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ABSTRACT

The current Thesis proposes the conceptual aspects and the preliminary prototype of a mobile
information system to support information integration and manipulation towards the Electric
Vehicle (EV) introduction, and the support of mobility process in umavironments, giving
recommendations to drivers about EV range autonomy, charging stations, electricity market, and
also as route planner taking into account public transportation, car or bike sharing systems.

The main work objective is the creation of lmformation and Communication Technology (ICT)
platform based on successful approaches developed in the Computer Science Area, recommender
systems, cooperative systems and mobile devices, to help the driver of EV by giving real time
information related wh EV charging process, range autonomy, electricity market participation, and
also smart mobility process in cities by giving guidance towards best route options, taking into

account time travel and G@missions.

Based on the analysis of the problem aagptual system and a prototype application were created
under the deSyghemdbon dBMobhned to mobile devi
oriented to: (1) EV charging process; (2) EV range autonomy; (3) electricity market participation;
and (4) nobility process in smart cities of the future. In this work it was developed an application
to store data related with EV charging/discharging process, for further intelligent analysis and
remote interaction with the charging system, determining a smamgioly procedure, taking into
account the distribution electrical system limitations, and the creation of communities with
participation in the electricity market. A range estimation and representation process is introduced
as part of the help process ®sest EV drivers. ArAggregatorsystem and a collaborative broker

for distributed energy sources are proposed, taking into account the electricity market. A proposal
for data integration of different transportation sources and a multimodal best rowesgatbposed

based on C&emissions and time travel.

Keywords: Sustainable Transportation System, Electric Vehicle, Smart Grid System, Electricity
Market, Users Collaboration, Sustainable Mobility Process, User Profile, V2G (\etiGied)
System, Rang@nxiety Problem, Mobile Device, Geographic Information Systeélactromobility
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REsumo

O presente trabalho consiste na concepcéo e discusséo do sister@ysteln, que disponibiliza
informacd&o relevante para condutores de veiculos elétricos (VE),gendonta os problemas dos
carregamentos dos VE, a gestdo da ansiedade de autonomia (range anxiety) dos condutores, &
participacdo no mercado de energia elétrica, a integracdo das fontes de energia renovaveis, bem
como a integracdo de informacao de transgopublicos e a criacdo de sistemas para gerir 0

problema da mobilidade sustentédvel em cidades inteligentes (smart cities).

O objetivo principal do trabalho é o uso apropriado de Tecnologia da Informacdo e Comunicacao
(TIC) baseada em abordagens kmmedidas desenvolvidas na area da informética, como os
sistemas de recomendacdao, sistemas cooperativos e dispositivos méveis para ajudar o condutor de
VE, dando informacbes relevantes em tempo real, orientando o condutor para os pontos de
carregamento publis, ou para o melhor caminho tendo em conta o tempo e as politicas ambientais,

nomeadamente as emissoes de.CO

Com base na analise do problema, um sistema conceitual e uma aplicacéo protétipo foram criadas
sob a designacdo de MeBystem, projetada parasgositivos méveis com informacdes relevantes
orientadas a: (1) processo de carregamento do VE feito num local publico com a orientagéo e a
reserva de slots de carregamento, ou em casa com a programacao do processo de carregament
lento, tendo em conta lilacbes de poténcia; (2) gestdo assistida da autonomia dos VE;

(3) participagcéo no mercado de energia, pela criagdo de comunidades de condutores com capacidade
de participar no mercado de energia, dado o VE poder atuar como um armazenador de energia; e
(4) processo de mobilidade em cidades inteligentes do futuro, com a proposta de integracao de dados
de diferentes tipos de transporte, com indicacéo do trajeto de melhor rota multimodal, proposto com

base nas emissfes de £&o tempo das viagens.

PalavrasChave Sistema de Transporte Sustentavel, Veiculo Elétrico, Rede Elétrica Inteligente
(Smart Grid), Mercado de Eletricidade, Colaboracéo entre Utilizadores, Mobilidade Sustentavel,
Perfil do Utilizador, Sistema Veiculeede (Vehicleo-Grid System), Prokeima de Ansiedade de

Autonomia, Dispositivo Movel, Sistema de Informacao Geografitzilidade Elérica.
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1. INTRODUCTION

With the electric mobility paradigm in smart grids environnj&dencong, 201 mainly
through theElectric Vehicles (EVs) and Pludg Hybrid Electric Vehicles integration
around the worldHajimiragha, 201]) the open electricity market, the advances in the
production and integration of renewable ene[@pchran, 2012)with the assaated
emission reductiongSaber, 2011]new research challenges are being opened. Thereby, it
is necessary to establish a set of technologies to allow the integration of these areas
[Gungor, 2011 In [Gungor, 201pare presented some opportunities arallehges to the
wireless sensor area in smart grids scenarigkémnel, 2012]is proposed an energy
management system for smaridg with EVs, and ifMorencMuiioz, 2013 is presented

an embedding synchronized measurement technology for smart gridispteset. In this
scenario, Information and Communication Technology (ICT) represents a fundamental
area in the growth and performance of smart di@&sgor, 2013]ICT can also play an
important role from the point of view of integration system infornmgftiombus, 2009, as

well asfrom the point of view of thé&V drivers, as shown ifHaghbin, 2013] This
upcoming reality will force to provide relevant information to the drivers, e.g., information
related with electricity market, publitansportation system&V performance, battery
Stateof-Charge (SoC), and drivers guidan@mreover considering the integration &Vs

with bidirectional operation capabiliti€srid-to-Vehicle (G2V) and Vehiclgo-Grid (V2G)

[Tuttle, 2012] will strenghen the electricity market participation.

Nowadays, several projects related with smart grids are under development around the
world [Sabin, 2012]In this context, smart homes with energy management and efficient
solutions, smart appliances, and smartersegBenzi, 2011] will be the first steps to the
smart grids evolutiorjfPalensky, 2011]However, the main principles of micro grids
[Dasgupta, 20]2the guidelines of smart cities initiatives, the upcoming reality of energy
markets, and the electric tibty integration, are also key areas of smart grids.
Nevertheless, it is important to highlight that the combination of the information available
in these systems represents a very complex scenario of data, which must be wisely

coordinated.
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In transportation systesia new reality is being introducetthe Electric Vehicleg(EV), with
several manufacturensvestingin the production of this type of vehicle (e Daimler AG,
Toyota Motor Corp., General Motors Corp., Renault SA, Peu@éaien, Volkswagen
Mitsubishi Corporation EV salesrom main automotive manufacturgtsrtedn 2009 with
IMIEV 2 and Nissan Ledfin 2010 and grow to 180000 in 20J#EA, 2013], as shown in
Figure 11. Simultaneously, the share of renewable energy productimrsasing.The
combining of these two new scenarids likely to be the firsbpportunity to harvest the
synergies emerging from a -ewolution of vehicles and energy syss. Also for the
Portuguese case this is an important opportunity, since we hpeataenergy dependency
from the exterior, and in the last decade there was a great development on energy resources
[Pinho, 2008]. This is illustrated in Figure2l where is highlighted an important challenge
for Portugal: the creation of a policy andteys integration for Electric Vehicles based on

new developments on Information Communication Technology (ICT).
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Figure 1-1: EV sales andcharging infrastructure available in 2012 from [IEA, 2013].

2 Mitsubishi innovative Electric Vehicle is a fisdoorhatchbaclelectric caproduced byMitsubishi Motors and is the electrigersion
of theMitsubishi i Market introduction was July 2009.

3 Nissan Leais a compact fivaloor hatchbak electric catmanufactured byissanand introduced in Japan and the United States in
December 2010
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02 2,
S The Challenge:
L J
ool ®
-In Portugal Road Transportation
emissions contributes with 30%

ot ‘. -Congestions have an impact of 2%

-Transportation energy consumption is
38% of all consumption

However...

- Renewable represents around 43% of
ﬁ total electricity generation

-Technology allows explore new energy

, models
=)

-Digital environments allow new
D Q IQ thinking models for mobility

Figure 1-2: Main challengeto achieve between E¥and RenewableEnergy Resourcs (Portuguese data from Pinho, 2008).

Environmentalconcerns oraffordability of energy services and supply security have
pushed Europe to develop and pursue policies to increase the share of renewable energy in
the electrtity generation mix, to promote energy efficiency, to consider the electrification

of part of the vehicle fleet, and to move towards a smart electricity@oM, 2007] This

strategy positions Europe at the forefront in fighting climate change, in prgh@green
economy andh creatinggreen jobs. Its a cornerstone of the EU 20&@ategy for smart,
sustainable and inclusive growth. And it is a vital part of the European Union (EU) 2020
flagship initiatives: a ADigiboal UAgenda
AfResource Efficient Europeo.

Currently, the transport sector is responsible for about a quarter of the EU carbon dioxide
(CO2) emissions. Car usage alone accounts for about 12% of all the E€h@€3ionsand
road transport is responsible for 27% of energy consumpifilikdvits, 2017, [COM,
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2007. Even though modern transportation systems are becoming moefffaignt, they
have not yet reached the level of efficiency that could substantially reuiaecteasing
share © the transportation sector igreenhousegases (GHG) emissions and energy

consumption

The EU has launched a set of initiatives to address these issues. The most relevant in

relation to thigesearch topiarethe

i EU 20:20:20 Climatand Energy Initiative
1 European Green Cars Initiatiye
i EU Transport White Pap¢EU, 2011]

The first aims at reducing GHG emissions in 20% by 2020 relative to 1990, at improving
energy efficiency in 20% by 2020, also relative to 1990, andcatasing the share of
renewable energy to 20% by 2020 [COM, 2007]. The second supports R&D on
technologies and infrastructures that are essential for promoting the use of renewable and
nonpolluting energy sources, and it has a clear focus on the fbation of road
transport. And the third recommends an ambitious target of 60% reduction of GHG

emissions from transport by 2050, relative to 1990.

Portugal and Spain intend to create the firs
million euroworth of investment and 800 new jobs in the region's struggling automotive

i ndustry.-GrThen AGkIDAG , as the vehicle is name
automotive research centres in Portugal and Spain, using funds from both the public and

private seairs[Almeida, 2008]

Under directive 2009/28/EC of the European Parliament and the Council [EC, 2009],
Portugal has comnted itself to a target of 31% of gross final energy consumption coming

from renewable sources by 2020. In its National Energy Strategy 2020 [ENE, 2009],

4 Informationavailable at ec.europa.eu/clima/policies/package

SInformation available atwww.greencarsinitiative.eu.
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Portugal also sets the objectives of having 60% of electricity production and 10% of energy

consumptia in transport coming from renewable energy sources by 2020.

The Portuguese Electric Mobility Initiative started in early 2008 with the creation of the
MOBI.E Prograrfi. This ambitious Program is based on cooperation among the different
stakeholders. It aimat setting a nationwide integrated network with the focus on users and
opened to every vehicle manufacturer, energy retailer and private operator. The full
interoperability of services and electricity provision is ensured by a settlement system that
is entrusted to a management entity, responsible for all the energy and financial flows from
electric mobility network operations. With MOBI.E, any user is able to clibegeatteries

of the EV at any charging poinof the network, regardless his or her mibpiklectric
subscription with any retailer of electricity. The system results in transparency, low entry
barriers, and competition along the value chamd the supporting business model takes

i nto consi de oftée energy usedte produegcipiatyy generating stimuli

for the use of greener ergy. This Progran completal its first phase in June 2011, with the
installationof 1300 public normal charging points and 50 fast charging points in primary
roads and highwaysonnectig 25 of the hrgest Portuguese municipalitie€urrently,

there are over 300 electric cars on the road throughout the country, and the number is
projected to rise to 200000 by 2020, in view of wide user adoption fostered by strong
commitment and investments provided/ lthe government; the public charging

infrastructure may count 25000 charging points by that fiMadbieuropa, 2011]

1.1.Cont ext

The researchvork of this Thesisis conceivedto the creation of a system for mobility
process oriented to the user (driver),itgkinto account new future realities, such as the
EV integrationwith smart citiesresulting in a timelynformation system to assist driver
with relevant information in order to address the following issE®¥scharging glectricity

market participatiomndsustainablenobility functions

8 Information available athttp://www.mobie.pté.

" Information available athttp://www.mobie.pté.
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At the start otfthis researchan indication of success ftiis approach was the navigation

systems applied on transportation systerhgs situation is pointedutin Figure 12, where

is highlighed the main problems on transportation systemg, increased demand of

vehicles and the limited resources on fossil fuels with increasing prices (in Europe average

fuel price is around 1.6 / 18 iwhiah means arour@ 120 Km, and taking amverage daily

trip of 60km, we have around 2@0/ mont h f or f uedemissionpsaraanes ) . Al
important issue frorthetransportation activity. On the other ldam computer science the

successof the utilization of mobile applications, integratein social networks and

geographic information systems, represents a huge potential for applications on these areas

of transportation and electricity.

Current Problems:
d * Increase user demand
A

§ ‘ +  Fossil fuels prices and

/\ﬁﬁjs\e@ . "’Transportation o limited resources
Current Developments: / P

* Increase availability of ICT
mobile devices with GPS
and wireless
communications

+  Mobile communication ,
availability and decreasing [

rices

. gocial Networks /\ Current Challengers:

+ Geographic information | | Information: \ + Renewable Energy
systems systems ’ o ‘ Integration

Electricity — + Open Market

+ Microgeneration
Integration

+ Intelligent distribution

network

Figure 1-3: Current situation (on the start of this research project in 2008)

From this reality Figure 13 showsa new scenarithatis emerging ir008,with the B/

introduction, the open electricity market and #lawances imenewable energy production

8 Prices of December 2011.
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and integratiomew researchhallergesare being openedhere ICT (e.g mobile devices
with available GPS capacitgnd usage proliferation with decreasing prices on mobile
communications) anthformationsystems can play an important role from the system
information integration point of vievas well asrom thepoint of view of driveras showm

in Figure 13.

This upcoming reality uggestedn Figure 14) will create needgor driverss relevant
information (e.g information related with transportationstgms, EV charging status,
electricity market ad driverds guidance). This research has tjoal to define a model and

a prototype system to give drivers real time relevant information to promote the reduction
of privateenergy consumption and casts promoe EV integration and acceptance by
reducing the anxiety range problem [Schott, 2006],assist the renewable energy
integration ly V2G (Vehicle-to-Grid) and G2V (Grid-to Vehicle) approaches and the
consequent electricity market participation. These related concepts are further discussed in

the next subsection.

- Transportation
/‘\ @ a’\\f
. %&«
ICT %06 '\\00
O Q\’b
&“\%\\e\(\\e g
O O "\
N ,060 g t\ Research Goal:
& o Ve:' rllc _ Relevant Information
N Mobile Applica Anicie /\ for Drivers
- V2G / Renewable
‘Information' b Energy ’
systems Integration \
S Gal/_\\ i U . ‘ Renewable
‘ educe Usage 0 Ene
Mart Grids / \ Private Vehicle | |nter;rra%);n
Electicty =/~ EV Itegrato
Open
Market | ¥
Less CO,

Better Future Life

Figure 1-4: Future tendencies for current research area work
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Figure 15 suggests the research context of this work, involving three new emerging
paradigms: smart cities, electricity new challenges and the EV integration. This research

project is located on the intersectioof these emergent tendencies, where ICT, with mobile
communications and information systems play an important role to support the integration

and real time i nformation acc e@rmationfidedsse upco
similartocurrent nt er net us er sdue toinfdrroatiomaverioan.Basedor d s

the author background and the potential of application of these emergent realities, the
current research is oriented towards the definition of information system architecture to

suppot the information integration on a mobile device tbtamf eed t he need of

relevant real time information.

Integration - Real Time Relevant information Access...

