Some of the recorded achievements are: reducing carbon emissions by 25,000 
tons, saving $9.5M, decreasing the electricity consumption of public buildings 
by 7.8%, reducing overall carbon footprint by 35%, recover 1.64 million tons of 
municipal solid waste, reducing emissions by about 18,000 T/year, comparable to 
the electricity use of 4000 residents, Over a third of all transportation, fossil-fuel 
consumption has been removed through sustainable transport alone, a reduction of 
90,000 tons of greenhouse gas emissions each year.

5.  Network layer: city wireline, wireless 5G, WiFi7, antennas, sensors,  
and IoT

Several publications define the requirements for qualifying a city as an SSC. In all 
of these publications, we realize that communication and sensors are the key enablers 
of smart cities. Internet connectivity is crucial for smart cities as almost all activi-
ties are via messaging. High capacity, high-speed, efficient, and effective internet 
connection is a key to achieving the smart cities vision. It complies with the forecast 
that by 2024, more than 23B devices will be connected to cellular networks. It is 
possible with high-speed internet connectivity associated with local communication 
networks. Figure 4 depicts recent trends in modern communication infrastructure, 
which can cope with a high-volume communication activity. The first component is 
satellite communications, which is undergoing significant development by SpaceX. 
The second is cellular 5G, which supports a new magnitude of transmission speed and 
volume. The third refers to a substantial WiFi version, a newly expanded gateway, and 
the exploding spread of sensors and IoT devices.

During the past few years, we are evident the intensive launch of more than 2000 
small satellites to the LEO by SpaceX, creating a network of satellites communicating 
with each other via laser beams. The communication with the earth is by electronic 
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signals transmitted toward ground stations for further distribution via wireline and 
cellular networks. It is the ultimate achievement of satellite communications.

The evolving spread of 5G provides ultra-fast internet, low latency, and improved 
reliability. It is the ultimate solution that copes with the expected wireless traffic. 
5G network’s speed is 10–30 Gbps, which is 100 times faster than 4G; the capacity is 
1000 Gbps/km2 area spectral in dense urban environments, 1000 times more than 
4G. It decreases energy consumption by 10% times the higher battery life of associ-
ated devices and five times lessened end-to-end delay. 5G integrates with long term 
evolution (LTE) and WiFi to give all-inclusive high-rate coverage and a seamless user 
experience. 5G networks have a latency rate of 1 ms vs. 40–50 milliseconds in 4G. 5G 
networks allow smoother handling of spikes and better network traffic optimization 
than 4G. Lower power consumption and enhanced capacity and speed are part of 
sustainability.

WiFi wireless communications transport most wireless traffic in enterprises, 
public and residential environments cost-effectively and continue improving the 
efficiency in using precious spectrum resources. The new version 7 is to be released 
in 2024. It is a significant enhancement of WiFi 6. It is more flexible and efficient, 
supports 16 streams, has a channel size of 640 MHz, has a data rate of 46 Gbps, has 
lower latency, and uses network and spectrum resources. WiFi 7 integrates well with 
5G and 3GPP-based 5G and other standard communication devices and protocols. 
It supports distributed and cloud architectures, virtualization, and digitalization in 
the emerging private wireless networks (PWN). Wi-Fi-7 supports applications that 
require deterministic latency, high reliability, quality of service (QoS), IoT, IIoT, 
and video-based applications, such as surveillance, remote control, gaming, AV/VR, 
smart-home services, and more. WiFi deployment provides communication services 
that save unnecessary wiring, energy, transportation, and contribute to sustainability.

The evolving new services generated for smart cities require numerous sensors 
connected to new types of wireless communication networks that meet the specific 
requirements of smart city needs. Sensors [5] interactions require the transfer of 
small data packages, energy efficiency, the ability to connect devices in remote areas, 
a high degree of data protection, and interoperability. Connected end devices must 
operate for a long time, powered by an embedded battery with no connection to the 
grid. Terleev et al. [6] recommend LoRaWAN as the best gateway for machine-to-
machine communication technology. According to experiments, the coverage area of 
the LoRaWAN gateway is 1500 m, which is fine for a smart city.

The last component required to complement the network layer is IoT, the internat 
of things, enabling the data collection from the system endpoints, the sensors, and 
vice versa, transmitting messages from the system toward an IoT device and among 
IoT devices.

Figure 4. 
The network layer details.
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6. Physical layer: city architecture supporting smooth communication

Smart city communication infrastructure supports intra-city and internet interac-
tions. It comprises wireline and wireless mixture networks. The wireline is a network 
of fiberoptic channels deployed underground with connected antennas.

Figure 5 depicts the typical new generation of communication hardware required 
to support modern communication services. It includes satellite and cellular anten-
nas, underground fiberoptics wiring, and the construction materials impacting the 
electric signals. The number of antennas, location, signal strength, and height depend 
on the city’s population density. The wireless portion comprises signals from satellites 
intercepted by the corresponding antennas and signals broadcasted by the cellular 
antennas and captured by the mobile phones located within the antenna’s spectrum. 
Wireless signals are disturbed by physical obstacles, such as buildings and other 
constructions. Therefore, city streets, buildings architecture plans, and used materials 
should consider optimal deployment of the wireline fiberoptics and the correspond-
ing antenna locations to ensure smooth communication at minimum interference. 
For example, the building material and the estimated data transmission load apply 
the suitable communications infrastructure or determine the building’s fabric. We 
provide the knowledge and guidelines for selecting the appropriate communications 
technologies fitting the specific SSC’s attributes and vice versa.

Electric waves are the core of wireless digital communication at free space and 
ground contacts. However, the transmitted waves are exposed to obstacles, such as 
rain, dust, topography, urban surface, and magnetic forces, causing signal attenuation 
and degrading the transferred signal quality up to data loss. To overcome it, we may 
request the transmission of stronger signals, which increases the power consumption 
and shortens the transmitting satellite’s lifespan. Hence, we propose a machine-
learning based model, which predicts the proper signal strength and the correct 
transmission time, having a high probability of reaching the intercepting antenna on 
the ground. The model analyses the two path sections, from the satellite to free space 
close to the ground and then to the ground station. We trained our ML system using 
training data from the genesis satellite. Experiment results show our system’s high 
accuracy level for frequencies ranging from 2 to 72 GHz.

Several papers cope with the same problem. Some proposed solutions are limited to a 
geographic region where minimal rain and dust, while others are limited to low frequen-
cies [7]. Analyzed satellite data to discover the elements causing a signal loss in urban 
environments [8, 9]. Correlate signal loss and construction material [10, 11]. Present 
materials measurements of low frequencies [12, 13]. Focus on the receiver’s position and 
height disruption inside a building. Entry loss for 2 GHz is reported in [14–18]. Discuss 
signal spread within facilities and [19] calculate the spread delay as a function of eleva-
tion and angle. In [20], a new path loss model and [21] present attenuation differences 

Figure 5. 
The physical layer details.
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for indoor textures and materials. We selected a concrete building with a horn antenna 
with vertical polarization. The signal generator, the transmitter, and the receiver are agi-
lent. We use recurrent neural networks (RNN), and MLNNs have a temporal dimension. 
The MLNN system builds, loads the neural network, trains, and tests the input data. 
Then it analyzes the data, starting with the input samples reduced in two stages to one 
instance, identifying the optimal converged parameters. The training results resemble 
the accurate results. In summary, we provide SSC designers with a tool to determine 
the optimized materials and positioning of communication equipment so that signal 
strength will remain effective until it reaches the targeted antennas and mobile devices.

7. Summary and conclusions

This chapter discusses the role and contribution of communication technologies to 
sustainable smart cities. For a detailed analysis, we divided the subject into four cumu-
lative aspects piled into four layers, starting with the bottom physical layer up to the 
applications developed to manage, coordinate, and synchronize the activities required 
to maintain sustainability in smart cities. This study shows the profound necessity of 
incorporating communication technology into the management and control mecha-
nisms used to assert sustainable smart cities. Based on the detailed content of the chap-
ter sections, it is clear that everything related to management, control, and interaction 

Figure 6. 
The multi-layer detailed framework for smart city communications.
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among key players of smart cities require communications infrastructure to enable 
its operations. Figure 6 encapsulates the complete view of the chapter content and its 
details. Since SSC is still in its beginning stage and still evolving, this chapter may be 
updated soon to capture the near future developments in this advanced domain.
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Abstract

In general, the smart city concept integrates ICT devices to collect various types 
of data related to urban life. The data will be used to manage and improve assets 
and operations in the city. In determining a smart city, there are eight key aspects 
(features) as a consideration. However, implementing eight smart city features will 
require many resources, including time, cost, and human resources. Therefore, this 
paper aims to develop a scenario and method of features and smart city parameters 
establishment in a serious game. This game consists of visualization, storyline, and 
gameplay as a learning platform to increase players’ understanding of the smart 
city concepts. The development was started by collecting feature data of each city. 
The collected data will be discovered for the relationship between its features using 
differential equations. Then, data processing results will be classified and used as a 
basis for serious games. This study’s product is an easy-to-use game that can simulate 
planning and constructing a smart city. This game is intended for the city government 
or the mayor as a critical role in city development. It will ease the user to understand 
the concept of the smart city based on the city characteristics. Furthermore, this 
serious game will provide feedback and recommendations on aspects that need to be 
improved in the city. It can be basic knowledge to make an actual decision and policies 
in smart city development.

Keywords: city development, serious games, smart city

1. Introduction

The challenges to implementing a smart city concept in developing countries are 
technology adaptation, government operational management, and lack of clear strategy 
[1]. As one of the developing countries in South East Asia, Indonesia has potential for 
smart city development [2, 3]. However, this archipelago state implements smart city is 
difficult. Each city has its characteristics, so that implementation cannot be equated. In 
general, these cities are classified based on the number of population, which are small 
city (<100,000 population), medium city (100,000–500,000 population), big city 
(500,000–1,000,000 population), and metropolis (>1,000,000 population).
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There are several considerations to determine a smart city, such as a feature of 
the smart city. In its application, there are eight main features that each feature has 
several parameters. The factor will decide the level of a city, whether it is categorized 
as a smart city or not [4, 5]. It is tough to implement all the eight smart city features 
because it requires a lot of resources. Therefore, it needs a platform that can simulate 
planning and constructing an ideal smart city. One simulation model is in the form of 
a serious game [6, 7].

In this case, the use of serious games has several advantages. This kind of game 
emphasized a specific purpose such as education, scientific exploration, city manage-
ment, etc. [8–10]. The smart city serious game aims to simulate the implementation 
of the smart city based on features. Based on the simulation through the game, it can 
be a consideration as a problem solving related to the smart city issues. Furthermore, 
using these serious games helps to save costs, human resources, and time.

According to the researcher’s project, a smart city-based development project 
provides many data from the smart operation room. It records issues around the 
city, such as delay in the development projects and the determination of bandwidth 
network technology needed to integrate CCTV cameras and operation rooms. This 
phenomenon encourages researchers to use a game-based method as part of problem-
solving to find the most effective development system [11, 12]. One of the expected 
outputs from the serious game is the clarification optimization process that can be 
implemented in city development [13].

The game will provide feedback, knowledge, and specific result related to the city’s 
problem. It will make a player focus on the issues and create a solution in starting 
the development using the smart city system [6, 14]. The scenario of these games is 
adjusted to the city’s problems covered in eight features smart city [4, 15]. In the next 
section, it will describe the formulation of smart city features and parameters.

2. Smart city features and parameters

The formulation of smart city features is based on current development in a 
developed country [16–18]. Those features are smart health, smart education, smart 
mobility, smart energy, smart government, and smart technology. However, there are 

Smart city features Parameters

Smart health (HE) Medical team, disease sufferer, blood donors

Smart education (ED) School, university, college graduate

Smart mobility (MO) Vehicle, mobility, traffic accident

Smart energy (EN) Electricity, water

Smart government (GO) Demography, state civil apparatus, regional income

Smart technology (TE) Social media, internet, smartphone user

Smart infrastructure (IN) Industry, agriculture, farm, fishery, school, hotel, hospital, worship 
place, government offices, fiber optic

Smart people (PE) Population density, urbanization, birth rate, death rate

Table 1. 
Smart city features and each parameter.
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two additional features based on characteristics and differences between developed 
and developing countries: smart infrastructure and smart people. Furthermore, there 
are some parameters to measure each feature value. Table 1 presents the smart city 
features and each parameter. Based on Table 1, those parameters are collected from 
the Indonesian central bureau of statistics. The data of parameters will be processed 
and resulting in a main value of features. In general, the feature data will be compared 
end evaluated with the standard of a smart city. The information of current city 
condition becomes a fundamental consideration to improve the low sector.

This feature formulation is essential as preparation of scenario development in the 
smart city serious game. The formulation process of feature value is based on dif-
ferential equations. The final score for each feature is 0.125, so that the overall value 
is 1 or 100%. The results will be used to give weight to the serious game scenario, 
and then it will be classified into three categories (not ready, standard, smart city). 
This classification will determine the game’s feedback on a smart city serious game 
scenario.

3. Proposed method of the smart city serious game

The research process begins with identifying data based on several previous 
studies related to the smart city. This identification produced the required features 
and parameters that are used for smart city determination. In the previous section, it 
is known that eight features were identified in this study. After that, the collected data 
will be processed using a differential equation and classification algorithm to develop 
a whole smart city serious game (visualization, storyline, and gameplay). Figure 1 
presents the research flow of smart city serious game development.

Data resources become an essential thing in this study. It was collected from the 
Indonesian central bureau of statistics within the last 3 years. It is crucial to use cred-
ible data as a basis for future experiments. For example, Table 2 presents the energy 
feature data that consists of two parameters: electricity and water. Researchers are 
also participating in smart city planning projects to enrich data identification and 
explore related problems.

After the data identification and collection, it continues with the data modeling 
using a differential equation. This step aims to find out the difference of smart city 
feature data and determine each feature’s urgency level. The use of differential equa-
tions also aims to determine the weights in the game process. Also, the slope one algo-
rithm is used to discover data comparisons in each city. It can provide a recommended 
formula for smart city development. Next, the data classification is calculated by the 
learning algorithm. This algorithm will classify the data into three categories (not 
smart, standard, and smart). This classification process is important because it is the 
feedback that the serious game gives to the players.

Figure 1. 
Research flow.



Sustainable Smart Cities - A Vision for Tomorrow

140

4. Result and discussion

4.1 Scenario design of smart city serious game

The purpose of scenario design development is to identify a required process. In 
this study, the fidelity aspect means that simulation cases are based on the actual data. 
Furthermore, this game trains the process of identifying cities and their problems, 
especially for the local city government. Figure 2 presents the scenario of a serious 
game. Figure 1 started with the type of city based on the population number (small 
city, medium city, big city, and metropolis). From the city classification, players are 
directed to understand the differences from each city in Indonesia.

After understanding the type of a city, players are required to know about the 
concept of a smart city through its features and parameters. Players will be invited to 
study the smart city components, which consist of features and parameters data. By 
introducing the smart city components, players can imagine the concept of the game. 
Further understanding of the smart city concept can be reached after players com-
pleted the parameters of each feature. After that, it will be processed, and the results 
will be given in the form of a graph. It describes and concludes the gameplay, also 
provides a detailed description of each feature visualized in the graphic.

4.2 Main principles of smart city serious game

There are three essentials principles in developing smart city serious games: learn, 
rule, and play. It aims to make the players reach as much benefit as possible, and they 
would completely understand the concept of smart city development.

The learning principle is related to the type of city. By learning the city type, the 
player will understand the characteristics and issues of each city. Then, it would give 
feedback on development projects that were supposed to be prioritized [14, 19]. With 
an entertaining concept, a different learning experience would be gained when the 
players understand the issues [12, 14, 20]. Figure 3 shows the learning process of city 
data identification.

Furthermore, Figure 4 shows that the population of a city affects the city’s 
type and the problems faced by the city. Thus, the score and development treat-
ment would be different, depending on the type and level of the city’s problems. 
This learning experience through the game will affect knowledge improvement. 
Figure 5 shows that the level of understanding was started with level 1 with 

City Parameter of energy features

Electricity Water Smart energy

Customer Population ax Customer Population ax

Jakarta 4,819,168 10,075,310 0.478 813,356 10,075,310 0.081 0.559

Cirebon 132,686 305,899 0.433 51,516 305,899 0.168 0.602

Pasuruan 76,169 193,329 0.393 224,210 193,329 1.159 1.554

Surabaya 1,043,501 2,765,487 0.377 526,688 2,765,487 0.191 0.568

Kediri 78,321 293,282 0.267 13,900 293,282 0.047 0.314

Table 2. 
Data of energy features and its parameter.
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limited data, 10%. As the level increases to level 2 or 3, the cities were getting big-
ger and more complex problems. It allowed the players to get more experience and 
improve their understanding.

