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Abstract

1. Introduction

The main purpose of this study is to define measures that need
to be taken in order to transform cities in Turkey into smart
cities. Integrated operation principles and the policies needed
for putting relevant governance models into practice will also
be determined. It is important to raise the awareness of the
every individual against climate change and they must work to
reduce greenhouse gas footprint. Beside all, urban activities
are important factors for the increase of greenhouse gas
emissions. Potential of CO2 and CH4 emissions caused by
agricultural and livestock activities have been identified for
this paper. As a result, an information society is generated by
implementing smart applications. Smart applications within
metropolitan areas and urbanization have to be prioritized and
the planning for these implementations must be developed.
Intelligent transport systems should be developed and the
interoperability among the applications of different
institutions must be provided. Smart applications in the fields
of health, urban transport, housing, energy, disaster and water
management has to be supported in accordance with the
priorities determined by the regional development agencies.
Production and commerce of high technology products needs
an implementation of the necessary environment that involves
citizens in innovation.

Smart Cities approach in urbanization would improve
living standards of citizens through improving efficiency
of urban systems, living environment, quality of services
provided to citizens and competitiveness of cities,
respectively. Smart cities solutions have a big potential
in order to cope with societal challenges in cities. Many
cities have already introduced smart applications in
Turkey, particularly in transport and urban services. But
smart applications in the fields of energy and water
management are in their infancy. The biggest challenge
hampering widespread implementation of smart cities
solutions within urban areas is the lack of financial fund,
expert engineers, and skilled labour. Also, the missing
geographical information systems (GIS) infrastructure is
another challenge against the smart cities
transformation. Turkey's current potential can lead to
the formation of smart cities transformation and a high
degree of information society. Results of this research
show that lower carbon dioxide emission initiatives are
embodied within the environmental sustainability
agenda are not clearly defined yet in the smart cities
concept.
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Urban growth management and sustainable
urbanisation process have taken place as the most
important agenda of the 21st century. The concept of
smart cities has evidently taken steps towards
smartness and technologically based solutions of
complex city challenges have adopted initiatives for
transforming cities to energy-efficient settlements.
Scholars argue that the smart city could provide a
transformative panacea for urban development, as well
as inform planning and policy decisions of the cities [1 4]. Smart services transform the city and its inhabitants
technologically, governmentally, economically and
socially. Along with these smarter solutions,
dissemination of the sustainability ideology has had a
significant imprint on the planning and development of
our cities [5, 6].
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The term smart generated from Smart Growth
movement and has become a common term which
supports new policies for urban planning over the past
decade [2]. Hodgkinson [3] then proceeds to adduce the
term smart has become part of the language of
urbanization policy, referring to the clever use of IT to
improve the productivity of a city’s essential
infrastructure and services and to reduce energy inputs
and CO2 outputs in response to global climate change.
Mitchell [1] state that the increasingly effective
combination of digital telecommunication networks (the
nerves), ubiquitously embedded intelligence (the
brains), sensors and tags (the sensory organs), and
software (the knowledge and cognitive competence)
create smart environments. Nevertheless, services and
infrastructures that are supported by using information
and communication technologies (ICT) are defined as
Smart City.
Smart City infrastructure used by citizens has similarities
with intelligent applications they use today. Wireless
internet, eBooks, smartphones, sensor networks,
Facebook and Google map, android applications are
examples of intelligent applications. Construction of the
digital city must have four critical elements that are
economic, social and environmental sustainability and
the inspiring leadership.
Smart city restructuring is innovative and focused on
citizen satisfaction. It comprises concept of continuous
access of the citizens and working of the entire unit with
a single automation system. Each process is performed
at a time. It is a systematic solution, repeatable,
expandable with new modules. It is sustainable, the
process involves the improvement, and it gets into the
positive economic effects of the elements.
The majority of citizens living in the city should have
adapted to the city and fulfil the duties and
responsibilities the urban life [7]. This is a key indicator
for the formation of a smart city. There are many
benefits that are provided to urban management and
citizens by building the Smart Cities.
National Academy of Sciences report [8] declared that
complex city systems and human interventions are the
ones risking climate change, whereas understanding
issues connected with cities and complexities can help
measure and decrease the impacts of carbon dioxide
(CO2) emissions and climate change. In this respect,
individual choices would either reflect a response to city
challenges, such as carbon dioxide reduction, or be
stringently set within the context of a lens that considers
most deeply their views [9]. Cavada et al. [9] support the
idea that evaluating the carbon dioxide significance of
smartness is undoubtedly going to be problematic, not
least when engineers have yet to evaluate fully the
complexities of the smart agenda itself. Moreover, one
of the associated challenges appears to be a lack of

