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Abstract: The present paper provides a comprehensive review
of frameworks for Sustainable and Smart Cities. The key findings
highlight the large gap between the concept of Smart Cities and
Environmental Sustainability. We recommend to improve the
sustainability quotient by incorporating the use of Information
and Communication Technology, thus developing Sustainable
Smart Cities. In India, the stipulated guidelines regarding Smart
Cities have been proposed by Ministry of Urban Development
(MOUD) and 14 environmental indicators have been proposed.
The extensive review of literature and the present guidelines
demands an urgent need of framework for Sustainable Smart
Citiesin India. Moreover, the indicators selected must fulfill the
criteria for smartness and sustainability. The paper concludes by
suggesting a framework comprising of four steps: Indicator
selection, Benchmarking, Assigning weights and development of
Sustainable Smart Cities Environmental Index by the use of
selected indicators. The framework developed in this order
ensures the Sustainable Smart Cities appear attainablein India.

Keywords: Framework, Smart Cities, Sustainable Cities,
Sustainable Smart Cities.

I. INTRODUCTION

Cities are the drivers of growth, economic activity and thus
considered as engine for extensive development. The
mushrooming of class| and class | citiesis the result of the
rapid urbanization in India [1]. The progressive growth in
cities has exerted a sheer pressure for providing devel opment
and environment sustainability. The urban transition through
which Indiais going on can be overcome by transforming the
existing cities into ‘Smart Cities’. Boyd Cohen [2] presented
a wheel model of smart cities (Fig. 1). This frame work
discussed six components of a smart city: Smart mobility
(utilising the benefit of mobile service and clean urban
mobility by meansof ICT), Smart people (inclusion of citizen
creativity and awarenessto develop a sustainable city), Smart
governance (transparency in the government services
provided), Smart environment (improving the deteriorating
climatic conditions by sustainable planning), Smart economy
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(entrepreneur skill and innovation), and, Smart living (being
healthy and safe). This framework attempted to develop a
universal model for all cities and presented a more technical
description of smart city by covering broader range of
spectrum.

Fig. 1. Wheel Model of Smart City [2]

Ministry of Urban Development (MoUD), Government of
India announced Smart Cities Mission (SCM) in June 2015
[3]. Adequate water supply, sanitation including solid waste
management etc. form the coreinfrastructure elements of this
program. The guidelines for preparation of Smart City
Proposal (SCP) along with application of smart solutions
include 14 indicators which relate to environment (Table I).
Before the advent of SCM in India, many initiatives were
taken as a part of city development programs. In the year
2005-06, Jawaharlal Nehru National Urban Renewal Mission
(INNRUM) was commenced for a period of seven years
(2005-2012). The objective of this mission was to upgrade
the urban infrastructure and governance [4]. Inappropriate
urban planning, delay in project implementation, and
leveraging of funds were found as some of the difficultiesin
this initiative. INNRUM was replaced by Atal Mission for
Rejuvenation and Urban Transformation (AMRUT) in 2015
to focus on infrastructure creation. 500 cities were selected to
provide better servicesin the field of water supply, sewerage,
septage, storm water drainage etc. The universal coverage of
indicators are to be ensured in five years of the mission, but
in case of lack of funds, priority will be given to the water
supply followed by the sewerage [5]. Heritage City
Development and Augmentation Yojana (HRIDAY) was
launched in 2017 to develop basic services in heritage cities.
Its implementation will be program based rather than project
based [6]. The programs initiated by Government of India
focuses on delivering infrastructure utilities and services but
had not explored the sustainability quotient [1]. Thus, SCM
can beinline with the vision of sustainability for devel opment
of Sustainable Smart Cities
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Tablel. Environmental Indicatorsin Smart City Mission,
Government of India [3]

