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Smart City

Smart Cities are cities where investment in human and social capital and traditional 
(transport) and modern (information and communications technology – ICT) 
communication infrastructure fuel sustainable economic development and a high quality 
of life through the use of the Internet of Things (IoT) to optimize city operations' and 
services' efciency. Although the denition of a smart city is still evolving, a number of 
things have become clear. Smart cities utilise information and communication 
technologies to better the service levels, citizen well-being and economic development.

In this edition of eMagazine, we are focusing on Smart City - Elements, Features, 
Technology and Govt. Approach, The role of different smart city technologies, The 
sustainability in smart city and Smart City: an overview of dimensions and components.

A key feature of smart cities is that they create efciency. Well-designed technology tools 
can benet government agencies, the environment and residents. Smart cities can 
improve the efciency of city services by eliminating redundancies, nding ways to save 
money and streamlining workers' responsibilities. Indian cities are ghting pollution like 
the rest of the world, but smart cities are better equipped to tackle pollution. With the 
announcement of smart cities in India, the government hopes to create cities that have 
energy-efcient buildings, air quality sensors and renewable energy sources that will 
shrink the ecological impacts.
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policy efficiency, reduce waste and incon-
venience, improve social and economic 
quality, and maximize social inclusion.

Smart city technology allows city officials to 
interact directly with both community and 
city infrastructure and to monitor what is 
happening in the city and how the city is 
evolving. ICT is used to enhance quality, per-
formance and interactivity of urban ser-
vices, to reduce costs and resource con-
sumption and to increase contact between 
citizens and government.[6] Smart city 
applications are developed to manage 
urban flows and allow for real-time 
responses. A smart city may therefore be 
more prepared to respond to challenges 
than one with a simple "transactional" rela-
tionship with its citizens Yet, the term itself 
remains unclear to its specifics and there-
fore, open to many interpretations. 
Sustainability is another major facet of 
smart cities. Urbanization is expected to 

 smart city is an urban area 

A
that uses different types of 
electronic methods and 
sensors to collect data. 
Insights gained from that 
data are used to manage 
assets, resources and ser-

vices efficiently; in return, that data is used 
to improve the operations across the city. 
This includes data collected from citizens, 
devices, buildings and assets that is then 
processed and analyzed to monitor and 
manage traffic and transportation systems, 
power plants, utilities, water supply net-
works, waste, crime detection, information 
systems, schools, libraries, hospitals, and 
other community services. The smart city 
concept integrates information and com-
munication technology (ICT), and various 
physical devices connected to the IoT net-
work to optimize the efficiency of city opera-
tions and services and connect to citizens. 
The main goal of a smart city is to improve 

increase even more in the coming years. 
The United Nations reports that around 55% 
of the world's population currently resides in 
an urban area or city; this figure is set to rise 
68% throughout the coming decades. 
Smart technology will help cities sustain 
growth and improve efficiency for citizen 
welfare and government efficiency in urban 
areas in the years to come.

Why has the demand of Smart City 
increased?

More than half the world's population 
already occupies urban spaces. Estimates 
reckon that number to reach two thirds by 
2050. This dramatic development is ulti-
mately due to the many opportunities peo-
ple are awarded to design their own lives in 
cities. Rising urbanisation, however, also 
means greater challenges: as cities grow 
people's needs and demands must be met 
in ways that go easy on the environment.

Smart City - Elements, Features, Technology 
and Govt. Approach

SMART CITY
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Climate change is one of the most pressing 
issues we are currently faced with. CO2 
emissions must be reduced in the decades 
to come while measures need to be taken to 
reign in global warming, floods and 
extended heat waves. Cities are responsi-
ble for approximately three quarters of 
greenhouse gases worldwide. Being major 
polluters they are also called upon to pro-
vide solutions.

Worldwide networking of labour forces, 
institutions and information has its reper-
cussions on cities too. Economic and social 
structures are changing and urban politics 
need to adapt their strategies to these new 
circumstances. It means positioning cities 
internationally between cooperation and 
competition. The measures taken must not 
serve the sole purpose of appearances but 
must focus on internal social, economic, 
spatial and structural aspects as well.

Smart economies actively support educa-
tion, qualification, research and entrepre-
neurial spirit, innovation, productivity and 
flexibility. Continuous knowledge acquisi-
tion and transfer, as well as local and global 
networks are the main ingredients for cre-
ative output. Enterprises offering IT, environ-
mental and energy services in particular are 
considered the driving force for smart econ-
omies. 

Reducing energy and raw material con-
sumption and forward looking resource 
management are among a city's major con-
cerns. Smart supply and disposal systems 

are just as important as process driven 
changes, technological developments and 
networks for energy, mobility, infrastructure 
and buildings. Smart grids, for that matter, 
are a step towards smart energy consump-
tion: intelligent networks and monitoring sys-
tems are put in charge of energy genera-
tion, storage and consumption. Smart 
meters are installed to make actual energy 
consumption more transparent.

The working of Smart City

The primary goal of a smart city is to create 
an urban environment that yields a high 
quality of life to its residents while also gen-
erating overall economic growth. Therefore, 
a major advantage of smart cities is their 
ability to facilitate an increased delivery of 
services to citizens with less infrastructure 
and cost. As the population within cities con-
tinues to grow, it becomes necessary for 
these urban areas to accommodate the 
increasing population by making more effi-
cient use of their infrastructure and assets. 
Smart city applications can enable these 
improvements, advance city operations 
and improve the quality of life among resi-
dents.

Smart city applications enable cities to find 
and create new value from their existing 
infrastructure. The improvements facilitate 
new revenue streams and operational effi-
ciencies, helping governments and citizens 
save money. Smart cities utilize their web of 
connected IoT devices and other technolo-
gies to achieve their goals of improving the 

quality of life and achieving economic 
growth.

Successful smart cities follow four steps:

1. Collection - Smart sensors throughout 
the city gather data in real time.

2. Analysis - Data collected by the smart 
sensors is assessed in order to draw 
meaningful insights.

3. Communication - The insights that 
have been found in the analysis phase 
are communicated with decision mak-
ers through strong communication net-
works.

4. Action - Cities use the insights pulled 
from the data to create solutions, opti-
mize operations and asset manage-
ment and improve the quality of life for 
residents.

Technology framework for Smart City

Smart cities use a variety of software, user 
interfaces and communication networks 
alongside the Internet of Things (IoT) to 
deliver connected solutions for the public. 
Of these, the IoT is the most important. The 
IoT is a network of connected devices that 
communicate and exchange data. This can 
include anything from vehicles to home 
appliances and on-street sensors. Data col-
lected from these devices is stored in the 
cloud or on servers to allow for improve-
ments to be made to both public and private 
sector efficiencies and deliver economic 
benefits and improvements to the lives of cit-
izens.

Many of the IoT devices use edge comput-
ing, which ensures that only the most rele-
vant and important data is delivered over 
the communication network. In addition, a 
security system is implemented to protect, 
monitor and control the transmission of 
data from the smart city network and pre-
vent unauthorised access to the IoT net-
work of the city's data platform. A smart city 
relies heavily on the deployment of technol-
ogy. Different combinations of technologi-
cal infrastructure interact to form the array of 
smart city technologies with varying levels 
of interaction between human and techno-
logical systems.

Digital: A service oriented infrastructure is 
required to connect individuals and devices 
in a smart city. These include innovation ser-
vices and communication infrastructure. 
Yovanof, G. S. & Hazapis, G. N. define a digi-
tal city as "a connected community that com-
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bines broadband communications infra-
structure; a flexible, service-oriented com-
puting infrastructure based on open indus-
try standards; and, innovative services to 
meet the needs of governments and their 
employees, citizens and businesses.

Intelligent: Cognitive technologies, such as 
artificial intelligence and machine learning, 
can be trained on the data generated by con-
nected city devices to identify patterns. The 
efficacy and impact of particular policy deci-
sions can be quantified by cognitive sys-
tems studying the continuous interactions 
of humans with their urban surroundings.

Ubiquitous: A ubiquitous city provides 
access to public services through any con-
nected device. U-city is an extension of the 
digital city concept because of the facility in 
terms of accessibility to every infrastructure.

Wired: The physical components of IT sys-
tems are crucial to early-stage smart city 
development. Wired infrastructure is 
required to support the IoT and wireless 
technologies central to more intercon-
nected living. A wired city environment pro-
vides general access to continually 
updated digital and physical infrastructure. 
The latest in telecommunications, robotics, 
IoT, and various connected technologies 
can then be deployed to support human 
capital and productivity.

