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SOMMARIO

Oltre 3,9 miliardi di persone vivono attualmente in aree urbane e suburbane, rappresentando il 54%
della popolazione a livello globaleale tendenza di urbanizzazione continuera a crescere nei prossimi
anni portando la popolazione delle aree urbane a 6 miliardi entro il 2045. Le aree urbane
rappresentano I'80% delle emissioni di gas serra, il 75% della produzione di rifiuti e il 70% del
consumo energetico a livello globale.

L'edilizia sostenibile e una pianificazione urbana integrata diventano ancora piu necessarie dalla
crescita dell'urbanizzazione e la crescente domanda per una migliore efficienza nei consumi energetici
e nella gestionedlle risorse naturali. Il grande avanzamento delle tecnologie dell'informazione nei
modelli di cittd 3D, Digital Twins, Urban Analytics, Geographic Information Systems (GIS) ha
avviato la recente transizione digitale.

La modellazione delle informazioni deelcitta (CIM) significa implica la gestione di enormi quantita

di dati, che successivamente vengono riuniti utilizzando il cloud computing. La CIM si occupa della
gestione integrata delle operazioni di trasformazione urbana e sintetizza le riferimadigipatici

attuali tali come sostenibilita, smartness e resilienza. In questa tesi si presentano i concetti esistenti
sulla modellazione delle informazioni della citta sulla base di una revisione critica della letteratura.

L'uso della tecnologia € indispsabile per migliorare I'efficienza e I'efficacia della gestione delle citta,
migliorando cosi la qualita della vita della popolazione. Alla luce di quanto sopra, gli urbanisti e i
governatori dovranno affrontare sfide sostanziali per quanto riguardauédi attfuture esigenze in
materia di pianificazione urbana, gestione e monitoraggio delle citta.

Parole chiave:(BIM, CIM, Digital Twin, GIS, Sostenibilith
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ABSTRACT

More than 3.9 billion people now live in urban and suburban areas, accounting faf 54étlobal
population. This urbanization will continue to grow in the coming years, bringing the population of
urban areas to 6 billion by 2045. Urban areas account for 80% of greenhouse gas emissions, 75%
waste generation, and 70% global energy consomp

The growth of urbanization and the rising demand for better efficiency in energy consumption and
management of natural resources makes it necessary to deal with building construction and city
planning in new and sustainable ways. Information teclygyofwrogress in 3D city models, Digital
Twins, Urban Analytics, Geographic Information Systems (GIS) have promoted the recent digital
transition.

City Information Modelling entails dealing with enormous amounts of big data, commonly brought
together, utiliing cloud computing. CIM provides the integrated management of urban transformation
operations and synthesises current paradigmatic references such as sustainability, smartness, and
resilience. This thesis presents existing concepts on the Modelling yotn@tmation based on a

critical literature review.

The use of technology is indispensable to improve the efficiency and effectiveness of city
management, thus enhancing the population's quality of life. Given the above, the urban planners and
governors Wl have to face substantial challenges as to actual and future demands in urban planning,
management, and city monitoring.

Keywords: (BIM, CIM, Digital Twin, GIS, Sustainability
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1. INTRODUCTION

This thesis is based on research, literature review and evaluation work of City Information Mpdelling
its challenges, sustainabtievelopmentand benefits from standardized indicators worldwiGgy
Information Modelling is a corept firmly embedded intchow cities and their infrastructure are
managed and used nowadayke first topicelaborates broadview of how city infrastructure works,

what comprisest and how the smart city concept has evolved. These relate to the ps#esqoi the
implementation of how new services and intelligent infrastructure can be automated through data
generation of physical buildings, infrastructudgow services and economy generation through
different business modelscan impact today's living etropols. Smart cities management
infrastructureclearly showshe potential of today's urbanization, its impact on the environment, and
people'gracticallifestyles.

Smart cities and urban infrastructure have a very keen relation to geographicah)osatidgces,
buildings and all information generatedre in an unchained correlation to geographical data
processinglin this regardthe topic aims to give an understandiofjhow geelocation data works, is
processed and what andlysan be performedhtough tods suchas ArcGIS or other spatiahalysis

of processinglata

IoT is becoming more and more the crucial part of today's developmetinksathe entie physical

urban built environment and infrastructure to automated processes and datangaffhis explains

loT infrastructure and how software systems are built according to infrastructure, environment,
businessand policymakers needs and requirements. 0T is becoming an unseparated part of services,
and a new range of service businessegaising, processing these economic behaviours through data
analysis. loT system architecture views the built software architectures in customising it to specific
devices or a different range of sensors. The big data gathezedinand processedhrouch these
architecture customizations of software.