In a serious game, rules are necessary as a basic guideline related to the actual case. 
The serious game rule must be in accordance with the real facts, and this interaction 
would be relevant to the real case. Each feature has been given a weight based on its 
priority level that becomes a rule for the smart city serious game. Figure 6 shows the 
rule function control in serious game development.

According to Figure 6, the rule function that formed a set of data relevant to 
the standard and actual conditions. Then, it was used to set training data to provide 
scores for the smart city system’s eight features. Each rule had an objective in training: 
to get the general description of the training to collect relevant conditions and result 
in actions that followed the training guidelines. This rule was highly important and 
affected the users’ knowledge of the cities’ problems, which were seen from the scores 
of the parameters.

The last principle of smart city serious game is play. Raw data collected from the 
survey were input to be processed using a clustering system and classified before the 
training process. The game did not use levels to show acceleration. Instead, it required 
the players to prove input based on the types of cities, and thus an optimal score 
would be gained at the end of the game. The game would provide recommendations 
to players on required actions to solve a similar problem.

Figure 2. 
The scenario of smart city serious game.
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Figure 7 shows the indicator input in accordance with the game level. It started 
with the small city category and increasing along with the higher level. The level of 
the game is increasing while the player completes and understands the current level. 
After that, the player can play at a higher level with the higher type of city and face 
more complex problems.

4.3 Implementation smart city features in the serious game

As we mentioned before, the game begins by selecting the city’s type based on the 
population number. It is important to understand the players who act as city mayors 
to consider the characteristics and limitations. Figure 8 previews the city selection 
page in the game.

After the city type selection, the game will preview the features and parameters of 
the city. The player has to input the number according to the actual data. The input of 
real data is vital so that the system will provide a calculation and feedback as accu-
rately as possible. It can be basic knowledge to develop the current city condition. For 
example, Figure 9 previews the input page of the smart energy feature in the small 
city. Based on the preview, it can be seen that the smart energy feature consists of two 
parameters (electrical and water).

The category of the city could be seen from the number of populations shown and 
from the eight features of the smart city as well as their parameters. Figure 10 pres-
ents another feature (smart infrastructure) with its parameters.

After the player completes all the features and parameters, the data will be pro-
cessed using the impact factor score determined in the system. The game’s result 

Figure 3. 
The learning process for city identification.
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concludes that the mayor’s policies are around 34% of development. It means that 
the development of the smart city is relatively low. Figure 11 presents the result and 
recommendation page of the game.

Figure 4. 
Diagram of learning data.

Figure 5. 
Level of game understanding.
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Furthermore, detailed info will be provided in the graph that shows the city 
conditions. It shows the value of each smart city feature. It is used to evaluate policies 
and optimize values lacking in smart city features to make improvements in the next 
game. This feedback and recommendations make a player more focus on areas that 
need improvement to meet the smart city’s standard.

The score of the game estimates the mayor’s level of understanding of the city’s 
problems. It could help to improve the level of understanding of smart city-based 
development programs. The smart city game could be useful if used continuously 
until it achieved a standardized score as intended by the player (city mayor). It could 
eventually improve the smart city system’s knowledge and provide many consider-
ations in determining developing cities’ policies.

Moreover, the use of smart city serious games has many advantages [21, 22]. It 
helps the player to simulate that appropriate with the actual city cases. It can save 
time, costs, and resources before implementing the real improvement. It is also used 

Figure 6. 
Rule function (fidelity) in smart city serious game.

Figure 7. 
The indicator of data input based on the game level.
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to minimize a potential failure due to the lack of understanding by the city mayor 
[23]. Furthermore, the smart city serious game is expected to help an equitable city 
development, especially in developing countries.

5. Conclusion

The differences between developing and the developed country become a factor in 
the development of the city. Infrastructure and human resources are the two essen-
tial differences of it. Therefore, more considerations are used so the development 

Figure 8. 
Selection of the type of the city.

Figure 9. 
Input page of smart energy feature in the small city.
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can be implemented properly. The serious game could be considered a training 
and learning platform to decide and policies in actual city development. In smart 
cities, the game could help minimize failure for the city mayors in implementing 
development programs. Also, it would save the required time, costs, and resources 

Figure 10. 
The input of smart energy and smart infrastructure parameters.

Figure 11. 
The result and recommendation page.
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before implementing the city development. Features and parameters of the city are 
an indicator to determine the smart city level. Thus, it must be customized with the 
characteristics of the country or the city. The formulation of features and parameters 
is important to help each city to reach the potential improvement. The three essentials 
principles: learning, rule, and play, allow the player to understand the characteris-
tics and complexity problem in the city. It makes a player, especially a city mayor, 
increases their understanding of the smart city concept.

A serious game scenario design methodology is still highly challenging for further 
study since it is often not relevant to the actual conditions. It is needed and optimiza-
tion to produce an adequate configuration. The development related to big data and 
business intelligence is also considered in the next study. It will help the government 
to make a policy and solution based on the actual condition. The collected data can 
be analyzed comprehensively with several artificial intelligence algorithms and make 
data becomes useful information.
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Abstract

The impact of COVID-19 implied various restrictions on people’s mobility, 
especially for the higher education communities, by implementing the Learning 
from Home approach. This approach has altered the behavior of a human on a daily 
basis for a year long. Subsequently, the global vaccination program has been the 
advent of a “New Normal” approach as it reenables the direct human interactions by 
following health protocols to abide such as social distancing. This study investigated 
the pedestrian flow in the Department of Urban and Regional Planning (DURP) 
lecture building, Brawijaya University, and predicted the potential crowd spots using 
the Integrated Agent-Based Model (ABM), Computer Vision, and the Geographical 
Information System on an Indoor scale. Additionally, alternative designs of pedes-
trian flow were proposed to prevent crowds from occurring. The results showed the 
East and West entrance paths of the DURP building have high traffic, so the proper 
response is to organize the Southside door as an alternative entrance for pedestrian 
access. Moreover, the opening of the south gate could reduce the crowd spots on the 
2nd Floor of the DURP lecture building.

Keywords: pedestrian flow, social distancing, new normal, agent-based modeling, 
computer vision, geographical information system

1. Introduction

The rapid development of science on a global scale has affected the potential 
evolution of 3 groups of traditional scientific branches formal science, social sci-
ence, and natural science [1–4]. Nowadays, these scientific branches are associating 
with each other, thus forming new clusters, such as Social Sciences, Humanities, 
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Arts for People and The Economic (SHAPE), and the Science-Technology-
Engineering-Math (STEM). STEM cluster is formed by the combination of Formal 
Sciences (Mathematics and Statistics) with Natural Sciences (Biology, Physics, and 
Chemistry) [5]. In contrast, the SHAPE cluster is formed by the social life linked to 
scientific fields consisting of politics, psychology, and sociology [6, 7].

The merging of scientific clusters in regards to addressing the global issues related 
to human life still has some discrepancies. The gaps are still present between the 
natural science from the STEM cluster and the social science field from the SHAPE 
cluster. Therefore, the development of a new curriculum consisting of the combina-
tion of STEM and SHAPE clusters is proposed, namely Humanitarian Engineering 
(HE), through the ENHANCE project composed of the works of researchers from 
the Warwick University of U.K., along with the academics from Greece, Bangladesh, 
Vietnam, and Indonesia.

In the traditional engineering academic texts, it is challenging to find the term 
HE thus, some researchers have been trying to define it as the development of sci-
ence progresses. Passino [8] stated that humanitarian engineering is an approach to 
constructing technologies that could assist the engineering in helping people, while 
VanderSteen [9] identified HE as a tool to solve social issues. Moreover, Hill and Miles 
[10] recognized HE as the solution to social problems by investigating the achieve-
ment of sustainability in developing countries. Therefore, this study regards HE as a 
scientific field that focuses on addressing complex humanitarian matters through the 
perspective of the SHAPE cluster using a STEM approach to propose smart, equitable, 
and harmonious solutions.

The purpose of this paper is to analyze the humanitarian engineering field through 
the micro-scale of the planning field by re-designing the pedestrian flow inside a 
lecture building concerning the new normal learning process to prevent the higher 
risk of COVID-19 transmission by avoiding the potential crowd spots using Integrated 
Agent-Based Model (ABM), Computer Vision, and the Geographical Information 
System on an Indoor scale.

2. Methods

Replace the entirety of this text with the main body of your chapter. The body is 
where the author explains experiments, presents and interprets data of one’s research. 
Authors are free to decide how the main body will be structured. However, you are 
required to have at least one heading. Please ensure that either British or American 
English is used consistently in your chapter.

This study aims to analyze the lecture building of the Department of Urban 
and Regional Planning, Brawijaya University, along with its surrounding environ-
ment. The descriptive and evaluative analysis is used to investigate the pedestrian’s 
flow, namely Integrated Agent-Based Model (ABM), Computer Vision, and the 
Geographical Information System on an Indoor scale. The descriptive statistical 
method is used to investigate the characteristic of the pedestrian consisting of 
movement, speed, and density. Moreover, evaluative analysis is taken to calculate 
the density of pedestrian traffic by utilizing the time series data of pedestrians’ peak 
volume during each working hour/day.

Decision making which utilizes images acquired from sensors is known as 
Computer Vision (CV) [11–13]. The purpose of the CV is to construct an intelligent 
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machine with “see” ability. The Agent-Based Model (ABM) is known as an individ-
ual-centric and decentralized approach, whereas the modeler is tasked to pinpoint 
the agent or active entity (in this case, the person), characterize their behavior, 
detects agents in a specific environment, create connections in between, and 
establishes the simulation. Moreover, Geographical Information System (GIS) on 
an indoor scale is defined as a complete mapping system to make the disconnected 
project data practical, operate complex artificial environments, track indoor 
devices, evaluate space allocation in confined spaces, and recognize and react to 
the real-time events.

The detection of the pedestrian can be achieved by using various computer vision 
methods. One of the classical human detection methods was invented by the Voila-
Jones algorithm, which aims to recognize human faces with a fast detection rate at 
the cost of low accuracy [14]. It is also revealed that the accuracy drops even more for 
non-frontal faces [15].

In regards to the development of human detection, the Histogram of Oriented 
Gradient (GOD) was later proposed in junction with linear Support Vector Machine 
(SVM), which offers an accuracy rate of up to 89% [16]. In addition, the drawback of 
the HOG algorithm is required expensive computational resources to operate [17].

Nevertheless, the rapid development of CV human detection through neural 
network algorithms utilizes the classical methods’ base concept, namely, You Only 
Look Once (YOLO) [18]. Single Shot Detection (SSD) [19], and Faster Region-based 
Convolutional Neural Network) (Faster R-CNN) [20]. Compared with classical image 
processing methods, improved robustness and reliability are expected from AI-based 
human detection [21].

The detection of the pedestrian in this study utilizes the You Only Look Once 
(YOLO) method. The YOLO algorithm was considered to be used regarding its 
reliability with a fast detection rate [22]. YOLO has been recognized to be able to 
outperform HOG-SVM. Therefore, it’s been widely used for many purposes, such as 
operating autonomous cars [23].

YOLO implementation was accessible on DARKNET (open source neural net-
work). The idea of YOLO is to see the whole image once and later passes through 
the neural network once it immediately detects actual objects, thus later known as 
the name of the method, YOLO, from the abbreviation of You Only Look Once. The 
purpose of YOLO is to perform real-time object detection. A localizer or repurpose 
classifier is used by the detection system. A model is utilized for an image at various 
locations and scales. The highest-rated area image will be regarded as a detection.

YOLO utilizes the Artificial Neural Network (ANN) approach for object detec-
tion in an image by dividing the image into regions and predicting each bounding 
and probability box from each region. The bounding boxes are later compared with 
each expected probability. In addition to that, there are several advantages of YOLO 
compared to a classifier-oriented system. YOLO can carry out the test of the entire 
image with predictions informed globally on the image. YOLO is also several times 
faster than the Region Convolutional Neural Network (R-CNN) due to its ability to 
synthesize the neural network for making predictions than the R-CNN, which needs 
thousands of images to operate.

In order to represent the actual condition of pedestrian traffic and other geo-
graphic features, the ABM is assisted by spatial and geographic visualization data. 
Several ABM and GIS integration applications have been recognized at the macro 
scale, such as in the region and urban areas. Hartmann and Zerjav [24] revealed that 
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the assimilation between ABM and GIS is proven effective in planning the optimum 
health service location concerning the nature of the urban population. The ABM 
and GIS are generally used for building simulation modeling, such as to estimate the 
impact of resource investment decisions concerning the health costs, population 
development of an area, and burden and spread of disease. Nonetheless, the integra-
tion of ABM at the microscale with GIS at the indoor scale is still limited. Therefore, 
to fill this gap, this study aimed to incorporate the main idea of CV as the novelty of 
the research.

3. Research results

This chapter has three sections: dataset development, human object detection 
process, and Agent-Based Model and Geographical Information System Indoor. The 
linkage between these sections will be investigated in the context of research steps 
for collecting the pedestrian behavior inside the DURP lecture building to rearrange 
pedestrian traffic to reduce the COVID-19 transmission.

3.1 Dataset development

Datasets collection is the first step before training the YOLO algorithm to 
recognize the object. The data collection can be conducted through video recording 
and later exported as images or downloading related pictures from the internet. 
Figure 1 describes the collection of the dataset before being used to train the YOLO 
algorithm.

There are several criteria considered in data processing testing experiments, which 
consist of:

• Raspberry Pi 3

• Mobile Video Camera

• Video in .mp4 format

• 30 recorded videos condition in total.

• 320 × 240 pixels video resolution with a frame rate of ±20 frames/second.

• Videos were recorded in a stationary state.

• ± 10 seconds of the recoding time of each video.

• There are several conditions to be considered when recording the video, such as 
indoor environment, dark light (night), outdoors environment or lots of light 
illumination, and different background conditions.

A camera with a VGA resolution (320 × 240 pixels) and frame rate of ±20 frames/
second was used to record the video through the Open Camera application. Static 
exposure value (camera’s sensitivity to light) conditions were used as the camera 
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settings. The bright condition was recorded during the daytime outside the room and 
indoors with lights on, while the dark condition was recorded during the evening, and 
indoor lights were off. The recorded video has a duration of ±10 seconds, and pedes-
trians walk five meters away from the camera position. The different conditions for 
recording the video are being considered to investigate the lighting effects, environ-
ment (indoor or outdoor), and the presence of other objects than humans, such as 
shadows, would affect the detection results.

3.2 Human object detection process

The selection of human objects was conducted through blob analysis in MATLAB 
by examining the size of each object. The purpose of the blob analysis function is to 
determine the area of a human object based on the minimum and maximum blob 
area. The elimination of objects with a size of fewer than 10,000 pixels and larger 
than 980 pixels was considered to eliminate non-human objects. The other stages 
were conducted, including extraction of video frames, normalization of images, back-
ground subtraction, morphological operations, and object detection. Subsequently, 

Figure 1. 
Video data source capture flow.
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the images extracted from the video frames were normalized. The image was later 
reconstructed in the form of opening, closing, and filling operations through a 
background subtraction approach and morphological operations. Specific values are 
determined at each stage for human object detection.

The conducted test results based on 30 videos were reported in the form of 
“correct” and “incorrect” information. The test could be considered appropriate if 
the system detection results match the manual calculation results and vice versa for 
inappropriate information results. Table 1 explains the human object detection test-
ing, which revealed 11 incorrect tests out of 30 tests conducted. There were two tests 
with incorrect information from 10 video tests with bright lighting effects. On the 
contrary, the number of tests with incorrect information was higher in dark lighting 
effects, with nine out of 10 tests. These results revealed that the system could detect 
human (pedestrian) objects better in bright lighting than in darker lighting due to 
the distraction from the shadows, which were later misinterpreted as human objects. 
The other distractions that could affect the detection are light bias and other moving 
objects such as smoke.

The tests during dark conditions revealed that the poor lighting and unstable 
camera sensor caused the lower detection capability and exceeded the number of 
detected objects from the manual calculation. Therefore, the DURP lecture building 
was set with bright conditions (lights on) at the later stage of pedestrian data collec-
tion through video recording, as described in Figure 2.

3.3  Agen based model and geographical information systems indoor integration 
process

The agent-based model (ABM) is considered a computational technique that 
aims to reinforce the analysis of the artificial environment utilized by interfacing the 
agents in nontrivial ways. The response from every agent is demonstrated separately. 
Agents who act with agents and later respond to their ongoing case as a set of attitude 
rules are subsequently derived from the principal theory actions and connections 
within a definitive framework [25].

When the agent initiates communication with the Geographic Information System 
(GIS) by sending a “seek to migration” message to the GIS, the evaluation of topologi-
cal connection and geographic coordinates provides the agent the attitude of being 
authorized. Subsequently, the GIS responds by updates (renewing the GIS database 
and related graphical demonstration) or returns a message to the agent mentioning 
why the migration failed to perform, such as the area is as of now involved, or no 
permission could be given for the development [26].