Hybrid: A hybrid city is the combination of a 
physical conurbation and a virtual city 
related to the physical space. This relation-
ship can be one of virtual design or the pres-
ence of a critical mass of virtual community 
participants in a physical urban space. 
Hybrid spaces can serve to actualize future-
state projects for smart city services and 

integration.

Information city: The multiplicity of interac-
tive devices in a smart city generates a large 
quantity of data. How that information is 
interpreted and stored is critical to Smart 
city growth and security

Printing process using his 'D-Shape' 3D 
printer - This machine relies on the binding 
of powder which makes it possible to solid-
ify a layer of material with a binder. Layers of 
sand are deposited according to the 
desired thickness before a print head pours 
droplets (the binder) to harden the sand. 
This 4 x 4 metre machine can create large 
structures of up to 6 cubic metres in size.

Smart City Features

Some typical features of comprehensive 
development in Smart Cities are described 
below.

1. Promoting mixed land use in area-
based developments - planning for 'un-
planned areas' containing a range of 
compatible activities and land uses 
close to one another to make land use 
more efficient. The States will enable 
some flexibility in land use and building 
bye-laws to adapt to change;

2. Housing and inclusiveness - expand 
housing opportunities for all;

3. Creating walkable localities - reduce 
congestion, air pollution and resource 
depletion, boost the local economy, pro-
mote interactions and ensure security. 
The road network is created or refur-
bished not only for vehicles and public 
transport, but also for pedestrians and 
cyclists, and necessary administrative 
services are offered within walking or 

cycling distance;
4. Preserving and developing open 

spaces - parks, playgrounds, and rec-
reational spaces to enhance the quality 
of life of citizens, reduce the urban heat 
effects in Areas and generally promote 
eco-balance;

5. Promoting a variety of transport options 
- Transit-Oriented Development (TOD), 
public transport and last-mile para-
transport connectivity;

6. Making governance citizen-friendly and 
cost-effective - increasingly rely on 
online services to bring about account-
ability and transparency, especially 
using mobiles to reduce the cost of ser-
vices and providing services without 
having to go to municipal offices. Form-
ing e-groups to listen to people and 
obtain feedback and use online moni-
toring of programs and activities with 
the aid of cyber tour of worksites;

7. Giving an identity to the city - based on 
its main economic activity, such as local 
cuisine, health, education, arts and 
craft, culture, sports goods, furniture, 
hosiery, textile, dairy, etc;

8. Applying Smart Solutions to infrastruc-
ture and services in area-based devel-
opment to make them better. 

The core infrastructure elements of Smart 
City

Ÿ Adequate water supply,
Ÿ Assured electricity supply,
Ÿ Sanitation, including solid waste man-

agement,
Ÿ Efficient urban mobility and public 

transport,
Ÿ Affordable housing, especially for the 

poor,
Ÿ Robust IT connectivity and digitaliza-

tion,
Ÿ Good governance, especially e-

Governance and citizen participation,
Ÿ Sustainable environment,
Ÿ Safety and security of citizens, particu-

larly women, children and the elderly, 
and

Ÿ Health and education.

India Government's focus on Smart City 
Initiation

In the approach of the Smart Cities Mission, 
the objective is to promote cities that pro-
vide core infrastructure and give a decent 
quality of life to its citizens, a clean and sus-
tainable environment and the application of 
'Smart' Solutions. The focus is on sustain-
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able and inclusive development and the 
idea is to look at compact areas, create a 
replicable model that will act like a light-
house to other aspiring cities. The Smart Cit-
ies Mission of the Government is a bold, 
new initiative. It is meant to set examples 
that can be replicated both within and out-
side the Smart City, catalysing the creation 
of similar Smart Cities in various regions 

and parts of the country.

The core infrastructure elements in a smart 
city would include: 

I.  Adequate water supply,
ii. Assured electricity supply, 
iii. Sanitation, including solid waste man-

agement, 
iv. Efficient urban mobility and public 

transport, 
v. Affordable housing, especially for the 

poor, 
vi. Robust IT connectivity and digitaliza-

tion, 
vii. Good governance, especially e-

Governance and citizen participation, 
viii. Sustainable environment, 
ix. Safety and security of citizens, particu-

larly women, children and the elderly, 
and 

x. Health and education

Accordingly, the purpose of the Smart Cities 
Mission is to drive economic growth and 
improve the quality of life of people by 
enabling local area development and har-
nessing technology, especially technology 
that leads to Smart outcomes. Area Based 
development will transform existing areas 
(retrofit and redevelop), including slums, 
into better planned ones, thereby improving 
liveability of the whole City. New areas 
(greenfield) will be developed around cities 

in order to accommodate the expanding 
population in urban areas. Application of 
Smart Solutions will enable cities to use 
technology, information and data to 
improve infrastructure and services. Com-
prehensive development in this way will 
improve quality of life, create employment 
and enhance incomes for all, especially the 
poor and the disadvantaged, leading to 
inclusive Cities.

Conclusion

54% of the world's population live in cities 
and this is expected to rise to 66% by 2050, 
adding a further 2.5 billion people to the 
urban population over the next three 
decades. With this expected population 
growth there comes a need to manage envi-
r o n m e n t a l ,  s o c i a l  a n d  e c o n o m i c 
sustainability of resources.  This becomes 
increasingly important in the light of the 

future population growth in urban areas, 
where more efficient use of infrastructure 
and assets will be required. Smart city ser-
vices and applications will allow for these 
improvements which will lead to a higher 
quality of life for citizens. Smart city 
improvements also provide new value from 
existing infrastructure while creating new 
revenue streams and operational efficien-
cies to help save money for governments 
and citizens alike.

The future of our world is decided by the 
quality of its future cities; some are age-old, 
and yet, some are in the offing. Globally, 
there are about 700 cities, each with a popu-
lation exceeding 500,000; whereas the top 
25 cities of the world today account for half 
of the world's wealth. The infrastructure 
investment for the cities is forecast to be hov-
ering around a figure of circa $30 trillion to 
$40 trillion, cumulatively, over the next 20 
years. It is projected that over 40 global cit-
ies will come up as Smart Cities by the year 
2020. On the top, the United Nations 
expects almost doubling of urban popula-
tion by 2050, while the global population will 
increase from 7 billion to more than 9 billion. 
Of course, with the enhancement in the stan-
dard of living, quality lifestyle, and increase 
in the life expectancy there could possibly 
be some stabilization and dissent. 
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ABSTRACT

This article discusses how we can con-
sider a particular city as a smart one, 
drawing on recent practices to make cit-
ies smart. A set of the common multidi-
mensional components underlying the 
smart city concept and the core factors 
for a successful smart city initiative is 
identified by exploring current working 
definitions of smart city and a diversity 
of various conceptual relatives similar 
to smart city. The paper offers strategic 
principles aligning to the three main 
dimensions (technology, people, and 
institutions) of smart city: integration of 
infrastructures and technology-
mediated services, social learning for 
strengthening human infrastructure, 
and governance for institutional 
improvement and citizen engagement.

1. MOTIVATION OF RESEARCH

The city as a government unit, is grow-
ing increasingly larger, more complex 
and more important as the population 
ranks of urban areas swell with ever 
increasing speed. According to the 
United Nations Population Fund 2008, 
marked the year when more than 50 
percent of all people 3.3 billion, lived in 
urban areas. By 2030 this number is 
expected to increase to 5 billion. With 
the rapid increase of the urban popula-
tion worldwide, cities face a variety of 
risks, concerns, and problems for exam-
ple, physical risks such as deteriorating 

conditions in air and transportation, 
and economic risks such as unemploy-
ment. The unprecedented rate of urban 
growth creates an urgency to finding 
s m a r t e r  w a y s  t o  m a n a g e  t h e 
accompanyingchallenges. Some cities 
are identified to successfully operate in 
a smarter way to solve concerns. Recent 
practices to make cities better for living 
have become successful cases for new 
city development strategies. We need 
to learn from the successfully progres-
sive practices of the cities listed below 
or more.