Furtherexploration of CIM regarding sustainability guidelines and standards to emission reductions
and energy efficiency in the built environment provides a new approading the data gathered to
modd and monitor environmental issues that concern the urban living environment. BIM is a
fundamental part of this issue; buildings and constructiore tide most significant role in going
through a CQ@reduction process considering energy efficiency, susbéénraw materials use and
automated processes.

Advancement of building information modelling at a larger scale like CIM, Digital Twins as a
progressive concept, puts City Information Modeling into a mirrored digital virtual motion that
enables simulatioto improve effectivenesssustainability,processesetc for better economic and
political decisionsDigital Twin as a data gathiag hub mirroringthe built environment is becoming a
very effective tool for shortening time the decisioamaking and reducing coststimationwithout
working in the real environment. The Warrington Boroygroject case through ICL (Intelligent
Community Lifecyclé digital twin tool explaindhow CIM is used for analysingariousscenarioof
community energy reduction measurements, network energy distribution aagkestor
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2. SMART CITIES URBAN INFRASTRUCTURE

City as Socielechnical System

Cities are places where peeplork and live together. This is considered from different perspectives;
some people see it as an economic system, a generation of wealth, jobs, and economic conditions of
working and interactions. Another approach looks at it as a social system reldtedway of life,

cultural life, social life, activities, and social interactions. Other see cities as a political system, how
people interact, who decides about what, who owns the power and how decisions are taken. At the
same time, some other people sdBes as technological systems where infrastructure is the
foundation of the technological system. All these ways of perceiving the city are correlated with each
otherand consider ias a socidechnical system.

Figure 1i City as a societechnical system

All these perspectives of seeing the city as a different system affect each other, e.g., technology the
way it works, effects economy, economy effects in its way in reverse the investments in technology
and this goes the sarae tosocial and political agets. This is the general systemic view of a city.

Urban infrastructures promote the cohabitation of living and working environments. It has an effect on
how people work, live, and make decisions. You may observe how infrastructunestsucted with

the influence on social life in mind, such as the ease with which the city centre iskdectss
influence on traffic, whether it is flowing or not, on the effectiveness of the water supply, and on the
quality of social, economic, angblitical life as a result of all of this. Infrastructure is essential in
determining the growth, maintenance, building, and investment in various areas of the city. It deals
with the proces®n howindustrial zones and business parks are chosen for gevefd and how all

of these concerns contribute to the city's complexity as a-sedimical system that determines its
infrastructure and social life.

Transportation, buildings, housing, electricity, water, wastewater, and trash are all constituent
infragructure elements. All of these are critical components of a city's social, political, and economic

Erasmus Mundus Joint Master Degree PrograinBRASMUS+
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life. These major concerns influence how transportation is built, whether water is clean or not, whether
energy is renewable, and whether the ste@hnicd system may be viewed as part of a broader
metropolitan system. Of great importance here is the impact that all of these system parts have on city
administration and government and the ability to receive input from them.

Place where people live and work
together

Infrastructures affected by the economic, Ierr_es affected by the Exomoniic
sacial, political & cultural workings of a social, political & C‘:"m"'l workings of a
city city

1 I
I I
I Urban infrastructures |
: Enabler of collective living and working 1
1
I
1

Figure 37 Urban infrastructure system

1.1. Management and Governance Implications

There are many implications on the systemic view of citidsch of primary importance is
managerant and governance of the cities. The concept of loop feedback camsideredAll the
elements mentioned in the system interact with one another, and they create feedback. The technical
part interacts with the social part, and these dimensions arénailsteraction with the economic
dimension, which all create feedback loops. This kind of interaction makeswvatiesomplex, and
outcomes are never attributed to only one caustlautorrelation of all elements.