Electricity New Challengers

Derugulated
Market

EV Introduction

i Charging

i\'i
I e | Infrastructure

Figure 1-5: Main research goal and related areas
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122Research Probl ems and Goal s

Taking the mairprinciples andguidelines of smart dds initiatives and the upcoming
reality ofenergy marketandEV integration this informationgivesusa complex scenario
wherethis researclmtends tocontribute witha model to data integration among EV data,
charging data, electricity market participation and the cooperation wuxibkting
transportation infrastructuseThis cooperation can l@hieved ifit is possible tgrovide
information regarding routes, scheesiland pricing of public transportation, information

about availability of parking places, or even bike and car sharing systems.

Also the minimization ofthe driver range anxiety probleishan interesting research work

with the follow necessities(1) anaccurate EV range prediction based on past driver
behavior and external parametdike road traffic and weather; (2) representation on a map

of the distance possible to reach, associated with an uncertainty associated with driver
behavior; and (3) guidae and reervation of charging slots dtublic Charging Station

(PCS).

Taking into account the current development and proliferation of mobile dgvices
associated with the increasing communication connectivity in mobile communication

(higher speed rates @coverage)the proposed system should run in a mobile device.

1.2.1. Research Problems

From thereferredareas overview the author identifies several problestaged withthe
integration of EVand the cooperation withublic transportation infrastructusel hemain
problems related with the EV integration are: guidancereselvatiorof charging slots in
public charging stati®) the smart charging needed ke perforned at home charging
devicesto overcam dectrical distribution power limitationshe supporto driverstowards

the range anxiety problerthe electricity market participation to increase drivers profits
and consequently increase the EV attractiverssseventhe supportto the integration of
local renewable resources (microgenergtioy storing the excess of energy production
Cooperation among transportation infrastructure can be achieved by public transportation
data integration, access to car and bike sharing systeavenby carpooling Real time
traffic information together ith all these transportation options could incentive drivers to

use vehicles where public transportation is poadanotmeet their needsising public
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transportation only when their requirements are fulfillatso this can be achievedr at

least parally, with all the information described Figure 16, available in a mobile device

Infrastructure Service
Integration

Parking Places Availability
Real Time traffic Information

. Public Transportation

GPS, Mobile Device,
Wireless communicatio

Reduction

l

OuQa@

% = Carsharing
ZM? Car and Bike Sharing Time Table, Guidance
Figure 1-6: Purpose of currentresearch work mobile information system designwithf ocus i n t he

adapted to thenewreality of EV introduction and cooperation with transportation infrastructure s.

1.2.2. ResearchGoals

driverds

Consideringhescope and thproblensidertified above theresearclyoalis thedesignof

a systento give drives relevant information in real timeéaking into accounemergent

future realities, such deeEV integration, smart citiegooperation among transportation

infrastructure, services integration and participation in thelectricalenergy market. The

main challenge addressed in this research is the definition and discussion of a model

for that system and the development of a prototypén order to address the following

issues:
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1 The prdolem of EV chargingat public places (route guidance based on current
vehicle position and reservatiaf time atcharging slots) andt home with the
transactions accounnd consideringsmart charging to deal with possible
electrical gridpower limitaton on electricity distribution due to simultaneous
charging processes;

Mitigate the drivesrange anxiety problem;

Integrate EV irelectricity markeparticipationthrough the V2G and G2V modules
and the creation of EV commuiais based on a collaboragvapproachThese
communites can constitute market playetaking into account that several EV
constitutea large capacity storagkevice;

1 Smart integration of local microgeneration resourtasng locallythe excess of
energy produced by microgeneoat

1 Support driver 0s pnogidngihtegtated infoormatomlatedt ¢ i
to transportation systems and other systesagh ascarpooling car and bike
sharing systems.

Theobjectiveof thiswork is todefine a model for an integratedormation systenwhich

can make possible to accomplish the following Research Goals (RG)

| RG-1: Mitigate theEV charging problem;

i RG-2: Minimize thedriver range anxiety;

i RG-3: Create ad manage EV communasfor electricity market participation and
microgeneration integration

i RG-4: Integrate theEV in cooperative transport infrastrucesy with different
operabrs transportation data integratioand interaction withcarpooling car
sharing and bike sharirgystems;

1 RG-5: Provide pute guidance taking into account traffic information,
transportation available datar even public charging station locations.

Due to the diversity of topics involved in this research work, this thesis is organized under

four topics(see Figurd-7), each one described in a separ&tbdpter namely:
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1 EV related functions (see Chapter 3where it is proposed a process to extract
relevant information for charging process, to deal with phesentdistribution
power limitations without a Smart Grid infrastructurand to help the driver to
overcame the range anxiety problesnrange predictionrepresentation features
and guidancéo the nearegiublic charging station;

1 Electricity market related functions (see Chapter 4where it is proposed the
creation of EV communities for electricity market participatiomth the
integration of local renewable energy resources

i Sustainability Mobility functions (see Chapter 5)where a diversity of data
integration is proposedand a diversity of environment friendly systenare
suggestedcarpooling car sharing and bike sharintywardspossible advices for
the best pathtaking into account the travel timm spite of the lack of real world
testing scenarigshis integrated v with traffic information is a new approach
that can help in a near future the reduction of vehicles in thewaityout great
penalty for drivers;

1 Mobi-System(see Chapter et ofprototypes created for user interaction with
previous functionsThis system is based on a web application called V2G Smart
System (see Section 6,bn amobile application developed forrlroid operating
system designated by SIREV (see Sectior),&@2d on an application called
IRecommenditdeveloped folWindows Mobile operating systemgsee Section
6.3)and SITP application for public transportation interaction (see Section 6.5).
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EVRelatedFunctions (Chapter 3)

(1) Grarging system, handle the user
range anxiety:

(2) Tracking systenand Diver profile;
(3) User homeansumption
simulation

(4) 3nart charging strategy

(5) Range Prediction and
representation on a Map.

Hectricity Market Functions

wSyStEM»
Mobi-System

(Chapterd):

(1) Aggregator, for energy
market participation;

(2) Energy market prices;

(3) Creation of a gemeference
distribution graph network;
(4) Micro grid integration.

«hobile Applications
SIREW

<Web Applications
V2G Smart System

---------------- oS
“““““ «hMobile Applications
IRecommendit

i

«Web and Mobile Applications

SITP

User Application and Case Stu@@hapter6):

(2) Public transportation Hyb

(1) Reatime traffic informationdata;

Mobility Sustainability FunctiongChapter5):

(3) Parking place$ocation andavailahlity;

(4) Iformation on Points of Interest;

(5) Car sharing and Bike sharsygtems

(6) Route planner taking into account travel time and €@issions.

Figure 1-7: Mobi-SystemChapter organization.

1.3.Research Met hodol ogy

Mobi-System

The researcldeveloped in this theseddres®sthe quesbns enumettad in Section 2.2,

following the Action ResearciMethod [Lewn, 1946], corsidering the set of problems

identified in Section 2.1

The issues raised shall be approacfiiem anengineering perspdee, using available

technology to build arototypethatallows the developmemindvalidaion of modek. The

researchmakesuse ofthe followingtechniquesstate ofthe art analysisidentification of
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the relevant features in the research congd a prototype construoti, providing means

for model developmeriiased ora domain specific language.

To vdidatet he r e s e @ a sehd sasstudieswete ised,during a first phase
reproducing eference models e$cribed in scientific lgrature,and on a second phase
addressingdireal-life 0 problems with scientific relevancen their own. The results of this
researchhave beesubmittedin peer reviewed international conferenceslamok chapters

seeking valilation from thescientific community

14Mai on€ri buti ons
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15.Q0utl ine of t he Thesi s

This thesisis divided in7 Chaptes: (1) Chapter 1 presents the introduction, motivation,
scope, and main goals of thiesis; (2)Chapter 2 describes the literature review related to
the topis of mobility processsin smart cities, EV and electricity mark¢B8) Chapter 3
presents the proposal towards the EV function modules and shared modules of tracking
system, home emsumption simulator and weather modulé) Chapter 4 presents the
Electricity Market functions, taking into account EV market participatiand the
integration of local renewable energy resour¢®} Chapter 5 describetke sustainable
mobility functiors, with the proposal afarpooling car sharingand bike sharing systems,

and a system fgrublic ransportation da integration in the Europeapace. A supporting
decision system informs the user about the best patpubiat transportationtaking ino
account traffic information(6) Chapt er 6 d e ssnobildapgicattomfer dr i ver
portable devices, like PDA or mobile phonasd also a web application. Also somediuse
cases of applicatianare showedand (7) Finally,Chapter 7summarizes the ain

conclusions of the worlandpresentguture workaspectso beconsidered
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2. LITERATURE REVIEW

Dueto the diversity of Electrical Vehicle (EV) topics, the present literature review focuses
on: (1) Smart Gties; (2) Vehicle; (3) The energy market with the study of electricity
distribution network; (4) Electromobility, where is studied the EV charging proaseds,
relatedprocess(5) Projects related with Moksystem;and (6) The identification of main

related Europeascenarios.

Also Telematics using ICT (Information and Communications Technology) became a hot
research topic since the automobile manufactures started working in this direction. The
application of telematics typically integrates the usage of teleconsatioris and
informatics to exchange information with external applications by receiving and storing
information via telecommunication. Also the integration of GPS navigation, Hiseelsell
phones, wireless safety communications and automatic drivingtaasse systems are
important investigation topics. In EVs the driver information needs are higher than in
conventional vehicles, due to the limited range autonomy of EVs. Also, the charging
stations for EVs are not heavily disseminated anywhere, liker®aeith conventional

petrol stations.

All these topics are considered as being of high urgency, and thus, they have to be

considered at the earliest possible instance.

21.Smar t Cities

The ASmart Citiesd concept i s inthegolicyaseda gm t h
in recent years. Its main focus seems to be on the role of ICT infrastructure, although much
research has also been carried out on the role of human capital/education, social and
relational capital, and environmental interest, as ingpordrivers of urban growth

[Caragliu, 2009].

Smart Cities conceps based on the application of ICT ttee several city process like
transportatiorand energy management, where is important to highlight the information
integration toward¢heu s eneed€This approaclbenefis from recent developments on

mobilecommunication andevices
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The European Union has performed efforts in the development of a plan for an urban
growth in a édsmartd sense f orlntativeSwaslminr opol it
under the SEFPlart® (Strategic Energyrechnology Plan) of the European Commission,

with the mission of encouragirgties and regions to adopt approaches that could reduce

the CO2 emissions by a percentage around 40%. Part of thesaresedeals with the

reduction of emissions of greenhouse gases, through less combustion engines in the cities,
achieved with the use of more EVs or public transportation. For this work, the main input

from the Smart Cities Initiative is the support foethisage of information systems

sustained by ICT infrastructures, which support data integration among different players,

and promotes a collective knowledge maintained by the usage of cooperative systems and

social networks.

Also, smart cities initiate désawith the upcoming reality of decentralized power generation
in buildings, which can change from energy consumers to energy produduers, it is
important the intelligent management of energy systems and transportation systems, where

information and ommunication systems play an important role.

The smart cities concept implementation requires a considerable effort in team building, in
order to bring together diverse actetie the energy, transportation and I€ih both the
public and private seats.

Several European projects under FP7 calls were performed. A detailed information can be
found at European FP7 web site. Also this topic is considered an important research subject
in the next H2020 program, with a European i

22.Védi cl es

As suggested in Figure D, there are different types of vehisldat depend on different

types of energy power supply. The majipes of vehiclsare the following

1. Internal Combustion Engines (ICE) are the conventional vehicles which have been

associated with the problem of high emissions o0f.ad@e ICE still dominates the

10 <http://setis.ec.europa.eu/implementation/technoimgmgdmap/europeainitiative-on-smartcities>.

11 See information at European web Sitetg://europa.eu/rapid/presslease_ MEM@L3-884_en.htrn.
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automobile market, but due to the continuous increase of fossil fuels prices and their
limited resources, alternatives start to be considered. The ICE has low energy
efficiency (around 20 %)

Hybrid electric vehicles. These types of vehicles were first introduced in 1997 in
Japan with the introduction of Toyota Prius [Toyota, 2007]. The main specification
of this type of vehicle is the operation of the ICE on its efficierrual by means

of a regenerative braking system

Latest generation of the vehicle the PHEV (Filugdybrid Electric Vehicles) with
additional capability to be charged from the grid. This vehicle can use fossil fuel
and electri¢c

Electrical Vehicle (EV), oly operates in the electric mode based electric motors or
traction motors for propulsion. This EV is described in the next sections and is the
subject of study of current wark

Fuel Cell Electric Vehicle~CEV),is a type of hydrogen vehicle which usdsa

cell to produce electricity, powering its -twoard electric motor. Fuel cells in
vehicles create electricity to power an electric motor using hydrogen (produced in

one of sevellavays) and oxygen from the air
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Figure 2-1: Main vehiclestypes

2.2.1. Why Electrical Vehicles?

ICE vehicles in big cities are also the major contributors of air pollution. Reducing
emissions production is a big challenge for the world (both for developed and developing
countries) and several initiatives are being taken into attowolve this problem. On the

ot her hand, another major challenge in toda
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fuels, with increasing prices and diminishing number of resources. ICE vehicles are one of

the major agents of fossil fuels consumption.

Globalgreenhouse gasesissions frin dfferent sectors arshowngraphically inFigure

2-2. Transportation sector is the thiiactor of pollution aftepower statiosand industries.

The introduction of EV can be even more interesting wthene are n@missions from
power statios, in the caseelectricity is generated fromenewableresources. The high
intermittency of the electricity from renewable resources can be synchronized with the
intermittency of consumption of electric capsoviding stability andavoidingload flow

problems in the power systems.

B Transpartation fuel

B Idustrial process

B Power station

W 'Waste disposal and treatment

M Land use and biomass burning

B Residential, commercial and othe
SOUTCes

M Fossil tuel retrieval, processing and

distribution
B Agricultural byproducts

Figure 2-2: Global Green house gasses emissions [Rosmarino, 2009]

In Figure 23 it is compared the COemissiors for different vehicle types, takingto
account that electricity is produced based on 20% of renewable sdartes.1990s the
European Automobile Manufagers Association entered into a voluntary agreement with
the European Commission to reduce 2C€missions per kilometer. The target was
140g COz/km by 2008, down from an average of H8Z0/km in 1995. By 2005, it was
apparent that the target was notigg to be reached (World Resources Institute, 2005). In
response the European Commission has, after muchiagtfrom European automakers,
extended the time of compliance to 2012, but reduced the target tg C3/km
[Barkenbus, 2010]
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Figure 2-3: Greenhouse emissiorid emissions for different types okmall vehicles® [Argone, 2009}~

2.2.2. EV Market Introduction

In the lastyears, major automobile companies started the development of EVs, and the
products started to arrive at the market ir028 The main problem in this market
introduction is the excessive price of EVs due to battery costs (approximately, the battery
pack ishalf the price of the car). In spite of considerable saving on price per kilometer, the
initial investment and the limited life time of the battery system is a major problem for EVs
acceptance. To overcome this problem some companies sell EVs in a feadelglan,

or even sell the vehicle without the batteries and then go through a leasing plan for the
battery pack. The limited range autonomy and the time necessary for the battery charging
process are other problems associated to the EVs. The annonhoéthe Nissan Leaf in

2010'8, with range autonomy of 160 km, was a major breakthrough of the year

12 Greenhouse gases are gasabémtmosphere that absorb and emit radiation within the thermal infrareel rang

3 MRET 20% is the mandatory renewable energy target. Increase renewable power will redeogiss@ns associated with energy
production

14 A complete report produced by tResearchers at Argonne National Laboraféngone, 2009].
15 Mitsubishi i, was introduction to the market in July 2009.

