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communities, government authority, and non-governmental bodies, be enhanced and duly coordinated.

Chapter 6

Living Labs and Urban Smartness: The Experimental Nature of Emerging Governance Models....... 98
Grazia Concilio, Politecnico di Milano, Italy
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Urban Living Labs are socio-digital innovation environments in realistic city life conditions based on
multi-stakeholder partnerships that effectively involve citizens in the co-creation and co-production of
new or reformed public services and infrastructures. This chapter explores the growing phenomenon of
Urban Living Labs and analyses the nature of related innovations in the perspective of ‘City Smartness’
—amantra for local governments worldwide which are having to address increasingly complex problems
with fast diminishing financial resources. It goes on to briefly overview the urban governance models
emerging in such environments and finally focuses on the challenges posed by these models as result of
integration between the ‘technology push’ Smart City vision and the ‘human pull’ Urban Living Lab
concept and approach.

Section 3
Smart Cities at the Crossroad among Energy, Mobility and ICT

Chapter 7

Multi-Scale, Multi-Dimensional Modelling of Future Energy Systems........cccceevvveerieenrieennieennieeene. 113
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This chapter provides a discussion of current multi-scale energy systems expressed by a multitude of
data and simulation models, and how these modelling approaches can be (re)designed or combined
to improve the representation of such system. It aims to address the knowledge gap in energy system
modelling in order to better understand its existing and future challenges. The frontiers between operational
algorithms embedded in hardware and modelling control strategies are becoming fuzzier: therefore the
paradigm of modelling intelligent urban energy systems for the future has to be constantly evolving.
The chapter concludes on the need to build a holistic, multi-dimensional and multi-scale framework
in order to address tomorrow’s urban energy challenges. Advances in multi-scale methods applied to
material science, chemistry, fluid dynamics, and biology have not been transferred to the full extend to
power system engineering. New tools are therefore necessary to describe dynamics of coupled energy
systems with optimal control.
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This chapter describes ICT solutions for planning, maintaining and assessing urban energy systems. There
is no single urban energy system, but — like the city itself — a system of sub-systems with different scales,
spatially ranging from buildings to blocks, districts and to the city, temporally ranging from real time data
to hourly, daily, monthly and finally annual totals. ICT support must consider these different sub-systems
which makes necessary dividing the chapter into different sections. The chapter starts with framework
conditions and general requirements for ICT solutions, and continues discussing urban development
simulating models. Then decision support tools are described for energy supply and demand as well as
forenergy efficiency improvement assessment. Later further instruments for Smart Grid-, district heating-
and cooling-planning, as well as demand side management are addressed. In the final section tools are
discussed for building automation systems as smallest physical entity within the urban energy system.

Chapter 9

Electronic and ICT Solutions for Smart Buildings and Urban Areas.........ccccecceeveveercieensieeecieeeneeenne. 165
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Nowadays, residential hybrid energy systems are moving from being a pure theoretical exercise to real
applications for new urban areas. The growing interest related to the needs of reducing pollution, the
phasing out of fossil fuel resources and the need to safeguard the environment, have led to a large number
of studies and solutions to reduce fuel consumption and to manage energy sources in a better way, leading
to an innovative concept of the city where smart infrastructures are in place. In this chapter we introduce
the concept of hybrid energy systems, namely buildings that can exploit both renewable energy sources
and the grid. On top of it, a system manager schedules the usage of electrical appliances to minimize the
electricity bill while providing peak shaving and load balancing services to utilities and service providers.

Chapter 10
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Promiti Dutta, Columbia University, USA
Albert Boulanger, Columbia University, USA
Roger Anderson, Columbia University, USA
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Vehicles, both personal and commercial, have become ubiquitous forms of transportation in the developed
world. The auto industry is amidst a technological transformation in identifying alternative sources of
energy to power vehicles due to two driving forces: environmental pollution prevention and depletion



of fuel resources. This driver for developing “smarter” solutions to create a “smarter planet” is crucial
to advancing the science behind electric vehicles (EVs). EVs have been in existence since the mid-19th
century, and electric locomotion has been the commonplace in many other vehicle types such as trains.
The focus of this chapter is to discuss the feasibility of EVs in smart cities. In particular, the chapter
explores the types of EVs, advantages and challenges faced by EVs to penetrate the market, and to
outline state-of-the-art research and technologies that are driving the creation of newer and better EVs
for adoption in the smart cities of tomorrow.

Chapter 11
New Transportation Systems fOr SMArt CItieS........ccuevtiriierierieeieeie ettt sttt 213
Christos G. Cassandras, Boston University, USA

Poor traffic management in urban environments is responsible for congestion, unnecessary fuel consumption
and pollution. Based on new wireless sensor networks and the advent of battery-powered vehicles, this
chapter describes three new systems that affect transportation in Smart Cities. First, a Smart Parking
system which assigns and reserves an optimal parking space based on the driver’s cost function, combining
proximity to destination and parking cost. Second, a system to optimally allocate electric vehicles to
charging stations and reserve spaces for them. Finally, we address the traffic light control problem by
viewing the operation of an intersection as a stochastic hybrid system. Using Infinitesimal Perturbation
Analysis (IPA), we derive on-line gradient estimates of a cost metric with respect to the controllable
green and red cycle lengths and iteratively adjust light cycle lengths to improve (and possibly optimize)
performance, as well as adapt to changing traffic conditions.

Chapter 12
Smart, Sustainable, and Safe Urban Transportation Systems: Recent Developments in the Asia-
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Hoong-Chor Chin, National University of Singapore, Singapore
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One of the fastest growing areas in the world is the Asia-Pacific region. With anticipated acceleration in
motorization and potentially-damaging unplanned urban sprawl, the region will be threatened by problems
of traffic congestion, pollution and road hazards. Several countries in the region have taken a variety of
proactive measures to ensure that the urban transportation systems are designed and operated in a smart,
sustainable and safe manner. This chapter identifies the policies and practices in South Korea, Japan,
China, Taiwan, Singapore and Australia, and seeks to draw lessons from these on how transportation
schemes can be implemented elsewhere in Asia.
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Smart cities are envisioned to enable a vast amount of services in urban environments, so as to improve
mobility, health, resource management, and, generally speaking, citizens’ quality of life. Most of these
services rely on pervasive, seamless and real-time access to information by users on the move, as well
as on continuous exchanges of data among millions of devices deployed throughout the urban surface. It
is thus clear that communication networks will be the key to enabling smart city solutions, by providing
their core supportinfrastructure. In particular, wireless technologies will represent the main tool leveraged
by such an infrastructure, as they allow device mobility and do not have the deployment constraints of
wired architectures. In this Chapter, we present different wireless access networks intended to empower
future smart cities, and discuss their features, complementarity and interoperability.

Chapter 14
Community Mesh Networks: Citizens’ Participation in the Deployment of Smart Cities.................. 298
Primavera De Filippi, Université Paris II, France & Harvard, USA

Smart cities embed information and communication technologies (ICT) to create interactive milieus that
constitute a bridge between the physical and the digital world. In their attempt to improve citizens’ quality
of life through a more efficient use and sustainability of resources, smart cities might, however, also raise
important concerns as regards the privacy and confidentiality of personal data flows. Insofar as the design
of a city’s telecommunication infrastructure is likely to affect the nature of social dynamics and human
interactions, it should, ideally, be achieved through a coordinated, citizen-centric approach combining
integrated ICTs with active citizen participation and intelligent physical, digital and informational resource
management. This chapter analyzes the case of community mesh networks as an example of grassroots
decentralized communication infrastructures, whose architecture design has important implications for
the deployment and configuration of smart cities.
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The widespread availability of smartphones with on-board sensors has recently enabled the possibility
of harvesting large quantities of monitoring data in urban areas, thus enabling so-called crowdsensing
solutions, which make it possible to achieve very large-scale and fine-grained sensing by exploiting all
personal resources and mobile activities in Smart Cities. In fact, the information gathered from people,
systems, and things, including both social and technical data, is one of the most valuable resources
available to a city’s stakeholders, but its huge volume makes its integration and processing, especially
in a real-time and scalable manner, very difficult. This chapter presents and discusses currently available
crowdsensing and participatory solutions. After presenting the current state-of-the-art crowdsensing
management infrastructures, by carefully considering the related and primary design guidelines/choices
and implementation issues/opportunities, it provides an in-depth presentation of the related work in the
field. Moreover, it presents some novel experimental results collected in the ParticipAct Crowdsensing
Living Lab testbed, an ongoing experiment at the University of Bologna that involves 150 students for
one year in a very large-scale crowdsensing campaign.

Chapter 16
Visualising Data for SIart CIties ......c..coereeriirerirrieniinieeteent ettt sttt ee et eaenees 339
Michael Batty, University College London, UK
Andrew Hudson-Smith, University College London, UK
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This chapter introduces a range of analytics being used to understand the smart city, which depends
on data that can primarily be understood using new kinds of scientific visualisation. We focus on short
term routine functions that take place in cities which are being rapidly automated through various kinds
of sensors, embedded into the physical fabric of the city itself or being accessed from mobile devices.
We first outline a concept of the smart city, arguing that there is a major distinction between the ways
in which technologies are being used to look at the short and long terms structure of cities, and we then
focus on the shorter term, first examining the immediate visualisation of data through dashboards, then
examining data infrastructures such as map portals, and finally introducing new ways of visualising social
media which enable us to elicit the power of the crowd in providing and supplying data. We conclude
with a brief focus on how new urban analytics is emerging to make sense of these developments.

Chapter 17

From the Smart City to the People-Friendly City: Usability of Tools and Data in Urban
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This chapter addresses the smart city concept as a first step towards the formulation of a new socially-
improved urban concept which may be defined as that of the “people-friendly city”. This new task
involves the employment of IT tools, but using new methods and pursuing different goals other than
mere numerical information. In terms of the urban environment, this means that cities should be designed
for people, and planning practitioners should be able to understand citizens’ needs, communicate with
them and involve them in a collaborative process. Therefore, an overview of the implications of smart
cities for urban planning is followed by a more detailed analysis of Planning Support Systems (PSS)
as innovative tools for enhancing the process of delivering a more inclusive and people-friendly urban
environment. The lessons learnt from the application of the PSS tool is then illustrated in order to define
the potentialities and key points for the development of similar tools.
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This chapter presents the social innovation project “TrafficO2”, a support system for decision-making in
the field of transportation that tries to push commuters towards more sustainable mobility by providing
concrete incentives for each responsible choice. After focusing on Palermo, Italy, the context of this
case study, this chapter provides a detailed description of the TrafficO2 model. Specifically, the chapter
deals with the analysis of a selected sample of users among Palermo University students who commute
daily to their respective University departments on campus. Starting from the modal split of the actual
situation (Status Quo scenario), another behavior scenario (Do your right mix) is designed and promoted
to encourage users to create a better mix of existing mobility means and reduce the use of private vehicles
powered by combustibles. The first test that was performed confirmed the reliability of the initiative.

Section 5
Funding Smart Cities
Chapter 19
Energy Investment in Smart Cities Unlocking Financial Instruments in Europe ..........cccccccceeveennene. 408

Francesca Romana Medda, University College London, UK
Candace Partridge, University College London, UK
Gianni Carbonaro, European Investment Bank, Luxembourg

The intense pressures being brought to bear by the increasing diversity in European urban development
patterns call for innovative funding mechanisms to promote smart sustainable urban development, most
notably in the energy sector. Currently in Europe, various policy initiatives support sustainable urban
development through financial engineering mechanisms operating at municipal and regional scales.
The objective of this chapter is to review the main financial mechanisms focusing on energy, and in
particular on urban investments committed to a highly energy-efficient, and low carbon, economy. Within
this framework we assert that, in order to achieve the EU sustainable urban development outcomes,
specific European financial instruments will need to be considered as viable key investment options. The
structure and operational features of European Financial Instruments are explored here in the case of
the Urban Development Fund implemented in London. We also discuss the importance of ESCOs and
crowdfunding as essential funding sources for community energy projects, and suggest that European
policy should recognise their importance.
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This paper presents a research agenda focusing on the role of smart, socially inclusive, sustainable cities
in furthering the balanced, equitable development of the European economy. In order for cities to play
this role it is necessary to start from a vision of the city as a system of interlinked assets, and from the
need to manage these assets in a sustainable way using a methodology broadly based on the principles
of corporate finance. This research agenda aims to span areas of expertise and policy dimensions that
are often fragmented, in order to lead to improved diagnostics and strategic investing. In Europe, this
vision of the city and of the urban management process will enable better bottom-up policy delivery,
and address the challenges facing the European economy by facilitating the adaptation of European
city systems to diverging spatial growth patterns, youth unemployment, ageing populations, migration
patterns, and increasingly sharp financial divergences among different territorial systems.
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Foreword

When associated for instance to a card, the adjective “smart” doubtlessly assumes the meaning of “intel-
ligent”. But, if it is used to identify the character of a City - an animated and sensible body - the same
adjective discloses a range of qualifying traits, and the city appears at the same time intelligent, dynamic,
enjoyable, culturally open, friendly and sustainable. If adopted, this wide interpretation raises a number
of potential questions about the Smart and Sustainable City perspective.

For instance: what kind of reflections is this perspective casting in an urban context? Does a Smart
City only address the ways the energy is produced, distributed and used or, in a wider sense, does it offer
a new framework to deal with the challenges the urban communities are facing? Is it worth venturing
forward with the ambitious plan of creating a City which is at the same time smart, sustainable and so-
cially inclusive? What are the issues to be faced and resolved in the narrow time span the environmental
conditions are prescribing?

These are just some of the questions the wide Smart City concept raises. On the whole, they are sig-
nificantly enlarging the energy and sustainability-driven objectives launched in the Strategic Energy Plan
adopted in 2010 by the European Commission. On the other hand, the experience gained in these last
years has revealed that a purely fechnical and economic approach to the Smart City is doomed to failure
if social processes and personal attitudes are not considered as fundamental variables of the changes the
Smart City perspective is aiming at.

Inevitably, the wide Smart City view opens up a comprehensive spectrum of new and interdependent
problems of a multidisciplinary character and extends the horizon over which the City growth strategies
are defined. And its ambitious objectives may raise some first-impact opposition in society due to the
radical discontinuities they are suggesting. This view is in fact challenging the energy consumption and
generation models, urban mobility schemes, service processes, goods production mechanisms, citizens’
ways of sharing resources and even the community’s habits. But the urgent need for these transforma-
tions, together with the advantages they produce for the benefit of present and future generations, is
now fully understood in industrially-advanced societies and they are rapidly affecting the growth traits
of developing countries. As such, the smart and sustainable perspective of our cities is fully ingrained
in the fundamental questions of our age.

The strategic vision that should inspire the City’s development in the smart and sustainable per-
spective is a dynamic representation of the urban system with a long-term horizon. The representation
is backwards, inspiring present choices, and in the opposite direction it is absorbing the new signals
deriving from technological, economic and social advances.



Foreword

The economy of sustainability reflects this model: the changes adopted today are inspired by the
perspective emerging from the interactions of the social dynamics, namely research, industrial, political
and societal processes (triple helix). At the same time these changes create new knowledge (both coded
and tacit knowledge) which contributes in turn to the continuous updating of the future perspective. It
is through the disposition of society to build-up its future that the urban community is playing an active
role in the development process. So, the construction of smart and sustainable conditions for our cities
should be inspired much more by the question: what do we want to realise for the society of the future
and how? rather than adopting the more conventional argument: let’s try to foresee where the actual
trends will take us so we can be ready to react accordingly.

This view does not constrain society to a unique approach on how the new conditions can be realised
and, at the same time, it revives a positive attitude and gives rise to a latent desire for participation and
awareness in an epoch which is densely populated by uncertainty and alienation.

Looking at the smart and sustainable city through the watermark of this tangle of complex problems
may discourage even the most inspired people. On the other hand, the plausible vision of such a desirable
city should catalyse the best capacities and the most creative spirits to pledge intelligence and social
sensibility to create a safe and enjoyable future for the present and coming generations. This was the
firm belief that inspired the book editors and the scientific committee when choosing the chapters and
in arranging them in a way that makes the contributions readable as components of a single conceptual
framework. But the most valuable constituent of the book was the authoritativeness of the authors and
their willingness to follow the agreed scheme. In doing so, the authors cover such a wide spectrum of
skills and sensibilities that it is fair to say that a significant portion of the Smart City issues one can
imagine have been considered and analysed from a variety of standpoints.

The geographical distribution of the authors adds further value to this collection: the different views
and proposals reflect a variety of urban characteristics and interdependencies. This certifies that the
Smart City puzzle is far from accepting a single solution and confirms the faculty of local communities
to find their own path to sustainability, in contrast to the mental uniformity the globalised economy is
generating in several circumstances.

The contributions the book gathers include both methodological aspects and proposals for specific
solutions. The breadth and the richness of the arguments deserves some effort to recover a comprehensive
view of them, a sort of collection of hints with some remarks gluing them in a consistent figure (one
among the many possible).

Indubitably, Smart City is explicitly or implicitly viewed as an unrepeatable opportunity to re-define
the character and the growing mechanisms of urban agglomerations, the places where the greatest con-
centration of human communities live. The use of the adjective unrepeatable makes sense since it recalls
the urgency of the environmental issues and social criticalities in (or generated by) urban concentrations.
All together, they constitute the collection of interdependent challenges and corresponding objectives
that form the vision of the future City. This vision, with the peculiar characteristics of the City it refers
to, has to be conceived (and continuously re-defined) as the horizon the City-innovation actions must
address. In this sense, the improvement of citizens’ quality of life and the low-carbon character of the new
status represent the strategic objectives, and the composite metrics measuring the level of improvement
they have reached deserve careful analysis. The composite nature of each objective lies in the series of
interlaced factors playing a role in its achievement. For instance, reducing the energy footprint of heating
in buildings means adopting construction methods or advanced temperature control mechanisms that
create new jobs: a fundamental contribution to social wellbeing.
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But the way these objectives are reached also forms part of the vision. In other words, the method
used to make societal transformations is in its turn fundamental because urban smartness is growing by
doing and the way the relevant actions are performed is a key education factor for the social body. So,
the actions should not only adopt an opportunistic approach to the final objective, but guarantee that they
offer a real opportunity to create widespread knowledge and consciousness, to increase the participation
level and the sense of commonality. This methodological approach may lead to the natural rise of new
forms of communities, based on a renewed interpretation of the common goods concept. The emergence
of the Energy communities is a good example of how the way adopted to build a low carbon society may
create unexplored forms of socialisation.

The adoption of a common and transparent vision and the assumption that this vision must inspire
the innovation choices on the way to smartness raises some important questions about the governance of
the overall urban transformation. The social community must adopt a planning and a continuous mea-
surement approach in defining and managing the multiplicity of actions to be set-up. The plans should
identify the most effective sequence of changes by considering the nature of the systems to be modified,
the environmental priorities and the economic constraints. The form of any kind of change (e.g. gradual
or discontinuous; technology or process- driven; acting on the demand or on the supply side) must be
identified through a sensitivity analysis able to anticipate its potential impact and to identify the key
factors affecting its effectiveness. This exercise also highlights the type of regulatory tools and policies
that can produce the expected achievements. The praxis of measurement is essential to certify the effect
of any change, to verify the economic sustainability and the social acceptability of the involved urban
transformations and to re-direct the future plans.

Urban plans and the continuous measurements of the effects suggest that quite an active role has to
be taken by the Public Authority in the Smart City adventure. This role is not only necessary in terms
of guaranteeing public benefits but also in terms of the intangible and direct knowledge of the societal
processes to be governed and transformed in the spirit of Smart City. The active presence of the Public
Authority must enable the transformations to take place without threatening the autonomy of the busi-
ness forces.

The planning and measurement approach implies an extensive use of urban modelling and represen-
tation based on the abstraction of the complex processes under analysis: an unexplored opportunity for
interdisciplinary research, interweaving different disciplines like social science, economics and engi-
neering under common objectives. For instance, the financial solutions suited for the business models
enabled by technological and process-driven discontinuities may directly involve the citizens’ willingness
to participate through mechanisms like crowd funding.

So, the vision and a new strategic approach are expected to drive the way to smartness. But what are
the objects and the processes on which the actions will hopefully take place? Here the range of possibilities
and the interdependencies are even wider. The basic and enabling tools to make these actions possible
are Information and Communication Technologies. Thanks to their generic character, these techniques
have a large spectrum of possible applications and a high propensity to be re-used to resolve a number
of different problems. The power of these techniques lies first of all in the networking and interaction
capability among humans and machines in any combination, even though their control is lying in any
case under the human intentionality. Another important role ICTs play is to bridge the gap between the
real and the virtual words in the many cases where a process or part thereof must be modelled in order
to generalise a function or project the effects of an action in a situation to come. A good example is the
dimensioning of local electricity grids in presence of a high penetration of electric vehicles, where the
re-charging demand has to be estimated in order to design the grid capacity and the control requirements.
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An integrated view of urban life can offer great advantages, due to the possibility of sharing the im-
mense amount of data that are in principle available in a highly digitalised environment (e.g. through
mobile phones, monitoring networks and embedded processing capabilities). In most cases these data are
generated for a very specific reason and making them open to different uses (after appropriate process-
ing) can generate new knowledge and disclose a number of application capabilities that are difficult to
understand a priori. The Smart City perspective then nurtures the paradigm of big data as a common
good for society. If the individual citizen agrees to share their (anonymous) data while using a public
service, then they contribute to enriching the common knowledge which, in turn, makes the public
service more accurate and attractive, favouring, cyclically, further knowledge creation. Mobility in an
urban environment and traffic management issues reflect this concept: mobile devices and the vehicles
themselves produce a lot of data for their own functionality, and the same data, when suitably processed,
can improve mobility performance and produce more powerful ways to manage mobility itself.

In the second half of the last century, the consciousness of the Limits of growth (Club of Rome)
started to flourish significantly and was strongly supported by the parallel growth of philosophical at-
tention to a new form of responsibility the human being must develop towards other forms of life and
future generations (Hans Jonas).

A wide elaboration has been developed since and the culture of sustainability has hopefully grown
significantly in the last few decades, also because we are progressively experiencing the distressing evi-
dence of the unwise use of natural resources (see, for instance, desertification and the pace of destructive
weather phenomena).

Despite its unavoidable incompleteness, this book is an attempt to demonstrate, through a variety of
examples and arguments, how a wider concept of sustainability can be achieved at urban level thanks
to a multiplicity of actions and sensibilities that can be set up and mature in the framework of a smart
and sustainable city.

Giovanni Colombo
Istituto Superiore Mario Boella, Italy
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Preface

The urban population has surpassed the rural population in the world and is expected to increase dra-
matically in the coming years to the point that by 2050, almost 70% of the world population will live in
cities. Many of the cities around the world will become megacities with more than 10 million inhabitants.

The issues related to the growth of the urban population are among the most important challenges of
our time. The bulk of energy consumption and carbon emissions occur in urban areas. This implies that
cities are the first place where the innovations which must guide us towards a new model of sustainable
development, i.e. a “development that meets the needs of the present without compromising the ability
of future generations to meet their own needs” (World Commission on Environment and Development
[WCEDY], 1987), should be experimented. For us this is the key meaning of urban “smartness”.

Sustainable development is not possible without taking social, economic and environmental issues
into account at the same time. A sustainable economy enables cities to make the long-term investments
necessary to build and maintain adequate infrastructure, to provide effective services, to develop an open
social environment for its citizens and to foster and support business activities, without compromising
the natural environment.

The main issue is not only reducing waste, consuming less energy and non-renewable resources, but
designing and managing cities so that all the processes that take place inside them become fully sustain-
able from a social, economic and environmental point of view.

All the actions at the basis of urban development really succeed when they also support the capability
of citizens to create healthy and livable communities. Socially sustainable cities provide equitable op-
portunities for all, promote and encourage diversity, and foster opportunities to meet and exchange and
provide open and participatory governance while ensuring that basic needs are meet and guaranteeing a
good quality of life. This social dimension reminds us that sustainable growth is not possible without the
engagement of citizens, their awareness of the importance of sustainable behavior and their willingness
to play an active role in this change.

The Smart City concept addresses the issues of urban development with the emphasis on social, eco-
nomic and environmental sustainability, i.e. triple sustainability. Fulfilling the objective of being smart
is a long journey and it can only be reached if all stakeholders, i.e. government, industry, academia and
citizens, work together in the same direction.

Information and Communication Technologies (ICTs) are an enabling factor of a Smart City. Looking
at the city as a complex system, ICTs simplify the management of complexity and allow us to approach
sustainable development in an integrated fashion. ICTs allow us to measure and analyze complex phe-
nomena and facilitate short and long-term planning and decision-making in real time. However ICTs are
not the sole ingredient of a Smart City; in fact, great importance is placed on human capital which, due
to its access to information and communications, can contribute to the development process.
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This book was conceived to foster the urban sustainability culture, helping readers to understand this
articulated concept with a strongly interdisciplinary approach. Unlike other books organized around the
application domains, this book addresses the theme with a focus on the role of the different ingredients
that constitute a Smart City: the role of citizens, the role of governance, the role of ICTs, the importance
of urban data and of the technologies that can support decision-making, and the crucial role of finance,
which can transform the decisions into reality.

The Section “Smart and Sustainable Cities” introduces the concept of Smart Cities and their sustain-
ability objective.

In Chapter 1, Sekhar & Ramita Kondepudi provide an insight into what is meant by a Smart City and
the underlying factors that make a city smart. The authors answer the question of “what constitutes a
smart city” by presenting a multi-faceted approach including a detailed analysis of classical definitions,
attributes, industry viewpoints and efforts by standard developing organizations. The approach estab-
lishes a common theme which allows the authors to conclude by proposing a comprehensive definition
of Smart City which attempts to incorporate as many of the different aspects as possible.

Leveraging on the idea that cities are smarter when government, industry and universities work to-
gether (i.e. the triple helix model of knowledge production), Mark Deakin studies smart cities in Chapter
2, not as the emergent technologies of economic transactions, but in terms of civil society’s support for
the integration of Web2.0-based information and communication platforms in their regional innovation
systems. This reveals that no matter how technologically-advanced such an internet-driven reinvention
of cities may appear, being smart is something which reaches beyond this. Beyond this and towards
policies, leadership qualities and corporate strategies that not only serve the knowledge economy, but
which are also smart in allowing cities to cultivate the creativity of the internet as the information and
communication technologies of regional innovation systems.

The concepts of sustainable development and the smart city addressed by previous authors have been
quite fashionable in the policy arena in recent years. A review of the literature in the field highlights
several areas of interest and a number of important dimensions to the concept of the smart city, but also
a lack of appropriate metrics, methodologies and tools with which both experts and policy makers can
evaluate the performance of sustainable cities. The measurement of urban performance is one of the
important ways in which one can assess the complexity of urban change and judge which projects and
solutions have been successful or not. Therefore, in Chapter 3 Patrizia Lombardi & Silvia Giordano
introduce a new system for measuring urban performance. This system is the result of two years of joint
cooperation between the authors and the International Initiative for a Sustainable Built Environment
(iiSBE) members group, and is based on previous research findings in the field of evaluation systems
for the sustainable built environment. The new approach is useful for evaluating smart and sustainable
urban redevelopment planning solutions as it is based on benchmarking approaches and multi-scalar
quantitative performance indicators (KPIs), from individual building level to city level.

The Section “Smart Citizens and Governance” addresses the importance of the active role of citizens
as well as the fundamental role of governance in fostering and driving smart and sustainable behavior.

Although Smart Cities are based on ICTs, people, with their knowledge, habits, experiences, culture
and behavior, remain at the heart of concerns. In Chapter 4 Elsa Negre & Camille Rosenthal-Sabroux
address the knowledge brought by citizens as a key factor that can contribute towards improving the
smartness of cities. The discussion focuses on the centrality of citizens, the ICTs as a tool for divulging
and retrieving knowledge, and the environment, or rather, cities in constant evolution where ICTs and
people are nested.
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Just as the concept of Smart City is not the same around the world, the series of steps by which cities
become more livable and resilient, hence smart, are also not the same everywhere. In Chapter 5, Tebarek
Lika & Gebrye Kefelew cite the case of the development and management of cooperative housing green
areas and street trees in Addis Ababa, Ethiopia, to highlight how a lack of awareness on the part of the
citizens and government, together with limited institutional capacities, a lack of coordination among
stakeholders and the lack of clear ownership and enforcement mechanisms, are serious problems that
affect the ability of cities to meet their objective of being smart.

Urban Living Labs are socio-digital innovation environments in realistic city life conditions based on
multi-stakeholder partnerships that effectively involve citizens in the co-creation and co-production of
new or reformed public services and infrastructures. Grazia Concilio & Francesco Molinari, in Chapter
6, explore the growing phenomenon of Urban Living Labs and analyze the nature of related innovations
in terms of “City Smartness” — a mantra for local governments worldwide which are having to address
increasingly complex problems with fast-diminishing financial resources. The authors go on to briefly
overview the urban governance models emerging in such environments and finally focus on the challenges
posed by these models as a result of the integration between the “technology push” (i.e. the Smart City
vision) and “human pull” (i.e. the Urban Living Lab concept and approach). Many cities worldwide are
developing their Smart Agendas; some of them are using significant resources to implement technological
solutions for innovative community services. Despite this global “fever”, the authors remain skeptical
that interpreting the concept of urban smartness in a way that is technology-driven rather than human-
driven may allow us to grasp the full potential of the dimension of Urban Smartness.

The Section “Smart Cities at the Crossroad among Energy, Mobility and ICT”’ focuses on the role
of ICTs as enablers of smartness in specific application domains.

Starting with the Energy domain, Catalina Spataru et al., in Chapter 7, provide a discussion on how
current multi-scale energy systems are expressed by a multitude of data and simulation models, and
how these modelling approaches can be (re)designed or combined to get a clearer picture of a multi-
scale energy system. It aims to address the knowledge gap in energy system modelling in order to better
understand its existing and future challenges. Due to the accelerating ICT integration in virtually all
modern systems, the frontiers between operational algorithms embedded in hardware and modelling
control strategies are becoming fuzzier; the authors believe that the paradigm of modelling intelligent
urban energy systems for the future has to be constantly evolving. The chapter concludes with the need
to build a holistic, multi-dimensional and multi-scale framework in order to address tomorrow’s urban
energy challenges.

There is no single urban energy system, but — like the city itself — a system of sub-systems address-
ing different spatial and temporal scales, spatially ranging from buildings to blocks, districts and the
city, temporally ranging from aggregated real time data to hourly, monthly and, finally, annual totals.
Therefore, Wolfgang Loibl et al., in Chapter 8, discuss ICT solutions for planning, controlling, main-
taining, observing and assessing the urban energy system in order to improve its sustainability and take
into account energy efficiency.

Nowadays, residential hybrid energy systems are moving from being a pure theoretical exercise to
real applications for new urban areas. The growing interest related to the needs of reducing pollution,
the phasing out of fossil fuel resources and the need to safeguard the environment have led to a large
number of studies and solutions to reduce fuel consumption and to manage energy sources in a better way,
leading to an innovative concept of the city where smart infrastructures are in place. Luca Tamburini et
al., in Chapter 9, introduce the concept of hybrid energy systems, namely buildings that can exploit both
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renewable energy sources and the grid. On top of it, a system manager schedules the usage of electrical
appliances to minimize the electricity bill for the user while providing peak shaving and load balanc-
ing services to utilities and service providers. The scheduling algorithm is able to act on the system,
arranging appliances according to users’ habits and needs and the state of the energy sources involved.

Mobility is central and is in steady evolution in our society. The transport sector is one of the reasons
for energy consumption and pollution emissions. Vehicles, both personal and commercial, have become
a ubiquitous form of transportation in the developed world. The internal combustion engine has been the
predominant energy choice for vehicles for more than a hundred years. The car industry is in the midst
of a major technological transformation in identifying alternative sources of energy to power vehicles
due to two driving forces: environmental pollution prevention and the depletion of fuel resources. This
driver for developing “smarter” solutions to create a ““smarter planet” is crucial to advancing the science
behind electric vehicles (EVs). As alternative methods for creating energy are being sought, there is an
increased interest in electric vehicles as one solution to lessen our dependence on fossil fuels. EVs have
been in existence since the mid-19th century, and electric locomotion has been commonplace in many
other vehicle types such as trains. Promiti Dutta et al., in Chapter 10, discuss the feasibility of EVs in
smart cities by exploring the different types of EVs and the advantages and challenges faced by EVs in
penetrating the market, and outlining the state-of-the-art research and technologies that are driving the
creation of newer and better EVs for adoption in the smart cities of tomorrow.

The innovation in the urban mobility field does not only encompass the design of green vehicles but
also the smart management of traffic, infrastructure and services. Poor or inadequate traffic management
in urban environments is responsible not only for congestion, causing a significant waste of time and
frustration, but also unnecessary fuel consumption and environmental harm through pollution. There
are two major technological developments which provide opportunities to develop novel transportation
systems for the Smart City: new sensors and the wireless networks connecting them, and the advent of
battery-powered vehicles which can drastically reduce harmful emissions and conserve energy. Christos
G. Cassandras, in Chapter 11, describes three new systems that affect transportation in Smart Cities.
First, a Smart Parking system which assigns and reserves an optimal parking space based on the driver’s
cost function, combining proximity to destination and parking cost. Second, a system which uses the
same framework as Smart Parking to optimally allocate electric vehicles to charging stations and reserve
spaces for them. Finally, the traffic light control problem by viewing the operation of an intersection as a
stochastic hybrid system and developing a stochastic flow model for it. Using Infinitesimal Perturbation
Analysis (IPA), the author derives on-line gradient estimates of a cost metric with respect to the con-
trollable green and red cycle lengths and iteratively adjusts light cycle lengths to improve (and possibly
optimize) performance, as well as adapt to changing traffic conditions.

A very interesting analysis of policies and practices about mobility in the Asia-Pacific region is
provided in Chapter 12 by Hoong-Chor Chin & Yueying Wang. With the anticipated acceleration in
motorization and the potentially-damaging unplanned urban sprawl, the region will be threatened by
problems of traffic congestion, pollution and road hazards. Several countries in the region have taken
a variety of proactive measures to ensure that urban transportation systems are designed and operated
in a smart, sustainable and safe manner. The authors identify the policies and practices in South Korea,
Japan, China, Taiwan, Singapore and Australia, and seek to draw lessons from these on how transporta-
tion schemes can be implemented elsewhere.
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Smart cities are envisioned to enable a vast amount of services in urban environments, so as to improve
energy, mobility, health, resource management, and, generally speaking, citizens’ quality of life. Most of
these services rely on pervasive, seamless and real-time access to information by users on the move, as
well as on the continuous exchanges of data between millions of devices deployed throughout the urban
surface. It is thus clear that communication networks will be key to enabling smart city solutions, by
providing their core support infrastructure. In particular, wireless technologies will represent the main
tool leveraged by such an infrastructure, as they allow device mobility and do not have the deployment
constraints of wired architectures. Hervé Rivano et al., in Chapter 13, present different wireless access
networks intended to empower future smart cities and discuss their features, complementarity and in-
teroperability.

Insofar as the design of a city’s telecommunication infrastructure is likely to affect the nature of social
dynamics and human interactions, it should, ideally, be achieved also through a coordinated, citizen-
centric approach combining integrated ICTs with active citizen participation and intelligent physical,
digital and informational resource management. Primavera De Filippi, in Chapter 14, analyzes the case
of community mesh networks as an example of grassroots decentralized communication infrastructures
whose architecture design has important implications for the deployment and configuration of smart cities.

The Section “Data and Decision-Making in Smart Cities” emphasizes the importance of gathering
and of analyzing urban data in order to provide support to decision-making and to foster the design of
new applications by sharing them in an open paradigm.

The widespread availability of smartphones with on-board sensors has recently enabled the possibility
of harvesting large quantities of monitoring data in urban areas, thus enabling so-called crowdsensing
solutions, which make it possible to achieve very large-scale and fine-grained sensing by exploiting all
personal resources and mobile activities in Smart Cities. In fact, the information gathered from people,
systems, and things, including both social and technical data, is one of the most valuable resources
available to a city’s stakeholders, but its huge volume makes its integration and processing, especially
in real-time and in a scalable manner, very difficult. Paolo Bellavista et al., in Chapter 15, present and
discuss currently available crowdsensing and participatory solutions. After presenting the current state-
of-the-art crowdsensing management infrastructures, by carefully considering the related and primary
design guidelines/choices and implementation issues/opportunities, the authors provide an in-depth
presentation of the related work in the field. Moreover, they present some novel experimental results
collected in the ParticipAct Crowdsensing Living Lab testbed, an ongoing experiment at the University
of Bologna.

After the previous discussion on innovative approaches for gathering data from the urban system,
Michael Batty et al., in Chapter 16, introduce a range of analytics being used to understand the smart city,
which depend on data that can primarily be understood using new kinds of scientific visualization. The
authors focus on short-term routine functions that take place in cities which are being rapidly automated
through various kinds of sensors embedded into the physical fabric of the city itself or accessed from
mobile devices. They first outline a concept of the smart city, arguing that there is a major distinction
between the ways in which technologies are being used to look at the short- and long-term structure of
cities, and then focus on the shorter-term, first examining the immediate visualization of data through
dashboards, then examining data infrastructure such as map portals, and finally introducing new ways of
visualizing social media which enable us to elicit the power of the crowd in providing and supplying data.
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Urban data are also exploited with a specific social intention in the smart city. Thus, Giulia Melis
et al., in Chapter 17, address the smart city concept as a first step towards the formulation of a new
socially-improved urban concept which may be defined as that of the “people-friendly city”. This new
task involves the employment of IT tools, but using new methods and pursuing different goals other than
mere numerical information. In terms of the urban environment, this means that cities should be designed
for people, and planning practitioners should be able to understand citizens’ needs, communicate with
them and involve them in a collaborative process. Therefore, an overview of the implications of smart
cities for urban planning will be followed by a more detailed analysis of Planning Support Systems
(PSS) as innovative tools for enhancing the process of delivering a more inclusive and people-friendly
urban environment. Finally, the lessons learnt from the application of a PSS are addressed to define the
potentialities and key points for the development of similar tools.

Salvatore Di Dio et al., in Chapter 18, present the social initiative “TrafficO2”. This initiative is de-
signing a support system for decision-making in the field of transportation that tries to push commuters
towards more sustainable mobility by offering concrete incentives for each responsible choice. Data from
the users’ smartphones are processed and exploited in accordance with the Social Computing paradigm
to influence citizens’ urban transport habits and reduce negative externalities.

The Section “Funding Smart Cities” provides insight on how to fund Smart City projects and initia-
tives with a particular focus on Europe.

The intense pressure being brought to bear by the increasing diversity in European urban development
patterns calls for innovative funding mechanisms to promote smart sustainable urban development, most
notably in the energy sector. Currently in Europe, various policy initiatives support sustainable urban
development through financial engineering mechanisms operating at municipal and regional scales.
Francesca Medda et al., in Chapter 19, review the main financial mechanisms focusing on energy, and in
particular on urban investments committed to a highly energy-efficient and low-carbon economy. Within
this framework they assert that, in order to achieve the EU’s sustainable urban development objectives,
specific European financial instruments will need to be considered as viable key investment options.
The authors also discuss the importance of ESCOs and crowdfunding as essential funding sources for
community energy projects, and suggest that European policy should recognize their importance.

Finally, Eugenio Leanza & Gianni Carbonaro, in Chapter 20, present a research agenda focusing on
the role of smart, socially inclusive, sustainable cities in furthering the balanced, equitable development
of the European economy. In order for cities to play this role it is necessary to start from a vision of the
city as a system of interlinked assets, and from the need to manage these assets in a sustainable way
using a methodology broadly based on the principles of corporate finance. This research agenda aims
to span areas of expertise and policy dimensions that are often fragmented, in order to lead to improved
diagnostics and strategic investing. In Europe, this vision of the city and of the urban management process
will enable better bottom-up policy delivery and address the challenges facing the European economy
by facilitating the adaptation of European city systems to diverging spatial growth patterns, youth unem-
ployment, ageing populations, migration patterns, and increasingly sharp financial divergences among
different territorial systems.
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What Constitutes a Smart City?
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ABSTRACT

This chapter provides an insight into what is meant by a Smart City and the underlying factors that make
a city smart. The authors answer the question of “what constitutes a smart city” by presenting a multi-
faceted approach including a detailed analysis of classical smart city definitions, attributes of a smart
city, industry viewpoints and efforts by standards developing organizations. Through this approach, a
common theme is established which best describes a smart city. The content of this chapter can there-
fore form the basis of developing a standard definition of a global smart city, and subsequently can be
used to develop a framework to measure the performance of a smart city. The authors also propose a
definition which in their view provides a reasonably holistic description of a smart city. However, they
recognize that a smart city may mean different things to different stakeholders, and therefore has a strong
dependence on the “lens” through which a smart city is viewed.

INTRODUCTION

Governance, technology, communication, trans-
port, infrastructure, people, economy, environ-
ment, natural resources, innovation, and quality
of living are only some of the characteristics that
factor into the definition of a “smart city.” There
is no one unique definition that fits all. Rather,
what a smart city is can be highly subjective, de-
pending on the circumstance and the lens through
which it is viewed.

DOI: 10.4018/978-1-4666-8282-5.ch001

To date, there is no standardized definition
of a smart city, although some are starting to be
proposed. In recognition of this gap, several Stan-
dards Developing Organizations (SDOs) includ-
ing the International Telecommunication Union
(ITU), International Electrotechnical Commission
(IEC) and the International Standards Organiza-
tion (ISO), have all started efforts in earnest, to
develop a globally accepted definition of a “smart
city”. The ITU Focus Group on Smart Sustainable
Cities has proposed the following definition of a
smart sustainable city:
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A smart sustainable city is an innovative city that
uses information and communication technolo-
gies (ICTs) and other means to improve quality
of life, efficiency of urban operation and services,
and competitiveness, while ensuring that it meets
the needs of present and future generations with
respect to economic, social and environmental
aspects.

Why is a smart city important enough to war-
rant a standardized definition?

The answer lies in the rapid urbanization of
our planet — with projections of 70% of the global
human footprint to be located in an urban environ-
ment by the year 2050. As per the United Nations
(2013) World Economic and Social Survey, Africa,
Asiaand other developing regions will house 80%
of the world’s urban population in the coming
years. While urbanization can bring progress,
it can also pose challenges: how do we achieve
sustainability concurrently with urban growth?
Social, economic and environmental issues have
become tightly interconnected. Information and
Communication Technologies (ICT) provide cities
with platforms to become “smart” via the efficient
management of city services. These canrange from
water, energy, waste, transport to government,
education and healthcare. The construct of a smart
city should result in higher living standards for
its inhabitants, especially through the conscious
application of ICT.

This chapter will provide an overview of a
smart city in a systemic and methodical fashion.
Different points of view will be presented, and
common attributes and functions of a smart city
will be developed thematically using multiple
sources including industry, standards organiza-
tions and other studies related to indicators and
indices of a smart city. A common set of terms
will then be developed to best describe these
multiple views in a comprehensive and holistic
manner. Finally, a proposed definition of a smart
city shall be presented by the authors, with full

What Constitutes a Smart City?

recognition that there are many other possible
variants depending upon the subjectivity of the
“lens” of a given smart city stakeholder.

APPROACH

In considering what exactly is a smart city, one of
the challenges is that there are so many viewpoints,
each valid in its own right. A smart city has many
different connotations and interpretations. All of
these different facets are important, but a holistic
overview is essential to the process of finding
an answer to the question “What constitutes a
smartcity?”. A comprehensive description which
addresses these different viewpoints will be in-
valuable. In order to develop such a description,
adetailed and methodical analysis was developed
in the form of a combination of top-down and
bottom-up approaches.

Figure 1 illustrates the approach followed,
and this chapter describes the journey towards
establishing “What constitutes as Smart City”.

The following steps were followed:

1.  Conduct a comprehensive data collection
exercise to develop an understanding of what
asmart city means from different viewpoints:
a.  Astudy of the many different classical

definitions found in the literature.

b.  Identify what are some of the key com-
mon attributes for a smart city.

c.  Anunderstanding of the different ICT
centric corporate / industry views of a
smart city.

d.  Alookinto whatthe different standards
developmentorganizations (SDOs) are
doing in relation to smart cities.

2.  Develop a common vocabulary based on
the above data collection to help establish
the characteristics of a smart city in terms
of Categories, Vertical Themes and Key
Words. This vocabulary can be used to de-
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Figure 1. Approach for understanding what constitutes a smart city

—

Classical

fine a smart city depending upon the “lens”
through which it is viewed, and by whom.
3. Propose a comprehensive definition of a
smart city based on the above common pa-
rameters, which tries to address the different
viewpoints, acknowledging that many other
variants may be equally valid and credible.

CLASSICAL SMART
CITY DEFINITIONS

Perhaps the best place to start is to consider the
classical smart city definitions to be found in open
literature, including scientific journals and tech-
nical papers. In order to ensure a well-balanced
study, multiple sources were chosen to research
these classical definitions: (1) Individual, (2)
Academic, (3) Corporate, (4) Government, (5)
Non-Profits, (6) SDOs, (7) Internet, (8) Market
Research and (9) the Press.

Qﬁnition s)

)

Industry
Viewpoint

The following section is based on extensive
research that has been conducted by the authors
as part of a study conducted under the auspices
of the ITU Focus Group on Smart Sustainable
Cities (ITU, 2014). Only the salient parts of the
results are discussed here and interested readers
are referred to the ITU report for greater details.
Based on the above research, over one hundred
and twenty (120) definitions of a smart city were
collected and analyzed in detail.

Example Definitions

Table 1 is asmall sample of some of the definitions
setoutinthe ITU (2014) report. All the definitions
were analyzed to identify the top keywords and
characteristics that make up a smart city. Some
words such as Smart and City are implicit and
mentioned in almost every description, so are
not explicitly considered as a separate keyword.
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Table 1. Example and illustrative smart city definitions

Source Reference Definition(s) Keywords
Academic Meijer, Albert, and Manuel Pedro “We believe a city to be smart when investments in | ICT,
Rodriguez Bolivar. “Governing human and social capital and traditional (transport) | High quality of life,
the smart city: Scaling-Up the and modern (ICT) communication infrastructure Natural resource management,
Search for Socio-Techno Synergy.” fuel sustainable economic growth and a high Participatory governance,
T EGPA 2013 (Edinburgh, quality of life, with a wise management of natural Transport infrastructure,
September) Permanent Study resources, through participatory governance.” Communication infrastructure,
Group on E-Government, 2013, Economic growth,
https://www.scss.ted.ie/disciplines/ Sustainability
information_systems/egpa/
docs/2013/BolivarMeijer.pdf
Corporate Hitachi. “Smart city Overview.” Hitachi’s vision for the smart city seeks to achieve Coordinated infrastructure,
Smart Cities: Hitachi. Hitachi, concern for the global environment and lifestyle lifestyle safety,
http://www.hitachi.com/products/ safety and convenience through the coordination lifestyle convenience,
smartcity/vision/concept/overview. of infrastructure. Smart Sustainable Cities realized urban infrastructure,
html . through the coordination of infrastructures consist IT
of two infrastructure layers that support consumers’
lifestyles together with the urban management
infrastructure that links these together using IT.
Government Giffinger, Rudolf, et al. “Smart “A city well performing in a forward-looking Economy, people, governance,
Cities Ranking of European way in [economy, people, governance, mobility, mobility, environment, quality
Medium-sized Cities.” Centre of environment, and living] built on the smart of living, forward looking, aware
Regional Science, Vienna UT, Oct. combination of endowments and activities of self- citizens, self-decisive citizens,
2007. Page 10. http://www.smart- decisive, independent and aware citizens.” independent citizens.
cities.eu/download/smart_cities_
final_report.pdf
International “Smart Sustainable Cities & Smart It’s a city with a large, efficient and widespread ICT, integrated, quality of
Agency Statistics”, Government of Italy, technological network that fosters dialogue between | life, innovation, environment,
Contribution No. FG-SSC-0014, citizens and everyday objects. It integrates the mobility, green buildings, health,
ITU Focus Group on Smart huge amount of information available to generate environment governance
Sustainable Cities, Turin, May intelligence and improve daily life in a lifestyle that
2013. http://ifa.itu.int/t/fg/ssc/ is increasingly “smart”. It combines innovation
docs/1305-Turin/in/fg-ssc-0014- with the environment, mobility and quality of
Ttaly.zip life. It is a new phenomenon, complex and rapidly
changing. Technological innovation moves in
several directions (green buildings, smart mobility,
e-health, e-government,...)
Conference Ajit Jaokar, “Big Data for Smart 7 important elements in most cases of smart cities Sensor monitoring, internet

Cities”, Smart Cities Industry
Summit, London, Sept 2012, http://
www.opengardensblog.futuretext.
com/wp-content/uploads/2012/09/
informa-smart-cities-ajit-jaokar.pdf

o Sensible - sensor sensing the environment

e Connectable - networking devices bring the
sensing information to the web

o Accessible - broader information about our
environment is published on the web, and
accessible to the web user (web)

o Ubiquitous - the user can get access to the
information through the web, but more importantly
it is accessible at any time, and in any place
(mobile)

® Sociable - the user acquired the information

and published it though his social network (social
network)

e Sharable - shared are not limited to data, but also
to the physical object, when some objects are in free
status, people can be notified and use them. (web,
mobile)

o Visible/augmented - to retrofit the physical
environment, render the hidden information visible
not only to individuals on mobile devices but

seen by the naked eye in more border range of the
physical places like street signs.

connectivity, information
availability, mobile, visible
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Analysis

Based on the 100+ definitions assembled, it was
found that the following eight (8) broad categories
best characterize a smart city:

1. Quality of Life / Lifestyle

2. Infrastructure & Services

ICT / Communication / Intelligence /
Information

People / Citizens / Society

Environment / Sustainable
Governance/Management/ Administration
Economy / Resources

Mobility

et
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Since the above categories may have non-
specific meanings or multiple connotations, in
order to minimize any subjectivity the following
descriptions and explanations for each category
are provided below:

Quality of Life / Lifestyle

According to the World Health Organization
(1997), Quality of Life is an individuals’ percep-
tion of their position in life in the context of the
culture and value systems in which they live and
in relation to their goals, expectations, standards
and concerns.

Infrastructure

According to Sullivan and Sheffrin (2003), Infra-
structure refers to the physical and organizational
structures and facilities needed for the operation
of a society or enterprise in order to ensure the
functioning of an economy. There are two types
of infrastructure — physical (examples: Build-
ings, Roads, Utilities) and services (examples:
education, and healthcare). ICT and associated
infrastructure are represented elsewhere using
another keyword. It can be generally described

as a set of interconnected structural elements
(physical-physical, service-service and service-
physical) that provide the framework to support
an economy.

ICT / Communication /
Intelligence / Information

ICT (Information and Communications Technol-
ogy)is anumbrella term that typically ranges from
hardware to software, as described by Nokia Solu-
tions and Networks (n.d.). It includes the usage
of “smart” devices such as smartphones, tablets
and PCs used especially to communicate. In the
contextof asmart city, [CT permits abetter quality
of life in areas such as security, healthcare, and
transport for citizens; more efficient power supply
for industries; remote working and e-commerce
for businesses; and entertainment and communi-
cations for individuals.

People / Citizens / Society

People are the clear differentiator when we com-
pare a “smart” city with a “digital” city. Digital
implies a computing-centric view, whereas smart
implies the inclusion of the human factor. People
are smart in terms of their skills and educational
levels, as well as the quality of social interaction
in terms of integration and public life and their
ability to open up to the “outside” world. Key
elements include well-educated citizens, life-long
learning, and human capital availability

Sustainable / Environment

As described by the International Telecommu-
nications Union, ITU (2012), “sustainability is
improving the quality of human life while living
within the carrying capacity of supporting eco-
systems”. Among other definitions, currently
“sustainability” is used as an umbrella term for
all human activity designed to meet current needs



without hindering the ability to meet the needs of
future generations in terms of economic, environ-
mental and social challenges.

Governance

According to the Smart Governance Network
(n.d.), smart governance includes e-government,
the efficiency and mobile working. It is about
the future of the public services, community
leadership, and continuous improvement through
innovation. Itrelates to using ICT to facilitate and
support better planning and decision making, and
toimproving democratic processes and transform-
ing the ways that public services are delivered.

Economy / Resources

The Smart Economy as described by the Govern-
ment of Ireland (2008), combines the successful
elements of the enterprise economy and the in-
novation or ‘ideas’ economy while promoting
a high-quality environment, improving energy
security and promoting social cohesion.

Mobility

Mobility has been described by the California
Department of Transportation or Caltrans (2010)
to include not only the mode of transport but also
the requisite infrastructure for that mode of trans-
port. Without infrastructure, mobility is reduced.
Hence, transport should also be considered implicit
when discussing mobility in the context of Smart
Cities, since innovation and IT can improve not
only transport but also mobility.

Summary

Each of the above eight categories has a set of
descriptive components, and Table 2 depicts the
relative importance of each of the categories in
terms of the number of occurrences in the 100+
definitions studied.

What Constitutes a Smart City?

Table 2 provides a good insight into what could
be considered as key words describing a smart
city — topics such as Well-being, Lifestyle, Soci-
ety, Sustainable, ICT, Economy, Governance all
resonate really well in terms of what the vibrancy
of acity should be and the need to include those in
defining a smart city. The percentage occurrence
columnisindicative as to the number of times these
terms were found in the 100+ definitions studied.

Let us now move on to another approach to
classifying smartcities, via the following four key
pivots of Quality of Life, Urban related aspects,
Sustainability and Intelligence. Some of these
overlap with the above analysis, but are developed
within a different frame of reference.

Table 2. Smart city categories and descriptors

Category Components %Occurence

Quality of Life &
Lifestyle

Lifestyle 7%

Well Being

Happiness

Infrastructure &
Services

Development 18%

Services

Buildings

Health, Safety &
Security

Utilities

Education

Energy

Water

Electricity

ICT, Modern 26%
Comrpumcanon, ICT
Intelligence,
Information

Technology

Interconnected

Information

Communication

Intelligent

Integrated

Systems

Advanced

Design

continued on following page
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Table 2. Continued

Category Components %0Occurence

People, Citizens,
Society

Community 11%

Accessible

People

Urban

Society

Actively

Innovation

Aware

Participatory

Environment & Efficient 16%

Sustainability

Sustainable

Adaptable

Optimal

Environment

Resources

Natural

Governance & 9%
Administration

Governance,
Management &
Administration

Management

Capital

Operational

Public

Solutions

Vision

Economy &
Financials

Economy 8%

Investments

Business

Competitive

Mobility Mobility 5%

Transport

TOTAL 100%

ATTRIBUTES OF A SMART CITY

Anotherequally valid approach to viewing a smart
city is through the following four “pivots”.

1. Quality of Life / Society: The city is de-
signed for its inhabitants i.e. the citizens.

Quality of Life (QoL) is a recurrent theme.
One of the most important factors in creat-
ing a smart city is ensuring that the QoL is
consistently improving.

2. Urban/ City: Looking through an “urban”
lens while planning the city allows us to
consider multiple aspects that are specific to
city life as opposed to a rural environment.

3. Sustainability: Sustainability is implicit in
a smart city. Topics include energy, climate
change, pollution and waste, society, eco-
nomics and health. The authors believe that
it is this topic that deserves to be discussed
explicitly considering how important this
subject is to a smart city.

4. Intelligence or Smartness: The role of
urban “intelligence” should make use of
ICT and technologies with the implicit or ex-
plicit ambition to improve economic, social
and environmental standards. Commonly
quoted aspects of smartness include Smart
Economy, Smart People, Smart Governance,
Smart Mobility, Smart Living and Smart
Environment.

It should be noted that technology and infra-
structure are not explicitly included in the above
analysis; while these are essential and critical for a
smart city, they are really enablers for a final goal
/resultascited above and are discussed separately.

Quality of Life / Societal Aspects

At the end of the day, a city needs to provide for
its inhabitants (citizens) and try to ensure that
their everyday lives are as seamless and full as
possible. Several organizations have attempted
to frame the Quality of Life (QoL) as a key in-
gredient for a smart city. This section reflects the
views of the World Health Organization (WHO),
Mercer, The Economist Intelligence Unit — EIU,
and Japan’s NTT. These were chosen since they
are representative of the overall QoL for a citizen.



The World Health Organization (WHO) (1997)
defines Quality of Life as an individual’s percep-
tion of his/her position in life in the context of the
culture and value systems in which he/she lives
and in relation to his/her goals, expectations,
standards and concerns. Such a definition is fairly
broadinthatitcoversindividuals’ physical health,
psychological state, level of independence, social
relationships, personal beliefs and their relation-
ship to salient features of their environment. In an
urban environment, the exact meaning of QoL may
be subjective, but in general most citizens hope
for better education, healthcare, living conditions,
housing, and guaranteed employment. It is fair to
say that every human being aspires to improving
their QoL, regardless of their current state.

According to Azkuna (n.d), society and people
distinguish a digital city from a smart city. People
are smart in terms of their skills and educational
levels. The quality of social interaction, such as
integration, public life and people’s ability to open
up to the “outside” world, also play a major role
in defining society. Key elements include well-
educated citizens, life-long learning, and human
capital availability.

Anannual Quality of Living Index and Ranking
report published by Mercer (2102), stems from
the trends of globalization and the notion of the
world becoming increasingly “flat.” It is a good
proxy for determining the importance of life for a
transient global population, as people immigrate
across the world. With over 450 cities included
in the comparison, the criteria listed for a good
QoL help form qualitative perceptions. These
can then be further analyzed to form an objec-
tive assessment of living quality in a city. New
York City is presented as a basis for the rankings,
due to historical context. The Economist (2004)
presents a discussion of a ‘quality of life’ index
based on extensive surveys. The index maps
results of subjective life-satisfaction surveys to
objective metrics such as wealth, health, family
life, crime, trust in government and so on. Tsuda
et al. (2007) developed a gross social feel-good
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(GSF) index framework which includes a “hap-
piness” index. The index considers both the pros
and cons of sustainability (an environmental,
social and economic balance) in relation to the
terms of ICT services.

Analyzing the above studies leads to a set of
common dimensions related to Quality of Life
(QoL), which are important for a city. These
dimensions are summarized in Table 3.

Urban/City Indicators

Smart Cities are urban, and therefore itis important
toaccount for specific aspects of urban living when
defining smart cities. The Global City Indica-
tors Facility (GCIF), The United Nations Global
Compact Cities Programme, Siemens Green City
Index and The Economist Intelligence Unit (EIU)
Hotspots Index provide a representative view of
urban indicators. Many of these indicators are
common across these different sources, and it is
instructive to synthesize the information into a
common set of indicators and attributes in some
form of thematic manner.

City Indicators (n.d) are based on GCIF (an
organization supported by the World Bank) which
provides an established set of city performance
indicators using a globally standardized approach.

Table 3. Quality of life dimensions

Theme Example Attributes
Family / o Comfortable Lifestyle - Standard of Living
Societal e Degree of satisfaction with society
(Happiness)

e Family & Community Support Structures
o Gender Equality&Social Equity

Economics /
Infrastructure

e Economic Environment - Job Security,
Employment, GDP

o Housing

o Public Services & Transport

e Technology and Innovation

o Safety — Physical, Accidents, Crime

Political / o Political Stability & Civic Engagement
Governmental | e Social Environment

e Medical & Health Considerations

e Schools & Education
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There are a total of 120 indicators, subdivided
into profile, basic provision (core), and sup-
porting indicators. All the indicators fall into
two broad categories — (1) City Services and (2)
Quality of Life. City Services include Education,
Energy, Finance, Recreation, Fire Emergency
Response, Governance, Health, Safety, Solid
Waste, Transportation, Urban Planning, Potable
Water and Waste Water. Quality of Life aspects
include Civic Engagement, Culture, Economy,
Environment, Shelter, Social Equity, Technology
and Innovation — all of which are a subset of the
comprehensive list summarized in the previous
section. The GCIF is also working to create a series
of future indices including competiveness, energy
use, greenhouse gas, governance, recreation and
culture, social capital, subjective wellbeing, cre-
ativity, and water quality. The Global Compact
Cities Programme (n.d.) is an integral part of the
United Nations effort in this space. The goal is to
provide cities with the opportunity to display spe-
cific attributes at different levels of engagement.
The program operates globally and includes the
following categories: Sustainability, Resilience,
Leadership, Commitment, Governance, Diversity
and Adaptability.

The Green City Index (n.d.) has been devel-
oped by Siemens and features reports created for
Europe, Asia, Latin America, North America, and
Africa. The index focuses on environmental per-
formance inurban environments, while accounting
for geographical differences in its categories and
indicators. For example, Africa’s green city index
does not state ‘Buildings’ as a category, but does
include ‘Sanitation’ and ‘Land Use.” The index
has over 25 qualitative and quantitative indicators
across multiple categories including CO, Emis-
sions, Energy, Buildings, Transportation, Water,
Waste and Land Use, Air Quality, and Environ-
mental Governance. This index assists cities in
developing intelligence through the accommoda-
tion of population growth and the promotion of
economic opportunity, while also addressing the
minimization of environmental footprints. An
article by Citigroup (2012), describes a research

program by the Economist Intelligence Unit (EIU)
entitled ‘Hotspots’, designed to rank cities. The
article also discusses the competitiveness of 120
major cities worldwide, via a “Global City Com-
petitiveness Index”. This index measures cities
across eight distinct categories of competitiveness
and 31 individual indicators. Categories include
economic strength, human capital, institutional
effectiveness, financial maturity, global appeal,
physical capital, social and cultural character and
environment and natural hazards. A city’s overall
ranking in the benchmark index is a weighted
score of the underlying categories.

Based on the above studies, there are four
primary themes which emerge from this “urban”
landscape: (1) Technology, (2) Sustainability, (3)
Economics and (4) Governance. Each of these
have a set of attributes or examples as illustrated
in Table 4.

Table 4. Common urban themes and associated
attributes

Theme Specific Attributes & Examples

Technology and
Infrastructure

o Transportation - Road, Rail, Air

o Buildings - Residential, Commercial,
Industrial

o Fire & Emergency Response

e Healthcare

o Urban Planning

o Safety & Security

e Education

Sustainability o Energy - Consumption, Intensity,
Renewables, Policy

e Environment

o Water - Consumption, Leakage

e CO, - Emissions, Intensity, Reduction
o Air Quality - NO_, SO , Ozone,
Particulates

e Waste - Water, Solid, Landfills

Economics o Economic Strength

o Human Capital

o Institutional Effectiveness

o Financial Maturity

o Physical (Financial) Capital
e Production & Resourcing

Governance o Organization & Administration
o Law & Justice

o Resilience

o [eadership

e Commitment




Sustainability and the Environment

With the increasing threat to humanity brought by
climate change and global warming, smart cities
must aim to make sustainability a cornerstone in
their development and operation. Understanding
environmental and sustainable indicators/indices
inrelation to an urban climate is crucial to develop
an intelligent, sustainable city.

It should be noted that sustainability and the
environment are sometimes used in the same con-
text, although there is a clear distinction wherein
the former is more holistic and includes the triple
bottom line of economy, social (people/ citizenry)
and environment, whereas the latter applies more
to our physical and biological surroundings. “Sus-
tainability” applies to all human actions, such that
current needs are met without hindering the ability
to meet the needs of future generations, in terms
of economic, environmental and social challenges.
Environmental management as discussed on State
of Green (n.d) seeks to ensure that the fabric of
natural ecosystems are protected and maintained
for the future, in terms of their ethical, economic
and scientific (ecological) aspects. The reduction
of carbon footprints is a major driver for almost
all environmental initiatives. Such activity will
protect the natural environment at individual, or-
ganizational or governmental level for the benefit
of both the natural environment and people. The
term sustainability is generally accepted to imply
improving the quality of human life while living
within the carrying capacity of the supporting
eco-systems.

Researchers from Yale University, the Euro-
pean Union and CASBEE in Japan, have all pro-
vided a series of sustainability and environmental
indicators in the urban, smart city context. These
indicators shall be examined as a common set of
attributes established as in the earlier analysis
contained in this chapter. Esty et al. (2008) from
Yale University have developed a list of over
25 environmental performance indicators for
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countries that aim to be more sustainable. It is
instructive to consider which of the 25 variables
recommended by Esty actually apply to an urban
setting. Some of the more important variables
include: Adequate Sanitation, Drinking Water
Quality, Urban Particulates and Indoor Air Pol-
lution, Ozone, Sulfur Dioxide (SO,) Emissions
and CO, Emissions Per Capita, and importantly
represent the environmental burden of disease.

The European Union has been very proactive in
defining urban sustainability through a variety of
differentinitiatives. The Green Capital Index (n.d.)
(GCI), instituted by the European Commission, has
granted an award for urban sustainability to one
city every year (since 2010). Multiple indicators
areused to evaluate cities, including: the mitigation
of, and adaptation to, climate change; transport;
indoor and outdoor environmental quality (air,
noise, pollution, water); waste management; en-
ergy efficiency; and nature / greenery.

Murakami et al. (2011) present CASBEE
(Comprehensive Assessment System for Built
Environment Efficiency) which serves as a
framework with which to asses and rate the
environmental performance of a built environ-
ment in Japan. CASBEE and its city version,
CASBEE-CITY, are comparable to LEED in the
United States and BREEAMS in the UK, as all of
these use environmental efficiency as a founda-
tion. CASBEE provides a comprehensive view
of a city in relation to the Quality of Life and the
Impact of Environmental Load. A city with low
environmental load and high quality receives a
high Built Environment Efficiency (BEE) rating,
and is regarded as a sustainable city within the
CASBEE framework.

Using the above studies as a basis for repre-
senting the key aspects of Sustainability and the
Environment related to Smart Cities, the following
natural themes and associated descriptions have
been synthesized (Table 5). What is interesting
to note is that some of the themes and descrip-
tions overlap with those in the section on Urban
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Table 5. Sustainability & environment related
urban themes

Theme Specific Attributes and Examples
City e Policy and Management - Strategy,
Infrastructure Administration, Conservation,

& Governance Environmental Stewardship, Effective
Conservation

o Infrastructure - Urban Planning, Buildings
& Physical Structures, Mobility &

Transportation, Public Safety

Energy & e CO, from Energy Production

Climate e Emissions per Capita

Change o Energy Efficiency & Management
o Energy Conservation & Use of
Renewables

Pollution and e Waste - Management, Treatment

Waste o Air - Air Quality, Particulates, Indoor Air
Pollution, Ozone Levels, NOX, SOX

e Water - Drinking, Water Quality, Water
Stress, Management

e Noise Pollution

Social, e Social Services

Economics & o Citizen Satisfaction

Health e Education

e Culture & Social Inclusion

® Demographics (Aging)

o Economics - GDP, Employment, Financial
Resilience

o Healthcare, Sanitation, Disease Control &
Mitigation, Health Infrastructure & Services

Indicators and Quality of Life. The beginnings
of an overarching set of indicators and attributes
appear to be emerging. This will be discussed in
more detail later on in the chapter.

Intelligence

Typically, Information and Communication
Technology (ICT) denotes “intelligence”, and is
one of the most critical components of a smart
city. However, the mere presence of ICT and high
technology in a city in itself does not imply that
it is an intelligent or smart city. ICT is more of
an enabler, and if used properly and efficiently
is indicative of the potential for making a city
smart. More advanced ICT devices and services
are critical to allowing intelligence to percolate
down through a system.

ICT provides services that supporturban living
— security, healthcare, and transport for citizens,
improved and more cost effective power supplies
for industry, remote working and e-commerce for
businesses, as well as entertainment and com-
munications for individuals. ICT can also be
used to monitor water, air, energy consumption
and waste across sectors, and to improve account-
ability in the use of these resources. This helps
mitigate the negative environmental effects of
rapid urbanization.

This is best illustrated in the Climate Group
(2008) report Smart 2020. Different ICT solu-
tions are focused on, in an attempt to slow climate
change. The ICT sector was found to potentially
save up to 15% of global emissions in 2020, by
enabling energy efficiency in base foundational
infrastructure sectors. These include transport,
energy, industry and buildings. A follow-upreport,
SMARTer 2020, by Gesi (2012), identified an
additional 16% in energy savings by evaluating
GHG abatement potential from ICT-enabled solu-
tions ranging across six sectors of the economy:
power, transportation, manufacturing, consumer
and service, agriculture, and buildings.

Giffinger (2007), developed a system to better
understand the concept of “smartness” in urban
development in the case of medium-sized cities
with a population of 100,000 to 500,000. In this
context, ‘smart’ was defined as the implicit or
explicitambition of a city to improve its economic,
social and environmental standards. Economy,
People, Governance, Mobility, Environment and
Living were identified as the key characteristics.
The term “ICT” is contained within Mobility and
Transport. A number of cities in Europe were
ranked by Giffinger (2007) using this method. A
smart city Evaluation Index has been suggested
by Pan et al. (2011) based on the concept of le-
veraging ICT to improve city living. The index
was developed within an Asian context for cities,
most of which are in the process of developing.
The following four (4) dimensions were used to
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describe the “smartness” of a city: (1) Smart En-
vironment (2) Smart Business (3) Smart Citizens
and (4) Smart Government.

Cohen (2012), a respected futurist, has devel-
oped a matrix of different indicators for smart
sustainable cities based on a variety of exist-
ing indicators and indices such as the Mercer
(2012) Index and the Green City Index. He has
created a framework similar to that proposed by
Giffinger (2007), giving equal weight to the key
characteristics.

Tratz-Ryan et al. (2012), following Gartner,
have proposed a framework for Smart Cities which
comprises “Smart” (1) Buildings, (2) Public Ser-
vices, (3) Education, (4) Utilities, (5) Healthcare
and (6) Transportation. Bigliani (2011) from
another major market research firm, IDC, has
developed a Smart Cities Index, initially for Spain.
Their aim is to address long-term sustainability
using short-term initiatives, while convincing
citizens to follow smart, sustainable lifestyles.
Collectively, these have a strong positive impact
on the economy and society, and they therefore
improve the quality of life. There are two key
dimensions to this index: (1) Enabling forces
and (2) Smartness Dimension. Enabling Forces
include the underlying characteristics of the city
which facilitate or hinder its evolution into a
smart city. These include People, Economy and
ICT (Information and Communication Technolo-
gies). Smart dimensions are projects and policies
put in place by the various city stakeholders such
as: Government, Buildings, Mobility, Energy and
Environment and Services — actions in the right
direction for the future evolution of a smart city.

In summary, there is clearly a common set of
themes which emerge from in this area of “‘smart-
ness” for a city. Perhaps the most pragmatic way
tolook at ““smartness” is by utilizing the following
six (6) indicators (1) Mobility, (2) Economy, (3)
Living, (4) Governance, (5) People and (6) Envi-
ronment. It is implicit that there is an overarching
ICT infrastructure which enables all these “smart”
attributes to be realized.
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Table 6 represents the above 6 indicators along
with some of the key categories, as presented by a
technical report from the ITU (2014) Focus Group
on Smart Sustainable Cities. The following set of
tables represent the key categories and some of
the descriptors underlying each of them.

VIEW FROM THE ICT INDUSTRY"

An equally important view to consider is that of
the ICT industry — since the ICT industry is what
will make smart cities a reality, not only from a
technological perspective but also in terms of a
reality check on the economic viability of these
very technologies. This view represents a “real
world” scenario and provides a “sanity check”
on the whole aspect of what a smart city is / can
be / should be. This section provides the view of
a smart city through the lens of the ICT industry.
Such knowledge will help in developing a com-
prehensive definition of a smart city.

Several corporations worldwide, ranging from
startups to multinationals, have begun planning
and implementing strategic, ambitious solutions
and programs relating to sustainability and smart
cities. A lot of these companies focus on specific
verticals such as buildings (real estate), energy
(sustainability), transportation (mobility), utilities
(grid, electricity, gas, water) healthcare, educa-
tion, government, and so on. Many companies
that have ventured into the smart cityscape base
their research and projects on a core foundation
of ICT. They are best poised to take advantage of
the different parts of the ICT value chain, ranging
from sensors to hardware, middleware to software
and appropriate end use applications to provide
holistic solutions. Some ICT companies try to give
an overview of, and provide a visionary solution
for, smart cities.

We shall focus on the following three types
of ICT-centric industry: (1) Telecom Service
Providers, (2) Networking and Communications
companies, and finally (3) companies with Enter-
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Table 6. Six primary indicators for a “smart” city

« Accessibility
« Safe Transportation

« Innovative Technologies

* Increased efficieny and
intelligence across
transportation systems

« Leverage for networks
providing efficient
movement of vehicles,
people, and goods
(therefore reducing
gridlock)

« Changing societal attitudes
towards activities such as
car sharing, car pooling,
and car-bike combinations

* Regional/global * High Quality of Life
competitiveness « Social Aspects -

* Entrepreunership & Education, healthcare,
Innovation Momentum Public Safety, Housing

* High Levels of Productivity

* Increased broadband access
for all citizens and
businesses, improving
opportunities

« Sustainance of business
independent of location,
maintaining rural
populations.

* Electronic business
processes (e.g., e-banking,
e-shopping, e-auction)

* Access to high-quality
healthcare services such as
e-health or remote
healthcare monitoring

« Providing electronic health
records management

* Home automation, smart
home and smart building
services

* Access to social services

* Decision Making * Social & Human Capital * Pollution Monitoring

*Public & Social Services ¢ Qualified, Creative and * Use of Sustainable

« Transparency Educated Citizenry Technologies

o Increased * Able to utilize the ICT * Environmental
democraticization and based smart services sustainability and reduced
political efficacy * Consistent educational energy usage

« Interconnecting experiences across urban * New technological
governmental and rural regions innovations that promote
organizations and * E-education solutions energy conservation and
administrations including remote learning material re-use, in turn

* Enhanced community
access to a multitude of
services

prise solutions. Some of the activities and efforts
in regards to smart cities by these three industry
verticals will be presented and some conclusions
drawn to establish this view of what a smart city
is or should be.

Telecommunications Service
Providers (Telcos)

Telcos are among the leading contenders to pro-
vide services for smart and sustainable cities. The
companies are well suited to providing value added

and collaboration, better
informing citizens

reducing energy
consumption

services. Many of them have gone far beyond their
traditional telephony businesses into internet, me-
dia and even entertainment (television), and are
alsoinvolvedin otherinfrastructural and logistical
activities that are already well established. Smart
city services therefore represent a natural next step.

In a report entitled Connected Living (2014),
the GSM Association (GSMA) program offers
an approach designed to accelerate the develop-
ment of an ‘intelligently connected world’. The
program aims to assist telecom (mobile) opera-
tors accelerate the usage of wireless connectivity
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through a wide range of devices and services. In
response to the advent of smart cities, focus areas
for value added services now include health, the
automotive industry, education, and utilities where
operators provide more than network connectivity.
In addition they also have a specialized program
called ‘Mobile Connected” to enable smart cities
through mobile phone applications. The primary
aspects that the GSMA believes to be of critical
importance include: (1) Smart Mobile Services,
(2) Mobile Infrastructure, (3) Smart Citizens and
(4) the convergence of Mobile technologies with
Business and Economics.

Telefonica (n.d) is a major Telco that the
Carbon Disclosure Project (CDP) ranks highly,
as “a leading telecommunication enterprise in
energy efficiency services in Europe and Latin
America”. SmartCity-Telefonicais a group within
Telefonica that has developed a smart cities
framework model based on connectivity, energy
efficiency and dematerialization. The group has
deployed ICT in Spain to create the smart cities
of Santander and Malaga. The smart city project
running in Santander has over 12,000 sensors
citywide designed to improve public services and
increase their efficiency, in regard to mobility,
energy, environment, open government, security
and communication. Malaga focuses on energy,
renewable energy production, smart metering,
lighting and automation.

Berst (2013) describes AT&T’s “Smart City
Concepts” which increase efficiency while trying
to reduce costs. The company employs a variety
of critical services — connectivity, security, pay-
ment, location-based services — to enhance urban
intelligence. AT&T brings in the technology to
a foundational mobile platform and connects all
the endpoints to the platform. Through such an
approach, AT&T improves employee productiv-
ity, citizen engagement and solutions in areas like
energy, water, safety and security, transportation
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and economic development. AT&T is also par-
ticipating in niche solutions and special programs
such as “Smart Santander”, described by Enbysk
(2013).

With the aim of optimizing city services, Taft
(2013) and Sahota (2013) describe how Deutsche
Telekom and IBM have partnered to create holistic
solutions. These combine IBM’s huge database
of cities with the Machine-to-Machine services
offered by Deutsche Telekom, facilitating inte-
gration, advanced network connectivity, and the
automatic interchange of information between
monitoring machines. Telecom Italia (2013)
has different solutions in place to reduce CO,
emissions and energy consumption, and improve
citizens’ quality of life. Telecom Italia aims to
improve infrastructure, guarantee better health
information management and make mobility and
transportation more efficient.

To summarize, Telcos view smartcities as hav-
ing highly connected ICT infrastructure through
which information flows to improve healthcare,
education, energy (smart grid), and transport. The
intent is to empower citizens so that they may
access information about anything anywhere on
any device, especially those of amobile variety. A
new generation of applications will be introduced
in smart cities to combine various kinds of infor-
mation about the city and supply it to residents.
All of this will ostensibly lead to an improved
standard of life for its citizens.

Networking and Communications
Companies

Networking and Communications companies
provide the backbone of technology and ICT in-
frastructure and hence have a strong interest in a
smart city. This backbone is what the city will run
onin terms of datacommunications and transfer of
information. Companies such as Ericsson, Cisco,
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NTT, Schneider Electric, Siemens and Huawei are
just a few examples of companies that are keen
on developing and operating smart cities.

Ericsson’s “Networked Society” concept (2012
and 2014)isavision of a futuristic, ultra-connected
society. The project is the basis for a framework
tool that measures and assesses a city’s ICT matu-
rity, in terms of investment, network penetration,
performance and the resulting triple-bottom line
(social, economic and environmental) benefits.
The networked society city index has three aspects:
(1) city, (2) citizen and (3) business.

Aoun (n.d.) from Schneider Electric states
that a smart city must be livable (deliver benefits
to all key stakeholders), efficient (cost effective
and compliant with regulations) and sustainable
(respect for the past while preparing for the fu-
ture). Public governance, people ownership, and
business cooperation is alsoimportantto the city’s
survival. Schneider Electric (2014) states that a
smart city can be considered to be a system of
systems revolving around 5 key themes with a
central “Integration Platform” to bring all under
a common operating paradigm. These principal
themes are (1) Smart Energy, (2) Smart Water,
(3) Smart Mobility, (4) Smart Public Services and
(5) Smart Buildings.