Additionally, this situation placethese elements in a patlependent interaction, e.g., decisions made

in the past reveal their consequences in the future. The city and its infrastructure atectmioal
systems that interact, generating feedback loops on both sides. The housing [myEasts
transportation. Transportation affects energy, and all of these feedback loops affect what happens
inside a city. These feedback loops develop similarly in the social realm. Numerous actors interact,
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and economic activity affects social life. Bhdnow these layers of technical and social dimensions are
layered affects how people work, whether they get to work or not, whether they have access to water
and other essential services. All of this directly affects how the city performs, how resiiennt,

and sustainable it is. All these feedback loops make the governance of the cities very complex and
unpredictable, and that is a crucial issue to be considered.

Figure 41 Systemic view of cities

1.1.1. Implications of Digitalization
1 DataGeneration an@torage
1 Networks and Communication
91 Internet of Things (IoT)
9 Data Analytics
1.1.2. Data Generation andStorage

Data are generated from many sources such as cameras, sensors, RFIDs, GPS, including all the
information called selgenerated, e.g., through smartphones that are constantly transmitting and
generating data.

These data are generated and used more and more bgrsdeslices at a lower cost. The storage
capacity where this data gathered is growing every day, makiag unexpectedlyamount of data
gathering. This exponential data gathering storage makes the first element of digitalization.
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1.1.3. Networks and Communication

The second element of digitalizationdemposed ofhree elements, generally named communication
and network, which have three different dimensions that relate together. The primary layer of
telecommunications infrastructure is the cabtés, fibres, wireless infrastructure, and the capacity

bands which grow into 1G, 2G, 3G, 4G, WiMax, WiFi, Satellites. All thesemprise the

telecommunication infrastructure of the transmitted data. The second layer is the networks in which
different devies are used and connected, which is usually done by protocols, connecting the different
data storages and storing devices together. The third layer is the identification and exchange of this

data, which is usually called the worldwide web that recordddévices' locators, e.g., computers,

phones, etc

1.1.4. Internet of Things (IoT)

Data generation storage ‘

Identification & exchange ]
Internet

of
Things
(loT)

Network

(Tele-) comunications

infrastructure

Figure 51 10T layer structure

Exponentially
connected
devices

Exponentially
generated and
transmitted data

Increasingly real
time exchange
data

Four components constitute the loT: the devices that connect the data and the identification and
exchange of data of défrent devices connected through the internet. The speed and the data

transmitted through network infrastructure and the devigess andcapacities, novandon, areoften
replaced withthe ones with small size and lower prices. All these have growingciigp and more

and more data needs to be stored, generatddyansmitted at an increasing speed, and some devices

do not need any more powerg.,.RFDI 6s. Al Il these

components

ma k

linked together through the world wide web will grow exponentially in five years. A survey has shown

that the number of devices connected through each other will double by this amouet dfttam the

data generated and transmitted will be exponentially increased, and the bandwidth of these data
devices will take and use up to 50% of all of it. Nowadays, it is possible to supervise your house and

work remotely through smartphones in réale, andthatis possible through what we call 10T.
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1.1.5. Analytics

Rapid
development of

Internet ‘
the capacity to

of
L — analyze &
Things

visualize data e.g
(loT)

(Al, Machine

Learning)

Figure 61 Visualized IoT data output

In addition, analytics is an important factor to consider. This data must be expeditdysed
processed, and sometimes vigzed because analytics cannot always show what needsatalysed

the outcomes, and how they are received. @hisunt of data, referred to as Big Data, is procelsged
using artificial intelligence and deep learning tools such as machinenigammiconjunction with one
another, all theselements such as storage, transmission, networks, analytics, comprise the overall
concept of digitalization.

1.2. Implications of Digitalization on Industries and Infrastructure

1.2.1. Industries

Generally, all industes have a chain production line, a physical value chain line, e.g. a car production
is assembled on different stages and sold as a finished product. The customer is finally interested only
at the finished product of the value chain, usually the retéiigitalisation makes ipossible to mirror

the physical value chain in a data layer. All the information in the physical value chain is embedded
and duplicated in the digital layeWhile the physical value chain still exists, another mirrored
information n a digital layer makes it possible for the customer to connect directly. The customer can
order directly from the internet and can assemble his vehicle. He can choose the materials, the type of
the parts through a digital interface. For examptescan ader aPCand assemble its parts his ow

own. There is another benefit from this digital layer of information; this can be used to produce new
services, products or business models with the same customers or new ones.