16 Nissan Leaf was introduced to the market in the end 2010.
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Table 21 showsthe most relevant characteristics of different PHEWd E\5:

Table2-1: Di fferent pure EV
Vehicle Type Battery Electric
Capacity = Range (km)
(kwh)
10 48
24 160
16 64
Chevrolet Volt
Mitsubishi iMiev
24 150

PHEV

10

( dsmNaventberaodl) di f f er ent

Full Charging = Battery Type
Time (hour)

Lithium-ion

Lithium-ion

Lithium-ion

Lithium-ion

Lithium-ion

Battery Manufactures are mainly in ChirBYD Auto!’ is a Chinese company which

basically produces

65 %

of

the worl dobés ni

lithiumrion mobile phone batteriesand that has alséocused on PHEV and EV

manufacturingKassatly, 201D

23 El ectricity Market

The electridiy industry faces new challengienamely related to electricity renewable

market, microgeerationand the dregulatecklectricity market

17 <www.byd.com.cn>
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Energy Renewable Marketis theenergy producedndsoldbased omnergysourceslike

wind, solar photovoltaic and waves. Thessources have two main problems: (1) initial
high investments and (2) the intermittent behavior, which can cause problems in the
distribution process due to excessnsufficient production. Wind productiopower has
experiencedhe fastesgrowthin renewable electricity source over the phsyears(1995
2011)in Europe and accounted for abdit, 6% of the total European electricity demand

in 2007[EWEA, 2012]. In 2012, installed wind power cagity in the European Unias
around7% of the EU's electricitproduction [EWEA, 2013]

Microgeneration is the smaliscale generation otlectricity by individuals, small
businesses and communities to meet their own needs, as alternatives or supptements
traditional catralized gridconnected poweandthisis a new important growinmarket
[Jones, 2010]it is expected a fast growirig microgenerationandby 2025it is projected

20% of energy produced frotheseresourcegJones, 2010]A significant synergy is
expected betweemicrogeneratiorand E\s (see Sectiod.2 andalsoa proposal for this
subjectin section 4.3 with the possibility of microgeneration production excess to be
stored locally by E¥. A system and a business model aeeded to control these

transactions.

DeregulatedElectricity Market is based on an open market, where we can have several
suppliers of electricity, in opposition to the monopoly. In contrast to the experience in
transportation and telecommunications irtdas, electricity deregulation has experienced
many difficulties, due to the complexity of the electricity market [ERSE, 2009]. At the
same time of this liberalization process a new reality arrives with the EV introduction and
with renewables and microgemation integration. EU directive created a single integrated
European electricity market in 2007. Main output from this fact in the research context is
that EV can play a role of producer, if conveniently aggregated in communities, creating a
01 ar ggee sdteovriac e 04, forsugher atalysasp Figune2 illustrates EV usage
driving profile and its implication on EV battery charging, and also a typical consumption
curve for Low Voltage (LV) power in Portugal, where in the late night period, Wwberte

energy consumption is low, EV battery charging process can occur, and when demand is
high (e.g., around 12 and 21 o"clock) energy stored in EV can be sold back to the electrical

grid.

Page P8



MIT Mobi-System

1 :'li'\.'ing Loy v b

Dving.

100
enmiee

Lrvargy
sale to

the grid

Lrvergy
salis I
& zrid

EV usage profile

Rochange hroushiol

Rattery Chaage

tha day. whenever the Recharging
0% gridlis avadlalle at home
01 92 03 o4 05 05 OF 03 02 10 11 12 13 14 15 16 1¥ 18 1% 21 21 22 23 00

3500

5000
£ 4soo
m
5
i
1600
2
Portugal BTN
1500 Consumption
Profile
ALK
Sunc ik, BEVSE G|

Figure 2-4: EV battery charging and Low Voltage (LV) typical consaimption in a day [ERSE, 2009]

Figure 2-5 shows current electricity market reality where distribution network resmain

regulated.
[Gene*atn’ [Generamr I Generator [ Generator 1 Sral b ST A SRl ]
— sell output to the spot
market, to retailers under
—~ bilateral contracts, or
directly to retail customers
Wholesale Spot Market
Transmission /System Operations
Monopaly segments
l remain regulated
Retailer

1

/.-"
~— Default Supply -
'L T / Retail customers can
Customer Customer Custamer Customer choose their supplier

Figure 2-5: Current reality of electricity market, from [EPRI, 2010] .
This paradigm has changed to an open market winarket forces drive the price of
electricity and reduce the net cost through increased compefitielectricity market

hasa centralized mechanism that facilitatdsctricalenergy trading between buyers and
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sellers. Theelectricityma r k e t Oase rghiable priees indicators, not only for market
participants but for other financial markets and consumers of electricity as well. The main

stakeholdersadapted from$hahidehpour, 20Q2re:

1. ISO (Independent System Operator)- The ISO is the leading entity in an
electricity market and its fictions determine market rules;

2. GENCOs (GENerating COmpanies) - This concept represents the energy
producersA GENCO operates and maiiria existing generating plants;

3. TRANSCOs (TRANSmition COmpanies)are responsible for the distribution
networks. Thetransmissionnetwork system is the most crucial element in
electricity markets. TRANSCOs are regulated to provide-disariminatory
connections and comparable service for cost recpvery

4. DISCOs (DIStribution COmpanies) - A DISCO distributes the electricity,
through its facilities, to customers in a certain geographical region. A DISCO is a
regulated (by state regulatory agencies) electric utility that constructs and maintains
distribution wies connecting the transssion grid to endise customers;

5. RETAILCOs (RETAIL COmpanies) -A RETAILCO is a newly created entity in
this competitive industry. It obtains legal approval to sell retail electricity. A
RETAILCO takes title to the available elactpower and resells it in the retail
customer market. A retailer may deal indirectly with @13 customers through
Aggregatos,

6. Aggregators- An Aggregatoris an entity or a firm that combines customers into a
buying group. The group buys large bloakselectricity and other services at
cheaper prices. Th&ggregatormay act as an agent (broker) between customers
and retailers. When akggregatompurchases electricity and-sells it to customers,
it acts as a retailer and should initially qualify asetailer This concept and the
broker araused on chapter 4;

7. Brokers - A broker of electrical energy services is an entity or firm that acts as a
middleman in a marketplace in which those services are priced, purchased, and
traded. A broker does not takiee on available transactions, and does not generate,
purchase, or sell electrical energy but facilitates transactions between buyers and

sellers
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8. Marketers - A marketer is an entity or a firm that buys anesedls electricity but
does not own generay facilities. A marketer takes title, and is approved by
Federal Energy Regulatory Commission (FERC), to market electrical energy
services. A marketer performs as a wholesaler and acquires transmission services.
A marketer may handle both marketing aathiling functions

9. Customers A customer is the endser of electricity with certain facilities
connected to the distribution system, in the case of small customers, and connected

to transmission system, in the case of bulk customers.

This work isoriented for a near future electricity market, in which the storage of energy
produced from renewable energy sources in microgeneration has to be considered, as well
as the impact of the utilization of Electric Vehicles (EVs). This future electricity marke
can be approximated as combinations of the existing markets, and taking into account this
goal we discuss four of thed baseload power, peak power, spinning reserves, and
regulationd which differ in control method, response time, duration of the pdispatch,
contract terms, and price. The work will focus particularly on spinning reserves and

regulation, which must deliver power within minutes or seconds of a request.

Baseload powelis the electricity provided just in time and the energy is mainlgyred
through large nuclear or cefited plants that have low costs per kwWh. This market is
mainly for GENCOs. Several studieiKempton, 1997] [Kempton, 2000] [Hawkins,
2001]and[T o mi2007, shows that EVs cannot provide baseload power at a competitive

price.

Peak Power Market- Peak power is generated or purchased at times of day when high
levels of power consumption are expeadedor example, on hot summafternoons, coal
nights in winter. Again this is a market for GENCOs. Earlier studies have shown that V2G
peak power may be economic under some circumstdi@esspton, 1997] [Kempton,
2000] [Kempton, 2001jand[Nagata, 2005]but nowadays car manufactures considerer

that this behavior could affect seriously the battery life time.

Spinning Reservess the market concept related with the power available caplaigity
unloaded usually to cover an operator failure. This service is paid by the time that
predefined power is available.or exampl e, a 1 MW generator

during a 24 hours period would be sold as 1 M#y, even though no energy was actually
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produced, [Kempton, 2005] Based in this fact, and taking into account that EVs stay
plugged in average 80%0% of day time, creates a potential market for EVs if we
aggregate them (see section 43ince the possibility of taking an exstve amount of
energy form an EV is low, the probability of reducing EV life time is minimized. Contracts
for spinning reserves limit the number and duration of calls, with 20 calls per year and 1
hour per call typical maxim@irby, 2003]. Ancillary services account fori 50% of

electricity cost, with 80% of that cost going to regulafidrooks, 2001]

Regulation are the actions tmatching generation to load demaartti can be divided in

(1) regulation upvhere we have an increase of electricity output in resporesgtdonatic

generation contrét (AGC); and(2) regulation down (an decrease of electricity output to

AGC). iRegulation must be under direct r¢iahe control of the grid operator, with the
generating wunit capabl e of receiving signal
responding within a minuter less by increasing or decreasing the output of the generator.
Depending on the electricity market and grid operator, regulation may overlap or be
suppl emented by sl ower adjust mouandhourly)ncl udi n
and/ or owiolmgd. & o[flHempton, 2005].

2.3.1. EV and Energy Market

Other interesting problem on EV research is the potential of EV for the energy market,
since it has energy storage capacity. This is the logic behind the concept of V2G (Vehicle
to-Grid), where EV provides elatity to the distribution grid, and G2V (Gri-Vehicle),

where EV is charged with electricity from the gftagure 26 illustrates this concept. V2G
provides a means by which exploit parked EVs to generate electricity for the grid, creating
additionalvalue. That is, V2G enables EV to both act as Distributed Energy Resources
(DERs) and provide mobility services, bringing the transportation and the electricity

systems together.

Distributed Energy Resources (DERs) have become the focus of considesableh and
investigation, as well as commercial interest in the EU, USA and around the world. There

is a substantial volume of research on the subject of DERs and their potential to provide

18]s a system for adjusting the power output of multiple generators at differeet plantsin response to changes in the load. Since a
power grid requires that generation and load closely balance moment by moment, frequent adjustments to the outputrsfagenerato
necessary
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various benefits to individual customers, to the utilities, anddciety. In this scenario

energy prices will change based on market law of demand versus production available.

Home Charging

Public Charging

Figure 2-6: lllustrative diagram of the EVs mode of V2G (discharging process) and G2V (charging process).
In this scenario Electric Vehide(EVs) play an important role (as it is discussed in the
following sections). EVs can help the integration of renewable energy resources, because
EVs can store the excess of energy production, since renewable sources are intermittent,
and then EVs can sply energy when production from renewables is low. However, as the
main drawback of this approach, and as mentioned beforeb&Nesies cahave their life

time reduced.

The EV must possess three elements to operate in V2G and G2V configuratiormwg) a p
connection to the electrical grid; (2) a control and/or communication device that allows the
grid operators access to the energy stored in the EV batteries; and (3) precision metering

on board the vehicle to track energy flows [Kempton, 2005].

This intelligent, tweway communication between the electrical grid and the vehicle
enables utilities to manage electricity resources better, and it empowers vehicle owners to
earn money by selling electrical energy back to the grid and participate in thecigject

market.

2.3.2. Distribution Network

The electrical power distribution network connects producers to consumers, and its
topology changes from country to country and according to the situation to be considered.
The network illustrated in Figure2is at high voltage in transmission from big production

centers to main cities, and then at mediottage and lowvoltage (less than V) in the
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distribution for final consumers. To this work and for the EV introduction we will look
only on low voltage wtribution (last part of distribution system) (see section 3.7 to 3.8).
In Section 3.7 a new approach is proposed based on-eefgeence graph topology to

represent and visualize the electrical network.

600 - 1700 MW

Coal Plant

Extra High Voltage =200 MW by dro.Electric Plant
265 to 275 kV

(mostly AC, some HVDC)

=150 MW
= Medium Sized
Industrial Power Plant SOU MW Power Plant
- 110kV and up
Factory
= O Distribution Grid
Low Voltage "
50 kV upto

_@@@@| o =150 MW
Y XYX: ® ‘"

City Network =3 Mw
Industrial

| substations =2 MW
@ @ @ @ @ | ‘Customers

YYXR T
B P
886

a1 11]
@

Wind Farm

Figure 2-7: General layout of an electrical netvork. A transmission grid is usually defined for voltages higher than 110 kV, and
a distribution grid for voltages lower than [Mbizon, 2010].
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24El ectromobil ity

Electromobility refers to the use of electric vehicles for various transport needs and is a
new gowing area, where it is given a small overview on: the Storage Technology (e.qg., the
Batteries and associated control mechanisms) (Section 2.4.1), the EV Charging Process
(Section 2.4.2), and the EV Utilization Characteristics (Section 2.4.3).

2.4.1. Storage Tecmology

In this section are described the main components of an energy storage technology system:
The battery and the Battery Management System (BMS) to handle the operation of the
battery integrated in the EV.

Batteries employed in EV operate under ardumrglitions, being subjected to both large
dynamic transients in current and power demand over a wide temperature range. Some of
these transients are better handled by ultracapacitors, as they can absorb and provide high
peaks of current and power. Theurd trend is to provide a tandem of batteries and
ultracapacitors to achieve a high performance of energy storage. The accommodation of
such operating conditions requires that the management system has accurate knowledge of
the State of Charge (SoC) to ildate safe and efficient utilization of the batteries, by
preventing under or owvarharging conditions, thereby extending the lifetime and
preventing progressive permanent damage to the batteries. The electrical protection of the
batteries during the chging and discharging process and the-teaé monitoring of the

cell, allows an accurate prediction of failures and will increase the batteries lifetime. These

features are implemented with a Battery Management Systems (BMS).

The battery state, in terno$ stored energy, is mainly based on the SoC, and the capability

to store and deliver energy is influenced by the State of Health (SoH). The State of Health
reflects the general condition of a battery and its ability to deliver the specified performance
compared with a fresh battery. It takes into account such factors as charge acceptance,
internal resistance, voltage, sditcharge and temperature during charge, discharge and
storage (e.g., when the EV is parked during long periods). The knowledge bttty

state gives the possibility to adjust the control loop for the electrical management, by using
the battery state and the driver decisions. In this task algorithms and devices have to be
developed to forecast the State of Charge of the vehiclerieatt mainly taking into

account the voltage levels of each individual cell, currents along the time and temperature.
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Also, it has to be forecasted the vehicle batteries State of Health by two ways: the analysis
of the historical of the charge/dischargeles and/or by doing a test to the batteries.

2.4.2. EV Charging Process

EV Charging Process is associated with the G2V process, where energy is taken from the

grid to the EV battery in a process that takes much more time than a conventional ICE

vehicle fills up The EV charging process can be performed: (1) at public places, in charging
stations; or (2) at wusersoO6 home, using charg
manage and control the electricity flow (transactions, electrical network distribution
limitations, renewable integration). We divide this Section in: (1) Charging Methods; (2)

Charging Infrastructures; and (3) Information System for EV Charging Process.

Charging Methods

The charging mode describes the method by which the electric vehidbarigedThere

are five main methods of charging EV batteries (see Fig@)e (d) constant voltage; (2)
constant current; (3) taper current (where the charging is performed from a crude
unregulated constant voltage source, and the current diminishes as the cell voltage builds
up); (4) pulsed charge (where pulsed chargers feedhhre current to the battery in
pulses- the charging rate, based on the average current, can be precisely controlled by
varying the width of the pulses, typically of about one second); (5) a combination of the

previousmethodsof charging the batteries.