Table 1: CITIES PROFILE OF ROUND 1 
SMART CITIES OF INDIA

   1. Bhubaneswar 
   2. Pune 
   3. Jaipur 
   4. Surat 
   5. Kochi .
   6. Ahmedabad .
   7. Jabalpur 
   8. Visakhapatnam 

Intelligent Community Forum (ICF) 
annually announces cities awarded as 
Smart21 Communities, which earns 
high score in terms of five successful fac-
tors to be an intelligent community(i.e., 
broadband connectivity, knowledge 
workforce, digital inclusion, innova-
tion, and marketing and advocacy). 
Above list describes the cumulative list 
of cities (in an alphabetical order) 
awarded by ICF from 2007 to 2011. 
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Practices in the cities listed up deserve 
attention. Quebec City in Canada was a 
city highly dependent upon its provin-
cial government because of its weak 
industrial base until early 1990s. The 
city government kicked off a public-
private partnership to support the grow-
ing multimedia sector and high-tech 
entrepreneurship. For sustainable 
urban growth, the City of Riverside in 
California is improving traffic flow and 
replacing aging water, sewer and elec-
tric infrastructure by tech-based trans-
formation. Estonia overcame post-
Soviet economic ruin, and its capital 
city Tallinn played as a center to eco-
nomic development, harnessing infor-
mation and communication technolo-
gies (ICTs). The city developed a large-
scale digital skills training program, 
extensive e-government, and an 
award-winning smart ID card. By fos-
tering high-tech parks, Tallinn gains 
about 80 percent of Estonia's foreign 
direct investment. Taoyuan County in 
Taiwan is home to the international air-
port. It faced powerful competition 
from other cities. The Aerotropolis ini-
tiative makes its economy more robust 
and improve the quality of living 
through ICTs. A series of the county gov-
ernment's projects has evolved from E-
Taoyuan to MTaoyuan to U-Taoyuan. 

A common fact underlies the practices: 
that is, those cities are meeting a grow-
ing demand for more livable cities. The 
cities are being labeled with a common 
phrase: smart city. The concept of smart 
city is not novel, but in the recent years 
it has taken on a new dimension of 
using ICTs to build and integrate critical 
infrastructures and services of a city. 
The initiatives of making a city smart 
have recently emerged as a model to 
mitigate and remedy current urban 
problems and make cities better as 
places to live. Hence some view smart 
city as an icon of a sustainably livable 
city. Yet, so far we see academics have 
seldom tackled the practical concept. 
Considering that, we take an analytic 
look at the conceptual identity of smart 
city.



We see commentators confused 
between visions and basic components 
of smart city. While a majority of discus-
sions present rosy visions and ideal 
images of smart city (e.g., smart trans-
portation, smart mobility, smart envi-
ronment, smart energy, smart safety, 
and so on), little research has tackled 
enabling factors of a smart city initiative 
(what really makes cities smart). Con-
cepts and success factors of smart city 
have not been discussed with a com-
prehensive understanding. The discus-
sion of smart city has been made with-
out solid conceptualization. 

In this sense, we recognize a research 
gap in the current literature of smart 
city. Considering the gap, we raise vari-
ous conceptual questions. What are 
main characteristics of smart city? In 
what aspects do people label some par-
ticular cities as smart city? Why is smart 
city being recognized as a novel con-
cept, making distinction from other sim-
ilar ones? What leads to the success of a 
smart city initiative? This article seeks to 
answer these inquiries, fill the research 
gap, and conceptualize smart city for 
both academics' and practitioners' use 
of that concept.

This article aims to suggest a frame-
work connecting conceptual variants of 
the smart city label, key elements for 
being a smart city, and strategic princi-

SMART CITY
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ples for making a city smart. The paper 
after this introduction is organized into 
five sections. Section 2 defines smart 
city by specifying the meanings of 
smartness in the urban context, explor-
ing current definitions of smart city, and 
understanding smart city as a broad 
concept comprising itsconceptual rela-
tives. Section 3 derives prerequisites or 
central components of smart city from 
the recent literature. Section 4 dis-
cusses what strategic principles con-
tribute to the success of smart city ini-
tiatives. The last section addresses con-
cluding remarks.

2. DEFINING SMART CITY

The definitions of smart city are various. 
As the concept is being known popu-
larly but used all over the world with dif-
ferent names and in different circum-
stances, there are a range of conceptual 
variants generated by replacing smart 
with other alternative adjectives. 
Hollands recognized smart city as an 
“urban labeling” phenomenon, partic-
ularly in terms of what the label ideo-
logically reveals as well as hides. The 
label smart city is a fuzzy concept and is 
used in ways that are not always consis-
tent. There is neither a single template 
of framing smart city nor a one-size-
fits-all definition of smart city. This sec-
tion seeks to dismantle “the diversifying 
terrain of smart cities”.

2.1 The Meanings of “Smart” in the 
Smart City Context 

Tracing the genealogy of the word 
smart in the label smart city can con-
tribute to an understanding of how the 
term smart is being loaded. In market-
ing language, smartness is centered on 
a user perspective. Because of the need 
for appeal to a broader base of commu-
nity members, smart serves better than 
the more elitist term intelligent. Smart 
is more user-friendly than intelligent, 
which is limited to having a quick mind 
and being responsive to feedback. 
Smart city is required to adapt itself to 
the user needs and to provide custom-
ized interfaces.

In the urban planning field, the smart-
ness in smart growth is treated as a nor-
mative claim and ideological dimen-
sion. Being smarter entails strategic 
directions. Governments and public 
agencies at all levels are embracing the 
notion of smartness to distinguish their 
new policies, strategies, and programs 
for targeting sustainable development, 
sound economic growth, and better 
quality of life for their citizens. They 
associate smart with achieving policy 
success in their jurisdictions. 

The smartness in smart technologies 
also merits attention. The technologies 
had permeated into the commercial 
application of intelligent-acting prod-
ucts and services, artificial intelligence, 
and thinking machines. Smartness in 
the technology context implies the auto-
matic computing principle like self-
configuration, self-healing, self-
protection, and self-optimization. 
Smart homes, smart buildings, and 
larger smart ensembles like airports, 
hospitals or university campuses are 
equipped with a multitude of mobile 
terminals and embedded devices as 
well as connected sensors and actua-
tors. Smart ecosystem is a conceptual 
extension of smart space from the per-
sonal context to the larger community 
and the entire city.

2.2 Working Definitions of Smart City
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Table 1 presents working definitions of 
smart city. Washburn et al. conceptual-
izes smart city by laying an explicit 
emphasis on the use of smart comput-
ing technologies. They viewed current 
urban crises as an imperative of a smart 
city initiative. Deteriorating conditions 
of cities in a crisis include scarcity of 
resources, inadequate and poor infra-
structure, energy shortages and price 
instability, global environmental con-
cerns, and human health concerns. 
Giffinger et al. highlighted the perfor-
mance of smart city in economy, peo-
ple, governance, mobility,environment, 
and living. The Smarter Cities project of 
the Natural  Resources Defense 
Councilconceptualizes smart city by 
highlighting positive outcomes made 
by being smarter. 

Some definitions stress technologies. 
The key part of R. Hall's definition is 
“city that monitors and integrates con-
ditions of all of its critical infrastruc-
tures.” One of core mechanisms in 
smart city is a self-monitoring and self-
response system. IBM's view of smart 
city envisions its three main characteris-
tics: instrumented, interconnected, 
and intelligent. Instrumentation means 
sourcing of real-time real-world data 
from both physical and virtual sensors. 
Such data may be interconnected 
across multiple processes, systems, 
organizations, industries, or value 
chains. The combination of instru-
mented and interconnected systems 
effectively connects the physical world 
to the virtual world. 

Other definitions highlight different 
aspects. Rios's approach is based on an 
architectural lens. He sees smart city as 
a city that gives inspiration, shares cul-
ture, knowledge, and life, and moti-
vates its inhabitants to create and flour-
ish in their own lives. Partridge's obser-
vation of Brisbane in Australia sheds 
light on social inclusion and equal par-
ticipation as enhanced opportunities 
created by smart city initiatives.

The smart city concept has been 
expressed with some metaphors. 
Importantly, smart city has been viewed 
as a large organic system. Dirks and 
Keelingstress the organic integration of 
systems. The interrelationship between 
a smart city's core systems is taken into 
account to make the system of systems 
smarter. No system operates in isola-
tion. A smarter city infuses information 
into its physical infrastructure to 
improve conveniences, facilitate mobil-
ity, add efficiencies, conserve energy, 
improve the quality of air and water, 
identify problems and fix them quickly, 
recover rapidly from disasters, collect 
data to make better decisions, deploy 
resources effectively, and share data to 
enable collaboration across entities and 
domains. However, infusing intelli-
gence into each subsystem of a city, one 
by one - transportation, energy, educa-
tion, health care, buildings, physical 
infrastructure, food, water, public 
safety, etc. is not enough to become a 
smarter city. A smarter city should be 
treated as an organic wholeas a net-
work, as a linked system.