Amazonbés busi nes serechassaeXdampte amprodoat that is yesunder production

can be ordered digitallyand it arrives at you physically. The second layer is where, as a customer,

can get advice on what other people similarly purchased and what other available pacaltivtse

and how it is possible to profit from the data stored on that digital layer. These are new services and
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business models. Many industries can benefit and be affected by this potential of mirroring digital
information. For example, in educationdahealth care, a large amount of information is generated.
All of this information on a digital layer can be repackaged and sold to new industries. Digitalization
can disrupt any activity with a value chain, but some are more vulnerable than others.

Services and business models on
bases of these data (added value)

R Customer

Mirroring the physical value chain in a L, N i
data layer

P»vysical v%;lue chaiL‘x ‘
\ [N——

A

Customer

Figure 77 Implications on Industries & Infrastructures

1.2.1. Infrastructure

The infrastructure and services are also linked by the digital layer, which connects customers and
infrastructureprovided servicesCustomers are not directly connected to the infrastructure's services;
instead, they are introduced to data via a digital layer in between, similar to the industry case topic.
This inbetween digital layer improves the efficiency of infrastructure managiemesulting in an
optimised physical value chain. This digital layer can obtain smarter energy management, smarter
transportation management, smarter waste management, and other smart city features.

Another element to consider is the new kinds of sesvjgrovided from the digital layer; these new
services are also considered smart new services. These new services can create new business models
that can be determined. The city can advise, or companies can offer, for example, services about
saving energyoffering new services combined with infrastructure. The first approach manages and
combines elements of optimisation, incremental innovation, and the already existing infrastructure that
can be improved through the digital layer. The second is relatih tgualitative changes offered by

these new types of business thanks to the digital layer such as energy service, transport, waste
services, green services etc.

1.3. Smart City Perspectives

Smart cities are used in different ways, with smart cities, some maauty the economic dimension

of Asmart citieso. They refer to the digital I
city generates jobs, revitalizes, and stimulates its economy. In this era of new information and
communication technologieghis is perceived through innovation parks, partnerships between
universities and industry, and smart city is a digital economy that can be simulated. Another
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dimension of looking at smart cities is the social dimension of digitalization, here is timtigddte
stimulate community life by way of online communities, social interactions, and cultural life in a city.

The third point of view is that the digital economy and the sharing economygsagarablylinked.
When they are combined, they dbe smat city as having a political dimension. This refers to the
potential of digitalization to simulate citizen participation, civil society involvement, or other
stakeholder involvement through concepts such-geyernance andgarticipation.

The fourth andmost important point of view is that smart cities are primarily focused on the
technological dimension, on infrastructures. That is the most widely accepted definition of a smart

city.

Digita\ (urban) e-governance/

economy ECOI’IOI‘niC Political e-participation
dimension dimension

Social

Technological
dimension Smart City

dimension

Online
comunities

Figure 87 Smart City dimensions

Smart dies from infrastructure and technological dimensions include, elgmnentdlike transport,
smart cards, online information mobility as a service, on energy level there are smart metering, smart
lightening, digital water metering, smart housing, ingeliit buildings, energy savings and so on.

Another dimension is also into the environment direction, which goes through smart waste, smart
green infrastructure, and many others in the sustainability dimension. All these considered in the wide
picture are th implications that digitalization has on the urban systems.

The main implications that digitalization has on urban systems are four. The first implication is on the
management and infrastructure itself, e.g., the combination of the existing infrastraictuthe new
possibilities digitalization offers. There are implications established in new services and opportunities
deriving from services that lead to other managing and governing implicatiootherimplication is

about managing the data layer aaltbgether that compound the urban sociotechnical system. This
urban system implication goes on a higher level in governing this system and specifically the
institutions.
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Figure 91 Implications on management of the city

The comept of smart city nowadays is not anymore, an academic concept; there are many elements to
be considered, mostly it is a concept pushed by vendors and specific cities. The academic contribution
to it is the distinction between the infrastructure, thetdliglata layer, and the services based on the
data layer. Unlike the academic perspective of smart city, this concept is also put forward by other
private companies that promote smart city.

The first perspective is that of hardware vendors that proddferedit kinds of devices such as
generating devices, like smart meters, sensors, cameras, etc., which contribute to creating the digital
layer. The second perspective is the one of the infrastructure companies. Unlike the device production
companies, thesare focused and active in the urban arena. They might be water companies,
electricity companies, transport companies, even telecom and postal services. They are also advancing
the concept of smart city because they work on their infrastructure via tta ldiger and services.