1) Waste to energy and fuel

2) Waste to compost

Waste Management | 3) Recycling and reduction of construction and

demolition waste

4)Solid waste management programs carried in
the city during last 3 years

5) Smart meters and Management

6) Leakageidentification

Water Management | 7) Water quaity monitoring

8) Adequate water supply

9) Extent of cost recovery in water supply services

10) Coverage of toilets

Sewer age and 11) Waste water recycling
Sanitation

12) Extent of cost recovery
Storm Water 13) Storm water reuse
Drainage
Pollution 14) Improvement in air quality

II.FRAMEWORKSFOR SUSTAINABLE CITIESAND
SMART CITIES

The sustainable developments from economic, social and
environmental point of view have been seen as an area of
concern in global scenario since long. There is also growing
interest in evaluating the implementation of policies by
various organizations and how well they are satisfying their
area specific objectives and global commitments. Several
frameworks incorporating different set of indicators have
been developed for evauation of sustainability and
formulation of policies by decision makers.

Organisation for Economic Co-operation and Devel opment
(OECD) of European Union in year 2001, came up with a set
of 50 core indicators based on pressure-state-response (PSR)
model to ensure the environmental concern into economic
policies formulation and implementation for various sectors
such as transport, energy and agriculture among the member
countries of OECD [8].The World Bank Environment
Department, in the year 2002, gave project based framework.
The set of indicators in this framework intended to capture
the effect of pressure and change in state to facilitate the
decision-makers. The PSR framework was accordingly
appended with “Impact” as fourth indicator category, thereby
creating a pressure-state-impact-response (PSIR) model.
Further, social and ingtitutional aspects were added as a
driving force indicator. Thus, the final form was modelled as
driving  force-pressure-state-impact-response  (DPSIR)
framework [9].

In 2012, Economist Intelligence Unit (EIU), reported
development of Green city Index, to compare cities
performance, keeping in view the negative effects, such as
traffic congestions, urban settlement, environmental
deterioration, exploitation of resources etc. on account of
urban development. The Green City Index (GCI) includes 30
indicators which were categorized as quantitative indicators
(where the data is obtained from official sources), and
qualitative indicators (which assess the environmenta
policies and commitments of a city for a sustainable
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approach) [10]. Further, in year 2012, Lazaroiu and Roscia

[11] developed methodology for the smart city model which
was based on the six criteria of Boyd Cohen model.
Indicators were selected for each of the criteria, weights were
assigned to each of the indicator and fuzzy logic approach
was applied to access the funds released from European
commission.

In 2013, Urban Sustainability Index (USI) was developed in
China comprising of 16 indicators [12]. These 16 indicators
were sub-divided into five categories. Basic need, Resource
efficiency, Environment Cleanliness, Built Environment and
Commitment to sustainability with appropriate weight and
emphasis were given on society and environment. This index
system ismainly focused on growth level analysisrather than
static analysis.

Government of Mauritius [13] issued environmental
guidelines for smart cities. These guidelines lay down the
environmental criteria, their objectives and the probable
measures for Smart City projects. Joshi et.a in 2016 [14]
developed a model for smart city considering six pillars for
smart city framework: i. Socia ii. Management iii.
Economic, iv. Legal, v. Technology and vi. Sustainability
(SMELTY). In thismodel it is considered that technological,
economy and legal have greater impact on the devel opment
of smart city as compared to sustainability, social and
management. The model is bifurcated in two levels in which
the important components is kept in the inner level (Fig 2).
The framework is mainly focussed on the use of information
and communication technology (ICT) applications in the
defined modul es emphasising the governance and managerial

aspect.

