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ABSTRACT

Information and Communication Technology (ICT) brings a
notable change in the way a government initiates and frames
policy making. The concept of Smart City (SC) means to
improve the quality of life of people and there is no
universally accepted definition of smart city as it differs
country to country and state to state. On analyzing the
literature the authors has identified four impeding
factors(urbanization, government support, social support and
Technology) and three facilitating factors (e-governance,
sustainability and infrastructure) for the development of smart
cities in Indian context. The authors has emphasized on six
important components (Smart governance, Smart technology,
Smart energy, Smart education, Smart infrastructure, Smart
Mobility) which the policy makers can concentrate to achieve
the dream of Smart Cities in India. There are also private
firms like IBM, Gaia, Cubical Labs, FluxGen Technologies,
Altiux Innovations SenseGiz and CISCO. CRISIL, KPMG,
McKinsey and Matt McDonald which actively contributes for
the Smart City Initiative in India. This work gives an idea for
policy makers and managers of the company to improvise on
the smart city strategy and planning for better implementation
to compete in twenty first century..

General Terms

Your general terms must be any term which can be used for
general classification of the submitted material such as Pattern
Recognition, Security, Algorithms et. al.
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1. INTRODUCTION

The 19th century was a century of empires, the 20th century
was a century of nation states. The 21st century will be a
century of cities.”— Wellington E. Webb

In recent times there has been an increasing interest in the
concept of the smart city by policymakers across the
globe. A decade ago the number of cities with more than 1
million population was countable but today the count has
amplified to 480 and can foresee more growth in future [1].
Information and communication technologies (ICT), act as a
force for urban development and also changes the way a city
can compete in which municipalities take greater
responsibility to represent their best framework for urban
development [2]. In today's scenario, international
competitiveness is driven by the innovativeness of the city
and that's the reason cities are undergoing a massive
transformation paving way for new industrial clusters and
small towns being transformed into metropolitan. United
Nations Department of Economic and Social Affairs (UN
DESA) stated that 55% of world population lives in urban
area and is expected to increase to 68% by 2050 and the 90%
of this increase takes place in Asia and Africa. UN DESA also
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projected that urban population is going to be densely
concentrated in countries like India, China, Nigeria and India
may constitute 416 million urban dwellers by 2050. Due to
this escalating population government should figure out the
ways of creating future space for its people. City
administrations must prioritize the core activities, what to add,
and shed for better prospects of its people. [4] said that in
India (2019), roughly 1/3rd of the total population resided in
cities and the inclination (Fig.1) shows a swell of urbanization
by 4 % in the last decade, which indicates that migration is
more towards urban to find work and make living in the cities.
This migration poses the biggest challenge managing the
livability of India's urban spaces.

India may set back in the development of urban infrastructure
because of complex political and leadership structures, gaps in
capability building, shortfalls in funding, waste disposal,
disaster management which shows a fall in quality of life for
many of its citizens. This urbanization wave that is extensive
across India represents country's greatest opportunities and
most challenging factor. This becomes a predominant reason
for India to devise an efficient and sustainable solutions for
servicing urban areas reaping the benefits by embedding
technology to learn from other parts of the world. Thus India
too is in the race of building smart cities with world-class self-
sustainable habitats with minimal pollution levels, maximum
recycling, optimized energy supplies and efficient public
transportation [5].
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Fig.1 India Degree of Urbanization from 2009 t02019
Source: Statista.com

1.1 What is a Smart City?

There is no universally accepted definition for smart city and
it varies from county to country and city-city depending on
the level of growth, willingness to adapt, available resources,
and desire of citizens for the change. Prime Minister Narendra
Modi launched the project "Smart Cities" on 25th June 2015.
Regarding this, three existing cities from each state should be
selected under Smart City Mission which indicated a shift in
Mission's focus from Greenfield to Brown-field development
which mean that instead of building "100 new smart cities"
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mission is to "making existing cities smart" [6]. So the
Government of India has decided to develop 100 smart cities
by 2024 and the MoUD is given responsibility to implement
smart city missions in collaboration with respective cities.
This is a five-year program where the central and state
government together release the funds for the development of
city from a time period of 2017-2022 and the mission will
start showing its results from 2022 onwards [5]. The concept
of building Smart city revolves around three major aspects as
in Fig.2.