official smartness indicators at international or national
levels, and where they do exist ‘low carbon dioxide’
appears to be somewhat lost within the smart cities
agenda [9].
This research is mainly addressing the agenda of low CO2
emissions that provide a range of sources for smart city
rankings. Smart city concept and its potentials for
solving complex urban challenges is explained in a
comprehensive manner and reveal a general analysis of
world examples within the framework of the principles
and criteria for attaining smartness in cities. The
inferences from this analysis can provide a basis for the
Turkish smart solution initiatives.

2. Smart city concept
Transportation systems, electric, water and sewage
infrastructures, security, health and public safety are
integrated into the urban infrastructures and services
through the smart city concept. ICT based initiatives by
some technology companies like IBM, Siemens and Cisco
had a trigger effect on the advancements in planning,
development, operation and sustainability of urban
services and facilities at the beginning of 2000s [2].
Smart city concept can supports sustainable
development and brings solutions for diverse problems
of development. The term Smart City cannot be used for
describing a city as a whole. However, it can be used to
discuss its different components like its citizens,
governance, communication, economy, environments
or transportation. Most of the activities in urban growth
can be related with the Smart City e.g. education, urban
infrastructure, user participation, industry [10]. Smart
City includes strong relation between the city
administration and its citizens. Recent solutions in urban
activities like transport technologies, public safety,
environmental sustainability and energy can be
associated with Smart City [10, 11].
Smart cities Ranking of European medium-sized cities is
the research was carried out in collaborative work of the
Centre of Regional Science at the Vienna University of
Technology (lead partner), the Department of
Geography at University of Ljubljana and the OTB
Research Institute for Housing, Urban and Mobility
Studies at the Delft University of Technology. Research
report was edited by the Centre of Regional Science
(SRF), Vienna University of Technology in October 2007.
Research project focused on the 70 medium-sized cities
and thereby considering a broad range of factors and
indicators, inherent to the concept of smart cities [10].
Giffinger et al. [10] identified six characteristics (see
Table 1) as a roof for the further elaboration of smart
cities which should incorporate the findings but also
allow an inclusion of additional factors.
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Table 1: Characteristics and factors of a smart city (adopted from Giffinger et al. [10])

Most of the scholars [12 - 16].have introduced the terms
and definitions related to building the cities of the future
and the future of the cities by using the state of the art
information and communication technologies (ICT):
smart, intelligent, ubiquitous, digital, knowledge,
sustainable, green, creative and innovative [4]. Nam and
Pardo [13] suggested four dimensions for the concept of
smart cities; (i) Infrastructure and ICT: Adoption of
strategies for modern infrastructure, (ii) Creative
economy and knowledge-based society: Improving
competitiveness and favourable environments, (iii)
Sustainability: Promoting green economy and high social
awareness in an environmentally sustainable lifestyle,
(iv) Human infrastructure: Investment in social and
human capital; engaging citizens in governance
processes [4].
A Technical Report was written by the focus group on
smart and sustainable cities connected to the
International Telecommunication Union (ITU) with the
aim of establishing a concrete definition for smart
sustainable cities which can be used worldwide [17].
Approximately 116 existing definitions of smart
sustainable cities were studied and analysed by using as
a guideline the attributes and themes of Smart
Sustainable City developed in a parallel ITU-T Technical
Report on the Overview of Smart Sustainable Cities [17].
According to the report [17] although there is abundant
literature available on smart cities, there is no
standardized, commonly accepted set of terminologies
which would help to aptly describe a Smart City.