While systems in industrial cities were 
mostly skeleton and skin, postindustrial 
cities are like organisms that develop an 
artificial nervous system, which enables 
them to behave in intelligently coordi-
nated ways. The new intelligence of cit-
ies, then, resides in the increasingly 
effective combination of digital tele-
communication networks (the nerves), 
ubiquitously embedded intelligence 
(the brains), sensors and tags (the sen-
sory organs), and software (the knowl-
edge and cognitive competence). There 
is a growing web of direct connections 
to the mechanical and electrical sys-
tems of buildings, household appli-
ances, production machinery, process 
plants, transportation systems, electri-
cal grids and other energy supply net-
works, water supply and waste removal 
networks, systems that provide life 
safety and security, and management 
systems for just about every imaginable 
human activity.

2.3 Conceptual Relatives

To build the set of common multidi-
mensional components we need to 
take a close look at many conceptual 
cousins of smart city and trace the roots 
of the terms popularly used. A variety of 
the labels can be largely categorized 
into three dimensions: technology, peo-
ple, and community. The conceptual 
variants are mutually connected with 
substantial confusion in definitions and 
complicated usages rather than inde-
pendent on each other.

2.3.1 Technology Dimension

There are various cousins of the smart 
city concept that draws from a technol-
ogy perspective. A digital city refers to 
“a connected community that com-
bines broadband communications 
infrastructure; a flexible, service-
oriented computing infrastructure 
based on open industry standards; and, 
innovative services to meet the needs of 
governments and their employees, citi-
zens and businesses”. Its goal is to cre-
ate an environment for information 
sharing, collaboration, interoperability 
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and seamless experiences for all inhab-
itants anywhere in the city. Williams 
views it as a sharing of networks. 
Through digital technologies and wide-
area infrastructures/applications, those 
networks connect organizations, social 
groups and enterprises located in a city 
area. For example, Widmayer viewed 
Chicago as a digital metropolis consist-
ing of large networks.

The notion of an intelligent city 
emerges at the crossing of the knowl-
edge society (a society in which knowl-
edge and creativity have great empha-
sis and intangible, human and social 
capital are considered the most valu-
able asset) with the digital city. Malek 
defined an intelligent city as a city that 
has all the infrastructure and info-
structure of information technology, 
the latest technology in telecommuni-
cations, electronic and mechanical tech-
nology. According to Komninos and 
Sefertzi, initiatives for intelligent cities 
make conscious efforts to use informa-
tion technology to transform life and 
work within its region in significant and 
fundamental rather than incremental 
ways. 

There is a conceptual and practical dis-
tinction between digital city and intelli-
gent city. The label intelligent city is usu-
ally used to characterize a city that has 
the ability to support learning, techno-
logical development, and innovation 
procedures. In this sense, every digital 
city is not necessarily intelligent, but 

every intelligent city has digital compo-
nents. Both terms are different in the 
linkage between real city and virtual 
city. Digital city involves every function 
of the city such as work, housing, move-
ment, recreation, and environment. 
Intelligent city primarily involves func-
tions of research, technology transfer, 
product development, and technologi-
cal innovation, as a hotbed of innova-
tive industries, analogous to know.In a 
virtual city, city functions are imple-
mented in a cyberspace. Given the expe-
riential blurring between cyberspace 
and material space, the category of the 
smart city concept comprises the 
notion of a hybrid city, which consists of 
a reality with its physical entities and 
real inhabitants and a parallel virtual 
city of counterparts of real entities and 
people. Today some cities are experi-
enced as and constituted within virtual 
and material spaces simultaneously. 
However, physical distance and loca-
tion still have importance for consider-
ation. Hyperbolic claims that distance 
will be dead soon belie an important 
paradox in cyberspace research. The 
vision of the world without distance still 
remains unmet in many ways. In prac-
tice, ubiquitous cloud of communica-
tion is underpinned and enabled by a 
vast, physical (placed) IT infrastructure 
of cables, data centers, and exchanges. 
Place still matters, though virtualization 
in many cities is accelerating.

A ubiquitous city (U-city) is a further 
extension of digital city concept in 

terms of ubiquitous accessibility and 
infrastructure . It makes the ubiquitous 
computing available to the urban ele-
ments such as people, building, infra-
structure and open space. Its aim is to 
create a built environment where any 
citizen can get any services anywhere 
and anytime through any devices. The 
ledge city, ubiquitous city is quite differ-
ent from the well-known virtual city. 
While the virtual city reproduces urban 
elements by visualizing them within the 
virtual space, ubiquitous city is created 
by the computer chips or sensors 
inserted to those urban elements. An 
information city refers to digital envi-
ronments collecting information from 
local communities and delivering it to 
the public via web portals. In that city, 
many info-cohabitants are able to live 
and work on the Internet. An informa-
tion city is an urban center for com-
merce, social and civic services, and 
social interactions among people, busi-
nesses and government institutions.

2.3.2 Human Dimension

Creativity is recognized as a key driver to 
smart city, and thus people, education, 
learning and knowledge have central 
importance to smart city. The expansive 
notion of smart city includes creating a 
climate suitable for an emerging cre-
ative class. A creative city is one of smart 
city visions. Human infrastructure (i.e., 
creative occupations and workforce, 
knowledge networks, voluntary organi-
zations, crime-free environments, after-
dark entertainment economy) is a cru-
cial axis for city development.

Social infrastructure (intellectual capital 
and social capital) is indispensable 
endowment to smart cities. That infra-
structure is about people and their rela-
tionship. Smart people generate and 
benefit from social capital. Smart city is 
about a mix of education/training, cul-
ture/arts, and business/commerceand a 
hybrid mix of social enterprise, cultural 
enterprise, and economic enterprise.

A smart city is a human city that has mul-
tiple opportunities to exploit its human 
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potential and lead a creative life. Focus-
ing on education, Winters analyzed 
why smart cities are growing, who 
moves, and who stays. In his view, a 
smart city is a center of higher educa-
tion and better-educated individuals. 
Similarly, a smart city is full of skilled 
work forces. The knowledge worker 
and the high tech knowledge-sensitive 
industries migrate into highly livable 
communit ies. The smartness of 
workforce diverges between cities. 
Smart places are getting smarter while 
other places getting less smarter 
because such places act as a magnet for 
creative people and workers. Along 
with the inflow of smart people, new 
creative culture driven by them is a drive 
to  u rban  deve lopment .  Š vob -
Ðokiænlauded the outcome of creative 
culture that extends beyond diversity 
and creativity to economic perfor-
mance and social tolerance.

A knowledge city is analogous to a 
learning city. It refers to “a city that was 
purposefully designed to encourage 
the nurturing of knowledge”. Technol-
ogist and idealists, early articulations of 
a knowledge city, have evolved into digi-
tal, intelligent or smart city. The notion 
of knowledge city is interchangeable to 
a certain degree with similar evolving 
concepts such as intelligent city, edu-
cating city, or smart city. However, a 
knowledge city is heavily related to 

knowledge economy, and its distinc-
tion is stress on innovation. Knowl-
edge-based urban development has 
become an importantmechanism for 
the development of knowledge cities. 
The buzz concept of being clever, 
smart, skillful, creative, networked, con-
nected, and competitive has become 
some of the key ingredients of knowl-
edge-based urban development.

2.3.3 Institutional Dimension

The Smart Communities movement 
took shape over the 1990s as a strategy 
to broaden the base of users involved in 
IT. A smart community should be 
defined as a community broadly rang-
ing from a small neighborhood to a 
nation-wide community of common or 
shared interest, whose members, orga-
nizations and governing institutions are 
working in partnership to use IT to 
transform their circumstances in signifi-
cant ways. The concept highlights gov-
ernance among stakeholders and insti-
tutional factors for governance. Califor-
nia Institute for Smart Communities 
elaborated the concept: “a community 
in which government, business, and res-
idents understand the potential of 
information technology, and make a 
conscious decision to use that technol-
ogy to transform life and work in their 
region in significant and positive ways.” 
With a holistic view, a smarter commu-

nity is composed of not only a more inte-
grated, collaborative, and inclusive 
“whole” but also of multiple neighbor-
hoods and communities of interest and 
of kind. A smart community makes a 
conscious and agreed-upon decision to 
deploy technology as a catalyst to solv-
ing its social and business needs. Tech-
nological propagation is not an end in 
itself, but only a means to reinventing 
cities for a new economy and society. 
Institutional preparation and commu-
nity governance are essential to the suc-
cess of smart community initiatives.

Building and planning a smart commu-
nity seeks for smart growth. Smart 
growth was the most use of the term 
smart in the urban context before the 
concept of smart city emerges. The 
smart growth movement had prevailed 
during the 1990s, as a strong govern-
ment- and community-driven reaction 
to worsening trends in traffic conges-
tion, school overcrowding, air pollu-
tion, loss of open space, effacement of 
valued historic places, and skyrocketing 
public facilities cost. Smart city resem-
bles some functions of smart growth ini-
tiatives as an urban problem solver 
within or beyond the physical jurisdic-
tion of a community. However, the 
smart growth concept primarily covers 
urban growth as the alternative or anti-
dote to spatial sprawl. The general 
implication from smart growth is that 
the ill planned, ill-coordinated develop-
ment provoked the smart growth move-
ment. As urban planning based on gov-
ernance with multiple stakeholders is 
pivotal to smart growth, smart city ini-
tiatives necessitate governance for their 
success.