Cisco Systems boasts several projects in this
areaof Smart Cities. These include the Cisco Smart
Connected Communities (n.d.), (S+CC), Cisco
(n.d.) Connected Urban Development (CUD)
as described by Villa and Wagener (2008), and
recently the Cisco (n.d.) “Internet of Everything”
initiative. The Cisco S+CC project focuses on three
key drivers: Social, Environmental and Economic;
and as such it brings together a broad portfolio of
partnerships, products, services, and solutions to
address urban intelligence. S+CC is a framework
within which quality of life is improved by con-
necting the device-information systems as well as
people together in an intelligent and contextual
way. CUDis adecision supporting tool that demon-
strates the reduction of carbon emissions through
efficient, ICT employing urban infrastructure. A

recently developed toolkit includes smart work,
travel assistance, urban energy and mobility, along
with an associated framework. Cisco has now
launched an “Internet of Everything” project. Cisco
defines the Internet of Everything (IoE) as “bring-
ing together people, process, data, and things to
make networked connections more relevant and
valuable than ever before-turning information into
actions that create new capabilities, richer experi-
ences, and unprecedented economic opportunity
for businesses, individuals, and countries”.

Siemens (n.d.) has created a corporate group
called “Cities and Infrastructure”. In addition to
being a primary driver of the Green City Index
discussed earlier in this report, they have “smart
solutions for smart cities”. Areas covered are pri-
marily infrastructure based and include Lighting,
e-Mobility, Energy Efficient Buildings, Smart
Grid, Industries, Transport and Renewable Ener-
gies. Siemens has solutions for harbors, airports,
water, energy, public administration, financing,
sports venues, security, buildings, transport, and
health care. NTT (2013), in a joint paper with
Fujitsu, presents a concept for a smart city (SSC).
They propose that addressing basic physical and
ICT infrastructure, in relation to energy, transport,
water, waste, medical care, administration, educa-
tion, environmental issues, urban revitalization,
disaster prevention, and citizens’ wellbeing, is
the key to sustainable development. According
to Huawei (n.d.), a smart city should be able to
efficiently handle the plethora of data resulting
from the information boom. Digital and physical
infrastructure will converge and the intelligent
functions powered by network and IT technolo-
gies will enable citizens of a smart city to improve
their quality of life.

A common theme across all of the network-
ing companies is that all of them are applying
networking and communications technologies to
alist of physical infrastructure verticals. The typi-
cal verticals which are being addressed include:
Energy Management, Building Management,
Transportation & Mobility, Waste Management,
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Water Management, Healthcare, Education and
Physical Safety & Security. Each of these infra-
structural elements in turn has a host of detailed
descriptors and characteristics which need to be
considered.

Enterprise Companies

IBM Smarter Planet (n.d.) is a corporate initiative
from IBM that highlights the potential that smarter
systems have to achieve efficient, sustainable eco-
nomic growth for society at large. This “system
of systems” includes the management of water,
smart grids, buildings, and traffic. Traditionally,
each of these systems has been difficult to ana-
lyze and manage, due to its size and complexity.
IBM'’s strategy, however, is to provide or enable
many of these technology and process manage-
ment capabilities to resolve these problems using
data analytics.

Toshiba (n.d.) boasts the concept of the “smart
community” —the next generation community —in
which the management and control of various in-
frastructures (electricity, transportation, logistics,
medicine, information) is optimized. Inrelation to
the smart community, Toshibahas been developing
comprehensive solutions encompassing energy,
water, and medical systems in order to realize a
synergetic balance between environmental consid-
eration and comfortable living. The different solu-
tions can be divided into vertical infrastructural
elements including: Energy, Water, Information,
Transport and Medical care. Fujitsu (2014) has
a vision of an ICT-driven smart city. Their stated
goal is “Promoting environmentally conscious
cities to balance environmental stewardship with
comfortable living (including the infrastructure)
in the world”.

Symantec (2014) discusses the need for cyber
security and associated resilience. Cities access a
lot of information through the ICT system. More
information means more knowledge and therefore
the increased vulnerability of data security. The
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more complex a system, the greater the need for
cities to protect such data. Symantec believes that
smart cities would definitely thrive and prosper
if cyber security and information protection were
fundamental components of the services provided
to constituents. Population growth, economic
crises, resource crises, growing energy demands,
the need for regulatory compliance, the urgent
need for carbon emission targets, the increasing
importance of public safety, security and exposure
to online data transmission, are forcing cities to
become smarter.

SAP (2014) recently launched an “Urban
Matters” program. This initiative is designed to
help urban centers develop more effective govern-
ment and better management. In consideration of
business-citizen transactions, Oracle (2011) has
set up a Solution for Smart Cities program. The
group recognizes the need for the transparent,
efficient, intelligent interaction of people, local
authorities and businesses, especially for tasks like
information requests, incident reporting, inspec-
tion scheduling and completing the online start-up
of local businesses. It is part of the iGovernment
initiative which addresses the needs of the Public
Sector with regard to ICT (Information, Comput-
ers and Telecommunications).

Milot (2013) describes the Microsoft City
Next program to be a global initiative intended
to build “smart cities” around the world using
cloud technology, mobile devices, data analyt-
ics and social networks. These will help cities
improve their economies, in spite of issues with
rapid urbanization and budgetary constraints. It
aims to develop an era of cooperative technology
designed to engage citizens, business and govern-
ment leaders in new and innovative approaches.
For example, by enabling critical information to
flow seamlessly between government, businesses
and citizens, society at large will likely be better
prepared for major emergencies (a case in point
is Hurricane Sandy, which devastated the eastern
seaboard of the United States). City Next aims
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to connect functions like energy, water, infra-
structure, transportation, public safety, tourism,
recreation, education, health and social services,
and government administrations.

Once again, very much like the Telcos and the
networking companies, enterprise companies are
all looking at infrastructure and associated ap-
plications related to those verticals, as what will
make a city “smart”. The emphasis appears to be
on how to connect and develop “bridges” across
these verticals which are normally siloed and do
not “talk to one another”. Examples include e-
governance, data security, big data, data analytics
and the “internet of things”.

Summarizing Industry’s View

Looking at the different industry’s viewpoints of
the smart city, itis clear that the focus is on “Infra-
structure and Services”. While most of the com-
panies are in the ICT space, their view is that ICT
will provide the overarching integrating function
for (1) the different physical infrastructure such
as buildings, roads, factories, power generation
and the like, and (2) the ability to deliver smart
services. Both of these areas provide tangible
economic benefits to the industrial players at large.
Finally there is the ICT or digital and software
layer which acts as a “glue” uniting the various
verticals to help optimize the different aspects of
a city as a whole.

Once industry starts to develop products and
solutions in this space, one of the key aspects is
the standardization of terminology, the interoper-
ability across different systems and approaches.
Thisis typically driven by a standards approach and
governed by standards organizations such as the
ITU and the ISO, among others. The next section
shall consider the view of Standards Developing
Organizations SDOs, and will therefore round
off the overall, 360° viewpoints being gathered —
before bringing all the different aspects together
into a comprehensive summary.

INTERNATIONAL
STANDARDS EFFORTS

As a given industry segment such as smart cities
starts to evolve and mature, it is essential that a
common ground, or set of standards, is established.
This aims to start bringing together the various
aspects of the analysis developed in this chapter
on what constitutes a smart city, by establishing
the uniformity of the global phenomena of smart
cities.

Rules, guidelines and standards are created by
means of a consensual approach. These typically
include regulations, guidelines, best practices,
specifications, test methods, design or installation
procedures and the like. Applying standards within
a smart city context can be quite complicated, es-
pecially since cities have complex, interconnected
systems across a variety of different verticals such
as buildings, transportation, health, education,
public safety, energy, water, waste and telecom-
munications.

Standards are important for a number of
reasons:

e  Standards form a key foundation for such
an urban infrastructure across all vertical
sectors.

e  Standards can act as a foundation to make
cities smarter, more sustainable and more
resilient.

e  Standards are at the heart of innovation in
“smart” information and communications
technologies. Examples include smart sen-
sor and data networks which collect, trans-
mit and analyze data in order to help cities
be more efficient in delivering services to
their citizens.

e  Standardized efforts to improve green
buildings, energy efficiency and climate
change mitigation enhance the quality of
life and the environment, both of which are
beneficial for the urban populace.
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Standards Development Organizations (SDOs)
develop and specify standards for initiatives,
including smart city programs. UNEP, UN-
HABITAT and the World Bank have drafted a
standard for cities reporting of GHG emissions.
Other standards organizations such as the IEEE,
ANSI, ETSI, ETNO, CENELEC, CCSA, DIN/
DKE, GIFSI, IEC and TIA are also working on
smart, sustainable cities. While the smart cities
concept is fairly new, several corporations and
organizations recognize its importance.

Some of the more proactive standardization
projects (to date) relating to smart sustainable
cities include:

e International Telecommunication Union
(ITU): an on-going standardization under-
taking related to the environmental assess-
ment of cities

° British Standards Institution (BSI): this
recently launched a smart city standards
initiative

e International Standards  Organization
(ISO): this has launched a project concern-
ing smart community infrastructures.

International Telecommunications
Union (ITU)

The ITU-T is the technology arm of the Interna-
tional Telecommunications Union (ITU), a spe-
cialized agency of the United Nations focusing on
information and communication technology. The
ITU (2013) established a focus group in February
2013 to study Smart Sustainable Cities under the
auspices of Study Group 5 (SG5). A series of open
meetings have been organized with stakeholders
from Telcos, ICT companies, governments, and
broad-based information platforms have been
provided. This is helpful in sharing views, devel-
oping deliverables, show-casing initiatives, proj-
ects, policies and standards activities. The group
also analyzes ICT solutions/projects promoting
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sustainability, and identifies best practices that
facilitate implementation in cities. In conjunc-
tion with other SDOs and forums’ activities, it
will soon develop a standardization roadmap for
major smart city initiatives.

Some of the focus group’s key activities in-
clude:

e  Establishing liaisons and relationships
with other organizations which could con-
tribute to the standardization activities of
ICTs, environment and climate change in
cities.

e  Publishing a roadmap of the ICT sector’s
contribution to smart and sustainable cities.

e  Suggesting future ITU-T study items and
related actions within the scope of the
ITU-T SG5 (see Appendix) for example
on:

° Concepts, coverage, vision and use-
cases of smart and sustainable cities.

° Characteristics and requirements of
smart and sustainable cities.

° Efficient services and network infra-
structure of smart and sustainable
cities, as well as their architectural
framework from the environmental
impact point of view.

e  Identifying or developing a set of key per-
formance indicators (KPIs) to assess how
the use of ICTs impacts the environmental
sustainability of cities.

e  Fostering the development of strategies
and best practices relating to policies and
standards to help cities deliver ICT envi-
ronmental services, including the optimi-
zation of the use of scarce resources and
the building of resilience to climate change
in cities.

e  Identifying and finding ways to overcome
potential barriers in the use of ICTs to
achieve environmental sustainability in
cities.
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A series of technical reports and deliverables
ranging from definitions, KPIs and benchmarks,
infrastructure, smart buildings among others are
in progress and are expected to be available within
the next 12 months.

British Standards Institution (BSI)

The British Standards Institution (n.d.) (BSI)
has developed a Smart Cities Standards Strategy
to address the complex issue of sustainability
and technology as it applies to smart cities. The
advantages of considering a city holistically, far
outweigh those of individual smart services when
looked at in isolation. The report “A Standards
Strategy for Smart Cities”, based on collective
input from citizens, ICT companies, govern-
ment, research and academia, states that a smart
city is multi-faceted and complex, with several
stakeholders and attributes. Thus, there is a need
for the introduction of guidelines and technical
specifications. Such metrics facilitate the seam-
less collaboration of governments, citizens and
the private sector. The three axes along which
the strategy has been developed are: (1) Vertical
Sector Infrastructure, (2) Services Infrastructure
and (3) Management Infrastructure.

International Standards
Organization (ISO)

The International Organization for Standardiza-
tion (2014), commonly known as ISO, has been
proactive in the area of Smart Cities and Com-
munities. Several different proposals fall within
ISO’s aim to develop standards relating to global
city indicators and sustainable development in
communities. ISO has also reviewed existing
activities pertaining to the metrics for smart com-
munity infrastructures, and has issued a report
entitled Sustainable development of communities
-- Indicators for city services and quality of life
(International Organization for Standardization,
2014). The approach taken by ISO is based on (1)

Intelligence, (2) Infrastructure and (3) Commu-
nity. The study covers key components of urban
infrastructure, such as energy, water, transporta-
tion, waste and information and communications
technology (ICT). Technical aspects which have
been published, implemented or presented are
discussed. The concept of smartness or intelligence
as applied to technologies and implementable
solution is addressed in terms of performance,
with sustainability and the community’s resilience
as a backdrop.

Summary of the SDO Viewpoints

The following conclusions have been drawn up
based on the ongoing work at SDOs: looking at
single or point solutions for cities may not really
be “smart”, but considering multiple aspects and
issues is essential. There needs to be a strong
focus on the interoperability and efficiency of
urban operations.

Energy, Water, Transportation, Waste and [CT
are key infrastructural elements. The quality of life
is also a key consideration. A smart city should
have benchmarks and key performance indicators
to ensure that the urban environment follows a
tangible path and process towards intelligence.

PUTTING IT ALL TOGETHER:
A COMPREHENSIVE VIEW

This study has thus far considered a variety of in-
dicators, industry’s view, standards projects and a
set of definitions for a smart city. The information
has been obtained from many different sources
and stakeholders, providing a holistic approach
to the definition of the smart city. As can be ob-
served, the different viewpoints discussed so far
all focus on a variety of key terms and topics, all
of which are relevant to a smart city. There are
clearly certain overlaps which emerge as the truly
pivotal aspects of a smart city.
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So, what constitutes a “smartcity”’? The answer
appears to lie in a combination of the following
three aspects, which appear of pivotal importance
when describing a smart city:

° Themes of Society, Economy, Environment
and Governance

e  Different types of infrastructure — Physical,
Service and Digital

e A recurring set of terms and keywords
which characterize a smart city.

Combining the Themes, Infrastructure and
Key Words, we are able to coalesce and identify
what really constitutes a smart city.

Common Themes
Accordingtothe technical reports from ITU (2014)
four themes emerge for a smart city (with infra-

structure as a foundation) as detailed in Table 7:

e  Society: the city is for its inhabitants (the
citizens)

What Constitutes a Smart City?

e  Economy: the city must be able to thrive —
jobs, growth, finance

e  Environment: the city must be sustainable
in its functioning for future generations

e  Governance: the city must be robust in its
ability to administrate policies and bring
together the different elements.

Infrastructural Verticals
for a smart city

Three distinct types of infrastructure in a city
become apparent: (1) physical, (2) service and
(3) digital.

1. Physical infrastructure is what we can touch
and feel, for example, buildings (all types —
homes, offices, hospitals and similar), roads,
physical transport (trains, buses, cars), and
utilities (electricity, gas, water).

2. Service infrastructure consists in the provi-
sion and supply of electricity, the provision of
education, healthcare, mass rapid transport,
mobile / cellular systems

Table 7. Economy, governance, environment and societal themes in a smart city

* Employment *Regulatory
*GDP *Compliance
*Market — Global  *Processes

* Viability *Structure

* Investment * Authority
*PPP * Transparency
*Value Chain » Communication
*Risk *Dialog
*Productivity *Policies
«Innovation » Standards

* Compensation « Citizen Services
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* Sustainable *People
*Renewable *Culture

*Land Use *Social Networks
*Bio-Diversity *Tech Savvy
*Water / Air * Demographics
*Waste *Quality of Life
*Workplace  User Experiences

*Equal Access
*End Consumers

» Community
Needs

*The City as a
Database
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3. Digitalinfrastructure includes the backbone
for communications, internet, mobile net-
work, data, cloud computing, the internet
of things.

One should think of the physical infrastructure
as the core foundation upon which the services
infrastructure rides and provides distinct and
siloed services in specific verticals. The Digital
infrastructure then provides an ICT — an integra-
tion layer allowing for cross pollination of these
services, perhaps in the form of converged appli-
cations, bringing different people together. One
simple example is alerting transportation networks
of a flood situation in a given part of the city, in
real time, so as to allow for the re-routing of traffic.

When all of these forms of infrastructure
combine and converge, a smart city begins to
take shape.

Keyword / Terms

Based on the extensive and methodical analysis
conducted by the author as part of the ITU (2014)
Focus Group on Smart Sustainable Cities, it was
found that there is a recurrent set of key words /
terms. This leads the authors to believe that the
following 30 key terms / words are highly rel-
evant and must be considered when describing
a smart city.

ICT
Adaptable
Reliable
Scalable
Accessible
Security
Safe
Resilient
Economic
Growth
Standard of Living
Employment

A SRR e S

—_ =
—_ O

—
N

13. Citizens

14.  Well Being

15. Medical

16. Welfare

17. Physical Safety

18. Education

19. Environmental

20. Transportation & Mobility
21. Physical & Services Infrastructure
22. Water

23. Utilities & Energy

24. Telecommunications

25. Manufacturing

26. Natural/Man Made Disasters
27. Regulatory & Compliance
28. Governance

29. Policies & Processes

30. Standardized

PROPOSED COMPREHENSIVE
DEFINITION

Based on the research and discussion presented in
this chapter, the authors propose a comprehensive
definition which attempts to incorporate as many
of the different aspects as possible. We recognize
that the specific “lens” through which a smart
city is viewed will definitely vary and there will
be many proposed definitions that will all be true
within their own dimension.

The following comprehensive definition is
proposed as one of the many possibilities:

A smart city uses the ICT (digital) infrastruc-
ture as a foundational platform using an adapt-
able, reliable, scalable, accessible, secure, safe
and resilient approach in order to:

e  Preserve and Improve the Quality of Life
of its Citizens.

e  C(Create an environment for tangible eco-
nomic growth including a higher standard
of living and employment for its citizens.
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e Address the well-being of society, through
the provision of medical care, welfare,
physical safety and education.

e  Develop and implement an environmen-
tally responsible and sustainable policy
framework that “meets the needs of to-
day without sacrificing the needs of future
generations”.

e Optimize physical and services infrastruc-
ture such as transportation (mobility), wa-
ter, utilities (energy), telecommunications,
and manufacturing.

° Consider solutions for natural and man-
made disasters, including the effects of cli-
mate change.

o  FEstablish effective and well-balanced gov-
ernance (including regulatory and com-
pliance) mechanisms and processes in an
equitable and standardized manner.
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KEY TERMS AND DEFINITIONS

City: An urban environment with a large
population and possibly a high population density.

Definition: A concise description or speci-
fication of the attributes and characteristics of
what is being defined, such that it can be used as
a benchmark or to uniquely identify it.

Economy: Financial and Societal aspects re-
lated to the production, distribution or trade, and
consumption of goods and services (including
ICT, Energy).

Governance: Establishing and executing
against a strategic direction related to society, the
manner in which public services are delivered,
while managing risks and ensuring compliance
with regulatory and policy requirement. In a
Smart City, this includes e-government and using
ICT to facilitate and support better planning and
decision making.

ICT: Information and Communications Tech-
nologies not limited to Voice, Video Data, PCs
or Smart Phones but incorporating the Internet of
Things, Sensors, Analytics and Big Data.

Infrastructure: Infrastructure refers to a set
of interconnected structural and organizational
elements (physical-physical, service-service and
service-physical) that provide the framework
to support an economy. There are two types of
infrastructure - physical (examples: Buildings,
Roads, Utilities) and services (examples: educa-
tion, and healthcare).

Smart: A state of intelligence as applied to
technologies and implementable solutions in
relation to optimized performance levels without
compromising sustainability and community (hu-
man) related aspects.

Society: People (humans) who live, work and
play together harmoniously especially in terms
of social and cultural interaction. In a smart
city context, such interaction has a technologi-
cal component with a goal to help improve the
quality of life.

Sustainability: Anumbrellaterm forall human
activity designed to meet current needs without
hindering the ability to meet the needs of future
generations in terms of economic, environmental
and social challenges.

ENDNOTE

! This section presents only a representative

view of the Smart Sustainable City activities
and viewpoints of the private sector. It is
by no means intended to be an all-inclusive
listing. It is not a reflection that companies
listed are the only ones doing work in smart
cities or an indication that one company is
ahead of another. It is only intended to vali-
date that the activity and solutions around
Smart Cities are indeed real and thereby
giving credibility to the view that “smart
cities have arrived”.
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Chapter 2

Smart Cities and the Internet:
From Mode 2 to Triple Helix
Accounts of their Evolution

Mark Deakin
Edinburgh Napier University, UK

ABSTRACT

This chapter challenges recent mode 2 accounts of smart cities and in particular, the idea they are an

index of the future internet. Adopting the triple helix model of knowledge production, it studies smart cit-

ies, not as the emergent technologies of economic transactions, but in terms of civil society’s support for
the integration of Web2.0-based information and communication platforms into their regional innovation
systems. This reveals that no matter how technologically advanced such an internet-driven reinvention

of cities may appear, being smart is something which reaches beyond this. Beyond this and towards

policies, leadership qualities and corporate strategies that not only serve the knowledge economy, but

which are also smart in allowing cities to cultivate the creativity of the internet as the information and
communication technologies of regional innovation systems.

INTRODUCTION

Over the past decade, cities have increasingly
become the object of academic interest, scientific
and technical study. Examples of this appear in
the work of Landry (2008), Komninos (2008)
and Hollands (2008) on the innovation of cre-
ative, intelligent and smart cities. Collectively
they serve to highlight some of the most pressing
socio-demographic issues currently facing the
scientific and technical community: the need for
cities to be(come) innovative hubs and creative
milieus and requirement for their institutions to
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not only be intelligent, but smart. Together they
also do much to map out the institutional setting
for the scientific and technical community to begin
learning about the knowledge base of smart city
developments. Separately they also offer a series
of critical insights into how little the scientific
and technical community currently knows about
either the innovation, or creativity underpinning
such developments, let alone the basis of any
intelligence supporting this transition to smart
cities (Deakin & Al Waer, 2011).

What follows proposes that nowhere are these
limitations better illustrated than in the notion of

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.
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smart cities recently advanced by Schaffers et al.
(2011), Komninos et al. (2012) and Komninos
and Tsarchopoulos (2012). In particular, the idea
advanced that smart cities are an index of the fu-
ture internet and digital technologies which they
draw upon to service such developments. What
the chapter shall argue runs contrary to this. For
it shall propose: smart cities are not an index
of the future internet, but instead developments
whose full significance can only be understood
by challenging the scientific and technical basis
of the “mode 2” accounts such statements cur-
rently stand on. That is to say, by challenging the
basis such future internet statements stand on
and replacing them with triple helix accounts of
smart city developments able to account for their
evolution (Leydesdorff & Deakin, 2011; Deakin
& Leydesdorff, 2013).

Against this backdrop, the second part of this
chapter examines the shift from the so-called
“mode-2" to triple helix accounts of the relation-
ship between smart city developments and the
internet. Drawing upon the critical insights this
offers, the third part of the chapter examines the
ongoing reconstruction of Montreal and Edinburgh
as smart cities and reflects on the critical role the
internet plays in their development. The fourth
part of the chapter draws upon all of these insights
and offers an alternative account of the evolving
relationship between smart cities and the internet.

Structured in this way, the chapter avoids the
current temptation there is to try and define smart
cities by reference to either some pre-defined
metrics, or the performance related assessment
such developments are associated with. Here any
such definitions are set aside because they relate
to the very mode 2 thinking this chapter aims to
challenge, expose the limitations of and replace
with a triple helix inspired account of smart city
developments. The definition this chapter aligns
with is that offered by Caragliu et al. (2011, p. 70)
which suggests a city may only claim to be smart:

... when investments in human and social capital
and traditional (transport) and modern (ICT)
communication infrastructure fuel sustainable
economic growth and a high quality of life, with
a wise management of natural resources, through
participatory government.

This definition is particularly valuable for
the simple reason its holistic nature nicely bal-
ances the different social, cultural and economic
components of smart city developments, without
pre-judging either the weight or significance of
one relative to the other. Perhaps more signifi-
cantly, the definition also serves to emphasise the
role ICT-related developments play in sustaining
economic recovery, underpinning social welfare
and supporting cultural health and well-being, by
highlighting the internet as an enabler of partici-
patory government.

FROM “MODE-2” TO TRIPLE
HELIX ACCOUNTS

The proponents of the “mode-2” thesis argue the
social system has undergone a radical transition
and this has changed the prevailing mode of
knowledge production. They propose disciplinary-
based understanding shall increasingly become
obsolete and be superseded by techno-scientific
knowledge generated in “trans-disciplinary”
projects. Advocates of this thesis also propose
that it is the economics of the nation-state which
provide a stable system for the development of
innovations capable of deploying such techno-
scientific knowledge, either by way of industrial
sectors, or through regions (Schumpeter, 1939;
Lundvall, 1992; Nelson & Winter, 1982; Nelson,
1993; Carlsson, 2006; Braczyk et al. 1998; Carls-
son & Stankiewicz, 1991).

Exponents of the triple helix find such ac-
counts of social change wanting and explain the
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differences between innovation systems (national,
sectoral and regional) in terms of possible arrange-
ments. Under this knowledge based regime, each
systemremains in “endless transition” (Etzkowitz
& Leydesdorff, 1998). This does not mean “any-
thing goes”, but that “emerging systems” should
not be reified as yet another “variation on the
theme” i.e. as either the sectoral, or regional com-
ponents of national innovation systems, because
the interacting uncertainties which the reflexive
instability any such meta-stabilization generates,
itself does much to determine the global dynamics
of the trajectory in question.

Unfortunately, this is what recent accounts of
smart cities as “an index of the future internet”
end up doing. For while such accounts state any
investigation into what is smart should begin with
cities, they ignore the dynamics of this trajectory
and instead go on to study the “instrumentaliza-
tion” of the information and communication
technologies (ICTs) in question. The problem with
such accounts of smart cities is that in setting the
trajectory of cities aside and concentrating instead
on the ambient intelligence of their ubiquitous
computing, everything which is smart about cities
is accounted for in terms of the future internet and
nothing else. In particular, in terms of the potential
the future internet has to make cities smart by ex-
ploiting every opportunity the emerging “internet
of things” offers them to cultivate a competitive
advantage over theirrivals and secure this as part of
an environmentally sustainable economic growth
(Schaffers et al., 2011, pp. 433-437).

The fundamental error such mode 2 inspired
accounts of the relationship between smart cities
and the internet make, however, is to assume that
ideas emerging about the form of content-driven
ICT platforms can spin a web strong enough for
their 4G cables and wireless sensors to transcend
the market. Thatis to say, spin a web strong enough
to transcend the market and set the stage for a set
of civic values, which are socially-inclusive in
terms of the cohesive qualities any such competi-
tive advantage and environmentally sustainable
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economic growth offers. The source of the error
this particular sector-based and regional “variation
on the theme” of national innovation makes rests
with the purely technical, as opposed to the insti-
tutional concepts of civil society the competitive
advantage of their environmentally sustainable
economic growth labour under.

Unlike mode 2 accounts, the triple helix ac-
count of such developments does not rest on an
understanding of national innovation systems, be
they either sector-based, or regionally-grounded
variants on this theme, but instead knowledge
of civil society’s institutional structures as the
embedded intelligence of smart cities (Deakin,
2011, 2013b). As a result, it:

e  Studies  university-industry-government
relations and offers a neo-evolutionary
model of knowledge production;

e  Proposes the three evolutionary functions
cultivating the selection environments of
a knowledge based economy are: (i) orga-
nized knowledge production, (ii) wealth
creation and (iii) reflexive control,

e  Suggests that as reflexivity is always in-
volved in knowledge production, the
purpose which these three evolutionary
functions serve are not given, but socially
constructed as the science and technology
of evolving communication systems oper-
ating within given cultural settings. Within
cultural settings whose cohesive qualities
define the competitiveness of the environ-
ments they in turn sustain the growth of in
economic terms.

In the triple helix selection dynamics are en-
dogenous because actors in the three institutional
domains relate to one another reflexively. As a
result, integration and differentiation among the
underlying subsystems are concomitant and the
functionally differentiated system which evolves
is able to process the complexity that surfaces,
while the exchange relating to their embedded
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intelligence makes it possible for new structures
to develop. In this dynamic, structures are (re)
produced in a system where intellectual capital
1s associated with universities, wealth creation
is linked with industry and regulative control is
connected with government. Likewise, within
this dynamic, the networking of these relations
leads to “degrees of integration” that are not
biologically inherited from an ecosystem, but
which are socially constructed, both by way of
cultural attributes and through the innovations
they (universities, industry and government alike)
institute. That is by way of cultural attributes and
through the innovations which universities, indus-
try and government institute, systematically enter
into, draw upon and generate as products of their
“selectionenvironments” (Leydesdorff & Fritsch,
2006; Leydesdorff & Sun, 2009; Etzkowitz, 2008).

Although recognized as important by the likes
of Amin and Cohendet (2004), Amin and Rob-
erts (2008) and Nooteboom (2008), the highly
distributed nature of these cultural attributes has
tended to:

e  Overlook the potential this dynamic has to
explain what lies behind the surge of aca-
demic interest currently being focussed on
communities as the “practical” manifesta-
tion of intellectual capital and wealth cre-
ated by industry;

e  Ignore how the information systems and
communication technologies underlying
the notion of “creative cities” and sup-
porting the knowledge base of “intelligent
cities” are now intensifying the territorial
development of such scientific and tech-
nological capacities. What-is-more, inten-
sifying the territorial development of such
scientific and technological capacities and
representing them as the “embedded intel-
ligence of smart cities”.

AsDeakin’s (2011,2012a,2013a) accounts of
this transition highlights: what marks smart city

contenders out from their counterparts is how
they respond to the reflexive instability of this
globalisation. In particular, how they react to this
globalisation by leveraging the meta-stabilizing
tendencies ICTs offer cities to “outsmart their
rivals” by transcending the instabilities otherwise
associated with the dismantling of national systems
and construction of either sector, or regional-based
innovation variants on this theme. Instabilities that
are otherwise associated with such variations on
the theme, but which the embedded intelligence
of smart cities transcends. Which the embedded
intelligence of smart cities is able to transcend
the instabilities of as part of a meta-stabilization
that cannot be defined by way of top-level
“trans-disciplinary” issues surrounding the future
internet. That cannot be defined by way of top-
level “trans-disciplinary” issues surrounding the
future internet, but only through a considerable
amount of cultural reconstruction as to what the
embedded intelligence of smart cities means for
wealth creation when it gets bottomed out as the
“competitive advantage of an “environmentally
sustainable economic growth”.

THE ONGOING CULTURAL
RECONSTRUCTION

The following suggests the decisive level within
this transition to smart cities rests not at the na-
tional, vis-a-vis either sector-based, or regionally-
grounded, but global scale of this development,
because it is only under globalization that cities
which are not the capitals of nation-states can
obtain “world class” status. That is, be(come) the
trans-national regions of sectors known to be smart
in creating wealth from the innovation processes
which the embedded intelligence of these cities
in turn cultivate on this scale.

Montreal, for example, has been particularly
successful in reinventing itself as a smart city
and “creative” sector within the region. (Florida,
2004; Stolarick & Florida, 2006). That is to say,
become a city that is smart in not only exploiting
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the intellectual capital of the creative “sector”,
but wealth creating opportunities which such a
regional innovation system offers. This aside, it
should be noted the only thing which is offered
to explain how such a cultural reconstruction
of Montreal as a world-class city is smart in
generating competitive advantage in an environ-
ment that sustains economic growth, is a list of
locally-specific “prerequisites”, such as: university
involvement, coupled with a strong scientific and
technical development within the creative sector.

In contrast to this, Edinburgh’s world-class
status is secured by not expounding the corporate,
butcivic virtue of smart cities. Not on the grounds
of either university involvement, or a strong scien-
tific and technical development culture, but based
on the ICTs needed for the creative industries to
be smart in meeting the evolving e-government
requirement (Malina & MclIntosh, 2004). Here the
City has sought to get beyond policy statements
made about the underlying need for university
involvement in the scientific and technical devel-
opment of the creative industries by studying how
the application of internet-related developments
support their cultural reconstruction (Malina &
Ball, 2005).

As with Montreal, the actions taken by
Edinburgh serve to highlight the significance
of community in bottoming out the embedded
intelligence of this cultural reconstruction. In
Edinburgh this sense of community has developed
into the “IntelCities Community of Practice”.
However, the intelligence this platform embeds in
the city is mainly technical offering the software
developments needed to meet the community’s
e-learning needs, knowledge transfer require-
ments and capacity building commitments. This
currently takes the form of an “eTopia” demon-
strator, showing in session-managed logic, how
the “eCity platform” accesses the extensive pool
of electronically-enhanced services located in the
back-office and uses the intelligence embedded in
the middleware to be smart in delivering “post-
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transactional” courses on the consultative needs
and deliberative requirements of such develop-
ments (Deakin & Allwinkle, 2007).

While Montreal and Edinburgh both serve to
highlight how little we know about the relation-
ship between smart cities and the internet, these
shortcomings can be explained by reference to
their take on the role of science and technology
in innovation systems. This is because with mode
2 accounts of this kind, the science and technol-
ogy of knowledge production is exogenous to
the innovation system and as such “manner from
heaven”. Manner from heaven, that by definition
is beyond the reach of national, sector-based or
regionally-grounded innovation systems. Beyond
the reach of such innovation systems and those
whichnotonly smart cities have grown up with, but
ideas surrounding the future internet also relate to.

From the vantage point of the triple helix,
however, the science and technology of knowledge
production in smart cities can be known. In par-
ticular, both by way of the pre-dominantly social
situations the science and technology of smart
cities institute and through the communities the
internet not only cultivates, but in practice sys-
tematically opens up, draws upon and constructs
as the selection environment of a trans-national
process. More specifically, as the selection en-
vironment of a trans-national process that cuts
across the knowledge economy upon which the
sustainable growth of such a regional system of
knowledge production is based.

AN ALTERNATIVE

The following offers just such an alternative
account of the emerging relationship between
smart cities and the internet and is drawn from
the capacity-building outcomes of a North Sea
INTERREG 4B project (2008-2011) known as
SmartCities. In particular, the capacity-building
outcomes of an inter-regional academic network
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(SCRAN) whose embedded intelligence underpins
this cultural reconstruction and supports the said
community’s scientific and technical deploy-
ment of the internet. In particular, the scientific
and technical deployment of the internet as the
means for the competitive advantage of any en-
vironmentally sustainable economic growth to
systematically reinvent cities as the smart provid-
ers of electronically-enhanced services (Deakin,
2012b; Deakin & Cruickshank, 2013).

After reflecting on the communication needs
and technical requirements of such an innova-
tion, this account of smart cities shall go on to
configure SCRAN’s triple helix and set out the
step-wise logic of the organisation’s knowledge
base. Here attention centres on the University-

Figure 1. Partners in the SmartCities project

Industry-Government relations underlying the
Web 2.0 service-orientated nature of the enterprise
architecture and business models that support
this knowledge infrastructure and opportunities
which internet-driven developments offer cities
to be smart.

The Academic Network

Figure 1 draws attention to the academic network
underpinning the SmartCities venture. In this
respect, it identifies the network of academic
institutions and the specific role they in turn take
in supporting SCRAN. For Edinburgh Napier
University the main object of attention is the
methodology of this venture and for Mechelen
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University, the object of the exercise is to help the
communities of Kortrijk (business and citizens)
customise the development of their electronically-
enhanced service provision. In this respect, each
academic institution (university) within SCRAN
is expected to work alongside industry and gov-
ernment, contributing specific expertise towards
the development of their electronically-enhanced
services.

This representation of the triple helix offers an
insight into the science and technology underpin-
ning the growth of smart cities andregional innova-
tion systems they in turn support. This is because
unlike Etzkowitz and Leydesdorff’s (2000, 2002)
representation, SCRAN’s translation of the triple
helix does not rest at the level of institutions, but
rather with the cultural construction of the com-
munities whose policies, leadership qualities
and corporate strategies make up the a-priori
knowledge base of the model. That knowledge
base which underpins the learning this in turn
supports and intellectual capital such a process
of wealth creation stands on.

Based on this understanding of knowledge
production, the environmental means needed for
University and Industry to meet Government’s
e-service agenda for the growth of smart cities
have been assembled as part of a regional in-
novation system.

SCRAN'’s Take on the Triple Helix

Studies of the triple helix that are socially-ground-
ed and built on the technical infrastructures of
university, industry and government collaborations
are particularly difficult to find and as a conse-
quence, little is currently known about the way in
which the embedded intelligence of smart cities
support the development of regional innovation
systems. The tendency to focus on the university
and industry of regional innovation systems and
ignore the technical infrastructures of government,
has in turn led some to question the usefulness
of the triple helix as a well-grounded and secure
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model of knowledge production. In this respect,
Jensen & Bjorn (2004), Jauhiainen & Suorsa
(2008) and Smith (2007), have all recently begun
toraise such concerns about the value of the triple
helix for these reasons and started to question
the usefulness of the model. To overcome these
concerns, SCRAN’s take on the triple helix has
sought to develop practical guidelines on how to
take account of not only the social basis, or tech-
nical infrastructures of the model, but all three
strands of the helix, i.e. university, industry and
government in the process of cultural reconstruc-
tion this articulates for the growth of smart cities.

In methodological terms, the challenge this
poses means SCRAN has to account for how
the triple helix of SmartCities institutionalizes
knowledge production.

Figure 2 sets out SCRAN’s attempt to overcome
the methodological challenges and associated risks
such knowledge production raises. In this respect,
it offers an initial representation of the triple helix
this network advances to begin meeting them. As
can be seen, here the three institutional dimensions
of SCRAN are: the intellectual capital, wealth
creation and regulation of service developments.

e  Set out as the actor-network matrix of such
institutional relations, it is universities, in-
dustry and government which make up the
columns of the matrix and their respec-
tive contributions to the generation of in-
tellectual capital, wealth creation and the
regulative standards of those developments
that make up the knowledge production il-
lustrated on the left hand side of the rep-
resentation. This formal representation of
SCRAN’s triple helix is then given content
by means of the analytical spaces the ma-
trix opens up for the SmartCities venture
and opportunity collaborations of this kind
offer as three-way partnerships able to cut
across a regional innovation system.

e  This networking of SmartCities as a re-
gional innovation system in turn relates
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Figure 2. SCRAN's triple helix
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the universities engaged in the generation
of intellectual capital, industries involved
in the creation of wealth and standards
of regulation government in turn sets for

this regional innovation system. That is to
say, by way of and through the associated
capital of a community set up to regulate
the customisation of electronically-en-

this, back to those actors associating with
one another as a community of learners.
What the wealth created from this process
of knowledge production in turn contrib-
utes to such a learning organisation is rep-
resented in the right hand column of the

hanced service developments, the wealth
created from their co-design and knowl-
edge this produces about the user-profiles
regulating their direct participation in this
governance-led democratisation of the re-
gional innovation system.

matrix. This is shown in terms of the ad-
vantage that such a venture constructs as
a platform of wealth creation which regu-
lates the development of electronically-en-
hanced services.

e  All of this is then captured in the right-
hand column and in terms of what the
knowledge produced by the SmartCities
venture contributes to the development of
electronically-enhanced services as part of

The Triple Helix of SmartCities

Revealing how the triple helix of the SmartCities
venture can be mutually advantageous is however,
not so simple. Figure 3 illustrates this as a second-
order configuration of the triple helix. This shows
universities as being responsible for building the
capacity of the enterprise architecture and busi-
ness models, acting as a platform for industry to
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Figure 3. The triple-helix of SmartCities
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customise the development of electronically en-
hanced services. Those electronic enhancements
that in turn offer multi-channelled access (cable
and wireless, PC and mobile) to such services
and target specific user-profiles (classified by
demographic groups and community member-
ship). Represented in this way, it is possible to
be specific about the duties and responsibilities
of SCRAN’s triple helix.

For as this figure shows, while the work pack-
aged together under the titles of: customisation,
multi-channel access and user-profiling, provide
the backdrop to SCRAN, it is not proposed the
SmartCities venture should cover all of them.
Rather it suggests SCRAN should use the triple
helix as a means to cut across them, concentrating
instead on the efforts of the network’s associated
communities to learn about (get information on

34

Smart Cities and the Internet

L . User-
4 ’ profiling

g s Multi-
“4 channelling

S

' creation of wealth by
industry through the
enterprise architectures and
business models Py,
underpinning the co-design - 'Dmisation
of multi-channelled service "
developments by - >
communities and regulated -
by government as business-
to-citizen ep! ts
subject to moni rmgpand
evaluation

hittp://smaricities.info/wiki/

~ U

and gain knowledge of) how cities can be smart. In
particular, on how cities can be smart in building
the capacity needed for the intellectual capital of
this knowledge-base to be quintessentially civicin
supporting the co-design, monitoring and evalua-
tion requirements of such applications.

This is an important point and begins to throw
some light on what is smart about the capacity
building exercises cities are entering into. For
what it shows is that “being smart” does not rest
so much with the technologies which support
cities, as with the generation of intellectual capi-
tal, creation of wealth and regulative standards
underlying their application. In particular, the
intellectual capital whose experiential learning
provides communities with the capacity to build
such a platform and then go on and exploit the
“ambient intelligence” this innovation in the
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process of wealth creation cultivates as environ-
ments supporting the co-design, monitoring and
evaluation of electronically-enhanced services.
The significance of this rests with the realiza-
tion that with the triple helix of smart cities, it is
the intellectual capital making up the experiential
learning of this knowledge base, which provides
a true index of smart cities. For only in sourcing
the “ambient intelligence” of this intellectual
capital on standards that are pre-dominantly so-
cial, as opposed to technical and civic rather than
instrumental, can the cohesive qualities of this
knowledge base be openly sourced (as opposed
to privately appropriated via rivalry and com-
petition). Openly sourced and appropriated by
communities as a measure of the wealth creation
which their environments regulate, both by way of
and through, the standards that are set collectively
i.e. as part of a democratic process for govern-
ing the co-design, monitoring and evaluation of
electronically-enhanced service developments.
Accounted forin this way and in the interests of
serving the social dynamic of this innovation pro-
cess, itdoes now become possible to highlight the
knowledge base and learning curve of SCRAN’s
triple helix. What this also brings to light is the
step-wise logic of the network’s particular take on
the institutionalisation of the model: the fact the
intellectual capital that it generates builds off a
given knowledge base, vis-a-vis anembedded sys-
tem and is creative in using the wealth of industry,
which underpins this learning organisation. That
learning organisation which in turn provides the
platform for what might best be termed: the criti-
cal “building-blocks” of smart cities and service
developments regulating their governance-led
democratisation of regional innovation systems.
Figure 4 sets out how the electronically-en-
hanced services developed under the SmartCities
venture serve the social dynamic of this cultural
reconstruction. It also outlines the pedagogy
needed for the wealth created from such devel-
opments to be regulated in such a way the direct
participation of communities in this process is

not only inclusive, but equitable in meeting the
governance requirements of the emerging regional
innovation system.

Reading from bottom left to top right, Figure
4 serves to affirm the third mission basis of the
research, science and technology underpinning
the SmartCities venture. This is set out in terms
of the university engagement and intellectual
capital society draws upon to build capacity for
the customisation of electronically-enhanced
services, the platform this offers industry to cre-
ate wealth from their co-design by communities
and provision of multi-channel access to these
developments, both by way of wireless technolo-
gies and through mobile communications. It also
reaffirms the standards of regulation set for this
development by way of and through the ongoing
monitoring and evaluation of their user-profiles.

This in turn also serves to confirm the content
of this customisation, multi-channel access, moni-
toring and evaluation of the service developments
is founded on the:

e  Networking of customer service centres,
websites, portals, business gateways, citi-
zen pathways, customer service maps, en-
terprise architecture and business models;

° Narrowcasting of travel timetables, traffic
data, parking information and air quality to
support public consultations and delibera-
tions over a broadband of city development
proposals;

e  Mainstreaming of business-to-citizen ser-
vice developments in transport, mobil-
ity, health and safety as part of a regional
innovation.

This also helps to clarify some of the meth-
odological issues surrounding SmartCities. For it
illustrates the bottom-line of this triple helix is not
grounded in the science and technology of either
fundamental, or applied research, but embedded
inthe networks of third-mission capacity-building
exercises. Third mission capacity-building exer-
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Figure 4. The electronically-enhanced service developments of SmartCities
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cises that are social and culturally constructive
in assembling the enterprise architectures and
business models which industry need to co-design
electronically-enhanced services with commu-
nities. In particular, co-design them by way of
wireless technologies and through mobile com-
munication systems. Wireless technologies and
mobile communications themselves capable of
narrowcasting the travel timetables, traffic data,
parking information and air quality data needed
to inform public consultations and deliberations
about a broadband of city development proposals.
About a broadband of city development propos-
als in turn mainstreamed across this platform
as business-to-citizen applications in transport,
mobility, health and safety services.
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This also serves to reiterate the knowledge
base of SCRAN as a learning organisation. For
while firmly grounded in the social knowledge
base of this cultural reconstruction, it is how in-
dustry and communities draw upon this embedded
intelligence as a platform for wealth creation to
govern the co-design of electronically-enhanced
services which has to be learnt about. If only so
the narrowcasting of travel timetables, traffic
data, parking information and air quality, which
the innovation system underpinning this process
of wealth creation produces a knowledge of, can
support the public consultations and deliberations
that such a broadband of smart city development
proposals calls for. Those public consultations
and deliberations such a broadband of smart city
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development calls for and they in turn mainstream
as business-to-citizen applications in transport,
mobility, health and safety services.

As critical components of smart cities, the
social media and attending digital technologies
underlying these developments need linking
together and require to be connected with one
another as part of a supporting network. Conse-
quently, it is the networking of the social capital
underlying the embedded intelligence of this
knowledge production and surfacing as the wealth
of electronically-enhanced services created from
this governance-led democratisation of their re-
gional innovation system, the SmartCities venture
is now turning particular attention to. For it goes
without saying that any claim which is made
about a network’s innovative status, has to extend
beyond the name it is known. That is beyond the
notion of an “inter-regional academic network”
which has been deployed so far. Beyond this and
into both the culturally specific attributes and
environments communities assemble for regional
innovation systemstoregulate as “trans-national”
standards. As the trans-national standards of re-
gional innovation systems communities not only
directly participate in setting, but smart cities also
uphold as the means to govern the democratisation
of electronically-enhanced service developments
within the public realm.

CONCLUSION

Reflecting on the emergence of smart cities, this
chapter has drawn upon the triple helix as the
means to advance a critique of recent mode 2
accounts advanced to explain their development.
This has subjected the idea of smart cities as an
index of the “future internet” to scrutiny and found
the typology advanced to explain their trajectory
wanting. It instead has sought to explain the
emergence of smart cities in terms of the social
media and digital technologies of information-

based communication systems currently exploited
to generate the notion of “creative cities,” as the
knowledge base of intelligent cities and platform
for their augmentation into smart cities. Cities
that are smart in deploying ICTs because the
embedded intelligence of their cultural attributes
are not only creative, but also intelligent. Not
only creative, but also intelligent in generating
the intellectual capital that is needed for wealth
creation to cultivate the selection environments
required in order for smart cities to govern this
process of knowledge production.

The social dynamic of this augmentation has
also been shown to be significant in the sense
which this begins to throw some light on what is
smart about the capacity building exercises that
cities are entering into. That is to say, begins to
reveal what is smart does not rest so much on the
technologies which support cities, as with the
generation of intellectual capital. With the gen-
eration of intellectual capital whose experiential
learning provides communities with the capacity
to build such a platform and then go on to exploit
the “ambient intelligence” of the wealth their
multi-channelled access to given user-profiles
creates as “‘smart environments” supporting the
co-design, monitoring and evaluation of electroni-
cally-enhanced services. Smartenvironments that
not only support the co-design, monitoring and
evaluation of electronically-enhanced services,
but which underpin the highly consultative and
deliberative processes securing the direct partici-
pation of communities in this post-transactional
democratisation of online provision

From this vantage point, the science and tech-
nology of smart cities can be known. In particular
can be known by way of the pre-dominantly social
situations the science and technology of smart
cities institute and through the communities the
internet not only cultivates, but in practice sys-
tematically enters into, draws upon and constructs
as the selection environments of a trans-national
process. Specifically, as a trans-national process
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that cuts across the creative industries upon which
the knowledge economy is based and sustainable
growth of such aregional innovation system rests.

Using this neo-evolutionary perspective on the
triple helix of smart cities, the role social media
play in the digital technologies of this cultural
reconstruction also comes to the fore. For the
triple helix of smart cities indicates the growth
of such territories is not a spontaneous product
of either national, sector-based, or regionally-
grounded systems, but the outcome of the social
situations, policies, academic leadership quali-
ties and corporate strategies, which all need to
be carefully constructed, pieced together, and
articulated. This goes some way to overcome the
gaps in previous representations of the model by
using the networking possibilities social capital
offers to be reflexive and stabilise cities. That
is stabilise cities whose futures are smart in the
sense which their embedded intelligence gener-
ates capital and creates wealth, which in this
instance is secured, not from the internet, but the
governance of electronically-enhanced services
as business-to-citizen applications.

It is the embedded intelligence of this govern-
ment-led transformation that defines smart cities
and which gives the term its distinctive qualities.
For unlike rival notions of both “creative” and
“intelligent” cities, the social dynamic of the cul-
tural reconstruction that smart cities are wrapped
up in does not merely develop the intellectual
capital i.e. networked knowledge infrastructure
underpinning any such transition, but the “next
order logic” which in turn supports the enterprise
architecture and business models of their regional
innovation systems.

As such, the distinctive feature of this next
order rests not with either the “creativity”, or
“intelligence” of the knowledge infrastructure all
of these electronic enhancements are embedded in,
but with the “co-design” of the services they rest
on and are built with. This is because the ubiqui-
tous computing underlying this “order of things”
extends beyond universities and into industry by
way of communities. By way of communities that

38

Smart Cities and the Internet

surface through industry’s deployment of wireless
technologies in regional innovation systems, which
in turn make it possible for the intelligence all of
this wealth creation stands on to become ambient.

This serves to highlight what is so pivotal
about the social media and digital technology of
such developments. For they serve to:

e  Underpin the social status of smart cities
in the generation of intellectual capital,
creation of wealth and regulative standards
that communities can openly source and
which provide them with a measure of
good governance;

e  Support the actions taken by communities
to uphold such values and openly source
the intellectual capital this in turn gener-
ates as the wealth of policies, leadership
qualities and corporate strategies of the
ICTs they stand on;

e  Cultivate a bottom-up, capacity-building
logic for smart cities and a “third mission”
pedagogy, capable of constructing the
knowledge arch and learning curve of their
communities;

e Assemble the enterprise architecture un-
derpinning this venture and business mod-
el supporting their development;

e  Build the relationship between smart cities
and the internet from the bottom-up and es-
tablish them as a top level issue for policy
makers, academic leaders and corporate
strategists alike;

e  Allow these communities in turn to recog-
nise their participation in the cultural re-
construction underlying this transition to
smart cities is not limited to either the am-
bience of the intellectual capital, or wealth
creation such environments support, but
cuts deeper than this. That is into the cus-
tomisation and co-design of electronically-
enhanced services on which the ubiquity of
their multi-channelled applications in turn
rest;
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e  Make it possible for communities to also
participate in the monitoring and evalua-
tion of these electronic enhancements via
the user-profiles that are set up indepen-
dently to regulate the standards of the ser-
vices which are under development;

e  Provide the means for smart cities to dem-
onstrate a commitment to the public realm
by openly sourcing and cultivating the di-
rect participation of communities via the
highly consultative and deliberative i.e. e-
democratic stages of their on-line service
developments;

e  Ensure the cultural reconstruction of smart
cities is based on a regional innovation
system whose reflexive instability recog-
nizes that such meta-stabilizing tendencies
should not only tackle the digital divide,
but be socially-inclusive and equitable in
going about this. That is to say, be socially-
inclusive and equitable, not only in terms
of the cohesive qualities such develop-
ments contribute to the competitiveness of
an environmentally sustainable economic
growth, but climate adaptation strategy
which they also call hard and loud for.

Not only does this representation of their so-
cial dynamic overcome the limitations of mode
2 accounts, but it also offers a neo-evolutionary
perspective of a triple helix, whose reflexive
stability and meta-stabilization sets the growth
of smart cities within the context of regional in-
novation systems.
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KEY TERMS AND DEFINITIONS

Capacity Building: Refers to assistance,
provided to organisations, which have a need to
develop a certain skill or competence, or a general
upgrading of performance ability. Most capacity is
built by society, sometimes in the public, on other
occasions in the non-governmental and indepen-
dentsectors. They are activities, which strengthen
the knowledge, abilities, skills and behaviour of
individuals and improve institutional structures
and processes, so organization can efficiently
meet its mission and goals in a sustainable way.

Co-Design: Here there is an understanding
that all human artifacts are designed and with a
purpose. In the process of co-design, communities
try to include the views and opinions of others
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when designing products, because itis recognized
the quality of the goods and services developed
increases if the stakeholder’s collective interests
are accounted for.

Community of Practice: Groups of people
who share a concern or a passion for something
they do and learn how to do it better as they regu-
larly interact with one another as knowing subjects.

Community: The term is derived from the
word communité, which is derived from the Latin
communitas (cum, “with/together” + munus,
“gift”), a broad term for fellowship or organized
society. Inbiological terms,acommunity is a group
of interacting species sharing an environment.
In human communities, intent, belief, resources,
preferences, needs, risks, and a number of other
conditions may be present and common, affecting
the identity of the participants and their degree of
cohesiveness. In sociology, the concept of com-
munity has led to significant debate, and sociolo-
gists are yet to reach agreement on a definition of
the term. Traditionally a “community” is defined
as a group of interacting people, living in a com-
mon location. The word is often used to refer to
a group organized around common values and is
attributed with social cohesion within a shared
geographical location, generally in social units
larger than a household. The word can also refer
to the national community or global community.
Since the advent of the Internet, the concept of
community no longer has geographical limitations,
as people can now virtually gather in an online
community and share common interests as citizens
regardless of physical location.

Digital Inclusion: Encompasses activities
related to the achievement of an inclusive infor-
mation society. In this vein, new developments
in technology turns the risk of a digital divide
into “digital cohesion” and opportunity, bringing
the benefit of the internet and related technology
into all segments of the population, including
people who are disadvantaged due to education,
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disabilities, gender, ethnicity, or those living in
remoteregions. Digital inclusion covers mainly the
development of appropriate policies, maintenance
of a knowledge base, research and technology
development and deployment and best practices
dissemination.

E-Government Services: Are internet tech-
nologies that act as a platform for exchanging
information, providing services and transact-
ing with citizens, businesses, and other arms
of government. Such e-Government services
include: pushing information over the Internet,
e.g. regulatory services, general holidays, public
hearing schedules, issue briefs, notifications, etc;
two-way communications between the agency and
the citizen, a business, or another government
agency. Inthis model, users can engage indialogue
with agencies and post problems, comments, or
requests to the agency; conducting transactions,
e.g. lodging tax returns, applying for services and
grants; governance, e.g. online polling, voting,
and campaigning. The mostimportant anticipated
benefits of e-government include improved ef-
ficiency, convenience, and better accessibility of
public services.

E-Learning: A general term used to refer to
a form of learning in which the instructor and
student are separated by space or time where
the gap between the two is bridged through the
use of online technologies. The term is used in-
terchangeably in a wide variety of contexts and
can be used to define a specific mode to attend
a course or programmes of study where learners
rarely, if ever, attend face-to-face contact, or rely
upon such direct support.

Governance: Is the activity of governing.
It relates to decisions that define expectations,
grant power, or verify performance. In terms of
distinguishing the term governance from govern-
ment - “governance” is whata “government” does.
It might be a geo-political government (nation-
state), a corporate government (business entity),
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a socio-political government (tribe, family, etc.),
or any number of different kinds of government.
But, irrespective of this, governance is the kinetic
exercise of managing power and administering
policy.

Knowledge Transfer: The practical problem
of transferring knowledge from one part of the
organization to another (or all other) parts of the
organization. It seeks to organize, create, capture or
distribute knowledge and ensure its availability for
future users. It is more than just a communication
problem and more complex because: knowledge
resides in organizational members, tools, tasks,
and their sub-networks and much of the knowledge
organizations have is tacit or hard to articulate in
direct communication.

Open Source Software: Computer software
for which the human-readable source code is avail-
able under a copyright license, or arrangement.
This permits users to use, change, and improve

the software, and to redistribute it in modified or
unmodified form. It is developed in a collabora-
tive manner.

Triple Helix: In this model, three spheres are
defined institutionally (university, industry, and
government) as interactions, mediated across
otherwise defended boundaries, both by way of
communication systems and through the techno-
logical innovations, they generate. The interfaces
among these different functions operate in a dis-
tributed mode that produce knowledge of these
communication systems and technical innovations.
While communication and technical innovation are
fundamental to this process of knowledge produc-
tion, in a scientific based knowledge economy,
growth serves to intensify the environmental and
cultural complexity of these interactions and act
as a means for civil society to capitalize on the
intelligence such an institutionalization of wealth
creation generates.
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ABSTRACT

The measurement of urban performance is one of the important ways in which one can assess the com-
plexity of urban change, and judge which projects and solutions are more appropriate in the context of
smart and sustainable urban development. This chapter introduces a new system for measuring urban

performances. This is the result of two years of joint cooperation between the authors and the Italian

iiSBE members group. It is based on previous research findings in the field of evaluation systems for

the sustainable built environment. This new approach is useful for evaluating smart and sustainable

urban redevelopment planning solutions, as it is based on benchmarking approaches and multi-scalar
quantitative performance indicators (KPIs), from individual building level to city level. A number of
important implications of the main findings of this study are set out in the concluding section, together

with suggestions for future research.

INTRODUCTION

Policy-makers are specifically challenged by the
need to achieve sustainable development in cities,
promoting a transition that radically decarbonises
energy sources without undermining wellbeing
and patterns of consumption. This scenario is
known as Energy Transition towards a Post-Carbon
Society. However, if not properly designed, poli-

DOI: 10.4018/978-1-4666-8282-5.ch003

cies aimed at reducing greenhouse gas emissions
may affect the resilience of our energy system
and its ability to tolerate disturbance and deliver
stable and affordable energy services to consum-
ers (ftp://ftp.cordis.europa.eu/pub/fp7/ssh/docs/
towards_post_carbon_society_en.pdf).
Moreover, European urban areas have to re-
spond properly and urgently in order to preserve
their attraction for creative talents and firms, and
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toavoid any reduction in their level of ‘liveability’.
This leads to anew ‘urban imperative’ and raises
the whole question of long-term strategies for
sustainable development (JPI, 2010).

Cities are dynamic living organisms that are
constantly evolving. Rees (1997) describes cities
as the engines of economic growth, the centres
of social discourse and the living repositories of
human cultural achievement, but also as nodes of
pure consumption and the entropic black holes of
industrial society. When addressing the complex
problems of city management and planning, it is
not sufficient to be concerned simply with the
physical structure of the city; the interplay of
intangible economic, social and environmental
factors needs to be considered in a holistic way
as well. This represents a substantial challenge
for those political and technical actors (planners,
designers and urban authorities) trying to devise
smarter strategies and policies, urban plans and
projects that can guide cities along a more sustain-
able development path.

City planning and urban re/development
decision-making is recognized as being an ex-
tremely complex process involving a wide range
of stakeholders, and requiring an integrated and
holistic system approach (Veirier, 2008; Brandon
& Lombardi, 2011). Key requirements are robust
real-time information and analysis systems which
depend onintegrated dimensional databases of city
indicators. These include both a detailed profiling
of societal and user needs, as well as the devel-
opment of an advanced integrated information
technology system in local government.

Because of the complexity of the urban plan-
ning problem, development control is often charac-
terised by adversarial decision-making processes
that can provide a significant disincentive to inward
investment, undermining business confidence and
competitiveness. In particular, new processes are
needed that canre-engineer urban re/development
planning so as to streamline policy implementation
and decision-making, which in turn can support

more sustainable urban regeneration and the im-
proved growth and competitiveness of cities and
their constituent business components.

According to Roberts and Hughes (2006),
“Urban regeneration is a widely experienced but
little understood phenomenon ... [and] there is
no single prescribed form of urban regeneration
practice ... One of the major difficulties [is] ...
the absence of quality literature that encompasses
the whole of the organisation and functioning of
the urban regeneration process.”

Recentresearch findings highlight the fact that
decisions on city design and planning can only be
based on the preferences of citizens. Otherwise
they will fail. Therefore, mechanisms need to be
found to ensure that citizens understand the issues
and options, and can express their preferences; a
greatdeal of social science research is still needed
to understand the interaction between city design,
social preferences, human behaviour, economic
issues and policy incentives.

The Operational Implementation Plan recently
developed by the European Innovation Partner-
ship on Smart Cities and Communities (http://
ec.europa.eu/eip/smartcities/files/operational-
implementation-plan-oip-v2_en.pdf) highlights
the need for the joint-creation of platforms and
decision tools (simulation, visualization/virtual-
ization, open data/information platforms) in order
to increase levels of awareness, increase inhabit-
ants’ involvement in the planning and implemen-
tation processes, establish social communities,
increase energy production within the district
(by “prosumers”), and increase the provision of
information-intensive energy services.

There are more than 150 city indicator systems
in place, covering a series of different criteria
including geographical and thematic issues. In
addition, a remarkable number of methods have
been developed aimed at evaluating sustainability
in the built environment (Brandon & Lombardi,
2011). Current methods seem unable to cope
with complex, systematic decisions leading to
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correct policy action regarding urban resilience
and social well being. More specifically, anumber
of rating systems, evaluation protocols and Form-
Based Design Codes at neighbourhood level,
have emerged in recent years. The best known
and most popular such systems are: LEED for
Neighbourhood Development (USA), BREEAM
Communities (GB), CASBEE for Urban Devel-
opment, CASBEE for Cities (Japan), HQE Amé-
nagement Urbain (France), DGNB Stadtquartiere
(Germany). These systems donot consider the city
as a whole, but act at the micro level by analysing
anindividual urban area. They seem to be the only
possible alternative when considering everything
that does not operate at individual building level.
Nevertheless, the aforementioned systems are not
able to account for urban dynamics at different
levels (closely related to one another) using one
single, holistic, trans-scalar approach. They are
unable to shift from cluster level to district level,
and from district level to city level. Moreover,
current rating systems are conceived as mechani-
cal ex-post evaluation approaches, rather than
decision-support systems capable of supporting
the entire project cycle management process.

According to Lombardi et al. (2010), new
metrics for “Value Creation” should be established
based on different approaches. One dimension is
the built environment, where the present rating
schemes focus on the environmental impact of
building use, that is, on a building’s energy use.
Another dimension is the corporate aspect, where
triple bottom line reporting also emphasizes
environmental and social issues, although the
discursive civic square environment risks being
subordinated to the economic sustainability of
the productive, growth-oriented business envi-
ronment. The third dimension is the city itself
with its social networks (Batty, 2013), evaluated
by the indicators of employment and crime for
example. The fourth dimension aims to measure
the quality of life of individual citizens, a concept
that is not easy to define. At the present, all four
approaches are employed separately, and there is
no interoperability between these systems.
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Innovative methodologies and more appropri-
ate tools are required to support decision makers
and stakeholders in fostering smart urban devel-
opment and regeneration processes. Although
environmental sustainability is not a new issue
for urban planning, the evaluation of complex
urban (spatial, environmental, social, economic
and governance) dynamics through quantitative
and objective metrics, represents a new trend.

This chapter critically analyses the principal
shortcomings of current indicator systems and
tools (see Section 2), and briefly illustrates a
new method of measuring urban performances
(see Section 3). This new system is based on
multi-scalar quantitative performance indicators
(KPIs), from individual building to city level.
The chapter also presents a number of tests and
audits of the system as employed in the case of
the Italian city of Turin. The conclusion points to
a number of important implications of the main
findings of the study, together with possible future
directions for such.

A CRITICAL OVERVIEW OF
CURRENT INDICATORS,
SETS, AND TOOLS

With the term “smart city”, the European Com-
mission often refers to systemic approaches
and organisational innovation, encompassing
energy efficiency, low carbon technologies and
the smart management of off-peak demand. The
most untapped innovation potential and the best
environmental and societal benefits to be gained
are coupled with the integration of the Energy,
Transport, and Information and Communication
Technologies (ICT) sectors. However the main
question remains: “how can a city develop a
measure of these actions, and how can any im-
provement in performances along these line be
mainstreamed across the EU?”.

This question arises because there is currently
no common framework that cities can use to
analyse such performances, or transfer knowl-
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edge of how to be smart in mainstreaming such
improvements across the regions. Initial attempts
to develop such frameworks have been recorded,
for example via Smart City Ranking indices,
Future Internet and Triple Helix inspired models
of smart city performances, but as yet they stand
as prototypes around which consensus needs to
be built as a basis for cooperation between key
stakeholders within the smart city community, and
for the further consolidation of these frameworks
as a common set of measures (Deakin, 2013).
Currently, there are hundreds of official or
recognised full sustainable indicator sets in
use, and many more that have been informally
developed, or have been created as a subset of
the larger agenda (Alwaer & Clement-Croome,
2010; AlWaer et al., 2014). More recently, key
European-level performance indicators (KPIs)
have been developed with the aim of forming
a common base for developing sustainability
assessment, and addressing the main issues of
sustainable building, which include (CESBA,

2014; Brandtetal.,n.d.): Non-renewable primary
energy; Primary renewable energy use; Co, emis-
sions; Indoor air quality; Thermal comfort; Life
cycle costs; Reused/recycled materials; Water
consumption; Solid waste; Users’ involvement;
Monitoring/optimization of operation.

As we all know, KPIs are indexes of perfor-
mance employed to evaluate the success of a
particular activity or its achievement of/progress
towards strategic goals. Accordingly, choosing the
right KPIs requires a good understanding of what
is important to the achievement of sustainable
development in an urban environment. One com-
mon way of choosing KPIs is to apply a manage-
ment framework, such as the balanced scorecard.
Unfortunately, at the urban level these scorecards
are not easily developed. This is because of the
complexity of the urban system and the different
needs or viewpoints of the involved stakeholders,
as represented in Figure 1.

This figure attempts to show the relationship
between different parts of the built environment,

Figure 1. Levels of response to sustainable development

(Source: Brandon & Lombardi, 2011)
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including the communities that exist within it and
the global environmental agenda. It shows the
broad areas that need to be addressed for sustain-
ability when viewed from the built environment
perspective, placing the focus on particular groups
of decision-makers. Broadly speaking, level ‘A’
would be addressed by the building contractors,
consultants and clients of individual structures,
level ‘B’ would be primarily planners and local
government, and level ‘C’ would be the province of
central government (Brandon & Lombardi, 2011).
Ideally, we would want a common structure that
allowed information to flow freely from one level
to another, together with a common language, to
allow full communication both across disciplines
and between different levels. Delivering SD met-
rics effectively will require moving beyond the
professions’ comfort zones.

The modern Sustainable Development In-
dicator (SDI) process started at the Rio Earth
Summit in 1992. Since then, many data sets have
been developed, including several attempts at
creating aggregated or composite indicators in
order to account for various aspects of sustain-
able development. Such indicators include the
European Commission’s 10 Common Indicators,
the UN Division for Sustainable Development’s
indicators of sustainable development, and also
health-related indicators such as the World Health
Organization’s Healthy Cities Project (UN, 2004).
Most of them specifically focus on the environ-
mental aspects of sustainable development and
resource management, and they are mainly used
forraising public awareness, and receive attention
in the media (UN, 2007). The most valuable indi-
cators are the ones that have been sustainable and
allow for trend analysis. There are very few city
indicators, if any, that are regularly collected and
are relevant across cities worldwide. The closest
program that exists is UN-HABITAT’s Global
Urban Indicators Database. This comprises 20 key
(quantitative) indicators, 9 (qualitative) checklists,
and 13 extensive (performance) indicators of
diverse origin, including the City Development
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Index (CDI) ranking cities according to their
level of development (UN, 2006). At the urban
level, data generation and collection are limited
by the lack of comparable data. To overcome this
obstacle, the OECD has developed a Metropolitan
database that defines urban areas by functional,
rather than administrative, boundaries, allowing
for comparisons of cities across the OECD. Cur-
rently, data are being collected for 17 indicators
in over 200 urban areas across the OECD (OECD,
2011; OECD, 2012).

There has been an additional focus on the de-
velopment of sets of indicators, standards, codes
and rating systems with the aim of measuring
sustainability in the built environment, at both
individual building and urban district levels. Green
building rating systems such as BREEAM (United
Kingdom), LEED (United States and Canada),
DGNB (Germany) and CASBEE (Japan), are sup-
posed to help consumers determine a building’s
level of environmental performance. They award
credits for optional building features that support
green design in categories such as location and
building site maintenance, conservation of water,
energy, building materials, and occupant comfort
and health. The number of credits generally de-
termines the level of achievement.

Environmental rating schemes are gaining
increasing popularity at building level among
building owners and users. Such procedures may
structure the processes of setting the objectives,
monitoring the process and assessing the state of
buildings using some simple indicators. They are
not, however, fully contributing to the objectives
of value creation in a knowledge and cooperative
society (Lombardi et al., 2010).

At neighbourhood level, the major environ-
mental assessment tools currently in use include
the list illustrated in Table 1. However, there are
many differences among the current buildings/
neighborhood performance assessments tools
used in each country, in terms of the levels of
performance, the supervisory organizations, the
assessment methods, the cost structure, etc.
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Table 1. Major environmental assessment tools
at neighborhood level

Certification Year Country Certification for
Tool Urban Communities

BREEAM 1990 UK BREEAM -

Communities

HQE 1996 France HQE - Aménagement
LEED 1998 USA LEED - ND
CASBEE 2001 Japan CASBEE - UD

Australia | Green Star —
Communities

Germany | DGNB - NSQ

Green Star 2002

DGNB 2009

Thelarge number of indicator systems available
at present illustrates the important role that indi-
cators and assessment methods play in the study
of urban sustainability (Lombardi et al., 2009;
Alwaer & Clement-Croome, 2010; Lombardi et
al., 2010). However, using indicators as a means
for measuring or assessing the sustainability of
cities and of practices intended to improve sus-
tainability, is being criticized for several reasons.

One of the main concerns is the way in which
indicators are developed (Lombardi et al., 2009).
Most present indicators have been developed
by governments and intergovernmental bodies
in response to their needs. This ensures policy
relevance, but often fails to capture what is going
on at the grass roots of society. Other indicators
have been created by Civil Society Organizations
or academics to draw attention to policy issues.
Few indicators have been devised by, or are de-
signed for, the real agents of change — businesses
and individuals operating at a decentralized level
in all societies. The issue of how to reconcile the
centralized approaches needed to produce standard
comparable indicators and the decentralized nature
of most decision making affecting sustainability,
has not yet been explored (Lombardi et al., 2009;
Lombardi et al., 2010).

A further concernis that many of the indicators
reflect the specific interests of their authors, and
are not necessarily the product of an empirically-

derived understanding of what would constitute
sustainability in the particular domain in which
the indicator is to be used for assessment (Adams,
2006; Foxon et al., 1999).

Many indicator sets have been assembled, but
none has been widely implemented, and their
integration to support self-regulating sustain-
ability is still a major challenge. Thus, there is
no one recommended indicator set but a number
of different approaches that may be appropriate
for specific uses. Furthermore, although a pro-
cess of harmonization of methods and KPIs has
been more recently developed at European level
in relation to the building scale (CESBA, 2014),
this is still a work in progress and currently there
is no common international sustainable building
assessment.

In relation to the evaluation of smart cities’
performance, for instance, a number of ranking
systems have been developed. City-rankings (i.e.
European Smart Cities Ranking, Smart Cities Hub,
Smart Cities Project, etc.) have become a tool for
promoting the attractiveness of urban regions
over the last twenty years. City-rankings are often
used by the cities to sharpen their profile and to
improve their position in the competition charts.
Although the city-ranking approach is limited by
its short-termism and sector-based perspective,
city-rankings are not designed to be operative
instruments for supporting policy development.
Rather, their aim is to “illustrate differences (...),
elaborate perspectives, (...) identify strengths and
weaknesses in a comparative way” (Giffinger et
al., 2007).

In the smart city field, there is currently no
common framework for cities to analyse such
performances, or transfer knowledge of how to
be smart in mainstreaming such improvements
across the regions. Initial attempts to develop
such frameworks have been recorded, for example
via Smart City Ranking indices, Future Internet
and Triple Helix inspired models of smart city
performances, but as yet they represent prototypes
around which consensus is to be built as a basis for
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cooperation between key stakeholders in the smart
city community, and for further consolidation of
these frameworks as a common set of measures.

Probably the most famous city-ranking in-
dex is the one that was developed in 2007 by
Giffinger et al., covering seventy medium-sized
European cities from a smart city perspective.
Lombardietal. (2012) recently further developed
Giffinger’s model in connection with a Revised
Triple Helix model (Ezkowitz, 2008; Etzkowitz
& Zhou 2006), with the aim of investigating the
reciprocal relationship between the main agencies
in the process of knowledge creation and capital-
ization: Universities, Industry, Government and
Civil Society. Although this model is useful for
evaluating and comparing knowledge-based in-
novation systems and solutions, it is incapable of
supporting the whole planning and design process.
Therefore, the main question is: “how can a city
develop a measure of these actions and how can
any improvement in performances along these
lines be mainstreamed across the EU?”

According to Alexander (2006), the challenge
is to create an evaluation framework that can
be “sensitive to the complexity, for transparent
communication, enabling effective interaction”
as an arena for discussing and resolving con-
flicting opinions. In the following section, a new
framework of trans-scalar indicator data sets will
be illustrated. This aims to support and inform
the whole project cycle design and management
process, involving regeneration stakeholders and,
specifically, citizens.

A NEW MULTI-SCALAR
APPROACH TO THE EVALUATION
OF URBAN PLANNING AND

THE BUILT ENVIRONMENT

An urban environment is a complex system that
can be represented as a network of interconnected
clusters of urban spaces, functions, services, ac-
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tivities, environmental systems and human beings
(Batty,2013). According to Salat (2011), Bourdic
etal. (2012), Deakin et al. (2013) and Deakin and
Reid (2014), the appropriate spatial scales to be
used for describing a urban system are as follows:

1. City. This comprehensive scale allows com-
parisons with other cities, by studying maps
of communicating roads and connectivity,
and the distribution of roads among users,
public transport networks and the connec-
tions between different modes of transport.
A detailed knowledge of distributions is
indispensable to guide public policy.

2. District. This scale has to have sufficient
aggregated yield data in order to consider
the structure, complexity and connectivity of
street networks in particular (for pedestrians,
bikes, cars, public transport). This scale
also makes it possible to examine issues of
diversity, whether in terms of social mix (by
looking at the diversity of house sizes and
prices), of sector mix (the distribution and
concentration of different activities), or of the
housing and job mix. The perimeters of the
district are chosen on the basis of historical
and urban criteria. The selection often fol-
lows the main arteries and periods of build-
ing construction. The form and proportions
depend on the grid of the urban fabric. The
district often corresponds to a 800 m x 800
m section of a European city, or a 1 mile x
1 mile section of an American city.

3. Neighbourhood. The city and district scales
focused mostly on connectivity, which loses
significance at neighbourhood level, save
perhaps for the pedestrian and bicycle grid.
Morphology plays a significant role in this
scale, as do physical phenomena within the
urban fabric: wind speeds and directions,
solar potential (sky view factor). These
physical parameters are influenced by the
form of streets, their orientation in relation
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to the sun and dominant winds. This scale
corresponds to a 200 m x 200 m section
of the French “Haussmann” type of urban
fabric, or between 1 and 4 blocks. For an
American grid, the appropriate scale will be
approximately 400 m x 400 m to maintain
the coherence of the urban fabric.

4.  Cluster/block scale. This scale is particu-
larly interesting in terms of morphological
parameters and in urban configurations con-
sisting of adjoining or similar buildings. The
perimeter established depends very much on
local architecture as well as on the form of,
and relationship between, buildings.

The following is a description of the approach
adopted when selecting the metrics employed to
develop an evaluation system supporting urban
planning decisions.

Firstly, a framework is developed for building
knowledge and implementing indicators, by revis-
ing the following existing approaches:

1. Evaluation tools currently adopted for rat-
ing green buildings and the sustainability of
urban areas (i.e. BREEAM for Communities,
LEED for Neighborhood, DGNB, CASBEE
for Urban Development, ITACA Protocol for
buildings);

2. Evaluation systems capable of ranking the
urban quality and performance of a city
(i.e. Smart Cities Ranking by Giffinger et
al. (2007), Environment Statistics ISTAT,
Matrice dellaQualita Urbana AUDIS, Urban
Morphology Lab Approach by Salat (2011)).

The final framework provides information
about:

e  Different types of indicators (qualitative,
quantitative, dichotomic);

e A number of spatial scales (building, clus-
ter, neighbourhood, district, city);

e Different stages of project evaluation
(brief, design, executive design, imple-
mentation, monitoring).

The selected indicators are identified by acode
and grouped into homogeneous clusters as follows:

e Urban form (land use,
bio-climate);

° Environment (Water, Biodiversity, Waste,
Energy, Local Environmental Quality and

mobility,

Comfort),
e  Socio-Economy  (Equity, = Economy,
Culture and Wellbeing)

For instance, in relation to urban form, the
following main principles have been used to se-
lect appropriate indicators as suggested by Salat
(2011), who demonstrated how urban form and
urban network structure directly impacton energy
& carbon emissions, transportation patterns and
infrastructure costs:

1.  High density / mixed use. This is useful in
order to create a rich network of diversified
destinations supporting connections for pe-
destrians, bicycles and public transport, by
creating a strong demand for short-distance
travel;

2. A pedestrian and bicycle network.
Accessibility inside the district should rely
on a pedestrian and bicycle network directly
connected to mass transit stations to limit
automobile use. Car-free streets enhance
the visibility of local commerce;

3. A high density of short connections. Small
urban blocks surrounded by a dense network
of streets promote greater fluidity and ease
of access than huge blocks fed by highways.
Worldwide urban textures: Tokyo, Kyoto: 50
m; EU cities: 120 m; Chinese developments:
400-600 m;
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4. Public space. Diversified, user-friendly
public spaces designed on a human scale are
the key to building liveable communities;

5. Self sufficient districts. The design of urban
blocks should include systems for generat-
ing energy as well as collecting and reusing
water and waste;

6. Heterogeneous communities. Sustainable
districts should incorporate a wide range
of housing types, services and facilities for
people with different income levels;

7.  Theexisting conditions of the site. Integrating
natural and historic characteristics in new
developments for liveable communities

8.  The relationship of people to space. The
relationship of people to space has to be
preserved through the slow, gradual trans-
formation of urban forms.