Furthermore, such a standardized definition will help
create a more defined structure in relation to
information and communication technology (ICT)
infrastructure, key performance indicators, metrics and
policies for smart sustainable cities as viewed by ITU.
The following common criteria were used as a guideline,
based on key attributes: (1) sustainability, (2) quality of
life, (3) urban aspects, and (4) intelligence or smartness
[17]. Prado et al. [4] proposed a smart city definition
within the light of the review of the literature as follows:
“Smart city is a community that systematically promotes
the overall well-being of all of its residents and which is
flexible enough to proactively and sustainably become
an increasingly better place to live, work and play.
Prado et al. [4] noticed that two different research
agendas were emerged from the proposed definitions of
smart cities: (i) How to start and drive the
transformation process of places in smart cities, and (ii)
How to assess this process. The first agenda includes
framework proposals, strategies, approaches, methods
and techniques for planning, initiating and managing
transformation processes of a given geography in a
smart city; The second research agenda includes
conducting studies that propose mechanisms to
evaluate a locality, not only according to the metrics
associated with the various domains of a smart city [18],
but also their ability to autonomously conduct the
transformation processes it will need to go through to
become an even better place to live [4].
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3. Methodology
Today, smart city solutions are aimed at improving the
quality of life of people living in urban. It is gaining
importance in many cities around the world. Laws for
the smart city transformation are put into practice
quickly to solve the problems.
Smart city solutions for energy, environment, water,
transportation, urban services, security and health care
can be analysed integrated with Urban Information
Systems (UIS) and Geographical Information System
(GIS) [19].
However, first of all main problems faced by cities have
to be defined.

3.1. Energy area
In energy area, losses in the distribution and illegal use
of electricity are increasing. More expensive and
inefficient energy sources are used with increasing
energy demand.

3.2. Environmental area
In environmental area, renewable resources are being
rapidly depleted in cities. The increase in the number of
vehicles, environmental problems such as air and water
pollution is also a major threat to people living in urban
areas. Irregular and unplanned urbanization,
infrastructure and the collection of solid waste and
storage brings environmental problems [20].
"Ecology" as the first word was used by Ernest Haeckel,
a German biologist, in 1866 [21]. Ecological degradation
through pollution is especially due to the rapid migration
from rural to urban areas, population growth, rapidly
growing
consumption
in
connection
with
industrialization, and waste production as a result of
diminishing natural resources. This situation will affect
the lives of future generations, especially in recent
years, many experts from relevant disciplines, politicians
and local officials are working to find solutions to the
problem. A special kind of ecological policy provides
interactions between people and the environment.
Sustainable eco-friendly urban planning requires
shaping the old and new town centres using ecological
approach. Ecological approach takes place by elements
such as the geographical location of the city, climatic
data, ecological data, development level, the adequacy
of local resources, energy sources, infrastructure of the
environment, waste recycle capacity. It plays an
important role in shaping the city between disciplines,
"City
Planning",
"Architecture",
"Landscape
Architecture",
"Infrastructure
Engineering",
"Environmental Engineering" and so on.

Environmentally sensitive planning strategies carry the
scientifically determined priorities and environmental
standards regarding air, water and soil quality, noise etc.
In what extent and how the strategy planning, design
and implementation stages must be determined. In this
context, legal, administrative and financial measures
should be considered and established. Improvements in
municipal services has emerged the concept of ecotechnology foreseeing the harmonious environmental
and technological compatibility in the world. Smart City
concept, as well as information cities, digital cities,
means using smart systems that creates behavioural
changes in urban life and society, which led to the
development of economy along with the low carbon
release. In the wider sense, both ecological and
technological city is managed by an intelligent
technological architecture, which requires and
Information technology (IT) based management to
devise smart cities [22].