Most EV charging systems use a constant voltage for the initial portion of the charging
process, followed by a constant current for the finish. Most of the battery capacity is
restored during the constant voltage portion of the charging cycle. Tempeshtwid be
controlled (in all the charging methods), and thus it is preferable to have a temperature
compensated charger (the coefficient of the temperature compensation should be about
+/i 18 mV/battery/°C variation, from 25°(yana, 1998]The chargingvoltage must be
reduced for ambient temperatures in excess of 25°C and increased for temperatures lower
than 25°Jana, 1998]
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Basic Charging Methods

[\

Constant Constant Taper Pulsed Combination
Voltage Current Current Charge of different
approaches

Figure 2-8: Main methods of charging EV batteries

Three possible methods can be implemented to recharge the batterycharge
infrastructure review, [Morrow, 2008] descrilteseecharging’levels” defined by th&S

Electric Power Research Institute (EPRI):

1 The level 1 method uses thiS standard 120 VAC, 1B or 20 A branch circuit,
used in the residential and commercial buildingdelivers a 1.44 kW maximum
power. This method woulequirefor the useto install a new dedated circuit to
avoid overload

1 The level 2 method is based on a 248C, single phaseand brancltircuit with
up to 4. Under 15A, the maximunshargingpower would be 3.XW. This
method could be implemented for bo#isidential and public charging

1 The level 3 is the method suitable for fast charging thrqudpic facilities, based
on 880VAC, threephase circuit, and enablire kW to150 kWcharging power.

This option implies a number of specific safety precautions.

Level 2 method would be enough to ensure a "rich" charging infrastructure. Fable 2

summarizes the technical featuregrastructure requirement:

Table 2-2: Technical features of each charging level definey EPRI.

Level 1 Level 2 Level 3
Voltage/Current US: 120 VAC / 15 A; US: 240 VAC / 40 A; 480VAC
EU: 220 VAC EU: 240 VAC
Charging power 1.44 kW in US, higher 3.3kW (15 A) 60-150 kw
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value in EU
Charging time fora  ~5-8 hours, even ~1-2 hours <10 minutes
10 kWh battery faster in EU
Vehicle equipment  Higher battery capacity ~ High battery capacity Low battery capacity
requirement Required. Orboard Required. Orboard required

charger. charger.
Infrastructure Cable from electricity Stationary charger. Stationary charger
requirement outlet to the vehicle. Cable from electricity Threephase

New dedicated circuit. outlet to the vehicle.

New dedicatedircuit.

The creation of a chargingfrastructureis essential for EV market introductiofihe
electricalenergy sectorwith the help of government initiatives, car manufactures and

private companies are the main stakeholders of this complex prégesncouraging

framework with clear targetfor marketpenetration and standards batterychargesand

billing systemsare required to buildup aninfrastructure and several pilot tests have been
performed, most of t heTablena3:tPilottepte pedormedmnatmt s f un
EV charging process show some of these initiativesnd Figure 29 illustrates current

public chargingstation implementations and forecastr the most active countries on this

business.
Table 2-3: Pilot tests performed with EV charging processs(June 2011 Status)
City/Country Description
London / UK AEl ectric Vehicl e DHWayorsfeandon Ray&2009 f o |

T building of infrastructure, EV procurement, incentives & marketing.

Singapore, Singaport i El ectri ¢ Vehi cl @OEaesgy Mdketduthonitydvigyr 2809.(

Los Angeled USA ASout hern Cal i flor nBlae cRergii co nVaelMaiecldfueys
Angelesi Dec 2009 Investment in charging infrastructure, streamlining permitti
fleet acquisition.

San Francisco/USA 9st ep pl an t o mak eo fBayMayors ef Sanfmantiscq, &
Jose & Oakland Feb 2009.

Portland / USA Mayor of Sam Adamsannouncement with Nissan for electric vehicle pilot
Project.
Paris / France Mayor of Del anoe announces # AW®ttaoogd. |
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Figure 2-9: Number of Public EV Charging Stations by countries(status June 2011)

Charging Infrastructure
An appropriate infrastructure provides the availability and necessary density of recharging
possibilities. In a first phase, recharging plasksuld be installed in parallel at strategic
locations including homes, workplaces and truck or bus dejpatswell aon main roads:
(1) identification of the early adopter hotspots and build capacity ;tH@jepublic
recharging stations (parkirgarage, shopping mall, Park & Ride, dedic#t€8) parking
spots along streets; (4)omme/depot rechargingand (5) werkplace recharging.

Standardization and business models play an important role on this starting process.

There are also several federabvgrnment initiatives or projects funded by federal
governments across th@rld. In Portugal RenaultandNissan havaigned a contract with
MOBIE.Techin 2008.The MOBI.E® network has installed 100 charging stations and it is
deploying1300charging sttions as well as 50 fashargingstations in 25 cities up to June
2011 The MOBI.E stations work with magnetic stripe card ailld lare sent to the cell

phone of the usefS. In Singapore, &JS $ 99.8 Million stimulus granwvasawarded In

9 Information available at <http://www.mobie.pt>.

20 Information availake at <http://www.mobie.pt>.
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theUSA, the gowernment of Arizona launched the ECOtality progréonan EV test pilot
across 3JSA states, involving the deploymentgb to4700Nissan LEAFEV and 1210
charging stations[Philip, 2010] In September 2009, China & the UShnounced the
launch of thaJS-China EV Initiative under which both countries would work together on
standards development, demonstrations, a technical roadsagll as public awareness
andengagementPhilip, 2010] Governments are not alone in showing increasingly high
levels d activity in whatregard tcEV. Almost alllarge OEMs have by noannouncedeV
prototypes, mode]®r even concrete datder launching EV models in the marké&tissan
launchedts LEAF electric car in 201Even consulting companies seem to believe that
EV is a defining topic for the future of tloar industryi both McKinsey and the Boston

Consulting Group have recently released extensive staditse EV markét.

Infrastructure providersompanies start to emerge proving charging statpneslucts ad
works related to EVs. Emples are:

1 In the URA: Coulomb Technologies, Better Plaé&/-Charge America

1 In Europe: Park & ChargeCircontrol, POD PointEfacec, Magnum Cap, Cahelt

A uniform worldwidecharging infrastructures necessarginteroperability) where should
be possiblgéo charge electric vehicles everywhereamaytimes User interests must have

priority over the interests of individual companies.

Information System for EV Charging Process

EV charging process (remote inteians, power limitations of home consumer or
electrical distribution network), integration of renewable energy resources, and electricity
market, raise a complex environment where mobile information systems can play an
i mportant r ol e. nthisis d richesceaauid, $sinolar foghe mtprneh Thes
information system can play an important role by automatically managing the charging
process, maximizing the use of renewable energy, such as wind energy, which is generally
stronger at night when deand is low, which can enable customers to schedule charging

based on price signals. Initial information systems will focus on collecting data and

2nformation available atRttp://www.bcg.com/documents/file36615.pdind also

<http://online.wsj.com/public/resources/documents/mckinsey_electric_vehicle_ 0213.pdf
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presenting it to consumers, but once charging infrastructures are growing, and
communication standards betweEV and external systems are defined, a diversity of
applications could be created to help EV drivers. Greater knowledge of the lifetime value

of EV IT (Information Technology) systems, including the financial benefits from reducing
carbon emissions, wadilmake it easier for utilities to justify the investments [Pikeresearch,

2010]. Also, a study [Pikeresearch, 2010] shows that this market has a huge growing
potenti al . EU opens a tender call (May 201
the largesc al e depl oyment of the electric vehic
study to EU is open (May 2011) [Tender, 2011] for future definition of new FP7 calls on

this new topic.

The implementation oihformation systems foEV will be sloweddown by the lack of
standards for sharinmformation between utilities and external systef@&NELEC,
2011]

2.4.3. EV Utilization Characteristics

This section describes the characteristics of the EV batteries and the utilization of the EV.
Automobile plays an important role in transportation and new challenges have appeared
with the introduction of the EV witthe limited rang@utonomy?. Drivers ofEV will have

to cope with a new problem: the fear of being stranded in an EV due to inadequate battery
capacity: the range anxiety problem [Schott, 2009; Nilsson 2011]. This problem gains more
relevance during this startup phase due to the lack of clgestitions. The success of EV

in part is going to depend on how comfortable people are, so that they can get where they
want to go, without running out of charge, and without having to go through some process
that will take them a long time and impact tha&bility to use the vehicle. So, taking out

real time EV information, such &oC (State of Charge), energy transactions, and other
vehicle events, plays an important role. This information, taking into account recent
progresses in mobile devices, geogmapinformation systems and communication

processes, can bring added value to drivers.

22 For example de Nissan Leaf hasautonomyof less than 16@m.
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SoC(State of Charge)
The State of Charg&0Q is an important parameter that defines the percentage of energy
stored (from zero to one) in the battery. One meansdtierp is with the full charge, and
it decreases when energy is withdrawn from the batkegyire 210 shows the evolution
of SoClevel during a dayin which the EV owner goes to work in the morning, parks the
EV, goes back home in the late afternoon, and then4ntupe EV for charging during the

night. Figure 24 also shows an example of EV charging for a typical day.

Batteries release energy raceasily when theioCis high, or more precisely, above a
certain tolerance level. When tBeCis lower than 60%, a more appropriate utilization of
the battery is for energy absorption (recharging of the batteries) [Guille, 2009]. Also,
overall batteryperformance for either absorption or release is much higher in a band around
this tolerance levdlyamane, 2002]The width of this band is not well understood, and so,

it is still a topic of research. If the battery releases energy, then the EV acts as @s&lgply

resourcelf it absorbs energy, the EV acts as a derrsidd resource [Guille, 2009].

SoC
100% —

Leiving lo waork Driving

home

Lnergy
salelo
the gnd

Cnergy
sale lo
he grid
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Recharge timoughoat
the day, whenever the
0% =— gridis available

Recharging
athome

DayTime 01 02 03 01 05 06 07 08 09 10 21 12 13 14 15 16 17 18 19 21 21 22 23 QO

Figure 2-10: Evolution of the SoCof an EV battery packfor a typical day.

RangeAnxiety Problem

Rangeanxietyis a term mostly associatedvith EVs in the contextof their limited range
andunderdevelopeahfrastructurs of chargingopportunitied Wellings,2011} In general
terms,rangeanxietycanbe explainedasthe fear of a possiblenegativefuture event.lt is
believed tharangeanxiety wasfirst reportedin the pressin 1997 Rangeanxietyis, in
many waysanintuitive termwhich aremostoftendefinedas perceptions dheexperience
of driversregardinghe fearof notreachingyour destinatiorwhenyouarein anEV. Some

definitionsreferto theproblemof rechargingheEV, thatis, thephenomenon mayotonly
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relateto the occurrencef the particularsituationbut alsoto the availableactionsneeding
to beperformedwhenin asituationin which the destinatiorcanno longerbereached

25.Pr ojRe ¢t awietdh -SWosbtie m
Figure 211, shows the main work interfaces to related projects in the elactvdity area:

1. From ISEL we refer three main projects: IBECO, where ISEL patrticipated on
the development of a Portuguese electric vehickhe author partipated on the
definition of the vehicle interface with the battery system, as well as in the
infotainment system MEECO computer navigation system); (2) START
(INTERREG IVB)T Chapter 5 were based on autho
MIBEL EDP project, whex ISEL participated on the development of a trade
platform for the open market energy in Portugal and Spain.

2. From Universidade do Minho, the Profess
the development of home charging devidéfonteiro, 2010] charging ad
discharging processéblonteiro, 2012] and also in the integration of renewable
energy resourcggerreira, 2013]

3. FromINESGID, t he Pr of es s or itwasbsedrthe expeBandewofa 6 s ¢
mobile system [Ribeiro, 2012] and the project of Iniciativa
eXcitingTrails[Belchior, 2011]Jand MobileTrails>.

4. From INTELF® it was used the Mobi.E project and the charging infrastructure
developed and implemented in Portugal. INTELI submitted a tender call to FP7 in
May 2011 [Tender 2011]: SMART 2011/0065 "The impact of ICT R&D in the large
scale deployment of the electricveb | e 6. Thi s proposal reac
phase, although it was not selected. MGbiimarae¥ was a POVI09-0142
FEDERO000017project approved in 2009, for the event Guimaraes capital Europeia
da Cultura in 2012. In 2009 was foreseen to use itemé@mo events, however due

financial constraints it was canceled;

2, For more information see public VEECO web site <www.vecco.pt>.
24 <http://lwww.startproject.eu/en/Home.aspx

% for details see http://www.siquant.pt.

26 cwww.inteli.pt>.

27 <http://politicadecidades.dgotdu.pt/polis/projectos/Lists/Projectos/DispForm.aspx2ID=8
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5. From CEIIA the patrticipation in EV projects and the preparation of a FP7 proposal,
the ElectreMobility Cockpit Systems and Applications for FEV Range
Optimisation and Seamless Integratiarthe Cooperative Transport Infrastructure
(MOBI.Cockpit).

Mobile Charging
Systems | System for EV

MIBEL - EDP Project on
Open Energy Market

FP7

Electro-Mobility

e MobiE:
Charging
VEECO Sy Infrastruture
QREN Project  START Project
INTERREG IVB Project Science
Integration of Public
transportation data Mobi- Testing
Guimaraes environmentina

real scenario
Figure 2-11: Personal Context of current research work

26.Rel ated European Projects

2.6.1. Public Transport Information Integration

Public transport information integration is one specific area, for whigte is still lack of

EU level data integration among different public transportation organisms. The European
Commission has sponsored a series of recent projects which u@eeded in moving
forward thestate of the art the provision omultimodaltraveler information. Each project

was built on the foundations of the projects before them, which include:

i ITISS (INTERREG 11IB) - developed the provision of real time information to
travelers on the move through mobile devices (220F);
1 SIMBA 2 (FP7)- sought to increase road transport research cooperation between

Europe and the emerging markets of Brazil, China, India, Russia and South Africa
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by establishing a network of stakeholders in the field of Intelligent Transport
Systems (ITSj20062008)

1 eMOTION (FP§ - was a study to investigate, specify and assess-maliial, on
trip Traffic and Travel Information Services for Européavellers(20062008);

1 WISETRIP (FP7SST)- developed a platform for the provision of public transport
multi modal trael information between EU and Chinese partners (ZI08);

1 OPTITRANS (FP7)- developed a mobile platform for travellers to plan their
journeys using public and private transport (2Q020);

1 IN-TIME (ICT-PSP)- focuses on the delivery of multimodal Rame Traffic
and Travel Information services to European travellers (2009);

1 START (INTERREG IVB)- developed a trarBuropean information portal to
enable cities/regions to provide mitigual information totravellers perform
simple route planng from region to region, access detailed planning tools and
PublicTransportationp e r at o(R0®&201d)at a

Additionally the EU ITS Directive 2010 requires member states to deliver a number of
systemsccording tdhe ITS Action PlanThesesystemsnclude provision of Multi Modal
Traveler Information Systems by 2015.

2.6.2. EV Energy Consumption and Management
ICT and smart systems will facilitate the EV integration with the sustainable mobilit
i nitiati ves Smart@ietri e shée, molitedmad infidrrhadon regatdiagy r

the public transportation services will play an important role.

The application of ICT R&D in the larggcale deployment of the EV is a new challenging
topic with a huge growing potential, and this study impact is an impaaskto prioritize

and evaluate the diversity of options. The integration with renewable energy resources
(Europe is leading this subject) could play an important role in this process and could be a

key for Europe to recover some delay from Asia andiNarherica in the EV areas.