All the data supporting the adopted metrics
derive from open databases contributing towards

developing an operative, effective and user-
friendly support. Nevertheless, open data are not
always updated and may sometimes be obsolete.
Furthermore, some indicators are new as they are
based on national statistical analysis. The final list
includes about 60 indicators, as shown in Figure
2. Table 2 provides a more detailed example of
one aspect of the framework, with the illustration
of KPIs for Urban Form / Land Use, including
the appropriate parameters and their calculation.

The system defines and describes the con-
nections between the various levels of the urban
environment. Sustainability is assessed in each
city, urban area and cluster of buildings or building,
using the appropriate indicators and parameters
included in the related spatial scale (see Figure
2 and Table 2).

To facilitate comprehension of this new trans-
scalar approach, a few examples from each cluster
are provided as follows.

Figure 2. Scheme of the trans-scalar approach and metrics organization

(Source: authors)

BUILDING

CLUSTER

| landuse.

SMART
BUILDING
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Table 2. Example of the list of indicators used in the new system

Urban Scales/Application Phase City District Neighbourhood | Cluster Building Brief Existing
Project Buildings
Urban Form X X X X X X X
Land Use X X X X X X X
1 | Development and integration of plot subdivisions X X X X
Intent Encourage the seamless development of
existing blocks, variety and integration
in new developments
Indicator Subdivision intensity
m.u. 1/m?
Assessment No. plot subdivisions / area (m?)
method
2 | Diversity of functions and activities X X X X
Intent Promote different functions and
activities in the area
Indicator Diversity of subdivision size
m.u. -
Assessment diversity (inverse power law)
method 1/Cat * S(1...Cat)[1-(Stot,i*S,i"m)/A]*2
3 | Diversity of land use X X X X
Intent Facilitate mixed flows and uses
Indicator Diversity of land use
m.u. -
Assessment diversity
method 1/Cat * S(1...Cat)[1-S,i/S,i,0bj]"2
(road network, built environment,
courtyards, green spaces)
4 | Diversity of the built environment X X X X
Intent Facilitate mixed flows and uses
Indicator Diversity of subdivision use
m.u. -
Assessment diversity X X X X
method 1/Cat * S(1...Cat)[1-S,i/S.i,0bj]"2
(housing, offices, shops, public
facilities, etc.)
5 | Preservation of land and soil X X X X X

Intent Reduce land consumption

Indicator Re-use of previously occupied and
contaminated land for buildings and
infrastructure

m.u. %

Assessment S(i...Cat)[S,i*weight,i] / Si...Cat)[S.i]

method undisturbed land weight = -1

agricultural land weight = 0
occupied land weight = 3
contaminated land weight = 5

53



Evaluating the Smart and Sustainable Built Environment in Urban Planning

Urban Form: Mobility

Transport lies at the heart of the sustainable urban
development issue, and it aims to make the city
more compact, to limit urban sprawl, and toreduce
the problems and costs of travel (Salat, 2011). At
the city level, the protocol transport indicators are
mostly related to mobility policies in terms of the
connectivity of street networks, for example, while
at the district level, metrics focus on the transport
grid complexity/distribution and public transport
use/availability. The cluster and building level
indicators are more specific, as they analyze the
dynamics of the connectivity of the pedestrian/
bike grid and of bikes facilities such as parking.

Environment: Energy

Energy and sustainability are strictly related. At
the city level it is important to compare the com-
plexity of the urban network and the transportation
of energy to improve urban efficiency, together
with grid management, while at district level, the
local production of renewables can be evaluated
according to a smart-grid vision. The block scale
concerns form and size factor design, as well as the
building, with the focus also on energy consump-
tion for heating and cooling purposes.

Urban Form: Economy

A heterogeneous community is diversified in terms
of housing types, services and facilities enabling
people with different income levels and lifestyles
to live together. At the city level, the distribution
of each district needs to be evaluated in terms of
the global distribution of shops, offices, etc., while
the proximity of convenience stores is more suited
to the district analysis. The functional mix should
also be considered at individual building level, by
evaluating the complexity of a building’s opera-
tion and the flexibility of use by calculating the
number of hours it is occupied (as a percentage)
over the course of the average day.
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The selected indicators were tested on three
different urban areas of Turin, Northern Italy. In
2009 Turin joined the Covenant of Mayors, which
is the mainstream European movement, involving
local and regional authorities, voluntarily pledg-
ing to increase energy efficiency and to develop
renewable energy sources. Following approval of
the Turin Action Plan for Energy (TAPE) presented
in Brussels in December 2011, Turin submitted
an application to become one of the thirty Eu-
ropean Smart Cities. “Torino Smart City” is an
ambitious project requiring (i) high technology
to promote sustainable transport and to reduce
greenhouse emissions by more than 40% by the
year 2020, and (ii) adequate tools and effective
methods based on a more integrated urban design
and planning approach.

The three typologies of districts used in the
testing of this new evaluation system differ ac-
cording to urban morphology, historical period,
road network distribution and housing type (see
Figure 3). These are:

e  Old town centre. This area has remained
unchanged for centuries and it allows the
indicators’ behaviour to be tested within
a rooted historical morphologic context,
by analysing the efficiency of findings
concerning mobility, land use, soil and
bio-climate.

e  Spina 3.This is the last area to be regen-
erated, recently developed. The urban grid
does not follow the regular road network of
the town centre, and the blocks are larger.

e  Spina 4. This is the new development area
where urban renewal is currently in prog-
ress (see Figure 4). It will be an important
hub connecting up the city’s main roads,
which in the future will determine the
north city’s accessibility.

As an example, the following indicators are
related to mobility, the connectivity of the street
network, and equity.
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Figure 3. Aerial view of the two districts: historical city centre and Spina 2

Mobility. Connectivity of
the Street Network

The goal of this indicator is to create enough in-
terconnections to multiply the number of possible
routes, reduce distances and traffic jams, and make
more places easily accessible to pedestrians. The
measurement of intersection intensity is possible
by quantifying the number of intersections in the
streets network. Having numerous intersection
points in a street network increases the number
of possible routes and serves to reduce distances
that need to be covered to get from one point to
another. The range varies from 5 for car-oriented
cities (Salat,2011) to over 500 for walkable cities.
Figure 5 shows the final scores derived from the

tests. These highlight the fact that there are many
close intersections (115) in the historical centre,
while Spina 3 (68) and Spina 4 (70) have very few.

Mobility. Cyclomatic Number
of the Street Network

The cyclomatic number is an indicator of connec-
tivity. Itis linked to the number of roads that exist
in the district and the city. More roads make for
smoother traffic flow. It is measured by calculat-
ing the number of primary loops in the network.
The greater the number of loops, the greater the
number of possible routes into and out of the city.
In Paris the number is approximately 80 on the
district scale (800x800m). Figure 6 shows the final
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Figure 5. Comparison of “connectivity of the street network” findings

scores. Considering that the cyclomatic number
in a mixed-used city designed for pedestrians is
between40and 100 (Salat,2011), Spina4 achieved
an acceptable score (43), while the city centre has
the highest score (81), and Spina 3 the lowest (11).

Equity. Affordability of Housing

Housing choice is a response to an extremely
complex setof economic, social, and psychological
impulses. In the United States and Canada, acom-
monly accepted guideline for housing affordability
is a housing cost that does not exceed 30% of a
household’s gross income. Determining housing
affordability is complex, and the commonly-used
housing-expenditure-to-income-ratio tool has
been challenged. The system evaluates it as the
ratio of yearly salary (lowest quintile) to house
price per square meter. This enables us to under-
stand how many square meters can be purchased
using the lowest quintile of a salary, thus allowing
a more realistic comparison to be made between
different cities and contexts. The indicator’s

application to the three urban areas reveals the
following: historical city centre, 2.47 m?, Spina
3, 3.82 m? and Spina 4, 4.08 m?, which indicates
that the city centre area is more expensive than
the newer areas.

CONCLUSION

With the term “smart city”, the European Com-
mission often refers to systemic approaches and
organisational innovation, encompassing energy
efficiency, low carbon technologies and the smart
management of off-peak demand. The maximum
untapped innovation potential and maximum en-
vironment and societal benefits to be gained are
coupled to the integration of Energy, Transport
and Information and Communication Technolo-
gies (ICT) sectors.

At international level, many evaluation meth-
ods and tools have been developed in order to
facilitate the integration of environmental val-
ues into planning and urban design (de Roo et

Figure 6. Comparison of “cyclomatic number of the street network” findings
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al., 2012; Rotmans et al., 2000; Runhaar et al.,
2009). These aim to identify and evaluate both
the spatial and the technical aspects of the built
environment. Although they may help guide the
urban planning/design process according to en-
vironmental principles, they are not able to deal
with all the complex issues involved in a planning
design process. Furthermore, these systems are
not able to describe urban dynamics at different
(closely related) levels using a single, holistic,
trans-scalar approach. Most of the current rating
systems are conceived as mechanic ex-post evalu-
ation approaches, rather than decisional support
for the whole project cycle management process.

The system illustrated in this study is able to
assess the sustainability of urban areas, supporting
transformation and regeneration processes, as well
as decision making, at all major stages of a plan-
ning process. It is extremely flexible and suitable
for the evaluation at each stage (ex-ante, on-going
and ex-post). It is characterized by a trans-scalar
approach, and can thus represent all the various
different urban dimensions. The trans-scaling
feature of the system allows us to describe and
evaluate urban complexity moving from the small
scale (the building) up to a more extensive scale
(the city), and including the cluster size (a few
buildings) and the urban district. In this way, all
the various interconnections between dimensions
are highlighted, as well as the interrelationships
between themes and criteria.

The development of this new system has
encompassed a number of principles, as follows:
sustainability representation; open data and public
database use; the clear communication and inter-
pretation of indicators and metrics; the scientific
rigor of methods of calculation; the performance
quality of urban planning evaluation; trans-scalar
flexibility; integration with national laws and
standards.

The method has been developed for application
to the Italian urban context, and the test carried out
in Turin has shown it to be comprehensive, open,

accessible, rigorous, well-performing, flexible and
appropriate in keeping with the Italian system.
Thetoolis ready to be adopted by local authori-
ties for the purpose of supporting the regeneration
of astrategic urban areacalled Variante 200 located
inthe Spina4 district. The adoption of this system
is expected to engender a virtuous effect, ensur-
ing transparent design decisions and involving
stakeholders and experts (architects, engineers,
etc.) during the design and planning phases.
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KEY TERMS AND DEFINITIONS

Assessment Tools: Systems or methodologies
used for evaluating activities, goods, issues, pro-
cesses, projects, products and everything which
required a value judgements.

Built Environment: A material, spatial and
cultural product of human labor that combines
physical elements and energy in forms for liv-
ing, working and playing (en.wikipedia.org/wiki/
Built_environment).

Energy Transition: A process of change from
a socio-economic system strongly based on fossil
fuel toward a low carbon or a post carbon one.

Metrics: Parameters or measures of quantita-
tive assessment used for measurement, comparison
or to track performance or production (wWww.
investopedia.com/terms/m/metrics.asp).

Performance Indicators: A performance
indicator or a key performance indicator (KPI) is
atype of performance measurement whichis used
to evaluate the success of a particular activity in
which itengages (adapted from en.wikipedia.org/
wiki/Performance_indicator).

Smart City: A city based on the concepts of
knowledge society, competitiveness and sustain-
able development.

Sustainable Development: A development
that meet the needs of present generation without
undermining the meets of future generation.
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ABSTRACT

Smart City is a fuzzy concept that has not been clearly defined either in theoretical studies or in empiri-

cal projects. Smart Cities are based on Information and Communication Technologies (ICT), people

(with their knowledge, habits, experiences, culture and behaviour) remain at the heart of concerns. In
this chapter we are interested in the centrality of citizens (i.e. in the heart of the city) and of ICT in their
environment. This leads us to take into account the tacit knowledge brought by citizens and the knowl-
edge that may be divulged through ICT. We then present the concept of the Information and Knowledge
System (IKS), and then we explain how it differs from that of the Digital Information System (DIS). We
also point to the role of ICT in the DIS, and to their impact on improving the smartness of cities.

INTRODUCTION

Since the early 1990s, the development of Internet
and communication technologies has facilitated
actions designed to create opportunities for com-
munication and information sharing by local
authorities. This phenomenon first appeared in
the United States before moving across the globe
to Europe and Asia. Indeed, in our everyday
lives we are increasingly overwhelmed by data

DOI: 10.4018/978-1-4666-8282-5.ch004

and information. This constant flow of data and
information is often the result of Information and
Communication Technologies (ICT). Moreover,
the potentialities of ICT, thathave increased almost
exponentially, have given rise to a huge mass of
data to be processed (Batty, 2013). We live in an
increasingly digital world, and people are begin-
ning to feel the effects of these changes. Cities need
to be closer to their citizens (Bettencourt, 2013).
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Today’s world faces two important forms of
growth: the growth of urbanization, and the rise
of information technologies, meaning that digital
infrastructures infer an information environment
that is “as imperceptible to us as water is to a
fish” (McLuhan & Gordon, 2011).

As pointed out by Lima (2011),

The complexity of connectedness of modern times
requires new tools of analysis and exploration,
but above all it demands a new way of thinking. It
demands a pluralistic understanding of the world
that is able to envision the widen structural plan
and at the same time examine the intricate mesh
of connections among its smallest elements. It
ultimately calls for a holistic systems approach;
it calls for network thinking.

There is a kind of parallelism between tech-
nologies and humans. On the one hand, people
increasingly use technologies and are now hyper-
connected, while on the other hand, (numeric)
systems are increasingly user-centered (Viitanen
& Kingston, 2014). Thus, within cities, systems
have to adapt to hyper-connected citizens, in a
very specific environment, namely that of cities
in constant evolution where systems and humans
are nested.

The advent of new technologies also means
that the city is now faced with a massive influx
of data (Big Data) from heterogeneous sources
including social networks. It is also important to
note that much information and / or knowledge
flows between different people (with different
purposes and backgrounds) and between different
stakeholders (Kennedy, 2012). In this respect, the
city sees numerous data circulate via the internet,
wireless communication, mobile phones,...

Being “smart” is an increasingly important
challenge for many cities and communities. This
is of particular interest within the domain of ICT,
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and for such systems where economic, social, and
otherissues prevail. Giffingeretal. (2007) propose
a ranking of 70 European medium-sized cities
by using 6 characteristics. In fact, for Giffinger
et al. (2007),

A Smart Cityis acitywell performing in a forward-
looking way in these six characteristics, built on
the “smart” combination of endowments and
activities of self-decisive, independent and aware
citizens. [...] Each characteristic is therefore de-
fined by a number of factors. Furthermore, each
factorisdescribed by anumber of indicators. [...]
Finally 33 factors were chosen to describe the 6
characteristics:

Smart economy (competitiveness, including
innovation, entrepreneurship, trademarks, pro-
ductivity, flexibility, international embedded-
ness and ability to transform), smart governance
(participation, including participation in decision
making, public and social services, transparent
governance, and political strategies and perspec-
tives), smart environment (natural resources,
including attractivity of natural conditions, pol-
lution, environmental protection and sustainable
resource management), smart people (social and
human capital, including level of qualification,
affinity to lifelong learning, social and ethnic
plurality, flexibility, creativity, cosmopolitanism/
open mindedness and participation in public life),
smart mobility (transport and ICT, including
local accessibility, inter-national accessibility,
availability of ICT-infrastructure, sustainable, in-
novative and safe transport systems), smart living
(quality of life, including cultural facilities, health
conditions, individual safety, housing quality,
educational facilities, tourist appeal and social
cohesion). These are the six characteristics and
factors that form the framework for the indicators
and assessment of a city’s performance as a smart
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city. The indicators that “describe the factors of
a smart city are derived from public and freely
available data” (Giffinger et al., 2007).

However, it should be pointed out that smart
cities consist of multi-level stakeholders. It is
difficult to give an exhaustive list of all stake-
holders involved, but they include, for example,
local communities, citizens, local governments,
environment, culture, non-governmental organiza-
tions, ICT, and so on.

The definition of a smart city is indispens-
able when trying to establish its perimeter and
to understand which actions and ventures can be
considered smart, and which cannot. Moreover,
a standard definition is also the first step for a
city towards specifying its own vision of a smart
city strategy. The definition of smart city, and a
comprehensive smart city framework, are the es-
sential building blocks of a smart city goals system.

AlAwadhi and Scholl (2013) indicate that the
definition of smart city depends on the practitio-
ners involved, which is why a huge number of
(different) definitions exists. In this chapter, fol-
lowing Caragliu et al. (2011), we shall consider
that Cities are Smart:

...when investments in human and social capital
and traditional (transport) and modern (ICT)
communication infrastructure fuel sustainable
economic growth and a high quality of life, with
a wise management of natural resources, through
participatory governance.

It is also important to note that much informa-
tion and / or knowledge flows between different
people (with different purposes and backgrounds
...) and between different stakeholders.

The city sees vast quantities of data circulating
via the Internet, wireless communication, mobile
phones, etc.; generating so much data requires
adequate tools. For example, Kennedy (2012)
indicates that Big Data can be seen as a proxy
for the city where “infomass” intersects with
“biomass” (Mitchell, 1999).

Faced with such rapid changes resulting from
the globalization of markets, the liberalizing of
the economy and the impact of ICT, many or-
ganizations have become aware of the value of
non-material capital, and more specifically of
intellectual capital. In the new economy that is
emerging, there is increasing freedom of action
fora growing number of individuals, regardless of
their positions and roles: they are placed in situa-
tions where decisions need to be made. By analogy,
in a city all citizens become knowledge-citizens,
especially those whose knowledge is the crucial
factor enabling them to improve their decision-
making abilities. Knowledge is valuable because
ultimately it enables better decisions and actions
tobe taken (Grundsteinetal.,2003; Simon, 1969).

This chapter is organized as follows: we pres-
ent the related work on tacit and explicit knowl-
edge, Data-Information-Knowledge, and the link
between smart cities and information systems.
We then propose an analogy with a salad recipe
complete with ingredients and dressing: in other
words, the recipe, ingredients and dressing for a
smart city.

RELATED WORK

Inthis section we detail certain studies of smart cit-
ies, tacit and explicit knowledge, and information
systems. It should be pointed out that we find our-
selvesin amulti-organizational, multi-stakeholder
context. To the best of our knowledge, no studies
have been conducted yet within such a context.
This is why we have had to base our observations
on studies carried out within a company context,
i.e. a mono-organizational setting sometimes
featuring multiple stakeholders.

Tacit and Explicit Forms
of Knowledge

We suggest an approach to Digital Information
Systems (DIS) centred on the Information and
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Knowledge that people possess, in order to im-
prove decision-making processes and enhance
the added-value of business processes within
the city. Information and Communication Tech-
nology (ICT) is an indispensable part of our
modern World. Global economies are becoming
increasingly dependent on technology, and the
requirements of such technology and of society
are increasingly larger, more complex, more
widespread and more important.

ICT allows people situated outside a city to
communicate with other people and to exchange
ideas and knowledge. Such observations concern-
ing knowledge within the city context, highlight
the importance of tacit knowledge. They reveal an
interest in creating a favourable climate for both
the exchange and the sharing of tacit knowledge,
and for its transformation into explicitknowledge,
thus extending the field of knowledge coming
under the rules and regulations governing indus-
trial property. Moreover, we should emphasize
the fact that capitalizing on a city’s knowledge is
an ongoing issue, and one that is omnipresent in
everyone’s activities, and as such it should have
an increasing impact on a city’s management
functions.

A company’s knowledge consists of tangible
elements (databases, procedures, drawings, mod-
els, algorithms, documents used for analysing
and synthesizing data) and intangible elements
(people’s abilities, professional know-how, “trade
secrets”,
and collective behaviour patterns (Nelson & Win-
ter, 1982) —, knowledge of the company’s history
and decision-making situations, knowledge of
the company environment (clients, competitors,
technologies, influential socio-economic factors))
(Grundstein et al., 2003). These elements char-
acterize a company’s ability to design, produce,
sell and support its products and services. They
are representative of the company’s experience
and culture (Davenport & Prusak, 1998). They
constitute and produce the added-value of its
organizational and production business processes.

routines” —unwritten rules of individual
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Tangible elements are “explicit knowledge”.
Heterogeneous, incomplete or redundant, such
knowledge is often characterized by the circum-
stances under which it was created. These elements
do not express the unwritten rules of those who
formalize knowledge — the “unspoken words”.
They are stored and scattered in archives, filing
cabinets and databases.

Intangible elements are “tacit knowledge”.
Acquired through practice, this form of knowledge
is adaptable to the contingent situation. Whether
explicitable or non-explicitable, such knowledge
is often transmitted through an implicit collective
apprenticeship or a master-apprentice relationship.
It is located in people’s minds.

Here we are referring to the knowledge clas-
sification of Polanyi (1967). He divides human
knowledge into two categories: tacit knowledge
and explicit knowledge. “Tacit knowledge is
personal, context-specific, and therefore hard to
formalize and communicate. Explicit or ‘codified’
knowledge, on the other hand, refers to knowl-
edge that is transmittable in formal, systematic
language” (Polanyi, 1967). Our point of view
can be found in the work of Nonaka and Takeu-
chi (1995) where the authors, with reference to
Polanyi (1967), consider that “tacit knowledge
and explicit knowledge are not totally separated
but mutually complementary entities” (Nonaka
& Takeuchi, 1995). For Nonaka and Takeuchi
(1995), explicitknowledge can be easily expressed
in written documents but is less likely to result
in major decisions than tacit knowledge is, which
is to say that the decisional process stems from
knowledge acquired through experience, even
though it may be difficult to express in words.

These observations concerning knowledge in
the company context highlight the importance
of tacit knowledge. They point out the interest in
taking into account tacit knowledge in decision
process. By analogy, in smart cities context and
more generally, in cities context, there exist tacit
knowledge and explicit knowledge.
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Data, Information, and Knowledge

Many people associate the terms Knowledge Man-
agement (KM) and Information System (IS) with
some kind of technological system. This is very
often reduced to simple IT-based systems, which
offer basic functions for the sharing of documents
and information among the employees of the
company. It is based on the incorrect assumption
that knowledge can be gathered and managed in
the same manner as information — i.e. that it can
be processed, transferred and stored. Knowledge
can very often be mistaken for information. What
is the difference then? In the following, we are
going to examine the differences between the
concepts of data, information and knowledge.
Finally, we shall present an empirical model of
the DITEK (Data, Information, Individual’s Tacit
and Explicit Knowledge) process whichillustrates
the transformation from one to another, and its
formalization.

Numerous authors have analysed the notions of
data, information and knowledge, notably Polanyi
(1967), Tsuchiya (1993), Newell et al. (2000) and
Walsham (2001).

Furthermore, Wilson (2002) offers the fol-
lowing synthesis:

The developing practice of knowledge management
has seen two different approaches to definition;
one arises from information management and sees
knowledge as some higher-level order of informa-
tion, often expressed as a triangle progressing
fromdata, through information and knowledge, to
the apex of wisdom. Knowledge here is seen as a
thing or entity that can be managed and distributed
through advanceduse oftechnology... The second
approach sees the problem from a sociological
basis. These definitions see knowledge as a human
capability to act (Wilson, 2002).

The dominant positivism approach of KM is
implicit in the DIKW (Data-Information-Knowl-
edge-Wisdom) hierarchy model. This model has

led to numerous computer and information stud-
ies. For example, Polanyi (1958) re-appraised the
DIKW hierarchy by examining the postulation of
the hierarchy in anumber of widely-read textbooks
in the field of information systems and knowledge
management, mostly published in 2003 and later,
and noted that

... there is a consensus that data, information
and knowledge are to be defined in terms of one
another, although data and information can both
act as inputs to knowledge; the tangle of concepts
can be explored at two levels — the relationship
between data and information, and the relationship
between information and knowledge” (Polanyi,
1958) and she raisedthe question: “Isthere a sharp
divide between data, information and knowledge,
or do they lie on a continuum with different levels
of meaning, structure and actionability occurring
at different levels? (Polanyi, 1958).

Despite all of these studies, we have to focus our
thoughts within the context in which the notions
of data, information and knowledge are used: in
our case, this is the field of business enterprises,
and more generally that of organizations. This
leads us to an understanding of the transforma-
tion process, via the construction of the DITEK
empirical model described below.

From data to information, and to tacit and
explicit knowledge: the DITEK process model
Based on the theories and assumptions set out
above, we have elaborated a model that attempts
to describe the process of transformation from
data to information, and from information to
tacit and explicit knowledge. This model, called
the DITEK process model (Nonaka & Takeuchi,
1995), describes the relationship between data
and information on one level, and the relation-
ship between information and tacit and explicit
knowledge on a second level. Unlike the idea of
a continuum existing between the concepts of
data, information and knowledge based on the
DIKW hierarchical model, the DITEK process
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model reveals the discontinuity between these
concepts. The DITEK model, by analogy with the
mental model (Mc Dermott, 1999), emphasises
the function of the interpretative framework as a
filter that provides the mechanism through which
data aggregated into new information, are filtered
and processed by an individual’s tacit knowledge.

1) The first level: from data to information.
Initially we have to consider the relationship be-
tween data and information. This first level must
be thought of as a basic process in which data
are discrete, raw elements perceived, gathered
and filtered by a person before being aggregated,
supplemented and organized into information.
Let us now describe this transformation process
(see Figure 1).

Smart Cities

At time T, sender P, is acting in a specific
context and situation. P, possesses pre-existing
interpretative frameworks, previous tacit knowl-
edge, and given intentions. During an information
creation phase, P, has direct access to a set of
external data. Subsequently, P, according to a
sense-reading process that is dependent upon his
pre-existing interpretative frameworks, which in
turn are activated depending on the context, his
situation and his intentions, filters some of these
data that make sense to him. At the same time,
a sense-giving process using P,’s previous tacit
knowledge enables P, to aggregate, supplement
and organize selected data into information I
(P, T,). Once created, this information becomes
a static object separate from P, and independent

Figure 1. DITEK process model level 1: from data... to information
DITEK (Data, Information, Individual’s Tacit and
Explicit Knowledge) Process

First level: relationship between data and information
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of time. It is this information that is passed-on by
individuals, or by the Digital Information System
(DIS) where it is stored, treated and transmitted
as a stream of digital data. During this process,
P ’s pre-existing interpretative frameworks remain
unchanged; previous tacit knowledge can be reor-
ganized and modified into new tacit knowledge.

2)  The second level: from information to tacit
and explicit knowledge: At a second level,
we have to consider the relationship between
information and tacitand explicitknowledge.

This level marks a break with the first level,
since it presupposes that information already ex-

ists regardless of the time and context in which
it was created. Let us now describe this process
of transformation (see Figure 2).

Attime T representing alater stage of the first-
level process, when P, perceives the information I
(P, T,) during a phase of reception, self-reflection
and observation, this information is gathered by
P,, who finds himself in a different context and
situation than P, who has processed it. P, has his
own intentions. Subsequently, P, interprets this
information by means of a sense-reading pro-
cess, by filtering data through those pre-existing
interpretative frameworks activated subject to
his context, situation and intentions. At the same
time, a sense-giving process using P,’s previous

Figure 2. DITEK process model level 2: from information... to tacit and explicit knowledge

DITEK (Data, Information, Individual’s Tacit and
Explicit Knowledge) Process
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knowledge comes into operation and engenders
new tacitknowledge. In this way P,’s pre-existing
interpretative frameworks change, and P,’s previ-
ous tacit knowledge is enriched, enabling P, to
understand his situation, identify a problem, find a
solution, decide and act. The results of this process
are modified interpretative frameworks and new
tacit knowledge. The process of transformation
of information into tacit knowledge is a process
of knowledge construction.

Created knowledge can vary enormously
from one individual to another when the com-
mensurability of their interpretative frameworks
is limited, regardless of the reasons for this. There
is a substantial chance that the same information
will make different sense to each of them, and
consequently generate the construction of different
tacit knowledge in the minds of those with a stake
in the decision-making process. Unlike informa-
tion, knowledge is dynamic. Once constructed it
cannot be considered as an object independent of
the individual who built it, or the individual who
appropriates it to make a decision and to act. Later
on, attime T, whenP, as asender communicates
with receiver P,, during the articulation of tacit
knowledge, a sense-giving process enables P, to
transform a part of his new tacit knowledge into
explicit knowledge that is no more than informa-
tion I (P,,T ) forP..

As aresult, one can understand the importance
of clearly distinguishing static factual information
which enables us to identify and describe the
context and situation in which a problem arises,
from the cognitive process engendered by the
interpretative frameworks and the tacitknowledge
possessed by the individual who processes this
information to learn and to obtain the knowledge
he needs to carry out his tasks. Consequently,
paraphrasing Chua and Brennan (2004) if technol-
ogy offers the possibility of making information
available across time and space, we always have
to bear in mind the role of the individual in the
knowledge-sharing process, while also paying at-
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tention to how individuals use technology to share
knowledge. Our KM approach leads us to consider
tacit and explicit knowledge as the outcome of a
sense-giving process involving people engaged
in actions. It mainly depends on the economic,
strategic, organizational, socio-cultural and tech-
nological contexts.

In a Smart City context, Kennedy (2012)
proposes to use the difference between data,
information and knowledge, by employing the
Data-Information-Knowledge (DIK) continuum
(Masud et al., 2010) to transform data into knowl-
edge for data visualisation.

From our point of view, tacit knowledge is per
se linked to human beings. Given that citizens
are key to our approach, we have introduced the
concept of the “knowledge-citizen” since we
believe citizens to be bearers of tacit knowledge.

THE INFORMATION AND
KNOWLEDGE SYSTEM AND THE
DIGITAL INFORMATION SYSTEM

In this section, we will present the Information
and Knowledge System (IKS) concept (Figure 3)
and the Digital Information System (DIS).

Many authors have already defined the concept
of Information System. The following are just
some of such definitions:

An Information System is an organized set of
resources: material, software, employees, data,
procedures, in order to acquire, to process, to store,
to disseminate information (data, documents, im-
age, sound, etc.) in organization, translated from
(Reix, 2000).

An Information System is the set of all elements
that contribute to the process and the circulation
of information in an organization (data base, soft-
ware, procedures, documents) including Informa-
tion Technology, translated from (Educnet, 2000).
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Figure 3. Information and knowledge system

Socio-technical
Context

Individualsf

Information
System (IS)

Digital
Information
System
(DIS)

Individuals |

Information and Communication
Technologies (ICT)

Technically, we can define an Information System
as a set of elements interconnected which collect
(orrecover), process, store and disseminate infor-
mation in order to support decision and process
controlinorganization (Laudon & Laudon, 2000).

Information System is an organized set of tech-
nological and human resources which aim is to
enhance the activities of the organization, trans-
lated from (Nurcam & Rolland, 2006).

For us, the information system is composed
of two dimensions.

e  The Organizational Dimension: humans
and tools who can collect, process, store
and divulge information in order to support
decisions and control processes.

e  The Technical Dimension: artificial ob-
jects, artefacts, man made. The DIS that

collects, processes, stores and divulges in-
formation and knowledge in order to sup-
port decisions and control processes.

The concept of IKS takes into account the
potentialities of Information and Communication
Technologies (ICT).

Forus, ICT fall within the perimeter of Informa-
tion Systems, that is, ICT are a part of Information
Systems (see Figure 4) and thus ICT are, de facto,
a part of the DIS.

Information and Knowledge Systems (IKS) are
supported by Digital Information Systems (DIS).
DIS are the source of, and provide support for,
decisional and monitoring processes. DIS structure
and mould a new organization’s processes. DIS
have new functions that generate new uses and
new forms of behaviour that are very different
from the requirements analysed at the beginning
of the design process.
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Figure 4. IKS, DIS, and ICT

Information and Knowledge System

C )

Digital Information System

Depending on the design, models and techni-
cal tools used when DIS are implemented, this
phenomena is a factor leading to organizational
innovation. Consequently, value-adding processes
are created and modified as described by Porter
(1979). These developments in turn generate
new problems and needs. On the one hand, the
understanding and resolution of problems leads to
the construction of new knowledge; on the other
hand, the new requirements lead to the design
of new functionalities. The IKS must take these
developments into account.

The Value-Adding Processes

Value-adding processes represent the organiza-
tional context in which knowledge is an essential
factor of performance. It is within this context
that a KM initiative is implanted. As Tonchia
and Tramontano (2004) have pointed out: “Pro-
cess Management, with the concepts of internal
customers and process ownership, is becoming
one of the most important competitive weapons
for firms and can determine a strategic change in
the way business is carried out”. These authors
specify that: “Process Management consists in
the rationalization of processes, the quest for
efficiency/effectiveness, a sort of simplification/
clarification brought about by common-sense
engineering”. As Process Management engenders
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structural changes, when performing Business
Process Reengineering we should consider KM
activities in order to identify knowledge that is
essential to enabling value-added processes to
effectively achieve their goals (Figure 5).

Digital Information Systems,
ICT, and Smart Cities

The use of Information and Communication
Technology (ICT) is a very important ingredient
of smart cities. According to Ferro et al. (2013),
“inthe smart city house” model, “ICT offers to cre-
ate value and transform cities into smarter, more
sustainable environments”. ICT also provides an
important contribution in terms of the manage-
ment, planning and control of production, to both
energy “prosumers’” and energy network operators.
The second contribution of ICT, according to Ferro
etal., once again, is the possibility to transform the
way in which many daily activities are conducted.
And finally, the role of ICT is very important in
informing individual choices and behaviour. From
our point of view, as detailed in (Dameri et al.,
2014; Dameri & Rosenthal-Sabroux, 2014), ICT
constitutes the heart of the smart city.

A SALAD RECIPE

By analogy with a salad recipe complete with
ingredients and dressing, this sectionindicates the
ingredients and dressing of a smart city.

Note that energy efficiency and open in-
novation are the basis of the smart city concept
(AMETIC, 2013; Chesbrough, 2003; Chesbrough
& 2006). The advent of ICT opens up new pos-
sibilities to transform governance and redefine
the interaction of the various city stakeholders
(Chan, 2013; Pyrozhenko, 2011; Almirall &
Wareham, 2008; Schaffers et al., 2011). Urban
planning, urban development (Trivellato et al.,
2013) and smart growth from the urban planners’
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Figure 5. The digital information system and the decision process
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point of view (Ferro et al., 2013; Anthopoulos &
Vakali, 2012; Fernback, 2010) has also contributed
towards the development of smart cities. Further-
more, technology will enable urban planners, for
example, to better shape our cities (Townsend,
2013; Wang et al., 2007).

Ingredients

In the literature, Chourabi et al. (2012) propose
8 critical factors for a smart city framework,
which may be seen as the 8 ingredients in our
recipe (namely, People communities, Economy,
Governance, Natural Environment, Built infra-
structure, Policy, Organisation, and Technology),
whereas Nam and Pardo (2011) propose just 3
ingredients. From our point of view, smart cities
are multi-stakeholders. So, we have an undefined
number of ingredients. In fact, the ingredients you
put into the salad give it a special taste. Different
ingredients produce different tastes, and therefore
a different type of smart city.

%m

@ I
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Cecision Process

The smart city consists of the:

e  (itizens

Information and Communication
Technology (ICT)

Environment

Transportation

Administration

Government and e-government

Urban planners of the city in question and
of other cities.

Dressing

What we call the dressing consists of everything
that flows and transits within the city and to and
from other stakeholders (other cities ...), and how
this is managed and organized.

It comprises:

e  Tacit knowledge
e  Explicit knowledge
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° Data
° Information.

Recipe

Based on what we said previously, the smart city
owns an Information and Knowledge System (IKS)
which contains a digital component, the Digital
Information System (DIS), which permits the city
to be qualified as a “digital city”.

We propose a definition of digital city adapted
from Ishida et al. (2002) where cities are digital:

. when investments are made in Information
and Communication Technologies (ICT) and
communication infrastructure in which people in
regional and national communities can interact
and share information, knowledge, experiences,
and mutual interests. The Digital City integrates
urban information (both achievable and real
time) and creates public spaces on the Internet
for people living in/visiting the city.

Figure 6. City, smart city, IKS, and ICT

become

Smart Cities

Thus, nowadays the concept of smart city is
absorbing that of the digital city, although these
two different urban strategies need different
processes and practices to be implemented suc-
cessfully and to achieve the best results. For this
reason, even if they actually merge into a unique
city plan, they should be implemented taking into
consideration their different natures. The following
elements have emerged from a survey: ICT bears
functionalities, functionalities imply new uses,
and these new uses lead to the reorganisation of
cities. This new vision leads to the “Smart City”
(see Figure 6).

A city may have new objectives, such as new
services or improving on its degree of “smart-
ness” (Negre & Rosenthal-Sabroux, 2014) by,
for example, deciding to further develop public
transportation systems (display waiting times at
bus stops, ...). These objectives bring new pro-
cesses to city governance. These new processes
require information and knowledge in order for
them to be achieved. Part of such information and

need a m, w vision

needs a new vision of

_ T
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knowledge can be supported by ICT. The concept
of the Smart City takes account of the potentials
of ICT and includes the concept of IKS.

Under the influences of globalization and the
impact of ICT, which together radically alter our
relationship with space and time, the city increas-
ingly developsits activities in a three-dimensional
planetary space:

e A global space covering the series of cities
constituting the nation;

e A local space corresponding to the city
situated within a given geographical zone;
and

e A space in which the city influences and
interacts with other cities.

The city confined within its local borders is
thus transformed into an open, adaptable, extended
city free of borders. Land is the territorial dimen-

Figure 7. The smart city

7 ?Y People
Tourist

3 People
Living in
the city

. Business

. Organization

Local
Space :city

Adapted from Extended Company
© Michel Grundstein, 2002

sion of a city at different levels. These levels may
range from the local dimension, to the regional,
network, national, and finally, global dimension
(Figure 7).

Furthermore, the Smart City is subject to the
ascendancy of an unforeseeable environment,
which can generate uncertainty and doubt.

The city resolves the fundamental problems
of information exchange and knowledge sharing
among, on the one hand, its formal entities distrib-
uted worldwide, and on the other hand, the city’s
population (nomadic or sedentary), the bearers of
diverse values and cultures.

Two information networks overlap here:

e A formal information network involving
internal or external entities, in which data
and explicit knowledge circulate. This net-
work operates by means of intranet and ex-
tranet technologies.

Distributors

Informal Network

Internal Formal Network
External Formal Network
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e  Aninformal information network involving
the nomadic or sedentary population. This
network favours the process of information
exchange and of tacit knowledge sharing.
It operates through converging Information
and Communication Technologies (for ex-
ample the new IPOD with Web 2.0).

Problems arise when the nomadic population
(tourists or students for example) placed in new,
unknown or unexpected situations, needs to get
“active information”, that is, the information and
knowledge they immediately require to understand
a given situation, solve a certain problem, make
a decision, and act.

That means that ICT provide the information
needed by people who represent the heart of the
city. By extension, we believe that ICT bear po-
tentialities, they bring new uses, they lead to new
forms of organization and a new vision of the city,
what we call a “Smart City”. ICT thus constitute
the very heart of the Smart City.

A city possesses an information system,
and since people are hyper-connected and tacit
knowledge bearers, the smart city possesses
more than just an information system: it boasts
an Information and Knowledge System. In fact,
the City’s Information and Knowledge System
(CIKS) principally consists in a set of individuals
(people) and Digital Information Systems (DIS).
The CIKS is based on a socio-technical setting
consisting of individuals (people) that interact
among themselves, with machines, and with the
very CIKS. It includes:

e  Digital Information Systems, which are ar-
tificial systems and the artefacts designed
by means of ICT;

e  An information system constituted by in-
dividuals who, in a given context, are pro-
cessors of data to which they give a sense
in the shape of information. This informa-
tion, depending on the case in question, is
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passed on, remembered, processed and di-
vulged by said individuals or by the DIS;
e A Knowledge System consisting of tacit
knowledge embodied by the individuals,
and of explicit knowledge formalized and
codified on any kind of support (docu-
ments, videos, photos digitalized or other-
wise). Under certain conditions, digitalized
knowledge can be memorized, processed
and divulged through the DIS. In that case,
knowledge is merely information.

CONCLUSION

In this chapter, by drawing an analogy with a salad
recipe, ingredients and dressing, we propose a form
of recipe for the Smart City where the ingredients
are the citizens, the environment, Information
and Communication Technology (ICT), and the
dressing is knowledge.

In our everyday lives, where (i) Information
and Knowledge are the heart of the City, (ii) world-
wide economies depend increasingly on the use of
computers, (iii) ICTs are becoming increasingly
important, complex and widely distributed, (iv)
the City requires improved productivity, better
quality but an increasingly shorter development
time, and (v) finally, knowledge can improve the
city’s decisional processes.

Our vision is a novel one thanks to the concept
of the City’s Information and Knowledge System
(CIKS). The smart city has more than just ICT,
and more than just people. It also possesses and
deals with knowledge.

Our vision takes people, information and
knowledge into account. The advantages of this
approach are that knowledge lies at its heart, and
that it entails a new vision of the Information and
Knowledge System designed to cope with the city’s
complexity. From our point of view, knowledge
is a factor that can contribute towards improving
the “smartness” of the city.
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Figure 8. The Darwinian evolution of cities

The multidisciplinary nature of a smart city
program requires that a set of objectives be estab-
lished. Citizens should be involved in this process,
at both the planning and implementing stages of
the smart city; communication underlies shared
involvement in the establishment of a smart city’s
goals and in raising awareness of the smart city’s
role and of its benefits for people (Viitanen &
Kingston, 2014).

From our point of view, the smartness of a city
can be improved through (i) a more global view
of the city (multicriteria, multi-views, context),
(i1) a Technological & Human approach, by (iii)
taking knowledge into account when considering
the smart city concept.

The expression “Smart City” covers all mana-
gerial actions designed to solve the problems of
smartness of the city in general: it is necessary
(i) to align management with the city’s strategic
orientation; (ii) to make people aware; (iii) to
educate and motivate all of the city’s stakeholders;
(iv) to organize and pilot activities and specific
processes towards greater mastery of smartness;
(v) to encourage the implementation of favour-
able conditions for cooperative work, and the
sharing of knowledge (Bettencourt, 2013; Negre
& Rosenthal-Sabroux, 2014).

Figure 8 portrays the evolution of the city over
time, starting from a series of scattered houses,
followed by the grouping of these houses into
cities, which are subsequently industrialized and
mechanically connected to other cities (trans-
port), and finally, to the current stage where they

are now hyper-connected (with citizens who are
connected, who need to access different types of
information, while the city itself is connected to
the rest of the world) (Kennedy, 2012).

Citizens with an open window looking out on
the city and the local surrounds, should be able to
receive information and knowledge that s specific
to their needs, to have access to data, information
and knowledge, and to transmit and share their
own tacit knowledge.

In other words, cities must evolve, otherwise
they will die!

In conclusion, the question is:

To be smart or not to be smart? The Darwinian
evolution of cities...
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KEY TERMS AND DEFINITIONS

ICT: Information and Communication Tech-
nology.

Information and Knowledge System (IKS):
Principally consists in aset of individuals (people)
and Digital Information Systems.

Information System: Is an organized set of
resources: material, software, employees, data,
procedures, in order to acquire, to process, to store,
to disseminate information (data, documents, im-
age, sound, etc.) in organization.

Knowledge Management: Is the management
of the activities and the processes that enhance
the utilization and the creation of knowledge
within an organization, according to two strongly
interlinked goals, and their underlying economic
and strategic dimensions, organizational dimen-
sions, socio-cultural dimensions, and technologi-
cal dimensions: (i) a patrimony goal, and (ii) a
sustainable innovation goal.”

Sharing Knowledge: Is the tacit knowledge
shared among people.

Smart Cities: Cities are smart when invest-
ments in human and social capital and traditional
(transport) and modern (ICT) communication
infrastructure fuel sustainable economic growth
and a high quality of life, with a wise manage-
ment of natural resources, through participatory
governance.

Tacit Knowledge: Is an intangible element.
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ABSTRACT

This chapter examines the challenges of, and opportunities for, the development and management of
cooperative housing green areas and street trees. To deal with this issue effectively, the study employed
mixed research methods and used questionnaires, in-depth interviews, focus group discussions, observa-
tions and desk reviews, for the purposes of data collection. The findings of this study identify a lack of
awareness on the part of the public and of government employees, weak institutional capacities, a lack
of coordination among stakeholders, and the absence of clear ownership and enforcement mechanisms,
as representing the major challenges impacting the development and management of cooperative hous-
ing green areas and street trees. Therefore, in order to develop and manage these green areas properly,
the study recommends that the good will, the coordination and the efforts of all stakeholders, including
communities, government authority, and non-governmental bodies, be enhanced and duly coordinated.
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INTRODUCTION

The concept of the smart city is not a static one:
there is no absolute definition of the smart city,
no end point, but rather a process, or series of
steps, by which cities become more “livable” and
resilient, and thus able to respond more quickly to
new challenges. The Office for the Revision of the
Addis Ababa Master Plan has also explained that
a smart city includes not only smart technologies,
but also smart residents, smart mobility, a smart
economy, smart housing, smart governance, and
smart urban green area development and manage-
ment. Thus, the development and management of
urban green areas such as cooperative housing
green areas and street trees, which are the focus of
this chapter, are part of the definition of the Smart
City in Addis Ababa. This is due to the fact that
the development of multi-functional cooperative
housing green areas and street trees contributes
towards the aims of the smart city in terms of the
improvement in the quality of life and environment
for the city’s population (Alamrew, 2002). The
preservation of cooperative housing green areas
and street trees in and around the city, also pro-
vides psychological satisfaction for the residents.
An interesting insight into the purpose of urban
green areas and their contribution to smart city
development, is provided by Wondimu (2006).
He argues that a city or town without sufficient
green space can be qualified as an organism with
no respiratory system.

As the city of Addis Ababa is now in the
process of rapid economic transformation and
urbanization, there is growing concern about the
fate of green areas. The capital was once called
the “forest city”. In fact, at the beginning of the
20" century, some 10 million trees were imported
from Australia and planted all over Addis Ababa
(Berlan, 1963 cited in Wondimu, 2006). Since the
nationalization of land in 1975, the green areas
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in the capital have been subjected to excessive
exploitation and severe degradation due to the
lack of careful management of green areas and
inadequate greening activities (Horst, 2006).
Recently, the city administration has been also
unable to keep pace with the expectation emanat-
ing from the services and facilities of urban green
areas and the city’s international notion. More-
over, the smart development and management of
urban green areas in Addis Ababa barely meets
the standards set by other rival African cities, or
even the standards set out in the master plan of
the city itself (ORAAMP', 1996).

The smart development of cooperative housing
green areas and street trees is usually planned and
indicated in the settlement plan and road design of
Addis Ababa. However, these green areas are not
operating properly, or are not used appropriately
by the residents of Addis Ababa. There are many
problems related to these urban green areas, one
of which is the level of cleanness. It is true that
cleanness is one of the operational attributes for
the good quality of urban green spaces, as this cre-
ates comfort and convenience for its users. Addis
Ababa, however, is not lucky enough to have clean
cooperative housing green areas and street trees.
Indeed, in some cases these urban spaces are places
where homeless people live, dump their garbage
and use as toilets. Furthermore, the absence of
the effective, timely cleaning and maintenance
of these spaces further aggravates the problems.

Cooperative housing green areas also have
problems concerning their current functionality
and operation. In principle, they should serve all
members of the housing cooperative; and they
have to be accessible to such members. However,
some of these areas are closed, or are simply
vacant lots which do not offer any kind of public
service. This situation also negatively impacts the
environment, the appearance and the economic
development of the city.
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Generally, these green areas suffer in terms
of their appearance, maintenance and cleaning.
Moreover, there are also problems related to the
extent of the availability and practicality of these
urban spaces. However, Addis Ababa is going
through a process of transition. Planning for
future development and the implementation of
management strategies are therefore essential for
such urban spaces. However, very little systematic
research has been carried out into cooperative
housing green areas and street trees in Addis
Ababa City.

All the aforementioned problems are also true
in the subject area of this study, Nifas Silk Lafto
sub-city (NSLSC? BPCDM? office report, 2011).
They are once again the result of the approach taken
to the planning and development of these spaces,
or of their management, or perhaps the combina-
tion of all such factors. Therefore, the challenges
faced by cooperative housing green areas and street
trees need to be analyzed in terms of planning for
development and introducing better management
mechanisms to expand the available services by
taking advantage of existing opportunities in Nifas
Silk Lafto sub-city.

This chapter aims to answer the following
questions:

1.  What problems are involved in the devel-
opment and management of cooperative
housing green areas and street trees?

2. Whatare the current local strategic practices
for developing and managing cooperative
housing green areas and street trees?

3. In what ways are the stakeholders involved
in the planning, development and manage-
ment of cooperative housing green areas and
street trees?

4. Whatopportunities exist for the development
and management of cooperative housing
green areas and street trees?

THEORETICAL INSIGHTS

The Development and Management
of Urban Green Areas as a
Contribution towards the
Development of Smart Cities

The concept of smart cities is difficult to define.
The idea underlying the term “Smart City” is that
by using innovation and technology, resources
can be used much more efficiently. The term has
atechnological background and origins. Recently
the concept of smart cities has gone beyond mere
technological advancement, and many actors from
different disciplines have tried to use various
characteristics to define the concept of Smart City.
For instance, Giffinger (2007) used six smart cat-
egories — People, Mobility, Living, Government,
Economy and Environment — for an international
ranking of Smart Cities. This typology has also
been used by the European Commission (2014).

As we have inferred from the aforementioned
concept of the Smart City, aspects of the urban
environment such as green areas are considered
to constitute smart city categories. The quality
of life is also a major objective for most Smart
City strategies. Well-functioning, attractive public
spaces, together with an attractive environment,
can actas symbols of a city and of living together,
and may create a sense of ownership of the city
among its population (European Commission,
2014). The same author also explained that public
open spaces such as cooperative housing green
areas and street trees are important factors when
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defining a city’s “smartness”.

Urban Green Area Development
and Management

Recent studies have shown that planning the
development and management of urban green
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areas requires the integration of the views of
both planner and user. For instance, a study in
Madina showed that the majority of users (80%)
and (71%) want grass / turf and evergreen plants
in their green spaces respectively (Irum et al.,
2002). This indicates that during the planning,
development and management process, users’
views should be taken into account. If urban
green space development strategies fail to include
stakeholders’ participation, this implies that social
and environmental functions are being neglected
(Balram & Dragicevic, 2005).

A study in Ankara, Turkey, shows that green
spaceusers’ preferences include sitting on benches,
walking and running facilities, a pleasant land-
scape, visual elements, nearness to water and a
peaceful atmosphere (Oguz, 2000). In the pursuit
of the development of quality green spaces, the
standards should be set locally to accommodate
requested activities and future changes. Public
participation in the urban green area development
and management process is very important if their
values and ways of life are to be incorporated into
the process*.

Experiences involving the development of
urban green areas also demonstrate that an effec-
tive way of managing urban green areas should
be formulated according to an integrated ap-
proach and through subject-specific (thematic)
strategies. An integrated approach entails the
active involvement of the community, together
with cooperative, enabling partnerships between
local authorities, local businesses and voluntary
groups (Bartone et al., 1994). The management
of urban green areas within the overall functional
area of a political authority and/or built-up city is
also a thematic strategy (European Commission,
2007). Moreover, this approach is based on cross-
departmental/sectoral cooperation, engagement
with all relevant stakeholders, and the integration
of local, regional and national policies’.

Baycan-Levent and Nijkamp (2004) stated that
urban green area development and management
requires the active involvement of public, private
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and non-governmental actors at individual, com-
munity, city and national levels. Urban green area
development and management should therefore
involve those whose interests are affected both
by green problems and by management strate-
gies and action plans; that is, those who exercise
control over the instruments used for implement-
ing green management strategies, and those who
possess the relevant information on a wide range
of green issues.

Practical Experience of the Planning
of Urban Green Areas in Ethiopia

The consideration of urban green areas in country’s
urban planning ventures and other social and eco-
nomic development undertakings, has paramount
importance for sustainable development. In this
regard, the urban planning process in Ethiopia has
been incorporating the issue of urban green areas in
the overall planning exercise since 1886 (Fetsum,
2003). Fetsum (2003) also pointed out that this is
reflected in the incorporation of green areas and
parksinurban plans, the consideration of the com-
patibility of various land uses, the incorporation
of generalized environmental objectives, and the
identification of hazardous areas. In spite of such
efforts, the facilities in urban green areas, even in
the capital of Ethiopia, hardly meet the standards
setby otherrival African cities (ORAAMP, 1996).
In orderto address these problems, the government
of Ethiopia has issued various supporting guide-
lines, policies and proclamation. These include the
Ethiopian Constitution of 1995 (FDRE, 1995), the
Ethiopian Environmental Policy of 1997 (FDRE,
1997), the Ethiopian Urban Development Policy
of 2006 (Ministry of Federal Affairs, 2006), and
its Urban Planning Proclamation no. 574/2008c
(FDRE, 2008)

The Ethiopian Constitution establishes a series
of general principles requiring that all people be
given the opportunity to live in a clean, healthy
environment. The concept of sustainable develop-
ment and environmental rights are also enshrined
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in Article 43, 44 and 92 of the Constitution of the
Federal Democratic Republic of Ethiopia (FDRE).
While different action plans and proclamations
are designed in line with the Constitution, federal,
regional and local governments can design and
implement supporting proclamations and various
action plans designed to develop and manage
cooperative housing green areas and street trees.

Moreover, the Environmental Policy of Ethio-
piahasrecognized the importance of planning and
creating green spaces within urban areas. This
provision also creates opportunities for various
stakeholders to develop and manage cooperative
housing green areas and street trees as elements of
urban green areas. Moreover, the Urban Develop-
ment Policy of Ethiopia has recognized cities as
entities that strive to work towards minimizing any
seriousrisks to the urban environment. The policy
document also pledged that the city government
would work towards:

The development and protection of urban green
areas, designing and developing environmental
friendly development projects, planting and pro-
tecting institutional parks, residential green areas,
street tree[s], and informal green areas, ensuring
that an exemplary and leading role is played by
the government and [ensuring| the participation
of the private sector in environmental protection,
selecting and adapting best practices, experiences
andtechnologies suitable for urban environmental
protection (Ministry of Federal Affairs, 2006).

Thus, urban development policy has rendered
city governments responsible for the development
and management of residential green areas such as
cooperative housing green areas and street trees,
with the joint involvement of other stakeholders.
Furthermore, Urban Planning Proclamation no.
574/2008c has made chartered cities and urban
administrations one of the institutional areas for
environmental protection in Ethiopia. It has also
prohibited any kind of urban development proj-
ect that fails to take account of the detrimental

impact on the urban environment in general, and
on urban green areas in particular. All these are
very important advances in the urban green area
development and management in Ethiopia.

Experiences in Addis Ababa

The idea of aradial ring road surrounded by green
belts was introduced by the second master plan
for Addis Ababa. The plan was prepared by the
planner of Greater London, Patrick Abercrombie
(ORAAMP, 1996), upon request from Emperor
Haile Selassie I. However, cooperative housing
is a recent phenomena which only saw the light
of day in the late 1970s as a result of the 1975
revolution.

The development and management of coop-
erative housing green areas and street trees are
fundamentally inadequate. In order to rectify this
situation, CGAA (2011) has introduced a number
of undertakings, plans and actions comprising,
among others, the City Development Plan of
Addis Ababa, the Clean and Green Addis Ababa
Development Plan, and the manual of the BPCDM
Agency of the City Government of Addis Ababa.
The Development Plan of Addis Ababa, which
is currently under review, called for tree planting
along the city’s ring roads and existing streets,
and imposed one-plot-one-tree requirements. The
Clean and Green Addis Ababa Development Plan
(CGAADP) was prepared in 2004 by the City
Government of Addis Ababa in partnership with
the Clean and Green Addis Ababa Society. The
plan covered the period 2004-2025, and contained
a number of interesting measures and ambitious
programs regarding the greening of roadsides,
median strips and open spaces. Moreover, the
manual of the BPCDM Agency of Addis Ababa’s
city Government indicated a series of different
institutions through which local residents could
be involved in the development and management
of cooperative housing green areas and street
trees. The institutions and their corresponding
responsibilities, are as follows:
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e  Urban Plan Preparation and Information
Office: responsible for preparing plans
for cooperative housing green areas’
development.

e Land Development and Ownership
Administration Office: responsible for pro-
viding land records and other legal docu-
ments for cooperative housing green areas.

e Design and Construction Management
Office: responsible for providing design
standards for the development of coopera-
tive housing green areas and street trees.

e  Environmental Protection  Authority
Office: responsible for implementing
Ethiopia’s environmental policy with re-
gard to the development and management
of cooperative housing green areas and
street trees; and for providing tree species
planted on cooperative housing green areas
and at road junctions.

e  Addis Ababa Road Authority: responsible
to provide evidences about the location of
utilities which are found at the right-ways
of the road.

e  Water Development Office of the city: re-
sponsible for providing water services for
the development of cooperative housing
green areas and street trees.

e  Justice Office: responsible for interpreting
different environmental protection procla-
mations for the management of coopera-
tive housing green areas and street trees.

RESULTS AND DISCUSSIONS

Challenges for the Development and
Management of Cooperative Housing
Green Areas and Street Trees

As the experience of Addis Ababa shows, the

provision of land for citizens to construct houses
through cooperatives alsoincludes land designated
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as green space. In this regard, all 130 respondents
(100%) replied that they had received land for the
purpose of creating green areas, while the govern-
ment provided them with land to construct houses
through local cooperatives. In principle, these
areas are allotted as breathing, recreational and
social spaces for local neighborhoods. However,
an examination of the archives in the study areas
revealed that the development and management of
cooperative housing green areas has deteriorated
over the course of time.

Survey respondents were also asked to identify
the challenges which hinder the development
and management of cooperative housing green
areas in their neighborhoods. 40% of respondents
(52) said that the development and management
of cooperative housing green areas is hindered
due to public and government employees’ lack
of awareness of the causes and consequences of
cooperative housing green areas’ degradation,
and of the benefits of the development and man-
agement of these areas. These may aggravate the
loss, degradation and occupation of cooperative
housing green areas by different sections of the
community. The second largest group, 35% (45),
said that the lack of active participation among
stakeholders weakens the joint efforts of various
actors to influence the process of development and
management of cooperative housing green areas.
A quarter of respondents (33) also mentioned
that the hindered development and management
of cooperative housing green areas was due to
the lack of clear ownership and enforcement
mechanisms. Such situations leave residents with
limited opportunities to develop and maintain their
cooperative housing green areas.

Key informants from different government
offices® directly or indirectly involved in the is-
sue at hand, also confirmed the above-mentioned
factors. Moreover, they described more specific
challenges affecting the development and manage-
ment of cooperative housing green areas. In their
view, these challenges include:
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various drafted and enacted environmental
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that affect the development and management of
cooperative housing green areas. In their view,
these challenges include:

proclamations, hinders the applicability of
various proclamations to the management
and maintenance of cooperative housing
green areas; the lack of a clear, up-to-date
database of cooperative housing green ar-
eas. For instance, the GIS map of the sub-
city shows cooperative housing green ar-
eas as empty spaces, leading government
to use the areas for other purposes. For this
reason, cooperative housing green areas
such as the green area of the Tewahido co-
operative housing, are being used for waste
dumping purposes; and

e  The lack of cross-sectoral cooperation and
the rival agendas of the offices in question,
has contributed towards hindering the de-
velopment and management of cooperative
housing green areas. “Cooperative hous-
ing’s green areas development and man-
agement have not been given sufficient
attention even in the preparation of local
development plans” due to the lack of co-
ordination among the urban planners, the
information office and the BPCDM office
of the sub-city. However, Bartone et al.
(1994) argue that the effective and sustain-
able development and management of ur-
ban green areas will only be achieved when
the development and management of urban
green areas are given sufficient weight
when preparing local development plans.
Thus, what is actually being done in the
study area is different from this standpoint.

Politicians working on land-lease related issues
sometimes allocate cooperative housing green ar-
eas for other uses in order to save land for different
forms of development. Similarly, the focus group
participants have pointed to various challenges

The lack of proper plan implementation,
which offers opportunities for the conver-
sion of cooperative housing green areas
for other purposes such as housing, waste
dumping, stores for the residents’ Iddir’,
etc.;

The lack of education and research regard-
ing cooperative housing green areas, in or-
der to plan appropriate action for the future
greening of the areas;

The disintegration of various cooperatives,
thus limiting members’ ability to develop
and manage their common spaces in a co-
ordinated, integrated manner;

The lack of proper protection, follow-up,
monitoring and evaluation of activities
pertaining to the use and conservation
of the areas by the government organs in
question. This situation has created an en-
vironment conducive to incursion into co-
operative housing green areas so as to use
these areas for other purposes, such as of-
ficial and unofficial housing construction,
parking, for the residents’ Iddir, and so on;
Insufficient media coverage of cooperative
housing green areas has contributed to the
limited public awareness of the importance
of the areas in question;

The lack of any real links between govern-
ment agencies and the members of the co-
operatives, thus hindering the joint efforts
needed for the development and manage-
ment of cooperative housing green areas;
The various different government offices
responsible for the development and man-
agement of cooperative housing green ar-
eas are not duly coordinated, and are ac-
countable to other, different offices. This
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leads to competition between such offices,
rather than cooperation, as a result of a
conflict of interests; and

e The lack of accountability among the
members of the cooperatives with regard
to their green areas, which manifests itself
in their lack of concern regarding the deg-
radation of their cooperative housing green
areas.

Local Strategies and Practices for
the Development and Management
of Cooperative Housing Green Areas

In the manual of the CGAA’s BPCDM agency,
the overall strategies for green area development
and management are set out in a manner reveal-
ing a clear hierarchy of politicians, municipal
administrations and other city stakeholders at all
levels. The manual also mentions the fact that the
strategies for the development and management
of cooperative housing green areas are run by the
sub-city and woredas’ BPCDM offices, in con-
junction with other government institutions® and
with the members of the housing cooperatives.
However, the various institutions responsible for
designing local strategies do not work in conjunc-
tion with the BPCDM office. The reasons for this
are as follows:

e  Most of these institutions often focus on
contingent, highly visible problems such as
poverty, unemployment, the lack of hous-
ing, etc.;

e  Some of these institutions have overlooked
the environmental benefits and services as-
sociated with cooperative housing green
areas, thus making them less inclined to
design and implement specific strategies
for the development and management of
such spaces; and

e  The above-mentioned institutions are more
likely to compete with each other than to
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cooperate, which in turn reduces their
commitment to designing and implement-
ing the various strategies jointly.

Cooperative housing green areas are developed
and managed by the members and committees of
the housing cooperatives or Iddirs in the study area.
However, this strategy is ineffective since most
cooperative housing green areas are not clearly
registered as the property of the cooperatives.

As far as concerns local strategic practices,
a conference was held in 2010 in conjunction
with the members of the Medirok and American
housing cooperatives, on the topic of the impor-
tance of green areas to cooperative housing. The
following forms of support were also provided to
the members of Medirok and American housing
cooperatives by the Woreda (District) 1 BPCDM
office:

e  Programs to raise awareness of the benefits
of cooperative housing green areas;

e  Networks were created with, and various
supporting letters written to, other infra-
structural sector offices such as the water
and electricity boards, in order to readily
obtain water and electricity services for
their green areas;

e  Legal letters were sent and land adminis-
tration authority requested, in order to get
cooperative housing green areas recog-
nized as the property of the members of
the cooperatives. Recognition was given as
a result of such;

e  Guiding and monitoring the activities car-
ried out within the green areas of the hous-
ing cooperatives, in order to facilitate the
management of green areas for environ-
mental and recreational purposes.

Following the conference and the abovemen-
tioned forms of support, the committees of the
Medirok and American housing cooperatives
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acted as lobbies in an attempt to persuade govern-
ment officials of the importance of cooperative
housing green areas for urban life. Therefore,
providing different awareness-raising programs
to the members of the cooperative, with regard to
cooperative housing green areas, and ensuring the
tenure security of the green areas in question, are
vitally important if appropriate strategies are to
be designed and implemented. Current research
supports this argument, since the members of the
two housing cooperatives in question have started
to maintain their green areas as shown below.
On the other hand, not all members of the vari-
ous housing cooperatives were willing to contrib-
ute money; and could not take initiatives to design
strategies for the development and management
of their cooperatives housing green areas due to:

e  The residents’ limited awareness of the
benefits of the development and manage-
ment of cooperative green areas;

e  The lack of confidence among the mem-
bers of the cooperatives with regard to the
tenure system of cooperative housing green
areas. This situation lowered the willing-
ness of cooperative members to partici-
pate in the design and implementation of
various strategies for the development and
management of their green areas.

Moreover, field observations show that most
cooperative housing green areas have not been
properly developed and managed; no greening or
conservation has been undertaken, and they have
become dumping areas rather than recreational
spaces. This situation clearly indicates that local
strategies for the development and management of
cooperative housing green areas are incapable of
addressing the problems relating to the develop-
ment and management of the areas.

The Stakeholders’ Involvement in
Planning, Developing, and Managing
Cooperative Housing Green Areas

Beer and Jorgensen (2003), in their study of
Scandinavian cities, reported that residents’ in-
volvement in the development and management
of cooperative housing green areas processes had
increased the quality and the facilities of the green
spaces in question. The current study, on the con-
trary, reveals that 69% (90) of survey respondents
did not participate in the planning, development or
management of cooperative housing green areas,
with only 31% (40) of respondents replying that
they were involved in those processes. Community
involvement in planning green areas takes a vari-
ety of different forms, such as providing funding,
attending awareness-raising programs, offering
technical assistance, and also submitting ideas.
However, survey results show that contributing
money was preponderant, followed by attending
the occasional awareness-raising program. Of this
group of respondents, none of them had offered
technical assistance, or submitted ideas for the
planning and assessing of the community’s needs.
Of those respondents who did not participate in
any way, almost 71% (64) said alack of opportuni-
ties, unclear property rights regarding their green
areas, and a lack of information, prevented them
from participating in the planning process. Some
29% (26) also responded that their participation
had been hindered due to the lack of motivation
in the communities in question.

Of the 31% (40) of respondents who declared
that they had participated in the development
and management of cooperative housing green
areas, 58.3% (23) replied that they had contributed
money to, 18% (7) said that they had attended the
occasional awareness-raising program organized
by the government, 13.7% (6) responded they had
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participated in the planting of trees and the sowing
of grass in their green areas, while 10% (4) replied
that they had participated in community clean-up
campaigns to rid the green areas of various types
of litter and waste.

The survey results also indicate that the ma-
jority of the respondents had participated in the
development and management of cooperative
housing green areas through the contribution of
money. Their participation in various awareness-
raising programmes, and in planting trees, sowing
grass and cleaning litter from their green areas,
was relatively limited.

Key informants from different government of-
fices (institutions) directly or indirectly involved
in the issue, have confirmed the aforementioned
nature of local residents’ involvement in the plan-
ning, development, and management of coopera-
tive housing green areas. As far as planning is
concerned, the manual of the CGAA’s BPCDM
office reveals that there is no professional plan-
ner assigned to the planning of the green areas’
development. Responsibility for such planning
activity has been given to the sub-city’s Urban
Plan Preparation and Information Office. Accord-
ing to the aforesaid manual, the BPCDM office is
responsible for conducting need assessments in
relation to green areas, in line with the develop-
ment of the settlements in question. However,
this arrangement is “a fact on file”, as no expert
from the BPCDM office has ever been actually
involved in the preparation of local development
plans. This is also an indication that what is actu-
ally being done does not correspond to what is set
out in the manual or the guidelines. This is due to
a lack of interest among the various professionals
concerned in working in a coordinated manner.

Notwithstanding the foregoing, the three
Woredas’ BPCDM core process officers stated
that their offices had done their share in provid-
ing a number of development and management
concessions, together with continuous follow-ups
and support for the members of the cooperatives.
The officers also mentioned that the members of
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the cooperatives are responsible for any capital
investment costs for the development and man-
agement of their green areas. Furthermore, the
performance standards to be met by the green areas
are to be established by their offices, according
to the Officers.

Observations regarding those green areas, the
management of which has been taken over by the
members of the cooperatives, reveals that there
has been a certain improvement in the aforesaid
green areas. The registered improvements in the
green areas of the Abenezer housing coopera-
tive can be attributed to the management system
employed. This finding also tallies with Beer and
Jorgensen’s work which indicated that residents’
involvement in the management of cooperative
housing green areas improved the quality of the
areasin Scandinavian cities. On the contrary, find-
ings regarding green areas notrun by the members
of the cooperatives in question show that the areas
are being used for waste dumping purposes.

Different stakeholder institutions explained
that they did not actively participate in the plan-
ning, development or management of cooperative
housing green areas. Moreover, officers from the
NSLSC code enforcement office explained that
the office was unable to resolve the problems of
the illegal misuse of, and encroachment upon,
cooperative housing green areas, due to a lack of
clear laws and regulations governing cooperative
housing green areas. In this regard, one code en-
forcement officer from Woreda 3 recounted his
experience as follows:

The invasion of the ‘Dirbiabir’ cooperative hous-
ing green area by the official construction boom
was brought to the attention of my office. Sub-
sequently another code enforcement officer and
me, we went to the area and told the owner of the
construction site that the area was a green area of
the Dirbiabir housing cooperative. However, the
owner of the construction site produced his legal
construction permission and property deed that
had been issued by the sub-city’s land develop-
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ment and ownership administration office. We then
went to our office and asked the Woreda’s urban
planning officer to check its legality. The Officer
said that the area in question was the green area
of the cooperative, according to the map of the
cooperative. Therefore, due to the absence of any
clear enforcement mechanism and of coordina-
tion among stakeholders, we cannot implement
any preventive measures or redress the problem.

Opportunities for the Development
and Management of Cooperative
Housing Green Areas

Recently, the lack of green areas has become a
concern of the entire community throughout Addis
Ababa. This concern has generated some interest-
ing opportunities (initiatives, plans, and actions)
at different administrative levels. Such opportu-
nities include the formulation of general policy
frameworks such as the Environmental Policy, the
Urban Development Policy, the Urban Planning
Proclamationno. 574/2008c¢, and the Constitution
of Ethiopia containing a general framework for
the development and management of urban green
areas. Moreover, the City Development Plan of
Addis Ababaand the Clean and Green Addis Ababa
Development Plan of 2004 contained a general
framework for the development and management
of urban green areas. Different areas covered by
this study reveal the existence of certain oppor-
tunities to help develop and manage cooperative
housing green areas. In fact, certain actions and
the involvement of housing cooperative members
inthe development and preservation of their green
areas are encouraging.

Survey respondents were asked to describe
what opportunities there were to help develop
and manage cooperative housing green areas in
their neighborhoods. Of the 130 respondents, the
majority 61% (79) replied that the existence of
their green areas as vacant land represented an
opportunity to develop such areas in the future.
Some 30.7% (40) stated that the existence of a

strong community based organization like Iddir
was a good opportunity for joint undertakings
aimed at the development and management of
their cooperative housing green areas. Only 8.3%
(11) thought that clean, green initiatives under-
taken by the community and other stakeholders
represented a good chance to develop and manage
their cooperative housing green areas. On the other
hand, the focus group participants pointed out that
these opportunities can only be grasped if they
are accompanied by awareness-raising programs,
continuous follow-up and monitoring services.

Key informants from different government
offices have also confirmed the benefits of the
aforementioned opportunities for the development
and management of cooperative housing green
areas. They have also indicated the following
opportunities:

e  The establishment of BPCDM offices at
different levels of the city;

e The manual of local development plan
preparation explicitly cites urban green ar-
eas as essential elements of urban services;

e  The existence of undeveloped and semi-
developed green areas in the hands of
cooperative members, the introduction of
GIS and remote sensing to the office as
another opportunity for managing land de-
signed for different purposes, such as land
reserved for green areas; and

e  The office’s recently formulated enforce-
ment manual which shows its intra- and
inter-sectoral linkages with other offices.

Challenges for the Growth and
Management of Street Trees

Street junctions and median strips comprise the
most important opportunities for planting trees
within the city. These trees also provide multiple
benefits for business communities, residents and
tourists. In order to obtain these advantages,
different types of tree species have been planted
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both at the sides and in the medians strips of the
roads comprised within the study areas, as shown
in Table 1.

However, the aforementioned data revealed
that 55% (1019) of the planted trees had died;
only 45% (821) had survived. One can also see
that the surviving street trees are not getting proper
maintenance and protection in the study areas.
Field observations of the surviving street trees
have revealed that their growth and management
are poor.

In an attempt to get residents’ views regarding
the growth and management of street trees, 130
respondents who were living adjacent to street
trees were asked to express their opinions. 84.6%
(110) of respondents said that the street trees were
not growing properly or being duly maintained.
Only 15.4% (20) of respondents reported that the
street trees were being managed fairly well. From
this, one can see that the street trees in question
are not being properly cared for.

Survey respondents were also asked to iden-
tify the problems associated with the growth and
management of street trees in their neighbor-
hoods. 47% (61) of respondents stated that the
community’s wrong perception of the purpose
of street trees hindered their development and
management. Consequently, communities failed
to act in order to care for and conserve these trees.
The second largest group — 28% (36) — said that
stakeholders’ lack of participation had weakened
the joint efforts of various actors needed for the
growth and management of street trees. 25%
(33) of them also mentioned that the growth and

management of street trees had been hindered by
street vending. This unofficial form of trading had
anegative impact on the growth and management
of street trees. Key informants have confirmed
the above-mentioned factors. In addition, they
have also mentioned specific problems affecting
the growth and management of street trees. For
example, insufficientinstitutional capacities char-
acterized by the absence of continuous follow-up,
the lack of trained staff capable of creating more
effective, integrated partnerships with business
communities, and the lack of financial resources,
were perceived as critical factors for the BPCDM
office’s failure to fulfill their responsibilities ef-
fectively. Various different unofficial activities
relating to the construction industry, such as the
dumping of construction materials near to the
street trees, also affected the latter’s development
and management. Furthermore, the poor selec-
tion of tree species designed to combat carbon
dioxide emissions, and the installation of urban
infrastructural facilities such as fiber-optic lines,
all negatively affect the growth of street trees.

The focus group discussants, key informants
and survey respondents together identified the
following problems affecting the growth and
management of street trees:

e  The lack of an integrated data base of street
trees, which affects the efforts of various
stakeholders to design and execute appro-
priate course of action for the growth and
management of street trees;

Table 1. Planted street trees and their status within the study areas

No. Plant Types Places Where Street Trees Are Number of Planted Surviving Protected Trees
Planted Trees Trees (%) (%)
1 Gravilia Around Jemo 400 42 30
2 Jacaranda Around Micheal Square 400 25 20
3 Zenbabaselen Around Mekanisa and Jermen square 640 43 26
4 Zenbabapicok Around Bisrate Gebreal and Sar Bet 400 47 35
(Source: NSLSC BPCDM office street trees inventory report, 2011)
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e  The communities do not feel that the trees
belong to them. This feeling discourages
the communities from participating in the
development and management processes;

e  The absence of integrated systems for the
management of the street trees in different
parts of the neighborhood;

e  The lack of action plans for volunteers, re-
sulting in lower volunteer participation in
the growth and management of street trees;

e  The absence of clear norms and standards
governing the minimum distance to be ob-
served between main roads and footpaths,
and the places where the street trees are to
be planted. Consequently, street trees are
planted on footpaths and pedestrian ways,
which leads to their deterioration as a re-
sult of the transit of pedestrians;

e  Traffic accidents have also contributed to-
wards the deterioration of street trees.

Local Strategic Practices
Aimed at the Growth and
Management of Street Trees

Local authorities are expected to take the lead in
forming partnership with other local public sector
agencies to develop wider community strategies
for improving the economic, social and environ-
mental well-being of their local areas. This would
help them contribute towards the achievement of
sustainable development (European Commission,
2007, p. 7). These strategies are often prepared
and implemented by local authorities through local
strategic partnerships bringing together different
sections of the community, such as businesses and
others. Therefore, it is a good idea to assess the
types of local strategic practice being followed to
develop and manage street trees in the study areas.

The Nifas Silk Lafto sub-city BPCDM officer
mentioned various factors, such as the need for
continuous maintenance of street trees under a

sustainable system, the increasing damage to
street trees, and the public’s misperception of
the value (benefits) of street trees within the
sub-city, as having prompted the office to devise
a long-term strategy for street tree development
and management. According to her, the strategy
has been adopted by the Woredas’ BPCDM core
process offices.

The three Woredas’® street tree development
and management policy document states that
street trees are grown and managed by govern-
ment officials, residents, business communities
and voluntary groups. As for strategies, the de-
velopment and management of street trees will
be assigned to the abovementioned stakeholders
in the form of adoption modalities by Woredas
BPCDM core process officers. The strategies also
set out a long-term vision for the development
and management of street trees in an integrated
framework, which is to be complied with and
followed-up continuously. To demonstrate the
values of street trees to partners, the strategy also
provides evidence of the contribution made by
street trees to the general appearance of the city
and to urban life in particular.

Accordingly, the core processes resulted in
a number of street tree development and man-
agement agreements between local government
officials, residents, business communities and
voluntary groups. However, an evaluation of the
implemented strategies indicated in Woredas’
street tree assessment report, shows that only
35% of the drafted strategies were actually imple-
mented. According to the informants and focus
group participants, the lack of implementation
was attributed to insufficient awareness of the
benefits of the strategies on the part of those of-
ficers concerned, together with the non-provision
of incentives to volunteers. However, the study’s
findings also revealed that there are significant
differences between those trees given to business
communities, and those that are not.
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Stakeholders’ Involvement
in Planning, Growing, and
Managing Street Trees

According to the literature, stakeholders’ partici-
pation involves the combined efforts of a great
many institutions, organizations and individuals,
aimed at the successful planning, development and
management of urban green areas. Italso indicates
that cooperation among stakeholders is the way
to achieve a greater synergy involving more than
justthe exchange of information or even collective
decision making: partnerships, mutual trust and
understanding are also required.

Contrary to the above arguments, the results
of our questionnaires indicate that 65% (85) of
respondents do not participate in the planning,
growth or management of street trees. Almost
68% (58) of such respondents said that the lack
of opportunities to do so prevented them from
participating. Some 32% (27) responded that
their participation was hindered by the lack of
information. Moreover, almost 80% (68) of those
respondents who do not participate in the street
tree planning, development and management
processes also said that government was doing
this work. The remaining 12.5% (11) and 7.5%
(6) of respondents, respectively, said that business
communities or NGOs were participating in the
planning, growth and management of street trees.