Sustainable (social,
financial and
environmental)

Fig.2 Key Aspects of Smart Cities
Source: Authors Perception

The strategic components or the proposal submitted by the
shortlisted city should touch upon  City Improvement
(retrofitting), Redevelopment, Greenfield development, and
pan-city development models. City improvement focus on
enhancing existing area efficient and livable expecting
intensive infrastructure packed with high-end applications in
modernized smart city. The redevelopment will have an
impact on the current built-up space and facilitate the
inception of new layout with improved infrastructure utilizing
blended land and with expanded density. City extension or
Greenfield development implements smart solutions in a
previously vacant area using innovative planning with
provision for affordable housing especially for poor. Pan city
development foresee the application of selected smart solution
(intelligence traffic management system) in the city by using
technology, information and data to make services better [7].

2. CONCEPTUALIZING SMART CITY
CONCEPTS

Though every one of us could have come across the buzz
word "Smart City", still there is no clear and reliable
information on the concept [14], [10], [18]. Smart city is to
lead a sheltered life with a better environment and well-
organized urban center with advanced infrastructures
including sensors, electronic gadgets, networks to stimulate
economic growth aiming high quality of life [2], [8], [9] with
citizens involvement and governmental efficiency [10].
Another literature [6] categorizes ‘smart city' definition into
three major divisions first one being Research and Academic
view which ranks sustainability as primary followed by
quality of life and emergence of economy as secondary and
tertiary factors. Second division Corporate view looks at ICT
as one universal solution where other factors may fall in line
using digital technologies [11]. The third division
Government sector reflects the usage of ICT in governance,
relevance of human resources and stress on quality of life and
environment. Any city can become a new silicon valley if it
tries to create a global network with highly integrated
economic centers connected by massive networks of airports,
highways or to the build so-called "intellectual city" with
advanced ICT [12], [13]. [14] stated that building a smart city
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is a tactic to reduce the problems caused by rising urban
population and urbanization. [15] proposed an assumption that
wider availability of information will motivate creation of
urban system models and the ICT may fetch a number of
benefits such as reduced usages of energy and water, carbon-
di-oxide emission and betterment in usage of infrastructure.

[16], said that a smart city is usage of Smart computing to
deliver its core services to the public in an efficient manner.
Smart computing will have a vast industry focus like city
administration, education, health care, transportation, and
utilities. Cities become a center point of attraction and an
influential part in the development and growth of a nation.
The smart cities concept relies on two fast-forwarding factors
one is global urbanization and the second one is digital
transformation through Industry 4.0. These trends have
chances of improving human life more comfortable in an
environmentally sustainable and inclusive manner (Ministry
of Housing and Urban Affairs). The steep rise in urban
population will amplify the demand for resources, mobility,
and other urban services in cities. So, cities have to become
smarter in terms of urban services. [19], defines smart city as,
a city connecting physical, social, and business components to
influence the communal intelligence of the city. [20] states
that smart city is a reflection of the modernistic approach
considering  issues like flexibility, transformability,
individuality and synergy. [21] define smart city as
standardized, interface that enhance intellectual aspects.
Standardization denotes the procedure to capture and integrate
live real-world data with the help of sensors, kiosks, meters,
smart devices, and data acquisition system like human
sensors. Interface refers to the integration of data into an
enterprise computing platforms and communication among
various information systems. Intelligence is a process of
including analytics and modeling, visualization to leverage
business process and operational decisions. Natural Resources
Defense Council defines smart city as more efficient,
sustainable, equitable and livable. A report by McKinsey [23]
stated that as urbanization multiply, technology will be the
option to address environmental issues which might cut down
emissions by 10-15%, water consumption may reduce by 20-
30% and solid waste reduction by 10-20%. Thus keeping in
mind the exponential growth of urban population and
enhanced service quality in India, policymakers and
researchers should have deeper insight and understanding
about information related to smart city development and
barriers related to it. Building a smart city is not an easy task
in a country like India because of its huge population and also
the success depends on the holistic presence of residents,
entrepreneurs and visitors becoming actively engaged in
saving energy and implementing new technologies.

3. IMPEDING FACTORS FACED BY
INDIAN SMART CITIES
3.1. Migration of Population-Rapid

Urbanization

The evolution of industrialization brings the gap between rural
and urban areas with a notable shift of workforce. The
migration process is influenced by factors like social, cultural,
economical with varying outcomes depending on the location.
Thus India experiencing a steady growth in the urban
population with the emergence of new cities and towns [24],
[25].