There are also other vendors, companies such as IBMs, Ciscos of the world that offer services that
integrate anchnalyset hi s dat a. So, their work is managing
through integrating servicesitizens, and businesses. These perspectives influence two factors: the
first is that vendors are attempting to monetize the services that they are providing, and they are
analysingcitizens as customers of the services that they are proposing, and thed sedbat
digitalization offers many opportunities, and this needs to be observed more closely on demand for
vendors to adopt these technologies.
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Figure 107 Vendors perspective

1.4. Smart Urban Energy Systems

Smart urban energy systems derive from three main drivers that are at the same level. Urban
infrastructure technologies have been changing, and with decentralized production, renewable
technologies, transport technologies, and energy technologies hawaffieeténg urban energy.

The first driver is that technologies related to the energy sector are continuously changing and
affecting urban energy. There are being produced and taking more place electric vehicles, buses,
bicycles electric charging statiormssociated with themThere are housing technologies that are
constantly changing and improving; houses are becoming morsu$iidient and producing their
energy themselves. More changes have taken place in the heating district, in heating pumetstorage
The second driver is climate change resource efficiency. Cities are becoming big polluters, and the
aim to reduce Co2 emissions and become more energgusiitient is one of the most crucial
objectives of urban energy systems. Digitalization stk driver and the necessity in which the
urban energy systems can become smart.

Traditionally energy is produced by power plants in a centralized way. Transmittance systems
distribute the electricity into the city and to the whole households, comparees, airports, shopping
malls etc. This is the traditional linear way of distributing central production to the decentralised
distribution process.

The first new concept that is evolving and taking more and more place is the new way of distribution.
However, the traditional centralized distribution is still working but ihd®ecome less critical over

time. Factories, households, devices, etc., are ever producing their energy, and some feed the
electricity system at certain times. The second concegbésgy generation at irregular intervals or
occasions based on energy production thanks to renewables such as solar and wind. The solar
electricity production can be in decentralised or centralised massive solar plants and then fed back to
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the grid of trasmittance. The other major issue is the one that is related to energy price regulation and
optimization. Instead of having fixed prices, consumption signals and measures indicate the
consumption trend and areas, so the energy can be stored in decentalzntralized backup
batteries or dams to be fed back into the grid system when prices are high. All these processes are
automatized, and these are the core features of smart urban energy systems. The automated devices
can react to the price indicatdrs turn off when the prices are high and turned on at times the prices

are low.

&'i's
Centralized production
Transmission
)

1 Distribuition s
s s ot e ey
§ et i i

Company/Area Household

Figure 1171 Electricity distribution system

The main layers of which the digital transition consists of are; The first is the urban electricity. syste

An integrated electric system means the possibility where firms, areas, households, etc.; are self
generating and feeding the system grid. However, the primary sources of electricity are fed from the
outside. A larger environment is affected directly dmpan energy and electricity. In this socio
technical system, factories, e.g., are electricity producers and stores and can be active in energy
matters or trade. The second layer is one of the services.

The third layer, the data layer, concerns the coress of energy and electricity not only as consumers

but as prosumers at the same time. A significant number of devices, systems, and services are related
closely to electricity demand, e.g., more and more electric cars, buses, bicycles, and households are
constant demand for energy. Buildings also are in great demand and related to electricity systems by
consuming and feeding back. Gas production, water supplies and other water systems as wastewater
are related to electricity. Electricity can also beduced from waste, and all these examples of energy

use and production form the urban electricity systEarthermore, the services at this stage became
more complex, they are not just buying energy, but they are storing, managing, and selling
simultaneouly; this layer makes energy systems possible.

Smart electricity systems as an integrated utility are seen as a linkage to other urban infrastructure
systems. There is much interference with a range of other dimensions; one can be the electric grid
itself, such as the increase of photovoltaic panels, local PV systems, or other infrastructures like
heating pumps as new infrastructure heating sources. Such interference with each other and these
technical linkages also correlate to seohnical systems analiical-institutional aspects. The
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Paris CO2 agreement is a central goal directive towards the reduction of pollution emissions. The
economic and social dimension is also considered in connection to the liberalization of electricity
markets.It providesgood living quality through infrastructure and service to the customers and
citizens. Many other opportunities can be achieved through the linkage of smart urban electricity
systems as decentralization, digitization that can improve sustainability,Sa@#eiency, and raise

the quality of life. These systems generate data that would attract new business development and
create new established digital marketplaces. This value chain foresees also challetmgéise as
financial, regulatory, competenciesdbringing collaboration through stakeholders.