S5 rd

Fig. 2. SMELTSFramework for Smart City Initiative
[14]

Sureshchandra et.al in 2016 [15] assessed the critical factors
for designing the smart cities based on socia survey
outcomes considering mobility, physical factors, innovation
and learning, political, information- communication and
technological factors, environmental, operational and
managerial, socia and economic factors. Town planner,
architect and project managers were asked to suggest the
importance of these factors, using atotal of 66 indicators.
Among environmental factors, eight indicators were ranked
in following order: 1. Recycling of used resources, 2.
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Sustainable resource management, 3. Environmental
protection, 4. Consumption of energy from renewable
sources, 5. Quality of resources, 6. Availability of Natural
resources, 7. Greenhouse gas emission, and 8. Biodiversity.
Based on ISO 37120, Bureau of Indian Standard (BIS)
developed Smart Cities-Indicators, ICS 13.020.20. The
indicators were divided into core indicators (the essential
criteria reguired for city) and supporting indicators
(representing the best practicesimplemented in the city) [16].
Indian School of Business developed Smart Cities Index
(SCl) for evaluating cities [17]. The approach gives a
framework for ranking of cities and calculation of Smart City
Index. For easier understanding, a three level hierarchy was
created with characteristic at the top level, factor at the
middle level and indicators at the lowest level. Among six
characteristics of smart cities considered at top level,
environmental parameters were included in two
characteristics: Living as well as Environment. Water supply
(Access to water supply, and Adeguacy of water supply),
Solid waste (Access to solid waste collection), Drainage
(Coverage of storm water drains, Quality of storm water
drainage facilities), Sewerage (Access to sewerage network,
Sanitation (Access to household sanitation and Access to
public sanitation) were considered as factors (and indicators)
under Living Characteristics of a smart city. Air Pollution
(PM2.5 concentration), Noise Pollution (L-EQ-Levels) and
Sustainability (Sewage recycling, Solid waste recycling and
Use of renewable energy) were considered as factors (and
respective indicators) under Environment characteristics.
Bosch et.al in 2017 [18] developed City Key Indicators for
smart city projects and smart cities. Thisindex compares the
impact before and after the implementation of Smart City
Project. Scores are provided to the indicators on the basis of
the improvement made. These improvement scores are
calculated for each indicator by different methods such as
likert scale, normalisation etc. Ministry of Urban
Development, Government of India developed Liveability
standards[19] in 2017. A total of 79 indicatorsweretaken, 57
core and 22 supporting, divided into 15 categories. Weights
were accorded to category index depending upon the four
pillars of development, viz. physical, ingtitutional, social and
economic. Liveability Standards include environmenta
indicators such as assured water supply, waste water
management, solid waste management, noise pollution,
pollution of surface water bodies etc. The comparison shows
that most of the environmental indicators which define the
Smart Cities and Liveable Cities intersect each other.

[11.RESULTSOF THE THEMATIC ANALYSIS

An overview of literature indicated that various frameworks
and set of indicators developed have different scope of
operations. Table Il summarizes the number of
environmental indicators considered in various frameworks
of Sustainable Cities and Smart Cities. It givesaclear picture
that Sustainable Cities focuses on environmenta indicators.
The framework of Sustainable Cities has given the priority to
environmental indicators more than 50% (Table I1), while the
framework given for Smart Cities gives priority to ICT and
modern technological solutions. The weak connection
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between Smart Cities and environmental sustainability urges
to reconstruct the framework for Smart Cities.

Tanguay [12] gave avenn diagram (Fig. 3) which depictsthe
necessary integration of the three fundamental elements of
sustainability: environmental, social and economic aspects.
From the venn diagram it can be seen that the sustainability
can only happen in the overlap, which is the core area of the
three fundamental elements. However, Adams, in 2006 [20]
emphasised on the expansion of environmental elementsin
order to match the size of the other two circles to move Smart
Cities towards Sustainable development. The intersection of
criteria of liveability, sustainability and Smart Cities
motivate us to move towards development of Sustainable
Smart Cities.