Stakeholders’ involvement in growing and
managing street trees takes different forms, such
as the provision of suitable soil and water, planting
trees, preparing holes for the planting of trees, and
so on. Of the 35% (45) of survey respondents who
participated in the growing of street trees in their
neighborhoods, 33% (24) replied that they did so
by providing suitable soil; 24.5% (11) responded
that they contributed by planting trees along the
ring roads; and 22.2% (10) answered that they dug
holes to plant the trees. Others were involved by
both planting trees along the ring roads and by
digging holes for the trees. On the other hand,
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78.3% (35) of said participants responded that
their involvement consisted in watering the trees;
20% (9) said they were involved in the fencing
off and protection of the street trees; and 1.7%
(1) responded that they took part in raising the
community’s awareness of the fact that the trees
belonged to them.

According to the BPCDM agency’s manual,
BPCDM offices at various different administra-
tive levels are in charge of the planning, growth
and management of street trees with the active
involvement of different stakeholders such as lo-
cal residents, business communities and NGOs.
In order to know to what extent the government
institutions in question fulfilled their responsibili-
ties, officials from said government institutions
were duly interviewed. The information obtained
from the key informants is reviewed below.

According to the BPCDM agency manual, the
street tree plan needs to be discussed in detail with
experts from the Addis Ababa Road Authority.
Recently, a number of discussions have been held
with the Addis Ababa Road Authority regarding
street trees planning. The road property protection
and management team leader at AARA stated this
point. A team leader also stated that “CGAA’s
BPCDM agency and its office at sub-city level,
together with AARA, discuss and evaluate their
plans and strategies twice a year”.

BPCDM offices at the sub-city and Woredas
level have taken various forms of action for the pur-
poses of the decoration, greening and protection of
streets in the sub-city, by planting and maintaining
street trees. The BPCDM agency’s manual states
that the Clean and Green Addis Ababa Develop-
ment Plan (CGADP) is being implemented by
BPCDM office at different levels of the sub-city
with the involvement of other stakeholders such
as business communities and NGOs. Similarly,
the three Woredas’ BPCDM core process officers
said that various activities are being carried out by
their offices and by different business communi-
ties, but the results have been insignificant. This
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is because various initiatives and actions are not
implemented in a sustainable manner and with
massive community involvement, due to:

e The lack of trained personnel capable
of growing and managing street trees
systematically;

e  The fact that staff turnover has led to a lack
of any integrated database and information
about the status of the street trees;

e  The unwillingness of professionals to pro-
vide home-to-home awareness raising pro-
grams concerning street trees for the com-
munities; and

e  The fact that large business communities
are no longer interested in participating in
planting trees along roads and at junctions
owing to conflicts of interests.

As far as the development and management
of street trees are concerned, field observations
in different parts of the study areas revealed that
the situation is very discouraging. However, those
street trees that have been planted nearest to vol-
untary groups are receiving proper care.

Opportunities for the Growth and
Management of Street Trees

All the different policies, plans and proclamations
drawn up, such as the Constitution of Ethiopia,
the Environmental Policy, the Urban Develop-
ment Policy, and Urban Planning Proclamation
n0.574/2008c, contain general provisions for the
development and management of urban green
areas. More specifically, the City Development
Plan of Addis Ababa, and the Clean and Green
Addis Ababa Development Plan of 2004, see the
greening of roadsides and median strips as one
way of developing and nurturing green areas in the
city of Addis Ababa. All these provisions should
create conditions conducive to the specific imple-
mentation of courses of actions for the growth and
management of street trees.

Moreover, survey respondents were asked to
describe the opportunities for the creation of an
environment conducive to the growth and man-
agement of street trees in their neighborhoods.
Accordingly, about 52.3% (68) of respondents
said that government involvement in street tree
development and managementrepresented a good
opportunity. Some 30.8% (40) said that clean,
green initiatives by the community and other
stakeholders such as NGOs represented a good
chance to develop and manage these trees. The
remaining 16.9% (22) suggested that the busi-
ness community’s involvement in the growth and
management of street trees should be perceived
as a good opportunity for the creation of such
an environment. Key informants from different
government offices also identified similar oppor-
tunities. They also pointed to the establishment of
BPCDM offices atdifferent municipal levels; to the
BPCDM agency’s recently drafted enforcement
manual that reveals its intra and inter-sector links
with other offices; and to recent government part-
nerships with private concerns such as voluntary
groups, business communities and social groups,
involving their participation in such projects, all
of which are perceived as good opportunities for
the development and preservation of street trees.

CONCLUSION

A lack of awareness on the part of the public and
of government employees, together with limited
institutional capacities, a lack of coordination
among stakeholders, the absence of an up-to
date data base, and the lack of clear ownership
and enforcement mechanisms, have emerged as
serious problems affecting the development and
management of cooperative housing green ar-
eas. Similarly, the public’s misperception of the
benefits of street trees, the non-participation of
stakeholders in the development and management
of green areas and street trees, and the absence of
an integrated data base containing precise details
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of the city’s street trees, have together impeded the
growth and management of street trees. Moreover,
a weak institutional capacity characterized by
staff shortages and the lack of trained staff, the
absence of any regular follow-ups and protective
measures, the poor selection of tree species, the
lack of norms and standards regarding exactly
where street trees should be planted, traffic ac-
cidents, and the installation of utilities, are all
factors impeding proper street tree development
and management.

Asfarasregardslocal strategic practices, while
cooperative housing green areas are developed
and managed by the members of cooperatives and
Iddirs, the study reveals that this strategy is inef-
fective dueto the lack of awareness and of property
deedsrelating to the green areas in question. On the
other hand, street trees are grown and managed by
the sub-city’s BPCDM offices and Woredas, with
the involvement of other stakeholders; however,
this strategy has been poorly implemented and
has been significantly constrained by a general
lack of awareness, by insufficient follow up by the
BPCDM experts in question, and by the absence
of incentives to volunteers.

The study also found that there is a general
lack of stakeholders’ participation in the planning,
development and management of these spaces.
However, the Federal Democratic Republic of
Ethiopia’s Constitution, the Environmental Policy
of Ethiopia, the Urban Development Policy, and
Urban Planning Proclamation no. 574/2008c, all
contain general provisions regarding the develop-
ment and management of urban green areas by the
stakeholders in question. The study also revealed
that BPCDM’s recently formulated enforcement
manual, together with the office’s intra and inter-
sectoral links, represent good opportunities for
the sector to implement green development and
management projects in a coordinated manner.
The involvement of housing cooperative members
in the development and management of their own
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green areas, together with the recent establishment
of private partnerships to develop and preserve
street trees, are also deemed positive measures
and practices.
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KEY TERMS AND DEFINITIONS

Challenges: Constraints thatact as abottleneck
for the development and management of coopera-
tive housing green areas and street trees in Nifas
Silk Lafto Sub-city.

Community Based Organizations: This term
denotes Iddirs and local business communities.

Cooperative Housing Green Areas: The
green areas of cooperative houses that were built
during the Dergue regime and by the current
government through the adoption of a self-help
approach in Nifas Silk Lafto Sub-city.

Local Strategic Practices: Refers to a set of
actions designed to improve cooperative housing
green areas and street trees in Nifas Silk Lafto
Sub-city.

Opportunities: Refers to the initiatives and
actions taken by the stakeholders to enhance the
development and management of cooperative
housing green areas and street trees in Nifas Silk
Lafto Sub-city.

Stakeholders: Refers to those actors, includ-
ing government institutions, communities or
community-based organizations, and voluntary
groups (NGOs), that are responsible for the
development and management of cooperative
housing green areas and street trees in Nifas Silk
Lafto Sub-city.

Street Trees: Refers to trees planted both at
the sides of roads and along median strips in Nifas
Silk Lafto Sub-city.

Urban Green Area Development: Refers to
improvement to cooperative housing green areas
and street trees designed to maximize their benefits
for urban life in Nifas Silk Lafto Sub-city.

Urban Green Area Management: Refers to
the preservation and protection of cooperative
housing green areas and street trees so as to meet the
intended objectives in Nifas Silk Lafto Sub-city.

Woreda: District-level administrative unit.
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Nifas Silk Lafto Sub-city Beautification,
Park and Cemetery Development and Man-
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Officers from the design and construction
management office, the land development
bank and urban renewal office, the urban plan
preparation and information office, the land
development and ownership administration
office, the BPCDM office, the environmental
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protection authority office, and the code
enforcement office of the Woredas in ques-
tion and of Nifas Silk Lafto Sub-city, were
interviewed.

Social organizations established by the com-
munities in order to resolve various social
problems.

The land development bank and urban
renewal office, urban plan preparation and
information office, land development and
ownership administration office, design and
construction management office, environ-
mental protection office, water development
office, andjustice office, at different munici-
pal administrative levels, are the institutions
responsible.
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ABSTRACT

Urban Living Labs are socio-digital innovation environments in realistic city life conditions based on
multi-stakeholder partnerships that effectively involve citizens in the co-creation and co-production of
new or reformed public services and infrastructures. This chapter explores the growing phenomenon of
Urban Living Labs and analyses the nature of related innovations in the perspective of ‘City Smartness’
—a mantra for local governments worldwide which are having to address increasingly complex problems
with fast diminishing financial resources. It goes on to briefly overview the urban governance models
emerging in such environments and finally focuses on the challenges posed by these models as result
of integration between the ‘technology push’ Smart City vision and the ‘human pull’ Urban Living Lab

concept and approach.

INTRODUCTION

Public sector organisations worldwide increas-
ingly need to rely on innovative multi-stakeholder
partnerships to address more and more complex
problems with fewer and fewer resources. This
basic tenet has become pervasive in many areas
of policy-making, both at theoretical and practi-

DOI: 10.4018/978-1-4666-8282-5.ch006

cal level. During an expert meeting held on 20"
January 2009, the President of the European
Commission J. Manuel Barroso declared: ‘The
financial and economic crisis makes creativity
and innovation in general, and social innovation
in particular, even more important to foster sus-
tainable growth, secure jobs and boost competi-
tiveness’. In the background of this declaration,
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the Renewed Social Agenda launched on 2™ July
2008 by the Barroso Commission aimed to deal
with a fast-changing European scenario shaped
by globalisation, technological progress, ageing
societies and people at risk of exclusion. Since
1991, when it was started as a separate Commu-
nity Initiative, the LEADER approach has been
providing rural communities in the European
Union with a method for engaging local partners
in shaping the future development of their area.
The acronym ‘LEADER’ stands for the French
‘Liaisons Entre Actions de Développement de
I’Economie Rurale’, which means ‘Links be-
tween rural economy and development actions’.
The idea was to enlist the energy and resources
of people and bodies that could contribute to the
rural development process by forming partner-
ships at sub-regional level between the public,
private and civil sectors (European Commission,
n.d.). In the programming period 2014-2020,
the LEADER approach will be referred to as
‘Community-Led Local Development” (CLLD)
and jointly supported by several Structural funds
(European Commission, 2014), as it is possibly
extended to other communities beyond the rural.
‘Community’ here does not only mean individual
residents and beneficiaries of funded actions, but
also voluntary and community organisations, lo-
cal authorities, other public bodies and agencies,
and local private sector businesses. Likewise, the
World Bank’s ‘Community Driven Development’
(CDD) approach gives control to local groups over
planning decisions and investment resources ad-
dressing development related issues. ‘Experience
has shown that when given clear explanations of
the process, access to information and appropri-
ate capacity and financial support, poor men and
women can effectively organize to identify com-
munity priorities and address local problems by
working in partnership with local governments and
other supportive institutions’ (World Bank, 2015).
In anutshell, the CDD approach leverages ‘on the

principles of local empowerment, participatory
governance, demand-responsiveness, administra-
tive autonomy, greater downward accountability,
and enhanced local capacity’.

Many researchers in the context of coopera-
tion for development have explored the impact of
social innovation on traditional public services. For
example, a study by SERCO (2012) showed that
over the past 60 years in India, social enterprises
have stepped in to address the challenges that
the government was leaving unmet. As a result,
radically new perspectives have emerged based
on a limited intervention or involvement of the
State in public affairs. Even in the more advanced
economies and societies, ‘user empowerment’, as
opposed to ‘user centred’ delivery of services, has
been proposed in response to a number of global
trends, such as increased individualism, extended
mobility, improved living standards, and no less
important, a massive expansion and pervasiveness
of Information and Communication Technologies
(Osimo et al., 2007).

In this context, the Urban Living Lab concept
(Juujérvi & Pesso,2013; Concilioetal.,2014) has
been proposed as a socio-digital innovation envi-
ronment based on multi-stakeholder partnerships
that are framed within a City or Neighbourhood
context. ‘An Urban Living Lab involves partners
representing more than one sector of society other
than academia, e.g. a municipal government, a
private company, or anon-governmental organiza-
tion. It is a forum for research and discovery, that
by its design is open for learning and exploration
in any direction, between any combination of
participants’ (JPI Urban Europe, 2013).

This chapter reflects on the forms of innovation
emerging in Urban Living Labs and analyses the
relevance they can have in shaping a City’s Smart-
ness. Associating Living Labs with Smartness is
not straightforward: in fact, the prevailing defini-
tion of aSmart City implies ‘the strategic adoption
of ICT and Future Internet based tools, networks
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and applications to provide services to citizens
or to manage (urban level) infrastructure’ (Webb
et al., 2011). In contrast, the Human Smart City
vision (Concilio et al.,2013) enriches the original
concept with lessons learnt from the application
of citizen-centric and participatory methods to
co-design and co-experiment innovative urban
services together with their prospective beneficia-
ries. In this respect, the very essence of the Living
Lab approach (namely to empower and engage
end users from the early stages of product/service
development in real-life conditions) qualifies and
embodiesitselfinto asocio-digital collaboration of
‘people in places’. This leads to a more advanced
notion of Urban Smartness (Concilioetal.,2011),
which becomes the ability of local governments
to experiment and learn from within the complex
dynamics of sociotechnical networks and to check
continuously the coherence between micro-scale
innovations and macro-scale visions.

Dealing with such aspects also entails bring-
ing the issue of governance (in general) and ICT
driven governance (in particular) into the focus
of Urban Living Lab research and practice, both
in association with the structuration of service
experiments (trials) and the ‘legitimization’ of
results obtained in the broader context of urban
and territorial policies (Molinari, 2011).

The chapter is structured as follows: section
2, the following one, explores the growing phe-
nomenon of Urban Living Labs and analyses the
nature of related innovation in the perspective of
Urban Smartness; in section 3 we briefly discuss
the urban governance models emerging in such
environments; and finally in section 4 we focus
on the challenges these models pose for local
governments worldwide, particularly those will-
ing to integrate the ‘technology push’ Smart City
vision with the ‘human pull’ Urban Living Lab
concept and approach.
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THE ‘SMART SIDE’ OF
URBAN LIVING LABS

Known Typologies

Juujéarvi and Pesso (2013) distinguish at least
three typologies of Urban Living Labs. Within
the first typology, citizens give feedback on urban
products, services and policies (such as housing or
environmental transformation) through webpages
or sensor-based methods. Therefore, they act as
‘technology-assisted research environments’.
Within the second typology, users are mobilized to
co-create urban artefacts and local services, such
ascommunal yards, garden allotments, or daycare
services. We can call these ‘grassroots or social
innovation environments’ (the definition is ours).
In the third typology, citizens are engaged in new
kinds of urban planning through innovative tools
that facilitate visioning and processes, integrating
stakeholders in public decision-making. We can
call these “participatory planning environments’
(again, the definition is ours). However, the
boundaries of the different Urban Living Labs
may be blurred or overlapping according to the
Authors, e.g. due to simultaneous participation
and collaboration of the same local stakeholders
in multiple contexts and for the attainment of
multiple goals.

While it is certainly useful to cluster and
identify the known experiences of Urban Living
Labs according to their purposes and prevailing
processes, we think this only partly grasps the
breadth and subtlety of the underlying innovation
phenomena. In fact, innovation in Urban Living
Labs is spatialized, i.e. generated ‘within’ a spe-
cific spatial environment, not necessarily ‘for’
it, although in many cases the improvement of
the context is the main aim of the initiative. The
scale of these innovations is probably smaller
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than the urban; nevertheless they allow public
decision makers to draw lessons and figure out
prospects for systemic changes at city level; quite
often they also provoke viral dynamics and effects
that move innovation from the micro (individual
or group) to the larger (meso-neighbourhood, or
macro-urban) level.

It Happens in Cities

More and more often we are witnessing the birth
and diffusion of citizen initiatives that, rooted
in the micro-scale, denote a renewed kind of
activism, often driven by the collective intention
to act on behalf of the conventional powers in
charge of governing the City. This phenomenon
is not recent, but surprisingly it is growing: in
addition to the guerrilla gardeners movement
active since the “70s, many others are emerging
from the inside out — such as the bikelane build-
ers or the depavers. Most of these initiatives are
oriented to physical transformation of the City,
but some are also intervening in mobility flows
(such as the wide movement of citizens joining
the pedibus initiative or the blablacar carpooling
system) and others are remaking the immaterial
resources of a City (such as the fast-spreading
social street projects).

In many cases, the initial impulse to engage
in these activities comes from the perception of
shared problems, by people who agree to put com-
mon resources into a collective problem-solving
effort. Not necessarily identifiable as answers to
welfare needs, they can be intended as ‘new ideas
that meet unmet needs’ (Moulgan, 2007). They
are spontaneous processes with good potential
for achieving radical change; many are planned,
some are unplanned, all are driven by a collec-
tive ‘will’ that, while being difficult to analyse, is
characterized by self-awareness and therefore suit-
able to be turned into action. They are ‘insurgent’
phenomena that can sometimes trigger long-term

dynamics of transformation, meeting the social,
political, economic and cultural challenges faced
in the urban community.

The stories collected by Jeffrey Hou (2010) on
‘Guerrilla Urbanism’ offer aclear understanding of
the way in which the spatial dimension affects and
shapes these renewed manifestations of activism.
Urban ‘places’ are no longer simple localisations
(either physical or not) of contestation rather than
civic engagement events. They are substantially
recreated, not only physically but also culturally,
through self-produced spaces, temporary events,
or even flash mobs. They are re-appropriated
by the very people who were supposed to ‘own’
them, but do not — the citizens — due to a variety
of reasons related to the structure of power and
social relationships established in the City.

This effervescence is giving birth to a new
sense of ‘urban’. Rarely being the simple output
of intentional design, urban activism is (re)con-
quering the core of citizens’ presence and role in
the community, with actions that are innovating
consolidated protocols of civic participation, from
saying/discussing to making/acting (Concilio et
al., 2014). In these case studies a new way of
‘making’ the City is emerging: the City is no
longer designed, it is rather ‘experimented’; the
City is not a service offered to citizens, it is rather
(re)created by the citizens through experiments
on places, flows and infrastructures.

What Kind of Innovation Is This?

Theidentification of some common characteristics
of such processes helps us to refine the concept
of ‘urban innovation’.

The dynamics observed in many urban reali-
ties confirm the existence of important innovation
energies. These energies are manifested mostly at
the sub-urban scale, neighbourhood or community,
even small groups of individuals. Innovation tar-
gets are associated with a collective, spatialized,
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and localized will, that is unable to distinguish
between the ‘private’ and the ‘public’, or better, is
able to integrate the ‘private’ and ‘public’ within
a broader vision of ‘citizenship making’.

Inthese environments innovation always takes
on a socio-digital nature: it is enabled by existing
technologies when they are considered suitable
for the attainment of collective goals (see the use
of Facebook for the large movement of social
streets) or driven by technologies developed ‘ad
hoc’ as tools for solving a targeted problem (see
for example the development of the blablacar
platform). Normally it is difficult to distinguish
between these two dimensions, the social and the
digital (see Kaletka et al. (2011) for a discussion
of this), instantiating a dialogue that is collab-
orative and reciprocally constructive, rather than
competitive, during the search for a solution. In
most of these cases what we observe is the devel-
opment of a socio-digital infrastructure working
as a pathway towards innovation in the ‘urban’,
considered either a modification of an existing
service/solution/process or the implementation
of a completely new one.

Does This Innovation Feed
Urban Smartness?

The phenomena described above seem to suggest
another promising research strand for Urban Liv-
ing Labs literature: they are showing the possibility
of conceiving a Smart City as a real-life, diversi-
fied and integrated experimentation environment.

Some key issues need to be addressed here. A
City that experiments is:

e  Able to capture and cooperate with the in-
novation insurgences emerging in response
to citizens’ concrete needs; innovation in-
surgences are the spontaneous ‘experimen-
tation labs’ that many communities are al-
ready offering to the collective knowledge;

e  Able to activate collective experimental
environments where knowledge is not a
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competitive advantage tool, but rather a
public good; these environments are not
isolated but organized as nodes of a learn-
ing network, able to make the experiments
of others their own;

e  Able to give life to bottom-linked institu-
tions (Moulaert, 2010) that can sew, struc-
ture and densify the relationships between
citizens and governments;

e  Able to (re)create itself through the acti-
vation of areas in which rules can be tem-
porarily suspended and new ways of ‘city
making’ can be experienced.

Far from being a new model, this idea of
focussing on the experimental dimension of in-
novation in and by Cities and communities is a
way of looking at Smartness not as an end, but
rather as a way forward.

It is exactly the process that Nam and Pardo
(2011) consider key towards Smartness; if we ac-
cept their idea of a Smart City ‘not as a status of
how smart a city is but as a city’s effort to make
itself smart’ (p. 186), it becomes clear that Urban
Living Labs are the most appropriate instruments
for cities to develop their Smartness in a way that
is not focussed on the technological solutions, but
rather driven by collectively shared problems,
although Living Labs are not often identified as
drivers or producers of a City’s Smartness.

Rephrasing what Nam and Pardo propose as
a definition of a Smart City, the socio-digital in-
novation associated with Urban Living Labs is
developed in urban settings, i.e. in a place-based
and community sensitive way. In this sense it chal-
lenges the idea of an easy way of becoming Smart:
the implementation of innovative technologies is
only part of the story, and not even a relevant one.
The real innovation lies in the way communities
deal with and feel positively challenged by such
technology.

Urban Living Labs are certainly not acompre-
hensive answer to the incredible number of issues
that cities are called to respond to nowadays. They
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are rather laboratories for finding out (quoted
by Nam and Pardo, 2011) ‘novelty in action’
(Altschuler & Zegans, 1997) and ‘new ideas that
work’ (Mulgan & Albury, 2003).

They are laboratories where Cities can ex-
periment their own (spatialized) Smart solutions
without putting at risk huge amount of resources
with comprehensive and large ICT infrastructur-
ing programs. They are environments considering
SMARTNESS a careful, gradual, stepwise, and
diversified (not the same for all City places, not
unique or standard for all Cities) socio-digital in-
novation process, where learning happens as the
result of distributed, collective experimentations.

This way of learning is also eminently public
and social, therefore broader and more encompass-
ing than the ‘distinctive method of knowledge
production’ emphasized by Juujdrvi and Pesso
(2013) in their outstanding analysis of Urban Liv-
ing Labs. While these Authors focus on innovators
‘learning by doing’ as a heterogeneous, diffuse,
and transient-by-nature method of knowledge pro-
duction, organized around a particular application,
we prefer to adopt the triple-loop learning concept
(Concilio & Molinari, 2014) and relate it to the
transformational shifts in what people, groups
and communities view as desirable innovations
or changes in current ways of living. This vision
implies that a process of reflection and questioning,
rather than mere information usage or provision,
lies at the heart of any systemic change.

LIVING LAB DRIVEN MODELS
OF GOVERNANCE

In the previous section, we proposed that a City
can be defined as Smart if it is able to think and
manage itself like a complex environment of
interdependent experiments, where solutions are
developed (i.e. designed, prototyped, tested and
implemented):

1.  To solve real-life problems and respond to
its citizens’ concrete needs;

2. Incollaborative, participatory and learning
environments;

3. Atthe micro or meso scale where problems
themselves are located, although being aware
of the scalar and institutional dependency of
urban actions;

4. With learning at macro scale being guar-
anteed because experiments are considered
public/collective goods.

Having identified Smartness as the way rather
than the result, the issue of governance now clearly
comes to the forefront, intended as the ability to
both manage the Urban Living Lab’s innovation
trials, processes, actors and results successfully,
as well as framing and scaling the experimenta-
tion outputs up to the broader context of urban
services and policies.

Innovation and Governance

The relation between new forms of governance
and innovation in urban settlements has not
been widely analysed. Nevertheless, since local
authorities cannot do much alone to resolve the
complex problems they are challenged by, the
involvement of all stakeholders, and the promo-
tion of Public-Private-People Partnerships (4Ps)
within a participatory governance framework is
required when trying to innovate urban services
that can meet these challenges.

Traditionally, the supply of public services
is associated with two types of actors: public or
private. Over the past forty years, the fragmenta-
tion of public services initiated by the New Public
Management revolution has opened the possibil-
ity of creating innovative business alliances to
support and guarantee their delivery. This has
paved the way towards establishing Public-Private
Partnerships (3Ps) for service provision, which
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have proven especially appropriate for securing
economic, social, and community development
goals.

Evidence from the deployment of urban ser-
vices has shown that the most effective partner-
ships of the 3P kind can be considered as effective
forms of governance, firstly because they can
build collective responsibilities pertaining to the
combined process of activity development: plan-
ning, decision-making, problem solving, project
implementation and evaluation. In many instances
they have also managed to create networks of
relevant stakeholders who share knowledge,
resources, and common goals. Finally, 3Ps have
often served as catalysts for sustainable community
dialogue, integrated solutions, and long-term local
change. A flexible design and a constant feedback
mechanism have proven critical for their success
in innovating. To summarise, Public-Private
Partnerships have been considered effective tools
for participatory innovation governance because
they can account for both (i) the activity and its
resolutions and (ii) the implications of innovation
on broader community development.

According to Paskaleva (2001), ‘the concept
of partnerships is the cornerstone’ for participa-
tory governance to foster innovation. Generally
described as a ‘mechanism allowing the mo-
bilisation and co-operation of a great number of
actors in order to mould the necessary political
and operational consensus to affect directly the
everyday life of all members of society’, 3Ps
embody many advantages which are coincident
with the currently acknowledged main criteria
for sustainability; they require consideration of
multiple stakeholders’ interests, imply a long
term perspective based on common goals, and
can accommodate a wide range of conflicting
perspectives (Paskaleva, 2001).

What is also shared is that whatever the form
of partnership, no good governance exists unless
afew basic principles are adopted and enforced in
practice, which the United Nations (2008) listed
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as follows: participation, decency, transparency,
accountability, fairness, efficiency, and sustain-
able development.

Innovation can only be fruitfully developed
under the above mentioned principles; neverthe-
less, their operationalization in whatever form of
partnership requires that governance is the goal,
not the by-product, of a process recognizing that
decisions are made on the basis of complex rela-
tionships between many actors with different and
sometimes conflicting priorities.

The emergence of the 4P model, which is con-
natural to Urban Living Labs and Living Labs in
general, can also be explained after the realisation
of the 3P scheme’s limit, having failed to compen-
sate for the loss of power and representation in the
perspective of government, with a more inclusive
and careful consideration of the requirements and
expectations of constituents in terms of engage-
ment and participation.

The perspective of socio-digital innovation
outlined above consistently needs amore advanced
concept of networking and collaboration, which
the Public-Private-People Partnership (grounded
on mutual recognition and acknowledgement of
rights and duties) is possibly able to ensure.

Openness and Governance

Urban Living Labs as innovation partnerships can
be analysed across the dynamic relationships that
involve diverse actors, based on mutually agreed
objectives, and the actions pursued through a
shared understanding of the most suitable distinc-
tion of roles and reciprocal benefits.

According to Brinkerhoff’s (2002) literature
overview, two dimensions are salient to define
partnerships and distinguish them from other rela-
tionship types: Mutuality, encompassing the spirit
of partnership principles; and Identity, capturing
therationale to select particular partners. ‘Mutual-
ity can be distinguished as horizontal, as opposed
to hierarchical, coordination and accountability,
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and equality in decision-making, as opposed to
domination of one or more partners. (...) Identity
generally refers to that which is distinctive and
enduring in a particular organization’.

Their preservation lies at the basis of a part-
nership’s added value according to this Author.

While the two former dimensions are con-
firmed as relevant within known Urban Living
Lab experiences, a third one can be observed as
crucial: Openness.

Again, it is well understood that the paradigm
of Open Innovation (Chesbrough, 2003) is a key
element of any known Living Lab (Pallot, 2009).
However, our vision of Openness directly affects
the process of experimentation and results genera-
tion, rather than merely the intellectual property
rights on the outputs generated.

Urban Living Labs are environments in which
the openness of innovation manages to transcend
the organizational infrastructures that are tra-
ditionally operating in the city and invent new
institutional figures for, or ways of, dialoguing
between citizens and institutions. Here openness
is enhanced by a dynamic nature that is revealed
through new forms of temporary alliances (adopt-
ing the 3P or 4P model) that, not only based on
formal agreements, are embedded, hinged in the
action: better when it is collective, for action itself
becomes the measure of mutual transient or long-
term commitment that each actor can guarantee.
This implies that both public and private sector
stakeholders should be available to experiment
new forms of collaboration and interaction, which
are capable of shaping the necessary organiza-
tional environments. In fact, the activation and
maintenance of Urban Living Labs also require
the exploration of new institutional or political
roles and structures, thus allowing for innovative
communities to be formed.

Yet in these environments, Openness also
guarantees experimental approaches ranging
from small practices intervening in the city to
the experiment-based development of urban
transformation policies. The problem-driven

processes taking place in Urban Living Labs are
fundamental to activating such experiments of
networking between citizens, public authorities,
and ICT suppliers. In turn, the networking itself
evolves along experimentation trials, thus keep-
ing the process open over time and increasing the
opportunities for innovation.

Extant literature mostly takes a static perspec-
tive as consistent with the concept of governance
partnership, while a co-evolutionary perspective
of partnership dynamics has only recently started
to be investigated in some domains (De Reuver,
2009). This perspective has been proven in the
Peripheria project (Peripheria, 2013), as the only
one possible in open innovation environments such
as Urban Living Labs. Periphéria was a 30-month
pilot funded by the European Commission under
the CIP ICT PSP Programme in 2011. Its main
objective was to deploy convergent Future Internet
platforms and services for the promotion of sus-
tainable lifestyles in and across emergent networks
of ‘smart peripheral’ cities in Europe. The pilot
elaborated on the Living Lab premise of shifting
technology out of R&D laboratories and into the
real world in a systemic blend of technological
with social innovation. In so doing, it defined six
archetypical Arenas — specific sub-urban settings
or innovation playgrounds, with defined social
features and infrastructure requirements — as
spaces of election for the co-design and service
integration processes to unfold:

e  Smart Neighbourhood: where media-based
social interaction occurs

e  Smart Street: where new transportation be-
haviours develop

e  Smart Square: where civic decisions are
taken

e  Smart Museum and Park: where natural
and cultural heritage feed learning

e  Smart City Hall: where mobile e-govern-
ment services are delivered

e  Smart Campus: where formal and informal
knowledge meet for urban renewal.
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Six European Cities — Malmo (SE), Bremen
(DE), Athens (EL), Genoa (IT), Palmela (PT) and
Milan (IT) — engaged in developing and structur-
ing these Urban Living Lab spaces to stimulate
social interaction, cross-city linking of Arenas and
discovery-driven establishment and convergence
of services. Transfer scenarios were developed
with six additional sponsoring cities, to validate the
upscaling and sustainability potential of the smart
services co-created. A feature common to all these
services is that they enriched the original concept
of Smartness with a human driven perspective,
gained through the application of citizen-centric
and participatory co-design methods. This also
helped clarify that a ‘technology push’ concept
of smartness alone — installing sensors, meters,
infrastructures — to meet public service improve-
ment goals was under serious risk of failure as
it placed the citizen outside of the process, not
allowing him/her to take ownership of the need,
rationale and justification for introducing and
sustaining change.

One of the lessons learnt from the project is
that, when Openness is key to innovation and the
role of civil society is stressed as in Urban Living
Labs, a dynamic transitioning of the 4P model is
required and needs a consistent formulation to be
found (as already envisaged by Hellstrom Reimer
etal., 2012).

Urban Living Labs do not only call for Public-
Private-People Partnerships (Verilhac et al.,
2012), they also show that there is a need to re-
conceptualize these partnerships in the direction
of Openness, thus asking for partnerships that are
able to contemplate a fluid, dynamic networking,
in which trust and ethical value assume a contrac-
tual power among participants (Blomqvist, 2002).

Periphéria proved some partnership strategies
to be effective for such a fluid, dynamic network-
ing to occur, namely:

e  Continuous interests/resources  align-
ment (flexible work plan and allocation of
resources)
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e  Continuous dialogue and facilitation of
interactions towards match-making (value
sharing and creation)

e  Top-down/bottom-up
coordination

e Keeping a long-term perspective (vision
consistency) and trust/confidence building

e  Synchronizing activities among different
and dynamic parties and actors

initiative

This approach does not exclude the importance
of formal protocols or agreements, which are al-
ways considered fundamental means of capturing
relevant cooperation and collaboration actions
inside the above mentioned dynamic and fluid
networks. Formal protocols and agreements may
assume the value of ‘partnership chunks’ to be
integrated (“patchworked”) with others, arising
in different forms and times, all together formally
architecturing the fluid networking without put-
ting the openness of the innovation system at risk.

WHICH CHALLENGES FOR
PUBLIC ADMINISTRATION?

To sum-up, the governance of Urban Living Labs
can be seen as the architecture of an eco-system
of open and dynamic partnerships emerging and
dismantling inresponse to precise spatially-framed
needs and coherently with contextual conditions
(political, cultural, economic, and participatory),
acting as both drivers and constraints. Its main
task, for the reasons expressed above, is toensure a
proper balance between the commitment and self-
interest of the relevant and involved stakeholders.

The main challenge that local public adminis-
tration is called upon to deal with is related to the
increasingly highlighted need and importance for
a City to activate, attract, manage, and support in-
novation. How to strengthen, or better, develop the
existing capacity towards an ‘extended’ concept
of Smartness? As Louis Albrechts (2013) recently
reiterated: ‘More of the same is not enough!” Or
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no single-case evidence or isolated answer or
solution, however bright and/or general it may
seem, would be enough.

In apparent contrast to this perception, the
references to Urban Guerrillas and the new forms
of Civic Activism mentioned above suggest that
the sub-urban (micro) scale of Living Labs is
where the skills and energies of innovation should
be fostered, activated, procured. It is at this scale
that it seems possible for a City to experience
multiple, diverse, but coherently smart solutions.
It would seem, therefore, that the most significant
challenge for local governments is precisely to
be able to look at the City as a large, however
complex, experimental laboratory to which every
Living Lab (community) is called to contribute.

Inmany Urban Living Labs, itis possible to ob-
serve that local government actors are involved in
different ways: they are asked to approve, support,
or collaborate actively with the constituents and
their degree of engagement varies from very slight
(for example, in those cases where the assigned
role is limited to sponsoring some initiatives) to
very extensive (wWhenever assumed responsibilities
are coupled with important resource investments
and even complex public decisions).

While it is easy to recognize that the local
public administration is a key stakeholder inside
any Urban Living Lab environment, it is not as
easy to understand whether, and to which extent,
policy makers and civil servants should look
at Urban Living Lab experiences as important
contributions to the development of City Smart-
ness. In most cases, it seems that there is little
institutional awareness of this direction. This
lack of awareness may depend on the small scale
of experimentation; it may also derive from the
cultural distance of many of these initiatives from
the most widespread (widely accepted) concept
of urban smartness.

The challenges facing local governments can
therefore be summed up in one question: how cana
public administration take advantage of the learn-
ing opportunities offered for the urban scale by the

numerous, smart, innovation initiatives that are not
limited in their potential by occurring at sub-urban
scale? Adding a ‘human pull’ Urban Living Lab
concept and approach to the ‘technology push’
Smart City vision is simply not enough. A city
that is smart, or able to innovate, is also capable
of civic intelligence (Schuler, 2013), i.e. prone
to experimentation and learning in a transparent
and collective way. It is probably in this direction
that local governments need to rethink their role
and approach towards smartness and innovation.

CONCLUSION

Many Cities worldwide are developing their Smart
Agendas; some of them are using significant re-
sources in implementing technological solutions
for innovative community services. Despite this
global ‘fever’, we remain sceptical that interpret-
ing the concept of urban smartness in a way that
is technology-pushed rather than human-driven
may allow us to grasp the full potential of Urban
Smartness.

Starting with areflection on several grassroots
episodes of civic engagement and collective action
for urban transformation, this chapter has tried
to qualify existing definitions of Urban Living
Labs by putting more emphasis on place-based
collaboration, eco-systemic dynamics and therole
of governance models in eliciting and supporting
innovation.

Many innovation forces are active in urban
environments; these forces are often aligned with
the most recent concepts of crowdsourcing and
open collaboration and suggest very far-looking
modes for city ‘making’, involving citizens in the
activation of change, sometimesradical change as
well. In this respect, local public administration
is called to act to enable, legitimize, and support
the constructive interaction of citizens and stake-
holders. In so doing, new and original forms of
government and governance can emerge, which
the proposed chapter has proposed to reflect on.
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A full perspective on managing and governing
a Smart City conceived as a patchwork of sub-
urban innovation experiments implies in practice
that at least three areas of local government action
need to be rethought: 1) regulations, 2) policies
and 3) modes of interaction and agreement with
citizens and private actors.

Many activities in the space of a city are gov-
erned by a system of rules that, in many cases,
do not appear adequate to guarantee some of the
forms of innovation addressing our definition of
Smartness; these have started to emerge in cit-
ies, somehow challenging the existing rules and
regulations. Without compromising the value of
social and collective rules, public authorities are
increasingly being asked to find outhow to develop
new rules, or forms of rules, that are able to con-
sider the legitimacy, at least temporary (consistent
with the experimental approach of Urban Living
Labs), of ways and forms of action within the city
considered unusual until today.

This reflection on rules does not differ much
from areflection we might start on urban manage-
ment and transformation policies; it only and obvi-
ously becomes more complex due to the link which
policies often build with value systems. A truly
experimental nature of policy-making requires a
significant integration of these two focuses: the
policy object and the policy process, the policy
goals and the policy-making. This requirement
was already evident in the reflections of Pierluigi
Crosta (2006), but it is now enhanced by a strate-
gic significance of the notion of ‘value creation’,
which goes beyond the more usual (and sometimes
prevailing) perspective of ‘value guarantee’. The
possibility of experimenting at both regulation and
policy-making level inexorably imposes a rethink
of ways to manage and deal with the relationships
between governments, citizens and private actors,
i.e. with the governance concept per se.

Finally, there are already many formal devices
that substantiate different or alternative modes
of interaction and agreement between different
subjects, and this somehow helps fulfil the third
area of innovation required for the operation
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of public administration. Experience, however,
has shown that when interaction happens in an
experimental environment, a lower degree of
formalisation for these agreements is preferable.
However, whenever contracting is less binding or
non-existent, the accountability mechanism is no
longer guaranteed. Therefore, it is necessary to
imagine new forms of ‘collective responsibility’
purposeful action in the public sphere that does
not mortify innovation initiatives such as those
now emerging in cities.

Many local governments have started to imple-
ment their Smart Agendas, but many others are
only now figuring them out, since they are still
outside of the ‘smart urban adventure’. Whatever
their awareness or level of development of this
Agenda, all cities are facing an incredible mix of
serious challenges arising from the problems that
modernity has created and does not seem able
to resolve. The environmental, political, social,
financial, and cultural are all dimensions of the
current crisis that, it is widely believed, can only
be fully faced in and by the cities, and hopefully
reduced to more manageable problems. Therefore,
the Smartness rhetoric, if correctly understood
as a mix of human and technological, urban and
sub-urban, city and cross-city resources, actions
and pathways, can contribute to forming collective
awareness and promoting the necessary changes,
both strategic and operational, in the direction of
sustainability. This certainly requires a great deal
of innovation and the mobilisation of all positive
energies available in the civil society.

Urban Living Labs can be one of the new assets
to be leveraged at the service of defining smart
responses to global and local crises. We are confi-
dent that policy makers and civil servants will soon
acknowledge the need to abandon old fashioned
visions and fully embrace new and promising
models of governance that are strongly emerging
from the grassroots, not to become dependent on
the ‘tyranny of innovators’, but to foster and enable
real and concrete prospects of change based on
the most flourishing and promising engagement
and collaboration examples.
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KEY TERMS AND DEFINITIONS

Living Labs: Areuser-driven, open-innovation
ecosystems operating inreal-life environments and
framed within public-private-people partnerships.

Public Private Partnership (PPP): Is a for-
mal or informal alliance between government and
private sector bodies for the provision of public
services to citizens or businesses.

Public Private People Partnership: Is a PPP
integrated by the active contribution of people,
either through co-design or co-production of
services, or both.

Service Co-Design: Is aservice design process
instantiation where service beneficiaries actively
cooperate with service designers bringing their
first hand experiences, ideas and expectations.

Urban Innovation Governance: Is a set of
principles, methods and practices aimed at the
management of innovation epiphanies in multi-
stakeholder (like urban or periurban) settings.

Urban Living Labs: Are Living Lab settings
for socio-digital innovation in City or Neighbour-
hood contexts.
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ABSTRACT

This chapter provides a discussion of current multi-scale energy systems expressed by a multitude of
data and simulation models, and how these modelling approaches can be (re)designed or combined to
improve the representation of such system. It aims to address the knowledge gap in energy system model-
ling in order to better understand its existing and future challenges. The frontiers between operational
algorithms embedded in hardware and modelling control strategies are becoming fuzzier: therefore the
paradigm of modelling intelligent urban energy systems for the future has to be constantly evolving.
The chapter concludes on the need to build a holistic, multi-dimensional and multi-scale framework
in order to address tomorrow’s urban energy challenges. Advances in multi-scale methods applied to
material science, chemistry, fluid dynamics, and biology have not been transferred to the full extend to
power system engineering. New tools are therefore necessary to describe dynamics of coupled energy
systems with optimal control.

BACKGROUND

Many countries around the world still rely heavily
on conventional fossil and nuclear energy. Targets
are now being set around the world to reduce
greenhouse gas emissions (European Commission,

DOI: 10.4018/978-1-4666-8282-5.ch007

2014). Most carbon reduction scenarios rely on a
combination of decarbonised supply and demand
reduction to achieve the medium to long-term
targets (GEA, 2012). In recent years, significant
efforts worldwide at multiple layers, from indi-
vidual energy systems to whole energy systems,

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.
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and at different levels, from research to policy
analysis, have been undertaken to analyse the
integration of renewables into the system. Further-
more, inter-governmental and non-governmental
institutions have proposed various scenarios to
support energy policy makers. Table 1 provides
a list with worldwide scenario studies carried out
by anumber of institutions covering a broad range
of stakeholder groups and published recently in
2012-2013. Each scenario has diverse results in
terms of energy use, technological efficiency and
the energy resources mix, all having as a main
goal to succeed global energy access, especially
for developing countries, to reduce air pollution
and tackle climate change while improving energy
security worldwide.

To generate scenarios, energy models have
been used. Since the early 1970s, a wide range of
models to analyse energy systems and sub-systems
have become available worldwide. Various ap-
proaches and tools are used: agent-based models;
Geographic Information Systems (GIS) or system
dynamics to name justa few. However, today, many
energy system models are still based on linear ap-
proaches while system interaction is known to be
the key. In addition, many engineering tools do not
allow a thorough spatial definition of the systems.
Granular 3D GIS data and GIS technology can
add significant value to the modelling of energy
systems. This is important because the multiple
interacting systems in the urban context are not
only connected through their spatial proximity
but also through functional units (called virtual
power plants).

By coupling dynamic models with GIS which
allow for spatial analysis, data interpretation makes
it possible to develop more coherent models that
are both dynamic and spatially explicit. These ad-
vantages are widely discussed in literature. Jebaraj
and Iniyan (2006) provide a detailed overview of
a large range of energy models: supply-demand
models, forecasting models, optimization models,
neural-network models and emissions models

114

covering 252 publications. Keirstead et al. (2012)
provide an overview of urban energy system
models covering 219 publications.

The different existing modelling techniques
have various strengths, weaknesses, capabilities
and applicability. By quantifying and predicting
consumption patterns due toretrofits or technology
evolution, they can act as technology incentives
(Huang & Broderick, 2000; Aydinalp et al., 2002;
Kadian et. al., 2007).

Energy models are applied to specific scales
— a building, a district, a city or even a state. The
detail needed for the interface is a combination
of data availability, model purpose and assump-
tions. A detailed model allows for deeper analysis
of end-use consumers and particulars. Accurate
assumptions can make the modelling process
easier and still provide reliable results. However,
the accuracy of the results relies on input data and
on the availability of information.

Some models have attempted to predict how
energy flows might change over time (Summer-
fieldetal.,2010). Significant advances have been
seen in energy demand predictions for buildings
(residential, commercial, industrial) as distinct
categories and to estimate energy demand. In
addition, significant efforts have looked at the
energy supply side, where various models can be
used to interrogate the evolution of renewables
with GIS technologies.

Recently, the major trend has been to develop
integrated and holistic models of the systems.
Models can be classified in different ways, on
different temporal and spatial dimensions, by
application focus and simulation approach.

There are data-driven models such as
MARKAL family models (Faraji-Zonooz et al.,
2009) which represent the evolution over a period
of usually 40-50 years of a specific energy system
at national, regional or community level.

In addition to the aforementioned models, other
types of energy models exist: econometric models
which combine economic theory and statistical
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Table 1. Selected reports on worldwide energy scenarios by inter-governmental and non-governmental

institutions as well as industry

Study Link Scenarios Projection Time
Inter-Governmental Institutions
Global Energy Assessment, by http://www.iiasa.ac.at/ Supply, Efficiency, Mix 2050
IIASA 2012 web/home/research/
researchPrograms/Energy/
Global-Energy-Assessment-
Database.en.htm
Energy Technology Perspectives, by | - 6DS, 2DS, 4DS 2050
1IEA 2012
Industry
New Lens Scenarios, by Shell 2013 | http://www.bp.com/ Mountains, Oceans 2060
liveassets/bp_internet/
globalbp/STAGING/
global_assets/
downloads/0/2012_2030_
energy_outlook_booklet.pdf
BP Energy Outlook, by BP 2012 http://www.bp.com/ - 2030
liveassets/bp_internet/
globalbp/STAGING/
global_assets/
downloads/O/2012_2030_
energy_outlook_booklet.pdf
The Outlook For Energy: a view to http://www.exxonmobil. - 2040
2040, by ExxonMobil 2013 co.uk/Corporate/files/
news_pub_eo.pdf
Energy http://www.statoil.com/ Base Case
Perspectives, by Statoil 2012 en/NewsAndMedia/News/ (2 alternatives: Globalised
Downloads/Energy %20 expansion, Regionalised
Perspectives%202012.pdf stagnation)
Global Renewable Energy Market http://about.bnef.com/ Traditional Territory, New 2030
Outlook, by Bloomberg New files/2013/04/Global- Normal, Barrier Bursting
Energy Finance 2013 Renewable-Energy-Market-
Outlook-2013.pdf
Non-Governmental Organisations
Energy http://www.greenpeace. Reference, Energy Revolution 2050
[R]evolution by Greenpeace, & nl/Global/nederland/
EREC 2013 report/2013/klimaat%20
en%20energie/energy-
revolution-scenario.pdf
2050 Global Energy Scenarios, by - Jazz, Symphony 2050
WEC 2013

techniques; statistical and artificial intelligence
models; neural networks or fuzzy logic models.
Energy models are used for a large variety of
reasons and goals — for instance the determina-
tion of national or local energy requirements, but
most of the time to guide energy policy decisions

regarding, for example, residential stock. One of
the main goals of energy modelling is to create
tools for the analysis of energy systems to e.g.
support investment decisions in energy planning
and policy making. On the different scales and
levels of detail described above, energy models
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represent the physical energy systems. Depend-
ing on the chosen modelling approach it can be
described in a more or less abstract form in the
case of statistic energy system models or include
detailed physical properties as well as complex
relations between system parameters.

Energy modelling has been and still is the
fundamental approach for energy planners. Basic
approaches still used and valid today were devel-
oped as far back as fifty years ago (Rath-Nagel &
Voss, 1981; Catrinu, 2006) as aresponse to severe
energy problems. While early energy models
focused mainly on demand patterns supplied by
a single energy carrier, such as electricity, oil or
natural gas, current and future energy systems
have become more interconnected. Related to
different actors in the different energy markets,
the common challenges in the operation of to-
day’s energy systems are related to changes in
energy prices, technological development and
environment conditions. Not least, such questions
emerge from the need to integrate a higher share
of renewable energy in the energy system using
the existing infrastructure.

Despite the diversity of the modelling ap-
proaches shown above, many challenges are
similar: spatial variables, specific data intensity,
availability and credibility of data, policy relevance
and integrated multi-layer structures. Depending
on the project and the selected methodology, the
availability of the data may be the major challenge.
It can range from the physical characteristics of
buildings and networks to the historical energy
consumption of other projects, local economic
and macro-economic indicators, and climate
data. Whenever the information is collected
independently or concurrently, the obtained raw
data may strongly vary in level of detail. Basic
collections are generally surveys, but they could
also be available public studies or analyses from
energy providers.
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A WAY FORWARD

The ability of academia to rise to the challenge
has long been limited by historic methodological
andinterdisciplinary fragmentation. The recent ac-
knowledgement thatinterdisciplinary approaches
are anecessity stems from the fact that complexity
arises in many disciplines. Complex behaviours
span a wide range of epistemological levels. On
one hand, in the case of energy systems at the
district scale, complexity comes in particular
from the interaction between buildings, people
and their use of technologies. On the other hand,
in the case of energy performance in dwellings,
the complex behaviour comes from the interaction
of different sub-systems from the physics of heat
transfer, through the physiology and psychology
of occupant behaviour to the socio-economics
of the building industry. In both examples and at
large, mono-disciplinary attempts to understand
such behaviours run the risk of underestimating
or entirely neglecting effects that arise outside
the core discipline.

There is little doubt that the energy sector is
complexinits core, asisits representation. Energy
systems are dissipative systems, which evolve over
time, with significant qualitative, quantitative
and structural change which can take place over
decades. They are characterized by non-linearity,
time lags, feedback, high levels of topological
complexity, and sometimes chaotic behaviour.

Energy systems are also fractal and hierar-
chical: as a result, the computational demands
of modelling are dominated by the combinatory
explosion of categories. Significant strands of
modelling are still constrained today by the
computing resources available — this is the case
with the highly innovative demand-supply system
modelling (Figure 1).

Current energy systems are also evolving both
in scale and in complexity through the addition of
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Figure 1. Energy system model main components
diagram
(Spataru & Barrett, 2012)
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levels of interconnection (e.g. interlinking elec-
tricity and gas distributions systems), the growing
addition of large tranches of renewable energy
production, the use of storage at local and central
level and the development of demand response and
dynamic pricing. This evolution implies a move
from static resistive-inductive networks with one-
way flows of energy and communication between
levels, to systems involving two-way communica-
tion and flows, with embedded intelligence at all
levels (IEA,2011). Inaddition, acloser coupling is
necessary between existing energy infrastructures
and end uses: gas and electricity systems as aresult
of the use of gas for electricity generation, heat
and electricity production through the develop-
ment of combined heat and power and district
heating systems and the likelihood that electricity
will assume a strategic role in transport, control
as well as fixed end-uses (IEA, 2014).

To understand and manage such energy sys-
tems, a trans-disciplinary approach involving
multiple technical and non-technical domains

is required. First, the spatial and temporal infor-
mation between demand and supply, along with
energy storage options playing the role of buffer
and common control algorithms is to be considered
in aunified way. Also, a fully-integrated approach
is a prerequisite to understand and assess energy
systems at every scale: from buildings through
neighbourhoods towards cities. Toreach this ambi-
tious goal, information is key. The communication
needs in the management of future smart energy
systems are going to shift the system view towards
cyber-physical systems in which communication
and infrastructure will have to be modelled at the
same time. In addition, the energy system models
must incorporate multiple sectors not least to ex-
plore load management potentials. Broader and
comprehensive model frameworks are necessary
tounderstand the technical and economic impacts
of adopting new energy policies and technologies.
Understanding every aspect of energy and climate
issues is essential in the 21 century challenges
of decarbonisation, energy security and cost-
effectiveness to help assist energy policy makers
and industrial stakeholders to assess future energy
systems and make realistic future proof technical
and economic decisions.

All these integrated applications spanning a
certain number of sectors, energy carriers, tech-
nologies, etc. will require a great effort in the
harmonization of the system description or at
least interfaces between system boundaries and
different scales. In addition to the possibility of
the ad hoc coupling of systems, standardization
seems the logical sustainable path to enable cross-
system communication of any sort.

The next sections will discuss three main ad-
ditional components for future energy systems and
grid models: cyber-physical systems, distributed
energy generation and the integration of multiple
dimensions.
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ADDITIONAL COMPONENTS FOR
FUTURE ENERGY SYSTEMS
AND GRID MODELS

Cyber-Physical Systems

Society and energy systems are one intercon-
nected system in which each part affects all oth-
ers, albeit indirectly. The dynamics of human and
technology systems, especially with high levels
on uncontrollable renewable supply, critically de-
termine the optimal sizing of system components
and their control. The peaks imposed on energy
networks will depend on many factors including
control, diversity, storage, multi-fuelling and the
renewable supply mix. It can be assumed that the
future energy system will neither be a centralized
nor a completely decentralized system but based
on interconnected distributed systems. This also
implies that communication will take place on the
corresponding aggregation scales.

Cyber-physical systems are basically integra-
tions of computation, networking, and physi-
cal processes, referring to the next generation
embedded Information and Communication
Technologies (ICT) that are interconnected and
collaborating through the internet of things. They
integrate the dynamics of the physical processes
with those of the software and networking, and
are expected to provide society with a new range
of applications and services. The ICT systems
are expected to make modern transport systems,
domestic buildings, service and industrial build-
ings smarter and more energy efficient.

With regards to energy networks, cyber-phys-
ical systems put forward the question on which
scale the intelligence of the system must be hosted.
Alanne and Saari (2006) propose, for example,
to make a clear distinction between centralised,
distributed and decentralised systems. The latter
can be seen as individual systems on a small scale
that do not follow a common strategy while the
former implies specific levels of central and local
intelligence interacting with each other.
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Distributed Energy Systems

The transition towards future smart grids calls for
anintegrated energy management solution: match-
ing supply and demand patterns with growing
shares of renewable generation while minimizing
storage and transmission capacities, and ensuring
the resilience of the entire system. Tomorrow’s
electricity grid design is driven by the growing
availability of distributed generation resources
that provide both challenges and opportunities.

The challenges of distributed systems are
numerous. For example many countries have
already experienced situations when wind power
production is high during low electricity demand.
To ensure frequency standards, system opera-
tors generally manage supply and demand using
interconnections with adjacent regions (Soder
et al., 2007), but they might be forced to curtail
wind power: this is then a loss of “free” energy.
Storage can be the key, but matching production
and demand with storage implies the development
of energy logistics to ensure energy is available
when and where needed and not excessively over-
provisioned. The optimization of energy consump-
tion in computing and communication systems
involves manufacturing energy proportional
devices or developing energy aware algorithms
for scheduling and routing.

However, decentralised systems also have
several advantages. Some of these are: avoiding
network losses, reducing transmission and distri-
bution costs, requiring less backup capacity due
to the fact that many small generators are less
likely to suffer a major impact from the outage
of a single generator (Spataru, 2013). One of the
main benefits is that distributed generation can
be tailored to local conditions and installed much
faster than a centralised system. With distributed
generation and storage, energy consumers become
producers of electricity. The social involvement in
energy preservation and production, by providing
incentives and increasing the population’s aware-
ness of its benefits is a very important aspect.



Multi-Scale, Multi-Dimensional Modelling of Future Energy Systems

Decentralisation has already started to take
place quite significantly with widespread integra-
tion in the European energy market, especially
in Denmark, the Netherlands, Sweden, Germany
and Spain (Spataru, 2013). However, there is still
major investment in centralised energy produc-
tion technologies. This happens especially due to
the structure of the European electricity and gas
markets and concomitant regulations, but also
due to the fact that existing structures support
centralised energy systems.

Multiple Systems Integration

As today’s urban energy systems become more
and more interconnected, they can be seen as
complex systems, or systems-of-systems, with a
large number of heterogeneous entities. The inter-
action between various different connected layers
of energy systems emerges from a multitude of
dimensions: physical/technical (the hardware of
the network), market and business (wholesale and
retail, services and operations), social (customers,
users, stakeholders), normative (administrative
issues, standards etc.), political (local, national,
regional decision-making and geopolitical impli-

cations), cyber (measurement,communication and
control). The interactions between the different
layers exhibit the complexity mentioned above.
The coupling of the various layers needs to be
studied to identify the benefits of interconnec-
tions in space and time. For example, in power
systems there is an interconnected sub-systems
relation between the wide transmission system
and neighbourhood distribution networks. Another
case is the interaction between climate conditions
and energy consumption in buildings through
the operation of technologies. The integration of
modelling at different dimensions (micro, meso
and macro), from the financial side to find the
most economic transition path, to technical and
social, is becoming a necessity (Figure 2).

The multi-scale modelling of energy resources,
technologies, policies and control systems is cru-
cial to understanding the dynamics of energy and
society. Different approaches have been assessed,
sometimes combined, ranging from traditional
bottom-up representations including statistical
and physical methods to top-down approaches
treating the district areas as an energy sink and
not detailing individual end-uses (Koch et al.,
2003). Each method shows strengths and limits,

Figure 2. Interactions within different scales and levels

(Kremers, 2013)

Cross-scale model: €--3
Interactions between different scales

Multi-scale model:
Interaction within the different scales
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relying on various levels of inputs, different mod-
elling philosophies, and leading to a large range
of applicable results. The multi-scale modelling
of energy resources, technologies, policies and
control systems is to be thoroughly detailed and
integrated into a necessary process of informa-
tion analysis.

There are several sub-areas where more im-
provements in the research are needed, in particular
regarding the modelling linkage between differ-
ent technical systems, society and the economy.
From the energy performance of buildings to the
technical definition of energy networks, every
stage of the modelling process has an impact on
the whole project value chain. One of the chal-
lenges is to determine the behaviour of different
sub-systems, their characteristics and interactions
and how this understanding will remain relevant
in the future. Another one is to develop strategies
for the efficient operation of coupled systems; the
integration of distributed storage, the diversifica-
tion of energy services and changing the role of
actors in energy markets.

LOCATION, TIME, AND
SPATIAL SCALE

The deployment of integrated energy solutions
varies with location, spatial scale and technical
design choices. It is also strongly dependent on
the existing infrastructure and its resilience to sup-
ply and demand variability, as well as on current
practices and regulations.

Spatial Scale

In the development of integrated models, one of
the major challenges is the interaction and dynam-
ics between different spatial scales and capturing
these dynamics at macro and micro levels. Many
current integrated models are constrained to one
spatial scale such as a building, neighbourhood,
district or city. In reality, energy consumption
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depends on different variables at different spatial
scales which need to be taken into account when
optimising the urban energy infrastructure. In
current practice, energy system representation
typically focuses on a main scale and depicts
macro phenomena in the form of exogenous as-
sumptions. For example, scale is in many ways
a prerequisite often inherently assumed for the
prediction of energy use over time. Hourly load
curves vary greatly depending on the scale of the
assessment yet above a certain number of users,
the systems can be expected to behave similarly
but without showing a strong smoothing effect by
further enlargement of the system boundary. When
modelling systemic interactions, this approach
falls short of delivering a dynamic system model.
Considering in space and at fine time resolution,
the number and the type of selected components
to be connected have great technical, financial
and environmental impacts due to the sizing of
infrastructure, the choices, technologies and the
necessity of operating the whole system. A fur-
ther advantage of lager scales results also from
distributional effects of different components,
with systemic influences from independent or
stochastic influences, suitable for reducing the
insecurity inherent in the energy assessment.

Location

A technology that has been implemented success-
fully in one region may not enjoy the same success
in another region. Due to the uneven distribution
of natural resource deposits across large areas, the
pattern of the use of resources is quite different
from one region to another. Increasing pressures
on vital natural resources due to climate change
and population growth necessitate a paradigm
shift in the way we perceive sustainable develop-
ment and manage resources. The resource nexus
(which includes energy but also water) sits at the
intersection of many critical economic, political
and social issues. The complex and interwoven
connection issues require analysis and policy
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approaches that explicitly recognize these con-
nections. Depending on the specifics of a given
energy system in a specific location, a portfolio of
solutions to minimize the risks to the system and
the costs can include the development of central-
ized versus distributed generation (or both), as well
as a strong extension of the network infrastructure
versus more off-grid alternatives.

Time Scale

Energy demand varies temporally according to
social activity patterns (home, work, travel), de-
mand management (insulation levels, space heat-
ing requirements, lighting, cooling) and weather
(ambient temperature, wind, solar radiation).
Energy demand thus varies throughout the year
and on a sub-hourly basis. The entailed variability
of demand impacts the technical and economical
requirements on the energy supply side, which
today relies on larger shares of renewable (also
variable!) as well as storage, back-up capacity and
energy trade as buffers. The whole service supply
system (as shown below), from people throughend
use technologies, is to be considered in order to
comply with security and safety requirements, as
well as the usability and adaptability of the entire
system. In terms of modelling and simulation, this
means favouring the use of systems-of-systems
to multiply the decentralized decision processes,
adopting a large number of heterogeneous entities
and improving the communication and interactions
between them.

BUILDING BLOCKS FOR A
UNIFIED DESCRIPTION FOR
ENERGY SYSTEM MODELS

We need to move from the classical approaches
to multi-disciplinary approaches. For example, in
demand-side management production currently

follows demand, but in the modern electricity
system demand side management needs to adopt
a more dynamic approach, making it possible to
improve energy efficiency, to reduce peak loads
and shift loads over time, increase valley loads
and stabilize grid frequency.

The temporal profiles over periods of minutes
or hours of demand and supply critically determine
the peak capacities of networks. Any mismatch
between instantaneous demand and supply in a
segment of the (gas, electricity, heat) network,
has to be met with storage, dispatchable energy
supplies and transmission or manageable demand
or services. With multiple handles for optimiza-
tion and aggregation scales on different system
levels, this requires a complex control strategy
that accounts for all demands and supplies into
the network but does not necessarily result in
minimized peak network flows.

MULTI-SCALE ENERGY
SYSTEM USE CASES

Example 1: Micro-Simulation
of Household Appliances

Inthe MILLENER project the micro-simulation of
household appliances analysed at different network
layers of the electrical grid is another example of
amulti-scale energy system model that integrates
different spatial as well as temporal scales. In
order to investigate the system-wide effects of
different demand side management strategies,
more than 100,000 buildings were represented
in the agent-based simulation framework TAFAT
(Kremers et al., 2012). Historic consumption data
was disaggregated from the higher grid levels and
referenced to the geo-localised household repre-
sentations. Each household was equipped with a
number of appliances which could individually
be operated according to the tested smart grid
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strategies. Based on the selected set of measures,
the individual load curves were modulated and re-
aggregated to represent higher grid levels (Figure
3). In order to evaluate the system-wide effects,
the topology of the network was included in the
model. A mayor challenge of the model devel-
opment was not only posed by the management
of the multitude of objects but even more so by
the multiple temporal scales: while frequency
events had to be represented in timeframes of
seconds, the integration of renewables is usually
investigated at daily or higher timescales when
regarding future scenarios. In parallel, the results
from the modelling were reported both at the scale
of the transmission or distribution grid down to
individual substations or households to validate
and discuss the simulation results.

Example 2: Monthly Balanced
for Net-Zero Energy Buildings

In the case of net-zero energy buildings, the in-
dicator defined at European level in the Energy
Performance of Building Directive relates to an
annual time scale. Figure 4 shows the monthly
balance for a net-zero energy building. The load
match index is defined as the share of demand
satisfied by the supply. With a monthly resolution
the load match index reaches a level of approxi-
mately 65%. In the same technical system the load
match decreases to 25% when described with an
hourly resolution (Koch et al., 2012).

In the concept of net-zero buildings two sys-
tems are coupled in the balance, which have very
different scopes. The thermal needs of building

Figure 3. Disaggregation of historic consumption data and reaggregation to higher voltage levels after

modification at household level
(Kremers et al., 2012)
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Figure 4. Monthly and hourly energy demand (Q) and available solar thermal energy supply (Sol) for

a net zero energy building after
(Koch et al., 2012)
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systems are typically seen as local phenomena with
little implication for higher system levels. Only
district heating or cooling networks which his-
torically were designed as uni-directional systems
allow for a limited amount of interaction between
buildings. When thermal needs are matched by
local distributed generation technologies this
local system starts interacting with the national
electricity grid by feeding in electricity based on
the availability of local renewables and the so-far
isolated energy needs of the building. While net-
zero buildings can be seen in this way as another
component of a smart energy system, a holistic
representation will require not only inter-sectorial
models but a multi-scale modelling approach to
better understand the possibly dynamic feedback
of the different systems.

Example 3: Optimization of Building
Energy Systems and Controls

Figure 5 shows an example of optimizing build-
ing energy systems and controls. Given a set of
decision variables, Barrett and Spataru (2013)

determined the building energy efficiency, heat-
ing system and heating controls (on/off timing).
This highlighted design tensions: heat storage
can be increased by raising the maximum storage
temperature, but then the heat pump coefficient
of performance is reduced; or by increasing stor-
age volume but space is limited. The heat pump
coefficient of performance might be increased by
the direct supply of heat to emitters, rather than
through a heat store, but then would be less storage.

The main challenges are to simulate the real
time operation of systems with temporally varying
demands driven by activities and weather, and to
ensure the reliable delivery of energy services
across hours, days and months.

According to Barrett and Spataru (2013), opti-
mization should be carried out across all systems
and stock, and simultaneously for configuration,
size and controls so as to find a combination of
system components (building efficiency, energy
conversion, storage) and operational control that
will deliver the lowest cost given a delivered en-
ergy cost whilst meeting objectives such as energy
services and constraints such as carbon emission.

Figure 5. Optimizing building energy systems and storage for 6 sample days: 1 day/month (from left to

right): Months 1,3,5,7,9,11
(Barrett & Spataru, 2013)
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ADVANCED MODELLING
APPROACHES FOR COMPLEX
ENERGY SYSTEMS

The applied case studies cited above cannot claim
to deliver the full picture but are used to convey
a part of a possible solution.

Several challenges stem from the integra-
tion of renewable resources into future energy
systems. Most renewable resources are location
specific. Some renewable sources lack the flex-
ibility needed to deal with certain aspects of power
system operation, due to their variability across
and predictability. The variability vs. predict-
ability of various non-dispatchable generating
resources differs from one to another. Wind and
solar are more volatile and uncertain sources,
while biomass and geothermal more stable and
better known sources.

Balancing demand and supply is generally done
by the control of generation, automatically or by a
central electricity system operator, who monitors
and operates the equipment in the transmission
system and in power generating stations.

Due to the high variability as seen above, plan-
ning is critical because it takes generation time
from instruction to generation as follow:

Nuclear — 48 hrs
Coal Fired — 12 hrs
Oil Fired — 8hrs
CCGT -6 hrs

Gas turbines — 2min
Hydro — 20s

Wind — N/A

Furthermore, the temporal scale of the cho-
sen system representation has to respond to the
given question to answer reflecting the physics
and the different levels of uncertainty of the real
technologies.

Over time periods longer than 30 minutes but
less than 24 hours, decisions mustbe made in terms
of which power stations should be turned on/off or

ramped up/ramped down to ensure demand is met
atany time during the day. The operators usually do
this by using the unit commitment method (Wood
& Wollenberg, 2012), which consists of complex
optimizations that are conducted, typically one to
two days ahead, to create a half-hourly schedule of
generators required toreliably meet the forecasted
demand at the lowest cost. The running time of
the unit depends on its operation cost, the fuel
used and efficiency, and the speed with which it
changes its output power.

The requirements to answer as regards the
many emerging new topics related to the way we
are using energy resources, as discussed in greater
detail, above can only be translated into some first
high level requirements in this context.

Example 1: An Integrated Multi-
Scale Energy System of an
Electric Island System

It has been shown that changes are also induced
by the structure of the energy market and its
characterization as a system of systems implies
the use of new methods. In the context of smart
grid demonstration projects Kremers et al. (2012)
applied a complex system approach to the electric
system of an island system. Here over 120,000
individual households were represented with a
possible distribution of smart grid applications
(see above). While at the scale of households the
model can be regarded as an aggregation of dif-
ferent appliances (Evora et al., 2011), it provides
a high level of detail at the whole system scale.
The description as a system of systems is not new
in the field of electrical energy systems and the
different layers and connection points. However,
as a generic approach was used in the form of a
Java-based modelling language, the methodol-
ogy is transferable to other sectors and could in
theory be used to operate the physical hardware of
subsystems as individual cyber-physical systems.

As an additional asset to the modelling para-
digm, the monitoring aspectis to be integrated into
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the general project structure: multi-usage experi- induce different interconnections to other systems
ments and improved monitoring approaches will which are indicated by a mass flow and output in
generate the production of large amounts of data the form of power and possibly heat. The local
and therefore improve post-analysis processes. generation capacity is potentially coupled to the
Multiple experiences will then help engineers and power grid and district heating network as well
planners to find the best possible balance between as local storage units. On the other hand, services
the necessary amounts of measured data versus such as space heating or the use of an appliance
the budget to invest in the monitoring phase. is enabled by local generation or transfer from

Figure 6 shows a schematic representation of a another system. With regard to the demand side
hybrid energy system; in this generic example the management potential the services are more or
scale is not considered. The main elements shown less controllable, i.e. can be shifted in time. This
are, on the one hand, stochastic and controllable is often the case when connected to a storage unit
local electricity generation objects, as well as as an additional system component.

heating systems. The different conversion systems

Figure 6. Illustration of possible building blocks of an integrated multi-scale energy system
(Bahu et al., 2013)
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A further interconnection not included in the
figure is often described by an additional link to
the gas grid via power to gas technologies, which
can be considered a further storage option (Nitsch
et al., 2010).

Example 2: Hybrid Energy Systems
at Lower System Levels

While in principle a wide range of different
connections are possible, in practice systems
tend to use as few components as possible as the
interaction does not only increase flexibility but
also complexity in operation and maintenance.
Even though the full scope of objects might rarely
be implemented in one single location, highly
integrated hybrid systems could be virtually or
physically coupled local systems that then interact
on the next higher hierarchical level. Examples
of such complex systems could be part of a local

or national energy system at any scale and thus
interact with other more or less developed hybrid
systems. Figure 7.

From these integrated multi-energy or hybrid
energy system configurations anumber of specific
requirements for the model development arise.
Under the assumption that the individual com-
ponents can be operated independently, it follows
that intelligent coordination is necessary when
system wide objectives are pursued. While it is a
necessary prerequisite that a system component
provides this service in the system, it could be
located at different system levels, i.e. central or
distributed control strategies are possible and not
exclusive solutions for the operation. From this it
follows that the hardware and thus their represen-
tations must be capable of communicating with
each other, in the case of distributed intelligence a
two-way communication between systems would
be required. This would enable the measurement

Figure 7. Implementation of hybrid energy systems at lower system levels, distributed generation (DG),
distributed energy storages (DS) and demand response (DR))

(Own illustration after (Wiechmann, 2008)
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and processing of local data such as energy use,
weather data, scheduling, operation status, etc.
Only by these means a system wide optimisation
of energy needs and on-site (fluctuating) genera-
tion can be achieved. Finally, such an intelligent
energy system or its representation in the form of
a model would provide the means of interacting
with non-technical systems such as the electric-
ity market via tariff systems or dynamic pricing
mechanisms.

The described sketch of asystem of systems can
be seen as a use-case independent pattern which
finds its equivalent in modelling energy systems
for analytical purposes or in order to develop
possible future scenarios to support investment
decisions. As a second group of applications, the
model-based optimization of a real system can be
identified (Eicker, 2006). In future complex hybrid
systems this might necessitate the use of detailed
models for fault detection which could become
less evident with a larger number of interdepen-
dencies between individual system components.
Finally, the operations of individual hardware
components within a model based assessment
or the substitution of physical hardware with a
virtual representation in cyber-physical systems
represent possible future applications.

When modelling systems of systems, such
as hybrid or interconnected energy systems, one
common obstacle is the choice of a harmonious
ontology (van Dam & Keirstead, 2010). On the
scale of cities this need is also expressed in current
efforts to develop common standards. The Inter-
national Standards Organisation (ISO) created
the ISO/TC 268268 ““sustainable development in
communities” committee in 2012. The technical
committee (TC) includes two working groups
that look at the management system and global
city indicators. Furthermore, ISO created the sub-
committee on smart community infrastructures.
At European level, the standardisation bodies
of different member states, such as AFNOR in
France or DKE in cooperation with DIN in Ger-
many, recently started a discussion on standard
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development. The latter recently released the first
concept of the national smart city standardization
roadmap (VDE 2014). At European level, CEN,
CENELEC and ETSI created the “Smart and sus-
tainable cities and communities” - Coordination
Group (SSCC-CQG).

Example 3: A Scalable Dynamic
Energy Model for Regional
Demand and Supply

To estimate and project total demands on a par-
ticular substation it is necessary to consider all
connected loads (and generation) in the domestic
and non-domestic sectors. A scalable dynamic
energy model called DEAM (Barrett & Spataru,
2012; Spataru & Barrett, 2015) was developed
since 2011 to investigate the energy demand and
supplies of households, businesses, generators etc.
connected to a local substation so as to simulate
the possible future half hourly loads imposed on
the substation. The changes in scale and shape of
the current demand profile and forecast potential
changes up to 2050 are assessed, given a mixture
of efficiency and supply technologies that might
be installed over this timeframe. A schematic
diagram of the model’s main logic is provided
in Figure 8.

The main function of public energy suppliers
is to deliver energy (electricity, gas, heat, etc.) to
consumers to satisfy this demand. Annual energy

Figure 8. Model schematic illustration
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consumption for different end uses is disaggre-
gated temporally using activity profiles across the
day, week and year. The load curves are generated
for each different end use in order to allow for
the effects of the weather and changes such as
insulation, heat pumps or more efficient lighting.
In order to investigate the system-wide effects of
different scenario strategies, several substations
were assessed in the simulation framework.
Load curves for consumers depend on their
annual energy consumption for differentend uses,
activity patterns across the day, week and year,
and on the responses of technologies. The load
curves have been generated for each different end
use in order to allow for the effects of weather and
changes such as insulation, heat pumps or more
efficient lighting. The loads may be aggregated
by sector or by end use. Figure 9 shows the load
curves aggregated to end use with DEAM model.
The model has the ability to operate at dis-
tributed network operator (DNO) level and at
national levels of aggregation but is built up from
an aggregation of individual agents from different
databases. The model will be further expanded,

for future changes please check http://www.ucl.
ac.uk/energy-models/models/deam.

Example 4: Whole Energy
System Modelling

The behaviour of all the main elements of the
system should be considered since the operation
of all subsystems and components are interdepen-
dent. All energy carriers, energy conservation and
energy efficiency improvements action should
be considered together. Such an example is the
DynEMO model (Barrett & Spataru, 2011; 2013,
2015) which simulates the whole energy system,
including people’s behaviour and technologies,
and calculates energy flows, operating costs and
carbon emissions. The model can explore the
technical feasibility and costs of efficient systems
with high renewables and it includes scenarios
showing the evolution of delivery dynamics for
sample days in 2010 to 2050. Figures 10 and 11
show the energy delivery for 2010 and 2050 (Bar-
rett & Spataru, 2013)

Figure 9. Load curves aggregated to end use with DEAM model
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Figure 10. Energy delivery for 2010; 6 sample days: 1day/month; months 1,3,5,7,9,11

(Source: Barrett & Spataru, 2013)
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Figure 11. Energy delivery for 2050; 6 sample days: 1 day/month; months 1,3,5,7,9,11

(Source: Barrett & Spataru, 2013)
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Barrett & Spataru, 2011 show that to meet
carbon targets, fossil gas will be replaced in the
future by a mixture of heat pumps, district heat-
ing, renewable. Furthermore, the model can be
used to investigate energy security. This type of
analysis could help to quantify dispatchable supply
requirements for security in various subsystems
— notably for heat, electricity and gas.

FUTURE RESEARCH DIRECTIONS

Models of energy systems or components have
played a key role in formulating energy policy.
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However, as we move from developing strategies to
implementing there is a need for a new generation
of energy system models particularly at a system
level for a number of reasons:

Connecting Disciplines

Whole system models which enable the full repre-
sentation of demand side and supply side changes
to be tested and integration across sectors, so that
the impact of the interaction of policies in differ-
ent areas on each other can be fully tested. For
example, at present there is no real knowledge of
the impact that changes to the building regulations
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have on upstream energy supply, nor are these
savings calculated when building regulations
are changed.

In the domain of energy system modelling there
is aneed for a better integration between physical
based models of the energy system and economet-
ric based models. Perhaps more important than
the epistemological hierarchy is the fact that many
interesting problems are mostly viewed as primar-
ily physical issues with economic consequences
that can be worked through as an addendum to
the physical analysis. Their key features can be
expressed more quickly, powerfully and elegantly
in the language of physics and engineering than
in the language of economics. The need for rapid
progress in the analysis of many important energy
questions therefore suggests the application of
a set of primarily physics-based models both to
complement and to support economics-based
models. This allows to deliver detailed descrip-
tions of specific interventions as well as their
impact in terms of associated carbon emission
savings. Rapid reductions in emissions imply
rapid changes in both infrastructure and behaviour.
Periods of very rapid change tend to render price
information less or unreliable. Economic analysis
can obscure the sometimes very simple results
of the physics-based analysis of such problems.
Conversely, many such problems are very effec-
tively viewed from the viewpoint of mass flows
through and into infrastructure, and are therefore
ideally suited to physics-based analysis. For both
of these reasons, there is an urgent need to develop
physics-based models.

Representing Multiple Time
Scales and View Points

System dynamics: as we move to implementa-
tion there is a real need to understand transient
impacts better. Many system models look at an-
nual or monthly energy use but not at short-term
phenomena over days or minutes. As we move

away from fossil energy sources the need for
physics-based analysis to lead in the area of the
transient analysis of systems arises from the fact
that energy storage costs for electricity are orders
of magnitude greater than for oil, gas and coal.