From centralized
production to o A ) S
decentralized \

. Storage solutions
generation \

\ Smart (urban)
\ gy Alternative urban
From planned energy sources
production to
intermittent :
1

generation

Infrastructures -
Energy efficient

consumption

Management

i
]
'
]
i
|
Smart Urban Energy :
]
]
|
: Semi- and off-grid
/ 1 operations
From fixed pricesto |/ !
price signals

Figure 127 Smart urban energy infrastructure

1.4.1. Actors Involved

There are several actors involved that interact with one another, and that must be coordinated. There
are prosumersthe ones that consume and produce electricity at the same time. ddwddebe
industry and households. Then there are the decentralized producers of electricity, which can be like
prosumers, but they can also produce their energy,waste facility that produces electricity. Other
actors are the storage operators, which can be transport or storage operators on their otiner The
actorsare the distributors. Usually, there is one urban energy distributor, but witthidoAnd semi

grids, i.e., more than ongthey needo be coordinated and interadt Both thetransmission system

and different operators are the actors that feed the electricity intityhand at timestheycan also

take the electricity back to be storedhus, thecentralized electricity producers need to be
coordinated.There are the traders that fluidify tlpeoductionand consumptionof electricity by

linking all the actors. All these actors can emerge and play their role and interact in the smart urban
energy gstem through the coordinated management of the digitalization process.
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1.4.2. Smart Grids for Cities

There isan assumption that a big part of the electricity is generated during the distnilpubcess.
Essentially that is true in the case of renewaldlash asPV6s of rooftops, centr
wind turbines etc. The integration of these resources brings two challenges; the first is that these
resources are not centralized. They are spread over all territory, making it difficult to control them
from the aggregated perspective, so there is a need for smart grids. A range of tools that provide
sensing is needed for developing smart grids and situation estimation with automation and operators
that make it possible to measure the exact status of assketgiasreattime valuation results.

The seconaneis a technological requirement, the ability to observe and sense the system status. In
system=f a neighbourhood, a city, a country, or even an entire continent, it is like the automatic cars
develomd with autopilots One has to build the situation surrounding the car. So, the second
requirement is to be able and capable of controlling the systems, which means the usage of storage.
Large sets of battery storage are needed in the future smart geimisttol and provide services to the

power system frorthelocal level.

As power systems in smart grids can have the sizes of neighbourhoods up to a country or continent,
the collected sensing quantities face the problem of information gath€hege is a need to adopt
mechanisms to achieve synchronization either throug8 GPsatellite synchronization systems or
different protocols brought through the internet for the time déage the synchronization is settled,

it collects and measures the situation awareness, which is shared wéhtaheatization ofocal
intelligence devices This takes control over the small asset devices like the controllable load of a
small tv battery, analytical vehicle charger, and so on, making devices negotiate with each other. This
transition is more on the software part; the physical systare needed like batteries to store energy
efficiently and release it controllably. The lifecycle of devices is also a reason to consider. These
assets can do more than 15,000 cycles, several decades, which means they can have similar
performance to poweéndustry assets that last relatively-29 years.

Thesesmart gridspower systemare also dependable on the institutional regulation and managerial
perspective, which is often a challenge in these smcionical systems. Typically, these power
devicesas energy storage are used by power utilities that are not supposed to own energy storage
because they can do energy arbitration in the energy markets. In this view, they can influence the
demand, and they can purchase and store energy. When the ererggaket is low, they know it in
advanceand resell it when the prices are higher. So, in this case, regulatory bodies are meant to
develop tools to regulate the use of these assets, assure there is no energy arbitration, and avoid grid
reinforcement.