Lightning condition ΣTest Detection result

ΣTrue ΣFalse

Bright 10 8 2

Dark 10 2 8

Low 10 1 9

Total 30 11 19

Table 1. 
Human object detection testing.
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4. Discussions

4.1  Observed pedestrian traffic on the 1st floor of the DURP building under 
normal conditions

The investigation of pedestrian traffic was done through CCTV recording and 
later processed with CV to conduct the tracking analysis. It is revealed that the pedes-
trian traffic on the 1st Floor of the DURP lecture building was concentrated in the 
corridor connecting the West and East Gate with a very high-density category (1.5). 
On the contrary, the lowest level of pedestrian density, with values ranging from 0.1 
to 0.25, was revealed on the rotation path of the DURP building from the north to 
south, then turned west towards the Faculty of Engineering Administration building 
as it is described on Figure 3. This route was chosen as the most preferred path by the 
existing pedestrians because the intersections could connect to many other possible 
directions.

Another dense pedestrian traffic was recorded in the Plaza area and North-South 
corridor of the DURP building, representing the traffic from U.B.’s academic commu-
nity. This was caused by the path connecting the main rooms on the 1st Floor of the 
DURP building. Considering if the offline teaching and learning process takes place, 

Figure 2. 
Video recording of pedestrian detection and tracking on 1st and 2nd floor of the DURP building.
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then the daily movements could reach 600 based on the number of active students 
from four grades (2017 to 2020 grade and the average number of students per class 
is 30 people). Therefore, this situation has the potential for COVID-19 transmission 
through direct contact, thus worsening the pandemic situation over the university.

4.2  Re-designing pedestrian traffic on the 1st floor of the DURP building for 
minimizing crowd spots

In response to the observed pedestrian traffic and density in the DURP lecture 
building, scenarios are proposed to reduce potential physical contact. Opening the 
south gate with restrictions on the number of the academic community allowed up 
to 360 from 600 people. Therefore, this proposed scenario could help minimize the 
COVID-19 virus transmission through potential physical contact.

In addition to the proposed scenario, offline lecture classes are designed for 
students from grade 1 (batch 2020) and grade 2 (batch 2019), whereas grades 3 and 4 
(batch 2018 and 2017) are proposed for online learning procedures. Finally, the simu-
lation of integration of ABM and GIS Indoor scale to re-design pedestrian traffic on 
the 1st floor could significantly decrease pedestrian traffic and density, as explained 
in Figure 4.

4.3  Observed pedestrian traffic on the 2nd floor of the DURP building under 
normal conditions

Based on the observed pedestrian traffic on the 2nd floor of the DURP building, 
the stairway and plaza in front of the stairs and the route to the DURP library are to 
be considered to be traversed, as explained in Figure 5.

It is revealed that the plaza in front of the stairs, the stairway, and the DURP 
library are the most preferred route by pedestrians because there are no classrooms 
available on the 2nd floor, only consists of lecturer’s room, library, and the academic’s 
meeting rooms. Therefore, a low magnitude of pedestrian traffic was observed 
through the North-South corridor area. Furthermore, a high magnitude of pedestrian 
traffic is expected on the 3rd floor since it primarily consists of classrooms and a 
computer laboratory.

Figure 3. 
Observed pedestrian traffic on the 1st Floor of the DURP Building.
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4.4  Re-designing pedestrian traffic on the 2nd floor of the durp building for 
minimizing crowd spots

According to the observed pedestrian traffic on the 2nd floor, scenarios are 
proposed to re-design the traffic. The restriction of the number of the academic 
community and the opening of the east gate could produce a significant decrease of 
pedestrian traffic, especially in the plaza on the north and the staircase corridor, as 
explained in Figure 6.

The proposed scenario could help reduce the pedestrian traffic in the staircase cor-
ridor at the north, since there is no classroom on the 2nd floor of the DURP building. 
Thus, dividing the entrance to the 2nd floor, which formerly could only be accessed 
through the staircase, could help reduce the pedestrian traffic and later could help on 
minimizing the potential transmission of COVID-19.

Figure 4. 
Re-designing the access for minimizing pedestrian traffic on the 1st floor of the DURP building.

Figure 5. 
Observed pedestrian traffic on the 2nd floor of the DURP building.
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5. Conclusion

The relatively new scientific field of Humanitarian Engineering (HE) could 
potentially fill the gaps between STEM and SHAPE clusters. HE aims to investigate 
humanitarian trends and issues mainly studied in the social science field from the 
SHAPE cluster and later proposed the solution through engineering perspective 
from natural science and formal science from the STEM cluster. HE approaches are 
considered in this paper, referring to the latest social issues concerning the COVID-19 
pandemic. Human activities such as school shopping and work are expected to return 
to normal once the global vaccination program has been completed. On the contrary, 
there were no optimal results reported from the studies related to the impact of global 
vaccination. Therefore the ‘new normal’ approach is proposed while maintaining the 
health protocols, in which avoiding crowd spots is part of the protocols.

It is revealed that the HE approach by studying pedestrian traffic in the DURP lec-
ture building through CV and ABM-GIS Indoor simulation could helps on minimizing 
the crowd spots. The north and west entrance paths on the 1st Floor were observed 
with a high magnitude of pedestrian traffic. Therefore, the east side door opening 
could be an alternative for new accessibility for pedestrians. A similar approach 
applies to the 2nd Floor by opening the east gate could help minimize crowd spots.

The restrictions on the number of academic communities entering the DURP 
building are considering the need for empirical and site visits to case studies for 
grades 1 and 2. In addition, grades 3 and 4 have fewer classes to attend, and the learn-
ing patterns of senior students are emphasized critical thinking through the explora-
tion of literature studies outside the classes.
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Chapter 10

The Role of Aggregators in Smart 
Grids
Lasse Berntzen and Qian Meng

Abstract

Sustainable smart cities need to focus on energy production and use. By install-
ing solar panels, prosumers may contribute to the energy production in the city. The 
use of solar panels is particularly relevant to free-standing residential buildings. 
Prosumers may also trade flexibility, the ability to shift energy use to periods when 
the total energy consumption is lower. Prosumers may also store energy for future 
sale or consumption. An aggregator is a new role connecting prosumers with energy 
providers. The aggregator negotiates terms, provides flexibility on behalf of its 
prosumers, and may even provide energy storage capabilities. This chapter describes 
the evolving role of aggregators and their possible business models. The aggregators 
will contribute to smarter energy production and use in smart cities.

Keywords: aggregator, flexibility, prosumer, smart cities, smart energy, smart grids, 
sustainability

1. Introduction

In the ERA-NET Smart Multi-layer Aggregator project [1], the University of 
South-Eastern Norway (USN) was leading a work package on emerging business 
models in the energy sector [2] and also performed research on the adoption of new 
technology to achieve more flexibility within electricity grids [3]. Before this project, 
we had been researching electronic government, refocusing on smart cities since 2015 
[4]. During the ERA-NET project, we soon saw the emerging role of the aggregator as 
a new actor in the energy market. Smart energy is closely connected to smart cities. 
Improving energy efficiency is one of the obvious ways of being smart. Smart energy 
has become more important with energy shortage and increasing energy prices.

The utilization of energy in a city is a complex process. A modern city needs to 
fulfill the demand for energy for purposes of commerce, household, infrastructure, 
transport, etc. Sustainable energy, especially solar energy produced in households and 
other buildings, has changed the current energy market and plays a significant role 
in the energy landscape for a smart city [5]. Solar power is primarily used for electric 
energy generation, but a small fraction of the solar power is used for thermal energy.

Statistics published by the International Renewable Energy Agency (IRENA) [6] 
show that in the last ten years, worldwide solar energy generation capacity increased 
with a steady high annual growth both for solar photovoltaic and solar thermal; even 
in the year 2020 when COVID-19 struck the world heavily. The change is shown 
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in Figure 1. Solar photovoltaic energy dominates renewable capacity expansion, 
accounting for around 100 GW installation capacity growth in 2018−2020.

The next section discusses smart energy as one application domain of smart cities. 
The third section discusses smart grids and the emerging role of prosumers. The 
fourth section focuses on the role of aggregators. Section five brings in the topic of 
electric vehicles in smart cities, and finally, the sixth section provides a conclusion.

2. Smart cities and smart energy

The smart city is a concept with no unified definition [7], but technology plays 
an important role. The main objective is to improve the quality of life for its citizens 
through better service provision, reduced environmental footprint, and improved 
participation. In most cases, smart cities are materialized through projects within 
application areas [8]. Such application areas can be smart traffic [9], smart park-
ing [10], smart public transport [11], smart waste handling [12], smart safety and 
security [13], and smart energy, as shown in Figure 2.

Smart energy is a concept where information and communication technologies 
are used to achieve the process of using devices for energy efficiency. Smart energy is 
about reducing energy use but also introducing new renewable energy sources.

Smart energy relies on smart grids to improve energy efficiency mainly by adopt-
ing smart meters (SM) that allow almost real-time tracking of power consumption. 
SM can also monitor and control the electric power consumption of appliances. In 
addition, SM can measure power production from solar panels and power transmis-
sion from electric vehicles. During the shift of grids toward smart grids, SM enable 
customers to use electric power more efficiently, but also contribute to energy pricing 
based on current demand in the market. This will incentivize customers to plan their 
consumption and thereby contribute to increased flexibility.

Calvillo, Sánchez, and Villar [14] propose a comprehensive smart city model 
that includes all energy-related activities while keeping the size and complexity of 
the model manageable. Such a model is highly desirable to successfully meet the 

Figure 1. 
Global growth in solar energy capacity.
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increasing energy needs of present and future cities. They propose five main energy-
related activities that have been called intervention areas:

• Generation

• Storage

• Infrastructure

• Facilities

• Transport (mobility)

All these areas are related to each other but contribute to the energy system in 
different ways: generation provides energy, while storage helps in securing its avail-
ability; infrastructure involves the distribution of energy and user interfaces; facilities 
and transport are the main final consumers of energy, as they need it to operate.

3. Smart grids and prosumers

The energy distribution normally follows a two or three-layer model, where the 
top level is the transmission system operator (TSO). In Norway, Statnett is the trans-
mission system operator. Statnett is a state enterprise owned by the Norwegian state 
through the Ministry of Petroleum and Energy. The mission of Statnett is to secure 
the Norwegian power supply through operations, monitoring, and preparedness. 
Statnett also plays an essential role in realizing Norway’s climate objectives [15].

The distribution system operators connect the customers to the grid. In 2018 
Norway had 124 distribution system operators, with the ten largest having two-thirds 
of the customers and 60% of the total energy deliveries [16]. Figure 3 shows the 
organization of the electricity grid.

Figure 2. 
The smart city and some application domains.
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A smart grid is a local electricity grid enabling a two-way flow of electricity and 
data, including various operation and energy measures, such as SM, smart appliances, 
renewable energy resources, and energy-efficient resources [17].

Figure 4 shows a smart grid consisting of four households with installed pho-
tovoltaic panels and SM. The SM communicate with a smart meter data collection 
point through wireless technology or power line communication. The households 
are examples of prosumers since they can both produce and consume electric 
energy.

The most common production comes from solar panels, but prosumers can also 
generate electricity from wind and geothermal wells. Renewable energy is dependent 
upon environmental conditions. These conditions vary with the hours of the day and 
the weather.

In the context of smart cities, prosumers are not restricted to households. All 
buildings, including apartment blocks, office buildings, and shopping malls, can be 
prosumers. As long as they have open areas exposed to the sun, they may produce 

Figure 4. 
Smart grid.

Figure 3. 
Electricity flow in the smart grid.
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energy. Also, geothermal energy may be an option since geothermal energy can be 
used both for heating and cooling purposes.

Flexibility is when a building or household can change consumption patterns 
based on the situation in the energy market. Flexibility can be precious to the DSO to 
handle possible peaks.

Load shifting and peak shaving are two important techniques to improve energy 
use [18]. The consumption of electricity varies throughout the day. In Norway, we 
have one peak in the morning and one in the afternoon. The peak in the morning 
is mainly caused by electric water heaters kicking in after morning showers. The 
afternoon peak happens when most are coming home from work, cooking dinner, 
etc. Load shifting can simply be explained as moving the load to other time periods. 
One example is to spread the load from water heaters. Another example is to charge 
electric vehicles during the night.

Figure 5 shows load shifting in practice. The goal is to keep the consumption at a 
maximum of 5.5 units throughout the day. The morning peak, from 07:00 to 10:00, is 
above this level. By controlling water heating, some of the load can be shifted to later 
in the day. A total of 8.5 units need to be moved. From 12:00 until 16:00, the con-
sumption is lower than 5.5 units, so the spare capacity can be used for water heaters 
and other appliances that have been put into flexibility mode. Note that the limit of 
5.5 units is not fully utilized from 13:00 to 16:00. A new peak appears from 17:00 to 
19:00. For this period, a total of 3.5 units need to be shifted to later in the evening,

Peak shaving has to do with storage. If electricity can be stored somewhere in the 
facilities, this stored energy can be used to shave the peaks. Tesla has introduced its 
power wall as a household battery storage system [19]. Storage can also be centralized, 
as described in the next section. Load shifting and peak shaving are important since 
the grid needs to be dimensioned to handle the peaks.

Figure 5. 
Load shifting.
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4. The role of aggregators

A prosumer can produce and sell surplus energy in the energy market. In Norway, 
a prosumer can sign an agreement (energy customer plus agreement) with an energy 
provider. The distribution system operator is obliged to facilitate energy transfer 
to and from the customer. The prosumer cannot produce more than 100 kWh per 
hour. If production exceeds this limit, the prosumer must seek a license as an energy 
producer [20]. The tariffs for selling energy to the market are generally not beneficial. 
A prosumer will seek to use its own produced energy before selling to the market.

To facilitate collaboration among a group of prosumers, an aggregator is necessary. 
The EU 2019/944 Electricity Directive defines aggregation as a “function performed 
by a natural or legal person who combines multiple customer loads or generated 
electricity for sale, purchase, or auction in any electricity market” [21].

The role of aggregators and their function has become a hot topic for the reason 
of being a significant part of the European power market. The European framework 
assigns aggregators a fundamental role in energy market liberalization and distrib-
uted energy resources (DER) integration toward carbon-neutral energy systems. The 
aggregators cannot only participate in the demand response activity and wholesale 
market bidding but also contribute to maximizing economic efficiency and fostering 
cross-zonal trading, considering, in particular, the overall system efficiency [22].

As the number of prosumers grows, the business opportunities for a new energy 
ecosystem actor, the aggregator, emerge. As earlier mentioned, flexibility may be 
important to shift or shave peaks caused by differences in consumption during the 
day. The aggregator is a business entity that can aggregate energy from a group of 
prosumers. A higher volume benefits the aggregator when negotiating with the 
distribution system operators and energy providers. The aggregator can also provide 
services, such as settlements, storage, etc.

4.1 Smart-MLA

The Smart-MLA project [1] made a prototype for a multi-layer aggregator, as 
shown in Figure 6.

The main goal of the ERA-NET Smart Multi-Layer Aggregator project (Smart-
MLA) was to demonstrate how an aggregator could improve energy efficiency 
through flexibility [2]. On the lowest layer, the community aggregator simply collects 
information from a household to optimize energy use. The primary impact is the 
reduction of energy bills, but a secondary effect is increased customer awareness 
related to their energy use.

On the second layer, the aggregator will start controlling appliances. The commu-
nity aggregator collects usage patterns and constraints from the household. One such 
constraint could be the charging of an electric vehicle. The car should be fully charged 
at 7 am. The community aggregator can then decide when to charge the car as long as 
the constraint is met. The aggregator will consider the future hour-by-hour energy 
prices and information about the weather to predict output from photovoltaic panels.

On the third layer, the aggregator does not only optimize the flexibility obtained 
by controlling appliances but also uses this flexibility to negotiate with the market. 
The aggregator uses the combined flexibility of its prosumers to improve the market 
position. The aggregator handles settlements with its prosumers and the energy 
provider.
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While the project demonstrated the opportunities of the multi-layer aggregator 
model, there are still barriers to overcome. First, there are regulatory issues that need 
to be handled. The aggregator needs to be established as part of the energy ecosys-
tem. Using Norway as a selected case, the current regulatory environment does not 
recognize the aggregator as a market actor. A prosumer can sell energy to an energy 
provider within the limit of 100 MWh per hour. An aggregator will easily exceed this 
limit and has to be licensed as an energy provider.