Allowing for Multiple Viewpoints

As eventually people rather than buildings use
energy to maintain health, comfort and produc-
tivity. From this viewpoint a notion of service
rather than infrastructure driven system models
emerge. People can only occupy one space at any
one time and there are massive potential savings
to be had from just conditioning occupied spaces.
Most system models do not allow these factors to
be fully investigated and yet some of the easiest
energy wins may come from moving to a person-
based rather than infrastructure-based approach
to analysing the energy system. Radical shifts in
modelling perspective can probably be achieved
more easily and transparently with physics-based
models.

With regard to the economic system models,
the conventional economic analysis of prices
includes the concepts of price elasticity of de-
mand and supply, both of which are non-linear
functions (power laws) of changes in price. This
formulation, coupled with time dependence and
asymmetry in elasticities for positive and negative
changes in price are sufficient conditions for the
emergence of chaotic behaviour in energy prices.
This could help to

1. Understand the nature and extent of such
instabilities,

2. Investigate the possible impact of global oil
and gas production peaking,

3. Relateinstability in simulations to instability
in the real world, and

4.  Begintoexplore the possibility of designing
energy systems to minimise objective func-
tions based both on price and price stability.
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RECOMMENDATIONS
AND CONCLUSION

As a main requirement, open and transparent fea-
tures and a structure which allows models to be
built on rather than new ones have to be created.
This includes open data but also open standards
in the involved disciplines as a key requirement to
connect solutions at different scales. This will be
further facilitated by common ontologies suitable
todescribe the different layers of meaning that will
be required to cope with the future complexity.
These will be relevant both for interactions of
the real systems as well as for the model-based
representation of these systems.

The notion of cyber physical systems implies
that the frontier between real system components
and simulation will become more and more
blurry. This is, for example, already the case with
algorithms used for load prediction in hardware
components. This new point of view of integrated
real time systems will induce an increase in the
flexibility of the total system. On the other hand,
many connected issues such as security will have
to be reassessed.

Chaotic behaviour of simple heating systems:
space heating accounts for a significant percentage
of all energy use. Only very recently have research-
ers and agencies responsible for helping to deliver
major carbon reductions, such as the Carbon Trust
in UK, realised that traditional domestic heating
systems are highly chaotic. The ability to model
and hence better understand the chaotic behaviour
of domestic heating systems will help to directly
improve the efficiency of such systems and to
suggest changes in the human infrastructure that
would help indirectly.

There is a continuous evolution of the con-
cept of ‘integrated system modelling’. Many of
the existing models have been improved or new
models have been created. During the evolution
of the energy system, significant improvements
in details were observed, such as in the repre-
sentation of different technologies for storage,
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conversion, transport and distribution of energy,
energy demand and supply evolution at hourly
levels. Significant improvements have been also
made at market-level such as spot prices, hourly
purchased quantities. However, new decision
support tools are needed to address the challenge
of the interconnection of different energy and
emission markets.

Significant improvements have been seen in
the usability of energy system models, with usage
for both developers and planners, with more com-
prehensive and transparent procedures and with
significant improvements on the visualization of
the results. Yet most of the real decision makers
are still not keen on using the models directly
due to the amount of time and effort required to
understand how to use these tools. The develop-
ers of energy models should also consider this
aspect and provide handy and easy usage tools
to decision makers.

The methodological adoption of integrated
modelling and simulation for Smart Energy Sys-
tems must link geo-referenced simulation with
grid infrastructure to represent systems and sub-
systems, considering the agent-based simulation
of actors to represent system-wide communica-
tion. Eventually, such harmonized communication
could include cyber physical systems and their
operation in order to help to test new concepts and
guide long-terminvestment decisions. Finally, the
long lifetime of investments in new infrastructure
and hardware will emerge as a driver for rapid
action as it will require the right decision to be
taken today, which will define the opportunities
or limitations of tomorrow’s smart energy system.
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KEY TERMS AND DEFINITIONS

Complex Systems: A system made up of a
number of connected objects, which shows a
number of properties which include nonlinearity,
emergence and interactions — often these systems
are referred to as complex adaptive systems.

Integrated Planning: Integrated planning
(as opposed to sectorial planning) is a process
involving the drawing together of level and sector
specific planning efforts which permits strategic
decision-making and provides a synoptic view of
resources and commitments. Integrated planning
acts as afocal point for institutional initiatives and
resource allocation. In the context of integrated
(or comprehensive) planning, economic, social,
ecological and cultural factors are jointly used
(CEMAT, 2006).

Multi-Scale Modelling: Multi-scale model-
ling describes an approach to representing systems
that have relevant features or interactions at dif-
ferent scales. Mostly temporal or spatial scales
are considered.

System: A system is usually understood as a
number of related individual elements, which can
be understood as a whole when regarded in the
context of a specific purpose.

System Dynamics: System Dynamics is a dy-
namic modelling approach at system level which
is primarily used to understand interconnected
systems and their evolution over time. Basic
elements to represent the systems are internal
feedback loops as well as stocks and flows.

System of Systems: A system of systems is
an organisational structure in which individual
decentral or distributed systems are coupled to-
gether and interact across the individual systems’
boundaries.
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This chapter describes ICT solutions for planning, maintaining and assessing urban energy systems.
There is no single urban energy system, but — like the city itself — a system of sub-systems with different
scales, spatially ranging from buildings to blocks, districts and to the city, temporally ranging from real
time data to hourly, daily, monthly and finally annual totals. ICT support must consider these different
sub-systems which makes necessary dividing the chapter into different sections. The chapter starts with
Jframework conditions and general requirements for ICT solutions, and continues discussing urban de-
velopment simulating models. Then decision support tools are described for energy supply and demand
as well as for energy efficiency improvement assessment. Later further instruments for Smart Grid-,
district heating- and cooling-planning, as well as demand side management are addressed. In the final
section tools are discussed for building automation systems as smallest physical entity within the urban

energy system.

INTRODUCTION

With respect to urban energy planning, ICT sys-
tems and solutions address all Information- and
Communication Technology-based instruments
and features which (i) simulate the urban system

DOI: 10.4018/978-1-4666-8282-5.ch008

as a spatial framework and the (urban) energy
system behaviour for ex ante assessment of apply-
ing energy strategies and measures, (ii) monitor
energy supply and consumption as well as the
state of the energy generation and transmission
system, and (iii) manage — which is control and
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adaption of the energy supply and — if commit-
ted — also the demand side, to improve the future
energy system performance: to enhance energy
efficiency, mitigate environmental impacts, re-
duce supply and transmission costs and finally
strengthen energy supply security.

Integrated city planning and management are
crucial to initiate transformations of urban de-
velopment, urban governance and infrastructure
required to become a Smart City. There exists a
wide range of ICT solutions for different pur-
poses, audience and scales — spatial as well as
temporal — to support these urban transformation
processes. One urban planning approach involves
supporting aholistic view by integrated modelling
— i.e. modelling the city as a system of systems
considering all important interdependencies. A
different approach involves supporting sectorial
planning, applying solutions which are tailored
for experts in the sector to provide answers to
technical questions, as well as assessing the re-
lated impact. Both approaches support decision
makers in evaluating different options and effects
of energy supply technologies and changes in de-
mand. Thus decision support tools play a crucial
role for performance assessment, benchmarking
and easy-to-understand visualisation of different
transformation scenarios and their economic,
environmental and social impacts (Tommis &
Decorme, 2013).

Going into detail would require a complete
book instead of a single chapter. Taking into ac-
count the wide range of available and suggested
ICT solutions and the space available in this
chapter to debate the most relevant topics, we have
divided the chapter into several sections to give
an overview. Keirstaed (2011) has carried out a
classification of models related to urban systems
and energy systems, which gives some orientation
for structuring the chapter:

° Urban development models — including ur-
ban growth, land use change and transpor-
tation models. These models are the key to

understanding urban energy topics as they
typically model structure and activities in
a city, finally used to estimate the energy
demand for these activities.

e Policy assessment models examine the city
and try to assess long-range policy goals,
e.g. to identify which measures and tech-
nologies might meet a given carbon target
most cost-effectively.

o  Technology design models target the en-
ergy supply and demand side, dealing with
optimisation of energy supply technology,
supply mix and costs and finally improve-
ments to consumption shapes to better bal-
ance supply and demand.

e  Building design (and automation) models
look at the performance of buildings.

Following Keirstaed’s classification, this chap-
ter is divided into the following sections:

e  Background and requirements for ICT so-
lutions related to energy and Smart Cities

e  General ICT solutions for urban develop-
ment, as a framework for energy planning

e  ICT solutions for energy system planning
enabling smart urban development

e ICT for energy supply solutions: Smart

Grids, district heating

ICT for demand-side energy management

ICT for building automation

Future research directions

Conclusions and outlook.

BACKGROUND: GENERAL
FRAMEWORK CONDITIONS
AND REQUIREMENTS FOR ICT
SOLUTIONS FOR INTEGRATED
SMART CITY DEVELOPMENT

The transition of cities towards becoming smart
requires an appropriate process which mustinvolve
a wide range of stakeholders (citizens, energy
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service providers, real estate developers, NGOs,
etc.) and experts from various administration
bodies and finally policy makers. A Smart City
transition process typically involves three stages:

e  The first is the elaboration of a Smart City
Transformation Agenda with drafting, ne-
gotiation, and finally the commitment of a
Smart City Strategy addressing the overall
view on a city-wide scale, long-term hori-
zon and integrating all relevant topics, e.g.
space heating and cooling, street lighting,
mobility, industry, communication, system
control, etc. (Non-energy issues are also
part of such a Smart City Strategy, but we
focus on energy here.)

e  The second stage deals with the (on-going)
implementation of measures to achieve the
objectives of the transformation agenda
through a set of activities.

e  The third stage refers to the assessment of
the progress achieving the defined energy
efficiency, saving target and renewable en-
ergy ratio objectives.

Energy performance improvement activities
are carried out frequently at building to block
levels in neighbourhoods of a city. The selected
measures must be tailored for the particular area
to seek approval from the involved stakeholders,
experts and policy makers.

Some activities for improving urban energy
performance, e.g. those related to mobility and
transportation, require decisions not on a local
scale, but on a city-wide scale, considering city-
wide targets and consequences. Thus such an im-
provement process requires decisions and related
(ICT-based) support for different scales related to
the different viewpoints of interest groups, from
the personal view focussing on a single house, to
the developers’ view, interested in delivering an
economically successful and technically feasible
project for a district, and finally to the political
representatives’ view, as they must consider the
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citizen’s personal desires and the wellbeing of
the entire city in terms of environment, society
and economy. So the ICT solutions must satisfy
various clientsregarding energy-related and urban-
development-related decisions on the implementa-
tion of strategies and measures, illustrated in the
following paragraphs.

In the European research project on energy
efficient neighbourhoods (IREEN), interviews
were carried out with around 30 senior city and
regional representatives responsible for urban
energy systems across Europe . The questions
refer to current urban energy-related ICT use,
ICT systems and infrastructure and the needs
and benefits the interviewees hoped to gain. The
requirements for ICT systems to support cities’
transitions towards smart energy use are very
diverse, as the following sample, extracted from
Tommis and Decorme (2013), shows:

Barcelona (Spain) summarizes:

Ourobjective is to be a self-sufficient, independent
city interms of energy. Being capable of providing
as much local and renewable energy as possible,
promoting a reduction on energy demand and, at
the same time, being able to produce economic
growth.” (Tommis and Decorme, 2013). A set of
requirements on ICT solutions have been listed
that enable the following items: buildings’ energy
efficiency, improvement of public building infra-
structure to save energy, smart monitoring, and
easy tools to check energy efficiency in buildings.

Cardiff (Wales) recognizes ICT as a key enabler
of efficient services: supporting to take energy ef-
ficiency measures to the next level with a holistic
view of the integration/interoperability of systems
beyond energy and water, developing infrastruc-
ture control, applying smart meters and intelligent
maintenance, along withwider relationships with
citizens and businesses.

Gent (Belgium) suggests an open data warehouse
tocollectall energydata: “Forsucha central plat-
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form we need requirements and a key framework
fordataformation and clarity on legal boundaries.
Each stakeholder, including the citizen, can share
information and people will only have access to
the platform when they also deliver data. (...) We
can also use information from our 3D models of
the city, such as the shade of buildings for the
calculations on effectiveness of solar panels.
(Tommis and Decorme, 2013).

Sowe address the set of ICT tools as abackbone
to provide services to an urban community at all
levels, providing appropriate tools — addressing
the city as the physical, social, technical and po-
litical framework and the related energy demand
and supply management. Smart ICT systems must
secure privacy and must not be experienced as a
surveillance framework, but as a supporting instru-
ment allowing user communication and feedback
and ensuring that the system reacts appropriately
to improve user satisfaction.

ICT SOLUTIONS FOR URBAN
DEVELOPMENT AND DESIGN

Before discussing details for ICT solutions for
energy planning, we start with an introduction
on common tools for generic urban development
analysis and modelling. Energy planning has a
close relationship with urban planning and urban
development, as planning strategies (development
directions) and urban design (zoning, height and
density regulations, distribution of urban func-
tions, transportation network) influence energy
consumption to acertain extent. This makesitnec-
essary to carry out both energy and urban planning
in parallel to make use of positive dependencies
for improvement of both systems the urban and
the energy system. Thus urban-planning-related
tools serve as a backbone for energy planning.
Integrated and sustainable urban development
isanissue which can profit greatly from ICT tools.

Applications may address various activities which
are typical for urban policy making processes: issue
identification, impact analysis, decision support,
policy implementation and evaluation. To under-
stand the physical impacts of planning decisions,
detailed insights into the urban system structure
and theirinterdependencies are necessary. Various
ICT-related planning and analysis tools have been
developed, helping to prepare decisions and evalu-
ate impacts through visualization and quantitative
analysis of development scenarios (Boyd & Chan,
2002). To allow detailed impact assessment, we
must consider not only the scope of effects but also
the distance or vicinity of energy generation and
energy use hot spots and the volume of receptors
exposed to environmental pressure (vegetation,
wildlife, inhabitants etc.). This requires spatially
explicit scenarios to be modelled by integrating
various measures.

Although urban simulation tools have often
been enriched with selected GIS functionality,
improvementis still welcome. From the academic
side, great efforts have been put into developing
concepts which facilitate the integration of urban
planning tools with GIS technologies, and the
whole topic is still the subject of intense research
work.

A promising tool for urban development simu-
lation is “UrbanSim”, originally developed by
Paul Waddell and continuously improved at the
University of Washington and the University of
California, Berkeley (Waddell, 2000). UrbanSim
is a state-of-the art simulation system for support-
ing planning and analysis of urban development,
incorporating interactions between land use,
transportation, economy and the environment.
UrbanSim adopts a micro-simulation approach:
households, businesses or jobs, buildings, and
land areas are represented through individual
agents, addressing different spatial entities to be
selected, ranging from buildings and parcels to
grid cells and districts. The model simulates urban
development dynamics through the interaction of
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many actors, making decisions within the urban
markets for land, housing, non-residential space
and transportation.

The user interacts with the tool to create
scenarios, specifying alternative population and
economic development expectations, land use
policy assumptions, and other exogenous inputs.
The tool is thus intended for use by planning au-
thorities and researchers interested in exploring
the effects of planning policy choices, including
transport modes and accessibility, housing af-
fordability, greenhouse gas emission targets or
open space and habitat protection. Results can
be viewed through a results manager (Figure 1) .

The tool has been applied in more than 50
metropolitan areas on all continents. UrbanSim
is licensed as open source software based on the
Open Platform for Urban Simulation “OPUS”,
designed for self-programming and extension.
As the model is rather complex it cannot be eas-
ily operated by non-experts, needing assistance

by scientists and trained planners. If not used in
academic environments butin city administrations,
applications are usually supported by consulting
firms such as Urban Analytics which specialize
in UrbanSim modelling and related input data
harvesting. A re-engineered implementation,
prepared by Synthicity, which incorporates 3D
visualisation, is now available.

A further comprehensive tool has been
developed by the Dutch Technology Research
Organisation TNO — “Urban Strategy”. This tool
does not simulate urban development as an auto-
matic generation process, but makes it possible
to conduct impact assessment of urban planning
decisions, applying a set of models which simulate
traffic, energy use, air quality, noise, groundwater
and other topics addressing sustainability. The
tool must be commercially obtained by TNO. It
has not been designed to be sold as a standalone
product but as a support instrument for TNO
consulting services provided to city authorities.

Figure 1. UrbanSim result browser, Urban Analytics Lab
(Source: http://www.urbansim.org/downloads/manual/dev-version/opus-userguide.pdf)
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Like UrbanSim, Urban Strategy requires a great
deal of input data following a standardized data
structure. Tool application requires training and
the outputrequires advice regarding interpretation.
Much emphasis has been put into result visualisa-
tion capabilities. Model results are presented as
3D presentations, 2D maps and charts and graphs
providing an overview through key performance
indicators. The tool has been applied since 2007
for different planning projects in various (mostly
Dutch) cities or regions, which are clients of TNO.

Besides these complex applications requir-
ing intensive guidance and training through the
developing institutions, easier to use commercial
products have also been developed recently to
create 3D city models, supporting interactive plan-
ning, urban design and presentation. A well-known
tool is “ESRI CityEngine”. A remarkable feature
of an earlier CityEngine version (as developed by
Procedural before the company becomes part of
ESRI) — the automatic creation of virtual cities
(Parish & Miiller, 2001) — has been excluded,
so ESRI CityEngine is now an urban design and
3D-visualization tool. It is possible to create a

virtual city by loading existing GIS or CAD data
and by interactively allocating new buildings or
modifying existing ones with convenient 3D-
editing functionality — 3D extrusion, texturing,
lighting, shading and adding property-attributes
(see Figure 2).

ICT SOLUTIONS FOR ENERGY
POLICY SUPPORT IN TERMS OF
SMART URBAN DEVELOPMENT

This group of instruments focuses on ex ante
policy evaluation of selected strategies through
modelling scenarios by adding virtual implemen-
tations of possible energy-related measures such
as efficiency improvement of the building stock,
new technologies for energy demand reduction
and distributed (renewable) energy generation,
substitution of fossil energy carriers, finally as-
sessing the impact on energy performance, use of
renewables and greenhouse gas mitigation.
Growing urbanisation and the demand for
higher living standards require appropriate ur-

Figure 2. ESRI CityEngine user interface, screenshot from tutorial video for creating a new scene

(Source: http://www.esri.com/software/cityengine/features)
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ban development strategies and energy policies
addressing the entire energy-cycle (e.g. genera-
tion, supply, consumption and related spatial and
institutional framework conditions). Today, urban
energy planningis facing a set of questions such as:

e  How to choose between different types of
energy generation and distribution tech-
nologies (e.g. central vs. distributed energy
generation, exploitation of renewable ener-
gy sources like solar- groundwater-, wind-
and geothermal energy)?

e  How to deal with the construction and ex-
tension of supply and utility infrastructures?

e How to increase energy efficiency (e.g.
retrofitting technologies for buildings) and
how to simulate it?

e  How to locate energy-inefficient buildings?

e  How to evaluate (spatially and temporal-
ly) the energetic performance of a city or
district?

e How to simulate different scenarios ac-
cording to different energy policies?

e How to evaluate the impact of these
measures?

Answering these questions demands a holistic
approach for strategic energy-planning from the
perspective of both the city administration and
energy providers. In parallel, participatory, inte-
grated and sustainable urban development is an
issue which can profit a lot from ICT-based tools.

Nowadays, precise information about all the
physical and functional characteristics of a single
building to the urban scale is theoretically fea-
sible, but cannot be carried out with the standard
computer resources and data availability for an
entire city. In addition data privacy is an issue and
city-wide energy consumption data at the building
level is — in most cities — not available. Hence it
is necessary to adopt a top-down approach, where
the energy characteristics of buildings at the block
or city level are obtained or estimated in different
ways. One possibility is to take statistical data
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describing the building size and building age
distribution and further population and household
data at census-district level serving as proxy data
to estimate energy consumption.

There exists a variety of tools for decision
supportin urban energy planning. An overview of
such tools can be found, for example, in Connolly
et al. (2010). Here we describe two exemplary
ICT solutions for different levels of detail and for
different purposes.

The TRANSFORM decision support tool car-
ried out within the TRANSFORM project — oper-
ated by two teams: AIT (the Austrian Institute of
Technology) and Accenture B.V. Netherlands —is
a complex instrument which allows an integrated
view of energy generation, supply and demand as
well as simulating measures for energy efficiency
improvement, addressing an entire city at district
level and a selected district at block or — if data is
available — building level (Loibl etal., 2014). The
toolis designed as a flexible modelling framework
which allows the allocation of interactively defined
areas for measure implementation and can be ex-
tended through designing virtual measures using
a measure editor. Spatial allocation is enabled
through GIS functionality. Measure applications
regarding energy efficiency changes, energy
carrier selection and energy supply technology
changes are simulated to evaluate possible impacts
at the local scale and their contribution to Smart
City targets. The data considered consists of:

e  City layout, with focus on buildings and
blocks containing specifications (e.g.
building age) to estimate energy demand
for heating and cooling and the energy ef-
ficiency improvement potential,

e  Population: details of the population and
households to estimate electricity con-
sumption if data consumption data are
missing,

e  Energy consumption and (distributed) pro-
duction potential by energy carrier.
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The tool gives stakeholders adeeperinsightinto
the impact of energy use improvement measures
regarding the city’s or district’s performance for
energy efficiency, energy consumption, CO, emis-
sions and energy supply. Figure 3 shows the start
page of the GUI with scenario selection and mea-
sure allocation and impact assessment features.

As the tool must support the planning process
in a city administration, the sequence of steps
made during such a decision process is included
into the tool’s usage flow: Step 1 involves select-
ing the spatial context: the higher the level of
detail of the explored data, the more detailed the
analysis can be. Step 2 refers to the selection of
a scenario considering current and future frame-

work conditions for energy demand and supply,
as well as future changes (e.g. through urban
growth, energy prices). In step 3 measures are
defined by a measure editor (adding conditions,
variables and factors to model the measure) and
allocated through an interactive map. The final
step 4 determines impacts by simulating measure
implementation over time to be explored through
maps and diagrams. The results concentrate on
defining and allocating defined measures and on
KPIcalculation regarding environmental impacts,
costs and savings as well as on comparison of
scenarios and cities. The results provide annual
data and to some extent monthly data. Currently
the mapping is related to 2D views.

Figure 3. User interface of the TRANSFORM tool — start page

(Source: Loibl et al., 2014)
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With the growing availability of virtual
3D city models in recent years, energy system
modelling, analysis and simulation processes,
3D analysis and visualisation are now more and
more incorporated into energy planning tools. For
3D city modelling, CityGML (Kolbe, 2009) is a
common standard today for storage, manipulation,
presentation and data exchange of virtual 3D city
and landscape models (www.citygml.org). The
standard defines a generic model describing the
geometry, topology, semantics and appearance
of 3D objects in urban environments, with five
possible geometric and semantic levels of detail
(LoD). Also included are generalization hierar-
chies between thematic classes, aggregations,
relations between objects, and spatial properties.
The benefits tied to a spatio-semantically coher-
ent urban model (Kolbe, 2009) are multiple, as
well as the possibility of exploiting such a model
for further, more advanced applications ranging
from urban planning, augmented reality, utility
network management (Becker et al., 2013) to
energetic simulation tools (Agugiaroetal., 2012).
The term virtual “3D city model” does not only
refer to geometry (e.g. height, volume, position
of objects), but also to semantics (e.g. building
type, usage, construction date) and topology (e.g.
adjacency to other buildings, shared walls).

By means of “enriched” virtual city models,
information regarding the building (roof, wall
and window surfaces, amount of shared surfaces,
year of construction, building size and typology,
building use, etc.), as well as other data about
the inhabitants, local climate, etc. can be used to
estimate an energy balance between heat losses
and gains. Further analyses can be performed to
estimate the potential gains from building retro-
fitting and the adoption of new technologies or
renewable energy sources. City objects can be
connected by external links to specific ancillary
data (e.g. cadastral data, solar yield estimation
of the roofs). The underlying idea regarding the
spatio-semantic modelling of a city is that many
urban entities are physical objects occupying space
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in the real world. Elements, like buildings, can be
subdivided into smaller entities (e.g. rooms), for
detailed modelling.

The use of 3D city models (thus enriched with
as many external data sources as possible) has
been proposed and investigated e.g. by Carrion
et al. (2010) and Strzalka et al. (2011), who have
proposed algorithms to estimate the heating en-
ergy consumption of buildings. The Energy City
project, located in Frederikshavn (Denmark),
involved making a 3D city model to act as an
awareness tool allowing politicians and citizens
to visualise and understand the change of energy
consumption and energy sources in an urban en-
vironment over a period of time (Kjems & Wen,
2011). The “Energy Atlas Berlin” project (Kriiger
& Kolbe, 2012) resulted in a city-wide energy
atlas, focussing originally on heating energy
consumption for buildings, but with the primary
goal of introducing the concept of an integrated
framework for transparent planning processes at
all levels of decision-making in cities concerning
strategic energy-planning. Energy Atlas Berlin
later extended its approach from heating energy
demand to total energy demand estimation, inte-
grating other sources of energy consumption (e.g.
warm water and electricity) and finally production
(e.g. solar potential of the roofs, geothermal heat
potential) (Kaden & Kolbe, 2013). Similar ap-
proaches have been applied in other cities, namely
London in the UK and Trento in Italy (Agugiaro,
2014) (Figure 4).

Developed by Ecole polytechnique fédérale de
Lausanne (EPFL), “CitySim” is a sophisticated
energy planning tool for districts, focusing on
heating energy and serving as a decision support
for urban energy planners (Robinson et al., 2009).
CitySim comprises a Graphical User Interface
to facilitate the buildings’ 3D shape for urban
districts (making it possible to work with several
hundred buildings) and attribute the buildings’
thermo-physical properties as well as visualize
simulation results. It also includes a CitySim
Solver for simulating buildings’ energy supply and
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Figure4. Example of heating energy demand estimation for residential buildings in the city of Trento, Italy

(Source: Agugiaro, 2014).

demand for space conditioning. Energy supplies
from renewable sources can be determined for the
buildings, including radiation exchange driven
by the urban environment, making it possible to
work at different temporal resolutions. A range
of graphical tools support energy consumption
analyses to identify the buildings’ performance
improvement potential.

The tool can be requested for free from EPFL’s
CitySim-website as a basic version. Field surveys
within residential and non-residential buildings,
accounting for a range of commonly used heat-
ing, ventilation and air conditioning systems as
well as further building energy analysis software,
have been used to validate models and algorithms
implemented in CitySim. The buildings are stored
in CityGML standard allowing 3D viewing as well
as shape, orientation and size related analysis.
Figure 5 shows the short wave radiation exposure
of the buildings’ walls and roofs.

Further software tools supporting the energy
planning process are EnergGIS (Girardin et al.,
2010) SynCity (Keirstead et al., 2009) or ReMAC
(Metrex,2014), working at different spatial levels.

The following sections describe ICT solutions
with a close link to supply technology which are
not necessarily tailored to urban energy systems.
Nevertheless they are important elements to enable
Smart City progress in terms of energy.

ICT SOLUTIONS FOR ENERGY
SUPPLY: SMART GRIDS

The term Smart Grid is often used in the context
of future planning and electricity network opera-
tion. Referring to IEA (2011), a Smart Grid is
an electricity network that uses digital and other
advanced technologies to monitor and manage
the transport of electricity from all generation
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Figure 5. CitySim analysis screenshot: buildings exposed to short wave radiation volume

(Source: http://citysim.epfl.ch/).
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sources to meet the varying electricity demands of
end-users. Smart grids thus co-ordinate the needs
and capabilities of all generators, grid operators,
end-users and electricity market stakeholders to
operate all parts of the system as efficiently as
possible, minimizing costs and environmental
impacts while maximising system reliability,
resilience and stability (IEA, 2011). Reasons for
introducing Smart Grids and related ICT are vari-
ous: integration of renewable energy and related
CO,-reduction, improving supply security, rural
electrification, peak-load-reduction; renewables
integration, reduction of electricity losses.

In terms of managing the different actors and
technologies in the electricity network, ICT is the
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key enabler. The CEN-CENELEC-ETSI Smart
Grid Coordination Group (2012) provides a techni-
cal reference architecture, defining the functional
information data flows between the main domains
of this energy supply system (see Figure 6). The
architecture merges the five interoperability layers
(business, function, information, communication
and components) with the two dimensions of the
Smart Grid Plane, i.e. zones (representing the
hierarchical levels of power system management:
process, field, station, operation, enterprise and
market) and domains (covering the full electri-
cal energy conversion chain: bulk generation,
transmission, distribution, DER and customers’
premises).
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Figure 6. SGAM framework

(Source: CEN-CENELEC-ETSI Smart Grid Coordination Group 2012)
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Information technology enhances the tradi-
tional power grid infrastructure by enabling new
applications alongside the transport of electri-
cal energy. The ICT infrastructure supports the
exchange of information between all involved
actors and allows them to access data, services or
devices available in the power grid. Access must
be ensured, providing secure and reliable protec-
tion complying with data protection requirements.
Smart grids thus involve various application
domains as Figure 7 illustrates.

The realization and handling of Smart Grids
is strongly system based. As shown in Figure 7,
Smart Grids have a distinct influence on the kind

Transmission

Customer
Premises

of energy transmission and distribution, network
components, generation, consumption and stor-
age as well as power markets and all associated
businesses. As network operation is a regulated
marketin many countries, regulatory aspects must
be considered. Without competition in the market
as aninnovation trigger, technology improvement
efforts are modest. Ultimately, three topics are
crucial for the future operation of electricity net-
works: the technical, the economic (commercial)
and the regulatory framework.

For Smart Grids the following measures de-
pend onasystem-wide IT infrastructure (Acatech,
2012):
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Figure 7. ICT application domains in the smart
(Source: OECD, 2012)
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Peak load reduction (adaptation of the load
profile)

e  Transformation into a bi-directional supply
structure (consumers are also producers)

e  Storage capacities enabling new services
and products (e.g. electric mobility)

e  Dynamic pricing within the energy market

(for all participants)

Table 1 gives an overview of Smart Grid fea-
tures and ICT applications.

Since electricity networks have a higher host-
ing capacity for renewable energy resources in an
urban environment, the main focus is on optimizing
the electricity supply at neighbourhood, district
as well as city level. In general a Smart Grid is
not a final product or single solution; it is more a
process of improving and maximizing the utiliza-
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tion of existing electricity grid infrastructure and
of designing future grids in order to be prepared for
future development, securing high supply quality
in consideration of the capital expenses (CAPEX)
by avoiding or delaying network reinforcement
as well as taking into account the operational
expenses (OPEX) of the infrastructure.

Effective load management requires real-time
information aboutelectricity generation as an input
to the grid and load on the grid (i.e. electricity
demand). Transmission lines transport electricity
at high voltages from bulk power plants to sub-
stations where electricity feeds into regional and
urban distribution systems. Balancing load and
voltage across a transmission and distribution grid
requires the ability toreact to sudden changes, e.g.
drops in output or peaks in demand.

Grid operators already use ICT-based appli-
cations, mainly to monitor the status of national
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Table 1. ICT Applications of smart grid features and applications

Electricity Sector Challenges

ICT Applications

Generation

Renewable energy generation

e Smart meters
e Vehicle-to-grid (V2G) and grid-to-vehicle (G2V)

Distributed, small-scale electricity generation

e Virtual power plants
e Vehicle-to-grid (V2G) and grid-to-vehicle (G2V)
e Smart meters

Transport (Transmission & Distribution)

Transmission and distribution grid management

e Sensor-based networks

o Embedded systems and software

o Integrated software systems and application
programming interfaces (APIs)

e Smart meters

e Communications protocols, including
machine-to-machine communications (M2M)

Storage

Storage capacities (physical and logical)

e V2G, G2V and vehicle-to-home (V2H)
e Smart meters
e End-user interfaces

Retail

Dynamic and real-time pricing for electricity
consumption and distributed generation

e Smart meters
e End-user interfaces

Electricity conservation and energy-efficiency

e End-user interfaces

Consumption

® Smart meters
o Electricity data intelligence

(Automated) demand management

o End-user interfaces

e Smart meters

e Communications protocols, including M2M
e Smart building technologies

e Smart electronic devices

e Data centers and cloud computing

Integration of electric vehicles (and renewable
energy sources)

e Communications protocols, including M2M
o Integrated software systems and APIs

e End-user interfaces
e Smart meters
¢ V2G, G2V

Facilitate access to electricity in developing
countries (Electrification)

(Source: OECD, 2012)

grid infrastructures (transmission networks). Ap-
plications include Intelligent Electronic Devices
(IEDs), Phasor Measurement Units (PMUs)
and Supervisory Control and Data Acquisition
(SCADA) systems. However, requirements for
communications and data handling are expand-

ing rapidly: the increase in market actors due
to liberalisation increases the need for fast and
interoperable access to electricity data (OECD,
2012).

Dispersed (renewable) energy production and
storage through “private” PV-panels and G2V /
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V2G / V2H models (grid 2 vehicle / vehicle to
grid / vehicle to home distribution and storage
models using e-car batteries as an intermediate
power storage device in case of load surplus and
power delivery in case of peak demand) also
increases the complexity of national grids and
distribution networks and requires better and faster
information provision. The main ICT components
inimproving grid monitoring and control systems
are (OECD, 2012):

e  Sensor-based networks with sensors
(which monitor various characteristics
such as voltage, temperature and tension
across T&D lines) and embedded software
(converting sensor signals and feed them
into a communications channel).

o [Integrated software systems, databases and
APIs. Software systems provide automated
monitoring and control activities conduct-
ed by the sensors. Through application
programming interfaces, data about the
grid status can be provided to a large num-
ber of stakeholders, including individuals.

e  Smart meters at customer premises may
support two-fold grid management. They
can enable improved individual control
over electricity consumption and billing,
and can further receive remote control sig-
nals to trigger household appliances to be
automatically turned on and off.

Integration makes the difference in a Smart
Grid, combining business and technical intel-
ligence. In recent years ICT companies have
developed tools for supplying advanced commu-
nications and analysis services to utilities and to
some extent to individuals.

Today real-time pricing is not usually a topic,
at least for private households. Prices for retail
customers, however, are today largely static and
billing is based on periodic meter readings. Smart
meters and other end-user interfaces (e.g. web
portals, mobile applications) can provide dynamic
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pricing information and consumers can then make
choices about when they buy and when they feed
electricity back into the grid. Price signals could
impact private electricity consumption and thus
lower peak demand. In the domain of wholesale
electricity trading, large customers could decide
on spottrading by making use of dynamic pricing.

A Smart Grid can be widely supported from
smart meters by providing the following functions:

e Sensor for monitoring low voltage grid
infrastructure

e Gateway to customer-side applications
and data exchange for display and analy-
sis on 3" party devices. A variety of 3™
party software and hardware provides con-
sumer information on electricity consump-
tion. Google’s PowerMeter, for example,
can receive information from households
equipped with smart meters by electric-
ity suppliers Yello Strom (Germany),
first:utility (United Kingdom) or SDG&E
(United States) (OECD, 2012).

e  Dynamic pricing. Accurate metering using
smart meters and dual-way communica-
tions between the electricity provider and
the customer enables dynamic pricing to
encourage customers to adapt better to load
variation, supporting load-shifts to reduce
peak demand and enabling utilities to pur-
chase high-priced electricity on the spot
market during peak times.

e  Display of consumption-related informa-
tion: real-time prices, accurate use num-
bers and implicit environmental costs
(GHG emissions), allowing customers to
observe and adapt consumption behaviour.

e  Accurate metering and billing. The major-
ity of customers still pay their bills based
on the utility’s estimates, which are adjust-
ed after regular readings at wider intervals
(often only once a year). Smart meters al-
low frequent billing periods.
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An advanced metering infrastructure (AMI)
can be an enabler for effective peak demand man-
agement, particularly when coupled with dynamic
pricing schemes and “smart” electrical appliances.
Improved information about the current supply and
price can help consumers to shift the timing of
certain household appliances — dishwashers and
washing machines, even charging electric vehicles.

ICT SOLUTIONS FOR DISTRICT
HEATING AND COOLING

Supply-side operational optimizations and net-
work design: Depending on the scope of the
analyses and the time scales to be considered (see
Figure 8) there are various ICT tools available.
A number of ICT tools are available for
economic and operational optimization of the
scheduling of various heat generation plants in a
district heating (DH) network, e.g. deco, FreeOpt,
DEMS, BoFiT, ENFOR-PRESS, THERMIS,
MARKAL/TIMES, MODEST,ENERGYPLAN.
They perform scheduling optimization by consid-
ering the operational costs of the plants, based on
fuel consumption, maintenance, CO,-certificates,
starting/stopping plant costs, forecasted potential
revenue from electricity market sales in the case

of CHP (combined heat and power) plants and
prediction models of heat demand. To this end,
DH network topology is not implemented and
simplifications of distribution heat losses and
pumping energy are considered. Additionally,
power plant modelling is generally realised by
implementing characteristic curve and production
efficiencies; in only a few cases is it done using
simplified physical models.

Designing DH networks requires more detailed
modelling, and different network simulation envi-
ronments are commercially available for this pur-
pose, e.g. SisHyd, Sir3S, Stanet, T*SOL, EC.GIS,
which are able to implement the network topology,
pipe properties, pump characteristics, etc. Thus
DH simulation software supports network design
and subsequent network modifications (e.g. exten-
sion). However, these tools usually perform static
calculations and are not able to evaluate dynamic
effects, such as the water hammer (a pressure
wave which occurs when a fluid in motion stops
or changes direction), fluctuating energy sources
(solar thermal energy, wind energy) powering
heat pumps, bi-directional load flow from e.g.
solar thermal panels, or micro CHP chips, or
demand side management strategies. Power plant
characteristics can also be implemented with
more details.

Figure 8. Time considerations in district heating networks depending on the focus of the analyses

(Source: Valdimarsson, 1993)
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These dynamic modelling capabilities are only
offered by a few simulation tools such as Apros
or libraries of the open source modelling system
Modelica/Dymola allows further modelling of
bi-directional load flow, part load operation of
power plants, implementation of customised con-
trol strategies, integration of advanced building
models for assessing demand-side management,
and coupling of models from other engineering
fields (e.g. assessing thermo-mechanical stresses)
and the consideration of instationary effects and
hydraulic phenomena.

Demand-side management for improved dis-
trict heating network performance requires smart
heat meters to be installed at the customer side.
This makes it possible to monitor energy con-
sumption dynamics for customers as well as for
the network operator, which supports the network
operator in assessing the network status, dynamic
pricing and cost-related billing, more precise load
forecasting and identification of problems on the
customer side, e.g. high peak loads or high return
temperatures.

Low return temperatures are beneficiary for
districtheating (DH) systems as they reduce pump-
ing costs (reduced mass flow due to increased
temperature potential) and energy losses (lower
gradient to the environment) as well as increasing
the usable potential of renewable sources (e.g.
groundwater via heat pumps, solar thermal energy
or industrial waste heat). Return temperatures
can be decreased by technical modifications at
the customer side (e.g. removal of installation
mistakes) and by adapting customer behaviour
(e.g. temperature control). Visualizing the return
temperature profiles via smart heat meters enables
customers to react and improve the performance
of theirenergy system accordingly (e.g. motivated
by appropriate tariff systems).

The night set-back (reduction of room tem-
peratures during night time) is a usual measure
to reduce the energy demand in buildings (Moon
& Hoon, 2011). The resulting fluctuating heat
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consumption (high peak loads) can become a
significant problem for DH network operation if
heat energy to cover the fluctuation is generated
by fossil fuels. Integrating additional function-
alities into smart heat meters could shift heating
loads to off-peak times and smooth the dynamic
variation (Basciotti & Schmidt, 2013). The same
also applies to district cooling.

However, since many European urban district
heating networks were installed several decades
ago, the general diffusion of ICT and sensors in
the networks is rather low. Often, relevant data is
only monitored at the supply side, at some critical
network points, by larger customers and inrecently
installed network sections. As a consequence, the
added value for introducing smartheat meters with
the additional functionalities described above must
be carefully calculated: suitable systems are still
relatively expensive and the installation costs are
high (including the setup of an appropriate com-
munication infrastructure). Additional barriers are
legal issues (e.g. data security and privacy) and a
possible impact on the comfort of the customers
being subject to demand-side measures. Neverthe-
less, for the most relevant loads in DH networks
(e.g. industrial customers, large office buildings,
swimming pools, hotels ...) the potential for
load shifting and the effect of return temperature
reduction are great compared to individual single
family homes; the implementation of smart heat
meters could be very cost effective.

In district heating systems in future Smart
Cities, ICT will gain significant importance for
enabling overall analyses, control and system
optimization, not only in terms of the interfaces to
otherenergy vectors (electricity and gas, e.g. Www.
orpheus-project.eu) but also for related energy
conversion technologies and various storage op-
tions. However, this will require the development
and diffusion of open and standardised interfaces
between the different networks and communica-
tion infrastructures to allow interoperability.


http://www.orpheus-project.eu
http://www.orpheus-project.eu
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ICT SOLUTIONS FOR DEMAND-
SIDE MANAGEMENT (DSM)

In general, electricity customers have particular
consumption preferences at different times of the
day resulting in diurnal consumption patterns with
distinct peaks and sinks. To achieve high levels
of reliability and robustness in energy supply
systems, the infrastructure is designed for peak
demand. To overcome these problems, different
solutions have been developed to shape consumer
energy consumption profiles so that power or heat
generation capacity can be used more efficiently
to avoid deploying additional energy generation
and transmission infrastructure or purchasing peak
power at high prices to supply short-term peak
demand. These solutions are generally known
as demand-side management (DSM), aiming to
reduce or shift energy consumption to smooth
consumption peaks and sinks.

The success of DSM depends on the share of
the controlled total. One option in DSM is direct
load control where, for example, based on an
agreement between the utility company and the
customer, the utility remotely controls certain
appliances in a household by switching them on
and off to avoid consumption during peak load
time. A further option is to supply specific pricing
to encourage users to individually manage their
loads and reduce their own energy costs. Here
we address targeted incentives, technologies and
customer education programs directed towards
reducing or changing patterns of energy use.

Today most individual load control decisions
are made manually, which makes it difficult for
the participants to monitor real-time prices and
use advanced pricing methods. In fact, the lack
of consumer knowledge on how to respond to
time-varying prices is currently one of the main
barriers to fully utilizing the benefits of real-time
pricing methods and DSM in general. This prob-
lem can be resolved to some extent by equipping
customers with home automation systems and
implementing automated energy consumption

scheduling units providing pricing information to
schedule the operation of residential appliances
(Samadi et al., 2011).

Thus automated DSM systems can signifi-
cantly enhance the efficiency and reliability of
power supply and grid operation. Applications
monitoring energy supply and consumption fol-
low the concept of SCADA systems (supervisory
control and data acquisition) which monitor and
control real time data—starting with single sites and
ending with systems covering large areas (ranging
from industrial plants to whole countries). There
are various ICT solutions supporting DSM at
national level, utility level and / or customer level.

The “Optix” product line from EnergySavy is
one example of demand-side management systems
enabling utilities and their partners to achieve DSM
goals. Not only does the energy service company
(ESCO) gain an insight into consumer behaviour,
but customers also learn where to start and pro-
ceed with energy efficiency as they are able to
monitor their progress in energy saving. Several
tools can be obtained — Optix-Engaging is the
starter, providing households with a user-friendly
experience, Optix-Evaluate allows real time per-
formance analysis (see Figure 9), Optix-Manage
allows results which track overall consumption
for the ESCO .

ESCOs from several U.S. states and cities
have applied the system to enhance state-wide
or company DSM: Utah, Puget Sound Energy,
New Jersey Natural Gas, Efficiency Vermont, to
name a few.

ICT SOLUTIONS FOR SMART
BUILDINGS: BUILDING
ENERGY MANAGEMENT AND
BUILDING AUTOMATION

As stated earlier, a Building Information Model
(BIM) describes all the physical and functional
characteristics of a single building. A BIM is con-
ceived as a source of shared knowledge supporting
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Figure 9. Screenshot from analysis results carried out by Optix-Evaluate

(Source: http://www.energysavvy.com/products/optix-evaluate/)
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decision-making about a facility from its early
conceptual stages, through design and construc-
tion, during its operational life and right up to its
demolition. Today a number of approaches exist
for BIMs to estimate the total energy demand and
increase buildings’ energy efficiency.

Building automation and control systems
(BACS) are well-established infrastructural sys-
tems in functional buildings today. Information
on the building’s physics and energy systems can
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be used in building operation by BACS to ensure
higher quality control. Building automation pro-
vides the functionality necessary to operate com-
plex buildings and supports different domains such
as heating, ventilation, air conditioning (HVAC),
access control, lighting, sun blinds or fire alarms.
A building automation system is a combination
of information and communication technology
which enables efficient and flexible building
control. All relevant systems in the building are


http://www.energysavvy.com/products/optix-evaluate/
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connected viaacommunication network, the most
common being LonWorks, BACnetand KNX (Loy
et al., 2001; Merz et al., 2009). With its sensors,
actuators, communication networks and comput-
ing resources, a BACS is the perfect platform
enabling the building to become a service provider
for a Smart City with respect to energy demand
control. Building automation saves energy during
operation. European standard EN 15232 (CEN,
2012) defines different energy efficiency classes
for building automation and control systems. In
heating control, for example, building automation
can have no automatic control (class D), outside
temperature compensated control (class C, the
reference class), indoor temperature of distribution
network water temperature (class B) or addition-
ally have a total interlock between heating and
cooling control (class A). A building management
system that fulfils the requirements of class A (not
only in heating, but also in lighting, HVAC and
sun blinds) has an efficiency factor of 0.7. (The
efficiency factor, defined by European standard
EN 15232, indicates the ratio of the achieved
efficiency compared to the reference class C ef-
ficiency, which has a factor of 1). EN 15232 uses
only state-of-the-arttechnology to increase energy
efficiency with IT methods. But the strength of
building automation systems is their versatility:
the building automation infrastructure can be used
for different applications simultaneously, creating
synergies between them. A development in this
direction is demand-side management in buildings:
buildings, and especially the HVAC systems in
the building, can operate in a way that does not
affect user comfort, but makes it possible to adapt
the electric consumption profile over the day. This
flexibility can be used to better integrate volatile
renewables such as photovoltaic systems or wind
power. A BACS that can modify demand based
on available renewable energy increases on-site
usage of energy, reducing the amount of energy
that needs to be transported via the electric grid
and thus reducing transport losses.

From the perspective of a Smart City, it is not
easy to address individual buildings through simu-
lation systems taking into accountarange of 1,000
toseveral 10,000 or even 100,000 households. This
is, however, necessary, if energy management is
envisioned at city level. Currently buildings and
their embedded households and flats are island
systems that do not provide standardized com-
munication interfaces to the smart infrastructure.
Much effortis putinto possibilities forinfluencing
building operation with goals from the “outside”.
The building automation market is still fragmented
and common, standardized solutions have yet
to penetrate the market. City-level demand-side
management (DSM) strongly requires this access,
but this requires a change in the way a building
automation system is conceived. Currently the first
instance is supervisory control, responsible for
overall control of the building and for providing
a user interface for the building operator. Tradi-
tionally, an instance above supervisory control
has not been provided for. With the introduction
of Enterprise Resource Planning (ERP) tools this
has become more common, but it is still vendor-
specific in a fragmented market. A building con-
sists of many components which are connected
into a system — the building. Still, the building
is just one component of a bigger system — the
city. Once it is understood that systems are only
components of bigger systems, the building can
become an active participant in a Smart City.

SOLUTIONS AND
RECOMMENDATIONS

ICT is one of the main enabling technologies for
Smart Cities. However, the selection of target-
oriented and cost-effective equipment will be one
of the main challenges in the future.

The examples described above may differ in
scale or approach, but they all present some com-
mon traits that will be summarised in the following
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section. First and foremost: ICT-based tools are
closely connected to the goals to be achieved when
speaking of Smart Cities. The focus is indeed both
on modelling approaches and data integration.

Regarding the former, a number of solutions
already exist today, ranging from the more ““classi-
cal” top-down approaches, especially at city-level,
to the more specific bottom-up ones. Which ap-
proaches and tools to adopt depends of course on a
number of conditions, but the amount and quality
of available data play major roles. An important
stepis the slow but progressive switch from simple
qualitative analyses to precise, quantitatively and
spatially defined ones. Information, at any level,
must not only be known in detail, but must also
show a precise spatial reference.

Given the multiplicity of system elements and
energy topics to be dealt with, the availability of a
common set of data to be shared among stakehold-
ers in the planning process is of great importance.
A consistent, detailed data repository is required
to avoid errors, ease management and enhance
cost-effectiveness for scenario development. Quite
some effort is therefore necessary for the explora-
tion, collection, error check and integration of the
heterogeneous data sources required to describe
cities. Data integration can drain huge quantities
of resources (in terms of time and money) when
a simulation and assessment framework needs to
be established for a city. If original data are not
available, proxy data must be made available,
allowing a workaround for modelling and as-
sessment. These are necessary steps which, once
carried out, finally result in reducing the overall
effort for many future repetitions of simulation,
analysis and assessment.

The adoption of 3D city models has recently
started, showing the potentials and strengths such
tools may offer. 3D city models will be further
exploited as they allow the inclusion of many
relevant entities and aspects of a city and can
act as a model framework for all energy-relevant
aspects within a city. If Smart Cities are supposed
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to deal with complex topics in a holistic way, then
3D city models are (one of) the right approaches
to choose.

When supporting urban energy planning in
an integrated way, different resolutions must be
incorporated regarding space, time and spatial
dimensions (3D). An ideal final state of an inte-
grated urban energy planning tool for monitoring
and maintaining urban energy systems may cover
the following topics:

e  Real time monitoring of energy consump-
tion by energy carrier for the entire city,
certain districts, selected blocks or even
buildings,

e  Control of the systems including distribu-
tion network connections and the applianc-
es of a household connected to the grid in
case of emergency or as routine,

e  Assessment of consumption by energy car-
rier, consumer groups and/or appliance
groups and related key performance indi-
cators to evaluate progress on energy effi-
ciency, renewable energy use share, green-
house gas mitigation performance,

e  Decision support for energy consump-
tion improvement measures allowing ex
ante assessment of the impact of adapta-
tion scenarios for the entire city or for se-
lected areas addressing districts, blocks or
selected groups of buildings or individual
buildings, which finally will turn out as hot
spots in need of quality improvement,

e  Decision support for urban development,
analysing energy supply alternatives to
identify the most sustainable and cost ef-
fective solutions.

FUTURE RESEARCH DIRECTIONS

Further research is needed for software and
hardware solutions in order to make continuous
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progress in developing fully integrated systems
which span the range of different temporal and
spatial resolutions. As all single functionalities
describing the system entities and the processes
are developed, research resources must be concen-
trated on the dynamic scalability of such a system.

Enabling bi-directional Building-to-Grid
connections (buildings demanding energy from
the grid but also delivering energy into the grid)
requires an IT-framework which allows electric
profile control of buildings according to the needs
of aSmartGrid, e.g. supporting smooth consump-
tion peaks by delivering electricity from local PV
panels into the grid.

Here we see the same maturity of methodology
development. Most of the required information
and communication technology is already in
place: buildings can communicate and control the
building system, do the necessary calculations and
store data for later analysis. Nevertheless two main
developments are required before smart buildings
can become fully integrated into a Smart Grid
and a Smart City. The first involves integrating
advanced ICT methods into building automation;
the second covers the need for open (and possibly
standardized) systems. Advanced ICT methods
summarize developments in other domains that
might benefit smart buildings.

On-site electricity generation and storage
models (distributed power generation through
private PV panels, and related G2V/V2G/V2H
models — see Table 1) make consumers become
prosumers capable of changing their role in the
market. Technological innovation and business
models will go hand-in-hand here (Kanchev et
al., 2011).Various countries are leading Smart
Grid development, while others do not yet have a
market as they lack common regulations for flex-
ible consumer/prosumer behaviour in an energy
grid (Brandstatt et al., 2012).

The usage of ICT and information fusion for
smart and grid-friendly buildings can be catego-
rized as follows:

e  FEnergy efficiency: tools such as sensor
networks, remote (consumption) data ac-
quisition and data mining can be used to
show correlations between expensive and
emission-prone consumption peaks and
operational data and benchmark the build-
ing against others (e.g. kWh per employee
and year). At present, consumption figures
are yearly aggregates and they do not pro-
vide much information. ICT is currently
changing this, feeding energy information
further up the line into enterprise resource
planning tools and accounting software.

e Consumption dynamics: As the behaviour
of buildings slowly leaves behind the sta-
tistical patterns of the last 100 years (due
to on-site photovoltaic systems, response
to dynamic prices, etc.), established meth-
ods are failing to consider their dynamics
in grid management. At the same time,
intelligent buildings offer some degrees of
freedom that were unexploited up to now.
Combining both leads to buildings that co-
operate with other distributed energy re-
sources in the grid. The ICT interfaces and
protocols are far from being standardized
and established. See Palensky and Kupzog
(2013) for an overview of related Smart
Grid topics and their ICT aspects.

Two examples are given below:

1. The first example addresses the predict-
ability of building behaviour as a response
to framework conditions in the near future,
in order to properly exploit flexibility in
building operation: How will outside tem-
peratures and indoor occupancy influence
energy usage? How much will the volatile
renewable energy source produce?

This information is needed to establish predic-
tive control of the energy systems and to optimize
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operations. The according algorithms are used
today in industrial processes known as model-
based predictive control.

2. The second example is the optimization
of building operations by analyzing and
understanding the recorded operation data.
Building automation data records can help
identify inefficient operation, but require
methods and algorithms found today in data
mining applications. Open systems provide
interoperability and open software standards
which allow us to learn from other buildings’
behaviour with respect to certain building
and framework conditions.

While building automation uses a set of com-
munication protocols to standardize interaction
between the components, there are currently
no established standards for accessing building
management systems from outside or defining
services that could be used from outside (e. g.
the flexible service for Demand-Side Manage-
ment). Current building management systems are
proprietary, closed systems that were not designed
to interoperate on this level. Before buildings can
be integrated into a large scale, city-wide opera-
tion and optimization, it is necessary to agree on
standardized and open system definitions.

CONCLUSION

Given the complexity of a city, including multiple
energy (sub)-systems that are linked to different
spatial and temporal scales, ICT solutions must
be able to integrate these different scales, but
also to cope with the demand and supply side at
the same time.

Any energy-related urban planning action is
today confronted with several, sometimes concur-
rent, challenges and decisions. These include the
selection of different types of energy generation
and distribution technologies, the construction
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and extension of supply and utility infrastructures
and an overall increase in energy efficiency, as
well as the need to simulate different scenarios
according to different energy policies to assess the
impact of the measures. ICT tools can therefore
help with the holistic approach needed to tackle
these challenges. First of all, problems can be
analysed and given a quantitative answer, with
differentlevels of accuracy depending on the level
of detail considered.

Nowadays, precise information about all
physical and functional characteristics of a single
(modern) building can be organised, simulated and
stored. Moving from the single-building dimen-
sion to the urban one can be achieved by means
of different strategies, depending on the amount
and accuracy of available data. The adoption of
virtual 3D city models can be seen as a major
step toward data integration and harmonisation,
and, although the resources-intensive step of data
integration is still required, the emergence of new
tools is making the task easier. Even the move
from 2D to 3D allows for more possibilities to
extract data automatically (e.g. computation of
shared walls or volumes).

In the near future, the goal is to formally
define and create an integrated and coherent
platform aimed at decision support for urban
energy performance improvement and related
impact assessment. This platform should be
based, among others, on semantically enriched
3D virtual city models (which will serve as data
hubs for all city-relevant simulation tools), being
able to deal with the interactions between energy
demand, supply, networks and storage, taking
into account the scales, from (sub)-building level
to blocks, neighbourhoods, districts and finally
the entire city. Additionally, it must be possible
to integrate different temporal scales (ranging
from minute time slices to annual totals) to al-
low system loads to be balanced by simulating,
monitoring and controlling the energy demand and
supply state — the latter by integrating dispersed
power generation through “private” PV-panels
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and integrated power delivery/storage/consump-
tion models (G2V / V2G / V2H) to head off load
surplus and shortage through demand fluctuation).

Thus the final goal for maintaining and
improving Smart Urban Energy Systems is to
strengthen the applicability of models and tools
with respect to:

e  Integrating observation, control, simula-
tion and assessment of centralized and dis-
tributed energy supply systems,

e  Integrating energy supply and demand side
control at individual and aggregated levels
— from individual household demand and
building modelling to city wide demand /
supply modelling, control, observation and
assessment,

e  Simulating real-time system behaviour
which allows spatial as well as temporal
aggregation of supply, storage and demand.
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KEY TERMS AND DEFINITIONS:

Building Automation: ICT-based control of
the energy performance of buildings with respect
to security, fire and flood safety, lighting, shading,
heating, cooling, humidity control and ventilation.

Decision Support Tool: ICT-based tool sup-
porting decision making through simulating the
implementation of probable measures and assess-
ing the resulting effects.

Demand-Side Management: Control of the
individual energy demand and observation of the
individual and aggregated energy demand.

District Heating and Cooling: This is a
technological concept comprising infrastructure
for delivering heating and cooling services to
distributed customers. It is mainly based on a
wide range of local (fossil but renewable) energy
sources that under normal circumstances would
be difficult to use or remain unused (e.g. CHP
(combined heat and power plants), geothermal,
large-scale solar thermal or ambient energy (via
heat pumps) and industrial waste heat). The energy
source may change over time as the energy market
and technologies change to favor new generation
technologies or other more economic sources.

Energy Policy Assessment: Assessment
of the effectiveness of energy policy decisions
with respect to effects on (fossil) energy demand
reduction, greenhouse gas emission mitigation,

increases in renewable energy usage and further
(positive or negative) socio-economic and envi-
ronmental development.

Energy Supply Management: Monitoring,
assessment and control of the energy supply, cur-
rently considering the integration of distributed
(renewable) energy sources.

GIS, Geographic Information System: Soft-
ware designed to manage, manipulate, analyze
and present spatial or geographical data. Spatial
data represent geo-located, spatial objects (areas,
points, lines, raster cell sets, recently also 3D-
objects) with thematic attributes describing the
objects’ properties) building together a digital
map. They are stored either in file sets with files
containing geometric features and afile containing
attributes — linked to these geometric features, or
they are stored in geodatabase systems with collec-
tions of digital maps. GIS-applications allow users
to create interactive queries, to analyze spatial
information, to edit geometric data, to generate
new content through geometric functionalities
(e.g. intersecting maps, calculating spatial aver-
ages, sums, etc., calculating new attribute content)
and to present the results of all these operations.

Smart Grid: The extension of a power grid sys-
tem from a unidirectional system of electric power
generation, transmission, electricity distribution,
and demand-driven control to a bidirectional
system enabling distributed power generation and
supply providing continuous information on the
system state by means of digital processing and
communication, making data flow and informa-
tion management a central feature.

Urban Development Simulation: Modelling
of (spatial) urban development processes over
time by simulating individual actors’ decisions
resulting in change of land use, land use density
and spatial interaction as well as changes in urban
metabolism (energy consumption, emissions,
waste, wastewater) through land-use related activi-
ties, some of them listed in the energy planning
tool description.
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Urban Energy Planning Tool: ICT-based
tool which allows spatially-explicit assessment
of energy efficiency improvement potentials and
energy demand and supply modeling through
activities triggering energy consumption (heating,
cooling, lighting, mobility) and energy generation.
The spatial explicitness refers to different spatial
scales ranging from building to block, neighbor-
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hood and city level and to the visualisation of
model results in maps and 3D renderings.
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ABSTRACT

Nowadays, residential hybrid energy systems are moving from being a pure theoretical exercise to real
applications for new urban areas. The growing interest related to the needs of reducing pollution, the
phasing out of fossil fuel resources and the need to safeguard the environment, have led to a large num-
ber of studies and solutions to reduce fuel consumption and to manage energy sources in a better way,
leading to an innovative concept of the city where smart infrastructures are in place. In this chapter
we introduce the concept of hybrid energy systems, namely buildings that can exploit both renewable
energy sources and the grid. On top of it, a system manager schedules the usage of electrical appliances
to minimize the electricity bill while providing peak shaving and load balancing services to utilities and

service providers.

INTRODUCTION

A city becomes smart whenever investments in
ICT referred to human and social capital ensure
sustainable economic progress, a high quality
of life and an efficient management of natural
resources (Seisdedos, 2012). Indeed, with the

DOI: 10.4018/978-1-4666-8282-5.ch009

term smart city we define a set of urban planning
strategies aimed at optimizing and innovating
public services in such a way as to connect infra-
structures with human/intellectual/social capital.
This result can be achieved thanks to new com-
munication technologies, mobility innovations
and environmental safeguards/energy efficiency:

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.
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the common objective is to improve the quality of
life, satisfying the needs of citizens, businesses
and institutions. A marked line between smart
cities and digital cities can be defined, due to the
profound difference between a city which lever-
ages on environmental & social capital and a city
with a huge technological infrastructure. Urban
performances are not only measured with the pure
presence of infrastructures, but also with the avail -
ability and quality of communication, knowledge
and social infrastructures which determine urban
competitiveness.

The expression Smart city is frequently used
in different contexts. In economics, it describes
smart industry, and especially industries related
to ICTs in different forms. Moreover, smart city
can be used in regard to the education of its
inhabitants: a smart city definitely has smart
citizens. In other cases it can be referred to as-
sociate governments, administrations and their
citizens: “e-governance” and “e-democracy” are
increasingly popular and widely-used terms these
days. Furthermore, smart city is associated with
modern transport technologies, i.e. smart systems
capable of improving urban traffic and mobility.
Finally, aspects related to quality of life are often
associated with the word smart, in connection to
sustainability, green energy and security in gen-
eral terms. Above all, the level of innovation and
problem-solving capabilities define smart cities:
ICT technologies are the most important means of
improving these characteristics. In this way, smart-
ness is somehow an internal quality of a place,
city or region in which innovation processes are
simplified through information and communica-
tion technologies. The smartness level is mainly
defined according to people, cooperation systems,
digital infrastructures and the means provided by
the community to citizens.

In this context, a pillar infrastructure of a
smart city is the power distribution grid. When
power distribution infrastructures exploit ICT for
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improving overall efficiency and sustainability, we
can refer to them as fundamental components in
the larger domain, better known as Smart Grids.

Smart cities and smart grids are strictly cor-
related: the majority of existing smart cities can
leverage on smart grid technologies, including
mostly energy-oriented objectives. While smart
cities can make the user aware of energy efficiency
and savings, smart grid components provide
infrastructures capable of connecting different
elements of the city itself.

A smart grid is based on a concept of bi-
directional electricity flow where buildings can
also generate and store electric energy, while
some years ago they were simply supposed to be
consumers. Now, the local generation of electric
power could potentially transform households into
energy producers and hybrid electrical residential
systems could become a source of earnings and
not only used for saving money. A smart grid
must facilitate the optimal management of the
load (offering demand-side management and
other ancillary services), exploiting the informa-
tion processed from the meter, and should avoid
energy waste, overload and voltage drops.

Moreover, smart grids impact positively on
single user premises: home environments, in
the majority of the world, are isolated energy-
consuming units lacking in sustainability and
efficiency. Now, in a smart city, intelligent grids
can interact directly with the end users in their
dwellings, contributing to saving energy and to
using it in a more efficient way. In such a vision,
smart houses can be considered as active elements
of asmart grid (Gungoretal.,2012). A smart house
(Ricquebourg et al., 2006) can be considered as a
residential building equipped with devices (such as
smart meters or smart energy controllers) which
are coordinated to achieve a common set of goals
for the end users. Communication and metering/
measuring technologies are crucial in this kind of
scenario, making it possible to achieve the best
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results in terms of energy management with a
strong and flexible communication network and
an adequate amount of information involved.

Moreover, given that a smart house is inserted
inthe context of the smart city, exploiting the smart
gridinfrastructure the customer becomes part of a
network with bidirectional energy flows. Indeed,
green-energy intakes permit to develop and to use
tools to reduce grid power demand when wind or
solar power can supply the total demand. Accord-
ingly to previous works on renewables, energy
storage technologies are usually considered to
store exceeding energy. Unfortunately, their cost
is still a problem, and consequently their usage
and sizing must be really accurate.

Green-energy technologies and smart energy
management must also control techniques and
algorithms to further reduce the overload, like
peak clipping, load shaping and scheduling.

In particular, the scheduling of the electrical
loads can arrange activities/loads at fixed inter-
vals, satisfying constraints and a defined objective
function: the algorithm will work to obtain an
optimal plan according to the goals of the whole
smart city. Recursively, each user at bottom level
can tune it based on their specific needs, to let the
network achieve the global goals.

In this huge system, the grid is responsible for
power transmission and energy efficiency: these
are the target variables of the scheduling problem
under analysis. In particular, in this chapter we
discuss the implementation for a single dwelling.
The results can easily be scaled up to the size
of the smart city to get an idea of the possible
advantages.

BACKGROUND

Smart Grids need an interdisciplinary approach
because different technologies contribute toimple-
menting new services. For example, intelligent
controls, renewable energy systems and real-time

measuring are components which create the Smart
Grid real architecture. They can be grouped in
domain areas, as suggested by (Momoh, 2012),
as follows:

e  Renewable energy systems, which general-
ly consist of photovoltaic systems or wind
turbine elements.

e  Storage systems, which are used as a buffer
to temporarily “park” excess green energy
from renewable sources and to compensate
for their high variability.

e  Transmission system, which has to deliver
the energy if the players in the grid are far
from each other (e.g. if renewables are not
installed in the same building that con-
sumes the energy). It ensures performance,
reliability and quality of service.

e  Monitoring and Control technologies,
which are essential in a Smart Grid be-
cause it has to be capable of “self-monitor-
ing” and “self-healing”, and must be robust
to instability and to frequent variations in
energy flows.

e  Distribution system, which acts at the final
stage of the power dispatch to end users.
It can exploit smart meters and communi-
cation protocols to automate the process,
including self-learning capabilities for au-
tomated billing, voltage and load transfer
optimization and real-time pricing.

In conclusion, the coordination of the compo-
nents of a smart grid is fundamental to improve
efficiency and to facilitate the use of intelligence
and energy efficient policies, also inside houses
(smart homes). From “Inside the Smart Home”,
by Frances K. Aldrich (2003)

A “smart home” can be defined as a residence
equippedwith computing and information technol-
ogy which anticipates and responds to the needs
of the occupant, working to promote their comfort,
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convenience, security and entertainment through
the management of technology within the home
connection to the world beyond.

“Responding to the needs of the occupant” is
afundamental goal in a smart city, where citizens
are both active players and end users. To achieve
these kinds of results (comfort, convenience,
security and entertainment) the smart system
governing the different entities in the smart city
has to be up to date and flexible.

The adopted solutions are systems capable of
exploiting energy intakes from renewables using
storage systems as energy buffers, and are usually
assisted by an ad hoc controller to guarantee the
optimal management of energy flows. Of course,
home networking is fundamental to achieving this
goal, and some issues and obstacles are present,
so far. For example, the lack of a common and
standard protocol is a problem for the interoper-
ability between different components. High startup
costs can be a barrier for the end user, because
they are still relatively high and do not encourage
investments. Along with this, suppliers avoid sell-
ing products that won’t be bought by consumers:
in this way, the adoption of innovative technolo-
gies isn’t promoted and speeded up. Finally, the
absence of general attention on the topic is still
remarkable. However, the awareness of energy
costs and the trend of “going green” are expected
to be accelerators for smart home technologies.

With a controller installed in any building,
energy management policies can be defined both
at urban area level and at a single building. In
particular, it is possible to adopt a top-down ap-
proach, where each urban district can forecast the
energy expenditure and the cost of the energy from
the grid, as well as determine a budget for each
single building. At the bottom level, the Energy
Manager will determine a plan (or a schedule)
of the energy usage within a specific period (e.g.
24h). In this way, shortages of energy are reduced
because, for example, a single user could receive
energy intakes from another user’s photovoltaic
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system and, in addition, the wasting of excess
energy when the demand is low, or unsuitable
behaviors, are prevented.

This top-down approach is possible by means
of measuring and communication technologies:
these systems are essential in developing the
smart network, connecting the different entities,
allowing the management of the energy flow in
every direction. These are now introduced, before
addressing the problem of load scheduling.

Measuring Technologies

Smart meters are advanced measurement de-
vices capable of obtaining information from
loads included in a network and measuring their
energy consumption, information useful for ef-
ficient monitoring and better billing. The major
advantages of smart meters, defined as advanced
metering infrastructure (AMI), are their ability
to execute a large number of functions, two-way
communication (both to supplier and to other
meters), and the collection and storage of real-
time energy consumption data. In addition, some
advanced products can control loads and perform
complex analysis and processing to assess the
power quality of the grid and the characteristics
of the loads. Figure 1 shows an example of such
devices (Wispes, 2010). These are non-invasive
wireless power meters with self-sustainable ca-
pability. They exploit a small clamp-on current
sensor to measure current, avoiding wire cutting or
circuitinterruption. The energy harvesting feature
permits self-sustained operations, and thus can
continue to log data also without batteries. The
meter can measure a 0W-10kW input powerrange
with a 1W-5W resolution and a +1% maximum
measurement error. They can provide an analysis
of the power quality with on-board harmonic
evaluation (up to the 7th harmonic component)
and wireless connectivity.

These counters have various advantages for
energy suppliers, users and institutions. For in-
stitutions and utilities, they have the potential to
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Figure 1. Smart meter

boost the economy (leading to investments in new
real-time metering and pricing technologies), they
reduce pollution, they increase the reliability and
efficiency of the service (transmitting information
gathered from consumers to the data collector) and
they help prevent blackouts through more accurate
energy forecasts. On the other hand, atthe end user
side, a smart meter shows energy consumption,
permits the issuing of more accurate energy bills
and enables users to use household appliances
correctly. In fact, in a smart home, these meters, if
coordinated by an ad hoc controller, are the basic
source of information in appliance scheduling
operations. In addition, their usage helps suppliers
to discover any unauthorized consumption of en-
ergy (theft), improving the quality of distribution.

Despite the aforementioned strong points, the
usage of smart meters on alarge scale involves im-
portant investments, both in terms of distribution
and grid network maintenance. Replacing obsolete
counters with smart meters can be aninconvenient
step for service providers initially: existing infra-
structures need to be revised and usually meters
can only be fully exploited if all appliances and
devices in the network communicate. Moreover,
the amount of exchanged data between different
smart meters and the central server is not trivial

and even maintenance, storage and management
can necessitate an intense workload. Even though
managing the exchange and gathering of data is a
challenging task, information extracted through
smart meters is actually used by utilities to model
the electricity demand for the optimization of
production and distribution.

In the future, smart meters will drive this trend
and enable the automatic recognition of single ap-
pliances in use inside the premises. In this sense,
service providers and grid managers will gain an
insight into which kind of loads are connected
to their grid and, more importantly, customers’
habits in nearly real time.

Afirstclassification of the proposed techniques
to implement this smart home vision differenti-
ates between top-down and bottom-up approaches
(Swan & Ugursal, 2009).

The first class of techniques aims at extracting
models based on macro-economic parameters
(inflation, unemployment...) useful for regional/
national planning, but unsuitable for residential
load disaggregation. The second approach in-
stead aims at extracting the single components
that characterize the energy consumption. The
technique proposed in this approach, in principle,
can be scaled from national to single user level.
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The most interesting ones are based on Non-
Intrusive Appliance Load Monitoring (NILM or
NIALM) systems to extend smart meter func-
tionalities beyond AMISs. Several ideas have been
proposed in the last 20 years to enable load disag-
gregation and appliance recognition at single user
level, providing the utility with timely information
on habits in conjunction with power utilization.
The key point is that data are collected through a
single point of measurement (Hart, 1992). While
the smart meter monitors the signal flowing in
the home’s network to measure consumption,
the NILM processes the same signal to identify
the unique “signature” of the appliances. Several
definitions of “signature” have been proposed in
literature that use time- and frequency-domain
features but the task is complex and a complete
embedded system is a long way from being
marketed (Zeifman & Roth, 2011; Butner et al.,
2013), confirming that smart meters and NILMs
are complementary devices.

In short, the smart meter design process is
strictly related to technological and cost require-
ments, e.g. maintenance of the communication
network, server and smart meters, and data
protection, security and storage. All these issues
influence their improvement and diffusion.

Communication Technologies

RTU (Removal Terminal Unit) and SCADA
(Supervisory Control And Data Acquisition) are
innovative means with dedicated communication
channels to and from WAN (Wide Area Network)
and the System Control Centre (Janaka et al.,
2012).

The SCADA system mainly connects the major
power facilities (like transmission grid, central
stations and distribution stations) while WAN con-
nects different hosts, creating a subnet, becoming
the backbone of the grid. The Smart Grid extends
the communication all over the distribution system
and grants a bidirectional way of communication
for the user through NANs (Neighbourhood Area
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Networks) and, within this, each user’s dwell-
ing/building has a dedicated HAN (Home Area
Network).

Essentially, there is an optimal communica-
tion technology for each kind of sub-network: the
wired and wireless communication technologies
available are

e WiMax (Worldwide Interoperability for
Microwave Access). Based on the IEEE
802.16 standard, it is specialized in wire-
less high bandwidth communication
point-multipoint.

e MPLS (Multiprotocol Label Switching).
Permits, in IP networks, the routing of
flows from an input node to an output node
through labels between adjacent nodes.

e BPL (Broadband over Power Lines). A
means of communication capable of en-
abling internet access through power lines.

e  Wi-Fi. Commonly used, allows devices to
connect to each other through a WLAN
based on the IEEE 802.11 family of
standards.

e Power Line Communication. Permits
transmission over the electricity grid, over-
lapping the electric current flow (50-60
Hz), of a signal with a higher frequency,
managed with a proper modulation.

In particular, focusing on two kinds of these
technologies could be useful because they are ad-
opted by metering systems to send and/or receive
data in the network, according to the scenario.

e Radio Frequency (RF): smart meters
gather measurements from consumer and
transmit them wirelessly to a data collec-
tion system. These data are processed and
delivered in different ways to the central
system, exploiting a mesh (meters commu-
nicate with each other) or a point-to-point
(meters communicate directly with a cen-
tral collector) topology, for example.
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e Power Line Communication (PLC): the
measurements gathered are transmitted
through electric lines and later processed
and analysed. With this method it is pos-
sible to work and communicate over long
distances but it has less bandwidth and
greater costs.

SCHEDULING OF ELECTRIC LOADS
Local Scheduling

Many scheduling algorithms are available in lit-
erature. For instance, in (Leon-Garcia & Mohse-
nian-Rad, 2010) the authors propose an optimal
and automatic residential energy consumption
scheduling framework which attempts to achieve
atrade-off between minimizing the electricity bill
and the waiting time for the operation of each ap-
pliance, exploiting linear programming. (Pedrasa
et al., 2010) developed a tool that residential
consumers can use to optimize their acquisition
of electrical energy services. In this case, first
the user chooses a schedule, then the algorithm
rearranges the appliances based on the available
energy resources. The system comprises batteries,
PV, and water storage tanks.

(Molderink et al., 2009) aimed at optimizing
the consumption on a local scale (a single house)
and a global scale (multiple houses). The algorithm
divides the planning horizon into intervals and
at the beginning of each interval a plan is made
for that interval. It is executed iteratively with
parameters determined at the beginning of each
slot. The goal is to find the best mix of match
sources with the lowest cost, using ILP (Integer
Linear Programming).

In (Mohsenian-Rad et al., 2010) energy con-
sumption scheduling with several buildings has
been addressed by sharing energy sources for
autonomous demand side management. So we
speak about a distributed algorithm to find op-
timal energy consumption schedule. However, it

is explicitly stated in the paper that the scheduler
doesn’t change the amount of energy consump-
tion but aims to manage and shift it. Moreover,
this work includes an array of batteries for PHEV
(plug-in hybrid electric vehicles), avoiding the
overload of the network while charging.

The majority of papers usually strictly focus
on a single aspect to reduce consumption, while
many other parameters and variables could be
involved in the process of energy reduction. Every
work addresses the issue in a different way: we
can find efficient schedulers with a poor level of
detail (Kurucz et al., 1996), schedulers adaptable
to different scenarios (Mangiatordi etal.,2012) or
complex schedulers without taking into account
Alternative Energy sources (Nghiem et al., 2011)
and so on. Although there are very many, some
aspects of the problem deserve further in-depth
study. In the following paragraph we present a
framework to cover all the possibilities and vari-
ables related to a dwelling, to fulfil the needs of
householders and to save energy and money.

Scheduling in Urban Areas

The control of energy consumption and effi-
ciency is managed by the smart grid in the whole
smart city environment. The ultimate goal of this
control is to achieve intelligent consumption by
users in the smart city and increase savings, i.e.
better management of resources is a way to save
energy and at the same time reduce expense. The
application of scheduling algorithms in this smart
city environment, involving each single node in
the network, is a viable solution to help achieve
this goal. Obviously along with green energy pro-
duction plants (PVs, wind turbines...), electrical
energy storage systems, and so on.

Schedulers can also provide aggregated data
that can be used to extractinformation about habits
and consumption for single dwellings.

A scheduling system for this scenario can be
divided in a “top level scheduler” and a “bottom
level scheduler”. At the top level, the scheduling
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process concerns the entire smart city, a district, a
set of users (dwellings or other kind of buildings);
at the bottom level, scheduling is typically related
to the single-user. The difference is that, from top
to bottom level, constraints change: at the top they
are related mostly to the energy distribution, at
the bottom constraints are focused mainly on a
“bounded” energy saving, where constraints can
be seen as “objectives”. In particular, at bottom
level scheduling (i.e. a single user), we can act an
arrangement of energy and activities thanks to the
presence of the aforementioned NILMs, assum-
ing which appliances are used from the current
or voltage trend, and a distributed system capable
of measuring costs.

Itisimportant to underline that policies applied
in the managing process vary according to the
scenario, and are different district by district; for
instance, in a district strongly equipped with re-
newable systems, the power supplier could impose
a higher energy tariff with respect to other places
to best exploit renewable sources and reduce the
possibility of overload.

Introduction to Scheduling Problems

As Monte Zweben and Mark S. Fox (1994) wrote
in Intelligent Scheduling, a scheduling process is
the selection from among alternative plans and the
assignment of resources and time for each activity
so that the assignments obey the temporal restric-
tions of activities and the capacity limitations of a
set of shared resources. It is an optimization task
where limited resources are allocated over time
among both parallel and sequential activities so
that measures like tardiness, work-in-process,
inventory, and make-span are minimized.
Scheduling problems arise in the context of
automation, finding an opportune sequencing of
a set of activities that use limited resources, typi-
cally machines dedicated to a specific task: the
solutions find applications in many areas, from
logistics to project management to our case, thatis,
appliance scheduling in an urban area or dwelling.
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In the last 30 years, many authors have worked
on this problem and, nowadays, the state of the
art allows for the classification and unification of
different algorithmic approaches; by the way, in
this complex scenario, it’s hard to indicate that
an approach is better than another.