Tablell. Environmental indicatorsin Sustainable and
Smart Cities Framework
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SUSTAINABLE CITIES
Reference Total No No of Environmental %
of Indicators contribution of
Indicators Environmental
Indicators
Organisation 50 core All theindicators 100%
for Economic | indicators. | related to integration of
Co-Operation Transportation
and agriculture
Development energy-environment).10
[8] key environmental
indicatorsrelated to air,
water and natural
resources.
World Bank 9 8 88%
Environment
Department
(WBED) [9]
Green City 30 19 63.33%
Index (GCl)
[10]
Urban 16 10 62.5%
Sustainability
Index (US)
[12]
SMART CITIES
Smart cities 33 4 12.12%
model [11]
Environmental 26 7 26.92%
Guideline For
Smart Cities
[13]
Assessment of 66 8 12.12%
critica
success factors
for Smart
Cities[15]
Smart Cities 93 28 30.10%
Indicators [16]
Smart Cities 58 13 22.41%
Index: A tool
for
Evaluating
Cities[17]
CITY keys 100 10 10%
indicators for
smart city
projects and
smart cities
[18]
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Liveability 79 19
standardsin
Cities[19]

24.05%

ECONOMIC
DEVELOPMENT

SUSTAINABLE
DEVELOPMEN
LIVEABLE
WORLD

ENVIRONMENTAL
RESPONSIBILITY

Fig.3. Standard Dimensions of Sustainable Development
[12]

V. PROPOSED METHODOLOGY FOR
SUSTAINABLE SMART CITIESENVIRONMENTAL
INDEX

The overview of literature indicates that significant
development has been taken place in the direction of Smart
Cities and Sustainable Cities separately. The review shows
that there is ambiguity vis to vis intermixing/overlap of
indicators which envelop a complexity and confusion to
decision makers. Moreover, no study has been conducted for
Smart Cities in context to the Environmental Sustainability.
As the framework developed till now did not use a holistic
approach, aframework has been suggested, which will add an
additional depth to the research of Sustainable Smart Cities.

The foremost step towards developing a framework for
Sustainable Smart Cities is to select appropriate indicators.
The indicators selected must be reliable, able to measure
sustainability and smartness quotient, convey clear picture
and should abide the criteriagiven by Governmental agencies
[21]. Based on the indicators given by Smart Cities Mission
[3] it can be selected for five broad environmental
dimensions. Solid Waste Management (SWM), Water
Supply Management (WSM), Sewerage and Sanitation
(SAS), Storm Water Drainage (SWD) and Ambient
Environment Conditions (AEC). After, selecting indicators
benchmarking should be done for each indicator which will
reflect the performance level of theindicators. It will not only
help in the monitoring and comparing the cities performance
but also serve as a guiding element for investing the fund in
the targeted indicator in which the city has performed poor.
As the selected indicators do not carry equal importance,
hence weights should be assigned according to relative
importance. After assigning weights, the data collected for
each indicator, must be multiplied as per equation 1,and then
summed up to obtain the value of environmental factors (EF).
The last step is to develop a Sustainable Smart Cities
Environmental Index (SSCEI), by the help of selected
indicators on arelative scale of 0 to 100. SSCEI is calculated
by summing up the values of all the environmental factors
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(EF) as shown in equation 2. It will serve as a unidirectional
scaleto assessthe quality of life and help the policy makersto
draft the action plan for improvement towards Sustainable
Smart Cities.

EF=2, Wi= Xi

(1)
Wi=Weight of i"" indicator; Xi= Data available for the
individual indicators in the scale of 0 to 1; n= number of

indicators used for calculating EF; 21—, Wi=1

SSCEI=X (SWM + WSM + SAS + SWD+ AEC) Q)

Sustainable Smart Cities Environmental Index (SSCEI)
developed will guide the investments and monitor the
progressive environmental development of cities under
Smart Cities Mission (SCM) in India

V. CONCLUSIONS

This paper generated a new insight on the weak connection
between Smart Cities and environmental sustainability
through the findings of comprehensive literature review
focussing on the available frameworks for Sustainable and
Smart Cities. According to Ahvenniemi [22] ‘a city that is not
sustainable is not really smart’. Hence, priority should be
given to develop “Sustainable Smart Cities”. In this direction
a framework has been suggested that in turn will help in
strategic planning for investing the funds, and implement the
action plan for development, keeping in view the coherent
vision of developing Sustainable Smart Citiesin India.
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