The second obstacle is the lack of trust in the energy market. As part of the 
project, the University of South-Eastern Norway surveyed early adopters of smart 
home technology [3]. The results showed that the early adopters wanted full control 
of their energy production and consumption and were unlikely to transfer control to 
an external entity. Based on the results, we discussed possible remedies from organi-
zational models where the prosumers own the aggregator as a cooperative. Regulatory 
measures include self-regulation to make the energy market more transparent to 
achieve the necessary trust among the prosumers. Also, technology can be used 
to increase trust. Our research also pointed to blockchain technology as a possibility 
to achieve full transparency about pricing and settlements.

4.2 Aggregator business opportunities

The main electricity market stakeholders include the power generators, transmission 
system operators, distribution system operators, prosumers, and aggregators. In the 
transition to green energy, there are great business opportunities for aggregators, 
which can be categorized as follows [2]:

4.2.1 Energy efficiency services provider

The aggregator offers the customers an energy-saving plan by installing high-
efficiency equipment. The aggregator can monitor and control the equipment to 

Figure 6. 
The aggregator in the smart grid.
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participate in the demand response in the power market. E.g., at the peak of the 
power consumption, the aggregator helps users to reduce their demand and consume 
electricity later when the power price is low.

4.2.2 Information value-added services provider

The aggregator provides their consumers a value-added service through IoT 
and big data technologies that provide data and analysis for real-time electricity 
prices, electricity demand and consumption at a household, and power distributed 
generation nearby. Then the prosumers can take control of their electricity con-
sumption in real-time and decide when to sell their own generated power at a peak 
in the grid.

4.2.3 Integrated energy services provider

With the demand for green transition and access to various smart terminals like 
electric vehicles, charging stations, smart home appliances, and distributed energy 
generation, the aggregator can develop the business to cooperate with other service 
suppliers (like heating) to deliver integrated energy services, optimize the integrated 
energy solution to maximize the benefit for the users. With many assets and a wide 
range of businesses, the aggregator may behave in the dual role of an energy supplier 
and an energy service provider.

4.2.4 Extended services provider for zero-emission

For the EU zero-emission target, many countries have implemented policies and 
measures to replace fossil fuel cars with electric cars. In practice, Norway’s electric 
vehicle policy has proven effective by reducing taxes and fees for electric vehicles 
while fossil fuel cars are heavily taxed. Thus electric vehicles have become much 
cheaper than fossil fuel cars. As a result, by the end of 2021, there were 460,734 elec-
tric cars registered among a total of 2,893,987 private passenger cars [23]. This clearly 
shows how incentives shape consumer choice by a combination of taxes and rewards. 
The aggregator can then expand their customer channels through cooperation with 
the electrical vehicle sellers and benefit prosumers with their energy-saving, informa-
tion, and integrated energy services.

4.3 The aggregator as a storage provider

In the smart grid, the intermittent and random output of solar energy has brought 
challenges to the balance of demand, supply, and grid stability. As to prosumers, solar 
energy is stored for self-consumption in most cases. While from the perspective of 
energy efficiency and management efficiency, storing energy by the aggregator will 
be a more feasible solution [24], as shown in Figure 7.

In storage service, prosumers store energy mostly for self-consumption. Even if 
they make a profit out of the outrage of storing produced energy in the battery and 
selling energy at peak time to maximize their own profit, this could be inefficient 
when taking many prosumers as a system. Scale effect also works with aggregation 
of many prosumers than respectively. For prosumers, it is not only the cost of bat-
teries but also the additional hardware to handle the charging and discharging of the 
batteries and the installation cost that need to be considered when investing in battery 
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storage. If an aggregator supplies a storage service, the aggregator could use a larger 
facility and not be overly concerned about the compactness of the installation [25].

In addition to achieving the outrage goal, aggregators storing electricity is also a 
key mechanism for supplying electricity reliably, increasing security and economic 
value, and decreasing carbon dioxide emissions. Aggregator storage also plays a 
significant role in keeping a balance between supply and demand, avoiding electric 
fluctuations, contributing to the stability of the low voltage DSO grid, and mak-
ing the DSO grid system more efficient, especially for the weak low voltage grid in 
Norway [24].

5. Electric Vehicles in the Smart City – Norway as a Case Study

Electro-mobility is an important exponent of smart city strategies. Considerable 
investments in electric vehicles are being made worldwide, and supporting infra-
structure not only offers the potential to reduce road transport emissions but also 
unlock other smart city opportunities. This includes new solutions for mobility, 
energy use, public services, residential and commercial buildings, wider urban sys-
tems, citizen engagement, and behavior change. Accelerating the adoption of electric 
vehicles, and realizing the associated smart city benefits, requires coordinated action 
among all stakeholders [26].

One case for smart energy use in smart cities is the adoption of electric vehicles. 
Electric vehicles reduce the environmental footprint by reducing CO2 emissions and 
other air pollutants. Norway has the highest adoption rate of electric vehicles world-
wide. This result is due to the Norwegian government’s determination and effective 
measures.

The Norwegian Parliament has decided on a national goal that all new cars sold by 
2025 should be zero-emission (electric or hydrogen). By February 2022, there were 
more than 470.000 registered battery electric cars (BEVs) in Norway. Battery electric 

Figure 7. 
Energy storage by the aggregator.
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vehicles held a 64 % market share in 2021. The transition speed is closely related to 
policy instruments and a wide range of incentives [27].

Five years ago, Oslo, the Norwegian capital, had some serious problems with air 
pollution caused by certain meteorological conditions. In January 2017, Oslo was 
closed for diesel cars for a short period. The city council considered raising traffic tolls 
on days with high pollution levels. The uptake of electric vehicles has significantly 
reduced the pollution problems seen earlier.

When electric vehicles are considered to contribute to smart cities for energy 
storage and green transition. Tesla Powerwall is the pioneer with its battery based on 
lithium iron phosphate (LiFePO4) chemistry. With the development of green energy, 
battery technology is also undergoing a significant transformation. According to 
BloombergNEF’s research, lithium-ion battery pack prices were above $1,200 per 
kilowatt-hour in 2010 and fell 89% to $132/kWh in 2021 [28].

Therefore, soon, electric vehicles are expected to meet the EU zero-emissions goal, 
serving as one part of smart energy and a role of energy storage in the smart grid.

6. Conclusion

Smart energy is an important part of smart cities. Smart cities need to be energy 
efficient. The role of prosumers refers to buildings and households that can produce 
renewable energy. The aggregator is a new role in the energy ecosystem. The aggrega-
tor can represent a group of prosumers dealing with the energy market. The aggre-
gator may also offer additional services to help its prosumers achieve more energy 
efficiency. While fulfilling the balance between the energy demand and supply, espe-
cially for load shifting and peak shaving, energy storage is an important component. 
Prosumer storage is efficient for self-consumption mode, but from the perspective of 
scale effect for many prosumers, storage provided by an aggregator is more feasible 
and sustainable. New business opportunities for the aggregators have been identified, 
and aggregators will play a significant role under the EU framework to achieve the 
green transition goals. Electric vehicles will also contribute to smart traffic and smart 
energy when their worldwide adoption increases.

The function and role of aggregators in a smart city need more investigation, 
such as the social acceptance of aggregators in the energy market, the interaction and 
collaboration with other stakeholders, and creating business models for aggregators. 
The fundamental role of aggregators in the European power market and distributed 
energy resources will become clearer.
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Chapter 11

Heat Pump to Increase the
Efficiency of a Geothermal Heating
System in the City of
Călimănești - Case Study
Laurentiu Constantin Lipan and Sorin Dimitriu

Abstract

Romania is one of the European countries that has a rich geothermal potential, the
main uses of this resource being the spaces heating and thermal baths. Recently,
concerns about increasing energy efficiency and limiting greenhouse gas emissions,
have determined an increased attention to heating systems using geothermal water.
These will play an important role in the future in developing sustainable energies and
reducing the use of fossil fuels. The authors present a case study on a heating system in
the city of Călimănești, initially using liquid fuel, which was modernized by using
geothermal hot water for the preparation of the thermal agent. As geothermal water,
with an initial temperature of 95°C, cannot be cooled below 50°C, the authors consid-
ered the possibility of using a heat pump to fully exploit the thermal potential of
geothermal water, increase the capacity of the system and increase its energy effi-
ciency. The implementation of the heat pump in the district heating system and the
results expected to be obtained are discussed. It was considered that the heat pump
works in parallel with the heating system, obtaining an increase in its capacity by
approx. 60% and an increase in energy efficiency by approx. 30%.

Keywords: district heating, geothermal heat pump, geothermal heating system,
energy efficiency, heat recovery, use of geothermal water

1. Introduction

Geothermal energy can be defined as the energy inside the earth, which generates
geological phenomena on a planetary scale. The term used comes from the Greek
words “geo” (earth) and “thermos” (heat) and is used nowadays to define that part of
the earth’s energy that can be recovered and used by man to generate heat and power.
Geothermal energy is characterized as a renewable and sustainable energy. The char-
acter of renewable is given by its continuous production inside the earth. During the
operation of natural geothermal systems, the regeneration of geothermal energy takes
place by heating the geothermal water to the same time scale at which it is extracted
for use. In the usual case of dry hot rocks and hot water aquifers in sedimentary
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basins, energy recharging is done through a slow process of thermal conduction. The
sustainability of a resource depends on its initial quantity, regeneration rate and
consumption rate. Obviously, consumption can be sustained if the resource is
regenerated faster than it is depleted. In this context, sustainable development
involves the use of the resource so that through continuous regeneration it will allow
its use by future generations. The degree of sustainability of geothermal energy is still
high because, compared to the volume of resources and fast regeneration rate,
humanity out of convenience, uses only a small part.

Natural geothermal springs have been used for heating and thermal baths since
ancient times. Archeological discoveries suggest that the earliest uses of geothermal
energy took place over 10,000 years ago in North America, where autochthone
populations have used the hot springs in this area for both practical and spiritual
purposes. The finding that hot mineral baths ameliorate or even cure some diseases,
led to the consideration of these springs as sacred, endowed by gods with magical
healing powers [1].

Evidence of this has also been found in the peoples of ancient Greece and Roman
Empire. At the same time, evidence was also discovered that attested to more com-
monplace uses: heating of living spaces, hot baths and activities related to food prep-
aration. Evidence that geothermal energy was used for heating dates to the first
century (AD), being found in the Roman city of Pompeii. However, concerns about
such uses of geothermal energy were initially limited to locations where hot geother-
mal water was naturally accessible in the form of springs [2].

Nowadays, the direct use of geothermal energy is reported and documented in at
least 88 countries. The estimated capacity to be currently installed in these countries is
approx. 108,000 MW, and the annual energy consumption of approx. 1,021,000 TJ
(284,000 GWh/year), being oriented towards: geothermal heat pumps (58.8%),
swimming pools and thermal baths (18%), direct space heating (16%), greenhouse
heating (3.5%), uses in industrial processes (1.6%), aquaculture and fish farming
(1.3%), drying of cereals (0.35%), other uses (0.45%). The highest consumptions
were reported in order in China, USA, Sweden, Turkey, and Japan [3].

According to data reported at the World Geothermal Congress in 2020 (WGC
2020), only in recent years, 2015-2020, there has been an increase in the amounts of
energy used from geothermal sources by approx. 27%. Concerns about the production
of electricity in ORC installations that take heat from geothermal waters have also
intensified, with five countries installing production capacity for the first time:
Belgium (0.8 MW), Chile (48 MW), Croatia (16.5 MW), Honduras (35 MW) and
Hungary (3 MW). Approximately 2650 wells were drilled in 42 countries and approx.
$ 22.3 billion has been invested in geothermal projects [4].

Geothermal energy resources are located over a wide range of depths and can be in
the form of hot water, steam, or hot rocks. Hot water aquifers with temperatures
between 60°C and 100°C are the most suitable applications for space heating and
agricultural systems. For these aquifers to be commercially interesting, they must be
located at depths up to 2000 - 3000 m and have a temperature of at least 60°C. Areas
with hot water under pressure with higher temperatures and areas with hot rocks are
suitable as a source for electricity generation [5].

Traditionally, the heating of homes, office buildings and commercial spaces has
been done with the help of local heat sources: stoves, fireplaces and hot water boilers
using different types of fuels. These systems not only have low energy efficiency but
are also powerful generators of carbon dioxide as well as various polluting suspen-
sions. For urban areas with high population density, all studies conducted at national
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and international level have led to the conclusion that from the point of view of
energy efficiency and environmental protection, district heating (DH) systems are
advantageous [6].

The multiple and obvious advantages of district heating are: high energy effi-
ciency; the possibility of using several types of fuels; use of residual energy resulting
from industrial processes (hot water, steam); use of renewable resources (solar
energy, geothermal water, biomass, biofuels, household waste and other combustible
waste); simple operation by the consumer, which is not involved in fuel supply
activities, maintenance and operation supervision; consumer safety, compared to
individual sources; reduced pollution, by placing thermal energy sources outside the
living area and achieving a low level of pollutant emissions and greenhouse gases; the
possibility of applying local investment policies in the field of energy efficiency and
improving the quality of the environment.

Despite all these major advantages, compared to the alternative of individual
heating, the consumer connected to a DH system also faces a certain degree of
limitation of thermal comfort, determined by how the system can respond to variable
loads or to operate economically under load limitation. Nevertheless, the DH system
solution provides the necessary heating and hot water at prices less than or equal to
those offered by individual alternative solutions. District heating is a suitable solution
for all sizes of networks, from a few buildings to the neighborhood or city level.
This has strengthened of DH system position in many European countries in recent
years [7, 8].

In the current conditions in which the amplification of global warming imposes
firm and hard measures for limiting the greenhouse gas emissions by restricting the
use of traditional fuels, the integration of geothermal resources in DH systems is a
major requirement. Geothermal heating systems not only reduce or eliminate carbon
dioxide emissions but, by eliminating the consumption of conventional fuels, provide
consumers with heat at much lower prices, especially in the current context of the gas
and oil crisis. Geothermal heat resources have been used in district heating systems for
many years in Iceland and France. Other such installations appear in Germany, Hun-
gary, Italy, Romania, Belgium, and the United Kingdom. During 2014, 30 PJ of heat
were supplied from geothermal sources worldwide, of which 7.3 PJ in the European
Union. However, these reserves appear to be somewhat underestimated, according to
reports from the European GeoDH project. Given that about a quarter of the European
Union’s population lives in urban areas where geothermal energy could be extracted
and used, future geothermal heating systems appear as an efficient solution to the
current problems of thermal energy supply [9].

2. Geothermal heating system in the city of Călimănești, Romania

Romania has an important potential of geothermal energy sources, on its territory
being identified several areas in which the geothermal potential is estimated to allow
economic applications. They are located on an extensive area in western plain of
Romania, in the middle of country, on the Olt River Valley north of Râmnicu Vâlcea,
in the northern part of Bucharest city and south of Brăila city. Figure 1 shows the
locations of these geothermal reservoirs in Romania. Geological surveys conducted
before 1990 showed that the known geothermal potential in Romania is about 10PJ/
year, of which only about two thirds is exploited. The approximately 80 functional
wells can produce an annual amount of thermal energy of about 7PJ [10].
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In Romania, the temperature of “low enthalpy” geothermal sources, with exploi-
tation by drilling-extraction is between 25°C and 60°C, and 60–125°C for the
“mesothermal”. The economic drilling and extraction limit for geothermal waters was
agreed for the depth of 3300 m and was reached in some areas of Romania, such as the
Bucharest North - Otopeni geothermal basin and certain perimeters in Snagov and
Balotești localities. Romania was ranked as the third country in Europe, after Greece
and Italy, for its very high geothermal potential [11].

More than 80% of the wells are exploited artesian, 18 wells require anti-scaling
chemical treatment, and 6 are used for reinjection. The main direct uses of the
geothermal energy are space and district heating; bathing; greenhouse heating; indus-
trial process heat; fish farming and animal husbandry [11].

This chapter presents a case study. The authors present a solution to increase the
energy efficiency of the district heating system of the city of Călimănești, which
works having as main source of heat the geothermal water extracted from the aquifer
of Călimănesti – Căciulata - Cozia perimeter, located on the Olt River Valley. In this
area, the geothermal water is provided by three drillings having more than 3000 m in
depths, located on the right side of the Olt River, at about 1-2 km one from each other
as presented in the Figure 2. The three existing drillings stand out deposits of medium
enthalpy geothermal water (the temperature at the exit of the well is 92… 95°C). The
available flow volume of the three wells is 50.4 l/s, equivalent to a thermal potential of
13.2 MW, when the geothermal water is cooled to 30°C [12].

The drilling located in vicinity of Căciulata and Cozia localities (borehole 1008 and
1006) are used only for local heating needs. The geothermal water feeds a group of
hotels and SPA treatment units, for heating, domestic hot water supply and thermal
pools. The high thermal potential of the geothermal water leads to its direct

Figure 1.
The distribution of geothermal reservoirs on the Romanian territory [10].
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exploitation. In the cold season, the geothermal water (having a temperature of
92… 95°C) is cooled in a plate heat exchanger, producing the thermal agent (TA) for
the district heating system. A second heat exchanger produces domestic hot water
(DHW). The geothermal water, cooled in the two heat exchangers, feeds the thermal
pool, after that being discharged in the Olt River at a temperature of about 30°C. In
the warm season, the mass flow extracted is reduced, only the heat exchanger for
domestic hot water and thermal pool being in use.