In a simple way, within a scheduling problem,
there are a set of jobs, which is a specific instance
of a Task. Each task has a specified set of features
based mostly on processing time (the time required
to complete a task) and weight (the importance
of a job with respect to the others).

Moreover, inside a scheduling problem, we can
find different architectures of the system: we can
have a simple case with jobs requiring the same
resources or jobs needing to be executed follow-
ing a FIFO fashion and so on. Aside from this,
a set of constraints can be applied: precedence
constraints and blocking are the most common.
The first one indicates the presence of a ranking
in the list of jobs, while the second one avoids
new jobs while others are running.

A schedule is a complete description of the
temporal execution of a set of activities that have
tobe fulfilled, in accordance with the optimization
of the objectives that can be, for example:

e  Completion Time: The time between the
start of the activity and its completed ex-
ecution. For example, it can be related to a
set of jobs or to a single one.

e Lateness: The difference between comple-
tion time and the delivery date of a job. If it
is positive, lateness indicates a delay; oth-
erwise we are in advance respect the due
date.

e  Tardiness: Coincides with the lateness
when it is positive, it is zero in the other
cases.

The theory on this topic proposes different
methodologies and approaches; in this case we
will investigate Linear Programming to solve the
multivariate optimization problem.



Electronic and ICT Solutions for Smart Buildings and Urban Areas

Linear Programming.

From Computer Solutions of Linear Programs,
written by John Lawrence Nazareth (1987)

A linear program is an optimization problem de-
fined over a finite-dimensional real vector space,
whose solution is required to satisfy a given set
of linear inequalities (called constraints) and to
minimize or maximize a given linear function
(called the objective).

Inshort, alinear programming (Wosley, 1998)
problem may be defined as the problem of maxi-
mizing or minimizing a linear function subject
to linear constraints, where constraints may be
equalities or inequalities.

max{cx:Abe,xZO}

where A isan m by n matrix, ¢ an n -dimen-
sional row vector, b an m -dimensional column
vector, and z an n -dimensional column vector
of unknowns.

Obviously, linear programming involves linear
expressions. Occasionally we can have nonlinear
terms as xf ore™ : this is the major limitation of
linear programming but, sometimes, nonlinear
expressions can be written in a linear form.

If only some variables are integers, we have a
problem called Mixed Integer Linear Program-
ming, in a form as

max cx + hy
Ax+Gy<b
x>0,y >0 and integer

where A is m byn, G is m by p,hisa p
row-vector, and y isa p column-vector of inte-

ger variables. Along with this, if all variables are
integers we have Integer Linear Programming

max cT
Az <b

x > 0 and integer

Sometimes problems have a large number of
feasible solutions. Such problems are named
Combinatorial Optimization Problems.Inaformal
way, we can describe the problem as, given a finite
set N=1,...,n, .. weights for each j € N and
a set of F feasible subsets of N , we find the
minimum weight feasible subset as

miny ¢ :SeF
SCN J
jes

From the above theory, with the necessary
limitations and adaptations to the context of a
smart home, in a smart city scenario the proposed
scheduling algorithm is based on Binary Integer
Programming.

Proposed Scheduling Algorithm

The proposed system aims at reducing the energy
consumption by solving a scheduling problem
regarding home appliances using a photovoltaic
module and a storage system. In this way, along
with the reduction of energy consumption, comes
the economic aspect related to money saving.
We will focus our analysis on a single dwelling
to demonstrate its effectiveness, which can be
“easily” scaled up to the size of the smart grid.
Scheduling a set of appliances means ordering
them temporally in such a way as to optimize
their execution according to some constraints
(as mentioned, in our case reduction of energy
consumption). A system like this tries to grant the
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energy autonomy of adwelling, in particular for the
time of day when energy costs are high, exploiting
solar radiation with photovoltaic technologies and
stocking the energy surplus in a battery, ready for
use when needed.

The scheduling problem is solved via Binary
Integer Programming.

A binary integer programming problem is
subject to a restriction where viable results are
0-1 values.

max cx

Xe {0,1}”

In this way, we represent a binary choice. This
is useful if we consider an event that may or may
not occur in our problem, so we have to decide
between two different possibilities. Such a di-
chotomy can be modelled with the above written
variable x

{ L if the event occurs

0,if the event does not occur

In particular, in our case we based our imple-
mentation on a Branch-and-Bound algorithm that
makes it possible to compute the optimal solution
to the binary integer programming problem by
solving a series of LP-relaxation problems. These
kinds of algorithms are called implicitenumeration
because they behave like an enumeration algo-
rithm, i.e. they try all possible solutions until they
find the optimal one. These numerical solvers are
provided by many scientific computing libraries.

The first step in defining our algorithm is the
reformulation of the binary integer programming
problem written above.
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Az <b
min 'z = Azx=b,

z binary

Inequality is related to matrix 4 and vector
b, where we define the constraint connected to
the capacity limitations; equality is related to
matrix Aeq and vector beq, defining the time

constraint of each appliance task. The resultis x,
a 0-1 vector that imposes the ON/OFF switch for
each appliance, aiming to minimize the objective
function f, imposing constraints.

To determine the schedule, the above problem
can be revised as follows.

With n and m, respectively the number of
appliances and functioning time, and X ; Boolean

variable related to the ON/OFF state of the z-th
appliance in the time slot j , the system is subject
to these constraint equations:

1. The energy consumed in one slot by one or
more appliances has to be under a certain
threshold

ZEZ.XZ.]. < capacity,

i=1

2. Eachappliance has aknown time to complete
its task

3. Objective function is formulated in order to
obtain the lower power consumption accord-
ing to the constraints. In a reduced form, it
can be written in this way
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min ZE@ ZXU.C’ost]. = min f
i—1 =1

Meanwhile, including the free power contribu-
tion provided by the photovoltaic unit, it becomes

i=l Jj=1 i=l j=1

min Zn:E,. (iXi/.Costh - Zn:iEﬂmXijCostj

=min f

where E is the power consumed by an appliance
and £ ;z)on is the generated power. Then, this func-

tion is multiplied, element by element, with the
priority vector. This vector has the following form

P = [a...a]with a=
p

where usually -1e05 < p < Oandais1or p
according to what the user imposes, the result is

n m
ZEZ. ZXi.Cost ,
nxm y Y
i=l Jj=1
n m

= —ZZ S};(ZmeCostj

i=l j=I

=min f

Then, this function is used in the minimization
problem written above. Here the minimization is
completed and the optimization problem is solved
by the solver. In the case the solver does notrespect
the indivisibility constraint, that is

.= CS.

req,t i
where c¢s;is the number of contiguous slots
needed for appliance i, ien and n(z) is an

indivisible appliance, it will reschedule. So, ap-

pliance i will be forced to switch ON, modifying
the P matrix, recalculating f as seen before. With
this new objective function, the framework does
the minimization problem again.

After the minimization, vector x is multiplied
by appliance consumption in order to achieve
overall consumption. From this point, the battery
is used when permitted by charge thresholds and
when we use energy from the grid. The thresholds
act on the system as shown in Table 1.

Models

As seen in the description of the algorithm, the
scheduling framework assumes the presence of a
photovoltaic module and a storage system. Both
general purpose models, available in literature,
have been shaped accordingly to data from manuals
and datasheets of commercial systems.

Photovoltaic Model

Photovoltaic technology exploits the property of
semiconductors whereby they release free elec-
trons as aresult of interaction with light radiation.

This phenomenon takes place in the photovol-
taic cells, made by two silicon semiconductors,
gathering solar light, connected together to create
a photovoltaic module. Cells can be connected in
series or in parallel.

Usually, a PV (Photovoltaic) works in agree-
ment with a set of components in order to achieve
a functioning system. These are:

Table 1. SoC management of the household battery

Allowed Operations
Charge Discharge
SoC | SoC = max X v
SoC > 80%(max) v v
Max Price and SoC > v X
65%(max)
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e  Inverters: used to switch from DC to AC
(generally from 12V, 24V, 48V to 220V)
to supply a load or introduce to the grid.
Normally inverters are equipped with a de-
vice called MPPT (maximum power point
tracking), able to adapt the characteristics
of the production of energy with regard to
load needs, extracting the max power from
the module instant by instant.

e Interface with the grid: a protection device
involved in the event of faults on the grid.
This interface inhibits the entry of current
of the photovoltaic plant in the grid, in case
the grid parameters seem to take harmful
values. Practically, it is a protection mea-
sure to ensure the security of the grid, the
plant and whoever works on the system.
Usually, many inverters have the interface
included.

Here, the photovoltaic module can be modelled
like a voltage source that varies linearly with
temperature and sun radiation value (Skoplaki &
Palyvos, 2009). The final power derived from the
system comes through two different functions:
the first one, exploiting the number of days of the
simulation, the time division for each day and the
number of time slots, achieves the hourly radiation
profile, then from this radiation profile, passing it
to the second one, with voltage of the photovoltaic
panel, time grain and number of time slots, we
have the instantaneous power exploitable from the
system. The way these functions define the power
needs some system parameters like:

° P, ¢rc power generated in STC (165 W)
. G, radiation level (1000 W/m?)

° ~ temperature coefficient (0.043%/°C)

° Tj cell temperature (25 °C)

. N, ¢ series-connected cells (6)

e N, ,parallel-connected cells (12)
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Then, the total power generated at the maxi-
mum power point, for a single panel, is equal to

- [P O (1 (1, —25))} (N N

Obtaining the cell temperature 7' from

T.=T +i-NOCT—20
/ 800

amb

where T' s the ambient temperature, NOCT
is the normal operating cell temperature and,
again, G, is the radiation level. Then the sched-
uler will decide whether to use it at the moment
or to store a part in batteries.

Storage System Model

These are chemical devices capable of storing
energy, converting chemical energy into electric
energy: they are used to store energy on a large
scale within an electrical power grid.

Energy storages, also known as Batteries
(Rand & Dell, 2001), are convenient because
they are available in different sizes and can be
assembled into “packs”, they are portable (when
not so big) and they are able to supply electrical
power instantly. Batteries are mainly divided into
primary batteries, in which chemical reactions
are irreversible, and secondary batteries (or ac-
cumulators), which can be recharged and reused.
For the latter batteries, the discharge-charge cycle
can be repeated until the capacity to store charge
falls below the practical level. Clearly, in our case
we choose accumulators. Well-sized batteries
make it possible to ensure the continuity of sup-
ply even under conditions of low or no radiation
or temporary failure of the same. On the market,
the kinds of batteries available are:
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Lead-Acid accumulators
Lithium-Ion accumulators
Lead-Gel accumulators
Nickel-Cadmium accumulators

And the most widespread are the first two
typologies.

° Lead-Acid. Developed in 1859, in almost
150 years they have undergone great evolu-
tion and now represent 70% of the world-
wide market. Lead-Acid are heavy bat-
teries, relatively cheap and robust. They
are able to deliver very high power and
easy to produce. Lead-Acid batteries can
store energy for a long time and most of
the materials used in this kind of storage
system (more or less 95%) are recyclable.
Moreover, they ensure good energy effi-
ciency (of about 70%), good performances
(if used at high discharge levels) and they
are able to work at a wide temperature
range (-40 °C to 60 °C). Due to these char-
acteristics, they seem to be the ideal choice
for storing surplus energy but, at the same
time, the low energy density implies a very
large battery installation in most cases
and the need for significant maintenance.
Additionally, if not well managed, lifetime
becomes quite short and the risk of the sul-
fation of the plates increases. Their classi-
fication goes accordingly with their appli-
cations: we can find SLI (starting, lighting,
ignition) batteries for cars; motive power
traction batteries for transport vehicles like
fork-lift trucks; stationary batteries used
for backup in, for instance, telecommuni-
cation systems and electric utility systems;
special purpose batteries involved in mili-
tary equipment and batteries for PHEV.

e  Lithium-Ion. Lithium-ion batteries are
constantly evolving, becoming capable of

obtaining a voltage three times that of a
single unit for nickel-cadmium or nickel-
metal hybrid and current capacity respec-
tively more or less doubled. Technically,
ions are extracted electrochemically dur-
ing discharge, migrating through the elec-
trolyte of the host structure. Lithium re-
acts with water, and the electrolyte is then
composed of polymers with non-aqueous
lithium salts, acting as a purely ionic con-
ductor. Construction structures are essen-
tially two: cylindrical or flat. Lithium-ion
batteries offer a large variety of capacities
(usually from 100mAh to 200Ah) and they
are characterized by a low self-discharge
rate (2%-8% of the whole charge per
month). They can sustain a greater number
of charge/discharge cycles and are smaller
than Lead-Acid ones. Other strong points
are their high energy density and high re-
activity. As for drawbacks, a major safety
hazard exists when they are overcharged
or subjected to high temperature. They are
also expensive for large scale applications:
cost reduction and technological improve-
ments are needed to reduce battery cost to
at least 100$/kWh, a sustainable amount to
increase their usage in grid applications.

Inour case, the storage system supplies energy
at the end of the scheduling, using it when needed
(i.e. in general to avoid buying energy) and when
possible. To clarify, batteries in the scheduler
work as per the flow chart in Figure 2.

In short, if the battery is empty, no energy can
be used from it, so the management is finished;
otherwise, energy can probably be taken from the
storage. So, if the SoC in the g -th time slot is
greater than the 80% of the maximum charge of
the battery, then, if appliances in g are powered
with energy from grid (or, from another point of
view, if subtracting consumptions from energy
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Figure 2. Battery management flowchart

generated with photovoltaic is less than zero),
supply energy from the battery to the appliances,
else charge the battery. In the case the charge is
less than 80%, if ¢ is not in the “high-price” zone,
charge the battery, otherwise it checks if the SoC

is greater than 60%. If it is true, supply energy
from the batteries to the appliances, else store
energy. In the end, exit the function if ¢ is equal
to the last slot, otherwise go ahead to the next
time slot g+1.
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Functioning of the Scheduler

The framework focuses on providing a simulation
as close to a real system as possible, with the nec-
essary specifications. Our scheduler takes a set
of appliances, based on priorities, consumption,
energy cost and presence of alternative energy,
and arranges them in an entire day (or week). It
is divided in OFFLINE and ONLINE scheduling
phases.

The structure of the framework lets different
sources cooperate, at each step making it pos-
sible to control a set of constraints related both
to energy sources or simply the mere scheduling
functioning and management.

It works with hourly time slots: for each time
slot, the scheduler decides whether or not to
assign an appliance or multiple appliances, ac-
cording to all the constraints. Before going into
detail about the functioning, inputs and outputs
must be defined. In particular, the system needs
information about:

Hourly power consumption

Time requirements for each appliance
Energy price

Maximum capacity

Sizing (PV and storage capacity)
Priorities

Indivisibility

Simulation length (number of days)
Radiation profile

It provides results on:

Schedule of appliances

State of charge of the storage system
Consumption for each energy source
Information to evaluate performances (ex-
penses and savings).

With these inputs, the framework elaborates
a schedule following the flow chart in Figure 3.

Essentially, at the very beginning there is the
initialization of all the variables involved in the
scheduling process (e.g. time requirements, pri-
orities etc.). Then, the scheduling cycle occurs.
The radiation profile is managed and converted
into usable power by the household, after which
all the variables used by our scheduling function
(including the objective function) are created
and the real OFFLINE scheduling takes place. A
check on all the indivisibility constraints is made:
whenever an indivisible appliance is not sched-
uled in contiguous slots, priorities are modified
in order to force indivisibility and a rescheduling
is carried out.

Here we obtain a schedule of the appliances
related to energy cost and sun radiation: the next
step is to introduce and include the energy contri-
bution by the storage part. As seen previously, the
storage partis managed with an external function,
which establishes whether or not to use its energy
according to the SoC and energy price. Therefore,
energy from the grid is substituted with energy
from the storage: in this way we generally reduce
expenses given that the energy that fills the battery
is taken for “free” from the sun. After updating
the SoC, consumption and savings are computed.

At this point, the OFFLINE scheduling ends.
From now on we will speak only about ONLINE
scheduling.

It starts computing energy consumption from
the beginning of the first day to the first slot (we
speak about the ¢ -th slot, and it is equal to a
single hour) where, if one of the constraints is not
respected, the framework reacts. The constraints
are:

e  Consumption of the desired appliance (or
appliances), to switch on when not expect-
ed, is over a threshold (usually we impose
0.8-1 kW).

e  Consumption of appliances in the ¢ -th slot
plus the consumption of the unexpected
appliances is over the capacity (here is 3.3
kWh).
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Figure 3. Scheduler flowchart
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e Indivisible appliance switched on when
not expected.

Again, if not respected, the framework carries
out a rescheduling from ¢ to the end of the day,
ensuring the indivisibility constraint is satisfied.

Then, if the constraints are respected, it checks
if the appliance is under a certain threshold and
it simply adds the load to the schedule in ¢, oth-
erwise it means that in ¢ no unexpected appli-
ances are switched on. Afterwards, it manages
energy from the storage and updates the SoC. In
the end, it computes consumption and savings.

SIMULATIONS AND RESULTS

In this section, we are going to see how our algo-
rithm schedules the appliances in adefined period,

Figure 4. Weekly radiation profile

observing how the scheduler behaves according
to each different situation and configuration.

In the framework, we use a radiation profile of
anentire week, related to intense regular radiation,
for instance, sunny for the 80% of the days (see
Figure 4 and 5).

Weimpose a set of appliances to get an approxi-
mate average yearly consumption of between 2700
and 3300 kWh/year, according to their consump-
tion pattern. With a fixed maximum energy from
the grid imposed at 3.3 kW, the dwelling, in the
“complex” case, is equipped with a photovoltaic
module (2.35 kWp) and a storage system that can
provide 4 kW at its maximum state-of-charge
(SoC). Along with this, afixed energy price model
is proposed: it is simply a bi-hourly tariff, taken
from a real tariff proposed by an energy supplier
in Italy. From 8 a.m. to 6 p.m. the high price (0.24
€/kWh) is applied, while from 7 p.m. to 7 a.m. the
cost of the energy is lower (0.21 €/kWh).

800 T T T
8o0b -+ . ....... . ....... ;

700

&
o
=]

19,
(=]
(=]

Direct Radiation IWJ'mZ]
B
(=]
=

........

.................

L L A

80

100 120 140 160 180

time [h]

181



Electronic and ICT Solutions for Smart Buildings and Urban Areas

Figure 5. Power produced by the photovoltaic module according to weekly radiation profile
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Performances and metrics are measured as:

e  Power consumption and usage.
e  Expenses, money savings and return on
investment.

Power consumption indicates how much the
system is dependent on the grid: the less or the
better we use grid energy, the more we are “au-
tonomous” in supplying our loads, consuming
less, saving more. This aspect becomes crucial
when we have the support of alternative energy,
where we’re able to manage loads in order to use
as little grid energy as possible. So, in this case,
we positively evaluate when alternative energy
is preferred to grid energy or, if not possible, is
well managed.

Generally speaking, if we have an alternative
energy source, common knowledge would say that
there will be a guaranteed saving. Actually this is
not true! If the sizes are not correct, the money
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invested may not be compensated. For instance, if
we use the photovoltaic energy system in a dwell-
ing with a poor solar light radiation or a plant of
the wrong size, we may not be able to earn money
for the payback. Here, clearly, we have a positive
behavior whenever we get savings and we are able
to pay our investment (in photovoltaic, storage,
wind power etc.) in a reasonable period.

To compute consumptions and savings and
breakeven costs, we run the simulation for several
years, repeating single week patterns: the results
in this case will be closely investigated as regards
the economic metric.

In Table 2 the consumption, time requirements,
hourly priorities, indivisibility constraints and
additional ONLINE time requirements used in
our examples are shown.

As mentioned, the framework can work in dif-
ferent configurations: from a dwelling equipped
only with the scheduler, to a dwelling equipped
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with renewables (photovoltaic and/or energy stor-
age) and an energy manager given by the scheduler.

Inthe next part we are going to describe in detail
the simulation of a scenario where the scheduler
acts on a dwelling with a photovoltaic module
and a storage system. After this analysis, we will
briefly discuss the behavior of the scheduler in
different scenarios (dwelling without renewables,
dwelling only with photovoltaic, dwelling only
with storage system) to provide an overview of
its functioning.

Basic Functioning with Photovoltaic
Module and Energy Storage

This is the most complex case. The dwelling is
equipped with a photovoltaic module and energy
storage.

First of all, SoC (Figure 6 (c)) has an irregular
trend: at the beginning, the first charge phase
comes when we have surplus energy from the sun,
where the sun is more or less an unpredictable
source. Without a storage system, the surplus
energy is wasted, while, when we adopt a battery
bank, with ¢ as a generic time slot, we have
surplus energy if

n

PVEnergy(q) - in (q)Xiq

i=1

is greater than 0, and, in line with the battery
management, we store energy in order to use it
when needed in the future.

A first OFFLINE process arranges the appli-
ances (shown in Figure 6 (a)) depending on the
scheduling algorithm, weighting energy price and
sun radiation forecast.

Then, according to the OFFLINE — ONLINE
pattern and the rescheduling constraints, the steps
to the final scheduling are plotted in Figure 6 (b).
It takes two whole rescheduling steps because
the user turns on unexpected appliances with
power consumption over the threshold (in our
case 0.8 kWh), so, the framework updates the
whole scheduling twice, the first time at 11 a.m.
and then at 18 p.m..

Referring again to Table 2, the final schedule
executed during the day is the one shown in
Figure 6 (c).

The framework provides additional indica-
tions about the state of charge of the battery
bank (Figure 6 (d)), where the algorithm tries to
charge the storage system during daytime hours

Table 2. Appliance consumption and scheduling patterns

Appliances Type Consumpt. s Prioritized Indivisible Online On/ Color
[kWh] [h] OFFT
[h]
Appl Dishwasher 1.2 1 X X 1 Navy
App2 Iron 1 0 X X 0 Blue
App3 Washing 0.6 0 X X 0 Deep Sky
machine Blue

App4 Fridge 0.25 24 X X 0 Aquamarine
AppS TV 0.15 2 X 0 Green Yellow
App6 Computer 0.1 2 X 2 Dark Orange
App7 light 0.09 1 X X 0 Red
App8 light 0.06 8 X X 1 Fire Brick
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Figure 6. Single day scheduling graphical results in the case of a photovoltaic module supported by a
storage system
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exploiting solar radiation and to use this energy
at night-time. This behavior can be observed in
Figure 6 (e), depicting energy subdivision accord-
ing to energy source. Finally, in Figure 6 (f) we
can see the expenses trend, not very significant
in a single day observation.

The overview given by the weekly simulation
is really useful (Figure 7). We can clearly see that
storage behaves in line with the constraints im-
posed to improve its lifetime (SoC can’t be lower
than the 60% of its maximum value). While the
schedule respects the rules and constraints widely
described above (Figure 7 (a) and (b)), the trend
followed by SoC almost becomes a pattern (Fig-
ure 7 (c)). The reason is simple: scheduler supply
loads mostly with photovoltaic energy during the
daytime but, when the sun goes down, the storage
system (charged with energy in surplus from the
sun) supplies appliances. There, when we reach
the lower limit, the battery can only be charged. It
will wait for the next surplus energy to be charged
and, in the meantime, the scheduler uses grid
energy. This cycle repeats every day.

Moreover, as we can see, expenses are drasti-
cally reduced and, in an energy subdivision plot
(Figure 7 (d)), there are few yellow color bars for
grid energy compared to photovoltaic (green) and
storage (blue sky) energy. Using a photovoltaic
module combined with a storage system results
in the very poor usage of grid energy: it is surely
a saving in the present but we must relate savings
and costs to the initial investment (Figure 7 (e)).

Briefly, the energy subdivision through the
adoption of our algorithm is clear: the framework
uses alternative energy sources every time this
is possible. In the daytime, there is enough solar
radiation to avoid grid energy usage, while, at the
end of the day the storage system covers part of
the consumption as far as possible.

Basic Functioning

This is the “simplest” scenario: the scheduler
optimizes the solution only on the knowledge of

the energy price model, in our case a bi-hourly
tariff. Except for possible priorities, the optimi-
zation arranges all the appliances at night-time.
A behavior like this is obvious: in that zone, the
energy price is lower and, without any other en-
ergy source, we limit the expenses. The ONLINE
scheduling depends on the three conditions cited
inthe “scheduling functioning” paragraph. Source
subdivision is composed only by energy from
grid and expenses strictly trace out the power
consumption trend.

To sum up, except for priorities and indivis-
ibilities, appliances are mainly allocated in the
low price time-slots.

Basic Functioning with
Photovoltaic Module

From the previous case, our dwelling is equipped
with a photovoltaic module: we have another
energy source as support. Here the schedule is
completely different from the previous case: the
distribution of appliances over the day is concen-
trated in central time slots (in general from 10.00 to
15.00). This is due to solar radiation in the middle
of the day: the structure of the scheduler aims at
reducing costs so arranging appliances where
we have “free” energy is a logical consequence.

The pointis that part of the photovoltaic energy
is wasted when our appliances consume less than
the available energy.

From simulations in this scenario, we can say
that the system uses energy from the grid for ap-
proximately half of its functioning time, the other
half is photovoltaic energy. The same goes for
expenses: it seems that we break down the costs,
spending half as much money.

Basic Functioning Plus
Energy Storage

According to the algorithm, energy from the stor-
age systemis used after optimization to avoid using
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Figure 7. Weekly scheduling graphical results in the case of a photovoltaic module supported by a stor-
age system
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energy from the grid, so appliances are scheduled
in the same way as basic functioning.

The fundamental difference is that, with the
storage part, we reduce the expenses. For example,
in the middle of the day, when the energy price
is high, we exploit the stored energy while, in
the low price hours, we use energy to charge the
battery. Compared to the case with a photovoltaic
module, here expenses are greater: to achieve
better results, batteries can be sized in different
manners. Probably we will have greater daily sav-
ings, but the initial investment may not be repaid.
SoC somehow follows the constraints imposed
implicitly by the bi-hourly tariff:

e In low price hours: the storage system
charges with energy from grid.

e  Inhigh price hours: the storage system pro-
vides energy to the appliances (i.e. a dis-
charge phase), substituting energy from the
grid, according to its management.

To sum up, in this case, appliances are gen-
erally arranged like the basic functioning case
(here we cannot base on both energy price and
solar radiation), exploiting storage energy during
the daytime. When the energy from the storage
system is not enough to power all the scheduled
appliances, energy intake from the grid is used.

Savings and Costs

With an average annual consumption of between
2700 and 3300 kWh/year (which is a statistical
range of energy consumption assessed in some
countries, such as Italy), the Residential hybrid
energy scheduler can be sized with 2.35 kWp PV
panels and the cost of the system can be evalu-
ated to be:

e PV =235kWp x5 €W =11750 € =
8660 €

e  Battery = 2.35 kWp X 2 €/W = 4700 € =
3464 €

e Installation = 2.35 kWp X 2 €/W = 4700
€=3464 €

Assuming this reasonable system, we calcu-
lated the Return on Investment and the money
saving which can be appreciated in the energy bill,
using the annual solar energy profiles and power
consumption of atypical household. Assuming an
annual energy bill for electricity of about 762 €,
the framework shows how different configurations
of the system can provide different amounts of
saving and intervals for the Return on Investment.

As we can see in Figure 8, PV leads to greater
savings and fewer years to recoup while, with a
single storage system without PV, we need a lot of
years to recoup, and this is clearly inconvenient,
as summarized in Table 3. The number of years
to recoup our investment can be reduced by sell-
ing the surplus energy (0.1 €/kWh for example),
achieving results like in Table 4. In short, by using
the scheduler onits own (i.e. arranging appliances
with the energy cost model) we don’t achieve huge
savings: installing a scheduler (for example inside
a router) could be affordable so, maybe not in a
single year but over a decade, the saving can be
potentially significant. The bestinvestment might
be a photovoltaic module: the saving is high but
not the highest compared to each functioning
mode. Despite this, the investment is paid back
in 15 years, the shortest time in our simulations.

A storage system is more convenient than the
single scheduler, but such an investment is strongly
discouraged, while a storage system combined
with PV leads to a considerable saving with a
reasonable recoup time.

When we sold energy, the results are different:
the recoup time is smaller.

Aswecanseein Table4, selling surplus energy
is more convenient than wasting it. We reduce
recoup time by 8-9 years each. With this, a user
could think of a bigger and more powerful plant:
though a precise and good sizing this could lead
to a more autonomous dwelling and a greater
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Figure 8. Trend of expenses according to functioning modes
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Table 3. Expenses and savings according to energy

sources in the dwelling

Table 4. Cost recoup in the case of sold energy

quantity of sold energy, always according to the

limitations and constraints imposed by the law.
Generally, the results are much better when

adding a PV. Through an initial investment, we
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Functioning With PV With PV and
M
Functioning | Basic | With | With With ode Storage
Mode Scheduling | PV Storage PV and Cost Recoup 7 10
Storage (years)

Expenses 741€ | 247€| T18€ 151 €

Savings 21€ s514€ | 43¢ 611¢€

Cost Recoup x 15 228 19 recoup our money in areasonable time and money
(years) savings are relevant. Energy is well managed:

simply, the scheduler tries to exploit all the solar
radiation instantly. When the PV cooperates with a
storage system the results in terms of money sav-
ings and energy savings are superior if compared
with all the other cases.
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FUTURE RESEARCH DIRECTIONS

Improvements are expected when expanding the
concept of load scheduling to a set of dwellings
cooperating with each other, or maybe changing
completely scenario, adapting the framework for
an industry and a production process.

It could be interesting to insert other alterna-
tive energy sources, like wind power: in this way
it will be possible to see how a different source
interacts with the schedule and with the other
sources, and furthermore make the scheduler
more complete and customizable. Another point
could be the inclusion of a cogeneration system
for thermal energy.

For sure it could be useful to introduce means
for the better sizing of the alternative energy
plants: in this way the simulations are more similar
to reality, so we will have more reliable results.
Obviously, this could increase the difficulties in
understanding and using the framework.

Another idea is to refine the scheduler pass-
ing, for instance, to temporal slots of 30 minutes
or less: doing this we get closer to the process of
making the framework more similar to reality, as
mentioned. With smaller slots we refine the time
subdivision and this will certainly add complexity
and computation time to the scheduler, but with
the correct trade-off, this shouldn’t be a problem.

Clearly, this work can be the starting point for
a set of future improvements and developments.

CONCLUSION

In this work we dealt with Smart Grids, Alterna-
tive Energies and the scheduling of appliances
in the residential environment to manage energy
usage and lower grid energy consumption. With a

growing need to be more environmentally friendly,
the integration of renewables is crucial in a smart
system aimed at optimizing and innovating envi-
ronmental management.

This management, involving citizens in public
policy, should be able to improve the economy
and ease mobility and facilities; moreover, given
that citizens are the most important part of a city,
developing a smart system as seen in this chapter
leads to a better quality of life.

In particular, we propose a way to reduce the
consumption of energy from fossil fuels in order to
increase sustainability, reduce pollution and save
money: we analyze the behavior of a residential
hybrid system equipped with a photovoltaic and
storage system, assuming that we have a set of
means to control, manage and arrange appliances
and electricity flow.

We show a scheduling algorithm that is able
to acton the system, arranging appliances accord-
ing to users’ habits and needs and the state of the
energy sources involved. With the possibility of
assigning priorities, along with the presence of
alternative energy sources and the ability to cope
with possible errors in the forecast of expected
solar radiation, the scheduler is a powerful tool
supported by a double optimization related to the
two scheduling phases. Moreover, the framework
is adaptable to different scenarios and permits
the changing of parameters such as the number
of appliances, power consumption, size and other
parameters.
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KEY TERMS AND DEFINITIONS

Building Management Systems (BMS): A
control system (algorithm) integrated with mod-
ern buildings heavily equipped with sensors and
automatic systems (heating, ventilation, air condi-
tioning, surveillance, alarms, electronic doors...)
ableto collect, process and extract knowledge from
the building itself and the surrounding environ-
ment and capable to take the optimal actuations
to automatically fulfill the comfort and quality of
life requirements for the inhabitants, maximize
the building lifetime, lowering its environmental
impact, operational costs and maintenance.

Hybrid Energy Storage Systems (HEES):
Electronic systems capable of storing electrical
energy for non-immediate use. It may consist in

a set of batteries of various technologies (lead-
acid, lithium-ion and so on) arranged in a matrix
to achieve the required storage capacity where the
heterogeneity of technologies allows to mitigate
the drawbacks and maximize the effectiveness.

Hybrid Residential Electrical Systems
(HRES): Buildings where photovoltaic or other
renewable sources are installed along with the
traditional connection to the electricity grid, these
are active entities in the network, also referred as
prosumers.

Photovoltaic Systems: Electronic modules
able to convert solar irradiance into electrical
energy, usually arranged in arrays or matrices
to fulfill the electricity demand of single houses
(12 to 14 modules), buildings (matrices with up
to hundreds of modules) or cities (set of matrices
usually placed in the country).

Renewable Energy Sources: Sun, wind, wa-
terfalls, tides and other natural energy reservoirs,
naturally replenished, that can be exploited to
generate electrical energy and have a low envi-
ronmental impact with respect to fossil fuels thus
reducing wastes, carbon emissions and global
warming.

Residential Load Scheduling: A control
system (algorithm) interfaced with domestic
appliances (washing machines, TV-sets and so
on), the house and the electricity distribution grid
(service provider) able to automatically manage
the electronic devices according to several poli-
cies, integrating user habits, requirements from
the service provider, time of the day and so on.
For example in case of network maintenance the
system can postpone the dishwasher from morning
to afternoon, automatically, while the user is at
work, at the same time fulfilling the requirement
to get the service complete by 6pm. In the same
way it is possible for the user to turn on all his
appliances (oven, dishwasher, washing-machine)
and the system will take care of the overload
limit by scheduling them based on previously
set preferences.
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Smart Grid: The electric energy network of
the future, where bidirectional flow of energy will
be possible both at transmission and distribution
levels, where end users will become prosum-
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ers (double role of producers and consumers of
electrical energy) and information about network
health, power flows, statistics and consumption
will be exchanged and be available in real-time.
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Vehicles, both personal and commercial, have become ubiquitous forms of transportation in the de-
veloped world. The auto industry is amidst a technological transformation in identifying alternative
sources of energy to power vehicles due to two driving forces: environmental pollution prevention and
depletion of fuel resources. This driver for developing “smarter” solutions to create a “smarter planet”
is crucial to advancing the science behind electric vehicles (EVs). EVs have been in existence since the
mid-19" century, and electric locomotion has been the commonplace in many other vehicle types such
as trains. The focus of this chapter is to discuss the feasibility of EVs in smart cities. In particular, the
chapter explores the types of EVs, advantages and challenges faced by EVs to penetrate the market, and
to outline state-of-the-art research and technologies that are driving the creation of newer and better

EVs for adoption in the smart cities of tomorrow.

INTRODUCTION

While the internal combustion engine has been
the predominant energy choice for vehicles for
more than a hundred years (Tauber, 1995), there
has been a push in recent years to find alternative
fuel sources to the traditional gasoline powered
vehicle due to environmental, health and politi-
cal concerns. Between environmental pollution

DOI: 10.4018/978-1-4666-8282-5.ch010

and fossil fuel availability concerns, the electric
vehicle market has been evolving relatively
quickly (Harris, 2009).In 2011, President Obama
announced in his State of the Union address that
his administration would push to have 1-million
electric vehicles one the road by 2015. Currently,
the main hurdle with adoption of EVs is due to
their limited driving range and ease of recharging.

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.
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Environmental concerns include general pollu-
tion including air emissions as well as availability
of the fossil fuels in the future. Even though modern
day vehicles have made several advancements in
reducing the toxic emissions and improving fuel
efficiency, there has been a steady increase in
emissions in the pasttwo decades. While, this may
be due to the increasing number of vehicles on
roadways, there is still a need to find a method to
reducing the amount of emissions again. Reduc-
ing carbon dioxide emissions to mitigate climate
changeis aleading issue (Boulanger, et. al.,2011)
as well as the concern about the availability of
natural resources in the future to sustain the needs
for running a gasoline-based vehicle.

Health effects from exposure to gasoline (i.e.
filling gasoline tank, gasoline leak from engine,
and general gasoline spills and accidents) are not
mild. Exposure to high levels of gasoline chemicals
canleadto cancer. Long-term effects of occasional
exposure to gasoline are not widely known, how-
ever, inhalation of fumes can lead to dizziness,
headaches, confusion and breathing issues.

Dependence on vast amounts of oil also has its
political issues and can be of particular concern
with the general availability of this resource.
Currently, the Middle East is a large supplier of
oil for the world given its large deposits in that
region. Other countries such as Iran and Ven-
ezuela also have large deposits of oil available in
their region. Therefore, these countries have an
inherent stronghold on other countries because

Table 1. Comparison of types of electric vehicle

of their precious commodity. Being able to find
other methods so that a country is not dependent
on other particular countries for resources, helps
maintain independence.

TYPES OF ELECTRIC VEHICLES

Electric vehicles are referred to as green vehicles
by some as a solution to the internal combustion
engine vehicle for carbon emissions. Electric
vehicles originated in the mid-19" century when
electricity was one of the preferred methods for
motor vehicle propulsion. An electric vehicle
uses one or more electric motors for propulsion.
There are many kinds of electric vehicles such as
electric cars, electric trains, electric boats, scoot-
ers, etc. Electric vehicles are grouped into three
main categories as described in Table 1.

The hybrid vehicle uses gasoline and a small
battery to supplement the standard internal com-
bustion engine. Hybrids have a fuel efficiency that
isincreased by approximately 25% over traditional
internal combustion engine vehicles. As a result,
this vehicle type still has carbon emissions, but
emits less than a traditional vehicle. A quick esti-
mation calculation shows that a hybrid will emit
approximately 23.1 kilograms of carbon dioxide
for every 100 miles traveled compared to the tra-
ditional vehicle, which will emit 34 kilograms for
the same travel distance (Roos, 2014). However,
this comparison while in the absolute case dem-

. O 0 Car Type

e

EE— attery

Gasoline Charge Electric
Hybrid 7
Plug-in Hybrid v y
Battery Electric Vehicle v Y
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onstrates that the hybrid is more environmentally
friendly than a traditional internal combustion
engine vehicle, does not account for the carbon
footprint of producing a hybrid vehicle.

The Argonne National Laboratory conducted
a life cycle analysis of hybrid and conventional
vehicles. (Burnham, Wang, Wu, 2006). The results
of the study show that the lifetime greenhouse
gas emissions for conventional vehicles are much
higher compared to hybrids. Simply stated, the
internal combustion engine has an energy input
of 500 grams per mile compared to the 340 grams
per mile by the hybrid, which follows the same
ratio as shown by Roos (2014). Higher energy
input results in far greater lifetime greenhouse
gas emissions.

Similarly, the plug-in vehicle is similar to the
hybrid. It contains a larger battery pack, which
can be charged from the power grid, regenerative
braking and the gas engine. As a result, the plug-
in hybrid still produces direct carbon emissions
similar to the hybrid vehicle. Plug-in energy is not
always cleaner than gasoline. For example, more
than 45% of the electricity in the United States is
generated by coal-powered plants (U.S. Energy
Information Administration, 2010).

The battery electric vehicle is the immediate
true “green” car due to its lack of tailpipe and
resulting carbon emissions. The vehicle does not
contain acombustion engine and must be plugged
into the electric grid for recharging. However,
the power plant producing the electricity may
however emit greenhouse gases depending on
the manufacturing of electricity similar to the
plug-in vehicles. Different regions produce their
electricity from different resources and methods
and as a result the carbon footprint of an electric
vehicle varies based on geographic (Boulanger
et. al. 2011 & Shade of Green, 2014).

In this chapter, we focus on battery electric
vehicles, which function solely on energy stored
in rechargeable battery packs. Currently only a
few BEVs exist on the market. Similar to other

electric vehicles, BEVs use electric motors and
motor controllers instead of internal combustion
engines for propulsion. BEVs are different from
plug-in hybrid vehicles which function partly on
batteries and partly on gasoline similar to typical
cars. A major difference aside from the use of
gasoline that separates BEVs from hybrids is that
BEVs plug into charging stations whereas hybrid
vehicles cannot be externally charged.

CATEGORIZING BATTERY
ELECTRIC VEHICLES

Current BEVs on the market are grouped into
categories based on the potential maximum speed:

e Low Speed: Cars with a top speed of 37
miles per hour (mph) or less

e  City Speed: Cars capable of reaching at
least 37 mph but less than 62 mph

e  Highway: Cars top speed above 65 mph.

Table 2 summarizes the charging times and
driving ranges for a few currently available
models for each of the 3 types of BEVs. While
most of the vehicles in the current market gener-
ally require between 6 to 8 hours to completely
charge using Level II charging through a North
American standard 240-volt outlet power outlet,
the driving range varies greatly between the three
types of vehicles.

ADVANTAGES AND
DISADVANTAGES OF
ELECTRIC VEHICLES

There are several advantages of having EVs over
typical internal combustion engine (ICE) based
vehicles. These include energy efficiency, envi-
ronmental friendliness and overall performance
benefits.
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Table 2. Examples of currently available BEVs for each category

Vehicle Name Top Speed Charging Time (Level 2 Driving Range Market Release Date
Charging,
Defined in Table 4)

Low Speed Vehicles
Dynasty iT Sedan 25 mph 6 hours 30 miles April 2001
GEM Car (Chrysler) 25 mph 6 - 8 hours 30 - 40 miles April 1998
ZEV Smiley 31 mph 10 hours 75 miles Spring 2007

City Speed Vehicles
Citroén C1 ev’ie 60 mph 6 - 7 hours 60 - 70 miles April 2009
NICE Mega City 40 mph 8 hours 60 miles October 2006
Stevens Zecar 56 mph 6 - 8 hours 50 miles March 2008

Highway Vehicles

BMW i3 93 mph 4 hours 81 — 99 miles 2013
Nissan Leaf 93 mph 8 hours 73 miles December 2010
Tesla Model S — 85 kWh 125 mph 3.5 hours 265 miles 2013

Energy Efficiency: Electric motors convert
75% of the chemical energy from batter-
ies to power the wheels versus ICEs, which
only convert 20% of the energy stored in
gasoline.

Environmentally Friendliness: EVs do not
emit any tailpipe pollutants. While the
power plant producing the electricity may
however emit some, sources of renewable
energy (i.e. water, solar, wind) cause no
pollution at all.

Performance Benefit: EVs are quieter and
provide smoother operation and stronger
acceleration. They also require less main-
tenance than ICEs.

Despite advantages, EVs also have significant
battery-related challenges associated to driving
range and recharge time (Eberle and von Helmolt,
2010):

Driving Range: Most EVs can only drive
approximately 75 - 90 miles before need-
ing to be recharged (Table 3). Gasoline
based vehicles can travel over 300 miles
before needing refueling. This lack of
range by EVs is commonly referred to as
“range anxiety” as drivers are fearful about
not being able to drive to their destinations
due to the limited driving ranges.

Table 3. Examples demonstrating range and charging limitations of currently available BEVs

Vehicle Name 2014 Charging Time (Level 2 EPA Driving Range Lithium Ion Manufactured Retail
Model Charging, Defined in Table 4) Battery Capacity Suggested Price
BMW i3 3 hours 80 — 100 miles 35kWh $41,350
Chevrolet Spark EV 7 hours 82 miles 21.3 kWh $26,685
Nissan Leaf 8 hours 84 miles 24 kWh $28,980
Tesla S 3.5 hours 265 miles 85 kWh $69,900
Ford Focus EV 4 hours 76 miles 23 kWh $35,170
Honda Fit 3 hours 82 miles 20 kWh $36,625

(EPA = United States Environmental Protection Agency)
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e Recharge Time: Fully recharging batteries
can take from 4 to 8 hours (Table 3). Using
a method of “quick charge” to 80% capac-
ity can take 30 minutes.

e  Bulk and Weight: Battery packs are heavy
and take up a considerable amount of ve-
hicle space.

CURRENT BATTERY TECHNOLOGY

Any device that stores energy for later use is
considered to be a battery. In electrical terms, a
“battery” is limited to an electrochemical device
that converts chemical energy into electricity with
a galvanic cell.

Types of Batteries

BEV batteries are deep cycle, since they have to
provide power over longer periods of time. Deep
cycle batteries are designed to be regularly dis-
charged to most of its capacity, usually between
50% - 80% depending on the manufacturer and
construction of the battery. They are character-
ized by their relatively high power to weight
ratio, energy to weight ratio, and energy density.
For example, smaller and lighter batteries reduce
the weight of the vehicle and in turn improve the
performance. The maximumrange of BEVsisdue
to current limitations in battery technologies such
as the lower amount of specific energy (energy
per unit mass) compared to fossil fuels.

Deep cycle batteries that are cycled down
to having only 20% charge, have been shown to
have a lower life span than those that maintain
average cycles at 50% discharge (Serrao, et. al.,
2011). Thus, there is a direct correlation between
depth of discharge on the battery and the number
of discharge cycles it can perform.

BEV batteries are commonly charged from
the power grid. While most power for this is from
domestic resources such as coal, hydroelectricity,

nuclear, etc., renewable sources of energy may also
be used such as solar, hydro, and wind. Certain
manufacturers are investigating the possibility
of using solar energy to recharge vehicles. The
BMW i series has a solar carport as well as built
in solar panels on the vehicle to reduce carbon
emissions from traditional electricity generation
(BMW i, 2014).

The capacity of the grid connection limits
charging time. The normal household outlet
provides between 1.5 kilowatts in countries with
110-volt supply to 3 kilowatts in countries with
240 volt supply. Higher power levels allow for
faster charging, but there are constraints within
the battery as most batteries do not accept charge
greater than their charge rate since high charge rate
has adverse effects on the discharge capabilities
of the batteries.

In Germany, the Centre for Solar Energy and
Hydrogen Research Baden-Wiirttemberg, (ZSW)
has developed lithium ion batteries that retain
more than 85% of initial capacity after 10,000
complete charging and discharging cycles (with
a complete charge and discharge cycle per hour).
This indicates that batteries would be able to last
upwards of 27.4 years. The power density for these
batteries is also high (1,100 watts/kg) which indi-
cates that EVs would have shorter charging times
and better acceleration capabilities (ZSW, 2014).

Additionally, the charge rate (C) for batteries
depends on the battery type. The charge rate (C-
rate) is a measure of the rate at which a battery
is discharged relative to its maximum capacity.
A 1C rate means that the discharge current will
discharge the entire battery in 1 hour. Therefore,
in a battery with a capacity of 100 Amp-hrs,
this equates to a discharge current of 100 Amps.
Similarly, a 5C rate for this battery would be 500
Amps, and a C/2 rate would be 50 Amps. There
are several batteries that exist currently on the
market that allow for higher C-rates which would
make it feasible to charge and discharge a battery
quicker (Botsford and Szczepanek, 2009).
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Battery Life

The lifespan of batteries vary with how it is used,
maintained, and charged as well as temperature
and other factors. Overcharging has negative
consequences on batteries as does undercharging.
Similarly over usage has the same type of nega-
tive consequence as under usage. Thus optimizing
proper battery usage and charging is very important
and necessary in maintaining long-term battery
life. Batteries also have a life after the useful life
in a car, so putting these on the other side of the
electric vehicle supply equipment (EVSE) to load
shift dense urban daytime commuter charging
loads and other grid storage applications has been
considered (Kelly-Detwiler, 2014).

SOLUTIONS FOR EXTENDING
ELECTRIC VEHICLE RANGE

Several solutions for extending the range of elec-
tric vehicles are currently under consideration.
These solutions include advancing both battery
technologies as well as charging technologies.

Battery Technology Solutions

Methods to ameliorate some of these concerns
involve designing larger capacity (kWh) and more
efficient batteries to increase the driving range of
the vehicles. However, thisimmediately correlates
to an increased price of the BEV as batteries
are currently the most expensive component to
the vehicles. Additionally, a larger capacity bat-
tery does not necessarily correlate directly to an
increase in operating distance. A larger capacity
battery is usually one that weighs more as well,
which in turn causes a vehicle to have a greater
curb weight (Dhameja, 2001). This increase in
weight can yield a higher consumption of energy
per driving mile and as a result has a marginal
increase in driving range (Dhameja, 2001). Still
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others are focusing on creating better batteries
with larger charge-rates (C-rates) so the batteries
would be able to charge and discharge quicker.

Quick Charge Solutions

Other research has focused on creating faster
charging schema to recharge the batteries quicker.
However, these charging systems require changes
to current infrastructure to support the needs to
provide power at such high levels quickly. Still,
leading car manufacturers are taunting 20 to 30
minute recharge capabilities using quick charge
stations.

An example of quick charging can be found on
the Tesla Model S. The Supercharger by Tesla is
the fastest charging station currently available. A
20-minute charge can fill the cars battery to half
its capacity. Tesla has installed Superchargers
throughout the United States and Europe. Over
100 charge stations are available worldwide as
of May 2014. Their network of Superchargers in
the United States makes it feasible for a vehicle
to drive from California to New England for free
through the use of these charge stations. Even
with such drastic improvements over typical fast
charge stations, Tesla still intends to develop fur-
ther technology that would allow for vehicles to
be fully recharged in 5 — 10 minutes (DailyTech,
2014). In recent days, Tesla is now sharing their
fast charging patents with the world to accelerate
EV adoption (Smith, 2014).

Standard Plug-In Charging

The most common solution to range anxiety is to
install battery chargers similar to gas stations. This
requires changing infrastructure to both build and
install these charge stations and to ascertain that
the grid in the desired area will be able to handle
the additional load of multiple vehicles recharging
at the same time. The main drawback aside from
the need for infrastructure changes is the amount
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of time required for a vehicle to charge, which
are currently orders of magnitude greater than
the amount of time needed to currently refill a gas
engine tank with fuel. Electric vehicle charging
equipmentis typically categorized into three types
as summarized in Table 4. An example plug-in
charging event for an EV truck is illustrated in
Figure 1. The complete charging process may
take more than six hours.

Swapping Solution

Battery swapping stations are another proposed
method for recharging electric vehicles (Chen,
et. al., 2013) (Ellis, et. al., 2013) (Worley and
Klabjan, 2011). One noted leader in the industry,
Better Place, recently announced that it would
no longer be working in this domain (Motavalli,
2013). The company had raised over $850 million

Table 4. Currently available charging levels and necessary power supply requirements

Type Charging Level Power Supply Charger Power Charging Time
Normal Level 1 120V, single phase, 12A 1.4 kW 16 hours
Level 2 240V, single phase, 15A 3.3kW 8 hours
240V, single phase, 30A 6.6 kW 4 hours
Fast Level 3 480 VDC, 3-phase 50kW 30 minutes
Figure 1. Example of plug-in charging event for an EV truck
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from investors, in which the idea was to create
a network of swapping stations that let electric
vehicle drivers avoid long recharging times by
simply swapping batteries through an automated
process. This concept was being pursued in Israel,
Denmark, Australia, China, and United States.
American operations for Better Place were seen
in localities such as Northern California and Ha-
waii. In Northern California (San Francisco and
San Jose), Better Place had been commissioned
to create all electric taxi fleets with swappable
batteries.

Tesla is still investigating battery swapping
as a solution to the range anxiety issue for their
vehicles. Currently, the Tesla is designed such
that its battery can be swapped in less than half
the time it takes to refill a gas tank. However, the
first Tesla battery swapping stations have not yet
been implemented for public use.

The common problem with swapping bat-
teries was the lack of uniformity in batteries.
Therefore, finding an automatic method that could
easily replace batteries for all types of EVs was
not feasible until standardization occurs in EVs.
Coupled with large infrastructure changes and
heavy machinery that were needed to sustain the
concept, the suggestion to swap batteries has not
seen much popularity.

Anotherideatoincrease effective drivingrange
of electric vehicles was to have vehicles available
on demand and to share EVs (King, et. al. (A) and
(B)). This car-sharing program was much like
that of hourly rental cars, where unused vehicles
would be parked in a central location charging
when not in use. This idea while useful for the
adaptation of EVsis not sustainable as people own
their vehicles and the concept of on demand and
car sharing only works for rental vehicles and not
personally owned vehicles.

Wireless Charging Solutions
There are many proposed methods for using

wireless charging for electric vehicles. Wireless
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charging typically occurs through inductive power
transfer (IPT) for the purposes of electric vehicles.
IPT is a method in which electrical power is ef-
ficiently transferred between two objects without
wires through an electromagnetic field. Several
small household appliances are now available
that utilize this technology such as rechargeable
electric toothbrushes, cell phones, and remotes
for gaming consoles. It is unaffected by dust, dirt,
water, etc. and as aresult has less wear and tear on
electrical connections associated to the vehicle.

Currently, the most common application is
to install wireless charge pads in homes. This
application of wireless charge transfer offers the
owner many benefits, from being able to utilize
a program to offer guidance on smart charging to
avoiding the hassle of physically plugging in the
EV to the charging system. Still the disadvantage
of this method is that it does not offer any addi-
tional driving range when the EV is being used
on a day-to-day basis.

A current proposed method for using IPT for
recharging EVs involves placing inductive charg-
ing strips on roadways to provide charge for BEVs
driving on the street. Several research groups have
suggested this method as a method to increase
driving range of EVs, however have done little
work to quantify the results from such a system
(Lakshari, Shladover, Lechner 1986, Yilmaz,
Buyukdegirmenci, Krein, 2012). The focus has
been on the hardware and infrastructure changes
needed to sustain this concept (Zhang, Wong,
Chen 2011 and Zhang, et. al., 2014).

In South Korea, researchers at the Korean
Advanced Institute of Science and Technology
(KAIST), have developed an Online Electric Ve-
hicle System (OLEV)designed to allow EVs travel
longer distances with smaller batteries (Lee, et.
al. 2010 and Ko, Jang, Jeong, 2012). KAIST has
been able to successfully demonstrate their wire-
less roadway charging system with high transfer
efficiencies (>70%) on a bus and SUV. However,
a major disadvantage with this concept is still the
need to alter existing infrastructure.
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Another proposal involved installing wireless
charging devices at traffic lights such that EVs
can be charged while waiting at a traffic light
(Mohrehkesh and Nadeem, 2011). The proposal
further stated that intelligent transportation meth-
ods would need to be investigated to determine the
best method for coordinating and extending stops
at traffic lights to enable EVs to acquire charge.
The method also suggests that EVs would be routed
such that their frequency and duration at traffic
lights are increased. This method not only requires
changes to infrastructure but also adds a level of
complexity by having all vehicles affected with
the new traffic light schema. Additionally, there is
no mention in the literature about the number of
vehicles that can be serviced at one traffic light.

Alternative Charging Solutions

Several alternative methods have been proposed
for wireless charging. While each method has its
pros and cons, these methods currently have not
gained much traction for vehicle charging. Among
notable alternatives are: inductive coupling, laser,
and strong electromagnetic resonance.

e  Inductive Coupling: The inductive cou-
pling works under the resonant coupling
effect between coils of two LC circuits.
The maximum efficiency is only achieved
when transmitter and receiver are placed
very close from each other. The cons of
this method include the short range and
the loss of efficiency as fast as the coils are
separated.

e  Laser: LaserMotive, a company that fo-
cuses on using laser technology to re-
charge batteries, flew a quadrocopter for
12.5 hours. This proof of principle experi-
ment demonstrated an extension of the bat-
tery life by 150 times from its traditional 5
miles. Prior to this, in 2009, LaserMotive

demonstrated the feasibility of their tech-
nology with transmission ranges over 1
kilometer.

o  Strong Electromagnetic Resonance: In
(Karalis et al., 2009) and (Kurs, 2007)
introduced the method of wireless ener-
gy transfer via “Strong” electromagnetic
resonance. This method uses the “strong”
electromagnetic resonance phenomenon,
achieving energy transfer efficiently at sev-
eral dozens of centimeters.

VEHICLE-TO-VEHICLE
WIRELESS CHARGING

While others have explored V2V applications,
these were always proposed for stationary periods
atparking locations using wired connections (Lui,
Wu, Gao, 2013). We are the first to propose vehicle-
to-vehicle (V2V) wireless charging (Dutta, 2013).
The basic premise for our charge-sharing network
is to have two vehicles wirelessly transfer charge
between each other at coordinated rendezvous
spots and/or traffic light intersections. Through
the use of computer networking and communica-
tions algorithms we show the feasibility of such a
scheme to increase the effective driving distance
of an electric vehicle. The main advantage of
our proposed solution is the lack of needing to
change current roadway and grid infrastructures
in metropolitan cities. Unlike installing charging
or battery swapping stations, our method relies on
vehicles serving as ad hoc moving charge stations
that can offer charge to each other.

To make our concept feasible, the EVs will
need to have specific hardware installed including
inductive power transfer (IPT) devices as well as
mechanisms that extend out of vehicles to mini-
mize the distance between the two vehicles during
the energy transfer. The feasibility of our network-
based approach will be determined by modeling
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realistic average distances between opportunities
for charge transfers by using real-world data.
The frequency in which a BEV is able to receive
charge units currently determines the success of
the network given battery size and the amounts of
energy that can be transferred in short intervals.
Therefore, the average distance between charge
transfers is a parameter that needs to decrease. This
can be accomplished by increasing the number of
vehicles participating and/or by communicating
between vehicles to arrange rendezvous points.

Technological Feasibility

Current IPT technology is gaining traction in both
the research and industrial markets. There are sev-
eral startups, companies and research groups that
are focusing their efforts to advance the overall
technology. Table 5 summarizes examples from
each of the sectors currently involved. The tech-
nological feasibility of this concept is dependent
upon three key parameters of inductive charge
transfer: efficiency, power level and safety.
Efficiency refers to the loss of energy during a
charge transfer. Currently available technologies
for IPT boast efficiencies well over 90%. The
efficiency of the system is overall important to
make sure that not too much energy is lost during
a transfer. Since the system will have a limited
amount of excess energy available; we need to

ascertain that we can conserve as much energy as
possible. Thus, if transfers are highly inefficient,
then there may not be enough energy available in
the system to support the total amount of charge
needed by the participating vehicles.

Power levels for transfer are important to
determine the amount of charge that can be
transferred between vehicles in a 30 second stop
at an intersection. We perform a quick back of
the envelope calculation to determine the feasible
rates of transfer for a Nissan Leaf with a standard
total capacity 24 kWh battery. In order to transfer
5 units of charge in 30 seconds, we need to trans-
fer 1.2 kWh in 30 seconds. Using a conservative
efficiency of 90%, we assume that 10% is lost
to heat, which indicates that we need to transfer
1.33 kWh in 30 seconds. Using a simple power
calculation (Eq. 1), we note that we would need a
transfer rate of 159.6 kW. While this is arelatively
high transfer rate, we note that according to Table
5, there is already technology available that can
sustain these rates.

Energy 1.33kWh
time 30sec

=159.6kW
(D

Power =

Safety is a concern for charge transfers at such
high power. For humans, the concern is about
exposure to magnetic waves that are present dur-

Table 5. Examples of currently available IPT devices on the market along with their published specifications

Name Technology Efficiency Distance Transfer Rates (In Sec)
Companies Bombardier PRIMOVE Up to 200 kW
Qualcomm Qualcomm Halo Up to 7 kW
Siemens >90% 15 cm 3.6 kW
Research ORNL 90 - 94% 25 cm 7 kW
Giroups KAIST OLEV 85% 20 cm 180 kW
Stanford >97% 6.5 feet 10 kW
Start-ups Delphi 20 cm 3.3kW
EvaTran Plugless Power >90% 10 cm 3.3kW
WiTricity >90% 15-20cm 33kW
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ing a transfer. However, studies done on similar
wireless charge transfers for buses at bus stops have
not shown any issues for human exposure since
the magnetic fields are well contained. Therefore,
IPT has been shown to be safe to humans even at
high transfer rates (Wu, Gilchrist, et. al., 2011).
Similarly, determining battery safety is also im-
portant since the temperature will increase for
the battery to accept the additional energy. We
perform a quick calculation to determine whether
the temperature increase during a charge transfer
would affect the integrity of the battery and cause
adverse events (i.e. battery explosion).

Using the earlier example of transfer toa Nissan
Leaf, we estimate a lower bound of 10% of the
transferred Joules becoming heat. Using equa-
tion 2, we obtain that 478,800 Joules of heat are
produced. To calculate the amount that increases
the battery temperature with the heat being spread
equally, we apply equation 3. We assume that
the mass of the battery is 293,930 grams (from
literature) and that the specific heat capacity of
Lithium Ion battery is 0.83 J/g C at the operating
temperature of an electric vehicle. We note that
the temperature of the battery simply increases
1.96 degrees Celsius during a charge transfer.
This small increase of temperature is negligible
and as a result does not pose any safety hazards
for the technology.

E(j) = enerqgy * time
= 159.6kW * 30sec = 4,788,000Joules

2
Q=mcAT
478,800) =293,930g*0.83] / gC *AT
AT =1.96C

3)

Assumptions

We develop our model using simple heuristics for
charge transfer and evaluate performance based
on the number of cars that are able to reach their
destination given varying driving distributions.
The model is intended to serve as a proof of
concept to determine whether IPT can increase
the driving distance that a BEV can travel. To
simplify the simulation, we assume:

e  All cars enter the system with 100 units of
charge, the capacity of a full battery. Units
are dimensionless and 100 units corre-
spond to the distance that can be driven on
a fully charged battery.

e  Charge and travel distance are normalized
such that 1 unit charge results in a travel
distance driven of 1 distance unit. (Many
BEV’s can travel 100 miles on a fully
charged battery, so that 1 unit of distance
is 1 mile.)

e A car does not need its excess remaining
charge units upon reaching its destination.

e  We assume lossless transfers since current
transfer efficiencies are already greater
than 90% (i.e. transfer efficiency is equal
to 1).

e  External factors that can cause a car to use
more than 1 unit of charge to travel 1 unit of
distance are not included in the model (i.e.
cars are never stuck in traffic nor do they
lose additional charge for using headlights,
heating/air conditioning, radio, etc.).

Simulation Framework
Our vehicle-to-vehicle (V2V) charge-sharing

network was developed in two main iterations.
The first iteration was a simplified version devel-
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oped in Matlab to demonstrate proof of principle,
while the second version was developed in Java
to serve as a more robust simulation model with
more inputs and parameters. Figure 2 represents
the advanced version of our model framework
(Dutta, 2014).

Scheduling Rendezvous Points
using Fisheye State Routing

Common examples of scheduling rendezvous
points involve public transit systems such as
para-transit (Baker, Franz, Sweigart, 1993) and
for private transportation systems such as package
delivery (Rivers, 2002). In both these cases, one
objective is to minimize the time that any passen-
ger or package has to wait in order to reach their
destination. The other objective is to reduce the
number of delivery trucks and/or transit vehicles
needed to accomplish the delivery and transporta-
tion of people and packages.

Our main objective is to retain excess charge
in the system to increase the opportunities for
vehicles needing charge to acquire charge in order

to reach their destinations. Using GPS, we know
the start, node i, and ending, node j, points for all
vehicles entering and exiting the system.

We propose a novel application of fisheye
state routing (FSR) to coordinate the meeting of
vehicles at rendezvous points to exchange charge
(Jaap, Bechler, Wolf, 2005). The FSR approach
translates to maintaining accurate distance and
path quality information about the immediate
neighborhood of a node, with progressively less
detail as the distance increases (Pei, Gerla, Chen
2000 and Johansson, et. al., 2004).

For our case, FSR is useful since we have the
mostinformation about vehicles that are closest to
each other at a given time iteration. It is harder to
predict with reasonable accuracy the arrival time
for a vehicle to a destination that is further away
given driving conditions. Therefore, to minimize
both charge consumed and time for the vehicles
that are set to rendezvous, we want to find the
optimal pairing and routing that requires the
least amount of deviation from original routing
for both vehicles.

Figure 2. Inputs for our vehicle-to-vehicle charge sharing Monte-Carlo stochastic simulation. The model

has been created to be sensitive to several parameters, which can be adjusted to reflect conditions in

different geographic areas.
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We define our fisheye scope based on a “desper-
ation factor” with a first-come-first-serve (FCFS)
methodology for the vehicle needing charge. This
“desperation factor” determines the radius of the
scope that the vehicle will communicate within
to find a feasible car for charge transfer (Figure
3). Results from our simulations can be founds
in papers listed under the additional reading sec-
tions. Overall, we demonstrate an extension of
EV range by over 150%.

Offering Incentives using
Game Theory Methods

In order to encourage participation in our charge-
sharing network, we model one method for offering
incentives through a pricing strategy. Our approach
is to determine the bargaining that would occur
if only two system participants are exchanging
charge through Nash Bargaining.

Cars that require charge (c < d) in order to
successfully reach their goal are referred to as

Figure 3. Fisheye scopes for vehicles. The small-
est radii occurs when cars are least desperate for
charge and expands until the radii, r, approaches
the number of units of charge remaining for the
vehicle at critical point.

buyers while cars that have excess charge (c > d)
are referred to as sellers. Buyers want to purchase
units of charge from sellers at the lowest price
possible while sellers want to maximize their
revenue. Incentives for participation are offered to
encourage participation in the system. The buyer’s
incentiveistoreachits destination without needing
to stop for recharging, while the seller’s incentive
is to earn money on route to a destination.

In each transaction, two cars, one buyer and
one seller, determine a price at which the charge
transaction will occur if its possible. They both
have a price that they are willing to pay/receive
for each unit charge, referred to as buyer’s Will-
ingness to Pay (WTP) and seller’s Willingness
to Accept (WTA). We model WTP and WTA as
logistic functions (Figure 4). Since logistic func-
tions have two horizontal asymptotes, we are able
to set the lower asymptote at the minimum price
that a unit charge is worth (the market value) and
the maximum price that one is willing to pay or
can receive for a unit charge (i.e. cost of failure
for buyer and governmental regulations for seller).

Nash Bargaining theory assumes there is one
buyer and seller. The seller values the trade less
than the buyer such that WTP > WTA. This is
because the seller only loses potential income from
the transaction if it is unable to sell the excess
charge but does not face issues with reaching its
destination. However, if WTP < WTA, no trade
is possible. We determine the price, p, the buyer
and seller agree upon for the transaction assum-
ing that WTA # WTP using the Nash Bargaining
Solution (NBS) from cooperative game theory.

Nash Bargaining Formulation
and Solution

We assume that at each intersection, only two
cars will be involved in a charge transfer: one
buyer, and one seller. The seller is willing to sell
with cost, WTA and the buyer places a value on
the unit of charge, WTP. We assume that as long
as WTP > WTA, the transaction will occur. Our
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Figure 4. Example of WTA and WTP pricing using logistic functions

price

WTA
(Supply)

WTP
(Demand)

X (number of transfers remaining)

problem is to determine at what price, p, will the
unit of charge be sold at. We define the buyers
and sellers utility as shown in equations 7 and 8,
respectively. If no transaction occurs, then both
the buyer and seller utility are 0.

Set S is the set of all feasible outcomes where
the outcomes for the players are denoted by
(“17 u2) . The buyer’s utility is u, (eq. 4) and the
seller’s utility is u, (eq. 5). If no price agreement
is reached, then both seller and buyer are at a
disagreement point (0, 0).

u, =U,(WTP — Price)=(WTP — Price)
“)

u, = U (Price = WTA) = (Price — WTA)
)

The bargaining solution will be given by
single point (”1* , uz* ) that satisfies the following
assumptions:

° Individual rationality: (“1*’ u;) >0.
Simply stated, the bargaining solution must

be at least as good for each player as what
they would get from no agreement.

e  Feasibility: (u,*,uz*) must be in the set S,

which basically states that we cannot allo-
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cate something that is not available to be
given out.

e  Pareto optimality: This means that there
can’t exist any other proposed bargaining
solution that provides a better solution than

* *
(o'10,).

° Independence of irrelevant
alternatives

° Independence of linear
transformations

° Symmetry.

The value added by a trade, M, is determined
when the buyer and seller agree to a trade and is
determined by equation 6. Consequently, we can
calculate the value added to the buyer, U, and
seller, U, using equations 7 and 8, respectively.

M=WTA-WTP (6)
U, =WTP — Price (7
Us; =Price—WTA (8)

When a disagreement occurs, we assign a
value referred to as the best alternative to nego-
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tiated agreement (BATNA). If both players in
a 2-player bargaining game disagree on how to
divide M, then each receives their disagreement
value. Let D, represent the disagreement player
for the buyer and D represent the disagreement
value for seller. We set our disagreement to 0,
since if no transaction occurs then both the buyer
and seller receive no utility.

S

= (Price — WTA) U (Price — WTA)

U (Pm'ce - WTA)

S

- (Price - WTA)

The bargaining problem is a pair, B=(U,d),
such that U is the set of utility pairs that can be
obtained as p varies between WTA and WTP. The
element of Uis pair u = (ul,uz) dfuweluel,
then buyer gets utility u, and seller gets utility
u, . As noted before, the disagreement point is
(0,0). Thus, if no agreement is reached, then
buyer and seller get utility 0. The Nash Solution
function will tell us what utility the buyer and the
seller receive, and hence the price at which the
object is traded.

To find the solution, we determine the Nash
Product (eq. 9) and identify the price, p, which
maximizes the equation. We find feasible utilities

in the pair ((Price - WTA) , (WT P— Price) )
aspvariesininterval (WTA, WTP). We maximize

by choice of p 1in constraint:
WTA < Price <WTP, we find the NBS is

determined by equation 10, since p satisfies the
constraint WTA < Price < WTP.

Nash Product
= (Price — WTA)"(WTP — Price)’

_ WTA+WTP

10
> (10)

price

Future Work on Vehicle-to-
Vehicle Wireless Charging

Future work is twofold. While we have created an
extensive robust model to show the feasibility of
such as a system, the implementation of such a
model is crucial. Certain parameters in our mod-
els are estimations for human behavior and need,
and as a result the model can only estimate these.

The physical implementation of an IPT sys-
tem that can transfer charge between vehicles is
necessary. We have hypothetically described how
these devices would function. However, actual
implementation is necessary to determine the new
application of this technology.

Future work can also be useful in extending our
charge transfer framework to become more robust,
sensitive to various parameters, and addition of
parameters to better model a situation. We identify
a number of areas for future work, which include
the development of better heuristics to determine
charge transfer. Some specific ideas for possible
future work are discussed in this chapter along

Table 6. Differences between structured and unstructured fleet vehicles

Structured Unstructured
Schedule Yes No
Network path Yes No
Example FedEx, UPS, MTA Taxicabs, Rental Cars, Commuter

Vehicles
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with potential framework ideas for pursuing the
development of these areas.

One possible extension is to explore the ad-
dition of structured and semi-structured fleet
vehicles to the model. In the current framework,
we focus our analysis tounstructured fleet vehicles
thatinclude commuter vehicles and taxicabs. Fleet
vehicles are defined as groups of vehicles that are
owned or leased by a business as opposed to an
individual or family. Types of fleet vehicles range
from cars to vans to trucks, depending on the
need of the company. Multiple drivers, multiple
paths, or any combination of the two can use any
single vehicle in a fleet system. In essence, fleet
vehicles can be thought of as moving micro-grids
or networks with nodes and parameters. Fleets of
vehicles can be clustered into groups: structured
and unstructured fleet vehicles (Table 6). Each of
the types of fleet vehicles serves very different
functions.
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KEY TERMS AND DEFINITIONS

Electric Vehicle Supply Equipment: (EVSE)
Defined as the conductors, including the un-
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grounded, grounded, and equipment grounding
conductors, the electric vehicle connectors, attach-
ment plugs, and all other fittings, devices, power
outlets or apparatuses installed specifically for the
purpose of delivering energy from the premises
wiring to the electric vehicle by the 1996 NEC
and California Article 625.

Machine-to-Machine: (M2M) Broad term
that refers to technologies that allow both wireless
and wired systems to communicate with other
devices of the same type.

Original Equipment Manufacturer: (OEM)
In the context of automotive parts, designates a
replacement part made by the same manufacturer
as the original part.

Vehicle-to-Building: (V2B) Describes a sys-
tem in which electric vehicles can communicate
with a building to sell demand response services
by either delivering electricity into the building
or by throttling their charging rate.

Vehicle-to-Grid: (V2G) Describes a system
in which electric vehicles can communicate with
the power grid to sell demand response services
by either delivering electricity into the grid or by
throttling their charging rate.

Vehicle-to-Vehicle: (V2V) Describes asystem
in which electric vehicles can communicate to
each other to sell demand response services by
delivering electricity to each other.
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Chapter 11

New Transportation
Systems for Smart Cities

Christos G. Cassandras
Boston University, USA

ABSTRACT

Poor traffic management in urban environments is responsible for congestion, unnecessary fuel consump-
tion and pollution. Based on new wireless sensor networks and the advent of battery-powered vehicles,
this chapter describes three new systems that affect transportation in Smart Cities. First, a Smart Parking
system which assigns and reserves an optimal parking space based on the driver’s cost function, combin-
ing proximity to destination and parking cost. Second, a system to optimally allocate electric vehicles to
charging stations and reserve spaces for them. Finally, we address the traffic light control problem by
viewing the operation of an intersection as a stochastic hybrid system. Using Infinitesimal Perturbation
Analysis (IPA), we derive on-line gradient estimates of a cost metric with respect to the controllable
green and red cycle lengths and iteratively adjust light cycle lengths to improve (and possibly optimize)
performance, as well as adapt to changing traffic conditions.

INTRODUCTION

The term “Smart City” is used to capture the overall
vision of an urban environment with well-managed
processes such as traffic control and energy distri-
bution; safer and more efficient services such as
parking or emergency response; and anew genera-
tion of innovative services yet to be developed.
From a technological point of view, at the heart
of a Smart City is a cyber-physical infrastructure
with physical elements (e.g. roads, vehicles, power
lines) which are continuously monitored through
various sensors to observe, for instance, air/water

DOI: 10.4018/978-1-4666-8282-5.ch011

quality, traffic conditions, occupancy of parking
spaces, the structural health of bridges, roads and
buildings, as well as the location and status of city
resources including transportation vehicles, police
cars, police officers, and municipal workers. The
data collected need to be securely communicated
(mostly wirelessly) to information processing
and control points. These data may be shared
and the control points can cooperate to generate
good (ideally, optimal) decisions regarding the
safe operation of these physical elements (e.g.
vehicles guided through the city). It is important
to emphasize that what ultimately makes the city
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“smart” is not simply the availability of data but
the process of “closing the loop”, consisting of
sensing, communicating, decision making, and
actuating. Figure 1 is a high-level illustration of
this process, which must take place while taking
into account important issues of privacy, security,
safety and proper energy management necessitated
by the wireless nature of most data collection and
actuation mechanisms involved.

In this chapter, our focus is on transportation
aspects of urban settings and on new develop-
ments which promise to revolutionize how ve-
hicles operate in a Smart City and how overall
traffic is managed. At any given time, hundreds
of thousands of vehicles are in constant motion
through the roadway networks associated with
any large urban area. Based on the 2011 Urban

New Transportation Systems for Smart Cities

Mobility Report, the cost of commuter delays has
risen by 260% over the past 25 years and 28% of
US primary energy is now used in transportation.
Congestion in such traffic networks is estimated
to be responsible for 20% of fuel consumption
in any significant urban area. A major source
of frustration for our inability to improve traffic
conditions is the realization that, even if we could
determine a theoretical optimal operation point,
there are extremely few controls currently allow-
ing us to attain this point: they are mostly simple
signaling schemes (traffic lights) and economic
incentive mechanisms (tolls, speeding fines). At
the heart of the problem is one of the well-known
folk-principles from game theory: when a player
(driver) lacks information about the behavior of
other players (drivers), poor decisions are made

Figure 1. Cyber-physical infrastructure for a Smart City
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(Braessetal.,2005). Consequently, evenif adriver
is “smart” and makes use of sophisticated data
about the state of the system, his/her decisions
may be driver-optimal, but not system-optimal.
In fact, poor or inadequate traffic manage-
ment in urban environments is responsible not
only for congestion, causing a significant waste
of time and frustration, but also unnecessary fuel
consumption and environmental harm through
pollution. As an example, it is estimated that
30% of traffic congestion in an urban downtown
area is caused by vehicles cruising for a park-
ing space and it takes a driver an average of 7.8
minutes to find one (Arnott et al., 2005). It has
also been reported that over one year in a small
Los Angeles business district, cars cruising for
parking created the equivalent of 38 trips around
the world, burning 47,000 gallons of gasoline and
producing 730 tons of carbon dioxide (Shoup,
2005). In addition, the inefficiency of existing
traffic light controllers is well established, as
evidenced by the common occurrence of vehicle
backlogs forming in a road subjected to a long
red cycle while no traffic is present in a cross
road competing for the same intersection. There
are two major technological developments which
provide tremendous opportunities to develop new
transportation systems for a Smart City, leading
to reduced pollution and fossil fuel consumption
in addition to a vastly improved quality of service
for drivers and pedestrians alike. First, the new
sensors and wireless networks connecting them
provide the capability to make real-time data avail -
able for urban traffic conditions. For example, the
state of a parking space (either on-street or off-
street) can be readily detected and used to assign
such spaces to drivers and even reserve them.
Second, the advent of battery-powered vehicles,
including Electric Vehicles (EVs), provides an
opportunity to drastically reduce harmful emis-
sions and conserve energy. Naturally, introducing
these technologies into urban environments entails
challenges which need to be overcome in order
to deliver the expected benefits. These challenges

may not only be technological in nature, but also
socio-economic, as new policies and incentive
structures need to be introduced in order to lead
to the effective adoption of the new transportation
systems proposed.

In the remainder of the chapter, we will dis-
cuss three new systems affecting transportation
in Smart Cities. First, we will describe a Smart
Parking system. We will then explain how the key
ideas used in Smart Parking can be applied to a
system for optimally allocating Electric Vehicles
(EVs) to charging stations and reserving spaces
for them. Finally, we will present a new approach
for adaptively controlling traffic lights, leading
to improved traffic control in an urban setting.