The European Commissidras sponsored a series of FiR@jects that contribute for the

application of ICT in EV:

1 EcoGem aims providing efficienCT-based solutions to assiElV driver to

increase range autonomy and energy effficy throughlearningover time to
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predict (and thus avoid) congested and energy consuming routes, based on
experience that they gather. This learnimgcess will render each EcoGdev
capable of autonomously classifying routes according to their defeeemy
efficiency, enabling energgriven route planning optimizah and extending
considerabhEV efficiencyand range of operatiq2010-2013)

OpEneRaddressethe problem of range anxiety with a proposal range increase
based on efficient energy maysment. A particular focus wilbe given toan
optimal cooperation between the electric drivetrain and the regenerative braking
system, supported by data from radar, video, satellite navigatiorto-car
infrastructure and céo-car system$20122014)

ELVIRE addressethe problem of range anxiety based on a collaborative platform
between driver and charging infstructure. Great emphasis péaced on the
openness of thelectricity service platformgranting access to multiple players
andmaintainingthe u st o me r(20%02@2 o0 i c e

P-MOB project aims to break the link between the growth in transportation
capacity and increased facilities, congestions and pollution. The project proposes
a novel concept of fulkelectric personal mobilityaddressing thaeeds of urban
mobility whilst also encompassing characteristics suitable for extra urban
mobility; reduced system complexity (a common car can have more than 50
processors, actuators and sensarigh a focus on the key essentjaadadvanced
systemsntegrationincluding: thin film solar cell$20102013)

Several projects on charging and infrastructure interacsanh as PowerUp
(2011-2013) SMARTV2G(20112013)

27.Concl usi ons

In this Chapterit was researched and analyzeddtate of the arbf related topics. Due to

the diversity ofs u b j ievolved, @ectricalenergy electricalmarkets, transportation and

information systemsa briefoverview of thosdopics were performedvain topics were

covered, such as, EV typesnart cities charging process, standardization, EV usage,

electricity markeparticipation (identification of potential interesting topj@s)d electrical

distribution networks.
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3. MOBI-SYSTEM: EV RELATED FUNCTIONS

This chapterintroduces and discusstee centralMobi-System functiongelated withthe

EV charging proces3.he main EV function modules are illustratedFigure 31, and each

of them is described in ¢éfollowing ®ctions.

Chapter 3: Mobi-System
EV Related Functions

S3.1: $3.2 Information S3.4: $3.10: Range S3.11:
Information Repository Public Charging | | Home Charging Prediction Recommender
Extraction Station Functions Engine

$3.7: Geo-Reference S$3.8. H‘"f’e $3.9: Smart $3.6. Weather L Th
Graph for the Electrical Co.nsump.tlon Charging Module P ﬁll“ er
Distribution Network Simulation Strategy e
Main Outputs: S3.5:
* Personalized Range Prediction Tracking
* Smart charging strategy taking into account power limitation System

* Guidance and charging slots reservation at charging stations
* Personalized recommendations

Figure 3-1: EV functions main modules

310 nf or mat i ofnr oBwx tErVa catnidonChar gi ng Devi

Themoduled | nf or mat i dsrbasédonh teveqoigmenpwitowired and wireless

communications interfaces allowing access information for twodifferent
scenarios/systems: EV aitbme ChargerDevice.Providing relevant dta fromEV and
chargingspots to the platformhese devices integrate Chargstems andeVs with the
Mobi-System enabling intelligent and opportunistic EV charging managenemd,
providing useful information for each drivaccording to her/his needdain information
extraction is the charging log file performed by charging deytbe information from EV

and the commands tbhe charging devic€Figure 32):
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* Charging Place
* Start date

Charging Log File << * Finished Time

» Total Cost
~
f
. wBattery SOC level
Information < wVoltage and Current
from EV wBatteryTemperature
wSpeed
-
f
Control to wStart charging
) < wStop charging
charglng wProgram charging
device wDischarging
<

Figure 3-2: Main information to extract and commands to perform on charging device
Analyses of transactions data can be useful information for future charging or discharging
processs takinginto account a smart charging strategy to combine distribution network
limitation and low prices. All this information is stored on the informatipository on

the central server.

If Internet communication is availablae driver can checkemotelythe home charging
processandinteract with itif he wantsto. Additional information in [Ferreira, 205R

3.1.1. Develogment of the OBU (On Board Unit)

The communication processonsists inthe development of an OBWON Board Unit)
working prototype, including hardware and software, to be installdobard inthe EV,
providing telematics both locally (in the EV) and remotely (to Mabi-Systen). The
deviceis based on anicrocontrollerthat integrate€AN, Bluetooth, GSM/GPRS3obal
System forMobile communications GeneralPacketRadio Service) and GPSQGlobal
PositioningSystem). The implementation of CAN protocol allow requesting andviecgi
data from the car. With the available OBU wireless communications interfaces, it
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possible to report both locally and remottte data being received from the EV through
Bluetooth and/or GSM/GPRS technologies, respectively. Moreover, Bluetthois the
OBU integration with mobileequipmentsuch as a mobile/smart phenAdditionally, and

by having knowledge athe EV current coordinates (GPS receiver), the G8bble to
make the best decisions through the platform. GPRS slibw development ah
implementation of the OBU update over the air, increasing the easiness with which
softwareupdates are madé&his work was performed by an ISElnstituto Superior de
Engenharia de Lisboa Lisbon Superior Institute of Engineeringartner company
(Dailywork), in an ISEL electric car projecEECO - Veiculo Eléctrico Ecoldgica
Ecological Electric Vehicle). Due to confidentiality agreements sign®&EBCO project,

it is not possible to provide more detailed information. Also, this task was not easy to
performed due to missing information provideg the electric motor manufacturer
company. This work was part of a student final year project in ISEL, where Figlire 3
shows themain results achieved: the extraction and visualization in real tir&BCO

information.

Inverter Temperatre

Battery Voltage

Current RMS

Figure 3-3: Visualization of VEECO extracted information in an external laptop [Geada, 2011]
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3.1.2. Developgnent of the RSU (Road Side Unit) ocated onCharger System

Currently, a charger system is an equipment which only has in consideration the EV
batteries charge level. This task aims to develop a RSU (Road Side Unit) which interacts
with the different blocks that constitute the charger system to provide more ititorrima

the EV driver and to the MolSystem. It can provide ti&oC(State of Charge), the charge
remaining time, the efficiency of charging, as well as other data.

In this task, it is developed the RSU, a prototype including hardware and software to be
attached to the charger system, providing telematics, both locally and remotely. The RSU
device integrates Bluetooth, GSM/GPRS and charger information. The available RSU
wireless communications interfaces allow to report locally and remotely the chatgen sys
information data. As for the OBU, Bluetooth allows the integration of RSU with mobile
equipment, such as a mobile/smart phone, and GPRS allows the development and
implementation of the RSU update over the air, increasing the easiness of software update

32l nf ormati on Repository

TheCentral Information Repository stores EV related information, namely: (1) EV drivers
profile; (2) electricity transactions of EV; (3) electricity prices; (4) weather information;
(5) driving parameters; and (6) other EV retateformation. For detail information see

corresponding Sections.

This Central Information Repository is based on XML files and a Mysqgl database
implementation. Since our goal was the creation of a prototype, not a commercial
application, this subject ganot tuned for best system performance, but only for testing

purposes.

33.Dri Reof il e

Initial driver profile is manually created by the driver, with the following information
(Table 31):

Table 3-1: User Profile of an EV.

Propriety Description

User login information User name and password
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Drivers information Driver Name, birth date, sex

Home Address GPS position of home address

Work Address GPS position of Drivers work

Car Information Model, Year, Battery type and power

Energy market behaviour Minimum SoClevel, price to sell and t
buy

Trip information Work days or weekend holidays, stari

time, finish time, distance (km)

Driver is allowed to perforrthe following operations (Figure-8):

("'

¢ (Create

. * Change
Profile < |*Eliminate

Operatiom ¢ ltem Selection

* Input information from tracking system

\

Figure 3-4: User Profile Operations.
This profile, later receiveinformation about driver trip (time, duration and km travelled)
from the tracking system. Also, home simulation module creates an electricity load profile
(see Section 3.8) that is associated with this profile.sAime of EV parameters (speed,
SoClevel, travelled distance) is also stored and associated with this profile for later range

prediction(seeSection3.10).

34 Publhiacr gd ng Stati on

Public Charging Station (PCS) main module goal is the driver guidam@ds nearest
PCS, and the enable of on line advanced booking of charging spots. Due to missing

standards communication formats, the system developed in$seém uses KM file

2% Keyhole Markup Language (KML ) is an XML schemafor expressing geographic annotation and visualization
within Internetbased twedimensional maps and threémensionalEarth browsers. KML was developed for use
with Google Earth
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or compressed KMZ, to receive data from charging stations. In thistifefd=V position
is defined, but in this work it is necessary additional information (see Figfire 3

-
*Operator
Mandatory < +Charging Mode
Information *Charging Slots
+Services
Y
f
*Number of Places
Aditional *Price Extra Services
Information +Type of Physical Interface
*Working Time
-

Figure 3-5: Fields of KML file for information exchange with charging station.
Thesystem developed for Moldystem receives GPS coordinates offge¢gition and finds
the nearest charging stations, showing the distances to them and giving guidance to the

driver using Google Maps API (see used case in Chapter 6).

Thebooking slot process is complex, because batteries charging process takes more time
than a usual gasoline deposit fill up, and aneservation system should help on this
process. So our proposal is a system for management of resgistem@ para Gestao de
Reservass SGR) , t hat all ows driverdés mobile devi
reservations. To communicate with the SGR should be used a technology that allows
synchronous communication. The Mdbystem is prepared to communicate with the SGR
with a WebService. The SGR responds to mobile device communication response with a
reservapbn confirmation, or with a warning indicating the unavailability of sl@se of

the issues that arise when proposing an SGR is the possibility of daieddo attend on

ti me (or ev e nresdrvguerioémed. ThEEGRvust implengent mechanisms

to minimize the impact of slots are being reserved, and then run out by failure of the driver.
One posthle solution igo implement a scoring system, which penalizes drivers with one

point in their record when they fail teserve a charging slot. When the driver reaches three
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points, equivalent to three failures, the drives ttago to an operator and try to reactivate
his/her access to the SGR.

Figure 3-6: Image of a Public charging infrastructure®.

The diagram inFigure 37 illustrates how the SGR can be implemented with a system of
penalty points. Thdanformation is centralizel in the SGR, communicating withlla
operators, which also allows the exchange of information on penalty points, making the
system more efficient. The SGR is prepared to follow a business model vshich
implemented with a slot reversion, failures penalties and a waiting of reservatibns of
minutes (administrator configurable time). The same approach and software module is used
for parking places reservation. There are several issues related with PCS (Public Charging
Station), which are not covered in thigork: infrastructure creation, stdardization,
electrical energy network distribution (high power). In a PCS seriticge hot usel the
previous module of smart charging, because shexist power limitation on charging

process

29 Source image fromwww.ekomiko.pb. Available charging spots could be a problem since fast charging takes time (more less 10 to
30 minutes (it depends applied power and desirable SoC level)).
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Figure 3-7: SGR penaltypoints to avoid user reservation failures
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r ol

e |

n

habits and profile updaiehasdeveloped a tracking application to run in an oélimode

(to avoid communication costs) in a mobile device with GPS devVibe. work was

performed in a final year project at ISEL, described at [Sousa, 2010], and its high level

vision is showed iffrigure 38.

This tracking application mainly stores time, GPS coordinates and user identification. From

the GPS coordinates it is easy to calculate travel distances. Using Google MapsAPI

represergdthe driver route and is obtainedhe travel distance.

From the travelled distance and EV efficientcis estimatel the remaining energy stored
in the batteries of each EN6QCi State of Charge level), as well as the commu8aZ

level (sum of all individual communit$poClevelg. The studied population (from the city
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of Lisbon area), with 50 cases, cantaa mixture of university students and their parents,

and takes into account the first EV introduced in Portugal, the Nissan Leaf,

pack of 24kWh and autonomy of 160m (obtained with a careful driving).

with a battery

ot O WL €0 unsy

GPS Tracker
S
Vualizaton
4

ros

et form
[ Google Maps ] Central Inform anon]

Reposaintory

[

Set Parod of
10% to S0% start/
finished thair trip

Calculate wlog fees» Driver's 1::;2':““;“
Driving Distance Movements alyses

Average Dally
StartFinished Mour
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Weekends or
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Figure 3-8 Mainmodul e of driverds tracking

movementsdatabase

e
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Reglsto de Infermacia

i1 B8 = 11hiF Avan¢adas
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Figure 3-9: Menu de Op¢des daplicacdo GPS Tracker.
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| P[RR L e
TS Trathimr
ziral ahr o

The application of GPS Tracke

Ultima recolha:

allows to see the GPS data on ptssition,
direction, and speed. This information
Sull17E) placed on the screen of the mobile dev

dentro de 50,6 metras using the method DisplayLocationinfo () i

3 (L1
class GPS

*acar racalha

Figure 3-10: Menu Principal da Aplicacdo GPS Tracker.

The system allows seeing statistics onrthée taken, including: (1) travel duration time;

(2) total distance traveled; (3) average speed; and (4) others that can be obtained by data
manipulation (e.g., trip cost, price). The system can also provide all the above parameters
for all the paths ofite user, thus obtaining the total average values.

The presentation of statistical results for one route or for all the paths of the user is done
via GPS ReportView running a personal computer system user. The purpose of this
application is to allow viewingf all the statistical data corresponding to journeys made by
the system usend owner of an EV, so that it is possible to graphically view each journey
made. This application provides a list of all journeys performed by the driver with statistics
related with all journeys (average speed, distance, time).

36.We at her Modul e

In the residential and commercial sectors, heating and catcmunt fomore than 40%

of enduse energy demand [FERC, 2004]. As a result, energy consumption in those sectors
can vary ginificantly from year to year, depending on yearly average tempertures
Several studies prove a relation between electricity consumption and temperature,
especially for higher temperatures (most peak power consumption were reached on very

hot days) [FERC2004]. Cooling is related with air conditioners (electricity powered) and

30 Information taken from web site <http://www.energy.eu/>.
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heating with centraheating (gas powered), so peak electricity consumption occurs in hot
summer daysHERC 2004]. As indicated irFigure 311, there is a high correlation
between the simple average daily temperature from the four sites selected and daily
electricity demand in the CallSO region, which comprisest of the statef California,

in the USA [Crowley, 2005]. This relation has been observed by several authors [Crowley,
2005], [Franco, 2007], and there is more or less 1% of electricity demand increase by 2°C
of temperature rising. This Weather Module application wagldped and is running,
making possible to estimate this relation. A Web crawler (Web Content Extractor) was
configured to take information fromeahmain Portuguese weather ité=rom the Web
pages extracted with paefined formst is taken information related with temperature,
wind (direction and speed), rain and solar conditions (e.g., sunny, cloudy, etc). This crawler
runs in a predefined periodicity and the information is stored on a database. In a near future
the present workntends to add more information from different web sites and merge this
information on the proposed database. When a fadoreirs the previously available
values are stored in tlilatabaseTemperature data is related with electricity consumption,
and the othergrameters are associated with renewable energy production: wind to Eolic,

temperature and solar radiation to Photovoltaic, and rain to Hydropower production.

GWh

8.5

- 7.5
=
E
a

> 6.5
2
=
o
2
w

55

1 1 T T | >
0 5 10 15 20 25 30

Average Daily Temperature (°C)

Figure 3-11: Electricity demand in the CallSO area as function of average daily temperatures: 2@ [Crowley, 2003.