3. CORE COMPONENTS OF SMART 
CITY

This section discusses a set of funda-
mental factors which make a city smart 
according to the literature. From the dis-
cussion of conceptual variants of smart 
city in the preceding section, we iden-
tify and clarify key conceptual compo-
nents of smart city, and re-categorize 
and simplify them into three categories 
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of core factors: technology (infrastruc-
tures of hardware and software), peo-
ple (creativity, diversity, and education), 
and institution (governance and pol-
icy). Given the connection between the 
factors, a city is smart when invest-
ments in human/social capital and IT 
infrastructure fuel sustainable growth 
and enhance a quality of life, through 
participatory governance.

3.1 Technology Factors 

Technology is key to being a smart city 
because of the use of ICT to transform 
life and work within a city in significant 
and fundamental ways. A well-
functioning infrastructure is absolutely 
necessary but not enough to become a 
smart city. IT infrastructure and applica-
tions are prerequisites, but without real 
engagement and willingness to collab-
orate and cooperate between public 

institutions, private sector, voluntary 
organizations, schools and citizens 
there is no smart city.

Most studies on practices of smart city 
address issues of technological infra-
structure and enabling technologies. 
The focus on infrastructure and tech-
nology stresses accessibility and avail-
ability of systems. Contrasting with 
human infrastructure, technological 
infrastructures have other names such 
as physical infrastructureand techno 
ware. Washburn et al. views smart city 
as a collection of smart computing tech-
nologies applied to critical infrastruc-
ture components and services. Smart 
computing refers to “a new generation 
of integrated hardware, software, and 
network technologies that provide IT 
systems with real-time awareness of 
the real world and advanced analytic to 
help people make more intelligent deci-

sions about alternatives and actions 
that will optimize business processes 
and business balance sheet results”. Al-
Hader et al. specifies technological com-
ponents with the framework of smart 
city development pyramid: smart inter-
face (dash board, common operational 
platform, integrated web services), 
smart control systems (automatic con-
trol network, local operating network), 
and smart database resources (data-
base, database server).

Mobile, virtual, and ubiquitous tech-
nologies gain importance. Those tech-
nologies offer benefits to city dwellers 
in mobile lifestyle. Smart city applica-
tion evolves from smart places to net-
worked inhabitants. While the wireless 
infrastructure is a key element of digital 
city infrastructure, it is only a first step. 
A set of technological requisites for 
smart city comprisesnetwork equip-
ment s (fiber optic channels and wi-fi 
networks), public access points (wire-
less hotpots, kiosks), and service ori-
ented information systems. A ubiqui-
tous/pervasive computing infrastruc-
ture is a key technological component 
in the build out of a digital city. A smart 
city provides interoperable, Internet-
based government services that enable 
ubiquitous connectivity to transform 
key government processes, both inter-
nally across departments and employ-
ees and externally to citizens and busi-
nesses.

3.2 Human Factors 

The availability and quality of the IT 
infrastructure is not the only definition 
of smart city. Importantly, other defini-
tions stress the role of human infra-
structure, human capital and education 
in urban development. For urban devel-
opment, Floridasuggested 3T (toler-
ance, technology, and talent), of which 
two are germane to people and their 
relationship. Smart people is an impor-
tant component of smart city. The 
smart people concept comprises vari-
ous factors like affinity to life long learn-
ing, social and ethnic plurality, flexibil-
ity, creativity, cosmopolitanism or 
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open-mindedness, and participation in 
public life. Problems associated with 
urban agglomerations can be solved by 
means of creativity, human capital, 
cooperation among relevant stake-
holders, and their bright scientific 
ideas: in a nutshell, “smart solutions”. 
The label smart city therefore points to 
clever solutions by creative people. The 
category of human factors highlights 
creativity, social learning, and educa-
tion. Smart city is a center of higher edu-
cation and smart workforce. For smart 
city, Malek emphasizes the importance 
of human-ware, which represents cog-
nitive/creative capability and human 
skills. Smart city bolsters a creative envi-
ronment. 

The category of human factors also 
includes social inclusion of various 
urban residents in public services, soft 
infrastructure (knowledge networks, 
voluntary organizations, crime-free 
environments), urban diversity and cul-
tural mix, social/human/relational capi-
tal, and knowledge base such as educa-
tional institutions and R&D capacities.

Education is a critical magnet that 
makes a city attractive. Businesses, orga-
nizations, and individuals of all back-
grounds gravitate to dynamic learning 
environments. IT education enabled 

the vision of Singapore as an intelligent 
island. Collective intelligence and social 
learning make a city smarter. The 
notion of smart community refers to 
the locus in which networked intelli-
gence is embedded and continuous 
learning is nurtured. To explain func-
tioning mechanisms of smart commu-
nity, the hidden portion of the iceberg is 
collective intelligence and social learn-
ing. A smart city initiative becomes an 
integrated approach to connecting 
among entire communities (govern-
ments, businesses, schools, non-
profits, and individual citizens), creat-
ing specific services to address city 
objectives, and advancing collective 
skills and capacities.

3.3 Institutional Factors 

The support of government and policy 
for governance is fundamental to the 
design and implementation of smart 
city initiatives. This category comprises 
a variety of institutional factors drawing 
from the discussion of smart commu-
nity or smart growth initiatives: not just 
supportive policies but also the role of 
government, the relationship between 
government agencies and non-
government parties, and their gover-
nance. It is necessary to establish 
administrative environment (initiatives, 

structure, andengagement) supportive 
for smart city. To enable smart city ini-
tiatives, the category should also 
include integrated and transparent gov-
ernance, strategic and promotional 
activities, networking, and partner-
ships.

IBM presented smart government as 
one key component for smart city. 
Smarter government will do more than 
simply regulate the outputs of eco-
nomic and societal systems. It intercon-
nects dynamically with citizens, com-
munities, and businesses in real time to 
spark growth, innovation, and prog-
ress. The challenges vary from depart-
mental silos to process delays to the 
lack of transparency and accountability. 
Smarter government means collaborat-
ing across departments and with com-
munities-to become more transparent 
and accountable, to manage resources 
more effectively, and to give citizens 
access to information about decisions 
that affect their lives. Leading govern-
ments are integrating their service 
delivery, establishing offices that sup-
port multiple services, and placing the 
most needed transactions on the Web. 
At the most fundamental level, smarter 
government means making operations 
and services truly citizen-centrism. 

The transformation to smart city entails 
interactions of technological compo-
nents with political, institutional and 
transitional components. Political com-
ponents represent endogenous politi-
cal elements (directions, city council, 
city government, city mayor), harmo-
nized by exogenous ones (international 
pressures, agenda, projects, strategies 
in prevalence) and verified by best prac-
tices. Institutional components are pre-
requisites as well. Institutional readi-
ness such as removing legal and regula-
tory barriers is important. Transitional 
components comprise visions, leader-
ship, and organizational transition in 
structure.

As a cornerstone of smart city, smart 
governance means various stake-
holders' (especially citizens') engage-
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ment in decisionmaking and pub-
lic/social services. IT-mediated gover-
nance, so called e-governance, is key to 
enabling smart city by bringing citizens 
to a smart city initiative and keeping the 
decision and implementation process 
transparent. The central spirit of gover-
nance is a citizen-centrism, citizen-
driven approach. The consideration of 
stakeholders (i.e., end-users, groups of 
end users, IT experts, policy/service 
domain experts, and public managers) 
is fundamental to architecture of smart 
city. Successful initiatives are the result 
by a coalition of business, education, 
government and individual citizens. A 
successful smart city can be built from 
top down or bottom up approaches, 
but active involvement from every sec-
tor of the community is essential. 
United efforts create synergy, which 
allows individual projects to build upon 
each other for faster progress, resulting 
in the involved, informed and trained 
critical mass necessary for transforma-
tion of how the entire community car-

ries out its work

4. STRATEGIC DIRECTIONS IN KEY 
DIMENSIONS 

This section offers strategic principles 
for making a city smart in order to real-
ize the various visions specified for 
diverse policy domains, aligning to the 
three categories of core components 
identified in the preceding section.