3.3. Water area
In water area, insufficient supply of urban water
resources located near the city is a big problem. Urban
pollution threats the quality of fresh water resources
and high consumption prevents their ability to
regenerate.

3.4. Transportation area
For instance, in transportation area, the existing
transport infrastructure is not able to carry the
increasing number of vehicles with the population, and
the time elapsed in the traffic is increasing. Lost time in
traffic causes job losses, fall in productivity, increase in
transportation costs and an increase in harmful exhaust
emissions. The number of traffic accidents is increased,
in addition to the life losses, health care costs are
increased.
There are many solutions that are aimed for easing the
daily vehicle traffic. Main objective of the solution is the
planning of freight movement in the city or regional
scale. The production areas should be separated from
the life of the city. Also, the freight transport should be
configured independent from the passenger
transportation. Logistic villages should be constructed to
establish a good way of industry and trade relation.
Intelligent
Transportation
Systems (ITS)
are
implemented to ensure more efficient and effective use
of transport infrastructure integrated with the improved
security, electronics, communications and information
processing technologies. Road and highway intelligent
transportation systems consist of large-scale traffic
control and management systems, traffic signalling
systems, weather and road conditions and driver
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information systems, large-scale communications
systems in road and highway infrastructure, road and
highway incident management, electronic payment
systems, and passenger information systems.

3.5. Urban services
Smart cities need technological development for
geographical information systems (GIS) [23], city digital
maps, transportation information system, smart
signalling system, smart gauges, information kiosks, high
speed internet infrastructure, wireless internet
infrastructure, 5G GSM technology, intelligent building
architecture, renewable energy, citizens’ address and
population information system, waste management
system, vehicle and infrastructure for the rail system.

3.6. Security issue
In security area, population density and income
disparities in cities lead to an increase in the crime rate.
Timely and appropriate preventive solutions cannot be
produced for increased security problems.

3.7. Health care area
In health area, especially because of the problems
caused in transport, delays may be experienced in
emergency response. Control of epidemics in urban
areas is difficult due to the population density. Urban
life's environmental impact adversely affects public
health.

4. Results
Republic of Turkey Ministry of Development offers
Smart City formation under the following headings:
The reliability of the technology, which requires a
reliability and health in traditional infrastructure;
technology life cycle, in which the evaluation of the
speed of technological change and the key
competencies are needed to understand; existing
platform compatibility, which requires long-term vision
of a common information structure and infrastructure;
and security, which is required for most of the smart city
technologies to collect sensitive data over networks and
channels (for example, images from the camera, city
dwellers, electricity use and control information).
Security issues should be resolved prior to application of
the smart solutions certainly by the city and suppliers.
Citizens, at home, in transportation centres, shopping
malls can easily reach the information by integration of
the mobile application options for all applications as a
requirement for the Smart City Building [24, 25].