The third drilling is situated at 1,2 km from Călimăneşti, providing a volume flow
of 18 l/s at the same temperature values 92… 95°C. This locality, beside the tourists
which are staying in hotels, has about 8600 permanent habitants; 15% of the habitants
are living in apartments connected to a centralized system for thermal energy supply.
In the cold season of 2019-2020, 461 apartments and residential houses, 9 public
institutions and 47 economic operators were branched to DH system, which must
ensure a thermal need of about 3500 kW for heating and about 500 kW for DHW
supply (for the conventional climatic parameters) [13]. The DH system was initially
designed with three thermal units, equipped with hot water boilers using light liquid
fuel. The geothermal water from the nearby well was initially used only for the
thermal energy supply of the SPA treatment units and thermal pools. The project of
the DH system feeding with geothermal energy was started in 2002 with internal
financing and was later supported by European funds. Initially, the project included
all the three wells (1006, 1008 and 1009) to provide the centralized heating of
Călimănesti town. Later, it was utilized only the available water from the well 1009,
situated in vicinity of town. The available volume flow is of 18 l/s, from which about
8 l/s is utilized by a SPA center and a hotel; the rest of volume flow (about 10 l/s)
being used in the DH system of Călimănesti. To use the geothermal water into the DH
system, a geothermal heating station was built just near the geothermal well. The

Figure 2.
Olt Valley working geothermal perimeter [12].
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geothermal water produces, by using plate heat exchangers, the primary thermal fluid
for the DH system, having a temperature of about 85°C. This primary thermal fluid
serves to partially cover the heating demand and to completely cover the DHW
preparation.

Figure 3 shows the drilling 1009 and the geothermal station that prepares the
heating agent for the DH system. The geothermal water from the Olt Valley aquifer
has a high combustible gas content, containing over 90% methane. As a result, before
being introduced into the heat exchangers of the geothermal station, it is degassed, the
collected gases being discharged into the atmosphere. Figure 4 shows the actual
operating diagram of the geothermal station.

The primary thermal agent from the DH system of Călimănești town is returned to
the geothermal station with a temperature around 40°C. For this reason, the geother-
mal water extracted from the drilling well, with a temperature of 95°C, cannot be
cooled, in the heat exchangers of geothermal station, to a temperature below of about
50°C. Because the exploitation of geothermal aquifer is artesian, this water is
discharged directly into the Olt River after a cooling until 30°C, from reason of aquatic
environment protection. The cooling and discharge into the Olt River of the waste
geothermal water, represents a heat loss of approx. 1/3 of its full thermal potential.
The authors examined the possibility of recovering this heat loss by implementing in
the thermal agent preparation circuit a heat pump that uses as heat source the waste
geothermal water discharged from the geothermal station, cooling it from 50–30°C. In
this way, the entire thermal potential of geothermal water is used, while also increas-
ing the capacity of the DH system by growing the flow of thermal agent produced.
Waste geothermal water can be discharged directly into the Olt River, without any
negative impact on the aquatic environment. The functional diagram of the geother-
mal station, coupled with a mechanical vapor compression heat pump, is presented in
Figure 5.

Figure 3.
The borehole 1009 and geothermal station (source: photo of the authors).
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3. The geothermal heat pump

The idea of introducing a heat pump in the functional diagram of the geothermal
station was to connect it in parallel with the heat exchangers that prepare the heat sent

Figure 5.
The functional diagram of the geothermal station with heat pump (source: the drawing of authors). CP-
compressor; EXV – Expansion valve; CD – Condenser; EV – Evaporator.

Figure 4.
The actual operating diagram of the geothermal station [12]. GB – Geothermal borehole; DT – Degassing tank;
PU – Pumping units; DTP – Distribution thermal points; PHEH – Plate heat exchanger for heating; PHEW –
Plate heat exchanger for DHW.
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to the network of the DH system, supplementing its flow. The flow of geothermal
water available from the wellbore is 10 l/s, which allows the coverage of a thermal load
of 1820 kW, the geothermal water being cooled only to 50°C. Using the heat pump for
further cooling of the geothermal water until a temperature of 30°C, an additional
thermal power of 1069 kW can be obtained, estimating a value of the heat pump COP
of 4,5. This result shows that the capacity of the district heating system is increased
by about 60%. For geothermal wastewater to be used as a heat source, if it is cooled to
30°C, the refrigerant vaporization temperature must be around 25°C. As the temper-
ature of the agent supplied to the heating system by the geothermal station is 85°C, the
refrigerant used by the heat pump must have a condensation temperature of at least
90°C. Consequently, it is necessary to use high temperature working agents with a
critical temperature above 100°C. In addition to this requirement, the refrigerant used
must have an environmental impact in accordance with the provisions of the EU
Regulation on fluorinated greenhouse gases and have thermodynamic properties to
achieve the highest possible coefficient of performance.

Most of the agents shown in Table 1 are “wet agents”, for which the end of dry
saturated vapors compression, from the evaporator, falls within the saturation
domain. To avoid this phenomenon, a superheat of the vapors must be introduced at
the compressor suction, of at least 10 degrees. The cooling of the heat pump condenser
being carried out with the returned agent from the DH system, having a temperature
of 45°C, a subcooling of refrigerant until a temperature around 60°C, is possible.
Figure 6 shows how to perform the processes of the condensate subcooling and
superheating of cold vapors at the compressor suction. The cooling is carried out
either in a separate heat exchanger or in the final part of the condenser and the
superheating of the vapors, by introducing an internal regenerative heat exchanger in
the operation scheme of the heat pump.

Subcooling of the condensate has the effect of increasing the specific thermal load of
the condenser, respectively of the energy efficiency (COP). With the agents presented
in Table 1, the authors performed the analysis of the thermodynamic cycle of the heat
pump, to choose the most suitable agent for the imposed operating conditions:

Refrigerant Group psat at 20°C (bar) tcrit (°C) ODP GWP/CO2 Safety class

R134a HFC 6.654 101.0 0 1430 A1

R245fa HFC 1.486 154.0 0 1030 B1

R236fa HFC 2.719 124.9 0 9810 A1

R152a HFC 5.979 113.2 0 138 A2

R600a HC 3.507 134.9 0 3 A3

R600 HC 2.433 154.2 0 4 A3

RE170 HC 6.908 127.2 0 3 A3

R515b* HFO 4.974 108.9 0 293 A1

R1234ze(E) HFO 4.985 109.4 0 1 A2L

R1233zd(E) HFO 1.298 165.5 0 1 A1

Note: HFC = hydrofluorocarbons; HC = Hydrocarbons; HFO = Hydrofluoro-olefins.
*Azeotropic blend R1234ze/R227ea (91,1%/8,9%).

Table 1.
The properties of a few agents used for high temperature heat pumps [14].
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• heating of the thermal agent in the condenser: from 45–85°C;

• condensate subcooling temperature (tsc): 60°C;

• cooling of the geothermal water in the evaporator: from 50–30°C;

• vapor overheating at the compressor suction (Δtsh): 10 degrees;

• pinch point heat exchangers (Δtgap): around 5 degrees;

• the isentropic efficiency of the compressor (ηc): 0.8.

For all the considered agents, according to these conditions, the condensation
temperature was chosen tc ¼ 90°C:, and the vaporization temperature tv ¼ 25°C

The thermodynamic cycle, in the p-h diagram, is presented in Figure 7.
Saturation pressures corresponding to these temperatures depend on the agent

considered:

pv ¼ psat tvð Þ; pc ¼ psat tcð Þ (1)

The superheating of the vapors sucked by the compressor is carried out with the
help of the hot condensate having a temperature of 60°C, by means of the regenera-
tive heat exchanger. Since in this heat exchanger, the flow of the hot fluid is equal to
that of the cold fluid, the thermal balance of the appliance has the form:

h4 � h5 ¼ h1 � h7 (2)

specifying the enthalpy of condensate at the inlet to the expansion valve.
The state parameters in the characteristic points of the operating scheme in

Figure 6, respectively of the thermodynamic cycle in the p-h diagram in Figure 7,
were determined using the EES software. The Table 2 shows the calculation algorithm
of the state parameters of the cycle.

According to the thermodynamic cycle in Figure 7, the specific energy parameters
of the installation are:

Figure 6.
The operating diagram of the heat pump installation (source: the drawing of authors). EV – Evaporator; IHE –
Internal heat exchanger; CP – Compressor; CD – Condenser; SR – Subcooler; EXV – Expansion valve; DTP –
Distribution thermal point.
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specific thermal load of the condenser:

qc
�� �� ¼ h2 � h4 kJ=kg½ � (3)

Figure 7.
The thermodynamic cycle of the heat pump installation, in p-h diagram (source: generated in EES software by
authors).

State
No.

State description Known state
parameters

Functions for determining
state parameters

1 Superheated vapors at the compressor
suction

p1 ¼ pv
t1 ¼ tv þ Δtsh

h1 ¼ enthalpy pv, t1
� �

s1 ¼ entropy pv, t1
� �

2 s Superheated vapors at the end of
isentropic compression

p2s ¼ pc
s2s ¼ s1

t2s ¼ temperature pc, s2s
� �

h2s ¼ enthalpy pc, t2s
� �

2 Superheated vapors at the end of real,
irreversible compression

p2 ¼ pc
h2 ¼ h1 þ h2s � h1ð Þ=ηc

t2 ¼ temperature pc, h2
� �

s2 ¼ entropy pc, h2
� �

3 Liquid at saturation p3 ¼ pc
t3 ¼ tc
x3 ¼ 0

h3 ¼ enthalpy pc, x3
� �

s3 ¼ entropy pc, x3
� �

4 Subcooled liquid p4 ¼ pc
t4 ¼ tsc

h4 ¼ enthalpy pc, tsc
� �

s4 ¼ entropy pc, tsc
� �

5 Subcooled liquid at the inlet of the
expansion valve

p5 ¼ pc
h5 ¼ h4 þ h1 � h7ð Þ

t5 ¼ temperature pc, h5
� �

s5 ¼ entropy pc, h5
� �

6 Two-phase mixture after expansion valve p6 ¼ pv
t6 ¼ tv
h6 ¼ h5

s6 ¼ entropy pv, h6
� �

x6 ¼ quality pv, h6
� �

7 Dry saturated vapors at the exit of the
evaporator

p7 ¼ pv
t7 ¼ tv
x7 ¼ 1

h7 ¼ enthalpy pv, x7
� �

s7 ¼ entropy pv, x7
� �

Table 2.
Algorithm for determining the state parameters in EES software.
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specific cooling power of the evaporator:

qv ¼ h7 � h6 kJ=kg½ � (4)

specific mechanical compression work:

lcp
�� �� ¼ h2 � h1 kJ=kg½ � (5)

The heat flow taken up by the heat pump evaporator depends on the available geo-
thermal water flow _Vgw [m3/s] and the temperature up to which the water can be cooled:

_Qv ¼ _Vgwρgw hgw1 � hgw2
� �

kW½ � (6)

where ρgw [kg/m3], the density of waste geothermal water, was considered at its
average temperature tgw ¼ 0:5 tgw1 þ tgw2

� �
. The flow of refrigerant is determined by

the heat flow recovered from waste geothermal water:

_m ¼
_Qv

qv
kg=s½ � (7)

and establishes the heat flow given to the condenser and respectively the theoret-
ical power required to drive the compressor:

_Qc

�� �� ¼ _m qc
�� �� kW½ � (8)

Pcp ¼ _m lcp
�� �� kW½ � (9)

resulting in COP (energy efficiency)

COP ¼
_Qc

�� ��
Pcp

(10)

The efficiency of the Carnot cycle carried out between the two heat sources of the
thermodynamic cycle, the hot source, and the cold source, has the expression:

COPC ¼ THS

THS � TCS
(11)

wherein the temperatures of the two heat sources, THS and TCS, are the mean
thermodynamic temperatures of the hot water produced at the condenser and respec-
tively of the geothermal water from which the heat is extracted at the evaporator.

The mechanical work of the reversible Carnot cycle has the significance of the
minimummechanical work necessary to achieve heat transfer from cold to hot source.
In the case of a real irreversible cycle, carried out between the same heat sources, the
internal and external irreversibility, determine a destruction of the available energy,
determining the increase of the mechanical work consumption. The most crucial
parameter for the thermodynamic evaluation of a cycle, from this point of view, is the
exergetic efficiency (carnotic efficiency):

ηex ¼
lCj j
lcycle
�� �� ¼ 1�

X
πir,int þ

X
πir,ext

� �
¼ COP

COPC
(12)
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wherein
P

πir,int is the sum of the rates of the losses caused by the internal
irreversibility of the cycle and

P
πir,ext, the sum of the rates of the losses caused by its

external irreversibility.
To determine which of the working agents shown in Table 1 is more suitable for

this heat pump installation, in terms of properties and performance, were determined
the state parameters for each point of the cycle in Figure 7, according to the calcula-
tion algorithm presented in Table 2. The calculus was carried out in the same initial
conditions for each refrigerant. The drive power of the compressor and the heat flow
yielded to the condenser were also calculated, resulting in the performance coefficient
of the installation. The reference Carnot cycle was considered between the average
thermodynamic temperatures of the geothermal water in the evaporator and respec-
tively of the thermal agent in the condenser.

The results obtained are presented in Table 3 and in Figure 8.
All refrigerants that have been analyzed are in the category of those that do not

affect the ozone layer, with zero ODP potential. In terms of performance, R245fa,
R600 and R1233ze(E) refrigerants for which energy efficiency (COP) has the highest
values are noted (Figure 8).

R245fa is a colorless, one-component fluid of class HFC (1,1,1,3,3-Pentafluor-
opropane, C3H3F5) which may replace the use of HCFC R123 and R11. R245fa is
among the HFC refrigerants that do not deplete the ozone layer (ODP = 0) but have a
significant global warming potential (GWP = 1030). R245fa is used primarily as a
blowing and insulation agent for plastic foam insulation, but also as an industrial air
conditioning refrigerant, heat recovery systems and high energy recovery systems.
HFC-245fa is listed as non-toxic and non-flammable, but exposure to high levels of
R245fa can lead to heart sensitization and eye irritation. It falls into safety class B1 [15].

Refrigerant qv (kJ/kg) qc
�� �� (kJ/kg) lcp

�� �� (kJ/kg) _m (kg/s) _Qc

�� �� (kW) Pcp (kW) COP ηex

R134a 136.0 178.3 42.29 6.107 1089 258.3 4.216 0.305

R245fa 152.0 195.9 43.92 5.464 1070 240.0 4.460 0.322

R236fa 109.3 141.8 32.50 7.559 1078 247.0 4.363 0.315

R152a 225.4 294.1 68.71 3.685 1084 253.2 4.280 0.309

R600a 257.1 333.3 76.12 3.231 1077 245.9 4.379 0.316

R600 289.8 373.9 84.14 2.866 1072 241.2 4.444 0.321

RE170 328.5 426.9 98.40 2.528 1079 248.8 4.338 0.313

R515b 121.6 159.0 37.40 6.831 1086 255.5 4.251 0.307

R1234ze(E) 125.9 164.2 38.29 6.597 1083 252.6 4.288 0.310

R1233zd(E) 155.7 200.4 44.62 5.335 1069 238.0 4.491 0.325

Note: Operating parameters, same for all refrigerants:
Condensation temperature: 90 °C.
Vaporization temperature: 25°C.
Superheating at the compressor suction (Δtsh): 10°.
Thermodynamic mean temperature of the geothermal water: 40.55°C.
Thermodynamic mean temperature of the thermal agent: 64.55°C.
Heat flow taken from the evaporator: 830.60 kW.
Efficiency of the reference Carnot cycle: 13.84.

Table 3.
The performances of the heat pump, for different refrigerants.
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R600 refrigerant is a natural refrigerant of class HC (butane, C4H10) suitable for
many refrigeration applications. R600 refrigerant is environmentally friendly and
efficient. R600 is a commonly used refrigerant with low environmental impact and
good thermodynamic performance. The R600 has low power consumption in refrig-
eration applications and is compatible with many different lubricants. The R600 is
suitable for a variety of tasks in industrial, commercial, and household refrigeration,
such as kitchen refrigerators and professional freezers and desks, as well as refrigera-
tion and freezing appliances. R600 is classified as a highly flammable class A3 refrig-
erant and is subject to strict regulations regarding the amount of agent charged into
installations [16].