3.2. Lack of Government Support
Lack of coordination between city's operational nodes [26],
[27] and there might not be clarity in the vision of how IT can
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be used for city development [14]. Political instability also
plays an important role related to implementing smart city and
when a government is not stable it may lead to reduced hope
and trust by people on government for the betterment of living
[27] [28] [33].

3.3. Lack of Social Support

No city can be smart until the citizens have the aspirations to
dwell on it. The citizens should be encouraged to submit and
evaluate their ideas for innovation in smart city design [29],
[27], [30]. There might be a lack of awareness among the
public about smart city and quality of life reaped out it [30],
[27]. [31] and [32] stated that inequality in citizen's education,
income levels and skills may also hinder the smart cities'
development [33].

3.4. Lack of Technology Support

ICT are key drivers of smart city initiative and integration of
this ICT with development projects can change the city [10],
[35] with enhanced opportunities and management function
[36]. A city cannot be smart without implementing technology
aspects. Lack of implementation of technology might be
because of less awareness among policymakers and planners
about usage and knowledge of right and modern digital
technology for the smart city development [34],[14], [32].

Urbanization

Barriers Social Support

Technology

Government Support

Fig.3. Impeding Factors for Smart City Development

Source: Authors Perception

4. FACILITATING FACTORS FOR
SMART CITY DEVELOPMENT

The constant increase of population in cities of developing
and developed countries and a parallel increase of technology
has motivated local governments to meet the demand of
citizens with available technology to build smart cities.
Johnson Controls an Ireland based company conducted its
Smart City Indicator survey in 2018 over 12 countries
including India, China, USA, Canada, Mexico, Brazil,
France, Germany, Poland, Argentina, Colombia and
Singapore. The survey revealed three interesting driving
forces- economic development, environmental pollution and
sustainability and this may have variations according to local
country needs. [14] stated that management and
organizational initiatives should be discussed on e-governance
aspects as a major key driving factor in smart city initiative. In
this context, [38] discussed that smart city initiative is majorly
driven by government schemes with the usage of ICT tools to
serve citizens better. [39] has found out that stakeholders
relation is an important success factor in the process of smart
city development. A report by [40] envisaged that Smart City
2.0 will be shifting of focus from connecting infrastructures to
engaging governments, citizens and businesses with 3 driving
factors as quality of life, economic competitiveness and
environmental consciousness. Many authors have suggested
sustainability as a driving agent since it deals with the
efficient management of natural resources to enhance the
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quality of life of society for present and future generations
[10], [41], [42]. [43] from their study suggested drivers like
urban planning, city infrastructure, mobility, public safety,
health, sustainability, and public policies require a
comprehensive vision focus on the prime concern of society.

e-governance

Driving Forces
Sustainability

Infrastructure

Fig.4 Facilitating Factors For Smart City
Source: Authors Perception

5. SMART CITY COMPONENTS
5.1 De-Coding the Smart City

Smart cities herald a new era. Using technology in reshaping
the traditional infrastructure for building roads, bridges and
buildings form a seamless infrastructure. Various sensors,
wireless capabilities and new technologies are used to harness
the benefits of data analytics and improvise a city’s carbon
footprint, efficiency and the quality of life for its citizens. The
Smart city approach adopted by the government of India has
four major pillars, namely social infrastructure, physical
infrastructure, institutional infrastructure and economic
infrastructure [46]. For a developing country like India, the
dream of building smart cities needs a paradigm shift from the
ground up. The need for state of the art technology,
consultancy, expert guidance and the like becomes imperative
which raises a lot of opportunities for both public as well as
private organizations. Investments in the social, institutional,
economic and physical infrastructure act as hallmarks of the
city [48]. The important components for building a smart city
in Indian context are as follows.

5.2. Smart Governance

It includes the smart use of e-government services and
citizenship services. It improves public policymaking and
decision making with the help of ICT and excludes external
agents. With respect to India, US$1.2 billion is allocated for
smart cities and FDI norms are relaxed. US$83 million is
allocated for the Digital India Initiative and the PPP Model to
be used is to upgrade infrastructure in 500 urban areas. The
government expects the Smart City projects to create 10 -
15% rise in employment. [44].

5.3. Smart Technology

Smart city technologies are being developed to address a
range of issues, including energy management, water
management, urban mobility, street lighting, and public
safety. These innovations are underpinned by general
developments in areas such as wireless communications,
sensor networks, data analytics, and cloud computing.
Broadband Penetration rate of over 80 percent is a target for
implementing smart technology and equipping users with
smart personal devices as well [47].