The regulatory needs are related to the use of smart meters to directly infer the state of the systems,
including the power injection and absorption, which means they can observe how the customers are
behaving even if the smart meters are not implementeddh house. An important issue is also the
regulatory board about how the costs of the fractions will be divided between distribution and
transmission. All these assets allow the operator to deal with the balance of the power flows, meaning
the transmissin systemis going to be appliedess in the future and to whom this cost will be
distributed.
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1.4.3. Service Layer of Smart Urban Energy Providers
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Figure 137 Smart urban energy service layers

There are four types of smart urban enemgyvice customers: households, buildings with all
households in them, and commercial and industrial areas like, an airport or a shopping mall. The
fourth type of customer is distribution and transmission system operators who buy balancing energy.
The eneryg that these operators buy is to keep the grid stable. Some services relate to-sldmand
management; these services offer managing the demand of electricity of households, buildings,
industrial areas, commercial etc., to gain more efficiency concernicg gignals. In a broader view,

there are also smart integrated services and urban energy services. These services link electricity
systems with other systems, for example, electric transport, water system, waste treatment, recycling
systems etc., whicheed these sorts of integrated smart energy systems.

1.4.4. Providers
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Figure 147 Smart urban energy providers

Typically, the traditional energy providers are the electricity distribution companies in a city. They can
offer demaneside management to all different customers. They offer smart and integrated services by
venturing into others as waste, transport, commercial, etc. These servipesvadedthrough legacy
operators. Urban utilities are services from compathiaigenerally ae not traditionally in electricity,
in the urban electricity businegsuttheyare in urban water distribution, urban waste manageareht
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urban public transportation. They can offer integrated energy services and balancing services by
linking customerstonsumption patterns to energy consumption. Other providers are the new ones
called intermediaries. Those operators are not in the urban business, but they produce devices or
possesanformation like telecom operators, communication, and information dapesaThey can
manage consumption and sell the services to customers, industry, and balancing energy companies.
These companies, besides their different business model, also collaborate with tteeppeer
operators. In all these areas, these servicedegrovided by new businesses and oeerators to

the city.

1.4.5. Energy System Data Layer

Data are generated from three primary sourdée generateddata create the user behaviour, data

from available electricity or energp r o d u lebavieu® where the awant of produced and
consumed energy is considered. The most important behaviour is the grid's behaviour, the data
generated from the distribution grid. These data are considered as a function of user and generator
behaviour. Based on these data, theresarart urban energy services providers. Two different ways

are considered in using the data for different services. The first approach is the integrated data where
services are provideldased orthis dataand some companies that access infrastructur¢ghesdata
generated to provide services. Companies that have or own this data tend not to share those to compete
with each other. The second is the approach of data platiesh®sdifferent dataare generated and

fed into these platforms. The service pr@ri&laccess these data from platforms to offer different types

of services. In such cases, these models raise the problem of regulating competition and ownership
rights without having monopoly tendencies or market distortion.

1.5. Smart Urban Transportation Systems

Three main drivers push forward smarter urban transportation systems; the first one is undoubtedly
urbanization. Cities are being crowdadith more and more people living in, and transportation is
being more congested. This has led to an increasingly poor transportation experience, whether by
bicycle, car, or bus users. This first drive is one of the main that pushes forward the development of
smarter transportation systems. The second driver is digitalization whatiieghe real changes that

lead to a smarter urban transportation system. The third is climate change and resource efficiency.
Nearly 1520% of the global CO2 emissions are gereztdtom urban transportation, so there is a
strong need to make these systems more efficient and make them smarter.
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Figure 157 Urban transportation drivers

More and more people are using cars, and at some point, this oveddadal@oor user experience,

and the urban transportation systems started to decline. With digitalization, there is a paradigm shift
that goes to two elements. The first is that people are willing to own fewer and fewer things, including
cars and transpation means, they are more willing to use transportation modes, so there is a
disbalance of ownership to users. The second element of the paradigm is that we are moving from
separate transportation systems to mobility systems, which means systems gesl anagihmodified

to become a user so tla@tewould care less about the kind of transportation you use.

Thus, his leads to several mobility kinds of services. For achieving this transition, there are two main
steps. Generally, there is much improvementhie existing transportation systems, infrastructures,
and services, by implementing the new data layer and digitization exponentially incidedésthe

first step toward transition; the second step is toward the shift pathway. Things are doasautignp

shiftd ownership versus users considering form transportation mode to mobility mode to mobility
services.