R1233zd(E) refrigerant is a recent agent, chemically a hydrochlorofluoroolefin
(HFO, CF3-CH=CClH). Although this refrigerant is an HCFC and therefore carries
chlorine that affects the ozone layer, it is not on the list of fluorinated greenhouse
gases that will be eliminated, because the life in the atmosphere is very short
(26 days). The properties of this agent are close to the characteristics of the ideal
refrigerant: adequate operating pressures, zero GWP potential, zero ODP potential,
non-flammable, non-toxic, and adequate volumetric capacity. R1233ze(E) is classified
as safety class A1 [15].

Based on the energy performance and physical properties of the selected agents, it
was decided that the most suitable agent, to be used in the studied heat pump, is
R1233ze(E) refrigerant.

For the refrigerant considered the most suitable, the way in which the energy
efficiency (COP) and the heat flow produced at the condenser depend on the
subcooling temperature and on the superheating of the vapors at the compressor
suction, respectively, was studied. The results are shown in the Figure 9.

It is found that the greatest influence upon the heat pump performances has the
subcooling degree of the condensate, while the influence of the degree of overheating
at the compressor suction is practically insignificant. For this reason, the minimum
value of 10 degrees was considered for the degree of overheating, which ensures that
the state corresponding to the compressor discharge does not enter in the wet area and
was investigated the way in which only the degree of subcooling influences the
performance of the heat pump. The results are shown in Figure 10. It is found that the

Figure 8.
The COP of the heat pump installation, for different agents (source: results from Table 3).
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lower the cooling temperature, the higher the specific cooling power and the lower the
required refrigerant flow. As a result, the power required to drive the compressor is
reduced. Although the specific thermal load of the condenser increases, the decrease
of the refrigerant flow has a stronger influence and as a result the heat flow yielded at
the condenser decreases, causing a slight decrease of the heat flow provided in the
district heating network. The decrease in the drive power of the compressor has a
greater influence on the energy balance, so that overall, the coefficient of performance
increases.

4. The coverage of the HD system

The city of Călimănești is part of the climate zone III of Romania, for which the
conventional outdoor temperature for the cold season is tec ¼ �18°C [16]. For resi-
dential and tertiary buildings, the conventional interior design temperature may be
considered tic ¼ þ20°C, as [17]. In these conditions, considering the usual thermal

Figure 9.
Modification of the coefficient of performance and of the thermal flux produced at the condenser, depending on the
subcooling temperature and the degree of overheating (source: simulation in EES software by authors).

Figure 10.
Modification of the thermal flux produced at the condenser, the cooling power, the compressor driving power and
the flow of the hot agent, depending on the subcooling temperature, for vapors superheating of 10 degrees (source:
simulation in EES software by authors).
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characteristics of the buildings and the need of DHW, the maximum thermal load of
the DH system of the Călimănești city was evaluated as follow:

maximum thermal load for heating: _Q
max
heat ¼ 3500 kW;maximum thermal load for

DHW preparation: _Q
max
dhw ¼ 500 kW.

Assuming that the heat transfer characteristics are unchanged in relation with
outdoor temperature, the thermal load of the DH system, which must be performed
by the geothermal station, varies linearly with the temperature of the external envi-
ronment te [°C], according to the relation:

_QGTS ¼ _Q
max
heat

tic � te
tic � tec

þ _Q
max
dhw kW½ �forte ≤ 10°C (13)

The variation of the thermal load in relation to the outdoor temperature is shown
in Figure 11. It is considered that the district heating system is put into operation
when the mean daily temperature of the external environment is lower than 10°C,
producing thermal agent both for the preparation of domestic hot water and for
heating. For mean daily outdoor temperatures above 10°C, the system prepares agent
for domestic hot water only.

In the cold season 2020-2021, the variation of the mean daily outdoor temperature
and necessary thermal load for heating system in the Călimănești zone, is shown in the
Figure 12 [18]. In recent years, due to global warming, mean temperatures during the
cold season have been higher than usual. It can be noted that mean outdoor tempera-
tures below 0°C was recorded in the area for a few days, only in the second half of
January and in February, the thermal load during this period being about 70% of the
maximum load calculated, based on the conventional temperatures. The system was
started on Octomber 01, 2020 and was stopped on April 30, 2021.

The operation diagram of the geothermal station coupled with the heat pump is
shown in the Figure 13. By cooling the geothermal water with Δt1 ¼ 45°C (from
95–50°C) the heat flow introduced in the system is:

_Qhe ¼ _mgwcwΔt1 ¼ _mhecwΔt kW½ � (14)

Figure 11.
The thermal load of district heating system in relation with outdoor temperature according to Eq. (13).
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and by recovering the residual heat from the geothermal water, the heat flow
introduced by the heat pump into the system is:

_Qhp ¼ _mgwcwΔt2
COP

COP� 1
¼ _mhpcwΔt kW½ � (15)

where, Δt2 ¼ 20°C (from 50–30°C) is the degree of geothermal water cooling in
the heat pump evaporator, COP is energy efficiency, and Δt ¼ 40°C (from 85–45°C)
the temperature difference between the outlet and the inlet of the thermal agent sent
into the district heating system.

The two expressions determine the total heat flow that the geothermal station
coupled with the heat pump, introduces into the district heating system:

Figure 12.
Variation of mean daily outdoor temperature in area and thermal load, in the cold season of 2020-2021 [18].

Figure 13.
Operation diagram of the geothermal station (source: the drawing of authors).
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_QGTS ¼ _mgwcw Δt1 þ Δt2
COP

COP� 1

� �
¼ _mhe þ _mhp
� �

cwΔt kW½ � (16)

For the maximum available flow of geothermal water of 10 l/s, the maximum heat
flow delivered to the DH system, according to relation (16), is _Q

max
GTS ¼ 2889 kW of

which 1820 kW directly from geothermal water and 1069 kW from the heat recovered
by means of the heat pump. For the operating conditions of the heating system, the
energy efficiency of the heat pump was considered COP = 4.5, according to cycle
analyze. The external limit temperature up to which the system can operate only with
the thermal energy produced in the geothermal water heat exchanger is:

tgwe ¼ tic �
_Q
max
he � _Q

max
dhw

_Q
max
heat

tic � tecð Þ °C½ � (17)

and the external limit temperature up to which the system can operate coupled
with heat pump is:

tgwþhp
e ¼ tic �

_Q
max
he þ _Q

max
hp � _Q

max
dhw

_Q
max
heat

tic � tecð Þ °C½ � (18)

According to the operating conditions of the heating system, for the limit temper-
atures specified by relations (16) and (17) the following values resulted for the limit

temperatures: tgwe ¼ 5:7°C and tgwþhp
e ¼ �5:5°C . For outdoor temperature lower than

tgwþhp
e , gas hot water boilers must also be started. The Figure 14 shows how the
geothermal station can cover the thermal load of the district heating system,
depending on the level of the outside temperature.

The adjustment of the geothermal station functioning, so that the heat flow produced
can cover the thermal load determined by the outdoor temperature, can be done by
changing the flow of the thermal agent sent in the network, with the constant mainte-
nance of its temperature (quantitative regulation) or with the constant maintenance of

Figure 14.
The thermal load coverage in relation with outdoor temperature (source: the drawing of authors).
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the flow of the agent sent in the network and the change of its temperature (qualitative
regulation). Only quantitative adjustment has been considered in this discussion.

The heat flow required for the DH system needs a water flow to be taken from
geothermal borehole:

if te ≥ 10°C (production of DHW only)

_mgw ¼
_Q
max
dhw

cwΔt1
kg=s½ � (19)

if 10°C> te ≥ 5:7°C (production of DHW and heating with geothermal water only)

_mgw ¼
_Q
max
heat

tic�te
tic�tec

þ _Q
max
dhw

cwΔt1
kg=s½ � (20)

if 5:7°C> te ≥ � 5:5°C (production of DHW and heating with geothermal water
and heat pump)

_mgw ¼
_Q
max
heat

tic�te
tic�tec

þ _Q
max
dhw

cw Δt1 þ Δt2 COP
COP�1

� � kg=s½ � (21)

The HD system can cover the required thermal load using only geothermal water,
up the outdoor temperature of +5.7°C, when the maximum geothermal water flow of
10 l/s (9.62 kg/s) is extracted from the borehole. Below this temperature, the DH
system coupled to the heat pump can covers the required thermal load up to temper-
ature of �5.5°C, when the flow of extracted geothermal water is also maximum. For
lower outdoor temperatures, the thermal load is supplemented by the commissioning
of hot water boilers with gaseous fuel.

If the temperature of the thermal agent sent to the district heating system is kept
constant, its flow rate depending on the temperature of the external environment is
expressed:

_mta ¼ _mhe þ _mhp ¼
_Q
max
heat

tic�te
tic�tec

þ _Q
max
dhw

cwΔt
kg=s½ � (22)

The variation of these flows in relation to the outdoor temperature is shown in the
Figure 15.

Coupling the geothermal station with a heat pump to recover the thermal energy of
the wastewater discharged from the geothermal heat exchangers, allows to increase
the flow of thermal agent introduced into the district heating system and cover about
70% of its maximum thermal load. Under these conditions, the district heating system
can ensure the thermal comfort of consumers only up to an outside temperature of
around �6°C (Figure 16).

Examining the way in which the climatic conditions in the area have manifested in
recent years, by coupling the geothermal station with a heat pump, the maximum
available flow of geothermal water can ensure the coverage of the entire thermal load
of the heating system, without the use of gas-fired hot water boilers. Due to the global
warming phenomenon, the mean daily temperatures during the cold season were
higher than the usual temperatures for this period.

As can be seen in the Figure 16, according to the weather archive in the area,
during the cold period of the 2020-2021 season, in just a few days the average outdoor
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temperature dropped below �5°C, the temperatures in the rest of this period being in
the range 0 ... + 5°C. Under these conditions, the thermal load of the system can be
covered throughout the heating season without the need to come into operation the
hot water boilers with gaseous fuel.

5. Conclusions

• The solution of using medium enthalpy geothermal water, from the deposits
located in the lower basin of the Olt River, as a heat source for the district heating

Figure 15.
The geothermal water flow and the thermal agent flow in relation with outdoor temperature, according to
Eq. (19)-(22).

Figure 16.
The thermal load coverage in relation with outdoor temperature (source: the drawing of authors).
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system of Călimănești is part of the current concerns to reduce the consumption
of conventional fuels, generated both by depletion of reserves and the need to
reduce greenhouse gas emissions. At the same time, the geothermal energy being
provided free of charge by nature, continuously and renewable, allows the
creation of heating systems that provide the population with heat at very low
prices.

• Concerns both to increase energy efficiency and to protect reserves, have
required finding solutions that allow to obtain a maximum amount of energy
from available resources. In this context, the implementation in the district
heating system of Călimănești city of a heat pump is a modern and very good
solution for total capitalization of the thermal potential of the geothermal water
available from drilling 1009. Firstly, the heat pump allows the full use of the
thermal potential of geothermal water, which can be discharged at a temperature
close to the environment, and secondly, increases the flow of heat sent to the
district heating system, allowing either its expansion or the connection of new
consumers to the network.

• The available flow of geothermal drilling water can continuously provide the
necessary thermal energy for the preparation of domestic hot water. The
geothermal water flow required for this purpose represents about 25% of the
available well flow. During the period when the district heating system is not
working, the thermal energy necessary for the preparation of domestic water can
be provided entirely from geothermal water.

• During the cold season, when the district heating system comes into operation,
the maximum available geothermal water flow, can only provide the thermal
energy needed to prepare the domestic water and about 40% of the thermal
energy needed to cover the maximum heating load of the system. Under these
conditions, the district heating system can ensure the thermal comfort of
consumers only up to an outside temperature of around +5°C. If the outside
temperature drops below this limit, it is necessary to start the gas-fired hot water
boilers. The implementation of a heat pump, which recovers the thermal
potential of the wastewater discharged from the heat exchangers of the
geothermal station, allows to increase the capacity of the system by about 60%.
Under these conditions, given the mild climate in the area in recent years, this
solution would eliminate the need to use hot water boilers with gaseous fuel,
which are kept covering peak loads or possible damage.

• The water extracted from the aquifer of the area contains a large quantity of
combustible gases, with a content of over 90% methane. This feature is favorable
for the implementation of a gas cogeneration system, which would also provide
the electricity needed for the operation of the heat pump.
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Chapter 12

Design of Earth Quake Responses
Decentralized Controller in Smart
Building Systems
Doghmane Mohamed Zinelabidine and Eladj Said

Abstract

Many building systems are known to have complex structure with large dimension
variables that characterize its mathematical models. In such case, it is basically
desirable to use avoid the use of centralized controller due to the possibility of
dimension increase during its implementation. The design of decentralized controller
has faced tremendous success especially for large scale systems. The main objective of
this book chapter is to design decentralized controller for building system in order to
avoid the damages that will be caused by the earth quake responses. This controller
is designed to increase the robustness and improve the smart building system
responses toward different earth quakes. The optimized behavior of the control sys-
tem has been analyzed and tested in the framework of the inclusion-contraction of the
overlapping decomposition theories. Moreover, the application of this control
strategy to smart building system has led to significantly minimize the damages that
can be generally caused by the severe earth quakes. Thence, the obtained results
have demonstrated the usefulness of the proposed controller for constructing smart
cities.

Keywords: decentralized controller, earth quake responses, overlapping
decomposition, smart building systems, smart cities

1. Introduction

Describing the behavior of many mechanical and engineering systems may let us
end up with high dimensional mathematical models. The analysis and design problems
of such systems become very complex; since the solution may not be found easily due
to the huge amount of computation efforts required to simulate and analyze the
dynamic process of the system, which may lead to large scale decentralized controller
[1]. Therefore, new techniques and strategies should be designed in order to optimize
the controller through decomposing it into simpler subsystems, so that, the control of
such systems can be combined together in order to control the original global system.
The objective of this paper is to design a decentralized optimal controller of well-
known example of overlapping system using extension principle; our work is devel-
opment of (L. Bakule and J. Rodellar 1995) paper by improving the performance of

205



responses using optimization technique. We will see in this book chapter the
application of decentralized optimal overlapping decomposition for six floor
building system, for which we have given brief mathematical description of the
system and the process being applied. It has been found that designing an algorithm
for such type of systems is possible and very useful because it satisfies condition for
this algorithm (condition of expansion/contraction, condition of contractibility of
controllers). The chapter is organized as follows, in the second section, a six-floor
building system mathematical model has been carefully described in order to permit
the readers understand the dynamic behavior of the system. In section three, the
theories of expansion/contraction have been introduced so that it will allows us to
design an overlapping decentralized controller for the system under study. In section
four, the contractibility of the designed controller has been discussed for application
to the original system after decomposition. In the fifth section, we have proposed a
controller based on the introduced theories in order to minimize the six floor
building system under sever earthquake input signals. The controller robustness
and performance have been demonstrated through simulation results in section six.
The chapter has been ended up by conclusion and recommendation for
implementation in smart building system which will be an important step toward
smart cities.

2. System description

Construction engineering is very important term that gathers many disciplines that
varies from physics, mechanics, electronics and control [1]. It is applied science, for
which engineers build different structures within the scope of civil engineering, smart
building systems; thus, it is scientific discipline to the design of building that defines
smart cities [2]. People combined a practical knowledge of materials and construction
with the mathematics and science that were then available [3].

Consider the mechanical second order building system shown in Figures 1 and 2.
The system is composed of six floor build in concrete cement and it is under
continuous vibrations created by the continuous movement of the earth and earth-
quakes. The system’s dynamic is described by first order differential equation written
in the matrix form, the size of the matrix is proportional to the number of floors and
earthquake sensors installed for each as well as the actuators at the level of each floor
or set of floors. The actuators are designed to create a counter force synchronously to
the building dynamic.

The system shown in Figure 1 can be represented by the following mathematical
model

M€qþD _qþ Sq ¼ Bu

y ¼ Cq

v ¼ V _q

8>><
>>:

(1)

Where:
M : 6� 6Z is the mass matrix, symmetric, positive definite matrix.
D : 6� 6Z is the damping matrix.
S : 6� 6Z is the stiffness matrix.
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q : 6� 1Z is the displacement vector, represents the degree of freedom of the
system.

B : 6� 3Z is the input matrix, represents locations of actuators.
u : 3� 1Z is the input signal, sinusoidal signal in this example.
Eq. (1) indicate the response of building system to earthquake; Figure 3 shows a

failure response to real earthquake system [1, 4].
Eq. (1) can be written as.
or

q ¼ TIqe

u ¼ Uue

y ¼ GIye

v ¼ HIve

8>>>>><
>>>>>:

(2)

Where TIT ¼ In ¼ I6, UUI ¼ Im ¼ I3 GIG ¼ Ip ¼ I6, HTH ¼ Ir ¼ I6.
And TI,UI,GI,HI indicates the pseudo-inverse of T,U,G,H respectively [2].

Figure 1.
Overlapping structure of building system [1].
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Figure 3.
Failure response of a building system to earthquake disturbances [1].