4.1 Integration of Technology Factors 

A solution to make a city smarter intro-
duces a new level of complexity. The 
solution should extend beyond tech-
nology, but we should still value the 
indispensable role of technology. Smart 
city integrates technologies, systems, 
infrastructures, services, and capabili-
ties into an organic network that is suf-
ficiently complex for unexpected emer-
gent properties to develop. Integrative 
service of smart city faces challenges as 
well as opportunities. The perception of 

technology in smart city initiatives 
stresses integration of systems, infra-
structures and services mediated 
through enabling technologies. Tech-
nological innovation is a means to 
smart city, not an ends. IT is just a facili-
tator for creating a new type of innova-
tive environment, which requires the 
comprehensive and balanced develop-
ment of creative skills, innovation-
oriented institutions, broadband net-
works, and virtual collaborative spaces.

4.2 Learning for Human Factors

The emphasis on human infrastructure 
highlights social learning and educa-
tion. Towards more progressive smart 
cities, cities should start with people 
from the human capital side, rather 
than blindly believing that IT itself can 
automatically transform and improve 
cities. To a substantial extent that is 
already recognized, the critical factor in 
any successful city is its people and how 
they interact. Stronger approaches to 
awareness, education and leadership 
offer services that are accessible to all of 
citizens, get rid of barriers related to lan-
guage, culture, education, skills devel-
opment, and disabilities. Social learn-
ing soothes the digital divide concern 
for those who lag behind the prevalent 
use of the new technologies. Education 
and training actions should develop IT 
skills, nurture knowledge workers, facil-
itate the environment of social learn-
ing, and improve IT training in schools, 
organizations and industries.

4.3 Governance of Institutional Fac-
tors 

Governance encapsulates collabora-
tion, cooperation, partnership, citizen 
engagement, and participation. Suc-
cessful cities possess a set of common 
features. One characteristic is collabo-
ration among different functional sec-
tors and parties (government, business, 
academics, non-profit and voluntary 
organizations, and others), and among 
different jurisdictions within a given 
geographical region. City government 
should share concepts (promotional Fig 2: Strategic directions of Smart city
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identity and brand), visions, goals, pri-
orities, and even strategic plans of 
smart city with the public and stake-
holders. Leadership of key leaders and 
their strong support (championing) of 
the smart city vision are fundamental to 
the success of smart city. The roleof lead-
ership is pivotal both within govern-
ment and for its relation with citizens. 

5. CONCLUDING REMARKS

We expect that the elaborated concep-
tualization of smart city in this paper 

will contribute to future studies. As we 
explored multiple conceptual dimen-
sions of smart city, the concept is an 
organic connection among technologi-
cal, human, and institutional compo-
nents. Nowadays the usage of “smart” 
captures innovative and informative-
ness changes driven by new technolo-
gies. However, social factors other than 
smart technologies are central to smart 
cities. In this sense, a socio-political 
view on smart city is needed. Leading a 
smart city initiative requires a compre-
hensive understanding of the complexi-

ties and interconnections among social 
and technical factors of services and 
physical environments in a city. For 
future research based on a socio-
political view, we must explore both 
“how do smart technologies change a 
city?” and “how do traditional institu-
tional and human factors in urban 
dynamics impact a smart city initiative 
leveraged by new technologies?”. This 
article will also explore the practical 
implications of the conceptual model 
suggested. To that end, we will con-
tinue studying smart city by focusing on 
exemplar practices of smart city initia-
tives, considering the dynamics of vari-
ous stakeholders in those initiatives, 
and discussing policy innovation in city 
governments.
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about a different, equally efficient com-

munication–the communication 

between the citizens and the govern-

ment of the particular city.  This means 

adoption of few technologies for better 

management.

Discussed below are a few types of 

smart city technologies that are a must 

have for better functioning.

Information and communications 

technology

Information and communications tech-

nology (ICT) is an extensional term for 

information technology (IT) that 

stresses the role of unified communi-

mart cities that leverage 

S
connected technology 

across their operations 

reap a host of benefits. 

Effective big data applica-

tions and strategies pro-

vide a city with information to identify 

and staff police in high-risk areas, for 

example, as well as forecast and plan 

for expansion in citywide population 

growth and identify trends in citizen 

interests, concerns, and needs.  Com-

munications between the various sys-

tems and sensors in a smart city is very 

important. In fact, without them the 

smart city cannot efficiently redistribute 

resources and make citizens' lives 

better. However, smart cities bring 

cations and the integration of telecom-

munications (telephone lines and wire-

less signals) and computers, as well as 

necessary enterprise software, 

middleware, storage and audiovisual, 

that enable users to access, store, 

transmit, and manipulate information. 

The term ICT is also used to refer to the 

convergence of audiovisual and tele-

phone networks with computer net-

The role of different smart city 
technologies
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works through a single cabling or link 

system. There are large economic 

incentives to merge the telephone net-

work with the computer network sys-

tem using a single unified system of 

cabling, signal distribution, and man-

agement. 

ICT is an umbrella term that includes 

any communication device, encom-

passing radio, television, cell phones, 

computer and network hardware, sat-

ellite systems and so on, as well as the 

various services and appliances with 

them such as video conferencing and 

distance learning. ICT is a broad subject 

and the concepts are evolving. It covers 

any product that will store, retrieve, 

manipulate, transmit, or receive infor-

mation electronically in a digital form.  

ICT encompasses both the internet-

enabled sphere as well as the mobile 

one powered by wireless networks. It 

also includes antiquated technologies, 

such as landline telephones, radio and 

television broadcast – all of which are 

still widely used today alongside cut-

ting-edge ICT pieces such as artificial 

intelligence and robotics. The list of ICT 

components is exhaustive, and it con-

tinues to grow. Some components, 

such as computers and telephones, 

have  existed  for  decades  but 

smartphones, digital TVs and robots, 

are more recent entries.

Internet of things

The Internet of things (IoT) describes 

the network of physical objects-

“things”-that are embedded with sen-

sors, software, and other technologies 

for the purpose of connecting and 

exchanging data with other devices 

and systems over the Internet. Things 

have evolved due to the convergence 

of multiple technologies, real-time ana-

lytics, machine learning, commodity 

sensors, and embedded systems. Tra-

ditional fields of embedded systems, 

wireless sensor networks, control sys-

tems, automation (including home and 

building automation), and others all 

contribute to enabling the Internet of 

things. In the consumer market, IoT 

technology is most synonymous with 

products pertaining to the concept of 

the "smart home", including devices 

and appliances (such as lighting fix-

tures, thermostats, home security sys-

tems and cameras, and other home 

appliances) that support one or more 

common ecosystems, and can be con-

trolled via devices associated with that 

ecosystem, such as smartphones and 

smart speakers. IoT can also be used in 

healthcare systems.

A growing portion of IoT devices are cre-

ated for consumer use, including con-

nected vehicles, home automation, 

wearable technology, connected 

health, and appliances with remote 

monitoring capabilities. Smart home 

IoT devices are a part of the larger con-

cept of home automation, which can 

include lighting, heating and air condi-

tioning, media and security systems 

and camera systems. Long-term bene-

fits could include energy savings by 

automatically ensuring lights and elec-

tronics are turned off or by making the 

residents in the home aware of usage.  

A smart home or automated home 

could be based on a platform or hubs 

that control smart devices and appli-

ances One key application of a smart 

home is to provide assistance for those 

with disabilities and elderly individuals. 

These home systems use assistive tech-

nology to accommodate an owner's 

specific disabilities. Voice control can 

assist users with sight and mobility limi-

tations while alert systems can be con-

nected directly to cochlear implants 

worn by hearing-impaired users. They 

can also be equipped with additional 

safety features. These features can 

include sensors that monitor for medi-

cal emergencies such as falls or sei-

zures. Smart home technology applied 

in this way can provide users with 

more freedom and a higher quality of 

life.
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Sensors

Most smart building sensors are capa-

ble of providing both data and automa-

tion. The motion sensor can activate 

the lights and provide a report of how 

frequently they're activated. The 

humidity sensor can provide real-time 

readings and activate a dehumidifier if 

moisture content reaches a certain 

level. smart sensors do enhance the 

capacity to observe and report on the 

world around us. They perform in 

almost all sectors to make human life 

easy and much better. Adjusting lights 

to the tune of moods, turning on 

devices including water heaters, ensur-

ing security, tracking devices, and many 

more are just a few to name so. On a 

bigger scale, sensors enable greater visi-

bility into business processes and 

workflows, identify employee work pat-

terns, and determine environmental 

conditions of facilities. Thus, sensors 

also allow enterprise management to 

monitor, control, and improve opera-

tional efficiency.