31 <www.meteo.pt.
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The weather data is gaeferenced (several locations were considered) and is stored in an

information repository correlated with:

1 Temperature with average consumption. We appMéans algorithm to identify
main groups. The first grgs are: (1) bellow 0°C; (2) from 0%G 8°C; (3) from
8°C to 18°C; (4) from 18°C to 26°C; (5) from 26°C to 31°C; (6) from 8135°C;
and (7) above 35°C. From this centroids data (average consunipsaa)culatel
the percentage of consumption change due to group change
Wind speed and direction with Eolic production

Temperature and weather conditions with Solar Photovoltaic production

Rain in monthés periods with Hydropower

near future to try to identify which is the best time period to collect rain data.

Later inSection4.3, it is explored this approacho estimatanicrogeneratiorproduction
based on past data stored in a central repositbrgweather information is usexh range

prediction process (setection3.10).

3.7.Ge-BRef er ence Hreacptbriiscoarli dtawo ok N

One importantapproach introduced is the GReference Graph for the electrical
distribution network. This allows computational data manipulateach as distance
calculation, identification of power limitation (Section 3.9) and identification of user

communities (Section 4.2).

The area with the distribution of the electrical network is manually transformed in a graph
(seeFigure 312 andFigure 313), whereit is added geographic informatiomand power
limitations between the nodes. This is a slow process whigrexpecedin a near future

to introduce some automati on. Assumptions
consumers define their house and family (numbérooise divisions, umber of persons);

(2) they define the number and type of electrical appliances fromaefireed list; and (3)

they define also their usual routine (arrival time, departure time). Tracking system data can
tune arrival and departure times. Every consuhaey its own behavior and changes or
unexpected behavior are randomly generated at the beginning of the experiment, using an

array of integers. Each consumer is represented by an agent who knows contractual power
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limitation and also the limitations of theisttibution network.Table 3.2 shows the

configuration used for case study presented in the next section.

Area

| ICommunit¥

Geo-reference graph with power limitation
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Figure 3-12: Electrical distribution network, transformed in a graph
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Figure 3-13: Geo-reference electrical distribution network with power limitations.
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Table 3-2: Information about distribution network, used for our case study.

Node | Description | Type Elevators Common Simultaneous Power Available
(kVA) Services Coeficient (kVA)
(kVA)
(KVA)
1 House 1 1x T O 0 1 13
2 House 2 1x T/O 0 1 13
3 House 3 1x T O 0 1 13
4 House 4 1x T O 0 1 13
5 House 5 1x T O 0 1 13
6 House 6 1x T O 0 1 13
7 Buildingl 6 x T 2 6.9 075 4 8
3 Floors (6nsta)|(6x46x075)
+@® + 2Z0
8 Building 2 11 x T4/ 0 6.9 1 3D5
2Floors 11 x T3 13+ BG 9¢

38Home Consumption Simulation

An agent based simulation attemptssimulatean abstracinodelof a particular system.
Computer simulations have become an useful parhathematical modelingf many

natural systems iRhysics ChemistryandBiology, and of human systems lfconomics
PsychologySocial Sciencg andEngineeringSimulations can be used to explore and gain
new insights into newechnology and to estimate the performance of systems too complex
for analytical solutionsThis approach already has been applied for electricity market
[Figueiredo, 2010], [Zhao, 2007]Pitt, 1999], creating a simulation environment for
market prices determination based on consumers demand, and for production capacity of
producers. Our main ideatis simulate consumers consumption taking also into account
unexpected user behavior, using past experience (consumption log files), and then

representing the information in an electrical distribution network graph.
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There are several tools that can be deethis purpose, from which NetLogo tool has been

chosen. NetLogo is a free agdrased simulation environment that uses a modified version

of the Logo programming language, providing a graphical environment to create programs

t hat contrelsognta@ahi ¢ efti Wlretlin a world of fip
Aobservero. NetLogo also includes an i nno\
groups of people to interactively engage in simulation runs alongside of computational

agents.

On the gnulation tool (Netlog)t is followeda bottomup approach wheri is estimatel
consumption based on consumer profile and historical consumptiondgsiaribed in
Figure 314. Weather information (temperature) is used as a percentage increase factor on
usual consumption. Each consumer is representexhkagent that is based on historical
data, profile and temperature information, based on a random function for energy
consumption, which is estimated at every 15 minutes (this time interval is configurable)
Each agent has a utility function, but the agent is not optimizing it because this process is
too expensive under many aspects: in terms of information retrieval cost, in terms of
information processing costs from a computational point of view, andws t&f cognitive

effort in searching alternatives. We decide to model each consumer as a node on a
distribution network graph. Simulation takes into account house power limitation contract
and electrical energy distribution limitations. Our simulationfptat is: (1) Dynamic,
updating each entity (agent) at each occurring event; (2) Stochastic, based on conditional
probabilities; and (3) Discrete, with the changes in the state of the system occurring
instantaneously at random points in time as a resuhlieobccurrence of discrete events.
Main outputinformation is the visualization of electrical distribution network on a graph
with the indication of power limits. Red color means above power capacity, which indicates
that EV charging should be processedan intelligent interactive process; green color
means that it is possible to charge EV batteries on full power. It is estimated the
consumption and this information is used for a smart EV charging, without measuring
devices and real time information. Timeain application screen of the consumption
simulation is illustrated ifrigure 315.

Relatively to electricity market functionst is aggregatd enery production and
consumption data, and based on this simulation, estimate prices and then determinate the

best charging or discharging periods
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3.8.1. Model for Collecting Consumption Data

Consumption patterns are studied based on two factors: (1) what equipment are used by
consumers; (2) power used by these equipment; and (3) time interval in which they are

used.

In order to know how much power each device consuinesused data available from

ERSE Entidade Reguladora dos Servicos Energétiecdsnergy Services Regulatory
Entity, from Portugal), and obtained the following tables of average values of maximum
powe per applianceSince there are no devices installed in the homes of consumers that
allow collecting the power consumption information instantaneously, the data collection
was done manually. Were chosen representative consumers (around 50 familiesrin Lisb
area were asked to report supposed daily use of equipment in their Homaisle 33
presents a table with a list of possible equipment used at homes, and it was asked to the
representative consumers to fill this table with the equipment used anthevitfours of

utilization.

The study of consumer habits of each family is based on an analysisqufest@nnaire
performed, as Table-8 an exampleThe set of connected devices and related values of
power per hour will provide the total consumptioret&ctrical energy per hour per family.

We combine the study of these three sets in order to get the following templates: (1)
Template 1: Large Family; (2) Template Medium Family; and (3) Template 3: Small
Family.

From tracking system it is taken infortizan about the time drivers arrive / leave home and

the travelled distance taken. These values are stored and a mean value and a standard
deviation are used to fest@nulation environment on Netlog. Agents represent drivers and
average time is used to dtarctions. A stochastic environment is created by random
functions (changing start times) that can change mean values to maximum deviations,

taking into account a probabilistic function. Also weather information is used to increase

32 Detailsof this survey can be found atvwyw.deetc.isel.ipl.pt/matemtatica/jf/ing_cons.pdf
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or decrease overall emgrconsumption. This simulation process uses electrical distribution
network information taken from the geeference graph

Table 3-3: Power consumption of conventional home equipment. Data taken fronEBRE, 201Q.

Home Appliances  Power (kWh)  Leisure Power (RWK)
Washing Machine 2.00 TV (convencional) 0.09
Tumble Dryer 3.50
: TV (plasma) 030
Dishwasher 2.00
Oven 1 Stereo sound 0.06
T s | IDVD 024
: Computer 0.30
Microwave 0.90 - p
Broiler 1.80
Exhaust 014 Incandescent Lights 0.06
Toaster 1.00 Halogen Lights 0.04
Aspirator 1.60 .
Fluorescent Lights 0.04
Iron 1.60
Fridee 0.15 I-JFC (Economics
- lights) 0.01
e 02 Home Temperature
Hairdryer 1.50
Fryer 6 Air Conditioning 1.80
Oil Radiator 2.00
Heater 2.00
Water Heater 1.50
Heat accumulator 2.50
W.C. Heater 120
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Table 3-4: Questionnaire table to users about home energy consumption

CHE o S BRI T s I s i | aiin o | s P 4 M T | (IR R R
Home Appliances

Washing Machine

Tumble Dryer

Dishwasher

Oven

Cooktop

Microwave 1

Broiler

Exhaust

Toaster

Aspirator

Iron il 5
Fridge f adabalal ab bt gk b ol al gl ol ) gl gl 3l oaloal cal cal g
Freezer i ok agalcaal o g ol o}l ool s owl oohk all ab oal wl al sl caf sl
Hairdryer

Fryer

Leisure

TV (convencional) 1l 1 1 1 1
TV (plasma)

Stereo sound 1

DVD

Computer 1 1
Lighting

Incandescent Lights

Halogen Lights

Fluorescent Lights

LFC (Economics lights) sl 1] ) o 4
Home Temperature

Air Conditioning

Qil Radiator

Heater

Water Heater

Heat accumulator

W.C.Heater

39.Smart Chamgienyy

The strategy of the smart charging system is defined in order to achieve the goals identified
in Figure 316, taking into consideration integrated home consumption, electrical
distribution network limitations and availability of power for charging. This system is based
on a central information regitory that can store and manage historical data on electricity
consumption and production. From this central repository it is possible the development of
tools to extract knowledge from past electricity exchange log files, electricity market prices,
renavable energy availability, home energy consumption (if EV is connected at home) and
electrical distribution network constraints. Also, the weather information can be used for
the forecast of energy production from renewable energy sources, and the EMrsars

and departure times from home (obtained from a tracking device) can be used for
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consumption timing optimization (e.g., users can change their behavior, and thus historical
data needs to be fitted). This central repository will be later, in a S@rait (SG)
environment, a fundamental module to store all kind of SG data, and to solve problems of

different data format diversity.

Main Output information is the visualization of electrical distribution network on a graph
with the indication of power lits (Figure 315). The first step is to estimate the electrical
power consumed per household, and given the contracted power, to determine thie availab
electrical power for charging EVs. It was considered a power limit for the electrical
distribution system of 80% of the nominal power of the transformer that feeds a set of
consumers of each particular zone of the low voltage electrical network. addepon

the percentage of existing EVs, we may have additional limitations.

Smart Charging
Strategy taking in
account home
consumption and
network limitation

Power for EV

Usad Powaer Power Available Chismsics
i) o

/ 2 O S -

N

HU > ?  _‘.>

\ J

Contracted Power

Figure 3-16: Smart Charging approach andgoals
The main results obtained are showeéigure 317 andFigure 318. For more details of
these results see [Ramada, 2040y [Ferreira2011e] These studies were oriented to
simulate domestic consumption and distances traveled, to determine the most appropriate

forms of representing the power consumption of the families, also considering the EVs. In
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order to determine the time of the dalyen there is more available power to use to recharge
the EV batteries, we have compiled the values of power consumption per hour, and it was
found that, during the week, the ideal intervals for charging the EV would be between one
and si x o 6cning(rakge A)or betiween nine and the sixteen hours (range B).
In the weekend, the ideal intervals for charging the EV would be between one and eight

hours (range A) or between fourteen and sixteen hours (range B).
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Figure 3-17: Power Consumption Distribution (all types of family).
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Figure 3-18: Large family consumption simulation results
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Relatively to electricity market functionsit was aggregaté energy production and
consumption data, and based on this simulation estimate prices, and theimaetee best

periods for charging or dischargiG@turning energy to the electrical distribution network)

the batteries of the EVs

3.10Range Prediction Functions

3.10.1. Range Prediction

Range prediction ithe process of estimation of EV range basethoee mairdependency

types (Figure 319):

T

The EV with its main variables the model of the vehicle (mainly its performance
under different scenarios, speed, and acceleration), the chemical technology of the
batteries (as lithiuaron-phosphate, lithiuntitanate, or nickemetathidride) the
batteries characteristics (mainly, variatiorSmiC lifespan, performance, specific
power, specific energy, and safety), and the EV powertrain (electric motor and its
power converter, as well #se other electric parts, as batteries charger, controllers,
and power cables). This data is stored on an information repository, on a central
server. All of these parts will influence tl#oC and consequently the range
prediction. The batterieSoC andother relevant parameters, are provided to the
main control system through CAbus communication, and then these information
are stored in a data base (DB), in order to predict the available range.

The driver behavior: speed and acceleration informatiore daaken from EV
through the CANbus communication, and the driver past behavior @af]evel

versus travelled distance achieved), are stored in a DB. Weight is a manual input,
and driving directions are acquired based on the GPS information.

Environment: current location, traffic conditions (taken from a web service), road
information (in a distance graph), weather information (wind and temperature,

taken from a web service), and altitude, taken from.GPS
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Car Dependency Driver Dependency Environment Dependency

* SCClevel * Driver behavior (past * Traffic Flow
sEaETBda drwerproﬂle) * Charge infrastructure
* Acceleration * Temperature
* Battery type * Speed * Wind
L . * Weight * Altitute
Battery.Iite ime * Charge behavior + Street consistency
* Powertrain * Driving direction

Figure 3-19: Main parameters for range prediction.
The range prediction procedure is in a first step based on the bef@e@ks/el, and using

driving behavior (relation o5oC level versus travelled distance achieved, from past
experience, stored in a central information repository). This distance is tuned based on
weather information: if it is hot, a percentage of the energy stored in the batteries is taken
for air-conditionirg; if it is raining, a percentage of energy is taken for the window cleaning
process. For night drive, also a percentage of energy is taken for light services. A web
service brings traffic information, and based on past experience (e.g., inforrmation

driving times and traffic information), a driving range is predicted. Current driving
behavior (e.g., driving speed and accelerations) are taking into account in this process. Once
it is achievedan estimation of EV rangé,is staredthe calculationof possible reachable
pointsbased on current position. Most of these estimation processepavformed based

on simple heuristics, and a deep study is prepared (current MSc dissertation, started in 2011
in ISEL). For example, if the weight is above a cgufiable threshold, a percentage of
reduction is applied on the range (this value should be tuned from past experience data and
depending on EV parameters). Also altitude was taken into consideration, using Google
maps to obtain the altimetry of the desleghath, again several levels were configured, and
also is applied a percentage of reduction in the range, in function of the altitudes to
overcome in the path. Temperature is an important parameter, because of the relation with
air-conditioning. The tempature was divided in five classes range: (1) less than 5°C; (2)
from 5°C to 15°C; (3) from 15°C to 25°C; (4) from 25°C to 30°C; and (5) above 30°C. For
classes 1 and 5 it was assumed that all drivers usermiitioning, for class 3 no usage is
performed and for classes 2 and 4 it is considered that a percentage of drivers use air
conditioning (initial profile parameter, but past data can tune this behavior). Traffic
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information is used again as a parameter that can reduce range, because poss#bigpstarts/
on traffic jams increase consumptidfore information availablat [Ferreira, 2013d].