Figure 2.
Overlapping structure of real building system [1].
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M11 M12 M13

M21 M22 M23

M31 M32 M33

2
664

3
775

€q1
€q2
€q3

2
664

3
775þ

D11 D12 D13

D21 D22 D23

D31 D32 D33

2
664

3
775

_q1
_q2
_q3

2
664

3
775þ

S11 S12 S13

S21 S22 S23

S31 S32 S33

2
664

3
775

q1
q2
q3

2
664

3
775

¼
B11 0 0

0 B22 0

0 0 B33

2
664

3
775

u1

u2

u3

2
664

3
775

y1
y2
y3

2
664

3
775 ¼

C11 0 0

0 C22 0

0 0 C33

2
664

3
775

q1
q2
q3

2
664

3
775

v1

v2

v3

2
664

3
775 ¼

V11 0 0

0 V22 0

0 0 V33

2
664

3
775

_q1
_q2
_q3

2
664

3
775

8>>>>>>>>>>>>>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

(3)

Where dashed lines indicate the subsystems, in this example we have only two
subsystems S1 and S2 that shares common informations (M22,D22, S22,B22,C22,V22) [1].

3. Expansion and contraction

We have the overlapping system (1) and we want to transform it into non-
overlapping system described by

se :

Me€qe þDe _qe þ Seqe ¼ Beue

ye ¼ Ceqe
ve ¼ Ve _qe

8><
>:

(4)

To do that we consider the transformation matrices between systems (1) and (3)

qe ¼ Tq

ue ¼ UIu

ye ¼ Gy

ve ¼ Hv

8>>>><
>>>>:

(5)

The system described by Eq. (3) is said to be an expansion of the system described
by (1) (or the system described by (1) is considered to be a contraction of the system
(3)) if there exist transformation T,U,G and H that satisfied Eq. (4) so that for any
initial states qe 0ð Þ, _qe 0ð Þ� �

and for any input ue tð Þ∈Rm for all t≥0 [5], we have

qe 0ð Þ ¼ Tq 0ð Þ
_qe 0ð Þ ¼ T _q 0ð Þ
u tð Þ ¼ Uue tð Þ

8><
>:

)
qe tð Þ ¼ Tq tð Þ
_qe tð Þ ¼ T _q tð Þ
ve tð Þ ¼ Hv tð Þ

8><
>:

(6)
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Essentially there exist two (02) methods to derive condition of extension:

• Method one

Requires working directly with the matrix second order equation in both original
and extended system which means we need to use the matrices M and Me [1].

• Method two

Starts by transforming the second order system into an equivalent first order
system ) requires working with M�1 and Me

�1.
Consider the system (1) and its expansion (3); define the state vectors x, xe as:

x ¼ qT, _qT
� �T

, xe ¼ qe
T, _qe

T� �T
then Eqs. (1) and (2) can be written as

sx :
_x ¼ Axxþ Bxu

yx ¼ Cxx

�
(7)

sex :
_xe ¼ Aexxe þ Bexue

yex ¼ Cexxe

(
(8)

Where

Ax ¼
06�6 I6

�M�1S �M�1D

" #

Bx ¼
06�3

M�1B

" #

Cx ¼ diag C,Vð Þ

8>>>>>>>><
>>>>>>>>:

And

Aex ¼
08�8 I8

�Me
�1Se �Me

�1De

" #

Bex ¼
08�4

Me
�1Be

" #

Cex ¼ diag Ce,Veð Þ

8>>>>>>>><
>>>>>>>>:

Consider the transformation T,U,G satisfying (6) for the original system; define
the transform for the expanded system as.

Td ¼ diag T,Tð Þ; Cd ¼ diag G,Hð Þ.
This implies that

xe 0ð Þ ¼ Tdx 0ð Þ
u tð Þ ¼ Uue tð Þ ) xe tð Þ ¼ Tdx tð Þ

yex tð Þ ¼ Cdx tð Þ

((
(9)
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A.Theorem one

The system se is an extension of the system s or equivalently s is dis-extension
of se if and only if there exists full rank transformation matrices T,U,G and H
such that

Me
�1SeT ¼ TM�1S

Me
�1DeT ¼ TM�1D

Me
�1Be ¼ TM�1BU

GC ¼ CeT

HV ¼ VeT

8>>>>>>><
>>>>>>>:

(10)

These equations are found by transforming the system (1) and (3) into state space
model [6].

Eq. (10) can be written as

Me
�1 ¼ TM�1TI þMcq

Se ¼ TSTI þ Scq

De ¼ TDTI þDcq

Be ¼ TBU þ Bcq

Ce ¼ GCTI þ Cc

Ve ¼ HVTI þ Vc

8>>>>>>>>>><
>>>>>>>>>>:

(11)

With Me, Se,De,Be,Ce and Ve are given by

Me ¼

M11 M12 0 M13

M21 M22 0 M23

M21 0 M22 M23

M31 0 M32 M33

2
666664

3
777775
, De ¼

D11 D12 0 D13

D21 D22 0 D23

D21 0 D22 D23

D31 0 D32 D33

2
666664

3
777775
,

Se ¼

S11 S12 0 S13

S21 S22 0 S23

S21 0 S22 S23

S31 0 S32 S33

2
666664

3
777775
, Be ¼

B11 0 0 0

0 B22 B22 0

0 B22 B22 0

0 0 0 B33

2
666664

3
777775
,

Ce ¼

C11 0 0 0

0 C22 0 0

0 0 C22 0

0 0 0 C33

2
666664

3
777775
, Ve ¼

V11 0 0 0

0 V22 0 0

0 0 V22 0

0 0 0 V33

2
666664

3
777775

Where Mqc, Sqc,Dqc,Bqc,Cqc and Vqc are complementary matrices defined in such
way to satisfy the condition of extension [6, 7].
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A.Theorem two

The system (2) is an expansion of the system (1) if

MqcT ¼ 0

KqcT ¼ 0

DqcT ¼ 0

Bqc ¼ 0

CqcT ¼ 0

VqcT ¼ 0

8>>>>>>>>>><
>>>>>>>>>>:

(12)

Eq. (12) is satisfied by choosing the complementary matrices as

:½ �qc ¼

0 0:5 :½ �12 �0:5 :½ �12 0

0 0:5 :½ �22 �0:5 :½ �22 0

0 �0:5 :½ �22 0:5 :½ �22 0

0 �0:5 :½ �32 0:5 :½ �32 0

2
66664

3
77775

(13)

4. Contractibility of controllers

Let us consider the controller given by Eq. (14), for the overlapping building
system

u ¼ Fyþ Lvþ w (14)

And Let us consider the controller given by Eq. (15) for the expanded system of the
building system:

ue ¼ Feye þ Leve þwe (15)

Where w and we are the external inputs of the smart building system [1, 8].

A.Theorem three

The controller described by Eq. (15) is contractible to the controller given by Eq. (14)
if and only if

FC ¼ UFeGC
LV ¼ ULeHV

�
(16)

B. Theorem four

If Eq. (2) is an extension of Eq. (1) and if Eq. (2) is stable (respectively
asymptotically stable) then Eq. (1) is stable (respectively asymptotically stable) [6, 9].
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5. Decentralized optimal output feedback control

A.Problem’s frame

Consider the system (7); our goal is to find control law u ¼ Kyx to minimize the cost
function

J ¼
ðþ∞

�∞

xTQxþ uTRu
� �

dt (17)

Such that the closed loop system

Sc ¼
_x ¼ Aþ BxKCxð Þx
yx ¼ Cxx

�
(18)

is asymptotically stable

B. Problem Solution

First we have the following two subsystems that have been extracted from the
expanded system

M1€qe1 þD1 _qe1 þ S1qe1 ¼ B1ue1
ye1 ¼ C1qe1
ve1 ¼ V1 _qe1

8><
>:

(19)

M2€qe2 þD2 _qe2 þ S2qe2 ¼ B2ue2
ye2 ¼ C2qe2
ve2 ¼ V2 _qe2

8><
>:

(20)

Let us transform these two subsystems into state space form to get

s1 :
_xe1 ¼ Aex1xe1 þ Bex1ue1
y1 ¼ Cex1xe1

(
(21)

s2 :
_xe2 ¼ Aex2xe2 þ Bex2ue2
y2 ¼ Cex2xe2

(
(22)

Where:

Aex1 ¼
0 2þ2ð Þ� 2þ2ð Þ I 2þ2ð Þ� 2þ2ð Þ

�M�1
1 S1 �M�1

1 D1

" #

Bex1 ¼
0 2þ2ð Þ� 2þ2ð Þ

�M�1
1 B1

" #

Cex1 ¼ diag C1,V1ð Þ

8>>>>>>>><
>>>>>>>>:
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Aex2 ¼
0 2þ2ð Þ� 2þ2ð Þ I 2þ2ð Þ� 2þ2ð Þ

�M�1
2 S2 �M�1

2 D2

" #

Bex2 ¼
0 2þ2ð Þ� 2þ2ð Þ

�M�1
2 B2

" #

Cex2 ¼ diag C2,V2ð Þ

8>>>>>>><
>>>>>>>:

We will try to generate the optimal output feedback for each subsystem as ui ¼
Kiyi; i ¼ 1, 2, to each subsystem we associate the performance index:

Ji ¼
ðþ∞

�∞

xiTQixi þ uiTRiui
� �

dt i ¼ 1, 2 (23)

The necessary and sufficient conditions of optimality for each subsystem are:

ϕT
i Pi þ Piϕi þQi þ CT

xiK
T
i RiKiCxi ¼ 0

Ki ¼ �R�1
i BT

xiPiLiCT
xi CxiLiCT

xi

� ��1

ϕiLi þ Liϕ
T
i þ X0i ¼ 0

8>><
>>:

(24)

Where ϕi ¼ Ai þ BxiKiCxi, X0i ¼ x0ixT0i; generally we take x0i ¼ I.
The optimal cost can be found as:

Ji ¼ :5 ∗ trace PiX0ið Þ (25)

And the optimal control law as ui ¼ Kiyi where

Ki ¼
Ki

11 Ki
12 Ki

13 Ki
14

Ki
21 Ki

22 Ki
23 Ki

24

" #
(26)

The control law for expanded system is

Ki ¼

K1
11 K1

12 0 0 K1
13 K1

14 0 0

K1
21 K1

22 0 0 K1
23 K1

24 0 0

0 0 K2
11 K2

12 0 0 K2
13 K2

14

0 0 K2
21 K2

22 0 0 K2
23 K2

24

2
66664

3
77775

(27)

and the contracted control law for the original system is:

K ¼
K1

11 K1
12 0 K1

13 K1
14 0

K1
21 K1

22 þ K2
11 K2

12 K1
21 K1

24 þ K2
13 K2

14

0 K2
21 K2

22 0 K2
23 K2

24

2
64

3
75 (28)

To apply this control law for the original mechanical system, we must write it in
the form:

u ¼ Fyþ Lvþ w (29)
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Where: w is the external input to the mechanical system [6, 10].
We have

K ¼ F,L½ �
Ke ¼ Fe,Le½ �

�
(30)

With

F ¼
K1

11 K1
12 0

K1
21 K1

22 þ K2
11 K2

12

0 K2
21 K2

22

2
664

3
775

L ¼
K1

13 K1
14 0

K1
23 K1

24 þ K2
13 K2

14

0 K2
23 K2

24

2
664

3
775

8>>>>>>>>>>><
>>>>>>>>>>>:

(31)

Now the projection of this control law onto the original mechanical system
gives [11]:

M€qþ Dþ BLVð Þ _qþ K þ BFCð Þq ¼ Bw
y ¼ Cq
v ¼ V _q

8><
>:

(32)

6. Simulation results and discussion

Results founded in this paper using Matlab environment, where first, we started
with centralized non-optimal controller for each floor as shown in figures below
(Figures 4–6).

Then we apply decentralized non-optimal controller for the same floors
(Figures 7–10).

We notice that in common floor (Figures 8 and 10) the response of system in
closed loop form still effective; this is according to the interconnection between
subsystems Figure 11.

Figure 4.
Centralized non-optimal control system (flour 2).
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Figure 5.
Centralized non-optimal control system (flour 4).

Figure 6.
Centralized non-optimal control system (flour 6).

Figure 7.
Decentralized non-0ptimal control sub-system 1(flour 2).

Figure 8.
Decentralized non-optimal control sub-system 1(flour 4).
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Figure 9.
Decentralized non-optimal control sub-system 2(flour 2).

Figure 10.
Decentralized non-optimal control sub-system 2(flour 4).

Figure 11.
Centralized optimal control system (flour 2).

Figure 12.
Centralized optimal control system (flour 6).
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An optimization technique was applied for centralized and decentralized controller
as show in figure below:

Even when we applied optimization responses in Figure 12 still valuable
which may make damages to the building. The cost function of centralized controller
is Jt ¼ 7:31 ∗ 103 while decentralized controller gives (Figures 13–16).

The cost functions of subsystems 1 and 2 are respectively J1 ¼ 2:47 ∗ 103 and
J2 ¼ 1:41 ∗ 103.

Figure 13.
Decentralized optimal control sub-system 1 (flour 2).

Figure 15.
Decentralized optimal control sub-system 2 (flour 2).

Figure 14.
Decentralized optimal control sub-system 1 (flour 4).
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7. Conclusion

The overlapping decomposition method has been presented in this book chapter,
and then the inclusion principle has been introduced to provide a mathematical
framework for decentralized control. The inclusion of the cost function has also been
discussed to incorporate the optimal control problem for large scale smart building
systems where the concept of contractibility of controllers has been discussed. Opti-
mal decentralized dynamic output feedback controllers design has been proposed for
six-floor building systems with overlapping structure. Non-optimal overlapping cen-
tralized and decentralized controllers are designed for which we found that
decentralized controller give better results. Furthermore to improve these results we
developed an optimization technique that allow us not just design optimal controller
but also minimize the cost function of the whole system for decomposed decentralized
(J1 ¼ 2:47 ∗ 103, J2 ¼ 1:41 ∗ 103) in comparing to centralized (Jt ¼ 7:31 ∗ 103) controller;
where we it is clear that J1 þ J2≺Jt. The obtained results have demonstrated the
superiority of the proposed controller to design smart building system toward smart
cities.
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Figure 16.
Decentralized optimal control sub-system 2 (flour 4).
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The State of Renewable Energy in 
China and Way Forward in New 
Scenario Policies
Daniel Adu, Ransford O. Darko, Boamah Kofi Baah  
and Agnes Abbey

Abstract

China has a huge undeveloped potential in the field of renewable energy and 
represents the highest nation in hydropower both in installation and generation 
worldwide with which contributes greatly in their energy supply and helps in elimina-
tion energy demand situation in the country to direct the energy system toward the 
area of sustainably, clean, and quality energy supply for its safety in the country. The 
manuscript discusses the current renewable energy systems in China, the potentials 
for various renewable energy sources, and way forward. It also discusses the expected 
state of renewable energy in the next four decades in China and the various strategic 
development techniques. The current renewable energy situations, both demand and 
supply situations, have been discussed. Summary of the approaches for new develop-
ment by the various energy sectors in the country as well as support of the govern-
ment in renewable energies has been analyzed.

Keywords: renewable energy, potential, energy consumption, hydropower, wind 
power, solar power

1. Introduction

With the advent of renewable energy and high investment risk, the main financial 
support areas of R & D activities for commercial applications are REPG [1], among 
the significant financial support for the Chinese government’s special funds for 
renewable energy, for the development of renewable energy-related activities, includ-
ing resource exploration, and the development of standards, as well as the develop-
ment of the project [2]. A small number of specific regulations were allotted for the 
special fund. For example, the Operation Views on Promoting the Development 
of Wind Power Generation Industry in 2006 was released by NDRC and MOF. It 
specified that the government would select several competent wind turbine and 
component manufacturers in which the R&D and testing of new products could be 
supported by the Renewable Energy Development Special Fund [3]. In the same way, 
appropriate laws and regulations also specified that the R&D of new products, as 
well as site industrialization of key technologies in the solar power industry, will be 
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supported by a portion of the special fund [4, 5]. In addition to the special funds for 
the development of renewable energy, the government of China has as well provided 
R&D funds for renewable energy through the following plans and programs, for 
example, The National Basic Research Program of China (“973” Program), The 
“Five-year Plans,” and The National Natural Science Fund and The National High 
Technology Research and Development Program of China (“863” Program), [6]. 
Similarly, Liu et al., on the other hand, have divided China’s current renewable energy 
policy into several categories, including development planning, industry guid-
ance and technical support, cost sharing, price incentives, legal responsibility, and 
 promotion [7].