5.4. Smart Mobility

Smart mobility ensures sustainable, innovative and safe
transport systems. It improves the operational efficiency in
road management through real-time data collection, vehicle
information, linking traffic-related data, and RFID toll
collection technology. It also aids in smart parking, intelligent
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traffic management and integrated model transport [44]. A
range of smart technologies has transformed geo-location
tracking to a situation where the monitoring of location is
pervasive, continuous, automatic and relatively cheap and
easy to construct travel related information. Also, sensor
networks have been deployed across streets such as bins and
lampposts to analyze and track phone identifiers [51]. The
government of India has set ambitious targets for public
transportation for supporting its massive population. By 2027,
Electric vehicle charging stations in all urban areas and all
state and national highways are to be introduced. The Ministry
of Urban Development plans to invest more than US$20
billion on metro rail projects in the coming years [44].

5.6. Smart Infrastructure and buildings

The designs created by smart infrastructure will be used in
building efficient communities that can grow their own food
and manage flood water systems as well. Sensors and
technological embedded controls monitor existing conditions
and provide real-time feedback in case modifications are
needed. Smart buildings make occupants productive with
good air, sanitation, light, security and much more. Smart
water management includes systems such as smart meters,
leakage identification and prevention and water quality
monitoring [44]. Many smart buildings use smart card
tracking, installed with barcodes or RFID chips to gain access
over different parts of the building [51]. Under the flagship
“Safe City” project, the Union Ministry of India proposed
US$333 million to make seven big cities (Delhi, Mumbai,
Kolkata, Chennai, Ahmadabad, Bangalore and Hyderabad) to
focus on technological advancement rather than manpower
Disaster Management [44]Bajaj

5.7. Smart Education

An important element in smart cities is having well-educated
citizens who can be proactive and bring changes to the
advancement of new technologies. Designing digital
development plans closes the digital divide in classrooms and
empowers the newer generation with digital skills. Smart
education also enables an affinity for lifelong learning and
cosmopolitanism.

5.8. Smart Energy

The main problem of cities in view of the transition to the
concept of smart cities is pollution and covering the electricity
needs for all inhabitants [45]. Renewable energy is the new
future, and it is wise to move to a model based on the
principles of smart power generation, smart power grids,
smart storage, and smart consumption. The application of
smart grid has led to a number of technologies for the housing
industry. Advanced Metering Infrastructure and Home Area
Networks are the two new technologies that have a direct
effect on the operations of a home. These technologies have
influenced many new products and applications for homes;
examples include smart meters, car-charging stations, smart
thermostats, renewable-energy installations, and smart
appliances [55]. The plans regarding smart grid in India is,
Implementation of 8 smart grid pilot projects with an
investment of US$10 million, adding at least 250 400 GW of
new power generation capacity by 2030 and to install 130
million smart meters by 2021 [44]). Patterns can be derived
based on the data from each smart device used against every
object and piece of infrastructure available. This can help
build the Smart city’s next-generation products in real-time
[53].
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Source: Authors Perception

6. COMPANIES ASSOCIATED WITH

SMART CITY

The global Smart cities market was accounted for US$ 773.19
Billion in 2016 and is expected to grow during the forecast
period 2017 - 2025, to account for US$ 3651.49 Billion in
2025 [52]. Key trend which will predominantly affect the
market in the coming year is smart cities market consolidation
due to growing competition. Furthermore, the market is
anticipated to witness significant growth owing to the
increasing  urbanization. The Companies proactively
participating in global market are ABB Ltd, Accenture, Cisco,
Ericsson, Schneider Electric, GE, Microsoft, IBM
Corporation, Oracle and Siemens among others. There are a
bunch of IT companies involved in the development of smart
cities worldwide from 2006, IBM’s ‘Smarter planet’, Cisco’s
‘Smart+ connected community’, Siemens’s “citycockpit’,
Microsoft’s ‘CityNext” Programme is among the few[57].

In India, some of the popular companies in this space are
IBM, Gaia, Cubical Labs, FluxGen Technologies, Altiux
Innovations SenseGiz and CISCO. CRISIL, KPMG,
McKinsey and Matt McDonald are among the 37 consulting
firms which have been given the responsibility for preparing
action plans for the proposed smart cities in India [56].