Prado et al. [4] stated that presently, there is no fullyfledge smart cities exist. Over 26 global cities are
expected to be smart cities in 2025, with more than 50%
of these smart cities from Europe and North America
[26]. At the moment with the building of these cities
underway in a number of places around the world, smart
city examples abound in both the popular media and in
academic discussions [4].
In the European Union, and in the world, Smart urban
applications are based on eco-technology [7, 19]. Since
1992 European cities launched many projects regarding
the establishment of the smart cities. There are many
examples for smart city projects in the world (see Table
2).
The smart city concept is really a framework for a
specific vision of modern urban development. It
recognizes the growing importance of information and
communication technologies (ICT) as drivers of
economic
competitiveness,
environmental
sustainability, and general livability. The smart cities of
the future will foster economic growth, improve the
lifestyle of citizens, create opportunities for urban
development and renewal, support eco-sustainability
initiatives, improve the political and representative
process, and provide access to advanced financial
services [36].
Some of the most remarkable smart city project
examples around the world are listed in Table 2 are noncomprehensive and are likely to expand as more cities
look to the application of ICT and new technologies as
an integral part of their city functions. While all of them
share the common theme of adopting ICT and new
technologies, the fields of application range broadly
from transportation to environmental monitoring. All of
the projects for the smart cities are in different stages of
development. Some of the cities (e.g. Singapore,
Amsterdam) have already implemented systems that
are currently in use, while the others in a conceptual or
development phase. Most of the cities are reported to
be working with major global technology providers such
as IBM, Siemens or Cisco; while the others have named
local or regional technology providers and research
institutions as partners.
The first application in Turkey was launched for Yalova
city in early 2000, which was conceptually eco-tech
Informatics (IT) Valley project. Informatics Valley project
was later raised for Bursa, Kocaeli, Ankara and other
cities. However, apart from this description, smart city
applications were put into parctice in some of the
districts in Istanbul Municipality. Many municipalities,
such as Fatih and Beyoğlu, use google earth program to
implement three-dimensional images of the street. By
the smart city transformation program, municipalities
initiated management data system and geographical
data system.
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Table 2. Smart city project examples in the world
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Beyoğlu Municipality established the smart city
automation system. Information database constituted
as a base of services for citizens, houses, and streets.
Municipality digitized all paper works along with the
previously issued archives.

to use for smart solutions and consequently for the
transformation of conventional cities into smart cities.
Creating an information society is possible by the
implementation of these smart solutions to every
province in Turkey.

Works regarding the smart cities transformation in
Turkey are in progress. Government of Turkey try to
transform all cities into smart cities using information
and communication technologies in all areas.

Therefore, being smart is not only about harnessing the
best ICT to achieve optimum results of environmental
and social objectives within the cities. It involves careful
organization within and across city agencies and
departments to complement new technologies and to
form sustainable partnerships with technology

The city must determine the rate of greenhouse gas
emissions to prevent climate change and should make
policies for sustainable energy consumption reduction.
The term carbon footprint is the measure of the harm
done to the environment in terms of the amount of
greenhouse gases produced by human activities.
Although the low level of per capita emissions, the
emissions intensity of Turkey ranks 7th in the EU
countries. Whereas Turkey releases carbon dioxide to
obtain a unit of energy equals to the highest value in
Europe. In this case carbon dioxide emission rate of
Turkish industry reveals a high dependency on energy
sources such as fossil fuels. It could adversely affect the
international competitiveness of the state underlined.
Turkey is dependent on foreign fossil fuels. Carbon
reduction projects can contribute to both regional
developments; they reduce dependence on foreign
energy, and as well as bring down unit costs of energy.
With environmental responsibility and regulations to be
adopted by the government, such as the taxes such as
carbon taxes, the use of fossil fuels can be restricted.
These measures will lead to the usage of the increased
level of renewable energy sources and improvement of
the environmental quality. Turkey is a very lucky country
in terms of renewable energy potential.

5. Conclusion
In public services area, the quality of life and local or
central government services in the city have decreased
due to the steep increase in population. Making a proper
definition increases the number of people who want to
live in a smart city. Smart city people will find the
opportunity to benefit from more cultural and tourist
activities. Many financial institutions, trading firms will
begin to take place in this city where the city information
system works perfectly. So smart city will increase the
value of that brand, smart cities, and hence it will be
ahead of the normal city.
Digital, economical, ecological and social smart cities
need
participatory
planning,
infrastructure
development, also, simultaneous contribution of public,
private, non-governmental organizations and citizens,
respectively.
Information
and
communication
technologies (ICT) help governors, urban planners, and
decision makers for collecting temporal and spatial data
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