Efficiency of urban Paradigm shifts:
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Figure 16/ Urban transportation efficiency system
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1.5.1. ICTs Improving Urban Transportation Systems

ICT canimprove urban transportation systems in two main directions, in terms of user experience and
safety, more precise on how the information and communication technologies are used to monitor
urban transportation infrastructure and automated driving vehiblas main directions are impacted,

there is public and private transportation. Firstly, digitalisation can impact urban transportation
systems by making the transportation infrastructure equipped with data gathering devices, such as
video cameras, speedroeras, sensors for traffic detection with infed, laser, RIFD, and wired and
wireless communication devices. With all these, we can have a clearer view of the behaviour of urban
transportation systems. This process makes it easier to optimize themdirsglgoand monitor
transportation infrastructure.

The ICTs role in monitoring the transportation infrastructure is significantly linked to the
infrastructure layer, so it becomes necessary that managers be more attentive to integrate and link the
legacyof the transportation infrastructure with the new data infrastructure. Other Implications are on
the data layer, managers' role in paying attention to the accuracy of data, or whether they are complete
and holistic is crucial. Data confidentiality prodegsn the right accountable entities is also a point of
sensitive importance. All these data that are gathered to automate and optimize services should not be
misused or shared without approvall these have implications in the service layer, and theg ca

make it more accessible, performing, and respond more adequately to the demand. Private users also
can benefit from these new services, e.g. they can change and adapt routes while driving thanks to
dynamic route planners that use riiade data. Théncreased development of selfiving vehicles is

the other way to improve the experience of private and public transportation users, the same as urban
transportation safetyNowadays, most road accidents are caused by human errors, so having the
machines compte the whole travel transportation reduces the number of accidents, increases safety,
and makes urban transportation systems more effective. So the time spent on driving tasks would go in
favour to do other tasks and reducing time.

Thanks to ICTs, all a&ditional vehicle problems, such as direction, stability and control, location,
brake status, hours of operation, and so on, are now automated and are progressiveljomandsg
self-driving vehicles According tothe United States Department of Trangaton, car automation is
divided into five stages.

Level zero is known as a no automated, so it is not considered a proper level. Level one is the first step
when the driver benefits from one driving assistance system such as a brake system. Level two is
considered where the driver benefits from at least two assistance systems, e.g. cruise control and brake
system. Whereas automated mechanisms support these three primary levels, the following three are
supported by ICT facilitating the process. Level theedefined as conditional automation, where an
automated driving system completes the driving task, and the driver is expecpgropriately

respond when needed. Such systems are used generally on highways. Level four is defined as high
automation, wtgh is the evolution of the third stage. Here the human driver does not even need to
respond whemequired This stage is still being developed. The last is complete automation, where all
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aspects of driving will be done by assistance systems, includingtiastsuch as parking. Automated
vehicles of level five will not have options for human driving.

These kinds of vehicles fully automated have implications in infrastructure, the data and the service
layer, and in order to achieve these levels of autemathe transportation infrastructure needs to be
updated and constant improvements. Firstly, vehicles need to be equipped with data processing and
communication technologies to communicate and operate with eachTthéis known as vehicle
to-vehicle ®mmunication. Also, the infrastructure needs to be able to communicate with these
vehicles, e.g. speed limitations, road signs, traffic lights etc. Implications in the data layer are also
significant; data needs to be standardized between different \&dale, busses, cars, and other types

of manufactures. Another issue of importance is the security of data, who owns them, whether those
would be manufacturers or other parti€batis avery sensitive case as it directly impacts the safety

of the transprtation and the accidents risk.

The social implication is also crucial on acceptance of this kind of automated transportation by public
transport. These drivéess vehicles will also have other institutional implications, and the authorities
mustevolve new driving codes and regulations.

Figure 177 Automated & self-driving vehicles

There is a constant need for everyday growing population mobility in cities, which is essential for
urban infrastructure managemeiihe growh of selfdriving cars, new mobility services, and the
sharing economy has significantly impacted urban mobility. Modern information technologies enable
new modes of transportation and change wdig® improving theexisting ones. An example can be

the foating cars that are paid in minutes and can be dropped anywhershaikegy through apps, and
many taxi apps that are changing the way of the old taxi services.

All these intermodal transport changes travel without interruption in an easy transionohe
transport mode to the othee,g., schedules are synchronized, or the information about when the
travellers arrive, ticket schemes and payments are also integrated. Automation in mobility is
undoubtedly becoming a reality. Public transportatiomurdsn rail, underground or light rail trains

will still be essential in cities transport mode, creating the transportation backbone. Nevivaeif
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