Analog inputs are used to read a vari-

able measurement. Examples are tem-

perature, humidity and pressure sen-

sors which could be thermistor, 4–20 

mA, 0–10 volt or platinum resistance 

thermometer (resistance temperature 

detector), or wireless sensors. A digital 

input indicates if a device is turned on 

or not - however it was detected. Some 

examples of an inherently digital input 

would be a 24 V DC/AC signal, current 

switch, an air flow switch, or a volta-free 

relay contact (dry contact). Digital 

inputs could also be pulse type inputs 

counting the frequency of pulses over a 

given period of time. An example is a 

turbine flow meter transmitting rota-

tion data as a frequency of pulses to an 

input. Sensors are used in everyday 

objects such as touch-sensitive elevator 

buttons (tactile sensor) and lamps 

which dim or brighten by touching the 

base, besides innumerable applica-

tions of which most people are never 

aware. With advances in micro machin-

ery and easy-to-use microcontroller 

platforms, the uses of sensors have 

expanded beyond the traditional fields 

of temperature, pressure or flow mea-

surement,[1] for example into MARG 

sensors. Moreover, analog sensors 

such as potentiometers and force-

sensing resistors are still widely used. 

Applications include manufacturing 

and machinery, airplanes and aero-

space, cars, medicine, robotics and 

many other aspects of our day-to-day 

life. There are a wide range of other 

sensors, measuring chemical & physi-

cal properties of materials. A few exam-

ples include optical sensors for Refrac-

tive index measurement, vibrational 

sensors for fluid viscosity measure-

ment and electro-chemical sensors for 

monitoring pH of fluids.

Geospatial technology

Geospatial technology enables us to 

acquire data that is referenced to the 

earth and use it for analysis, modeling, 

simulations  and  visualization. 

Geospatial technology allows us to 

make informed decisions based on the 

importance and priority of resources 

most of which are limited in nature. 

Geospatial technology may be used to 

create intelligent maps and models 

that may be interactively queried to get 

the desired results in a STEM applica-

tion or may be used to advocate social 

investigations and policy based 

research. It may be used to reveal spa-

tial patterns that are embedded in 

large volumes of data that may not be 

accessed collectively or mapped other-

wise. Geospatial technology has 

become an essential part of smart cit-

ies.

The successful implementation of a 

smart city project requires the develop-

ment of a digital system that can man-

age and visualise the geospatial data in 

a user-friendly environment. The geo-

graphic information system (GIS) offers 

advanced and user-friendly capabilities 

for smart city projects. This article 

shows how a GIS could help in the 

implementation of smart city projects 

and describes its use in the construc-

tion of a large-scale model of the smart 
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city.

The 'smart city' concept aims at devel-

oping a comprehensive system that 

uses geospatial data to enhance the 

understanding of complex urban sys-

tems and to improve the efficiency and 

security of these systems. This 

geospatial data concerns (i) the urban 

built environment such as infrastruc-

ture, buildings and public spaces, (ii) the 

natural  environment  such  as 

biodiversity, green spaces, air quality, 

soil and water, and (iii) urban services 

such as transport, municipal waste, 

water, energy, health and education. 

The smart city concept also aims at 

transforming the 'silo-based' manage-

ment of cities into a 'shared' system 

that involves urban stakeholders in the 

design, realisation and evaluation of 

urban projects.

Artificial intelligence

Artificial intelligence (AI) refers to the 

simulation of human intelligence in 

machines that are programmed to 

think like humans and mimic their 

actions. The term may also be applied 

to any machine that exhibits traits asso-

ciated with a human mind such as 

learning and problem-solving. Artificial 

Intelligence combined with IoT has the 

potential to address key challenges 

posed by an excessive urban popula-

tion which includes traffic manage-

ment, healthcare, energy crises, and 

many other issues. It can improve the 

lives of the citizens and businesses that 

inhabit a smart city.

AI and IoT can implement smart traffic 

solutions to ensure that inhabitants of 

a smart city get from one point to 

another in the city as safely and effi-

ciently as possible. Los Angeles is one 

of the most congested cities in the 

world to adopt smart traffic solutions 

to control the flow of traffic. It has 

installed road-surface sensors and 

closed-circuit television cameras that 

send real-time updates about the traf-

fic flow to a central traffic management 

system. The data feed from cameras is 

analyzed and notifies the users regard-

ing the congestion and traffic signal 

malfunctions.

Blockchain

Blockchain technology is a structure 

that stores transactional records, also 

known as the block, of the public in sev-

eral databases, known as the “chain,” in 

a network connected through peer-to-

peer nodes. Typically, this storage is 

referred to as a 'digital ledger.' Every 

transaction in this ledger is authorized 

by the digital signature of the owner, 

which authenticates the transaction 

and safeguards it from tampering. 

Hence, the information the digital led-

ger contains is highly secure.

With the rapid growth of urbanization, 

smart cities need efficient and sustain-

able intelligent solutions in transporta-

tion, environment, energy, and govern-

ment affairs. The smart city infrastruc-

ture, which combines the IoT, Big Data 

and Energy Internet, is one of the most 

effective solutions. It's facing many 

problems such as poor security of IoT, 

equipment maintenance and upgrade 

difficulty, high operating costs of large 

data center construction, poor resis-

tance to damage, the difficulty of estab-

lishing the energy Internet users trust , 

user privacy is easy to leak, market 

model is not applicable and so on. The 

features of open, transparent, intercon-

nection and peer-to-peer, storage and 

sharing in the Blockchain are relevant 

to the openness, interconnection, peer-

to-peer and Shared characteristics of 

the energy Internet. Its features of 

redundant storage and distribution 

also make up for the disadvantages of 

large data center's high operation cost, 

poor recovery ability and the difficulties 

for the maintenance of IoT equipment. 

This paper, first introduces the role of 

the big data, IoT, and the energy 

Internet in the construction of smart 

city and Blockchain technology. By ana-

lyzing their respective characteristics 
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and comparing their similarities, corre-

sponding solutions are put forward to 

aim at the problems such as poor secu-

rity of IoT, upgrading of equipment 

maintenance and upgrading, construc-

tion and operation cost of large data 

center, poor flexibility in anti-attack, dif-

ficulty in establishing trust in energy 

Internet users, user privacy leakage 

and inapplicability of trading market 

mode.
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Tesla Inc chief and billionaire entrepre-

neur Elon Musk on Thursday took to 

Twitter to promise a $100 million prize 

for development of the "best" technol-

ogy to capture carbon dioxide emis-

sions.

Capturing planet-warming carbon diox-

ide emissions is becoming a critical part 

of many plans to keep climate change 

in check, but very little progress has 

been made on the technology to date, 

with efforts focused on cutting emis-

sions from power generation and 
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Elon Musk to offer $100 million prize for 'best' 
carbon capture tech

industry, rather than taking existing car-

bon out of the air.

The International Energy Agency said 

late last year that a sharp rise in the 

deployment of carbon capture technol-

ogy was needed if countries are to 

meet net-zero emissions targets.

"Am donating $100M towards a prize 

for best carbon capture technology," 

Musk wrote in a tweet, followed by a 

second tweet that promised "Details 

next week."

Tesla officials did not immediately 

respond to a request for additional 

information.

Musk, who co-founded and sold 

Internet payments company PayPal, 

now leads some of the most futuristic 

companies in the world.

Besides Tesla, he heads rocket com-

pany SpaceX and Neuralink, a startup 

that is developing ultra-high bandwidth 

brain-machine interfaces to connect 

the human brain to computers.

Newly-sworn-in U.S. President Joe 

Biden has pledged to accelerate the 

development of carbon capture tech-

nology as part of his sweeping plan to 

tackle climate change. On Thursday, he 

named Jennifer Wilcox, an expert in car-

bon removal technologies, as the prin-

cipal deputy assistant secretary for fos-

sil energy at the U.S. Department of 

Energy.
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Importance of sustainability in
smart city

odern use of the 

Mterm sustainability is 
broad and difficult 
to define precisely. 
O r i g i n a l l y , 
sustainability meant 

making only such use of natural, 
renewable resources that people can 
continue to rely on their yields in the 
long term. Healthy ecosystems and 
environments are necessary for the sur-
vival of humans and other organisms. 
Ways of reducing negative human 
impact are environmentally-friendly 
chemical engineering, environmental 
resources management, environmen-
tal protection, and human population 
control. Information is gained from 

economic sectors (permaculture, 
green building, sustainable agricul-
ture) or work practices (sustainable 
architecture), using science to develop 
new technologies (green technologies, 
renewable energy and sustainable fis-
sion and fusion power) or designing 
systems in a flexible and reversible 
manner and adjusting individual life-
styles that conserve natural resources.