A Smart Parking (SP) System

As already mentioned, as much as 30% of traffic
in urban settings is estimated to be due to ve-
hicles searching for parking. This has motivated
considerable work in studying parking behavior
and improving parking efficiency. Various models
aimed atunderstanding how drivers make parking
choices have been developed over the past two
decades (e.g. Thompson & Richardson, 1998;
Young et al., 1991), while traffic authorities in
many cities have developed so-called Parking
Guidance and Information (PGI) systems for better
parking management. PGI systems present driv-
ers with dynamic information on parking within
controlled areas and direct them to vacant parking
spaces. Parking information may be displayed on
variable-message signs (VMS) at major roads,
streets, and intersections, or it may be disseminated
through the Internet (Griffith, 2000; Streetline,
2012; Teodorovic & Lucic, 2006). PGI systems
are based on parking space monitoring, typically
through the use of sensors placed in the vicinity
of parking spaces for vehicle detection (Mimbela
& Klein, 2000). However, using PGI systems,
system-wide reductions in travel time and vehicle
benefits have been found to be relatively small
(Thompson & Richardson, 1998; Waterson et al.,
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2001). Building upon the objectives of PGI sys-
tems, several reservation-based parking systems
have also emerged, allowing drivers to obtain
parking information before or during a trip, and
reserve a parking space (Hodel & Cong, 2003;
Rodier & Shaheen, 2010; Tsai & Chu, 2012). In
addition, traffic congestion can also be reduced
by controlling the parking price (Chou et al.,
2008; Teodorovic & Lucic, 2006). For example,
in San Francisco (SFPark) there are already time-
dependent or demand-dependent parking fees to
achieve the right level of parking availability in
different areas (SFPark, 2012).

Although current parking guidance systems
increase the probability of finding vacant parking
spaces, they have serious shortcomings (Geng &
Cassandras, 2013). First, drivers may not actually
find vacant parking spaces by merely following
the guidance. In essence, such systems change
driver behavior from searching to competing for
parking: more drivers go toward the same avail-
able parking spots and it is possible that none are
free by the time some drivers arrive, thus forcing
replanning and competition for other spots. Al-
though smartphone applications exist for drivers
to check real-time parking information using their
mobile phones, there are also safety issues associ-
ated with drivers watching parking updates while
driving. Second, even if a driver is successfully
guided to a parking space, such a system increases
the probability of finding any parking space at the
expense of missing the opportunity for a better
space. For example, a driver may pay to park at
an off-street parking facility but miss the chance
to obtain a nearby free on-street parking space
that may better serve him. Third, from the city’s
point of view, parking space utilization becomes
imbalanced: parking spaces for which information
is provided are highly utilized and cause higher
traffic congestion nearby, while other parking
spaces may be routinely left vacant. In general,
guidance systems do not solve the basic parking
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problem. Even worse, they may cause new traf-
fic congestion in areas where parking spaces are
monitored.

The Smart Parking (SP) system described
here is based on a new concept which explicitly
allocates and reserves optimal parking spaces to
drivers, as opposed to simply guiding them to a
space that may not be available by the time it is
reached. The allocation is based on each user’s
objective function that combines proximity to
destination and parking cost, while also ensuring
that the overall parking capacity is efficiently
utilized. Reservation in this system is different
from those mentioned earlier, in that the latter
only involve garage space reservations and there
is no attempt at any form of optimality; in our
SP system, drivers may reserve both off-street
and on-street parking spaces which are selected
to be optimal based on a well-defined objective
function structure.

The Smart Parking System Framework

The proposed SP system adopts the basic struc-
ture of PGI systems as one of its components. In
addition, it includes a Driver Request Processing
Center (DRPC) and a Smart Parking Allocation
Center (SPAC). A Parking Resource Management
Center (PRMC) collects and updates all real-time
parking information and disseminates it via VMS
or Internet (basic functions of PGI systems). The
DRPC gathers driver parking requests and real-
time information (i.e. vehicle location), keeps
track of driver allocation status, and sends back
the assignment results to drivers. Based on the
driver requests and parking resource states, the
SPAC makes assignment decisions and allocates
and reserves parking spaces for drivers. Further
details on this framework can be found in (Geng
& Cassandras, 2013).

The basic allocation process is described as
follows. Drivers who are looking for parking
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spaces send requests to the DRPC. A request is
accompanied by two requirements: a constraint
(upper bound) on parking cost and a constraint
(upper bound) on the walking distance between a
parking spot and the driver’s actual destination. It
also contains the driver’s basic information such
as license number, current location, car size etc.
The SPAC collects all driver requests in the DRPC
over a certain time window and makes an overall
allocation at decision points in time, seeking to
optimize a combination of driver-specific and
system-wide objectives. An assigned parking
space is sent back to each driver via the DRPC.
If adriver is satisfied with the assignment, he/she
has the choice of whether to reserve that space.
Once a reservation is made, the driver still has
opportunities to obtain a better parking spot (with
a guarantee that it can never be worse than the
current one) before the current assigned spot is
reached. The PRMC then updates the correspond-
ing parking space from vacant to reserved, and
provides the guarantee that other drivers have no
permission to take that space. If a driver is not
satisfied with the assignment (either because of
limited resources or his own overly restrictive
parking requirements) or if he/she fails to accept
it for any other reason, he/she has to wait until
the next decision point. During intervals between
allocation decisions made by the center, drivers
with no parking assignment have the opportunity
to change their cost or walking-distance require-
ments, possibly to increase the chance of an al-
location if the parking system is highly utilized
(it is of course possible that no parking space is
assigned to a driver).

The implementation of the SP system described
above relies on four main requirements:

1. Parking Space Detection. The system re-
lies on the availability of real-time parking
information, based on which it makes and
upgrades allocations for drivers. Moreover,
whenever the system must make an alloca-

tion, it requires the location information of
all vehicles with pending requests. Based
on this information, it estimates the travel-
ling time to an allocated spot and provides
the driving directions to it. Current vehicle
tracking devices/systems provide solutions
to this problem. Vehicle tracking systems
combine GPS tracking technology with
flexible, advanced mapping and reporting
software. A vehicle tracking device (pos-
sibly a smartphone) is installed on a vehicle
which collects and transmits tracking data
viaacellular or satellite network. The system
receives real-time vehicle tracking updates,
including location, direction, speed, idle
time, start/stop and so on. This technology
has already been widely used in bus systems.

2. V2Iand 12V Communication. The second
requirement involves effective two-way
communication between vehicles and the
allocation center (infrastructure): Vehicle-
to-infrastructure (V2I) and Infrastructure-to-
vehicle (I2V). In our system, V21 communi-
cation involves drivers sending their parking
requests, providing driver information, and
confirming reservation to the system. [12V
communication includes the DRPC sending
allocation results, driving directions, and
payment details back to vehicles. A simple
way to implement such communication is
through mobile phones.

In our SP implementation, we have developed
a smartphone application through which drivers
interact with the system. Using the application,
drivers may log into the system with a unique ID,
associated with which are the driver’s general
information such as license number, credit card
number, car size etc. The ID is registered by the
driver, and the DRPC maintains a database to store
basic driverinformation. Inthe application, drivers
also have the option of choosing their destination,
walking distance preference and parking cost tol-
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erance. After the driver finishes all settings and
sends out the request, the system will send back
parking allocation results based on his parking
preferences and the state of the system.

There are three kinds of allocation results: (i)
If the system fails to find a parking space for the
driver a notification asks the driver to wait for
the next allocation time. A detailed explanation is
also provided regarding the failed allocation; for
example, there are no vacant parking spaces, the
driver’s requirements are too strict, or the driver
is too far away from his destination. The driver
may then either release his parking request by
changing his preferences to increase the chance
of an allocation, or simply do nothing and wait.
(ii) If a parking space is allocated to the driver
but he/she is not satisfied with it he/she can re-
ject the allocation and adjust the requirements.
However, by doing this he/she runs the risk of
not being allocated a space at the next decision
time. To prevent drivers from constantly rejecting
successful allocations and adjusting requirements
for better parking spots, or to prevent drivers from
always providing extremely strict conditions at
the beginning and gradually relaxing them later,
the system may charge an increasing fee if the
number of requests exceeds a certain threshold.
(ii7) If the driver is satisfied with the result, then
the system reserves that space for him and the
application shows the driving directions to the
reserved parking space. While he/she is driving,
the system may notify him about a better parking
space based on his real-time position. The driver
needs to respond and tell the system whether he/
she accepts it or not. When the driver arrives at
the parking spot, he/she needs to confirm that they
are parking at the allocated spot.

Note that both V2I and 12V communication
are implemented through a smartphone applica-
tion, and data are transmitted through the cellular
network. Drivers may reserve a parking space
before a trip and interact with the system by
simply pushing buttons on the smartphone, thus
not distracting them from driving.
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3. Reservation Guarantee. Parking reserva-
tions are a key feature of the SP system. In
order to implement this function, when a
parking space is reserved by the driver the
system must guarantee that this will not be
taken by other vehicles. For off-street park-
ing resources, it is relatively easy to prevent
drivers with no reservation from taking the
space which has been reserved by someone
else. The system can do ID checking (with
RFID technology) at the gate of a garage
or a parking lot. If the driver has made a
reservation, then the gate opens and a space
number is provided to him. If the driver
did not make any reservation, then he/she
may either be allowed to park if there are
empty unreserved spaces, or prevented from
entering.

For on-street parking resources, the reserva-
tion scheme is more complicated because there is
no central ID checking location, meaning drivers
may park at any space if it is vacant. One method
is through wireless technology, interfacing a ve-
hicle with hardware that makes a space accessible
only to the driver who has reserved it. Examples
include gates, “folding barriers,” and obstacles
that emerge from and retract to the ground under
a parking spot; these are wirelessly activated by
devices on board vehicles, similar to mechanisms
for electronic toll systems. However, this method
is relatively expensive, and the hardware is not
easy to install or maintain. A “softer” scheme is
to use a light system placed at each parking space,
where different colors indicate different parking
space states. In our system, we use a GREEN light
to indicate that a vacant parking spot is available
for any driver, a RED light to indicate that the
spot is reserved by other drivers, a YELLOW
(or blinking YELLOW for increased visibility)
light to attract a driver in the vicinity who has
reserved that space, and a blinking RED light to
notify a driver who is parking at a space reserved
by someone else. An LED light with these three
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colors is connected to and controlled by a sensor
node placed at each parking space. When a driver
isapproaching the parking space reserved for him,
thisis automatically detected by the GPS data sent
from his smartphone through our SP application
(alternatively, the driver can explicitly notify the
system). The system then sends a command to
the sensor node which switches the light at his
reserved space from RED to blinking YELLOW.
The driver should then be able to recognize his
reserved spot and park there. After parking, the
light goes off until the car leaves and it returns
to its GREEN state, or a RED state if the parking
space is reserved. If a driver violates the rule and
parks at a space reserved by someone else, the
blinking RED provides a warning and the driver
should leave. If he/she does not, the system knows
which space is occupied and will penalize the
driver (e.g. by issuing a ticket); in the meantime,
the system makes a new assignment for the driver
who had actually reserved that space. If the second
assignment is worse than the previous one, then
the driver receives compensation, which may
come from the violator’s fine.

4. Optimal Allocation. One of the benefits of
the SP system is that it determines the best
parking space for each driver. This is done
through an efficient allocation algorithm
executed at the SPAC. In what follows,
we will limit ourselves to an outline of the
methodology thatenables us to make optimal
parking space allocations and reservations,
and point the reader to (Geng & Cassandras,
2013) for full technical details.

For the sake of generality, we will employ the
term “user” when referring to drivers or vehicles,
and the term “resource” when referring to parking
spaces. We adopt aqueueing model for the problem
as shown in Figure 2, where there are N resources
and every user arrives randomly to join an infinite-
capacity queue (labeled WAIT) and waits to be
assigned a resource if possible. At each decision

point, the system makes allocations for all users
in both the waiting queue and the queue of users
(labeled RESERVE) who have already been as-
signed and have reserved a resource from a prior
decision point. If a user in WAIT is successfully
assigned a resource, he/she joins the RESERVE,
otherwise he/she remains in WAIT. A user in
RESERVE may be assigned a different resource
after a decision point and remains in this queue
until he/she can physically reach the resource and
occupy it. A user leaves the system after occupy-
ing a resource for some amount of time, at which
point the resource becomes free again.

Ateach decision point indexed by &, we define
the state of the allocation system, X(k), k=1,2,...,
and the state of the ith user, S(k), i = 1,2,..., as
explained next. First, we define

X(k) = {W(k), R(k), P(k)} ey

where W(k) = {i: user i is in the WAIT queue},
R(k) = {i: user i is in the RESERVE queue}, and
P(k)={p,(k)....,p,(k)} is a set describing the state
of the jth resource with pj(k) denoting the number
of free parking spaces atresource j, j=1,...,N (this
is possibly > 1 if a resource models a group of
parking spaces, e.g. a parking garage, rather than
an individual space.)

We assume that each resource has a known
location associated to it, as denoted by y,€ZC
R2. We also define

S(k) = {z k), r(k), q(k), Q(k)} 2

where z (k) € Z C R? is the location of user, i,
r(k) € R* is the total time that user i has spent in
the RESERVE queue up to the kth decision point
(r(k)=0if I € W(k)), and g (k) is the reservation
status of user i:

0 ifieW(k)
J if user i has reseved resourcej

3)

(0=
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Figure 2. Queueing model for the Smart Parking system

Arrival

RESERVE

@

® Departure

Finally, Q (k) is a feasible resource set for user
i,ie.,Q(k)C{1,...,N} depending on the require-
ments set forth by this user regarding the resource
requested. In general, €2 (k) may be a set specified
by each user at each decision point; however, for
the specific parking problem we are interested
in, we will define (k) in terms of attributes as-
sociated with user i, which are defined as follows.
First, let D, be an upper bound on the distance
(walking distance or walking time) between the
resource that the user is assigned and his actual
destination d, € Z C R If the user is assigned
a resource j located at Yy let D, =|\d, - y_/.|| where
|||l is a suitable distance metric. Then, D, <D,
defines a requirement imposed by user i.

The second attribute for user i, denoted by M,
is an upper bound on the cost this user is will-
ing to tolerate for the benefit of reserving and
subsequently using a resource. The actual cost
depends on the specific pricing scheme adopted
by the allocation system, which our approach does
not depend on. We only assume that each user
cost is a monotonically non-decreasing function
of the total reservation time r (k), user expected
occupancy time ¢, and a function of the traveling
time from the user location at the kth decision
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time, z(k), to a resource location S Let sl_./.(k) =
llz,(k)- Y; || be this distance, and define the traveling
time tij(k) = f(sl.j(k), w) where w is a random vec-
tor capturing all stochastic traffic conditions. We
use Mij(ri(k)’ tij(k), ¢)) to denote the total expected
monetary cost for using resource j, evaluated at
the kth decision time. Once a pricing scheme is
known, Mij(rl.(k), tl,j(k), ¢, can be evaluated if all
random variables involved are characterized by
known probability distributions. Alternatively,
an estimate of Mij(ri(k), tij(k), ¢, can be computed.
Comparing Mij(ri(k), tl.j(k), ¢, to M, leads to the
constraint M”(rl.(k), tl_./.(k), c)<M.

Inorder to fully specify Q. (k), we further define
I'tk) = {;: pj(k) >0,j=1,...,N} to be the set of
free and reserved resources at the kth decision
time and set

Q(k) = {j: Mk) <M, D, <D,jeT(Kk)}
4

where, for simplicity, we have written M l.j(k) instead
of Ml.j(rl.(k), tl.j(k), c,). Note that this set allows the
system to allocate to user i any resource j € €
(k) which satisfies the user’s requirements even
if it is currently reserved by another user. Thus,
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a resource j may be dynamically re-allocated to
different users at each decision point until pij(k)
= (, signaling that there is no available resource.

Using the definitions of D[_./., D, M@/’ and M,
we specify an objective function J,,j(k) which we
will seek to minimize at each decision point by
allocating resources j to user i:

J (k)= M; (k) 1- 4 Dy 5
i (k)= iT"‘( - I)F S)

1 1

where A€ [0,1]is aweight thatreflects the relative
importance assigned by the user between cost and
resource quality, measured as the walking distance
between the parking spot the user is assigned and
his actual destination. Ina SP system, the objective
istomake allocations for as many users as possible
and, at the same time, to achieve minimum user
cost, as measured by -],-j(k)- We introduce binary
control variables

{1 if user i is assigned to resourcej
X.. =
g

0 otherwise

(6)
and define the matrix X = [xl,j]. We can now for-

mulate the SP optimal allocation problem at the
kth decision point as follows:

min Z Z z, - J (k) + Z [1— Z :L"U]
)

X i€W (k)UR(k) jeQ, (k) €W (k JEQ, (k)
s.t.

(7
Yoo, <1, V¥, eW(k) (8)
jeQ (k)
Z x; =1, V,eR(k) )
7€, (k)

Yo w,<pk), ¥, eT(k) (10)
ieW (k)UR(k)

> xy Ty ()< Ty (), VieR(k)
79, (k) (1D

z,€{01}, ¥ eWk)URK), jeT(k)
(12)

{ > x,.n}xmj >0, Vi, j,m st. jel(k),jeQ,k),
neQ; (k)

(13)

meWk),t >t (14)

mj i

Complete details on this problem formulation
are given in (Geng & Cassandras, 2013). We limit
ourselves here to pointing out that the term

min zieW(k)uR(k) ZjeQK ) X Iy (k)

in (7) aims to find the minimum cost over all
users. If the system fails to allocate a resource to
some users i, 1.e.

Z‘jeﬂz w Ty = 0,

)

a cost of 1 is added to the objective function.
Therefore, the added term

e — Zjesz,(k,) z,)

in (7) is the total cost contributed by the number
of “unsatisfied” users. The constraints (8) indicate

221



that any user in the WAIT queue may be assigned
at most one resource but may also fail to get an
assignment. On the other hand, (9) guarantees
that each user in the RESERVE queue maintains
a resource assignment. The capacity constraints
(10) ensure that every resource is occupied by no
more than p_/_(k) users. The constraints (11) add a
unique feature to our problem by guaranteeing
thatevery userinthe RESERVE queue is assigned
a resource which is no worse than the one most
recently reserved, i.e. g,(k-1). Together, (9) and
(11) ensure a reservation guarantee and improve-
ment. Finally, (13) is a set of fairness constraints
to ensure that a waiting user located right next to
an available resource is not assigned to another
waiting user ata considerably larger distance from
it (a detailed explanation of these constraints is
given in (Geng & Cassandras, 2013).

Note that in-between any two decision points,
users in the waiting queue who are close to their
destination may reach it before having an op-
portunity to be assigned a parking space. To deal
with this effect, we adopt the following Immediate
Allocation (IA) policy: Whenever user i is in the
WAIT queue and reaches a location z, such that
llz, - d || < v, he/she is placed in an “immediate
allocation” queue. Here, 7 is the decision interval
and v, is the average driving speed. If this queue
is not empty, as soon as a user departure makes a
resource available the system immediately priori-
tizes user i over other users in W(k) and assigns
him this resource if it is feasible. This “immediate
allocation” problem is easy to solve. We define
an “urgent” user set

1) = (i i € W(K), ||z, - d || < vz)

and, as soon as a resource j becomes free, we
allocate it to user i such that Jij = min
g if such i exists.

The problem (7) is a mixed integer linear pro-
gram (MILP) known to be NP-hard and its solu-
tion is obtained using any of several commercial

software packages available. There are various

nel(k), jeQn(k)
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simple means through which the computational
complexity of such problems can be managed,
which are discussed in (Geng & Cassandras, 2013).
We will briefly mention two of them: (i) Area
partitioning: this entails partitioning an area into
several small “districts.” For each district, problem
(7) is solved for all drivers whose destinations are
located in the district, noting that drivers whose
destinations are on the border of two adjacent
districts are considered for allocation in both
districts. (if) Grouping resources: even in a single
district the total number of parking spaces may be
large; however, drivers normally do not request a
specific spot, but only care for a street or garage
to park. Therefore, all spaces in the same garage
or parking lot can be treated as a single resource.
Similarly, we can group all on-street parking spots
in the same street block as one resource. The sys-
tem may then randomly pick a vacant spot for the
driver when he/she arrives, allowing for a drastic
reduction in the problem size.

Next, we present a number of performance
metrics allowing us to assess the overall system
performance over a time interval [0,7] with a total
number of users N, served over this interval (e.g.
a simulation run length).

From the system’s point of view, we consider
resource utilization as a performance metric and
break it down into two parts: u (7) is the utiliza-
tion of resources by reservation (i.e. the fraction
of resources that are reserved) and up(T) is the
utilization by occupancy (i.e. the fraction of re-
sources that are physically occupied by a user).

From the user’s point of view, we use (5) for
those users that actually occupy a resource. Let
P(T) be the set of such users over [0,7]. Moreover,
let qf € {1,...,N } be the resource ultimately as-
signed to user i € P(T'). We then define

M. D..
J o =d— (1= 2,)—=
o Mi Di

and
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measuring the average cost of users served. In
addition, unlike traditional queuing problems,
waiting times are not a measure of user satisfaction,
since users do not actually need a resource until
they have physically reached it. Instead, another
metric we will use is the wandering ratio w(7),
defined as follows. Let

Ay (k) = {i:i € Wk, ||z (k) - d]| < e}

be the set of users who reach their destination
but are still in the WAIT queue at the kth deci-
sion point, where € is a small real number used
to indicate that a user is in the immediate vicinity
of his destination d. Letting k, denote the last
decision point within the time interval of length
T, we then define

w(T) = A k) (15)

Finally, we consider the average time-to-park
tp(T), whichis the time from the instant auser sends
a parking request to the instant he/she physically
occupies a parking resource.

Case Study and Pilot Implementation

A simulation case study of the SP system was
performed for part of the Boston University main
campus within the city of Boston, an area that
includes 679 on-street parking spaces and 1932
off-street parking spaces. We assumed that all
these spaces were monitored and could be used
by any driver (student, faculty or visitor) without
any time limit. To reduce computational complex-
ity, we adopted a “resource grouping” method by
aggregating the 679 on-street parking spaces into
27 groups and the 1932 off-street parking spaces

into 14 groups. Following the same strategy, we
also aggregated driver destinations: buildings in
the same block are treated as a single destination
and we considered a total of 12 destinations.
Detailed results of this case study may be found
in (Geng & Cassandras, 2013). We will limit our-
selves to a summary of the main findings which
are as follows:

e  Parking space utilization under the SP sys-
tem increased by 10-20% relative to un-
controlled or guidance-based parking sce-
narios. This implies higher revenues for the
city and parking facility operators, as well
as lower traffic congestion.

e  The fraction of unsatisfied drivers (i.e.
those who are never assigned a park-
ing space), as measured by the abandon
cost metric (14), was virtually eliminated
with the SP system under normal traffic
conditions and was found to be less than
2% under high traffic conditions. In con-
trast, this fraction is about 20% when us-
ing guidance-based systems and 60% in
uncontrolled scenarios. Once again, this
implies higher revenues for the city and
parking facility operators, as well as lower
traffic congestion.

e  The average time-to-park under the SP sys-
tem was reduced by about 30% in normal
traffic and 50% in heavy traffic conditions.
This implies significantly less congestion
along with reduced fuel waste and associ-
ated pollution.

A pilot implementation of the SP system was
carried out at a Boston University parking facility
which contains 27 parking spaces (details may be
found in (Geng & Cassandras, 2013)). At each
parking space, a Streetline (Streetline, 2012) park-
ing detection sensor was installed on the ground,
as well as an LED device for controlling our light
system, as described earlier. A Streetline gateway
receives data from each sensor in the network
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and forwards it to an upper level database which
serves as the PRMC with the state (vacant or
occupied) of each parking space. The real-time
parking information is published and updated on
the web and can be obtained by users. Thus, our
system still provides the service of a normal PGI
system. We have also installed cameras and used
standard image processing algorithms based on
which the state of each parking space (vacant or
occupied) is determined; the joint data from the
ground sensors and the cameras are combined to
increase the reliability of parking state estimates.

We have also built a smartphone application
(seehttp://smartpark.bu.edu/smartparking/home.
php?) through which users can send parking
requests and obtain reservations. The applica-
tion sends all user requests to a computer which
serves as both DRPC and SPAC in our SP system
framework. The computer maintains all driver
requests, solves the optimal allocation problem
(7), updates the parking space state database, and
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sends commands to control the state of the light
at each parking space device. Figure 3 shows the
smartphone application and real-time parking
information website.

Dynamic Allocation and Space
Reservation for Electric Vehicles
at Charging Stations

Electric Vehicles (EVs) offer a promising, cleaner
alternative to conventional fossil-fueled vehicles in
urban environments. Their proliferation, however,
comes at the cost of dealing with their limited
cruising range, long charge times, and a sparse
coverage of charging stations for the foreseeable
future. Focusing on the problem of recharging,
the sparseness of charging stations makes it
critical for an EV to identify an optimal station
given its current location, destination, and charge
state. Moreover, the limited capacity of charging
spaces at a station creates an additional difficulty

Figure 3. Smart parking iPhone application and website
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similar to the classic parking problem discussed in
the previous section. In fact, the main principles
used for the SP system we have presented can
be extended and specifically designed so as to
optimally allocate and reserve charging spaces
for EVs, as opposed to simply guiding them to
a space that may not be available by the time it
is reached. As in the SP system, the allocation
is based on the user’s objective function, which
combines proximity to the EV’s current location
(orits ultimate destination) and the charging cost,
while also ensuring that the overall charging space
capacity is efficiently utilized with a built-in fair-
ness guarantee.

As in the case of SP, the physical realization
of a system for allocating EV's to charging station
spaces requires (i) detecting spaces at charging
stations, (ii) effective wireless communication
between EVs and a server where spaces are allo-
cated, (iif) guaranteeing space reservations through
a light system identical to the one used in SP, and
(iv) optimal allocation carried out through an ef-
ficient allocation algorithm similar to (7) used in
the SP system. We omit further details, which may
be found in (Cassandras & Geng, 2014).

A simulation case study reported in (Cassan-
dras & Geng, 2014) indicates that improvements
similar to those observed for the SP system can
be achieved. For a typical scenario, charging
space utilization was found to increase by 14%
compared to a guidance-based system, the time
to a charging space was reduced by 9.5%, and the
wandering ratio was reduced by 30%.

Adaptive Traffic Light Control

We now turn our attention to the problem of
traffic flow control in urban environments. As
mentioned earlier, there are a relatively small
number of controls at our disposal when it comes
to traffic regulation. Traffic Light Control (TLC)
is the main mechanism to accomplish this goal.
The TLC problem consists of adjusting green
and red light cycles in order to control the traffic

flow through an intersection and, more generally,
through asetof intersections and traffic lightsin an
urban roadway network. The ultimate objective is
to minimize congestion (hence delays experienced
by drivers and resulting reductions in fuel usage
and pollution) at a particular intersection, as well
as an entire area consisting of multiple intersec-
tions. There are two types of control strategies for
the TLC problem in the literature: fixed-cycle and
traffic-responsive strategies. In the former, several
timing plans covering different traffic-intensity
scenarios are periodically interchanged; for ex-
ample, the Urban Traffic Control System (UTCS)
(Wey, 2000), TRANSYT (Robertson, 1969), and
MAXBAND (Little et al., 1981) all make use of
historical traffic flow data to determine light cycles
offline and cannot adapt in real time to evolving
traffic conditions. Traffic-responsive strategies
address this limitation by making use of current
traffic information to determine optimal signal
settings online. They employ algorithms that ad-
just a signal’s phase length and phase sequences
so as to minimize delays and reduce the number
of stops, requiring transit surveillance, typically
implemented using pavement loop detectors, in
order to adjust signal timing in real time. The two
most widely used systems of this type are SCATS
(Lowrie, 1982) and SCOOT (Hunt et al., 1982).

In a Smart City setting, one can exploit tech-
nological developments for collecting traffic
data in real time and making it possible for new
methods to be applied to the TLC problem, e.g.
systems such as ACS Lite (Shelby et al., 2008),
OPAC (Gartneretal.,2002), PRODYN (Henry &
Farges, 1990),and RHODES (Sen & Head, 1997).
Leveraging the fact that TLC is fundamentally a
form of scheduling for systems operating through
simple switching control actions, numerous solu-
tion algorithms have been proposed, including
fuzzy logic methods (Pappis & Mandani, 1977;
Choi et al., 2002), expert systems (Findler &
Strapp, 1992; Findler et al., 1997; Wen & Hsu,
2006), evolutionary algorithms (Liu, 2007),
swarm optimization (Dong, 2004; Dong, 2006),

225



ant algorithms (Wen & Wu, 2005), and artificial
neural networks (Dong et al., 2005; Henry et al.,
1998; Spall & Chin, 1997). Reinforcement learn-
ing has also been used (as reported in (Abdulhai
etal.,2003; Bazzan, 2009; Prashant & Bhatnagar,
2011; Wiering et al., 2004) and a game theoretic
approach was applied to afinite controlled Markov
chain model in (Alvarez & Poznyak, 2010). In
(Porche et al., 1996,) a decision tree model was
used with a Rolling Horizon Dynamic Program-
ming (RHDP) approach, while a multiobjective
Mixed Integer Linear Programming (MILP) for-
mulation was proposed in (Dujardin et al., 2011).
Optimal TLC was also stated as a special case of
an Extended Linear Complementarity Problem
(ELCP) in (DeSchutter, 1999), and formulated as
a hybrid system optimization problem in (Zhao
& Chen, 2003).

The aforementioned methods for real-time
adaptive traffic control must address two main
issues: the development of a mathematical model
for a stochastic and highly nonlinear traffic sys-
tem, and the design of appropriate control laws.
Although most existing adaptive signal control
strategies implicitly recognize that variations in
traffic conditions are caused by random processes,
they frequently resort to using deterministic mod-
els, which significantly simplify the description of
vehicle flow. In addition to this, heuristic control
strategies are also commonly employed for TLC
without an embedded traffic flow model, as in the
case of artificial intelligence techniques, which
rely on historical data. Such applications are, as
aresult, better suited for traffic systems in steady
state, which is in fact seldom attained. Stochastic
control approaches address this limitation by ex-
plicitly accounting for the random variations in
traffic flow, typically within a Markov Decision
Process (MDP) framework, which requires spe-
cific probabilistic models. Furthermore, many of
these approaches, such as those based on dynamic
programming, are computationally inefficient,
thus not immediately amenable to online imple-
mentations. In contrast to the above, perturbation
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analysis techniques (Cassandras & Lafortune,
2008) allow for stochastic control without the
need to assume any particular probabilistic traffic
models and have proven to be adaptive and easily
implementable online.

Perturbation analysis was used in (Fu & How-
ell, 2003; Head et al., 1996) based on modeling a
traffic light intersection as a stochastic Discrete
Event System (DES). An Infinitesimal Perturba-
tion Analysis (IPA) approach, using a Stochastic
Flow Model (SFM) to represent the queue content
dynamics of roads at an intersection, was pre-
sented in (Panayiotou et al., 2005). IPA was also
applied with respect to controllable green and red
cycle lengths for a single isolated intersection in
(Geng & Cassandras; 2012b), and for multiple
intersections in (Geng & Cassandras, 2012a;
Geng & Cassandras, 2014). Modeling traffic flow
through an intersection controlled by switching
traffic lights as an SFM conveniently captures
the system’s inherent hybrid nature: while traffic
light switches exhibit event-driven dynamics, the
flow of vehicles through an intersection is best
represented using time-driven dynamics. More-
over, traffic flow rates need not be restricted to
take on deterministic values, but may be treated
as stochastic processes (Cassandras et al., 2002)
which are suited to representing the continuous,
random variations in traffic conditions. Using the
general IPA theory for Stochastic Hybrid Systems
(SHS) in (Cassandras et al., 2010; Wardi et al.,
2010), online gradients of performance measures
may be estimated with respect to several con-
trollable parameters with only minor technical
conditions imposed on the random processes that
define input and output flows at an intersection.
More recently, a quasi-dynamic control setting
was proposed in (Fleck & Cassandras, 2014), in
which partial state information is used to adjust
the light cycle lengths conditioned upon a given
queue content threshold being reached. This sets
the stage for what is becoming a growing trend
towards exploiting connected vehicle technology
to infer vehicle state information from data (e.g.
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location, speed) wirelessly exchanged through
vehicle-to-vehicle or vehicle-to-infrastructure
communication (Dressleret al.,2014). This activ-
ity points the way towards so-called Virtual Traffic
Lights (VTL) for eventually eliminating actual
traffic lights. The idea is to equip vehicles with
a display that emulates a traffic light, indicating
to individual drivers whether they can proceed
through an intersection without stopping (green
light) or not (subject, of course, to pedestrian
traffic constraints).

In the remainder of this section, we limit
ourselves to the simplest single-intersection
model studied to date as a stochastic hybrid
system (Geng & Cassandras; 2012b), based on
which IPA techniques have been used to derive
a gradient estimator of a congestion metric and,

Figure 4. A single intersection

subsequently, combined with a gradient-based
algorithm to adaptively adjust the RED/GREEN
cycle times seeking to optimize this metric.

Traffic Light Control
Problem Formulation

We consider a single isolated intersection, as
shown in Figure 4. There are four roads and four
traffic lights, with each traffic light controlling the
associated incoming traffic flow. For simplicity,
we make the following assumptions: (i) Left-turn
and right-turn traffic flows are not considered, i.e.
traffic lights only control vehicles going straight.
(ii) Traffic lights for any two roads with opposite
directions are synchronized: if the traffic light for
road 1(2) is GREEN, the light for road 3(4) is also

—

|

o

227



GREEN and the lights for roads 2 and 4 (1 and
3) are RED. (iii)) A YELLOW light is combined
with a RED light (therefore, the YELLOW light
duration is not explicitly controlled).

Viewed as a dynamic system, the operation of
the intersection involves a number of stochastic
processes. Each of the four roads is considered
as a queue with a random arrival flow process

{a O}, n=1,...4,

where a (7) is the instantaneous vehicle arrival
rate attime 7. When the traffic light corresponding
to road n is GREEN, the departure flow process
is denoted by {f (1), n = 1,...,4. Let the GREEN
light duration in a cycle of queue n be

0 el[0

n nmin’ ~ nmax

JcR*withg . >0.

By the second assumption above, we have 6,
=0, and 0, = 0, so that the controllable param-
eter vector of interest is € = [0, 0,]. We define
a state vector

X(O0,0)=[x,(6,1), x,(6,1), x,(6:0), x,(0,0)]

wherex (6,) € R*is the contentof queue n. We use
the notation x (6,7) to emphasize the dependence
of the queue content on 8; however, for notational
simplicity, we will write x (f) when no confusion
arises. We also define a “clock” state variable z (),
I1=1,2, associated with the GREEN light cycle for
queues {1,3} and {2,4} respectively as follows:

‘ {1 if0<z,(t)<0,0rz,(t)=0,,j =i
Zl-(t)Z ’ ’
0 otherwise

z(t) =0if z,3i) =0,
(16)

and setz(r)=[z,(?), z,(1)] with any initial states such
that z (0)-z,(0) > 0. Thus, z,(r) measures the time
since the last switch from RED to GREEN of the
traffic light for queues {1,3}. It is reset to O as
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soon as the GREEN cycle length 6, is reached and
remains at this value while the light is GREEN
for queues {2,4}. As soon as that cycle ends, i.e.
z,(t) = 0,, then z (1) = 1 and the process repeats.
The same applies to z,(r) measuring the time since
the last switch from RED to GREEN of the traffic
light for queues {2,4}.

We can now write the dynamics of each state
variable x (¢) as follows:

a,(t) if () =0n=130rz(t) =0,n=24
z (1) =10 if z (t) = 0and o, (t) < B, (1)
a (t)—pB (t) otherwise
(17)

The operation of the intersection can be viewed
as a hybrid system with the time-driven dynamics
described by (15)-(16) and event-driven dynamics
dictated by GREEN-RED light switches and by
events causing some x (f) to switch from positive
to zero or vice versa. Using the standard definition
of a Stochastic Hybrid Automaton (SHA) (e.g.
see Cassandras et al., 2010), we have a SHA for
the operation of each queue as shown in Fig. 5,
where we take queue n = 1 for example without
loss of generality. This reflects the fact that a typi-
cal sample path of any one of the queue contents
consists of intervals over which x (7) > 0, which
we call Non-Empty Periods (NEPs), followed by
intervals where x () = 0, which we call Empty
Periods (EPs). Thus, the entire sample path con-
sists of a series of alternating NEPs and EPs. The
event set that affects any such queue is E' = {e,,
€y €€, es} where e is a switch in the sign of
a (1) - p (1) from non-positive to strictly positive,
e, is a switch in the sign of a (7) from O to strictly
positive, e, is the queue content becoming empty,
i.e.x =0, which terminates a NEP (and initiates
an EP), e, switches a light from RED to GREEN,
and e, switches a light from GREEN to RED. For
easier reference, we label e, as “E” for the end of
NEP events, e, as “R2G” and e, as “G2R” for the
light switching events. Observe that the start of a



New Transportation Systems for Smart Cities

NEP may occur through a transition from mode
3 to either 1 or 2 in Fig. 5. This can happen in
three ways: (i) When a G2R event occurs in mode
3 provided a (¢) > 0, (ii) When a switch of a,(7)
from zero to astrictly positive value occurs during
a RED cycle (i.e. z,() = 0) in mode 3, and (iif)
When a switch of a (?) - #,(¢) from a non-positive
toastrictly positive value occurs duringa GREEN
cycle (i.e. z,(#) > 0) in mode 3. Thus, the resulting
start of a NEP is an event “induced” by either e,
or e, or e, which we will refer to as an “S” event.

The mth NEP in a sample path of any queue,
m=1.2,...,isdenoted by [¢ .#n ),ie & .n
are the occurrence times of the mth S and E event
respectively at this queue. During the mth NEP,
t]nsJ =1,...,J, denotes the time when a traffic

light switching event occurs (either R2G or G2R).
Our objective is to select 6 so as to minimize a

cost function that measures a weighted mean of
the queue lengths over a fixed time interval [0,77].
In particular, we define

L(G;x(O),z(O),T) = ?wanx" (Q,t)dt

(18)

where w is a cost weight associated with queue
n and x(0), z(0) are given initial conditions. It is
obvious that since x (1) = 0 during EPs of queue
n, we can rewrite (18) as:

4 M” Tln,m

L(G;x(O),z(O),T):%ZZ [, (0.0)d

nelm=lg,,

(19)

Figure 5. Stochastic hybrid automaton for one of the roads in a single intersection

X =a,(- 51
[x,>0,
0<z(r)<8@]

[¥,>0,z,(1)=0

a,(t)— (1) >0
a, (1) - B () >0,0

z, =6, zlresef =0,and a,(1) >0
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here M is the total number of NEPs during the
sample path of queue n. For convenience, we
also define

L, (0)= [wz, (0.t)at (20)

to be the sample cost associated with the mth
NEP of queue n. We can now define our overall
performance metric as

J(0:x(0),2(0),7) = E| L(6;x(0),2(0),T) |

2D

Since we do not impose any limitations on
the processes {a (1)}, {f, (1)}, it is infeasible to
obtain a closed-form expression of J(8; x(0), z(0),
T). The only assumption we make is that a (7),
p (¢) are piecewise continuous w.p. 1. The value
of IPA as developed for general stochastic hybrid
systems in (Cassandras et al., 2010) is in provid-
ing the means to estimate the performance metric
gradient VJ(€) by evaluating the sample gradient
VL(H). As shown in (Cassandras et al., 2010),
these estimates are unbiased under mild technical
conditions. Moreover, an important property of
IPA estimates is that they are often independent
of the unknown processes {a (1)} and {j ()} or
they depend on values of {a (1)} or {f ()} at
specific event times only. Such robustness prop-
erties of IPA make it attractive for estimating
online performance sensitivities with respect to
controllable parameters such as 1in our case. One
can then use this information to either improve
performance or, under appropriate conditions,
solve an optimization problem and determine an
optimal &* through an iterative scheme:

0.

ik+1 -

0, -7H,©0,x0), T, 0),k=0,l,..
(22)
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where H,, (6,, x(0), T, w,) is an estimate of dJ/
d6, based on the information obtained from the
sample path denoted by ,, and y, is the step size
at the kth iteration. Next we will focus on how to
obtain dL/in, i = 1,2. We may then also obtain
0" through (22) provided that {a ()} and {f (1)}
are stationary. We will assume that the derivatives
dL/in, i = 1,2 exist for all 9i e R*wp. 1.

Infinitesimal Perturbation
Analysis (IPA)

Consider a sample path of the system as modeled
in Fig. 5 over [0,7] and let 7,(0) denote the occur-
rence time of the kth event (of any type), where we
stress its dependence on 6. To simplify notation,
we define the derivatives of the states x (¢, ¢) and
z(t, 0) and event times 7,(0) with respect to 6, i
= 1,2 as follows:

A 0 A )
a0, ) ="
(23)

Taking derivatives with respect to 6, in (19),

and observing that xn(fnym) = xn(nnym) =0, we obtain
dL®) 1 L2 dL ()
do T ZZ " dl e

i n=1m=1 i

In view of (19), observe that the determination
of the sample derivatives depends on the state
derivatives x;,’i (1,9). The purpose of IPA is to

evaluate these derivatives as functions of observ-
able sample path quantities. In what follows, we
omit technical details (which can be found in Geng
& Cassandras, 2012b) and provide the event time
derivatives and state derivatives derived by using
IPA after each of the four event types (E, S, R2G,
G2R) for queue n as defined in the previous sec-
tion.
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1. Event E ending a NEP at time n, :

xn,i (n:,m) = O (25)

indicating that these state derivatives are always
reset to 0 upon ending a NEP.

2. Event G2R, i.e. a GREEN light switching
to RED: Letting ¢ , be the total number of
G2R events that have occurred at queue n
before or at time 7, it can be shown that

T =G (26)

wherei=1ifne {1,3}andi=2ifn € {2,4}.
‘We can then obtain:

— ﬁ“ (Tk) ) ka Zf xn(Tk) > O
a(r)-¢, ifz(r)=0
(27

3.  Event R2G, i.e. a RED light switching to
GREEN:

X (@) =X, () + BT C i (28)

4.  Event S starting a NEP: This is an event
induced by e, or e,, or e,. Consequently,
there are three possible cases to consider

as follows.
Case (4a): A NEP starts right after a G2R
event:

Case (4b): A NEP starts while z,=0, z,>0
(without loss of generality, we assume

ne{13): 7y, =0and 2, (7/]=0.

k

Case (4¢): A NEP starts while z,=0, z,>0
(without loss of generality, we assume

ne(13):7, =0andz, (7} ]=0.

This completes the derivation of all state and
event time derivatives required to evaluate the
sample performance derivative in (23). Using
the definition of L, (6) in (19), note that we can
decompose (23) for eachn = 1,...,4 into its NEPs
and evaluate the derivatives dL(6)/d6..

What is important to point out is that despite
the elaborate notation involved in the derivation
of IPA estimators, their actual implementation is
very simple. In fact, the IPA estimator requires
only knowledge of: (i) the event times én’m, -
and t’ ,j=1,...,J and (i) the value of the state

n,m

. . . Jnm
derivatives at event times t = £ , f=¢"" and
n,m n,m

t =t/ . The quantities in (i) are easily observed

nm
using timers whose start and end times are observ-
able events. The state derivatives in (i1) are ob-
tained from the expressions derived at event oc-
currence times (24)-(28) above, noting that

X,; (n;’m)=0at the end of every NEP. Ulti-

mately, these expressions depend on the values
of the arrival and departure rates a (¢) and f (1)
at light switching event times only, which may be
estimated through simple rate estimators. As a
result, it is straightforward to implement an algo-
rithm for updating the value of dL, (0)/d0, after
each observed event. ‘

We also point out that the IPA estimator is linear
in the number of observed events, not in the states.
This is a crucial observation because it implies
that our approach scales with the number of traffic
lights in a network of interconnected intersections,
so that extensions from a single intersection to
many interconnected intersections can be carried
out with no excessive additional computational
burden. The case of two intersections, allowing
for the possibility of blocked vehicles as well, is
presented in (Geng & Cassandras, 2014).
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Another crucial observation is that the IPA
estimator depends only onevents which are observ-
able in the actual intersection; for example, event
E is simply the condition [x = 0 from above], i.e.
an event representing the fact that a road queue
becomes empty. In other words, even though the
IPA estimator is derived from our stochastic flow
model (15)-(16), its implementation is driven
entirely by actually observed events in the real
intersection.

Simulation Results

Webriefly describe how the IPA estimator derived
above can be used to adaptively determine optimal
light cycles for an intersection we have simulated
as a discrete event system, driven by actual data
from an observed sample path of this system. We
assume cars arrive according to a Poisson process
withrate a , but emphasize again that the random
vehicle arrival processes need not be constrained
in any way. To simulate the real car departure
process, whenever a GREEN cycle starts, we set
the first car’s departure rate to be § , uniformly
distributed in [ ., B_ 1. The remaining cars
in this GREEN cycle are processed at the same
rate. We also constrain 6, i = 1,2, to take values
in[@ .0 ]

max
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For the simulated model, we use a brute-force
(BF) method to find an optimal 0; - wediscretize
all feasible real values of € and for each (0, 0,)
integer pair we run 10 sample paths to obtain the
average total cost. The value of 9; » 1S the one
generating the least average cost, to be compared
00, , the IPA-based method. Recall that in this

IPA
method the only effort involved is to simply count
the number of light switching events and obtain
the arrival rate @ (£, ) at S events and departure
rate f§ (r) at each lfght switching event. In our
simulations, we estimate & (§, ) through N /t, by
counting car arrivals N, over a time window 7
before or after £ : f (7, is similarly estimated.
We set all arrival and departure processes to
be the same for all four roads with @ = 1/4, n =
1,234,060 = 15sec, 0 . =40sec,and T=>500sec.
We first fix the departure rate, ie. . =f =
1.InFig. 6, we setw=[0.4,0.1,0.4,0.1], placing
more emphasis onroads 1,3. We get J;P , =[22.01,
15], which is close to 9;, =[24, 16], and associ-
ated costs J;PA = 1.59, J;F = 1.52. This result
is intuitive by allocating the longer GREEN cycle
to the more important roads. We also illustrate
the adaptivity of the IPA-based light cycle control
in Fig. 7, where the trajectories of 8,0, are shown
and the arrival rate changes over time. We set w

Figure 6. IPA-based traffic light control with w = [0.4, 0.1, 0.4, 0.1]
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Figure 7. Adaptivity of light cycles using IPA when traffic varies
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= [0.4, 0.1, 0.4, 0.1] and a = 1/(4r) where r
changes where the vertical lines are seen in the
figure. As we can see, 6,0, respond to the rate
changes by seeking new optimal values and con-
verge to them.

CONCLUSION

Effective traffic control in a Smart City aims at
minimizing congestion, hence also drastically
reducing fuel consumption and pollution. New
technologies in sensing and wireless networking,
combined with advances in real-time control and
optimization methodologies, provide the basis
for achieving this goal through a variety of new
transportation systems. In this chapter, we have
described three such systems, starting with Smart
Parking which exploits technologies for parking
space availability detection and for driver localiza-
tion and allocates and reserves optimal parking
spaces to drivers instead of only supplying guid-
ance to them. The determination of an efficient and

- 40 50 60 70!

optimal allocation strategy for both users and the
system is based on solving a sequence of Mixed
Integer Linear Program (MILP) problems which
are guaranteed to have a feasible solution and to
satisfy some fairness constraints. A pilot system
is currently in operation at a Boston University
parking facility. Using the same basic framework,
we have also proposed a system for the optimal
dynamic allocation of spaces for EVs at charging
stations, including reserving these spaces. As with
Smart Parking, this system exploits technologies
for space availability detection and for EV local-
ization. It also allocates charging station spaces to
users instead of only supplying guidance to them.

Finally, by adopting stochastic hybrid system
models for traffic flow control in an urban setting,
we have formulated the basic Traffic Light Control
(TLC) problem and applied IPA techniques in
order to derive gradient estimates of a cost metric
with respect to controllable light cycle lengths.
By subsequently incorporating these estimators
into a gradient-based optimization algorithm,
we determine optimal light cycle lengths so as
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to significantly reduce traffic build-up (with
respect to the traffic build up resulting from a
system operating under static control). In fact,
recent results reported in (Fleck & Cassandras,
2014) indicate that adaptive traffic light control
policies provide 30-50% reductions in common
congestion metrics relative to static methods with
fixed cycles. This paves the way for extensions to
anetwork of multiple intersections. Assuming that
traffic lights can communicate with each other,
it is also possible to endow a downstream light
with the ability to predict an impending flow of
vehicles and adjust its light cycle.
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KEY TERMS AND DEFINITIONS

Cyber-Physical Systems: Systems consist-
ing of physical components whose operation is
controlled by embedded networked computational
elements.

Dynamic Resource Allocation: A systematic
procedure for allocating resources to mobile users
in a time-varying environment.
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Electric Vehicles: Vehicles powered by
electric motors as opposed to fossil-fuel-based
technologies.

Perturbation Analysis: A data-driven meth-
odology for estimating the sensitivity of adynamic
system’s state with respect to various parameters.

Smart Parking: The process of providing
drivers real-time information on the state of park-
ing resources in a given area, directing them to
the best available parking space based on their
destination and cost preferences, and ensuring
that this space is reserved for them.
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Stochastic Hybrid Systems: Stochastic sys-
tems combining time-driven dynamics (usually
modeled through differential equations) with
event-driven dynamics (usually involving discrete
event system models).

Traffic Light Control: The process of dy-
namically controlling green and red traffic light
durations so as to optimize specific performance
criteria, typically measuring vehicle waiting times.

Transportation Systems: Systems designed to
accommodate the movement of vehicles through
roadway networks.
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ABSTRACT

One of the fastest growing areas in the world is the Asia-Pacific region. With anticipated acceleration
in motorization and potentially-damaging unplanned urban sprawl, the region will be threatened by
problems of traffic congestion, pollution and road hazards. Several countries in the region have taken
a variety of proactive measures to ensure that the urban transportation systems are designed and oper-
ated in a smart, sustainable and safe manner. This chapter identifies the policies and practices in South
Korea, Japan, China, Taiwan, Singapore and Australia, and seeks to draw lessons from these on how
transportation schemes can be implemented elsewhere in Asia.

INTRODUCTION

One of the fastest growing areas in the world is
the Asia-Pacific region, accounting for about
40% of global growth and one-third of global
trade in 2013. Rapid economic growth and the
large population base mean that the demand for
transportation in the domestic sector, particularly
in urban areas, is expected to rise in tandem. The
World Bank estimates that in the next decade, the

DOI: 10.4018/978-1-4666-8282-5.ch012

region will attract some additional 500 million
residents, with more than half of these in urban
areas. With anticipated acceleration in motoriza-
tion and potentially-damaging unplanned urban
sprawl, the region will be threatened by problems
of traffic congestion, pollution and road hazards.

Yetseveral countries in the Asia-Pacific Region
have taken on a variety of proactive measures to
ensure that urban transportation systems are de-
signed and operated in a smart, sustainable and

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.
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safe manner. This chapter identifies the urban
transportation policies and practices in South
Korea, Japan, China including Hong Kong SAR,
Taiwan, Singapore and Australia, and seeks to draw
lessons from these to establish whether and how
these transportation schemes can be implemented
elsewhere in Asia.

These practices will be examined follow-
ing 3 components: smart urban transportation,
sustainable urban transportation and safe urban
transportation.

Overview of Asia-Pacific Countries

The Asia-Pacific Region generally comprises
countries in East Asia (China, Hong Kong SAR,
Japan, Republic of Korea and Taiwan), Southeast
Asia (Brunei, Cambodia, Indonesia, Loa People’s
Democratic Republic, Malaysia, Myanmar, the
Philippines, Singapore, Thailand and Vietnam)
and Oceania (Australia, New Zealand and the
Pacific Islands).

For the purpose of this chapter, seven Asia-
Pacific countries (including Hong Kong SAR)
are examined. They represent a wide range of
population sizes, per capita GDP and degree of
urbanization. Singapore has a population of only
5.3 million, which with a 100% urbanized land
mass gives a population density of 7,300 people
per km?. It enjoys a per capita GDP of US$50,000
which is projected to increase at a rate of 5.5% in
2014. On the other hand, China has a population
of 1.35 billion with 50% urbanization along with
a per capita GDP of US$5,900 which is projected
to grow at 8.2%.

SMART URBAN TRANSPORTATION

Worldwide, smart urban transportation has been
progressively developed with improvements in
the following aspects:
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1.  Sensor technologies, including the use
of cameras, lasers and Radio Frequency
[RF] sensing and interaction with imaging
technologies;

2. Control systems with enhanced sensing tech-
nologies, to promote autonomous functions
particularly within vehicles;

3. Processing capabilities with supercomput-
ers processing large amounts of data and
advanced analytics for big data, offering
real-time, responsive solutions;

4.  Communication technologies including mo-
bile network technologies, allowing greater
use of ubiquitous devices, resulting in more
flexible and personal travel choices.

Naturally such systems, championed as Intel-
ligent Transport Systems [ITS], are more likely to
be found in the highly urbanized, more developed
major cities, like Singapore, Tokyo, Hong Kong
and Seoul, where there is a high level of mobile
network connectivity. While advanced technolo-
gies have been long employed in managing trans-
portation in many Asian Pacific cities, modern
sensor devices and their integration in vehicle-to-
vehicle [V2V]and vehicle-to-infrastructure [ V2I]
systems are primarily confined to countries with
strong research and development in the automobile
industry, such as Japan, and increasingly in Korea
and China. There is therefore considerable scope
for smart transportation applications in Asian
Pacific cities.

Early Developments in Smart
Transport in Asia-Pacific Area

A number of developed nations, like Japan, Aus-
tralia and Singapore, have initiated smart traffic
control systems since the 1970s. In 1973, Japan
first established the traffic control center on the
Metropolitan Expressway marking the start of the
nation’s I'TS era (Ministry of Land, Infrastructure,
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Transportand Tourism, 2012). Vehicle navigation
systems were introduced in the early 1980s, but
the breakthrough in the V2I systems came in 1996
when the Vehicle Information and Communica-
tion System [VICS] was established to broadcast
current traffic conditions to vehicles to allow real-
time navigation throughout all inter-city and urban
roads in Japan. In the 1970s, Australia developed
the Sydney Coordinated Adaptive Traffic System
[SCATS] to monitor real-time traffic flows and
coordinate traffic signals in the Sydney area. The
SCATS has since been in use in numerous cities
outside Australia, for instance in Hong Kong,
Singapore and a number of cities in China (Tyco
Traffic & Transportation, 2014). In the last two
decades, the rapid increase in urban travel has
led many cities to deploy smart technologies (see
Figure 1) to develop innovative solutions to urban
transport problems.

In the area of public transport, information
regarding train arrivals has been widely used and
clearly displayed on station information boards for
a number of years. Information on bus arrivals is
generally more difficult to furnish, although bus
schedules were available electronically for some
years. In the 1980s, the location of city buses in
Kyoto (Japan) was indicated at downstream bus
stops by detecting the presence of buses using
overhead ultrasonic detectors at upstream bus
stops. Mobile communications and better vehicle
sensing technologies have now made bus arrivals
more precise and in turn, applications furnishing
travelers with route planning on public transport,
including inter-modal transfers, are now seen in
major cities like Seoul and Taipei, and nationwide
in Japan.

Figure 1. Display on an onboard navigational device supported by VICS in Japan

(Source: photo taken by the author)
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Smart Transport Infrastructure

Transportinfrastructure forms an important part of
any transportation system, particularly in the areas
of monitoring and control. Smart technologies
have been introduced to enhance these functions,
in particular with regard to traffic management
and toll collection.

In Japan, by providing real-time road traffic
information to drivers via in-car navigation equip-
ment, VICS has helped to shorten travel times
and reduce driving-related stress. The service
which is available 24/7 throughout Japan, collates
roadside information such as congestion levels,
travel restrictions, and parking space availability
via seven national VICS centres, and transmits
this information via radio beacons on highways,
light beacons on the major normal roads, and FM
multiple broadcasts. The massive infrastructure
project was achieved through the excellent coor-
dination and agreement of numerous stakehold-
ers, including vehicle manufacturers, highway
authorities and equipment providers (Highway
Industry Development Organization, 2004). The
capability of the VICS has been well demonstrated
in the aftermath of the recent Great East Japan
Earthquake when probe data and road closure
information were beamed to help vehicles find
passable routes (Ministry of Land, Infrastructure,
Transport and Tourism, 2012).

Following the Seoul 1998 Olympics when the
city transport infrastructure was enhanced, South
Korea expanded the Advanced Traffic Manage-
ment System [ATMS] nationwide. In this system,
real-time traffic information collected through
inductive loops, closed-circuit cameras and vehicle
probe datain 79 municipal transport authorities are
consolidated atthe National Transport Information
Center [NTIC] which then provides information to
travelers through variable message signs [VMS],
mobile phones, vehicle navigation devices, the In-
ternet, and the Traffic Broadcasting Station (Korea
Expressway Corporation, 2009). At present, the
ATMS covers all expressways, 14% of national
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highways and 25 major cities in South Korea
(National Transport Information Center, 2014),
and it is estimated that it contributes about 146.2
billion South Korean Won (US$131 million) to
annual savings in terms of reduced transport time,
accidents and environmental pollution (Institute
for Transportation & Development Policy, 2013).

Beside Traffic Management System, Electronic
Toll Collection [ETC] is another key I'TS product.
Since 1997, the ETC system has been in use on
major highways in Japan, either as a point-charge
or distance-based charge. The usage rate of the
electronic system is 87% and this has virtually
eliminated all toll-gate congestion on express-
ways, which previously contributed to 30% of all
expressway delays (Hollborn, 2002). Known as the
world’s first active-frequency and infrared inte-
grated system, South Korea’s Hi-Pass ETC system
covers 50% of highways (Ezell, 2010) and is used
by 50.8% of vehicles (Lee, 2012). The Hi-Pass
card can also be used for other electronic purchases
including parking, fuel payment, and purchases
at convenience stores. Similar ETC systems have
also appeared on intercity highways around sev-
eral mega cities in China, such as Shanghai (Tan,
2012), Guangzhou (Wu et al., 2009) and Beijing
(Ou, 2013). In Taiwan, the ETC service is used
ontoll roads under abuild-operate-transfer project
(Chou, 2011). On the other hand, Hong Kong has
conducted feasibility studies and is putting on trial
a similar system on the Central Wan Chai bypass.
The Electronic Road Pricing [ERP] scheme in
Singapore (see Figure 2), which was put in place
in 1998 to replace the 20-year-old manual cordon
pricing scheme (Lew & Ang, 2010), differs from
the highway toll system in that it is tweaked to
charge different rates depending on location and
the level of expected congestion, segmented by
time of day and day of the week (Foo, 2000).
Currently, a large-scale trial is underway to use
the Global Navigation Satellite System [GNSS]
instead of physical gantries for toll transactions,
which is due to replace the point-charge system
by a distance-based system (Haque et al., 2013).
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Figure 2. Singapore is looking into upgrading the current ERP technology with a GPS-based ERP system

(Source: photo taken by the author)
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However, this may give rise to privacy concerns,
as vehicle movements within the city can be easily
tracked in this way.

Smart Vehicle Technology

With a major automobile industry, Japan has
a long history of research and development in
vehicle technology. Toyota, Honda, Mazda and
Nissan have developed modern smart vehicles
with multiple sensors for intelligent parking and
driving. Smart cars with control functions includ-
ing lane-keeping, pre-crash safety and advanced
cruise control, are now common in the Japanese
market (Kato, 2002). In-vehicle cameras help to

detect lane departures, to determine the appropri-
ate amount of steering required, and to maintain
the vehicle in its lane. Millimetre-wave radar can
detect the vehicle and obstacle ahead and assist
the brake action earlier and lower the collision
speed. Vehicles equipped with adaptive cruise
control [ACC] sensors work together with the
road infrastructure, such as ITS spots designed
to mitigate sag-congestion (Ministry of Land,
Infrastructure, Transport and Tourism, 2012).
Furthermore, manufacturers of automobile navi-
gation systems and on-board units [OBU] have
worked together to produce ITS spot-compatible
systems, and 10 million of such OBUs have been
sold in the last five years.
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The concept of micro mobility has also been
developed, with personal mobility vehicles such
as micro electric vehicles [MEV] designed to
enhance the mobility of elderly people and to
facilitate first- and last-mile travel (Ministry of
Land, Infrastructure, Transport and Tourism,
2013a). For vehicle parking purposes, many car
manufacturers have provided intelligent sensors
from the basic ultrasonic wave sensors that detect
the distance to object, and rear cameras that display
the rear view during vehicle reversing mode, to
the most advanced and integrated system called
Intelligent Parking Assist, thatautomatically takes
over control of the steering wheel according to
the parking position (Toyota, 2014).

Taxisinseveral cities like Singapore and Tokyo
have also installed GPS and wireless communi-
cation systems to facilitate efficient passenger
bookings. Recently, apps on smart phones for
taxi booking have become very popular, such
as All Japan Taxi Dispatch in Japan, GrabTaxi
in Singapore, Jiaochetong in Taiwan, and Didi
Dache and Kuaidi Dache in China. However, the
abundance of such apps is also causing confusion
and concern among taxi drivers in some Chinese
cities, especially when chat apps have been inte-
grated with payment apps, e.g. WeChat with Didi
Dache, and Kuaidi Dache with Alipay.

Smart vehicle technologies have also beenused
in freight transportation for the purposes of fleet
management and planning in city logistics. In
vast Australia, the road freight industry has been
investing in in-vehicle telematics which enable
freight operators to monitor and manage their
freight movements and deliveries, as well as the
authorities for the purpose of regulating vehicle
loading and driver performance (Hocking, 2010;
National Transport Commission, 2011). Similarly,
South Korea has the Advanced Freight System
which requires a tag and Dedicated Short Range
Communication [DSRC] system on board com-
mercial vehicles, that is able to support multiple
services such aselectronic clearance, international
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border clearance, and safety monitoring under the
Korea Integrated Logistics Information Systems
[ILIS] (Kang & Kim, 2001).

Smart Public Transport Systems

Information about vehicle location is readily
available on services with fixed guide-ways, such
as trains. With improved sensor technology, Ad-
vanced Public Transportation Systems [APTS] that
allow details of the “next bus” to be displayed at
bus stops are now available in many Asian cities.
In Seoul, about 300 bus stops are connected to
the central traffic operations center by wireless
communications to allow an integrated, up-to-the-
second view of Seoul’s bus transportation network
(Ezell, 2010). Taiwan has similar Convenient
Public Transport Information Services (Chou,
2011). Such information may also be available
from bus stops on Internet sites, e.g. the integrated
public transport map and mobile travel advisor
for train and bus arrivals in Singapore (Haque et
al., 2013), as well as eTransport in Hong Kong.
In Japan, the pre-planning of inter-modal trips,
including the shinkansen (bullet train), intercity
trains, subways, buses and even air links, has long
been available nationwide on the hyperdia plat-
form where details of travel times, fares, transfer
locations are updated in real time (see Figure 3).

The features of ADTS also include a unified
smart fare card system or electronic fare payment
system, which is available in many cities in Asia,
allowing easy intermodal transfers often with the
capability to compute and charge the exact cost of
the entire journey rather than that of individual trip
segments. Many of these pre-paid smartcards, such
as EZ-link in Singapore have also been expanded
for non-travel transactions at stores, restaurants and
parking garages. The Octopus card in Hong Kong
alsoservesas anaccess ID in schools, office build-
ings and residential buildings. Some of the systems
are recognized nationwide, e.g. T-money is ac-
ceptable throughout South Korea, and the Suica
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Figure 3. Real-time arrival information at a tram stop in Melbourne

(Source: photo taken by the author)

(Super Urban Intelligent Card) throughout Japan
including on the nation’s many private railway
lines. Along with the Suica card, Japan also issues
a number of regional pre-paid intelligent cards,
e.g., PASMO, ICOCA and MIOCA. Singapore’s
EZ-Link and Taiwan’s EasyCard have recently
announced a common Cross Border Combi Card
that can be used in the two countries to pay for
public transport and various attractions (Leong,

2014). This initiative involving transactions in two
currencies will incentivize the development of a
common smart card to be used for multi-national
and multi-currency transactions.

Another application of smart technology is
the bus rapid transit [BRT] system, which offers
high-quality, customer-oriented public transport
that is fast, safe, comfortable, reliable and cost ef-
fective (Levinsonetal., 2003). One good example
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of this is the Seoul BRT system which serves as an
effective, less expensive complement to the main
metro lines. To achieve this, the entire bus network
of 400 bus routes was redesigned in 2004 and
the BRT system was supplemented by dedicated
median bus lanes, high-quality median bus stops
and real-time information for passengers, together
with a new Bus Management System based on
ITS technology (Pucher et al., 2005).

The Lessons Learned and the
Challenges Ahead in the Field
of Smart Transportation

The foregoing discussion highlighted the many
developments in smart transportation in the
Asia-Pacific Region. Despite this wave of change

sweeping across the region, there are still chal-
lenges that need to be addressed. The planning
of a smart transportation system requires a clear
vision, long-term commitment and realistic imple-
mentation plans.

Funding of Smart
Transportation Projects

A major challenge in developing smart transpor-
tation systems in any city or region is how these
projects are to be funded. Most transportation
infrastructure projects are costly, and while it may
seem reasonable to expect some funding to be
forthcoming from national or local government,
it may prove too much of a burden on government
which may well have a host of other political

Figure 4. The accelerated implementation of the BRT system in Guangzhou in time for the 2010 Asian

Games
(Source: photo taken by the author)
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priorities to address. System providers including
vehicle manufacturers are likely to have invested
in product development, and are likely to expect
government to provide some of the funding for
such. Ultimately the end users will have to bear
a substantial part of the cost, whether through
taxes or payment for services received. Some of
the smart transportation projects get aboost when
they are planned as part of a major event, like
the Olympics in Seoul and Beijing, or the Asian
Games in Guangzhou (see Figure 4). Besides of-
fering an integrated approach to planning, such
an arrangement can also benefit from the overall
economic evaluation involved.

Standardisation of Technical
Specifications

Within the Asia-Pacific or Asian region, there is
little cooperation among countries in the devel-
opment of smart technologies. Standardisation
is an important factor if multi-national coopera-
tion and the coordination of ITS systems are to
be achieved. One area of concern is the use of
frequency bands for communications dedicated
for transport purposes. Besides bandwidth, there
are also hardware compatibilities, all of which
require the development of technical specifica-
tions and standards. In the absence of regional
standardization bodies such as those existing in
Europe, the region is likely to rely on local stan-
dards for smart transportation. The alternative is
to move towards adopting UN standards, which
will require the Asia-Pacific countries to be suf-
ficiently represented on international standards
committees.

Security and Privacy in
Information Usage

Despite the many benefits of ITS, the increased
dependence on vehicle/infrastructure electronics
and communications also raises concerns with
regard to security and privacy. Smart transporta-

tion systems rely heavily on information sharing.
The possibility of linking private information to
supposedly non-confidential information such as
location, may not be easily managed especially
when there are many service providers involved.
It is a major challenge to ensure the integrity,
confidentiality and secure handling of data, in-
cluding the disclosure of personal and financial
details. Unlike their North American and European
counterparts, Asians may be less prepared for such
intrusion when embracing the new technologies.

SUSTAINABLE URBAN
TRANSPORTATION

Sustainable transportation can be loosely defined
asasetof transport operations and the correspond-
ing infrastructures that collectively do not leave
problems or costs for future generations to solve
or bear, that is, the present implementers and us-
ers of the transportation system should bear the
costs thereof today (Clean Air Initiative for Asian
Cities, 20006).

Promoting sustainable transport systems has
proven a major challenge for local governments
in many cities in Asia and the Pacific region for
various reasons. In most developing countries,
there is a lack of political will, vision and coordi-
nation on the part of a wide range of stakeholders,
made worse by the insufficient technical capacity
to design and implement suitable policies. Often,
transport issues are tackled as a distinct entity
rather than as a part of an integrated approach to
urban planning.

Three aspects of sustainability are pursued
in urban transportation planning and operations,
namely environmental, economic and equitable
sustainability (Jeon & Amekudzi, 2005). This
three-dimensional framework for sustainability,
such as the issues of environment preservation,
economic development, and social development
in Asia-Pacific countries, will be discussed in the
following sections.
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Environmentally Sustainable
Transportation

To be environmentally sustainable, transporta-
tion should not endanger public health or any
ecosystem. As the major concern in transpor-
tation involves emissions, which are directly
linked to the reliance on fossil fuels in vehicles’
internal combustion engines, measures to ensure
improved environmental sustainability include:
(1) the control of emissions through higher emis-
sion standards, and the use of alternative fuels in
internal combustion engines; (2) the redesign of
vehicle engines to support electric vehicles [EVs]
or hybrids; and (3) the promotion of eco-friendly
travel through improved driving habits or the use
of green transport modes.

The setting of higher emission standards var-
ies somewhat throughout the Region. Despite
its lengthy history of support for fuel efficiency
standards, Japan’s latest emission standard was
only tightened in 2009, to alevel between US 2010
and Euro Vrequirements (DieselNet, 2007). This
was later revised to match the highestinternational
level for passenger cars by 2020 (Kajiwara, 2012).
Singapore will also impose the more stringent
Euro IV emission standard for all vehicles, and
the Euro V standard for diesel vehicles, by the
year 2020 (Ministry of Finance, 2013). In 2005,
South Korea began enforcing a fuel economy
rating scheme to stimulate car manufacturers to
invest in the promotion of fuel-efficient vehicles.
It adopted California’s Non Methane Organic
Gases NMOG) Fleet Average System (FAS) for
gasoline-fueled vehicles, and diesel emissions
standards based on Euro VI values (TransportPo-
licy.net, 2013). In China, Euro IV standards took
effect in 2010, although Beijing, as the leading
city, first adopted such standards in 2008. With a
growing automobile industry, China has also pro-
posed a fuel-consumption target of Slitre/100km
for all new passenger cars by 2020 (He, 2013).
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On the other hand, in 2006 Hong Kong imposed
the requirement that all new passenger cars must
meet the Euro IV standard.

Of all the Asian Pacific countries, perhaps
Japan has been the most aggressive in promoting
the use of eco-vehicles and eco-driving. Home to
several major vehicle manufacturers, Japan has
developed and extensively promoted EVs so that
as of December 2013, the Japanese fleet of plug-in
EVs is the second largest in the world after that
of the USA (Cobb, 2014). The Japanese govern-
ment has provided financial subsidies, loans and
tax breaks to promote the use of eco-cars, which
include electric and fuel-cell vehicles, as well as
vehicles powered by alternative sources of en-
ergy such as natural gas, methanol and liquefied
petroleum gas [LPG] (Ministry of Environment,
2008). This has led to a gradual increase in the
proportion of eco-cars in the nation’s vehicle
fleet (Japan Automobile Manufacturers Associa-
tion, 2012). With projected next-generation cars
making up 50% of new car sales, emission cuts
in the transportation sector would account for a
total reduction of about 20% in all carbon dioxide
emissions in Japan (Ministry of Land, Infrastruc-
ture, Transport and Tourism, 2009).

Meanwhile, South Korea has developed an
Online Electric Vehicle [OLEV] that can be
charged, whether stationary or in motion, using
electromagnetic induction to minimize the need
to stop at a charging station. Launched by The
Korea Advanced Institute of Science and Tech-
nology [KAIST], a public transport system using
a “recharging road” uses its battery only in an
emergency whenitis impossible to supply electric
power, thus allowing battery capacity to be reduced
to that of existing electric vehicles (Korea Ad-
vanced Institute of Science & Technology, 2013).
The Chinese government has also implemented
purchase incentives in 2010 in order to promote
the sales of new energy vehicles [NEVs] which
comprise pure electric vehicles together with plug-
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in hybrid electric vehicles (PRTM, 2011). A trial
program has been launched in five Chinese cities,
whereby vehicle manufacturers are provided with
subsidies as an indirect way of lowering vehicle
prices (Motavalli, 2010).

Various other measures have been implemented
in Japan to promote eco-driving. In the Kyoto
Protocol Goal Achievement Plan (Ministry of En-
vironment, 2008),Japanese drivers are encouraged
toleave enginesidle when stopping or parking, and
to drive at safe, constant speeds according to the
traffic conditions. Among commercial vehicles,
an Eco-drive Management System [EMS] has also
been introduced for transport operators (Ministry
of Environment, 2008). The commitment and
involvement of the government, fleet operators,
drivers and vehicle manufacturers, has contributed
towards a greater awareness of the importance of
eco-driving.

Other eco-friendly modes, such as cycling and
walking, are being increasingly promoted inJapan,
South Korea and China. Japan has developed a
wide network of cycle-friendly routes comprising

2,660 km of cycle lanes, thus achieving a figure
of 0.2% of cycle lane per road in 2007. Often
cycle lanes are created by reducing the width
of the corresponding vehicle lane. Furthermore,
environmentally-conscious companies have en-
couraged their employees to shift from car com-
muting to cycling (Ministry of Environment and
Ministry of Land, Infrastructure, Transport and
Tourism, 2009). South Korea also has successfully
introduced an extensive shared cycle network in
cities like Changwon. Changwon is an excellent
example of eco-mobility, having the largest Public
Bike Share Systemin Korea (see Figure 5) deploy-
ing about 3,000 bicycles and 240 stations with an
average bicycle mode share of 10% (Lee et al.,
2012).In2008, Hangzhou undertook the first bike-
sharing program in China (Local Governments
for Sustainability, 2011). The Hangzhou Public
Bicycle system, which is funded entirely by the
government, is the largest in the world given the
city’s large population and high density. Bicycle
trips in Hangzhou account for 43% of all trips,
with daily bike trips totaling 1.1 million km. This

Figure 5. Public bike share system in Changwon, South Korea, designed to promote eco-mobility

(Source: photo taken by the author)
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success is largely due to the integration of cycling
into the public transit system through a single fare
card for subway travel, buses, ferries, taxis and
bike sharing, thereby achieving a good first and
last mile connection. Taiwan also opened a bike
lane network in the Xinyi commercial district in
2009 (Taipei City Government, 2010) and a build-
operate-transfer based program in Kaohsiung in
2010 (Ely & Brick, 2012).

Economically Sustainable
Transportation

An efficient transportation system generally
produces economic benefits, such as a reduc-
tion in the wastage of travel-related resources,
the enhancement of business productivity, and a
potential increase in employment and consump-
tion opportunities. There are however concerns
regarding the costs of environmental damage, the
adverse impact on health, and the accidents of
traditional modes of transport. Economic sustain-
ability seeks to ensure that transportation projects
are planned, and that resources are consumed in
a manner that will promote economic growth in
the long term.

There are some innovative examples of effec-
tive congestion management in the region. Policies
restricting car ownership have been in place in
Singapore and China for several years. Singapore
introduced the Vehicle Quota System [VQS] in
1990; this system requires vehicle owners to bid
for 10-year vehicle leases known as Certificates
of Entitlement [COE] (Santos et al., 2004). This
has resulted in extremely high costs associated
with owning private vehicles. While this strategy
may have increased economic efficiency from im-
proved driver mobility, it may also have increased
the economic cost of vehicle replacement as driv-
ers tend to scrap their vehicles way ahead of their
technical lifespan. In the face of rapid motorization
and worsening traffic congestion, many Chinese
cities have also instituted local policies to control
car ownership and vehicle usage. Shanghai has a
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policy of limiting car ownership by a bid-auction
mechanism for vehicle registration (Peng & Lu,
2012); while Beijing employs a “lottery” system
to restrict the number of new car purchases (Peng
& Lu, 2012). The Chinese method of controlling
car ownership may be more sustainable from the
economic viewpoint than the bidding system
adopted in Singapore.

A more direct method of controlling conges-
tion is through road pricing and car park pricing.
Singapore has successfully managed congestion
in the city for a number of years through a cordon
pricing system implemented from 1975 to 1998,
and an electronic road pricing system in place
since 1998. The charging system has been gradu-
ally expanded from the initial 27 charging points
within the central business district [CBD] to the
current 74 throughout the country, and extended
from peak hours initially to include non-peak and
late evening periods. Most cities have imposed
high parking fees within the CBD. For example,
the parking fee for cars in Beijing’s CBD was
increased from an hourly 4 RMB (US$0.65) in
2002 to 15 RMB (US$2.43) in 2011 (Peng & Lu,
2012). In Singapore, hourly parking charges for
cars in the CBD range from $2.00 (US$1.60) in
public areas to $6.00 (US$4.80) in private de-
velopments. Tokyo charges ¥300 (US$2.50) per
hour for on-street parking, although these lots are
rather limited due to lack of road space for parking.
By itself, high parking and road charges may not
effectively deter vehicle usage within the CBD,
but may only work well if a comprehensive public
transport network is available, as in the case of
many Japanese cities.

Thelack of sustained funding for transportation
infrastructure and services is acommon problemin
Asia-Pacific countries. Various financing models
have been used. In China, urban transport projects
are usually implemented through national rev-
enues (Organisation for Economic Co-operation
and Development, 2013). The city transportation
projects were thus funded in Beijing as part of the
Olympic Games in 2008, and in Shanghai as part
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of the World Expo in 2009. The Beijing Olympics
accelerated plans to expand the Beijing subway
system, with projects totaling 63.8 billion RMB
(US$10.37 billion). Public-private partnership
has been progressively adopted in the case of
new projects, e.g. Beijing’s Metro Line 4 was
built through a public-private partnership between
the Beijing Capital Group, Beijing Infrastructure
Investment Co. Ltd. and Hong Kong MTR Corp
(Pan, 2011). The bike sharing programs in China
are funded in a variety of ways. The program in
Beijing is operated by local private companies
without cooperation with metro operators. The
programin Shanghai was established and operated
by abicycle manufacturing company with the local
government purchasing the service and renting the
facilities on the basis of a 5-year contract. On the
other hand, the bike program in Hangzhou was
established by Hangzhou government with direct
investment of 180 million RMB and discount gov-
ernment loans of 270 million RMB to be operated
by a government-owned public transit company.

In Singapore, transportation infrastructures
including public transport facilities are financed
by the government, leaving operators to finance
their operation and rolling stock. However, in a
significant departure from the earlier model, the
Land Transport Authority [LTA] launched the
Bus Service Enhancement Programme [BSEP] in
2012, whereby the government will provide bus
operators with funding of $1.1 billion (US$0.88
billion) for 550 new buses (PwC, 2013). Extend-
ing this further, the LTA is adopting a contract
model in which the bus network is planned by
the government, leaving bus operators to tender
for operations. On the other hand, public-private
partnerships have been quite successful in South
Korea, accounting for a total of 82 transport in-
frastructure projects, costing 58.83 trillion KRW
(US$53 billion), based on this model (Gil, 2011).
The Hong Kong Tramway (see Figure 6), which
has operated since 1904, still maintains its competi-
tiveness today with the least expensive, cleanest

and minimal consumption of space among such
systems while operating without public subsidies
(Transdev, 2014).