2. China’s energy structure (supply and demand)

China’s energy demand is currently led by industrial sector, but there will be 
a drastic change in future. While total energy demand will remain as present in 
2050, the structure will change. There will be a rise in the transport and build-
ing sectors energy consumption, while the industrial sector consumption will 
be reduced. Based on the policy report, the final energy demand is expected to 
reach 3397 Mtce by the year 2050 [8]. This rising demand can be resolved through 
renewable sources. This is true for both scenarios; nevertheless, the electrification 
and share of renewable energy are great in the Below 2°C Scenario. Here, 54% of 
energy demand will be electrical energy in 2050 in the scenario compared to 37% in 
the Stated Policies Scenario. Industrial area fossil energy use is mainly substituted 
by electricity. China is on the path to a greener and more diversified energy supply. 
The higher dependence on coal is removed and substituted with nonfossil energy 
sources. In both scenarios, the energy demand will peak around 2030, and by 2050 
the Below 2°C Scenario will have an energy demand of 3202 Mtce [8]. Figure 1 
shows the main energy installed capacity and peak demand in China by regions. 
Figure 2(a, b) shows the final energy demand (Mtce) in 2050 in the two scenarios 
compared with today, by sector and fuel type. There was an increase in total 
energy production from 627.7 million tce to 3600 between 1978 and 2014, with the 
consumption also rising by 5.69 times during the same period, attainment of 4260 
million tce in 2014. Figure 3 shows China’s Primary Energy Consumption between 
2010 and 2016. Figure 4 compares the energy consumption by source in China 
between 2010 and 2016 [8].

Figure 1. 
The main energy installed capacity and peak demand in China by regions.
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As stated by Li Fulong, consumption of coal during the first half of 2017 was about 
1.83 billion metric tons making 59.8% of the total energy. There was a rise of 3% in 
natural gas and nonfossil fuels mix to 29%. Based on the energy sector’s 5-year plan 
for 2016–2020, China targets to bring down the country’s share of coal energy mix 
down to less than 58%. China’s total energy consumption is expected to reach 5 billion 
tons by 2020, bringing about an annual increase of approximately 2.5% between 2016 
and 2020. As stated by the plan, there will be an increase in the share of nonfossil 
fuels to over 15% with the share of natural gas also reaching 10% [9].

Figure 2. 
Final energy demand (Mtce) in 2050 in the two scenarios compared with today, by sector and fuel type.

Figure 3. 
China’s Primary Energy Consumption between 2010 and 2016. * Primary energy comprises commercially traded 
fuels, including modern renewables used to generate electricity. Notes: Oil consumption is measured in million 
tonnes; other fuels are measured in million tonnes of oil equivalent.
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3. Current situation of renewable energy resources in China

As stated by the 13th Five-Year Plan of China (between 2015 and 2020), energy 
from nonfossil was expected to constitute 15% of the entire main energy consump-
tion during 2020. Based on the statistics of China’s energy council, China’s national 
total electricity consumption as on October 2017 was 513.0 billion kWh, an increase 
of 5.0% over the same period in 2016. The primary industry consumption was 8.4 bil-
lion kWh of electricity, an increase of 3.6%; the secondary industry consumption also 
was 365 billion kWh of electricity, an increase of 3.0%; tertiary industry consump-
tion was 70.8 billion kWh of electricity, an increase of 12.4%; and urban and rural 
resident’s consumption was 68.8 billion kWh of electricity, an increase of 8.7%. All 
increased during the same time in 2016. The national installed capacity also reached 
1.67 billion kW, and thus, 6000 kW and over power plants, an increase of 7.3% com-
pared to 2016. Thus, hydropower was 300 million kW, thermal power was 1.08 billion 
kW, nuclear power was 35.82 million kW, and wind power was 160 million kW [10]. 
On the side of generation, the hydropower generation capacity reached 923.4 billion 
kWh within the first 10 months of 2017, an increase of 2.2% compared to the same 
time in 2016. Others like thermal power generation capacity reached 3799.3 billion 
kWh, an increase of 5.4%, nuclear power generation reached 203.6 billion kWh, an 
increase of 18.4, and wind power generating capacity reached 239.7 billion kilowatts, 
an increase of 25.3%. Figures 3 and 4 show the power production and installed 
capacity in the country as at the end of October 2017 with the year-on-year change in 
% [11] (Figures 5 and 6). Figure 7 shows Electricity Generation from Renewables in 
China by source, 2008–2015.

According to China’s electricity council, power system in China is still subjugated 
by coal; nevertheless, the 2016 additional installed capacity of solar power of 77 GW 
and wind power and solar power total of up to 149 GW brought about the higher 
portion of renewable installed capacity. Wind turbines generated 241 TWh of elec-
tricity in 2016, thus, an increase of 30% on that of 2015. Solar power generation also 
adds up by 72% with an increase in generation of 66TWh in 2016. Nuclear power sta-
tions also saw growth in 2016 compared to 2015 with a generation of additional 24% 
electricity reaching 213 TWh [13]. Figure 8 shows the installed power generating 
capacity in China together with the additions in 2016, while Figure 9 shows year-on-
year growth in power production as Figure 10 shows the energy generation mix in 
the country 2016.

Figure 4. 
China’s Primary Energy Consumption by fuel type between 2010 and 2016. * Primary energy comprises 
commercially traded fuels, including modern renewables used to generate electricity. Notes: Oil consumption is 
measured in million tonnes; other fuels are measured in million tonnes of oil equivalent.
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4. Renewable energy potential

China has a huge undeveloped potential in the field of renewable energy, and the 
government has recently been aware of these resources and begun to take steps to take 
advantage of that potential. A study has shown that the country will be able to meet 
the emerging new demand if all the targets set by the government are achieved as it 
will yield new renewable energy generation capacity of 362 GW [15].

4.1 Hydropower

China leads globally in the field of hydropower installment capacity and generation.  
The country in 2016 saw growth in its overall installed hydro capacity of about 
11.74 GW making a total of 330 GW [16]. China is the leading country of hydropower 
development in the world with the world’s leader in hydropower scale and project 
capacity development, with the largest hydropower station in the world’s situated 
along the Yangtze River. China had 117 GW of installed capacity in 2005 with the 
aforementioned of 300 GW by 2030. According to World Watch Institute, China has 
hydropower potential capacity of 500 GW [17]. The strong water resources in China 
are mainly in the western underdeveloped and along the east coast where electricity 
demand increases. Most of China’s water resources are in Sichuan, Tibet, and Yunnan, 
where the Yangtze River begin in Tibet and flows through Sichuan; the Pearl began 
in Yunnan [18]. China has greatly made a perfect use of the various most important 
channels in the country for hydroelectric development. Figure 3 shows The Three 

Figure 5. 
Power production from renewables in China 2017. *Thermal includes coal, gas, oil, and biomass.

Figure 6. 
Renewable energy installed capacity in China 2017. *Thermal includes coal, gas, oil, and biomass.
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Gorges Dam, while Figure 4 shows the largest hydroelectric plants in China with their 
generation and installed capacity (Figure 11) [19].

4.2 Wind

With hydropower, wind power has a great opportunity to become a major source 
of renewable energy in China. The Chinese government has developed a potential 
power generation capacity for the development of China’s wind power market, with 
its ability to increase its planned capacity by 2020 to generate 30 GW. China experi-
enced a significant increase in energy from the wind farm throughout the country. 
[20]. The wind power industry in China has succeeded in rapid growth due to gov-
ernment intervention. China is a world leader in wind power generation, with the 
largest installed capacity of any nation [21] and continued rapid growth in new wind 

Figure 9. 
Year-on-year growth in power production (TWh) [13].

Figure 7. 
Electricity Generation from Renewables in China by source, 2008–2015 (GWh) [12].

Figure 8. 
The installed power generating capacity in China together with the additions in 2016 in GW [13].
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facilities [22]. In 2016, the country added 19.3 GW of wind power generation capacity 
[23] reaching a total capacity of 149 GW, [12] with an electricity generation of 241 
TWh representing 4% of national total electricity consumption. China’s projection 
is to attain 250 GW of wind capacity by 2020 as part of government’s promise to 
produce 15% of all electricity from renewable resources [24]. The status of the base 
has been included in the policy and market with the development of tax incentives. 
In 2004, the Commission carried out a “wind power concession” for a 20-year work 
cycle to lessen the in-grid wind power tariff through the establishment of wind farms 
with high capacity [25]. Prior to 2006, the Commission agreed to construction of 
five large wind farms, all of having no less than 100 (MW) capacity [25]. As shown 
Figure 12. When the law of renewable energy was put into effect in 2006, the grid 
company was obliged to sign a grid connection agreement with the wind power 
generating company and purchase the full amount of the wind power generated by it 
[25]. Table 1 shows wind power installed capacity (MW) and generation (GWh) in 
China 2007–2016.

4.3 Biomass power

Biomass is a multistep process of producing synthetic hydrocarbon fuels made 
from biomass that can be converted to both solid and liquid and gaseous fuels through 

Figure 10. 
China’s electricity mix in 2016 in TWh [14].

Figure 11. 
The Three Gorges Dam.
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chemical and biological processes [26]. Biomass is anticipated to contribute roughly 
between 15% and 50% of the world’s primary energy consumption by the year 2050 
[27]. Biomass in China is a larger energy source than most would think because of 
the huge rural population. Eighty percent of biomass energy is located in rural China 
with the principal source being crop residue [28]. Approximately 4 billion tons of 
crop residues and wood fuels are burnt using stoves in the western rural areas [29] 
The Chinese government is making great strides to develop rural renewable energy, 
because biomass is a good already established one, and they are considering further 
development and efficiency gains in the use of traditional biomass. The government 
has begun to promote the development of biomass energy to achieve multiple projects 
at the national level. They participated in the planting and reforestation program 
in Wuhan, Guangdong Province. Over the past 14 years, the region has grown to 
170.600 hectares with an increase in coverage from 31.5% to 49.4%, almost 20% of the 
increase in [29] and 62.8% increase in annual production capacity, and the increase 
can be repeated in other parts of the country. Due to the abundant domestic biomass 
resources, the biomass energy industry in China is rapidly developing [30].

4.4 Solar

China is leading globally in terms of solar PVs installation since 2013 and 
 leading the world’s largest market for both photovoltaics and solar thermal energy. 
It increased its total PV capacity to 77.4 GW [31] and was the first country to pass 
100 GW of cumulative installed PV capacity in 2017 [32]. China currently has six 
factories that produce no less than 2 GW/year each of monocrystalline, polycrystal-
line, and noncrystalline photovoltaic cells. They comprise LDK Solar Co, Wuxi 
Suntech Solar Energy Co., Ltd. 50 MW/year of solar, Yunnan Semi-Conductor 
Parts Plant 2 MW/year of mono-crystalline cells, the Baoding Yingli Solar Energy 
Modules Plant, 6 MW/year of polycrystalline cells and modules, the Shanghai Jiaoda 
Guofei Solar Energy Battery Factory 1 MW/year of modules, and the Shanghai PV 
Science and Technology Co., Ltd. 5 MW/year of modules [32]. Figure 13 shows 
SolarGIS-Solar-map-China-Mainlands.

Some of the technologies used as solar collectors and photovoltaic modules 
include the following: Molten Salt Storage Technology, the process uses inorganic 

Figure 12. 
Small wind turbines and solar power panels as well as wind farm in China.
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salts to transfer energy generated by solar PV systems into solar thermal using heat 
transfer fluid rather than oils as some storage system have; and Solar Panel with 
Built-In Battery: with this application, the rechargeable battery is built into the 
solar panel itself, rather than operating as two stand-alone systems. According to 
scientists, conjoining the two into one system could lower costs by 25% compared to 
existing products.

5. Perspectives of renewable energy development in China

Studies are currently being conducted on other renewable energy sources, such 
as energy marine current energy, wave energy, ocean thermal energy, and salinity 

Figure 13. 
SolarGIS-Solar-map-China-Mainlands.

Figure 14. 
Target for renewable energy generation by 2020 (GW).
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gradient energy, not forgetting tidal energy. Nevertheless, they are hardly ever being 
used for commercial power generation due to high cost, poor dependability, low 
efficacy, poor stability, and small size [33, 34]. The total accessible reserve of ocean 
energy resources in China is anticipated to be about 1000 GW with great potential 
for exploitation [35]. Figure 14 shows the Target for Renewable Energy Generation 
by 2020 and Table 2 also shows China’s New Policies Scenario Installed Capacity by 
Technology [36].

5.1 Switching to a cleaner source of power

A good distribution and policy support helps to make renewables cheaper, and 
solar PVs turn out to be the cheapest form of energy generation in China.

Installed low-carbon capacity, led by hydropower, wind, and solar PV, raises 
quickly and constitutes 60% of total capacity by 2040. Average solar PV projects 
in China become cheaper than both new and existing gas-fired power plants 
around 2020 and cheaper than new coal-fired capacity and onshore wind by 
2030 [37].

There was a rise of 1.3% in China’s energy consumption in 2016. Increase during 
these 2 years (2015 and 2016) has been the lowest aside 1997–1998. In spite of this, 
China continues to be the world’s largest growth market for energy within 16th suc-
cessive years. Renewable power (without hydro) increased by 14.1% in 2016, beneath 
the 10-year average, but the largest rise on record (53 Mtce). The wind gave over 
half of renewables growth, while solar energy contributed almost a third despite 
accounting for only 18% of the total [2]. According to China’s energy agency, the 
country will cultivate $361 billion into renewable power generation by 2020 which 
will create over 13 million jobs in the sector. This is containing in the National Energy 
Administration (NEA) blueprint document which outlines their agenda for national 
energy sector development throughout their 5-year 2016 to 2020 period. The NEA 
also mentions that renewable power installed capacity including wind, hydro, solar, 
and nuclear power will constitute about half of new electricity generation by 2020 
[38]. Figure 15 shows China’s Primary Energy Consumption by a source in the new 
portfolio (Figure 16).

Based on IRENA the global roadmap, renewable energy portion in China’s energy 
mix is anticipated to reach 17% by 2030 comparable to 13% in 2010. This analysis, 
however, displays that the country can convincingly achieve modern renewables to 

Solar Wind Biomass Hydro Nuclear Gas Coal

2010 0 30 0 216 0 36 655

2016 77 149 0 332 34 67 945

2025 340 336 25 400 86 145 1061

2030 469 429 33 440 111 173 1089

2035 600 515 41 471 135 199 1096

2040 739 593 49 493 145 219 1087

Table 2. 
China’s new policies scenarioi capacity by technology (GW).
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26%. China can save over USD 200 billion a year by 2030, helping in the improvement 
of health and reducing CO2 emissions [39]. Under the high renewable energy pen-
etration scenario, total power generation in China will be 15.2 trillion kWh in 2050. 
This consist of 1038 kW coal, 466 kW natural gas, 649 kW nuclear, 2187 kW hydro, 
5350 kW wind, and 4130 kW of solar. All these energy resources were in billions. 
This, therefore, constitutes total of 85.8% of renewable energy power generation and 
91% of nonfossil energy [40].

Figure 15. 
Installed power generation capacity in China in the New Policies Scenario 2040 of a total of 3188GW.

Figure 16. 
China’s primary energy consumption.
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6. China’s renewable energy goals by 2050

China has turned out to be the world leader in renewable energy and made a great 
investment. According to [41] report, China promised US$286 billion for the develop-
ment of renewable energy as well as US$376 billion for energy conservation projects 
in 2011–2015. According to [42] report, the total investment of the world in 2015 was 
US$286 billion with China contributing 102.9 billion in 2015 as the world’s largest 
investor in the renewable energy development. China hosted over 25% of the world’s 
non-hydro renewable capacity as at the end of 2015, being 63.1 and 117.0% higher 
than the United States and Germany, correspondingly [43]. In 2006, China enacted 
the Renewable Energy Law and Pricing Law that implemented tax reduction, finan-
cial support, subsidy policies, and measures for renewable energy applications [37].

Summary of the renewable energy targets by the Research Committee of 
China has been tabulated in Table 3 (G1–G3) considering three cases comprising 
2020, 2030, and 2050. The high uptake scenario would be a challenge to achieve. 
Nevertheless, there is a possibility of achieving it in realistic for China to achieve 45% 
of their energy from renewables to increase the county’s total energy consumption of 
5.8 billion tce by 2050 (G4 in Table 3) [44].

7. Conclusions

This manuscript has discussed the various renewable resource potentials in China. 
It was revealed that hydroelectric power has the highest installed and development 
potential in the country with its development in most of the cities and provinces in the 
country. Other resources such as wind, solar, and biomass were also observed to have 
a great potential in the country which are yet to be developed. The various techniques 
to eliminate coal and fossil fuel use to overcome pollution and emission control by 
the government have also been discussed. This collaboration will continue to lead and 
guide the world toward further green development and make massive green supports 
for the welfare of people. The various Development Strategic Action Plan for and 
Instantaneous of renewable energy targets by the various Research Committees in the 
country have also been analyzed and suggested appropriate solutions for achievement.
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