Gandhinagar, the capital of Gujarat is said to be the first smart
city of India build on the banks of river Sabarmati. Another
epic initiative taken by the WAVE group is in the city of
Ghaziabad. By living to its ‘Smartness’ name, the city uses
smart pumps that ensure minimal waste wastage and pH
meters to ensure water quality. Smart traffic signals are
equipped to ensure the smooth flow of traffic in the city and
parking lot sensors are installed to enable an effective parking
management system. Apart from this, Smart gas and Smart
surveillance systems are fitted to give a complete digital
infrastructure to the smart city concept.

Gaia is the leading loT startups in India which works in areas
such as sensing, tracking, metering, and analytics, where it
feeds real-time data streaming and data insights on assets,
particularly their consumption and performance. Gaia is at the
helm of e-governance for the Swachh Bharat Mission, and
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supporting the Delhi government as well with its smart water
metering solution. Gaia has worked on many ICT designs,
such as the Delhi-Mumbai Industrial Corridor, Kashi Smart
City Challenge plan, and Kalinganagar Tata Steel Township,
to name a few for the Smart city project [50]. For Smart cities
to thrive and be successful, they need to look beyond a
specific set of technologies or desires of related industries. All
trending technologies such as Atrtificial Intelligence, Block
chain, Internet of Things and others are interconnected. Hence
organizations working on this space need to converge at some
point to create the trusted digital infrastructure. Figure shows
the convergence of market competition at various arena where
organizations are creating a digital ecosystem in the smart city
space.

The current status update of Smart cities in India shows that,
of 5151 projects initiated, only 3629 have been actively
pursued and are under progress and about 25 percent of the
projects are completed. Reports show that only three-fourth of
the funding has been released between the year 2015-2019
and around 36 percent of funds have been underutilized. Of
the 100 cities announced under the Smart city project, Delhi,
and cities in Gujarat and Madhya Pradesh have better
completion rate than others [58]

Smart Convergence

capabilities but would also start converging with different participants in the ecosystem.

Smart City Market: Convergence of Competition, Global, 2012-2025
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7. CONCLUSION

The concept of Smart City envisioned by the current
Government is a much needed and timely one. Today, the
smart city concept is viewed as a vision, manifesto or promise
aiming to constitute the twenty-first century’s sustainable and
ideal city form. However, there are numerous ethical issues
associated with the deployment of technologies used in smart
cities. Government needs to be careful enough in creating
smart cities with ethics and privacy as the core principles.
Building smart cities are more of a process than an end goal
and it is continuously evolving in real time and transforming
based on the needs and requirements. Building the brand of
‘Smart city’ promotes prestige and attractiveness to a nation
and promises a lucrative industry with a huge potential of
growth and revenue. In India, transforming the existing
crowded cities into smart cities is a daunting task. While
Greenfield cities as planned along the Delhi—-Mumbai corridor
are a little easier to set up, conceptualization and
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implementation of the same have to be done with a forward
vision and continuous monitoring in existing cities. The
concept of Smart Cities in India is an evolving one and
therefore, a great deal, as stated above, will depend upon
proper formulation and careful implementation.

8. FUTURE SCOPE

With half of the mankind living in modern cities equipped
with smart parking, smart traffic control, water management
system and others, smart cities have a tighter role in
combating against the many challenges posed by rapid
urbanization.  Over a time, loT and other advanced
technological solutions will be implemented to make the cities
easier to live in and save costs. It further provides
opportunities for Public Private Partnership and ensures
revenue generation, cost reduction, operational efficiency and
improvement in the overall customer value and experiences.
Existing mobile networks such as 3G/4G may not be
sufficient to handle the advanced technologies needed for
building a smart city, hence 5G technology may be introduced
and be implemented at a larger scale for efficiency and
effectiveness [54]. However, the process of a smart city
transformation journey does not happen overnight. The
government needs to concentrate on solving the issues
pertinent with modern cities and focus on building a long term
goal to achieve efficiency in the process. The amalgamation
of big data with other developing technologies will
fundamentally lead to the creation of smart cities. Modern
cities need ample amounts of time and money to incorporate
these technologies and techniques to become smarter.
However, while technology acts as a key stimulant for what
makes a city ‘Smart’ like sensors, data analytics, geotagging
and the like, technology is not an end to itself, the bigger
picture is more about serving the needs of various
stakeholders in the community.
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