3.10.2. Range Representation

Once a range prediction is achieved, a topographical search starts with the current driver
position, basetéh Figure3-20. Main road nodes aresed to check distances from current
position and a polygon representation is achievedRgere 321, Figure3-22 andFigure

3-23) based on Google API usage. A zone of uncertainty can be marked, based on the

uncertainty parameters used to estimate the drive range (see FRiire 3

If SoClevel is below 2%46 (availablerange should be around BM-40km) it is calculated

every road option with guidance to the nearest charging point. Taking into aEogune

3-20, it was considered Lisbon as the starting point. Since the available range for the EV is
around 16(km, the implemented process starts to look for main destinations in a radius of
130km to 160km. This distance calculation is based on GPS coordinates eSporndent
places. For Lisbon as the starting point, the process identified the following cities (Figure
3-20, process (2))Pombal, Leiria, Marinha Grande, Ourem, Tomar, Evora, Grandola,
Santiago do Cacém and Sin@$en, the distances are calculated base&oogle Maps

query (Figure 20, process (3)), and the process identifies Plaabalare out of the EV

range. The distances calculated to the other locations are within the available range of the
EV. For example, the distance from LisborEtorais 13 km, so the process (4) (Figure
3-20) looks nearby villas, and process (5) (Figw2 G ) , identifies the
the case of the present example (FigugiBand using the city dfvoraas destination, it

is available more 28m, which allowsincreasing the range representation arobwdra

with a radius of 2Bm (seeFigure 322). The output of this iterative process is represented

in Figure 321 For every 5km of EV movement this map is again calculated and
represented. The Web range estimator represents range by the connectiordadtaraias

and putting the polygon together. To do so, our application uses Google maps APl and
shows the polygon on a mobile device display, as showejime 321, Figure 322 and
Figure3-23.
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Range is more the
1/4 of max range

Max Range

ID Range Autonomy fo
utonomy

Direct distance is based
on GPS coordinates
{vector distance)

1D City in a direct

distance of range EOEiE e 1E P

coordinates

EV GP5
coordinates

autonomy - 15%

Calcule real distance
sing Google Maps AP

Willa in remain List of Villa

Range using a direct with GP5

distance coodinates
glculate City near by Wills Map Range

djstance using Google Maps Representation

Figure 3-20: Range representation process using Google Maps API
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Figure 3-21: Range estimation of a Lisbon trip to north. Four different cases are showed
For charging process the rangediction and representation is performed in the same way.
Based on the charging lev&dCinformation) the application predicts the range based on
previous driving parameters (past relationSo€levels and distances achieved stored in
driver profile)and based on this information represents using Google Maps the regions that
is possible to reach with that charging level. System is prepared to generate alerts about
charging levels needed to reach a charging station (it is assumed that a chargirsgigroces
always performed in a charging station,
range prediction process has several uncertainty factors that reflect driving behavior and
external condition (e.g. traffic, road topology and weather). Thesw$astiowed ifrigure
3-19 can be used to estimate a safe range (green shadow in FigdyeaBd a maximum
range. The red shadow in Figur&38 is a rage that is possible to achieve but the driver
needs to perform driving optimization (air condition off and avoid big accelerations). This
could be helpful information because driver can customize his behavior function of the
range it needs to achieve imeir trip. This process is can be continue updated and when

SoClevel is low this uncertain gets low.
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Figure 3-23: Range estimationwith a low SoClevel.
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Figure 3-24: Range estimation based on the uncertainty factors showed igure 3-19.

311.Recommendation Engine and System

Given the success of recommenoia systems in automatically delivering the relevant
information in numerous areas of usage, it can be applied in this scenario as well, with the
objective of maximizing the relevance of the information presented to the driver, which
should be the strigtineeded for him/her to make decisionkefing out the unnecessary

one, [Ferreira, 2011b].

Based on the available information, the information repository of the -Bp&tiem, the
recommendation system wil|l choose (recommenoc
pre-defined preferences expressed in a profile. This systermules®gnsions to callate
utility function (information relevance measurement) for all input information: D&er

information D2 and contextD3. A diversity of recommendations is displayed. So, a
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recommended function has a new dimensigmeans context), and is a three dimsional

vector u(User, Item, Conte}t (Figure 325);

Recommender

Input Information .
P Information

Yvy

Recommender System

YYYYVY

Context Profile
Information Information

Figure 3-25: RecommenderSystem
Input Information: Is the available information and represents charging places and other
information related to EV driver. A recommender engine information module selects and

stores all related information.

Profile Information 71 Historical Data: Represents past user optioms a three
dimensional matrix based on selected information. In our implementation this field has only

two values: value 1 represents a user choice, and value 0 signifies user disagreement.

Context Information: Is used to improve recommender system peréorce, based on the
fact that user preferences change based on the context. For example, in a tourism
recommender system, the year period chang
Several authors, [Gediminas, 2005] and [Tuzhilin, 2001], suggest thiax¢anformation
is used based on atiimensional space, (Usénformation), in a multidimensional matyix
u (utility):
u:D3..3D, - / [Equationi]
Each D dimension is represented by an information vector and the algorithm to find the
best tuple (d1, ...),dthat maximizes the utility function [Gediminas, 2005]. Our
implementation uses as context information based on four mais: fgefunction mode:
Al ei sureo or Adirect o; (2) day period: A mo

Ahomeo or Awor ko; (4) trip status: Astart.
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stored on information repository and is obtained bgraxttion with the driver, (1) plus (3),
and (2) plus (4), by the system based onda#ned rules. So, day period is ftefined on
system, morning is until 12m, afternoon from 1@m to 19m, and night in the remaining
hours. Trip status is based ongt distance, the first 25% km are considered starting and

the last 25% km are considered ending.

Recommender Information Generates new system output information, ordered by a

utility function. In this prerelease phase our system takes care of theingggint.

Each information type is represented by a vector, with class values. The(P@fiis
Charging Stationsare based on:
1 Charging Mode: Slow, Fast and Droff;

1 Operator: AM®BlackEo, MEOPOer

1 Location Type: AStd efeBiog SitSarntaildndS;t ati ono
1 Services: fAWi thout Serviceso, fAReservati
1 Public Transportation Interface: fAl1l06, 000;
1 Near by Points of T onlytf@eraos modd iFodtrayel moéiel 6, 60 0 0

3.11.1. Utility (u) Calculation
User recomendation is based on utility functfo}) where only three items are showed to
the user (this is a configurable paramet&ffer distance measure is introduddtanhattan
distance, others could be implemented)is calculated the utility bageon context
information, for each piece of input information, itém

li ={11i,12;,13;,14i,C1,C2,C3} [Equation2]
Where{l1i, 12;, 13, 14i} are the characteristics of input informatioand{C1i,C2,C3} are
the context characteristics. The utility function is based on the nearest neighbor algorithm,
see Figure 26, where it includes context and distance functiéor. details see [Pereira,
2010].
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u = utility; a = distance; ¢ = user; S = selected items (candidates); d = context

H = context list (past data); R(u,item) = list of items with u measure

1. Start R(u item) = {}

1.1. For each S item:
1.1.1. Add context information = S(i) + d

1.1.2. Start u=0

1.1.2.1. Foreach H item:

1.1.2.1.1. Calcule distance o to Hfi)
lsea=0
719 =
1.1.2.1.2. Calcule u %sea £ 0
1.1.2.1.3. If u’ = puthenuy=u’

1.1.3. Insert (u,item) in R
2. Sort R from highest value to the lowest

3. Return three highest elements of R

Figure 3-26: Nearest NeighbourAlgorithm usedto calculate the functionu.

3.12Concl usi ons

In this Chapter MobBystem main EV functions were identified, taking into account the
defined objective.

An information system to support V2G (VehitleGrid) or G2V (Gridto-Vehicle)
processes was created to assist EV drivers. This system takes transactions information from
charging devices and is able to give charging or discharging commands. Due to the
diversity of charging equipment and the lack of standards, an approach of XML files to
data exchange was considered. This approach has been successfully implemented in several
problems of data exchange in the computer area.

Regarding driving assistance witkeful information, the following topics were covered:

1 Address user range anxiety (1) displaySoC(State of Charge) level, remaining

km for next charging; (2) looking for the nearest charging station (with guidance);
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1 Drivers useful functions (1) give emote charging or discharging commands; (2)
define a smart charging strategy taking into account home consumptions and
contracted power limitation; (3) report about electricity transactions with pricing
information; (4) give POI (Points of Interest) andidgunce; (5) enable online
advanced booking of charging spots with a penalty algorithm to avoid users

failures; and (6) EV news.

Al so, this Chapter was t he b aGockpit: PFesonalt h e
Mobile System for Electric Vehicle Canto | ¢ ( P-TRACIA88®/MR010), with the
following partners:
1 GulAA Group (Information Systems Group);
i Daily Work, main expertise in vehick®-vehicle communication and telematics;
i Department of Electrical Engineering and Automation, and the uS#&BCO
vehicle as a case studyeEECO(Veiculo Eléctrico ECOIlégigds a QREN project
where ISEL is a partner;
CEIlIA, as a OEM partner and a case study on MOBI.E;
GSIin INESGID, on information systems and mobile devices;
Centro Algoritmi of University of Minb, main expertise in charging devices and

Power Electronics.

The main project goal was to create a commercial product from these Chapter ideas in a
mobile device, and to explore the EV data extraction through the communication standard
CAN (Controllei AreaNetwork).
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4. MoBI-SYSTEM: ELECTRICITY MARKET FUNCTIONS

This Chapter reflects the initial work performed with the EV AggregationgSection

4.1), theMicrogeneratiorand the Distributed Energy Resources (DER) (Section 4.2), and
the Collaborative Aggregator Broker System for DER (Section 4.3), and it is dedicated to
the participation of EV in the electricity market and the integration with local renewable

energy resowes.

41.EV Aggregations

EV behavior can be quantified in a user profile, like time of trip, travelled distance, daily
hours connected to the grid and minimum energy stored. These profiles can be clustered in
communities by a similarity measurement (taking into account the imp$, tand also by

the identification of the electrical distribution network mapped in a graph (see Section 3.7).
This graph geweeference points correspond to end users locations and low voltage
distribution points. The biggest problem of this approacthéswork involved in the
identification of geereference of each of these points. Having collected this information
any geographic database can easily handle the problem.

The basic idea behind such community is the aggregation of tii€igife 4.1Yaking into
account the electrical distribution network represented in argjecence graphso that
together they represent a load or a resource of a size appropriate to exploit economic
opportunities in the electricity markets. The created community is plager whose role

is to collect the EV (profiles) by attracting and retaining them, so as to result in a megawatt
capacity that can beneficially impact the grid. This impact is even bigger, because we take
into account that the electrical distribution wetk minimizes losses of energy
transmission and distribution. The size of the community is indeed a key to ensuring its
effective role (100 EVs of 2dWh can store 2.4 MWh, and around 300 EV ok¥h can

reach 7.2M\Wh). In terms of load, a community oS represents the total consumption

of all vehicles, an amount in megawatts that constitutes a significant size, and allows each
EV to benefit from the buying power of a large industrial/commercial customer. There are
additional economic benefits that grawa result of the economies of scale. The aggregated
collection behaves as a single player that can undertake transactions with considerably

lower transaction costs than would be incurred by the individual EV owners.
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It is the role of theAggregatorto create and manage the community behavior by
determining which EV to select to join the community, and by establishing the optimal
deployment of the community. A single community may function either as a controllable
load or as an energy resource. We fulsgcuss the EV community utilization as a

controllable load and thers @ generation/storage device.

Power Grid g

P BN

Figure 4-1: The EV community may act as a controllable load or as a generation/storagevice
First, the larger scale of the aggregated V2G power resources commanded by the
Aggregator and the improved reliability of aggregated V2G resources connected in
parallel, allows the electrical grid system operator to treat Aggregatorlike a
conventionaancillary services provider. This allows tAggregatorto utilize the same
communication infrastructure for contracting and commanding signals that conventional
ancillary services providers use, thus eliminating the concern of additional communications

workload placed on the grid system operator.

In the longer term, the aggregation of V2G resources will allow them to be integrated more
readily into the existing ancillary services command and contracting framework, since the
grid system operator need gnto communicate directly with the Aggregators. The

communications infrastructure of the Aggregator (central server) and the vehicles is a
standard communication system, using available technology (Wireless, GPRS, Wimax,
among others). Since there are mandards defined among EV infrastructure, the data

exchange was performed on the Internet standard XML. This approach allows picking and

giving information from different proprietary systems, since they provide and interface
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with XML data exchange. This ternet standard facilitates the application of data mining
approaches to extract relevant information from the past experience (previous transactions

performed).

User Profile is defined by: type of EV (this feature characterizes the battery size), minimum
SoC allowed, time and date of trips (working days and weekends), geographic data,
personal data and log files of energy received or dispatched, and time intervals of the grid
connection. Most of this information can be acquired (without costs) if thersinue a
tracking application in an offline mode (only transmitting the information when a wireless

communication is available) in a mobile device.

Aggregation is based on geographic distribution, taking into account the distribution of
transportation ling and power stations, in a seautomatic process. The system calculates

the power available in a circular distance of ageéned point.

Aggregated EV has the potential to play a very important role in improving system
operations both on the demand amdthe supphside. However, there is a huge variability

in the behavior of the individual EV owner. This variability is a challenge for the
Aggregatorin order to assess the size of the resource available from the community EV. In
order to study the imp&of such variability, we develop a modeling approach for the EV

community.

A community of EVs can act as an effective distributed energy resource once it is
interconnected with the distribution grid. However, we must keep in mind that the principal
utility of EV is to provide clean and economic transportation to their owners rather than to
generate electricity for grid operations. As a result, the aggregated EV may not always be
plugged into the grid. Since EVs may travel different distances every @gymiy have
different levels of energy stored in their batteries any time they become interconnected to
the grid. The community of many EV serves to smooth out such heterogeneity and to make
the aggregated entity behave in a more homogeneous manneméiegpendence of EV
travel may impact the level of participation of an individual EV to the load and the
generation/storage device roles of the community. The variability in the contribution of
each EV to the community creates considerable uncertaintheincapability of the

community to act as a resource at any point in time.
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Due to the personal preferences of each EV ownerAgggegatorcannot know with
certainty the individual EV owner schedules and the amount of energy stored in each
v e hi c | medwhenkthe EV gets plugged Mobi-Systemanalyze the nature of this
uncertainty andtonstructsan appropriate model under a set of reasonable assumptions.
Mobi-Systemdeploys this model to simulate the impacts of an EV community as a load

and as a geeration/storage device.

The principal sources of uncertainty for Aggregatorare: (1) the duration of the periods
during which each EV in the community is connected to the grid; (2) the distances travelled
by each EV; and (3) theoClevel of each EV a&ny point in time.

We propose and intelligent system based on ¢
and to achieve a predefined performance. To analyze the nature of the resulting uncertainty,
we need to introduce assumptions to allow quantificatibthe resulting randomness.
Specifically, we limit our analysis to the following set of assumptions:
1 Losses in the EVs batteries are neglected, because the losses due to conversion
efficiency in the charging stations, or in the EV batteries, or dueriertigsions
losses, are smadllless than 10%;
1 The storage capability of each EV battery remains unchanged during the study
period, and it is a known quantity based on the car model;
Parking lots have big capacities;
EVs are always plugged in when they paeked;
Charging stations and outlets at a particular location do not have any power
limitation and are adequate for the EV which gets plugged in at this location.

4.1.1. Aggregator SystemMain Modules

The AggregatorSystem main modules are identifiedHigure4-2:

1 V2G System Is the system that controls tli®/ and PHEV connections to the
power grid

1 Us er s 0 : Iftheonfodule ¢hat interacts with the user, and is divided in the
following modules: user registration module, user communication interface, and
user profile. The user registration module is the responsible for detecting if the
user is a registered usemmt. If so, it shows its information, the number of credits

that he/she has, allows him/her to change personal data and driver profile, making
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suggestions, and also allows buying more credits. If it detects that the user is not a
registered one, it ask®if the registration. The user communication interface
formats the information for the entser device (e.g., PDA, mobile phone). The
size of the information to be transmitted depends on the communication bandwidth
and on the visualization capacities of #reluser device.

1 Aggregation: Is the process of community creation by the selection of users. For
the aggregative architecture, thggregatoo s abi | ity to enter |
the electrical grid system operator is independent of any individuat Veld 6 s
presence at the charging station. Becausé&guggegatorcan vary the size of its
power contract when fewer vehicles are present at charging stations, it is available
to bid for ancillary services contracts at any time of day or night. This function
identifies EVs in predefined areas (community areas) and identifies available
distribution power in a week. Historical data is analyzed (basic statistics functions
are applied to time values) to determine safety values for electrical energy markets
contrads.