The term sustainability' should be 
viewed as humanity's target goal of 
human-ecosystem equilibrium (ho-
meostasis), while 'sustainable devel-
opment' refers to the holistic approach 
and temporal processes that lead us to 
the endpoint of sustainability." Despite 

green computing, green chemistry, 
earth science, environmental science 
and conservation biology. Ecological 
economics studies the fields of aca-
demic research that aim to address 
human economies and natural ecosys-
tems.

Moving towards sustainability is also a 
social challenge that entails interna-
tional and national law, urban planning 
and transport, supply chain manage-
ment, local and individual lifestyles and 
ethical consumerism. Ways of living 
more sustainably can take many forms 
from reorganizing living conditions 
(e.g., ecovillages, eco-municipalities 
and sustainable cities), reappraising 



the increased popularity of the use of 
the term "sustainability," the possibility 
that human societies will achieve envi-
ronmental sustainability has been, and 
continues to be, questioned—in light of 
environmental degradation, climate 
change, overconsumption, population 
growth and societies' pursuit of unlim-
ited economic growth in a closed sys-
tem.

Importance of sustainability in smart 
city

The adoption of sustainability is a must 
for smart city provision and it is mod-
eled in every phase of smart city life. 
Smart city projects should not be con-
fined to particular areas, preferably 
should be implemented more radically, 
to specific problem areas where it gets 
easier to find a solution. This ensures 
that a smart city strategy improves and 
enhances life quality inclusively and 
equitably. 

Sustainable, in reference to smart cit-

   Constrofacilitator  •  January 202124

ies, is ideally about projects which 
implement 'Green Building' concepts 
within an existing city. Being an eco-
friendly and sustainable township is 
also about recycling garbage to form 
compost for gardens, to create meth-
ane gas to power utilities, to harness 
wind and solar power to provide a part 
of power requirements. It is also about 
charging the water table through rain 
water harvesting, as also sewage treat-
ment which provides treated sewage in 

form of water for gardens and con-
struction/ cleaning purposes. It is 
about smart architecture which 
ensures being in sync with wind and 
natural light resources, so that load on 
HVAC and luminaries is reduced. This 
is the best manner of ensuring that new 
conglomerations turn out to be smart 
cities. It is important to focus on areas 
like air and water pollution control, sew-
age disposal, connectivity that ensures 
low pollution emission on the roads, a 
maintenance and management sys-
tem which includes e-governance and 
internet-based solutions for citizens 
and also using construction material 
that is 'eco-friendly' which should not 
create ecological imbalance.

A smart city could also do things such 
as measure water levels, average con-
sumption and weather patterns - like a 
drought - to better manage our supply. 
It could even track waste patterns to 
help to optimize recycling and cut back 
on the amount of waste we use as a 
society. Both of these scenarios would 
require the smart city to constantly mon-
itor activities and collect data. All of that 
data is what we refer to as 'big data,' 
and it's what would allow the city to be 
sustainable and react.

Given below are few of the benefits of 
adoption of sustainability.

Ÿ With the gradual rise in global 
warming, greenhouse effect, 
debris in oceans and trash in 
streets, smart cities are making an 
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effort to fight against the adverse 
effects of the environment. The 
energy-efficient building, air-
quality sensors, and renewable 
energy resources are providing an 
alternative to cities to shrink the 
ecological impact.

Ÿ Air quality sensors in the city can 
help to determine and track the low 
quality of the air and identify pollu-
tion causes, and deliver relevant 
data so that appropriate actions 
can be taken. These sensors are 
so far helpful in reducing air pollu-
tion in the populated cities.

Ÿ Effective big data applications 
make it easier to lessen the risk fac-
tors in the city; it helps to identify 
and staff the police in high-risk 
areas, as well as they can forecast 
and plan for expansion in the city-
wide population growth and iden-
tify trends, interests, concerns, 
and needs of the citizens. This 
enables stronger decision making 
and enhances the lives of resi-
dents by cutting down costs and 
improving services.

Ÿ Aging roads, bridges, buildings 
often require a large amount of 
investment to maintain and repair 
over their service lives. Smart tech-
nology can provide cities with pre-
dictive analytics to identify the 
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areas that need to be fixed before 
the infrastructure failures.

Ÿ Smart sensors can deliver data 
showing the changes in the struc-
ture, identifying the cracks and tilts 
in the bridges or buildings and 
sending messages to notify per-
sonnel of the need for inspection 
and maintenance. These can help 
cities to save massive tax and pre-
vent infrastructure failure.

Ÿ The citizens then get the itemised 
bill that displays their water con-
sumption. After adopting this 

method, there was a nearly 40%-
60% drop in the level of water con-
sumption. The technology has 
proved to be a viable solution to 
help conserve valuable resources.

Ÿ Smart cities will have fewer cars on 
the roadway. That means promot-
ing and even offering ride-sharing 
and bike-sharing services. Public 
transportation also is a main com-
ponent of many smart city plans. 
That also means designing neigh-
borhoods and business areas that 
are walkable, requiring less time 
spent in cars.

Ÿ Smart street lights use LED lights, 
which last longer and require less 
energy to operate. They also can 
be dimmed or brightened depend-
ing on the location and time of day, 
leading to less energy use while 
still maintaining safety and secu-
rity.

Conclusion

Sustainability is a powerful force for 
positive change in our world; one that is 
driving transformation, innovation, and 
improvement across all aspects of soci-
ety. No longer limited to conserving nat-
ural resources, sustainability now 
encompasses a broad range of chal-
lenges, including urban growth, trans-
portation, our carbon footprints, and 
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even people's work-life balance. As the 
world's population is expected to 
increase by an estimated 33 percent 
before 2050, and with nearly 70 percent 
of those people living in urban environ-
ments, sustainability has become a 
focal point for forward-thinking cities. 
Together, the Internet of Things (IoT) 
and smart city technologies are one of 
the keys to success in this field. In fact, 
Gartner predicts that by 2020, half of all 
smart city objectives will be focused on 
climate change, resil ience, and 
sustainability.
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Photoanodes made of metal oxides are 
considered to be a viable solution for the 
production of hydrogen with sunlight. 
Alpha-SnWO  has optimal electronic prop-4

erties for photoelectrochemical water split-
ting with sunlight, but corrodes easily. Pro-
tective layers of nickel oxide prevent corro-
sion, but reduce the photovoltage and limit 
the efficiency. Now a team has investigated 
at BESSY II what happens at the interface 
between the photoanode and the protec-
tive layer.

Hydrogen is an important factor in a sus-
tainable energy system. The gas stores 
energy in chemical form and can be used 
in many ways: as a fuel, a feedstock for 
other fuels and chemicals or even to gen-
erate electricity in fuel cells. One solution to 
produce hydrogen in a climate-neutral way 
is the electrochemical splitting of water with 
the help of sunlight. This requires 
photoelectrodes  that  provide  a 
photovoltage and photocurrent when 

Solar hydrogen: Photoanodes made of alpha-SnWO4 
promise high efficiencies

exposed to light and at the same time do 
not corrode in water. Metal oxide com-
pounds have promising prerequisites for 
this. For example, solar water splitting 
devices using bismuth vanadate (BiVO ) 4

photoelectrodes achieve already today ~8 
% solar-to-hydrogen efficiency, which is 
close to the material's theoretical maximum 
of 9 %.

Theoretical limit is 20 % in α-SnWO4

To achieve efficiencies beyond 9 %, new 
materials with a smaller band gap are 
needed. The metal oxide α-SnWO  has a 4

band gap of 1.9 eV, which is perfectly 
suited for photoelectrochemical water split-
ting. Theoretically, a photoanode made of 
this material could convert ~20 % of the 
irradiated sunlight into chemical energy 
(stored in the form of hydrogen). Unfortu-
nately, the compound degrades very 
quickly in an aqueous environment.

Protection against corrosion comes with a 

price

Thin layers of nickel oxide (NiOx) can pro-
tect the α-SnWO  photoanode from corro-4

sion, but were found to also significantly 
reduce the photovoltage. To understand 
why this is the case, a team led by Dr. 
Fatwa Abdi at the HZB Institute for Solar 
Fuels has analysed the α-SnWO /NiOx 4

interface in detail at BESSY II.

Interface explored at BESSY II

"We studied samples with different thick-
nesses of NiO  with hard X-ray photoelec-x

tron spectroscopy (HAXPES) at BESSY II 
and interpreted the measured data with 
results from calculations and simulations," 
says Patrick Schnell, the first author of the 
study and a PhD student in the HI-SCORE 
International Research School at HZB. 
"These results indicate that a thin oxide 
layer forms at the interface, which reduces 
the photovoltage," explains Abdi.
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