Equitably Sustainable Transportation

Equitable sustainability in urban transportation
involves ensuring a good, fair distribution of
transport services and a justified cost structure
across the different segments of society, in order to
achieve community cohesion and livability. There
is often a divide between drivers and non-drivers
deriving in particular from affordability factors,
between road users and non-road users (such as
residents) with regards to living environment, and
between the mobile and the physically challenged
withregards to transport modes. There is a general
lack of appreciation of issues related to social
equity among cities in the Asia-Pacific Region.
Given their Transit-Oriented Development
[TOD] policies, Japan and Hong Kong have
been more successful in ensuring a high degree
of mobility for the different segments of society.
Japan has an excellent rail network both within
cities and between cities, and there is ahigh degree
of integration between urban development and
transportation facilities (Sakaki, 2012). With a
large elderly population, Japan has also developed
elderly- and disabled-friendly transport policies
(Ministry of Land, Infrastructure, Transport and
Tourism, 2001) and introduced the Accessible
and Usable Transport Law in 2000 (Takamine,
2004) to ensure barrier-free facilities, elevators
and escalators, together with guide blocks for the
visually impaired. Existing buses are to be replaced
by vehicles with low-floors, or without steps.
Hong Kong has a wide range of public trans-
port alternatives, in terms of both modes and
fares, designed to meet the different needs of
the population. To improve accessibility, Hong
Kong has also introduced the integrated planning
of rail developments with residential and urban
developments such as the LOHAS [Lifestyle Of
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Figure 6. Hong Kong tramways in its 110" year, operated with no public subsidy

(Source: photo taken by the author)

Health and Sustainability] Park, Olympian City
and Tung Chung. However, one criticism of these
transit-oriented developments is that they could
spur the gentrification of low-income areas.
Despite years of successful private vehicle re-
strictions, Singapore has recently begun to experi-
ence public concernresulting from dissatisfaction
with public transport services, and the high cost
of owning and using cars. In an estimate of the
typical cost of using alternative transport modes
in Singapore, the amortized and operating cost of
using a car for all trips is S$1,960 (US$1,567) per
month, whereas the expenses incurred if all such
trips were made by taxis is S$1,090 (US$872)
per month, but if all these trips are made using
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public transport, the monthly cost falls to just S$98
(US$78) (Kwok, 2014). This would have been
acceptable had the public transport service been
relatively efficient. However, overall satisfaction
with the public transport system in Singapore has
declined from 90.3 per cent in 2011 to 88.8 per
cent in 2013, largely because of overcrowding
and lack of service reliability (Khamid, 2013).
With rapid motorization, China is also expe-
riencing social divisions between the richer car
owners and the rest of society. In the last decade,
carownershipin Beijing hasrapidly increased atan
annual rate of 20.5% along with increasing travel
demand (Henningetal.,2011). Furthermore, with
al.7-foldincreaseinurbanized areas between 1997
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and 2004, and an increasingly diversified urban
population due to an influx of migrant workers
together with changes in urban land use patterns,
Beijing is now experiencing tremendous social
pressure due to the rising demand for transport. On
some city roads, bicycles — which were once the
main transport mode — are banned in favor of cars.
Some sidewalks and cycle lanes have also been
sacrificed to allow more space for automobiles.
Such transport policies have created resentment
among the working class who view this as an inva-
sion of their space by the rich (Lee & Ng, 2004).

Social equitability is less likely to be deter-
mined by urban transportation development alone.
The pace of economic growth, the demographic
pattern of the population, the political climate
and other aspects such as housing, employment
opportunities, health care and education, all con-
tribute towards an equitable society. Nevertheless,
since transportation as a whole affects all sectors
of society, transport policies which do not take
into account the impact on the community are
likely to become socially unsustainable at some
point in time.

The Lessons Learned and the
Challenges Ahead in the Field
of Sustainable Transportation

While there are some good practices in the field of
sustainability, the cities reviewed are still grappling
with environmental and equitable sustainability
problems with regard to transportation. Develop-
ing cities may well learn from the examples here,
that it may be more prudent to invest early in
public transportation systems duly integrated into
land-use plans, in order to ensure a high degree
of public accessibility.

Thereis aneed to bridge the gap between inten-
tions and the actual implementation of technology.
A lesson can be learned from China’s intention of
promoting EVs in the country. Although a new
round of subsidies was announced by the central
government in September 2013, fuelling expecta-

tions of the rapid growth of EVs (Jiang, 2014),
the impact of EVs in China has not increased
significantly, partly because subsidies are not
given directly to the consumers. In addition, ad-
equate charging stations have still not been built
in the five pilot cities, and this may signal a lack
of political will in the implementation process.

Innovative ways to develop and finance trans-
port schemes are needed. Besides considering
private-public partnerships as a potential form
of transport financing, cities also need to explore
lower-cost transportation solutions. Instead of an
expanding rail network which may not be sustain-
able economically, alternative transport systems
such as the BRT should be considered. Seoul is a
good example of implementing a BRT to relieve
the heavy financial burden on government.

Socially sustainable transportation remains a
major concern in the Asia-Pacific Region, even
though Japan appears to have had some success in
building social equitability. In rapidly urbanizing
countries such as China, this issue may be given
very low priority. To ensure this does not become
acritical concern, the minimum a city government
needs to do is to provide an efficient, inexpensive
public transportation system capable of meeting
the needs of all segments of society.

SAFE URBAN TRANSPORTATION

Road safety has become an increasingly serious
problem in many Asian countries. It is estimated
that the number of deaths from road accidents
in Asia is about 700,000 per year (World Health
Organization, 2009), accounting for more than
half of the world’s road fatalities. On the other
hand, there are some good practices among several
Asia-Pacific countries, notably Japan, Australia
and Singapore (International Transport Forum,
2014). Japan saw a decline in accident rates for
the 13" consecutive yearin 2013, while Singapore
experienced a 10.6% reduction in the number of ac-
cidents with fatalities or injuries in2013 compared
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to 2012, and Australia witnessed a 7.9% decrease
in road fatalities in 2013 compared to 2012.

On the other hand, China continues to suffer
from poor road safety performance, with 62,387
deaths and 237,421 injuries on the roads in 2011
and the situation has exacerbated by rapid mo-
torization with vehicles per capita growing at an
annual rate of 14.5% (Ono et al., 2013).

In general, the concern for safety is linked
directly to the overall affluence and economic
status of the country. Safety progresses from
the encouragement of good individual practices
to the development of good community norms.
Traditionally this is dealt with via three impor-
tant approaches: Engineering, Education and
Enforcement. This section reviews the status of
road safety practices in the Asia-Pacific cities,
each at a different stage of maturity in terms of
transport safety.

Road Safety Education

With an aging population, Japan is focusing,
among other things, on safety training for all
elderly road users. Lecture programs and classes
have been designed especially for elderly drivers
atthe time of driver license renewal (International
Association of Traffic and Safety Sciences, 2007).
Actual assessment of driving ability, as well as a
medical examination, is mandatory fordrivers aged
70 and above. To ensure safety while encouraging
mobility among the elderly, the government has
supported the establishment of safety clubs in se-
niors’ clubs and retirement homes, and promoted
the training of Silver Leaders to champion safety
education among the elderly. One of the reasons for
the success of this program is that in Japan, safety
is considered holistically, whereby all segments
of society are taught to be aware of hazards in the
workplace, in the home and on the road, and are
trained to respond proactively to these hazards at
both individual and community levels.

In Australia, the emphasis on road safety
is to develop a safety culture as a strategic ob-
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jective, and this initiative is spearheaded by a
high-level council comprising selected political
leaders (Australian Transport Council, 2011).
To achieve its action plan of “Safe Roads, Safe
Speeds, Safe Vehicles and Safe People”, the
Australian government works with numerous
non-governmental organizations and stake hold-
ers, such as Road Safety Education Ltd, Royal
Automobile Clubs, the Australian Road Safety
Foundation and the Road Safety Council, in the
belief that road safety is a shared responsibility.
Road safety education is introduced to children at
an early age, and their parents are also involved.
This is supplemented by a number of programs
to educate targeted groups, such as young drivers
who tend to take more risks — with regard to drunk
driving for example — motorcyclists who are more
vulnerable, truck drivers who may be subject to
fatigue, and others who may be inexperienced or
unfamiliar with road conditions. In keeping with
the evidence-based approach to facilitating road
safety education, considerable data gathering
and analysis projects have been undertaken, and
numerous reports produced (Petroulias, 2014).

In Singapore, safety education takes the form of
regular campaigns, particularly among vulnerable
or target groups, e.g. the annual anti-drink drive
campaigns are carried out at pubs and during fes-
tive seasons (Singapore Traffic Police, 2012), the
safe riding campaigns for motorcyclists including
two-wheeler delivery personnel and the Shell
Games for elementary school children (Singapore
Road Safety Council, 2013).

Road Safety Enforcement

In Singapore, regular mandatory vehicle inspec-
tions have kept the vehicle population roadworthy,
resulting in fewer vehicle breakdowns and mis-
haps. Heavy goods vehicles and public service
vehicles such as taxis and buses are inspected
more stringently at 6-monthly intervals (CITA,
2007). As one of the leading car manufacturing
countries, Japan has also instituted strict vehicle
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safety standards in its vehicles, requiring regular
inspections to confirm that their structure and
equipment comply with safety regulations (Hirota
& Minato, 2001). The Japanese authorities have
also been updating their regulations to keep pace
with technological change (Ministry of Land,
Infrastructure, Transport and Tourism, 2013b).

Enforcing safety regulations among road users
remains a challenge, particularly in the areas of
drunk driving, speeding and red-light violations.
Even in Australia, while the absolute numbers of
alcohol-related fatalities have continued to decline
overthe lastdecade, itis estimated that around 28 %
of all fatally injured motorists still have a blood
alcohol concentration [BAC] above the maximum
legal limitof 0.05 (International Transport Forum,
2014).Inkeeping with international norms, China
instituted stricter laws against drunk driving in
2011, which include the possible suspension of
adriver’s licence for five years and a fine (World
Health Organization, 2011). In Taiwan, this
problem seems to have been curbed somewhat
after several waves of sustained enforcement of
heavy fines ranging from TWD 15,000 to 90,000
(US$500 to US$3,000) together with a 1 year ban
and a possible prison sentence of up to 2 years.
Moreover, if the driver is convicted of causing
serious injuries or death, he will be banned from
driving for life.

Excessive speed, together with red-light run-
ning, contributes directly to a large proportion of
serious casualty crashes. Most major cities use
fixed and mobile cameras to enforce speed limits;
while in Australian cities, Singapore and Hong
Kong, red-light cameras have been installed at
signalized intersections. International experience
(Aeron & Hess, 2009) has shown that red-light
cameras may be effective in reducing right-angle
crashes but may notbe as effective in reducing total
crashes due to a possible increase in the number
of rear-end crashes. Consequently, it is difficult

to identify those sites where such cameras should
be installed (Chin & Haque, 2012), although in
Australia such enforcement is applicable over an
area rather than at a given location.

Road Safety Engineering

Advanced technology in vehicles has also been
tested and marketed to improve road safety. Japan
has employed the Advanced Cruise-Assist High-
way System [AHS], either in a passive or active
control mode, to warn drivers of road hazards
such as stalled vehicles (Sato, 2003). Such tech-
nologies are increasingly being implemented on
newer vehicles in order to facilitate driving. In
the meantime, a variety of smart systems involv-
ing real-time V2I and V2V communications are
being developed to facilitate collision avoidance
(Ministry of Land, Infrastructure, Transport and
Tourism, 2012), including ITS Spot which provides
safe driving support, adaptive cruise control [ACC]
which monitors and controls the gap between
vehicles, and cooperative adaptive cruise control
[CACC] which effectively connects vehicles in a
stream by sharing acceleration/deceleration data
(ITS Japan, 2013).

As regards road infrastructure, engineering
solutions to improve safety are produced through
an audit process. Australia is the regional leader
in road safety audits [RSA] which seek to iden-
tify and rectify road hazards at the early stages
of road design. In 1994, Austroads introduced a
safety audit guide which has been the reference
procedure for many countries embarking on road
safety audits (AustRoads, 2002). Singapore has
adopted asimilar approach in reviewing the safety
of road design for all construction projects that
impact changes to the road infrastructure (Land
Transport Authority, 2006; Tan et al., 2003).
Following a number of pilot RSA studies, China
has also developed safety audit manuals, and this
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practice has been reported in a number of Chinese
provinces, such as Guangdong, Xinjiang, Henan,
Hebei and Zhejiang (Deng et al., 2012).

Australia has also adopted the International
Road Assessment Program [iRAP] which was
first introduced in Europe to assess rural and
inter-city highways, and has further modified
the procedure for assessing urban roads. Thus
far, the Australian Road Assessment Program
[AusRAP] has examined more than 20,000 km
of national highway with a speed limit of 90 km/
hr or above (Australian Automobile Association,
2013). The AusRAP program, which utilizes four
complementary methods for assessment — risk
mapping, performance tracking, star ratings and
safer road investment plans [SRIPs] — is one of
the most forward-looking methods of tackling
road safety systematically.

One of the major problems in analysing road
safety problems is the lack of an integrated crash
database shared by highway authorities and hos-
pitals, for analysis and investigation purposes.
Australia, Japan and South Korea are participants
in the International Road Traffic and Accident
Database, maintained by the Federal Highway
Research Institute in Germany [BASt] and co-
ordinated by the Joint OECD/ECMT Transport
Research Committee (International Road Traffic
and Accident Database, 2006). In Australia, the
Fatal Road Crash Database [FRCD] is managed
by the Australian Transport Safety Bureau [ATSB]
together with the Victorian Institute of Forensic
Medicine [VIFM]. This comprehensive database
has allowed Australians to conduct numerous
studies into ways of tackling specific road-safety
problems (Bureau of Infrastructure, Transport
and Regional Economics, 2014). However to
date, Japan and South Korea do not seem to have
integrated the police and hospital data at their
disposal (Luoma & Sivak, 2006). This remains
a major challenge in the Asia-Pacific countries.
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The Lessons Learned and
the Challenges Ahead in the
Field of Road Safety

Cities and nations in the Asia-Pacific Regionneed
to adopt a more proactive approach to road safety
as practised by the Australians and Japanese. Too
often, cities deal with the safety problem only after
accidents have accumulated. This is made worse
when such accidents have not been accurately
recorded or even registered.

The lesson for developing cities is to adopt a
top-down approach to safety, focused on establish-
ing a strong institutional structure and a compre-
hensive safety policy that will translate into safe
practices among all road users. For example, the
Australians have been successful in developing a
safety culture with strong institutional and political
support, involving the National Transport Com-
mission, the National Heavy Vehicle Accreditation
Scheme, AusRoads and various non-government,
and even non-profit, organizations.

Safety Culture usually needs considerable time
to develop, especially in developing countries
where economic development is more important
from a government perspective. All stakeholders
mustbe involved in all aspects of safety promotion.
A concerted effort is needed from government,
public organisations and commercial companies
such as vehicle manufacturers and car parts sup-
pliers, as well as from logistics companies and
individuals.

While many safety stakeholder organizations
have their own strategic highway safety plans,
very often there is no one strategy that unites all
of these common efforts. From a government per-
spective, anational road safety strategy is needed,
and can be used as a guide and framework by
safety stakeholder organizations, to enhance the
planning and implementation of safety measures
at national, state and local levels.
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Investment in road safety often competes with
other priorities. In many cities, there is a lack of
funding for safety research and promotion. While
funds from the private sector may be tapped into,
inevitably public funds need to come to the fore
to demonstrate the highest level of commitment
to road safety. A good model is the Australian
Road Safety Fund which is generated from the
fees paid for customised license plates (also known
as vanity plates), and is used for a variety of road
safety projects. The visibility of such a Fund, and
the involvement of various parties in administrat-
ing it, probably provides a stronger message on
safety promotion than those contained in regular
safety campaigns.

CONCLUSION

There are clearly a number of good practices and
models of smart, sustainable and safe transporta-
tion among the Asia-Pacific cities reviewed here.
It may be useful to highlight several important
considerations when emulating these practices.

The Need for National Strategies
but Local Implementation

First of all, in order to move forward Asia-Pacific
countries need to develop national strategies for
ITS, transportation sustainability and road safety,
if they have not already done so. The vision and
strategies need to be formulated at the national
level as this will ensure that transportation can
be planned with the highest level of commitment
and with a long-term view. This will also ensure
a good integration of services and the sharing of
common applications, e.g. the prepaid fare-card
systems, together with a high degree of interoper-
ability across different systems in different cities.
Implementation of schemes and action plans may
be undertaken at a regional or local level, depend-
ing on the needs and readiness of individual cities
or municipalities for the change. At the city level,

transportation plans may also need to be properly
integrated with other initiatives within a smartcity
design, encompassing energy and water resource
management, health care and education. Several
implementation problems may arise in relation to
the management of project funding and schedules,
especially if the projects involve a great number
of stakeholders, and if legacy systems need to be
replaced.

Do More for Safety and Much
More for Sustainability

With regard to national strategies, there seems to
be greater readiness among countries to develop
national I'TS strategies, probably due to the global
movement and interest in ITS. Japan is perhaps
the best example in the region of a comprehensive
national ITS strategy. However, national strategies
for urban sustainability and transportation safety
are given less emphasis. As regards national road
safety strategy, Australia is probably the best ex-
ample of a nation’s commitment to road safety.
In order to successfully inculcate a long-term
safety culture, it is not enough to focus merely
on individual safety programs without working
out a national agenda for safety. On the other
hand, while there are some good policies and
practices in urban sustainable transport, many
of these are not well coordinated at the national
level. Sustainability is often championed only at
local government level. While urban sustainable
transportation plans are more easily realized at
the local or regional level, it makes greater sense
for sustainability goals to be addressed at the na-
tional level. This may require certain institutional
changes, for example the setting up of a national
sustainable transportation agency.

Exploit Technology but also
Invest in Know-How

In order for cities to develop smart, sustainable and
safe transportation systems, they need to do more
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than just acquire smart technologies. There is no
lack of smart technologies marketed by vendors
intent on convincing city officials that the way
forward is to procure smart systems. However,
the implementation of smart systems needs to
be accompanied by the building of capabilities
and technical know-how so as to ensure that the
systems function effectively, are duly maintained
and are upgraded in a timely manner. Not only
should the technical system be stress tested,
but all non-technical processes should also be
rigorously evaluated. The increasing complexity
of modern transportation systems, the multiple
inter-relationships among stakeholders, and the
dynamic changes in technology and user require-
ments, will make the work of government officials
and system implementers even more challenging.
Building competencies across all policy and deci-
sion makers, and not just among transportation
professionals, will be essential in order to ensure
transportation systems are intelligently and safely
designed and managed, not only for the present
generation but also for future generations.
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KEY TERMS AND DEFINITIONS

Adaptive Cruise Control [ACC]: A radar-
based system that can continually adjust a vehicle’s
speed to maintain a safe distance from the vehicle
ahead.

Bus Rapid Transit [BRT]: A bus-based mass
transit system, with buses running for most part
of their journey within a fully dedicated right of
way, often having priority over other vehicles at
traffic intersections.

Certificate of Entitlement [COE]: The sys-
tem practiced in Singapore to regulate growth in
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the vehicle population by limiting the ownership
of individual vehicles to a maximum lease of 10
years through a process of bidding.

Dedicated Short Range Communication
[DSRC]: A short-range to medium-range com-
munication service with very high data transfer
rates, thatis designed for automotive use to support
vehicle-to-infrastructure and vehicle-to-vehicle
operations.

Electronic Toll Collection [ETC]: A system
that collectsroad tolls electronically often without
the need for vehicles to stop.

Intelligent Transport Systems [ITS]: Ad-
vanced info-communication applications designed
to provide innovative features in the different trans-
port modes, to enable users to be better informed
for the smarter, safer and more coordinated use
of transport services.

Micro-Electric Vehicle [MEV]: A one- or
two-seater vehicle powered by battery with an
electric propulsion power rating of 4-10 KWh.

On-Board Units [OBU]: The computer unit
installed within a vehicle that collects driving
and traffic information and can communicate
with roadside and satellite control or guidance
systems, usually for the purpose of toll collection,
and having the potential to communicate with
other vehicles’ OBUs.

Road Safety Audit: A formal examination of
the safety performance of an existing or future
road scheme or intersection design by an indepen-
dent team, that aims at identifying potential road
hazards and recommending mitigating measures
designed to improve the safety of all road users.

Sag-Congestion: Congestion resulting from
vehicles having to reduce speed when they are at
the bottom of a slope just prior to climbing uphill.

Smart City: A holistic urban system, involving
components such as transportation, healthcare,
utilities, education, housing, public safety and
security, communications and businesses, that
integrates sensors and actuators in the infra-
structure to operate an integrated, self-sustaining
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management system through the intelligent use
of information and communications networks.

Sustainable Transportation: A set of trans-
portation policies, schemes or activities that
collectively ensure that the burden or costs of
implementing or operating them will not be passed
on to future generations.

Transit-Oriented Development [TOD]: A
residential and commercial district built around
a public transport station or interchange, in or-
der to maximize access and to encourage public
transport usage.

Variable Message Sign [ VMS]: Anelectronic
traffic signinstalled onroadways to provide drivers
with information about traffic conditions on the

road or at car parks, such as congestion, accidents,
speed limit changes and parking availability.

Vehicle-to-Infrastructure [V2I]: The wire-
less technology that facilitates the exchange of
operational data between vehicles and highway
infrastructure, primarily to better manage traffic
movements and promote safer operations, and to
automate road toll collection.

Vehicle-to-Vehicle [V2V]: An automobile-
based technology designed to allow automobiles
to “talk” to each other for efficient exchanges of
vehicle-based data regarding location and speed,
thereby allowing a faster response to traffic
hazards.
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ABSTRACT

Smart cities are envisioned to enable a vast amount of services in urban environments, so as to improve
mobility, health, resource management, and, generally speaking, citizens’ quality of life. Most of these
services rely on pervasive, seamless and real-time access to information by users on the move, as well as
on continuous exchanges of data among millions of devices deployed throughout the urban surface. It is
thus clear that communication networks will be the key to enabling smart city solutions, by providing their
core support infrastructure. In particular, wireless technologies will represent the main tool leveraged
by such an infrastructure, as they allow device mobility and do not have the deployment constraints of
wired architectures. In this Chapter, we present different wireless access networks intended to empower
future smart cities, and discuss their features, complementarity and interoperability.

INTRODUCTION

Since 2009, more than half of the world’s popula-
tion now lives in urban areas, a proportion that
exceeds 75% in developed countries and will
grow to 60% worldwide by 2030 (United Nations,
2012). The rapid rise of cities yields new societal
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challenges with strong scientific and technological
implications. As the population density starts to
exceed 5.000 inhabitants per km?, all type of living
resources face a dramatic growth in demand. This
applies to natural goods, such as water or gas, as
well as to infrastructures, such as transportation
systems, energy grids and telecommunication
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networks. The problem is the availability of such
resources will not increase at the same rate as
their demand, as testified by recent forecasts on
sustainable development (United Nations, 2013),
on road capacity and energy distribution (Inter-
national Energy Agency, 2012), and on global
mobile data traffic (Cisco, 2013).

The answer to the needs of mass urbanization
lies then in the way the resources at our disposal
are managed, and Information and Communication
Technologies (ICT) are expected to play akey role
in that process. The complete list of use cases for
ICT in future smart cities is vast and varied, with a
large number of applications that promise to have
a significant impact on the efficient management
of urban resources in just a few years from now. In
fact, most such applications strongly rely on com-
munication. The mobility and pervasiveness of
the devices participating in the process commend
that data transfers — at least those including end
users — are mainly wireless. However, the nature
of network access (by hundreds of thousands of
autonomous or mobile devices) and the type of
traffic generated (from small-size periodic data
to high-definition video streaming) define new
usages over large (i.e. metropolitan) scales, which
cannot be accommodated solely via the traditional
communication infrastructure. This makes the
case for original networking solutions that can
efficiently cope with the future communication
demands of smart cities. On the one hand, there
is the necessity to enhance the existing cellular
infrastructure, especially in terms of radio access.
Although connection speeds are expected to aug-
ment 7-fold by 2017 (due partly to the additional
capacity provided by heterogeneous deployments,
as well as to traffic offloading via femtocells and
Wi-Fi), this will not suffice to manage the overall
13-fold increase in mobile data traffic by the same
date (Cisco,2013). On the other hand, short-range
wireless technologies, such as Wi-Fi, DSRC,
and Zigbee will empower ubiquitous meshed

architectures, based on the M2M paradigm and
specifically designed to manage the load offered
by smart city services.

As aresult, there is a clear need for innovative
communication network models in the wireless
last mile, i.e. that bridging end terminals — be they
autonomous devices or mobile appliances under
the control of users — to the wired network. In
fact, the network paradigms envisioned to enable
smart cities are not far from those studied by the
research community over the last decade. One
can find glimpses of the vision that accompanied
studies on wireless sensor networks, mesh net-
works, vehicular networks, and ad hoc networks
in general. However, there is more to smart city
communication infrastructure than the direct
implementation of state-of-the-art protocols pro-
posed for the aforementioned wireless networks.

In this Chapter, we present wireless last-mile
communication technologies for upcoming smart
cities. The “Background” section presents the
technologies that are currently employed to pro-
vide wireless access to users and devices. Such
technologies, falling into the two wide categories
of cellular and wireless local-area networks, have
been dominating the market for over a decade:
the presentation of their architecture and major
features represents the natural starting point for
our treatise. The “Emerging wireless access tech-
nologies” section presents a wide range of diverse
solutions that are gaining momentum nowadays
in the context of ICT for urban environments.
Our discussion includes both direct evolutions
of the cellular and wireless local area network
paradigms as well as innovative and disruptive
solutions, based on communication to, from and
among sensors, vehicles and mobile terminals.
The section provides a comprehensive overview
of the underlying technologies that may contribute
to the overall ICT architecture in upcoming smart
cities. The “Future research directions” section
outlines how the different technologies presented
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before — each dedicated to a specific need in
terms of the smart city wireless communication
infrastructure, and typically regarded in isolation
— need ultimately to coexist. We thus introduce
a unifying paradigm for wireless technologies in
smart cities, under the term of capillary network-
ing. We discuss future research challenges arising
from such a holistic viewpoint on emerging wire-
less access. The “Conclusion” section closes the
Chapter, summarizing the main points emerging
from the discussion.

BACKGROUND

Wireless access infrastructures are currently based
on two complementary network paradigms, i.e.
cellular and local-area architectures. In order to
better understand their evolution within the smart
city context, below we provide a brief overview
of the technologies they build upon.

Cellular Network Infrastructure
and Technologies

Cellular networks are based on architectures op-
erated by telecommunications companies. They
are designed to provide telephony services, such
as voice calls, fax and Short Messages Services
(SMS), as well as data traffic services to mobile
users, with a pervasive coverage. Support of
mobility is enabled by the use of wireless tech-
nologies that allow users to freely travel (possibly
over large distances and at high speed) while
carrying and using their communication devices.
Pervasive coverage means instead that a user is
able to receive or initiate a cellular phone call or
data session from any place. Cellular networks are
intended to provide different Quality of Service
(QoS) levels to users, in return for an access fee
charged by the operator.

In order to allow complete user mobility, the
communication occurs between a user-carried
mobile terminal and a so-called fixed base sta-
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tion —both equipped with radio transmitter(s) and
receiver(s), and capable of emitting and receiving
radio-frequency signals. The communication oc-
curs overreserved portions of the electromagnetic
spectrum, and exchanges are bidirectional, as the
radio signal carrying the information can be emit-
ted by the mobile user’s terminal and received by
the base station (uplink direction), or be emitted
by the base station and received by the terminal
(downlink direction). Each communication oc-
cupies one specific portion of such a spectrum,
also referred to as a channel.

The physical properties of radio-frequency
signal propagation result in a significant attenu-
ation of the same with the distance between the
transmitter and the receiver. Theoretically, the
attenuation is at least proportional to the square
of the distance, but it is often much greater due
to the environment in which the base station
and the mobile terminal are located. Indeed, the
presence of static and mobile obstacles around
and between the transmitter and receiver causes
reflections, refraction, diffraction, Doppler and
multipath effects. In turn, these lead to a finite
maximum distance between the transmitter and
receiver. As a consequence, each base station can
serve users within a limited geographical area,
named cell. Pervasive coverage is then guaranteed
by deploying base stations so that the superposi-
tion of the corresponding cells covers the whole
target territory.

The tessellation of space into cells allows dif-
ferent base stations to use the same channels to
serve different users. This operation must however
be performed with care, since radio-frequency
signal propagation cannot be precisely controlled
and thus typically trespasses the cell boundaries.
This implies that simultaneous transmissions
occurring within nearby cells and over the same
channels risk interfering with each other and dis-
rupting both communications. The way channels
are allocated within the spectrum and the mecha-
nisms used to manage this so-called co-channel
interference are the main differences between
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the different technologies that have characterized
subsequent generations of cellular networks. Be-
low, we introduce the features of the second- and
third-generation architectures that are dominant
in today’s deployments.

Second Generation Cellular
Networks: GSM, GPRS and EDGE

The second generation of cellular networks (often
referred to as 2G) maps to GSM (Global System for
Mobile Communications), whose share exceeds
90% of the total 2G market. GSM only supports
mobile telephony services, and defines channels
as time-frequency slots, and thus adopts mixed
Time Division Multiple Access (TDMA) and
Frequency Division Multiple Access (FDMA)
techniques to make multiple base station-to-user
communications co-exist within the available
spectrum.

More precisely, the GSM standard defines
several carrier frequency ranges in the ISM band.
Most current deployments use the 850-900 MHz
band, and some include the 1800-1900 MHz band.
The GSM band is then divided into two sub-bands,
dedicated to uplink and downlink communication
respectively. To carry a phone call, the system has
to allocate one GSM downlink channel and one
GSM uplink channel, which are released once the
call is terminated.

Different cells can use the same GSM channels.
However, in order to avoid co-channel interfer-
ence, channel reuse — which in fact translates into
frequency channel reuse in GSM —is not allowed
among cells that are too close to one another.
Specifically, the larger the distance between cells
reusing the same frequencies, the lower the inter-
ference (and the better the QoS); however, larger
distances among these cells also mean that the
same channels can be used fewer times throughout
the network, which negatively affects the capacity
to accommodate user demand. The planning of

frequency allocationin GSM networks is thus quite
a complex task, aiming at maximizing frequency
reuse while maintaining co-channel interference
below a minimum threshold.

Atypical GSM infrastructure, shown in the top
plotof Figure 1,relies on a set of Base Transmitter
Stations (BTS) that are connected through wired
Pulse-Code Modulation (PCM) lines to a set of
switches called Base Station Controllers (BSC).
BSC are responsible for timeslot allocation for
voice traffic, managing the handover of users
between adjacent cells and radio resource monitor-
ing. BSC are connected to the core GSM network,
which is composed of a set of gateways and data-
bases that provide several functions in addition to
managing radio interface e.g. interconnecting with
the public switched telephone network, identify-
ing and locating mobile subscribers, routing calls,
billing and securing communications).

The GSM infrastructure was designed by
telecommunication actors following the tele-
phony circuit switched model in order to ensure
interconnection with public switched telephone
networks. However, the rapid development of
Internet and its tremendous popularity among
users in the 1990s led standardization bodies —
namely ETSI — to extend the GSM standard in
order to support data traffic. The first extension
to meet with some success was GPRS (General
Packet Radio Service). GPRS introduces several
upgrades at the radio interface and in the core
infrastructure. To ensure retro-compatibility with
previous GSM versions, as well as interoperability
with the emerging Internet, GPRS extends the core
network with new components to enable packet
switching. In particular, gateways (called GGSN
and SGSN) are added within the core network
to allow external Internet connectivity. Also, a
Packet Control Unit (PCU) is added to the BSC.
The PCU is responsible for allocating GSM chan-
nels to data traffic in a dynamic fashion, i.e. only
when there are data bursts. Moreover, the PCU
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Figure 1. Cellular network architectures in GSM (top), UMTS (middle) and LTE (bottom)
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implements a scheduling mechanism that is used
to share available channels among concurrent
data sessions. A later GPRS upgrade consisted
of introducing Coding Schemes (CS) at the radio
interface in order to increase the bit rate according
to the signal quality, by transmitting bursts with
a certain redundancy rate.

Despite these enhancements, the maximum
GPRS bit rate was, in the late 1990s, at least one
order of magnitude lower than that promised by
emerging wireless local area network technologies
such as Wi-Fi. To reduce this gap, ETSI proposed
an updated version of GPRS, named Enhanced
Data Rates for GSM Evolution (EDGE). This
standard introduced limited modifications to the
GPRS infrastructure. The main innovation is
the support of adaptive modulation schemes at
the radio interface: by adapting the number of
modulated carriers, a transmitter can adjust its bit
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rate depending on the quality of the signal. EDGE
defines up to eight combinations of modulation
and coding schemes, with bit rate per time-slots
ranging from 8.8 to 59.2 Kbit/s, and a maximum
bit rate per downlink connection up to 384 Kbit/s.

Third Generation Cellular
Networks: UMTS and HSDPA

EDGE/GPRS standards were also denoted as
2.5G technologies, a prelude of the actual third
generation, or 3G technologies. The latter were
embodied by UMTS (Universal Mobile Telecom-
munications System), which was standardized by
3GPP in the early 2000s.

UMTS introduced major modifications to cel-
lular architectures. Firstly, the radio interface was
substantially modified, moving from a TDMA/
FDMA scheme to a WCDMA (Wideband Code
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Division Multiple Access) scheme, as detailed by
Holma and Toskala (2001) in a dedicated book.
WCDMA is based on Direct Sequence Spread
Spectrum (DSSS), a spread spectrum technique
that encodes each data bit with a chip sequence —
or code. This operation spreads the bits over the
available spectrum, with the result that the trans-
mitted signal occupies a much larger bandwidth
than the original bandwidth of the data signal.
However, it also allows multiple transmissions to
simultaneously use the same frequency bandwidth
by using orthogonal codes. The resultis arange of
advantages over FDMA/TDMA, including higher
spectrum efficiency, reduced power transmission
levels and greater robustness to multipath effects
and inter-symbol interference. DSSS also makes
it possible to relax the orthogonal code constraint
(and thus to accommodate more codes within the
same spectrum, increasing the system capacity)
at the expense of some interference.

From a networking viewpoint, although most
of the GSM entities were maintained in UMTS
(possibly with a new terminology, see the middle
plot in Figure I), the associated protocols were
updated so as to complete the switch from a circuit
switched to a native packet switched architecture.
Several interfaces and protocols, such as ATM or
IP, were introduced in the UMTS core network
protocol stack to replace circuit switched lines.

The increase in access capacity (with up to
2 Mbit/s transfers in the first release of UMTS)
and the evolution of the core network toward a
packets switched architecture deeply modified the
utilization of cellular networks and enlarged the
number of offered services. Since the introduction
of UMTS, cellular data traffic has seen a continu-
ous increase, especially with the success of smart-
phones and mobile applications. Accommodating
such an increasing demand has required the 3GPP
to release several enhancements of UMTS, which
led to so-called 3.5G standards. Among these
releases, High Speed Downlink Packet Access

(HSDPA) has been widely deployed by cellular
operators. Similarly to the evolution from 2G to
2.5G, the HSDPA technology did notintroduce any
major modifications to the network infrastructure.
Most of the upgrades were instead at the radio
interface and eNodeBs (i.e. the equivalent of
BTS in GSM). In particular, HSDPA moved some
functions, such as radio resources allocation, from
the core network to the eNodeB, with the aim of
improving the system’s responsiveness to the fast-
changing radio channel conditions. Moreover, new
and denser coding schemes, including 16QAM,
were added, enabling a maximum downlink bit
rate of 14.4 Mbit/s.

Wireless Local Area Network
Infrastructure and Technologies

With the rapid acceleration of the computer
industry, and with the introduction of personal
computers, the 1980s also saw an increased
demand for interconnection and communication
capabilities. At that point, Local Area Networks
(LAN) were already a reality, implemented via
wired technologies such as Ethernet. However,
wireless networks, with their ease of deployment
and reduced material cost, were also becoming
technically feasible.

Encouraged by a decision made by the US
Federal Communications Commission, which
in 1985 allowed the unlicensed use of 100 MHz
of spectrum in the 2.4 GHz band (one of the so-
called Industrial, Scientific and Medical (ISM)
radio bands), equipment manufacturers began
proposing their solutions for wireless local area
networks (WLAN), mostly operating in this ISM
band. However, inter-connection problems soon
emerged, and different standardization organiza-
tions decided to address the issue. In 1997, the
Institute of Electrical and Electronics Engineers
(IEEE), which had already standardized an Eth-
ernet-like solution for wired networks, published
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the IEEE 802.11 standard, specifying the Medium
Access Control (MAC) and Physical (PHY) layers
of wireless LANS.

Easy to implement and quickly brought to the
market by manufacturers supporting the standard,
IEEE 802.11 soon emerged over competing
technologies and became the de-facto standard
for WLANSs. However, early IEEE 802.11 prod-
ucts still had inter-operability problems, mostly
because different manufacturers were giving
different interpretations of some parts of the
standard. As IEEE lacked the resources needed to
testequipment compliance, companies supporting
the IEEE 802.11 standard created an independent
organization, the Wi-Fi alliance, to test and certify
IEEE 802.11 products. This also led to the com-
mercial name of Wi-Fi, generally used today to
designate certified IEEE 802.11 equipment.

The specifications are being continuously
adapted to the dynamic wireless market, allow-
ing Wi-Fi to operate today on different frequency
bands, from the 700 MHz band freed by the switch
from analog to digital television broadcast, to the
60 GHz ultra-wide band, which allows a significant
increase in transmission data rate. Most Wi-Fi
WLANS operate however at 2.4 and 5 GHz (the
latter band being first used by amendment IEEE
802.11a), where 3 to 12 non-overlapping 20-MHz
frequency channels are available. The standard was
also adapted to anumber of specific environments,
such as mesh networks, vehicular communica-
tions, or direct device-to-device transmissions.
These functions are added to the standard through
so-called amendments, discussed and drafted by
different working groups within IEEE.

At the physical layer, the standard initially
used spread spectrum techniques, such as Direct
Sequence Spread Spectrum (DSSS in the original
standard) or Frequency Hopping Spread Spec-
trum (FHSS in the IEEE 802.11b amendment).
However, Orthogonal Frequency Division Mul-
tiplexing (OFDM), introduced by amendments
IEEE 802.11a/g, has become the prevalent choice
in the last decade, and all recent devices use
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this technique, sometimes with complementary
mechanisms, such as transmission and reception
through multiple antennae.

The IEEE 802.11 standard describes two
MAC layer protocols, Distributed Coordination
Function (DCF) and Point Coordination Func-
tion (PCF). The latter is a deterministic channel
access method, where a central master station
(STA), typically the Wi-Fi Access Point (AP),
polls all the regular STAs, granting them trans-
mission opportunities. On the other hand, DCF is
a contention-based method, using Carrier Sense
Multiple Access (CSMA), whose main principle
is that every STA listens to the channel before at-
tempting a transmission and refrains from doing
so if another station is already using the channel.
DCEF uses acknowledgement (ACK) messages to
detect failed transmissions, and takes a binary
back-off approach to reduce the collision prob-
ability between STAs, implementing a Collision
Avoidance (CA) mechanism — hence the name
CSMA/CA, generally used to describe this me-
dium access solution.

Althoughdescribed in the standard, and despite
the greater quality of guaranteeing finite channel
access time, PCF is not typically implemented in
off-the-shelf Wi-Fi devices, which only run DCF
and its evolutions. One of these evolutions, Evolved
Distributed Channel Access (EDCA), has been
defined in the IEEE 802.11e amendment, and later
included in the recent IEEE 802.11-2012 standard
(IEEE Computer Society, 2012). It proposes the
use of transmission queues with different priori-
ties, making it possible to distinguish between data
traffic with real-time constraints and classical best
effort data at the MAC sub-layer.

Building on these continuous improvements
and the development of wireless communications,
in less than a decade Wi-Fi has become the most
successful wireless technology worldwide. Ac-
cording to the Cisco Data Meter application (CDM,
2014), Wi-Fiis the main wireless technology used
to access Internet services, transporting three to
four times more data than cellular networks. While
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this difference is more significant in the case of
tablets, as depicted in Figure 2, it is interesting to
notice that even in the case of smartphones Wi-
Fi largely dominates as an access technology, as
shown in Figure 3.

EMERGING WIRELESS
ACCESS TECHNOLOGIES

Second- and third-generation cellular and Wi-Fi
access networks are designed to accommodate a
type of mobile traffic that is rapidly becoming
outdated.

On the one hand, we are witnessing a growth
in data traffic demand from mobile users which
was barely predictable only a few years ago. The
success of smartphones and mobile apps led to
a mobile traffic compound annual growth rate
(CAGR) of 146% between 2006 and 2013 — a
performance surpassing even that of the overall
data traffic over the turn of the millennium, i.e.

when the Internet first started to pervade our lives.
This notwithstanding, forecasts by prominent
stakeholders tell us that the mobile communication
hype is far from having reached its peak: mobile
data traffic is still expected to grow 11-fold by
2018, with a CAGR of 61% (Cisco, 2013). This
makes the data rates offered by the 2G/3G cel-
lular network and 802.11a/b/g Wi-Fi networks
insufficient. Therefore, both access technologies
are being improved in order to meet the increased
demand, which promises to be especially chal-
lenging in ever-more-densely populated urban
environments.

On the other hand, smart cities are expected to
introduce a number of services thatrely heavily on
wireless access, butintroduce traffic demands of an
unprecedented nature. These include direct com-
munication among mobile devices, novel types of
end users such as connected vehicles, and a mas-
sive number of data flows consisting of periodic,
high-frequency, small-sized messages generated
by metering or crowdsensing applications.

Figure 2. Average monthly worldwide tablet data traffic transported through Wi-Fi (in blue) and cellular
(in green) technologies (Courtesy of Cisco Systems, Inc. Unauthorized use not permitted. Captured from
http://www.ciscovni.com/data-meter/ on July 8th, 2014.).
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Figure 3. Average monthly worldwide smartphone data traffic transported through Wi-Fi (in blue) and
cellular (in green) technologies (Courtesy of Cisco Systems, Inc. Unauthorized use not permitted. Cap-
tured from http://www.ciscovni.com/data-meter/ on July 8th, 2014.)
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In this section, we discuss the most prominent
emerging technologies intended to address the
future evolution of mobile traffic, with a focus
on smart city services.

Evolution of Cellular
Access Technologies

The huge popularity of mobile smart terminals
such as smartphones or tablets and the rapid
development of mobile services have marked the
end of the last decade. This tremendous success
was supported by the evolution of 3G cellular
networks toward HSDPA, which allowed the
support of IP services. In addition, Android, i0S
and other mobile operating platforms have greatly
facilitated the development and the distribution
of mobile applications. Since then, the number
of available mobile applications and services has
continued to grow exponentially. The ubiquity
and multiplicity of mobile services have deeply
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modified user habits, and most services are now
available for mobile users anywhere and anytime.
Attracted by the increasing growth of the mobile
market and its associated lucrative revenues, new
operators have emerged and entered the highly
competitive mobile and telecommunication sec-
tor, championing novel technologies. Within this
context, several consortia composed of mobile
ICT actors already anticipated the saturation of
2G and 3G access networks a decade ago. Dif-
ferent technologies began to be proposed at that
time as candidates for the fourth generation of
cellular networks.

Long Term Evolution (LTE) is the technology
that was retained for 4G cellular infrastructures.
The first LTE version was specified in 2008 by
the 3GPP release number eight, and it was soon
considered a3.9G technology designed to provide
a smooth transition to actual 4G systems. As
shown in the bottom plot of Figure I, most of the
specifications introduced innovations at the radio
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interface, named eUTRAN. The key elements
include Orthogonal Frequency Division Multiple
Access (OFDMA), Adaptive Modulation and
Coding (AMC) schemes, Multiple Input Multiple
Output (MIMO) techniques, beamforming, turbo
codes and Hybrid Automatic Repeat Request
(H-ARQ).

In 2010, release 10, referred to as LTE Ad-
vanced (LTE-A), was recognized by the ITU as a
true 4G technology. In addition to some enhance-
ments to the radio interface, such as the capacity
to aggregate several carriers, the main novelty
of LTE-A lies in replacing the two tier 2G/3G
core networks (composed of a circuit switched
and packet switch sub-systems) with a unique
flat all-IP core network, facilitating the support
of IP-based protocols and mobile services. The
[P-enabled entities that compose the core network
provide operators with the capability to deploy at
reduced cost and to manage a 4G infrastructure
that can adapt flexibly to customer demand.

LTE/LTE-A operates in conventional
3GPP/3GPP2 bands (e.g. 800/900 MHz), but it
also supports many new frequencies between 600
MHz and 3.8 GHz. The allocated bandwidth per
operator is flexible and can range from 1.4Mhz
to 100Mhz. The theoretical maximum downlink
bit rate per user in LTE and LTE-A can attain 300
Mb/s and 1Gb/s respectively.

Overall, many smart city services will rely on
cellular access. Specifically, cellular technologies
offer anywhere, anytime connectivity that is se-
cure, has QoS guarantees, and enjoys ever-growing
bitrates. These features make cellular access the
baseline solution for wireless communication in
digital urban environments. The main downside,
however, remains the economic cost for the end
user: to cope with this issue, diverse generations
of cellular technologies can be leveraged to satisfy
the needs of different applications. For instance,
resources (e.g. water, electricity, gas) can be
monitored using integrated sensors and GSM
chipsets; residential and office building can be

managed through M2M services supported by
3G technologies; high-end mobile applications
can instead resort to 4G.

Finally, it is worth mentioning the emergence
of so-called Ultra Narrow Band (UNB) networks.
UNB is a recent technology allowing wireless
transfers over long distances (tens or even hun-
dreds of Km) at very low bitrates (10 to 1000 bps).
The UNB network architecture mimics that of a
traditional cellular network, however the extended
communication range makes is possible to dra-
matically reduce the number of base stations: as
an example, the whole of France is covered using
just 1000 antennas, whereas the same number of
antennas is used in the same country to provide
UMTS/LTE access to the city of Lyon alone.
In turn, this cuts down capital and operational
expenses linked to building and maintaining the
network. When compared to traditional cellular
systems, UNB technology is also inexpensive
from other perspectives. On the one hand, it op-
erates on an unlicensed spectrum (e.g. 868 MHz
in Europe and 915 MHz in the US - frequencies
often used by cordless phones), which makes it
possible to reduce subscription fees to $1 per year.
On the other hand, its communication chips are
especially cheap to produce, being sold at $1 each
today. Clearly, the low bitrate limits the applica-
tions of UNB. The technology is thus devoted to
so-called Internet of Things (IoT) applications,
as UNB could enable Internet connection for
countless energy-constrained devices that need
to transmit small amounts of information. These
include toys, heart rate monitors, energy grid
meters, underground pipe monitors, or parking
space monitors.

Evolution of Wi-Fi Access
Technologies

Nowadays Wi-Fi is the most common wireless

access technology in the indoor environment,
and it also accommodates a non-negligible share
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of outdoor-generated mobile traffic. The result is
thatlarge portions of urban areas are characterized
by a pervasive presence of Wi-Fi APs. Although
outdoor Wi-Fi hotspots or WLANS are deployed
and managed by operators or companies, in many
cases Wi-Fiequipmentisinstalled and configured
by private end users, without any coordination. The
consequence is the saturation of Wi-Fi channels,
especially on the unlicensed 2.4 GHz frequency
band. This, jointly with the 54 Mb/s data rate cap
of IEEE 802.11a/g, makes current Wi-Fi standards
unable to cope with the surge in traffic demand.

IEEE 802.11n

In order to address this situation in 2009 IEEE
standardized an enhancement of the IEEE 802.11
family, known as 802.11n. The upgrades make
it possible to increase the maximum bit rate per
channel to 600 Mbit/s. The major source of im-
provements lies in the introduction of Multiple
Input Multiple Output (MIMO) transmissions:
by leveraging the presence of multiple antennae
at the sender and receiver, MIMO techniques
exploit diversity to make signal reconstruction
more efficient and robust to multipath. An intro-
duction to MIMO communication is provided by
Tse and Viswanath (2005). The 802.11n standard
defines several multi-antenna scenarios, such as
1x2, 3X3, and 4X4.

Another improvement introduced by IEEE
802.11n1isthe possibility of merging two adjacent
20-MHz channels to form a single 40-MHz chan-
nel, basically doubling the maximum capacity of
a single data transfer. This allows a further 4%
gain, due to the use of the frequency guard band
that previously separated the two joined 20-MHz
adjacent channels.

Lastbutnotleast, IEEE 802.11b/g can only op-
erate at the 2.4 GHz band, whereas IEEE 802.11a
only works at the 5 GHz band. IEEE 802.11n al-
lows the user to choose any of these two bands, the
main advantage being that of balancing the load
among the overcrowded 2.4 GHz band and the
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not-yet-saturated 5 GHz band. The latter portion
of the frequency spectrum also has the advantage
of not being subject to interference from the many
devices operating at 2.4 GHz, such as Bluetooth,
cordless phones, baby monitors, or microwave
ovens. Moreover, the number of non-overlapping
available channels is much larger at 5 GHz (e.g.
8 in the US) than at 2.4 GHz (e.g. 3 in the US).

IEEE 802.11ac

IEEE 802.11n products are now widely sold at
affordable costs. Anticipating the increasing de-
mand for data traffic, in 2014 IEEE announced
a new upgrade, called 802.11ac. IEEE 802.11ac
targets a maximum cell capacity of 1 Gbit/s and
is clearly positioned as a competing technology
with the Gigabit Ethernet.

Technically speaking, there is no major tech-
nological breakthrough in IEEE 802.11ac. This
new evolution of Wi-Fi pushes further the capac-
ity increase already attained in IEEE 802.11n,
by allowing the merging of adjacent channels to
create 80-MHz and even 160-MHzband channels.
Additionally, whereas IEEE 802.11n does not al-
low MIMO configurations exceeding 4x4, IEEE
802.11ac supports up to 8x8 MIMO. Finally, the
denser modulation technique 256QAM is sup-
ported by 802.11ac.

Wireless Sensor Communication
Technologies

With the turn of the millennium, significant
advances in technology for micro-scale electro-
mechanical systems, along with the emergence
of low-power wireless communication circuits,
enabled the production atindustrial level of small-
sized, low-cost nodes with sensing, computational
and wireless communication capabilities. Akyldiz
etal. (2002) provide a first survey of these devices.
The deployment of a significant number of sensor
nodes — often referred to as motes — leads to the
formation of a wireless sensor network (WSN),
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whose goal is to collect information on a physical
phenomenon within the supervised geographical
area. Nowadays, WSNs are becoming increas-
ingly popular in a number of domains, including
the military, medical and environmental sectors.
From a different perspective, technologies related
to WSNs have also found a large number of ap-
plications within the context of smart cities, where
they find usage in parking availability monitoring,
air pollution monitoring, urban traffic monitoring,
or smart street lighting.

The reason for such a success lies in the sub-
stantial benefits offered by WSNs: (i) the lack of
infrastructure and of associated capital and opera-
tional costs; (ii) the self-organization capability
of network components, which eases the deploy-
ment operation; (iii) the limited cost and size of
the sensors themselves, which contributes to both
the advantages above. These advantages appear
especially profitable for urban applications such
as pollution monitoring, public lighting control,
smart parking, and smart metering of water, gas, or
electricity. A thorough discussion of the potential
applications of sensor technologies for smarturban
environments, including technical requirements,
can be found in (ETSI TR 103055, 2011).

Clearly there are challenges as well, especially
in terms of limited resources: the battery life-
time, the communication range, the storage and
computation capabilities of sensors are severely
constrained, and mustbe managed carefully —even
more so when considering that sensor nodes are
typically expected to operate autonomously for
timespans from months to years. Fortunately,
most WSN-based services concern low-duty-cycle
monitoring and tracking, and thus do not require
frequent or high-rate data transfers. Driven by the
low-power and low-complexity requirements of
WSN on one hand, and by the low-data rate and
latency requirements of the overlying applications
on the other, much attention has been devoted to
developing new specifications and protocols atall
layers of the protocol stack, as detailed by Wagner
(2010), among others.

Inthe following, we present the main standard-
ized protocols, with a focus on the lower layers
of these standards, i.e. the physical (PHY), the
medium access control (MAC), and the routing
standards, since they are the mostrelevantin terms
of access network technologies.

IEEE 802.15.4 and Upper
Networking Stacks

The most popular protocol stack used in WSN
architecture is based on definitions provided in
the IEEE 802.15.4 standard, which describes
the operations at the PHY and MAC layers. It is
often coupled with standards that define higher-
layer (i.e. network) protocols such as Zigbee or
6LowPan. In order to provide a comprehensive
overview, we will first present the IEEE 802.15.4
standard, and then introduce the most popular
higher-level standards.

IEEE 802.15.4 was the first open standard
designed for low-rate wireless personal area net-
works (LR-WPAN). The targets of IEEE 802.15.4
are low-complexity and low-power PHY and
MAC layer specifications for low data rate wire-
less communication between low cost devices.
At the physical layer, the first version of IEEE
802.15.4, released in 2003, specifies the use of
unlicensed bands at 868-868.6 MHz (Europe),
902-928 MHz (North America), and 2400-2483.5
MHz (worldwide) with data rates of 20, 40 and
250 Kb/s respectively (IEEE Computer Society,
2003). The IEEE 802.15.4a standard, released in
2007, introduces enhancements and corrections,
along with support for higher data rates; it also
reduces unnecessary complexity and considers
additional portions of the frequency spectrum
(IEEE Computer Society, 2006). In 2009, two
new amendments, IEEE 802.15.4c and IEEE
802.15.4d, were released: they mainly introduced
two new frequency bands (314-316 MHz and
430-434 MHz).

At the MAC layer, IEEE 802.15.4 defines
two channel access modes: a non-beacon-
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enabled mode and a beacon-enabled one. In the
non-beacon-enabled mode, data is transmitted
using an unslotted CSMA-CA scheme. Similar
to what happens in IEEE 802.11 networks, each
node listens to the channel prior to transmitting
in order to determine whether the latter is free.
If this is not the case, the node waits for a binary
exponential back-off before attempting retrans-
mission. In the beacon-enabled mode, a slotted
CSMA-CA scheme is used, where a super-frame
structure makes it possible to coordinate access to
the medium. To that end, a coordinator starts the
operations by sending a beacon, which synchro-
nizes nearby nodes and advertises the structure of
the super-frame. The latter is composed of: (i) an
inactive period; (ii) a Contention Access Period
(CAP), where nodes use a slotted CSMA/CA to
access the channel; (iii) a Contention-Free Period
(CFP), which contains a number of guaranteed
time slots (GTS) allocated to specific stations by
the coordinator node.

As pointed out above, one of the main design
guidelines of IEEE 802.15.4 is the low power
consumption. To reach this goal, the standard
defines energy-efficient management schemes,
mainly including the ability to reach very low
duty cycling (i.e. the ratio of the active period to
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the full active-sleep period). It was shown that
most energy consumption at sensor nodes is due
to active radio transceivers: therefore, low-duty
cycling is the most effective technique to save
energy. Beside energy efficiency, IEEE 802.15.4
adapts to time-sensitive WSN applications thanks
to the guaranteed time slots (GTS), which are re-
served and do not require prior negotiation; these
aspects are thoroughly discussed, among others,
by Sohraby et al. (2007) and Buratti (2010).

The IEEE 802.15.4e amendment, approved
in 2012, introduced some MAC-layer enhance-
ments to the IEEE 802.15.4a standard. It mainly
supersedes the use of a single channel mandated
by IEEE 802.15.4a, as it favors interference and
multi-path fading. Instead, IEEE 802.15.4e intro-
duces atime-slotted channel-hopping mode, which
is especially intended for industrial applications.

The success of IEEE 802.15.4 has encouraged
the development of many standards to specify
upper stacks. Below we present two popular
standards, Zigbee and 6LowPan.

Zigbee is a high-level standard-based tech-
nology for low-cost, low-power radio devices. It
is designed by the industry consortium Zigbee
Alliance and is based on the IEEE 802.15 stan-
dard, as shown in Figure 4. Zigbee supports both

Figure 4. 802.15.4 and two popular upper stacks: Zigbee (left), and 6LowPan (right)
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operation modes of IEEE 802.15.4 presented
above. Itdefines three types of devices: the Zigbee
Coordinator (ZC), a single node per network that
represents the root of the network tree; the Zigbee
router (ZR), which relays packets; the Zigbee End
Device (ZED), which runs applications, mainly
related to sensing and actuation services. ZED
nodes are usually battery-powered and do notrelay
packets; they are allowed to have very low-duty
cycles to reduce their energy consumption and
enhance their lifetime.

Zigbee supports three types of topology: star,
tree and mesh. The multi-hop routing in tree
topologies is guaranteed by a specific address
assignment scheme, which makes it possible to
deduce the relationships between nodes and their
ancestors and descendants. In this way, Zigbee
avoids having to build and maintain routing tables.
In the mesh topology case, multi-hop routing is
performed through an AODV-like reactive routing
protocol: the source initiates a route discovery
phase by broadcasting a route request, and a
shortest path is built using packet loss probability
on each link as the cost metric (Zigbee Alliance,
2008). Recently, Zigbee has become increasingly
popular in the context of short-range, low-rate
WSN applications, including home entertainment
and control, building automation, smart parking,
and industrial control.

6LowPan stands for low-power wireless
personal area networks. It is an IETF working
group that aims to adapt IPv6 to support low-cost
low-power radio devices. To that end, it builds on
top of the IEEE 802.15.4 standard. 6LowPan is
motivated by the fact that IP can and should be
supported by low-power devices such as sensor
and actuator nodes, so as to guarantee their in-
teroperability within a global Internet of Things,
asalsodiscussed by Mulligan (2007). The problem
statement was introduced in the RFC 4919, as
per Kushalnagar et al. (2007), and specifications
were released in RFC 4944, as per Montenegro
et al. (2007), and later updated in RFC 6282, as
per Hui and Thubert (2011).

In order to be able to support IP while reducing
energy consumption, 6L.owPan offers the follow-
ing main features. First, it proposes an adaptation
layer that makes it possible to fragment IP packets
and reassemble them into IEEE 802.15.4 frames.
This adjustment is needed since IPv6 packets can
be larger than the maximum IEEE 802.15.4 frame
size. Second, in order to reduce the length of data
packets, 6L.owPan proposes to compress the [Pv6
header (40 bytes). Third, 6LowPan defines two
routing strategies: a mesh-under approach and a
route-over one. In the mesh-under strategy, the
routing of packets is implemented at the 6LowPan
adaptation layer, as shown in Figure 3, based on
the IPv6 fragments before the reconstruction. In
the route-over strategy, the routing is implemented
at the IPv6 layer, where packets are routed after
the reconstruction. The mesh-under approach
makes it possible to reduce the transmission delay,
whereas the route-over strategy is more suitable
toloss-prone environments. A detailed discussion
is provided by Montenegro et al. (2007), and Hui
and Thubert (2011).

Even though 6LowPan presents higher com-
plexity and delay compared to Zigbee, it has re-
cently grownin popularity thanks to the emergence
of the Internet of Things and the growing need
for interoperability between devices.

DASH7

Although IEEE 802.15.4 and the associated pro-
tocols have attracted significant attention, their
usage remains limited to significantly localized
applications. With these technologies, transmis-
sion ranges do not exceed 100 meters, and are
more often around 30-40 meters, which may be
too limited for many smart city services. This has
motivated the development of new standards such
as DASH7, which is currently attracting more and
more attention. As explained by Norair (2009),
DASH?7is based on the standard ISO 18000-7 and
is promoted by the DASH7 alliance, an industry
consortium formed in 2009. The first standard
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DASH7 Mode 2 was announced in 2009 as the
next-generation version of ISO 18000-7. Dash7
Alliance Mode Draft 2 was released in 2013
(DASH?7 Alliance, 2013).

DASHY7 introduces specifications for all the
layers of the network stack, from the physical to
the application one. At the physical layer, DASH7
operates at the 433 MHz ISM band, where the
spectrum is organized into 15 channels grouped
into five channel types: Base, Legacy, Normal,
Hi-Rate and Blink. These channels have differ-
ent bandwidths and use different modulation
schemes. At the MAC layer, two modes are used
according to the channel class. The normal and
high-rate classes, referred to as guarded channels,
are controlled by a CSMA/CA process, whereas
access to the other channels, called non-guarded
channels, can be achieved at any time using a
pure ALOHA access mechanism without prior
negotiation. For these classes, the use of CSMA/
CA is in fact optional.

At the network layer, DASH7 proposes to
use a background network protocol called D7A
Adpvertising Protocol (D7AAdvP) and two fore-
ground network protocols, D7A Network Pro-
tocol (D7ANP) and D7A DataStream Protocol
(D7ADP).D7AAdvPis abroadcast transmission-
only protocol used exclusively for fast ad-hoc
group synchronization thanks to very short back-
ground frames (DASH7 Alliance, 2013). D7ADP
is a generic data encapsulation protocol without
any addressing or routing information. Commu-
nication and routing are thus entirely managed at
the upper layers. Finally, D7ANP is an address-
able and routable protocol that supports unicast,
broadcast, anycast and multicast communication.
As an alternative, DASH7 can support IPv6 ad-
dressing using a simple adaptation layer, which
makes it easily interoperable with other systems.
In both cases, we stress that DASH7 specifica-
tions define a simple two-hop routing approach
and allow integration with other standards like
IETF RPL in that sense, as discussed by Weyn
et al. (2013).
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At the radio level, the main advantage of
DASHY is the good trade-off between the trans-
mission range — reaching up to 2 Km of distance
— and the data rate — up to 200 Kb/s, while using
low-power communications. This occurs mainly
thanks to an operating frequency with good
propagation characteristics, and makes it possible
to penetrate water and concrete. However, it also
mandates the use of larger antennas compared to
those employed by technologies adopting higher
frequencies.

DASHY7 technology has met with significant
success over the past few years. As for other
technologies, success has been stimulated by
military applications: the U.S. Department of
Defense awarded a huge multi-million contract
for DASH7 devices in January 2009, and NATO
isalso expected to deploy DASH7 infrastructures.
However, DASH?7 is also used in several civil ap-
plications, with a particular focus onurban services
such as home automation and automotive systems.

IEEE 802.11 Power Saving
Mode (Low-Power Wi-Fi)

Instead of developing brand new sets of specifi-
cations, a different strategy for wireless sensor
connectivity lies in the adaptation of well-known
standards, via the optimization of their perfor-
mance in terms of energy consumption. The IEEE
802.11 standard has received a lot of attention in
this sense, and a significant amount of work has
been devoted to the study of the viability of low-
power IEEE 802.11 for wireless sensor networks.

Specifically, modifications of IEEE 802.11 that
enable power saving have been proposed both in
the case of traditional AP-based DCF communica-
tion and in the presence of self-organizing STAs
(the so-called ad hoc mode). In the presence of
an AP, mobile nodes go periodically to a power
saving mode where they turn off their transceiv-
ers. They then wake up periodically, on a listen
interval basis, to check for incoming packets.
The AP sends a beacon message at every beacon
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interval, such that the listen interval is a multiple
of the beacon interval. The beacon contains the
identifiers of nodes with buffered packets. The
latter are assumed to stay awake to receive their
packets, as described in Tseng et al. (2002) and
Tozlu et al. (2012).

In power saving mode using the ad hoc mode,
mobile nodes are supposed to be synchronized and
contend at the beginning of the active period to
send the beacon packets containing, among other
fields, the source address and the destination
address of buffered packets. Tseng et al. (2002)
showed that the power saving mode initially
designed for single-hop ad-hoc communications
brings more challenges and complexity in multi-
hop networks, mainly due to clock synchroniza-
tion, neighboring discovery, packet delays, and
network partitioning issues.

The use of low-power 802.11 in wireless sensor
networks offers the main advantage of native IP
compatibility, which facilitates the integration of
sensor nodes in the Internet of Things. For this
reason, the use of 802.11 may be profitable in
single-hop AP-based architectures, such as home
environments and building automation scenarios,
where sensor nodes send data to a sink while in
power-saving mode. However, WSN dedicated
standards remain more suitable today for large-
scale wireless sensor deployments.

Networked Vehicle Technologies

Increased safety and efficiency in both private
and public road transportation is one of the major
challenges to be addressed by future smart city
technologies. Not only are urban areas growing
in terms of population size, but their inhabitants
also tend to be increasingly mobile and expect
to be able to travel to, from and within cities
more and more easily and rapidly. The result is
a surge in road travel demand, which can barely
be accommodated by traditional solutions, i.e.
by augmenting the capacity (e.g. adding lanes to
existing roads, or planning and deploying more

effective road signalization) and extent (e.g.
constructing brand new streets and beltways) of
the road infrastructure. Although largely adopted
in the past, such practices are now approaching
their limits within metropolitan areas in developed
countries, where road infrastructures are already
very comprehensive, and further physical exten-
sions are unfeasible or unpractical.

A game-changing contribution is thus expected
to come from the integration of ICT into road
transportation systems. This implies an important
goal shift, from increasing the capacity of the
road network to using the existing capacity more
efficiently — and, incidentally, in a safer way.
The objective is to simultaneously reduce road
accidents, travel times, and pollutant emission
by road vehicles, the three points being clearly
correlated. To that end, a number of ICT-enabled
smart transportation services are expected to sig-
nificantly improve our ability to leverage the road
infrastructure. These include collision or generic
warning notification, reliable and real-time traffic
condition information, near-future and long-term
anticipation of road network utilization and travel
times, traffic light state broadcasting and speed
adaptation, automated and transparent tolling,
approaching emergency vehicle alert, and nearby
point-of-interest advertising.

All of the aforementioned services rely on the
capability of vehicles to receive and/or transmit
data, anywhere and anytime. They thus depend
on the so-called networked vehicle principle, i.e.
equipping vehicles with one or more wireless
communication interfaces, so that they are fully
integrated within the smart city telecommunica-
tion network. Multiple radio interfaces may be
needed on each vehicle since different services
entail diverse information sources and destina-
tions: forexample, live traffic information services
rely oninformation generated by an Internet-based
server (or, as some may refer to it, in the Cloud),
which then needs to be multi-casted to subscriber
vehicles; on the contrary, collision notifications
concern circumscribed geographical areas and
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have tight delay constraints, which makes direct
communication among vehicles a more fitting
option.

As aresult, the vehicular communication envi-
ronment requires that different wireless network-
ing approaches are taken in parallel. Here, the main
distinctionis between services that need pervasive
access to remote resources, and those that require
localized access. The former are expected to lever-
age the existing cellular infrastructure, whereas
the latter depend on dedicated communication
paradigms that are specific to vehicular environ-
ments. Below we present architectures following
these two paradigms and discuss the associated
access network technologies separately.

Cellular Communication-
Enabled Vehicles

Vehicles can easily be equipped with cellular
radio interfaces and exploit the existing 2G/3G/
LTE infrastructure to send/receive data. This
approach to vehicular networking is especially
convenient in the case of services provided by or
requiring the intervention of servers on the Inter-
net. In fact, its implementation is trivial from a
technical viewpoint, and the first networked cars
embedding cellular interfaces are already on the
market. Moreover, the integrated interfaces can
be easily replaced by those already available on,
for example, smartphones or high-end navigation
systems present onboard, which dramatically
increases the penetration rate of the technology
at basically no cost.

As a result, cellular access is the current de-
facto standard in communication-enabled vehicles,
and a number of already deployed services rely
ona vehicle-to-cellular infrastructure data transfer
model. One example is that of remote monitor-
ing of vehicle status, a service offered by many
automobile manufacturers, e.g. BMW Assist, Ford
SYNC, General Motor OnStar, Toyota Safety
Connect and Mercedes-Benz mbrace, to cite afew.
Another successful application is that of quasi-
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real-time traffic estimation and notification, where
vehicles act as mobile sensors in a crowdsensing
system, by periodically communicating their speed
and direction (and possibly information about
accidents, road works, etc.). This information is
gathered and processed by a central controller, and
finally broadcasted back to the vehicles, which
thus have an up-to-date vision of the road traffic
conditions (TomTom, 2010). A final example
is provided by insurance services: by installing
black boxes on vehicles, the behavior of drivers
can be constantly monitored, and liability can be
determined in case of accidents.

All the services introduced above require
information from vehicles to be uploaded to the
Internet. Their success raises two main questions.
The firstis of economic nature. Cellular communi-
cation occurs on alicensed spectrum, and has thus
a financial cost. The question concerns which of
the entities involved (the service provider, the car
manufacturer, the telecommunication operator, or
the end user —either directly or indirectly) will pay
for such a cost. In other words, business models
must be identified that make cellular access by
vehicles economically viable. The second question
1s instead technical, and it is thus of more interest
within the context of this Chapter. It concerns
how to accommodate vehicle-generated data —
typically referred to as Floating Vehicle Data, or
FVD - through cellular upload. Sommer et al.
(2010) and Bazzi et al. (2011) have considered
exploiting the Random Access Channel (RACH)
of 3G UMTS access networks. RACH is a shared
direct-access channel normally employed for sig-
nalization; however, by transmitting small-sized
FVD directly on RACH, rather than asking for
a dedicated channel, vehicles reduce delays and
increase communication efficiency. The solution
appears viable, yetimportantissues also exist: only
a few tens of small packets can be uploaded per
second within each cell, RACH does not support
inter-cell handover (which occurs frequently in
the case of high-speed vehicles), and the solution
generates RACH congestion — thus reducing the
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QoS of traditional mobile voice and data services.
Mangel et al. (2010) and Ide et al. (2012) have
instead studied the impact of FVD on LTE access
networks technology. Although better performing
than UMTS, LTE also has limitations when it
comes to FVD upload: specifically, it suffers de-
lays of up to 50 ms and its capacity is constrained
to 100 packets per second on a dedicated 5-MHz
channel.

In order to mitigate the effect of FVD on cel-
lular access networks, Stanica et al. (2013) and
Ancona et al. (2014) have suggested comple-
menting cellular communication with dedicated
vehicle-to-vehicle communication. The latter is
also a more fitting technology in the case of in-
formation dissemination constrained to vehicular
devices, i.e. where the data is generated by, and
destined to vehicles. Here, cellular communica-
tions do not appear a convenient solution, as they
force the content to unnecessarily transit (twice
or more) through the radio access network. Be-
low we describe dedicated wireless technologies
enabling direct and distributed communication
among vehicles.

Dedicated Communication-
Enabled Vehicles

Wireless communication technologies dedicated
to vehicular environments have not yet hit the
market, even though they feature a very long
history of research and development with its
roots in early proposals during the 1970s. Proto-
type solutions were developed in parallel in the
USA, with the Electronic Route-Guidance Sys-
tem (ERGS) introduced by Rosen et al. (1970),
based on vehicle-to-instrumented intersection
communication, as well as in Japan, where the
Comprehensive Automobile Traffic Control Sys-
tem (CACS) national project (launched in 1973),
targeted the same road efficiency goals we still
pursue today. A number of activities in the USA,
Japan and Europe followed during the next 30
years, and Hartenstein and Laberteaux (2008)

provide quite a complete overview of the field.
However, the limitation of wireless technologies
available at the time, the complexity of shifting the
whole automotive industry towards the networked
vehicle paradigm, the excessive costs of building
the dedicated roadside infrastructure needed by
many proposed architectures, and the lack of
ultimate proof of the effectiveness of dedicated
vehicular communications led to a failure to bring
these proposals to the industrial production stage.

Atthe turn of the century the study of vehicular
communication technologies started to gain mo-
mentum. This was due to the combination of two
main factors: first, the success of IEEE 802.11 as
a local area network technology, which demon-
strated how high-performance wireless commu-
nication could be easily and widely deployable;
second, the allocation of a reserved frequency
band for Dedicated Short-Range Communication
(DSRC) in vehicular environments, first in the
USA and subsequently in Japan and Europe. As
a result, adapting the IEEE 802.11 standard to
operate in the DSRC frequency band appeared as
a convenient solution to finally enable vehicular
communication.

According to the specifications of the US
Federal Communications Commission (FCC),
the DSRC spectrum consists of 75 MHz at 5.9
GHz, divided into seven 10-MHz channels, with
the lower 5 MHz reserved as a guard band. Two
pairs of channels can be combined into 20 MHz
channels, as per the diagram. One of such chan-
nels, namely channel 178, is designated as the
Control Channel (CCH), whereas all the others
are Service Channels (SCH). The former is in-
tended for signaling purposes and for broadcasting
information relevant to all vehicles. The latter
are designated for specific services provided or
consumed by vehicles. Transmission power can
reach 28.8 dBm for an expected communica-
tion range of 1 km. We note that experimental
assessments, such as those carried out by Bai et
al. (2010) and Martelli et al. (2012) have found
such ranges to be rather optimistic, with practical
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communication distances falling in the 50-300
m range. In Europe, the European Commission
has standardized a slightly different spectrum al-
location, with a reserved band limited to the three
central channels of the FCC specifications. These
are also referred to as the ETSIITS-GS5 channels.

Building on such dedicated spectrum avail-
ability, ten years of standardization efforts have
led to different bodies producing several specifi-
cations. Figure 6 presents the network protocol
stacks proposed by IEEE and ETSI.

The IEEE stack, on the left in Figure 6, is
expected to be adopted in the US, and is based on
different protocol families. The Physical (PHY)
layer and Medium Access Control (MAC) sub-
layer are direct evolutions of those described in the
popular IEEE 802.11 standard for wireless local
area networks. The draft standard for DSRC has
long been known as IEEE 802.11p, however such
an amendment has recently been superseded and
its features included in the latest release of the
IEEE 802.11 standard, known as IEEE 802.11-
2012. Since the legacy IEEE 802.11 standard
and its different variants have been described
previously in this Chapter, here we limit ourselves
to highlighting the main features inherited from
IEEE 802.11p that have been included in IEEE
802.11-2012:

e  Compliance with the 10-MHz PHY channel
structure dictated by FCC specifications.

e  An ad-hoc communication mode outside
the context of a Basic Service Set (BSS),

Wireless Access Networks for Smart Cities

i.e. the elementary building block of IEEE
802.11 networks, typically managed by an
Access Point (AP). This mode allows di-
rect communication between any device,
removing the association and authentica-
tion phases: these are time-consuming op-
erations that are not compatible with the
short-lived links established by high-speed
vehicles.

e  Adoption of the Quality of Service (QoS)
specifications introduced earlier by amend-
ment IEEE 802.11e, concerning the use of
four traffic priority categories that devices
can use to access the channel, depending
on the kind of data they have to transmit.

The management of the multiple available
channelsin Figure 61s constrained by the availabil-
ity of a single radio interface at each vehicle, and
IEEE 1609.4 describes its operation. The standard
recommends that all vehicles — synchronized via
GPS, for example — alternately listen (or transmit)
on the CCH and on a SCH of interest according to
a time-division mechanism. More precisely, time
is divided into 100-ms intervals, during which all
vehicles spend the first 50 ms on the CCH and the
next 50 on a SCH. This approach has long been
questioned by the research community, due to the
latency and temporal unbalance in the channel
access load it may generate; different approaches
have thus been proposed, such as those by Campolo
et al. (2011) and Di Felice et al. (2012).

Figure 6. DSRC protocol stack according to IEEE and ETSI specifications
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At the network and transport layers, the
complexity of the traditional TCP/IP model is
deemed useless in vehicular environments, where
long-lived unicast flows are absent. Therefore,
the IEEE 1609.3 standard replaces TCP (or other
transport protocol) and IP headers and operations
with a much more compact message structure. The
resulting WAVE (Wireless Access for Vehicular
Environments) Short Message Protocol, or WSMP,
makes it possibleto: (i) reduce the packet overhead
from the 52 bytes of TCP/IPv6 to 11 bytes; (ii)
control lower-layer parameters directly from the
application layer, as the data transmission rate,
the transmit power, and the channel number can
be explicitly indicated in the WSMP packet. The
IEEE 1609.2 standard integrates IEEE 1609.3,
by defining the security measures to be adopted
to ensure privacy, authentication and integrity of
dataexchanged viaDSRC. Finally, the SAEJ2735
standard defines a DSRC message set dictionary,
i.e. a list of standard message types that can be
used to exchange different kinds of information
in the vehicular network.

The ETSI stack, on the right in Figure 5, is
expected to be adopted in Europe, and it is based
on a single standard called ETSI ITS. The ETSI
ITS standard was developed after the different
protocols that compose the IEEE stack, and thus

makes large reuse of mechanisms defined in the
IEEE stack —also to ensure compatibility between
DSRC implementations in the US and Europe.
Specifically, the access layer of ETSI ITS, built
on top of the ITS-GS5 channels mentioned before,
covers PHY and MAC specifications, and basically
relies on the specifications of IEEE 802.11-2012.
The networking and transportlayer accommodates
any layer-3 and layer-4 solutions, including TCP/
IP, those specifically defined by IEEE 1609.3, and
so-called Geo-networking solutions introduced
by ETSl itself. The facilities layer implements all
functions that support interoperability between the
vehicular network and external systems, such as
those composed by in-vehicle electronic control
units or roadside units. As such, this layer speci-
fies periodic (Cooperative Awareness Messages,
or CAM) and event-triggered (Decentralized
Environmental Notification Messages, or DENM)
messages that can be used for road safety and traf-
fic management purposes. The ETSI architecture
alsoincludes additional security and management
layers that are orthogonal to the previous layers,
and define (i) cryptographic and algorithmic
solutions to guarantee secure operations, and (ii)
interfaces among the different layers respectively.

The IEEE and ETSI architectures have served
as a basis for the development of a large body of

Figure 5. 5.9-GHz frequency spectrum reserved for DSRC by FCC
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literature on applications, algorithmic solutions,
and protocols dedicated to vehicular environments.
Many of these are targeted at road safety, and
implement services such as collision avoidance,
on-road danger warning, approaching emergency
vehicle notification, real-time traffic congestion
information and routing, and accident liability
attribution. Others are not directly related to road
safety and include the dissemination of content
to users onboard cars, the unicast routing of data
within the vehicular network, the deployment
of DSRC-based roadside units, the gathering,
fusion and exploitation of FVD concerning the
vehicles themselves as well as the surrounding
environment, making vehicles active participants
of urban sensing processes. A thorough discussion
of the many and varied works on specific aspects
of communication and networking techniques for
vehicular environments would require a book per
se, and is out of scope in the 