1 User Credits This module test o measure the userso par
common goal of the community

1 Agent System The Aggregatorsystem receives ancillary service requests from
the grid system operator and issues power commands to contvabielés that
are both available and willing to perform the required services. Under the data
mining of available past data as community capacity aggregative architecture, the
Aggregatorcan bid to perform ancillary services at any time. From the available
power in community (based on plugged EVs)Aygregatorbids into the hourly
ancillary services market, and compensate the vehicles under its control for each
minute that they are available to perform V2G. As such, this aggregative
architecture attemptso address the two primary problems with the direct,
deterministic architecture. We need to determine a good distribution algorithm to
extract electricity smoothly from all available EVs

1 Transitions Record All transactions between EVs and the electrpaler grid
are stored in a database. This information would give a better insight into limits to
charge/ di scharge whi ch, in turn, woul d
To keep user data privacy, the data is stored without a direct relationugethe
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Figure 4-2: Main modules and interfaces of the V2GAggregation system

Different communities should be established (when the number of EV increases), mainly
in function of their geographic location, and created based on the electrical distribution
networks, in order to avoid investments or charging overloads. This community should

follow pre-defined rules implemeeatl by the Central Grid Operator, Figurd.4

i

RegionC entral Aggregator A | Region Cenfral Aggregator B | | Region Central Aggregator X - R
T Comenticnal

ASS Providers

| LEEL EE L | | AmgEragaer 1 | | FEmmmgatar T | |h:sl-s=m¢w | | Agmregancr t | | —— |

Figure 4-3: Aggregation hierarchy.
4.1.2. Managing User Behavior

Drivers express their behaviorn a profi | e. Based on useros p
community aggregation efficiently based on individual data aggregation. However this pre

defined data will have changes due to unexpected situations, like failures, among others.
Community goalsire defined with a good failover gap, but system should manage the user
behavior towards a common goal. For that, it is proposed in this work a novel approach

based on the stock exchange metaphor, illustiatedjure4-4. This idea has been used in

a collaborative system [Silva, 2007], [Ferreiral@0The main idea is to promote a heath
environment, where users look for a common goal and this effort is converted in credits
mechani sm that can be converted in money.
transactions performed to identify critical hoymhen less EVs are connected). This

analysis divides time in several periods. In this work it was proposed 5 periods: (1) night
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period, when more than 99% of EVs are plugged; (2) when 99% to 90% of EVs are plugged;
(3) when 75% to 90% of EVs are plugged)) \when 75% to 50% of EVs are plugged; (5)
critical period, when less than 50% of EVs are plugged. The tracking system was used to
associate time to these periods. Credits are based on the time intervals in which the EVs
are connected, on the power avdeator the market, on the energy delivered back to the
electrical grid, and on time criticality (in our case, based on the criteria described above)

for community goals

V2G Aggregation
System Market
Profile: EV type, minim ' Services
SOC, Drive time and
distances
User's

Profile Spinning

>
A / Reserves

R o= |

Credifs s, Bake Baseload
— : Power
EV Driver Aggregation
. : system
Unexpected behavior > B
) _ 3 Peak
Power
v§4
Falures penalfics
Lose aeds Sm?ﬂ Regulation
Grid
Figure 4-4: Proposed cedits mechanisms
Usersd6 failures are measured by the unexpe

plugged (defined by the user in their profil@hese failuresif not reported to the
Aggregator system before, are penalized with loss of crelfitthe user replaces
automatically his failure by other user, no penalty is applied. If the failunetiseported
previously, the system penalizes heavily this behavior and forwards the failure report in

order that the system finds a solution. An important research issom te mplementhe
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right credits mechanism. This collaborative environment can be applied for charging
processsof theEVs, where users help each other to find the cheaper price.

4.1.3. Collaboration Features

Users can also interact and collaborate antbegselves to improve their knowledge, or

by allowing them to express their needs and preferences. The features presented below are
created to keep users informed, motivated and with intention to collaborate more

frequently:

1 Punctual Ch an g ging Tome: Usess ghatbidentiff? In advance
changes to their committed phig time can find a substitute among community
members, avoiding system penalties.

1 Cooperation Area: An area where users can ask questions or provide different
kinds of knowledge toapperate in EV related area. For example, one user that is
good in dealing with information resource tools could provide prices and other
helpful information to others, but if he knows nothing about the batteries or EV
working processes, he can ask any ifstaey want to cooperate with him.

1 Helping Area: An area where users can post questions and answers and some sort
of help on any topic. This space could be accessed and viewed by any registered
user. System gives credits to users that provide goodnigedpiswers to posted
guestions.

1 Abuses or Faults Reporting Area: An area provided to report abuses of different
kinds, like comments or bad use of the system. The system manager can penalize
users for it. The reason for providing this area is essentallyi$couraging users
to commit abuses or faults.

1 Request: An area where users can ask for specific questions. The system manager
can use those requests to tune the community.

1 Awards: Created in order to promote and recognize outstanding behavior (for
exanple, no changes in the profile). The awarded users receive extra credits.

1 Community Newsletter: The system manager publishes a digital newsletter with
community information and EV related information.

1 Users Rankings: Users rankings are created to repréisenimost valuable

collaborators, calculated by adding all credits earned by each user.
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1 Alerts Subscription: Users can subscribe different kinds of alerts: notifications,

comments, or other EV interactions

4.1.4. Simulation Results Towards Aggregatiorof Available Electrical Power

To have some results regarding the proposal aggregation approach it was used data from
tracking system (trips time and distances), and based on EV efficiency, it was estimated the
remaining battery energy of each EBoC i State of Chage level). Based on these
individual parameters it was achieved the commuBibZ level (sum of all individual
communty SoClevelg. The studied population (from Lisbon area), with 50 cases, contains

a mixture of ISEL (Lisbon Superior Institute of Engineering) students and their parents. In
Portugal, the Nissan Leaf was introduced to the market with a 24 kWh battergnmhck
autonomy of 160 km (value considering a careful driving style). Once there is a diversity
of EVs, with different energy storage capacity of the batteries, it was assumed that in
average each EV has k%/h of energy available for the electrical enenggrket (each EV

owner can choose the battery type of his vehicle from algiieed list, and define the

value of energy to be available for the electrical market), and that during working hours

only 75% of EVs are plugged.

From tracking data it was idefiid three main time intervals, with different profiles
regarding energy consumption or availability: (1) Fron18 23h (return home and home
peak consumption hour). In this period test community have arod@/-h of available
energy (the minimunsommunity available energy is reached in this period). In this case it
was assumed 1MW-h as a safe value for the energy market. (2) Frorh 287h (EV
batteries charging period at home). Maximum community available energy is reached in
this period, aer the charging process of EVs is finished. (3) Framt@ 19h (Remaining
hoursi travel homework, EVs plugged at work place, and travel wadme) Assuming

that 75% of EVs are plugged, it has a community available energy ranging fvbwi-3

to 4MW-h. These charging profiles were created through clustering data on a excel graph,

presented ifrigure4-5. For more information see [Sousa, 2010], [Fesre2010a].
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Figure 4-5: Electrical power available during day for 500 EV&® of 15kWh of energy stored in batteries

4.1.5. Power Market Community Revenues

Main power markets for E&¥and PHE\$ are Regulation and Spinning Reserve (SR).
Regulation is contracted and paid for the available power capacity at any one hour, with a
separate and typically much smaller payment for the amount of energy provided. This
means a generator sitting idle witke thbility to provide regulation is paid the same capacity
payment as the generator that was called upon to provide regulation. SR is the generation
capability that can provide power to the grid immediately, and reach full capacity within
10 minutes when dlad upon by the ISO/RTO (Independent System Operator / Regional
Transmission Organizatioffkempton, 2009] This power must be provided by equipment
electrically synchronized with the electrical grid. Typically, requests for this generation to

providepower are made around-80 times a yediKempton, 200].

Major economic advantages for EV and PHEV comes from Regulation, because prices in
average are three times higher than those obtained with SR, and in addition, the cycling of
the storage device isiuch more frequent for Regulation than for Spinning Reserve.
Regulation is controlled automatically, by a direct command from the grid operator (thus

the synonym fiautomatic generation control o).

% Taking into account the movements itiied with the tracking system
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far more often @r instance, about 400 times per day), and requires a faster response (less
than a minute), and is required to continue running for shorter durations (typically a few
minutes at a timglKempton, 2005] The actual energy dispatched for Regulation is some
fraction regardinghe total power available and contracted for, since the time in which
power is delivered is very small. We shall show that this ratio is important to the economics

of V2G (VehicletoGr i d) , so it was defimeasd the Adi sp

Rdi ¢ = Edisp / (Pcontr . tcontr) [Equation3]

Where Rdc is the dispatch to contract ratio (dimensionless), Edisp is the total energy
dispatched over the contract period (MW Pcontr is the contracted capacity (MW), and
tcontr is the duratio of the contract (hours). Rdis calculated separately for regulation up

or down. Kempton, in [Kempton, 28]) uses a value of 0.1 for Rd. Based on previous
studies of Kempton an@l o m[Tio mi2007], and taking into account $30 MW for
Regulation serices and $10 M\Ah for Spinning Services, it has the following revenues,
presented in Table-4, for United Statgpower markets. These values are calculated in an

individual basis, but in a collective approach they should increase, mainly the SR values.

Table 41: Annual Revenue of EV and PHEV in the Electricity Marke* [T o m,i2007.

Regulation SR Total
2kW 400 100 500
6 kKW 1200 300 1500
10 kW 2000 500 2500
15 kW 3000 700 3700

34 Values are given in US$, assuming that vehicles are pluggf¥drof the timearound 7000 hours in a year.
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42.Mi crogeaedabDi oshri buted Energy Resour

Microgeneratiorstudy is out of this thesis scope, but due to a large synergy that can be
established betweenicrogeneration and EV, this Section is dedicated to this subject. Part
of proposed approaches can be reused for this topic. This is part of a new reality of
Distributed Energy Resources (DER), as part of intelligent power systems to construct a
hybrid, fundamentally different architecture for an [K@&twork, enabling the power grid

to flexibly accommodate novel devices or clusters of devices. Several initiatives are taking
place on this topic: (1) Intelligrid [Dolle, 2009], a program in the United Staiesuéed

by EPRI; (2) Gridwis®&; CRISP project [Andrieu, 2005]; (3) European initiative under the
program EU_DEERroject® and the activities; and (4) IREDclusterAs described in
various articles in literature [BenHabib 2006], [France, 1986], there arg imglications

for the grid when making a transition from centralized to decentralized control with merely
some central coordination. When compared to hierarchically operated electricity grids, with
power centrally generated at high voltage levels omgelacale, delivering electricity to
consumers on lower voltage levels in the network, SG [Thanh, 2008] offer a number of
challenges for technological research. Our work proposes the creation of a collaborative
broker system to handle EV and microgeneratiotegration on electricity market,
supported by users collaborative process, transaction data integration and central
information repository knowledge, where it stores past experience to help on solving

problems such as:

1 The excess of energy producedrbicrogeneration should be distributed locally
(to avoid transmission loses) to the EVs (that can act as storing devices) or to
consumers, minimizing the use of the transmission and distribution networks. In
this context, arise the Energy Storage Syster&S§Ewhich can store the excess
of energy produced by microgeneration, and deliver this energy when it is

necessary, and that includes the EVs. These ESSs are controlled by the broker.

3 Information available athttp://www.gridwise.org>.
36 Information available athttp://www.eudeep.com>.

37 Information available athttp://ired2.iset.unkassel.de.
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1 The price of the electricity should be determined taking into accoeptroduction
capacity, because the microgeneration is based on renewable energy sources with
different profiles of production.

1 The interaction between the microgeneration and the consumers should be
implemented taking into account a maximization strategye user. To obtain a
good contribution of electrical energy to the electrical power grid by the
microgeneration producers, the electricity market should implement attractive
benefits to buy or to sell. The control of energy flow between microgeneration
producers and the electrical grid, taking into account the electricity market, the
consumers and the sellers, is coordinated by the broker.

The proposal central information repository can store and manage historical data on
electricity consumption and pilaction. From this central repository it is possible the
development of tools to extract knowledge from past electricity exchange log files,
electricity market prices, renewable energy availability and capability, consumed or
delivered energy if EV is pluyged at home, and electrical distribution network constraints.
Also, the social networks are integrated as a tool to share and spread useful related
information. This central repository will be later in a Smart Grid environment, a
fundamental module to semll kinds of SG data and to solve the problems of different

data format diversity

4.2.1. Microgeneration and Micro Grids

Nowadays, the microgeneration emerges as a necessity to reduce the greenhouse effect
caused by pollutant sources of energy. However, &gsdovith the electricity market and
the increasing in the technological development, the microgeneration of electrical energy

has a great potential to the consumers, and to the distribution grid.

The main sources of energy in a microgeneration are tietamd the sun, and the electrical
energy is obtained from micro wind turbines and solar photovoltaic panels. These sources
of energy are the most common and the easier to implement in microgeneration facilities.
Presently, this produced energy is provittethe electrical power grid without any concern
about the electricity market or the electrical power grid capability to receive energy. In a

Smart Grid context with Energy Store Systems (ESSs), like batteries, EVs, ultracapacitors
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or flywheels, the eneygproduced in excess from the microgeneration can be stored in these
systems. Posteriorly, this stored energy is used to help the electrical power grid, taking into

account

1 The energy produced by other sources of energWhen it is required to provide
agreat amount of energy, as during EV fast charging, this energy can be delivered
from the ESS. It is also important to provide energy to the electrical power grid in
transitory moments, as during consumer s?o

1 The electricity market. It is very important to the EV owners to buy or to sell
electrical energy with the best price possible. EVs plugged in conjunction with
microgeneration have the potential of charging the batteries when there is available
energy form the microgeneration prodoati and of discharging part of the energy
stored in the batteries, until a maximum value allowed, when the electrical grid
demands energy (during a registered peak of consumption in the grid). This is why
the Vehicleto-Grid (V2G) has a fundamental rolearSmart Grid.

In this context, from the point of view of the electrical power grid, with the proximity
between thenicrogeneratiorand the consumers, there are reduced flows of power along
the transmission and distribution lines, and consequently, teed@ge lower. With this
proximity, encompassed in thmicrogenerationthe possibility of failures occurrence is

reduced.

4.2.2. Distributed Energy Resources and the Bergy Markets

Distributed Energy Resources (DER), shsalale power generating technologies close to
energy loads, are expected to become an important part of the future power system.
Microgeneration and EV will play an important role in this process, and nearby cotymuni
will use the power made available by them, because the electrical distribution network
allows it. Since distributed energy resources are installed near the loads, they are likely to
be installed on lowoltage distribution systems. The distribution sys$ also account for

the higher percentage of system losses compared with the higher voltage transmission
systems, thus, local production of energy by EV and microgeneration causes an

i mprovement on the overall ef ycafwmnabilty of t he
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(changes in production and consumption of energy), uncertainty (supply contingencies) and
unpredictability (renewable generation depends on uncertain weather conditions).

Main important fact is that EV can store local microgenerationprodoat e x cess and
can tune their consumer behavior in part based on microgeneration production, i.e., they
can develop a collaborative process based on energy production information, so that they
can start/stop washing machines and other equipmerddhait have an obligatory time

constraint.

The energy market has historically been monopolized and governmentally regulated
because of its utmost importance. Like water, energy is essential for life and firm grip on it
was a logical choice of policy maleerWith general globalization, such monopolized,
nontransparent and market detached approach has become economically and politically
unacceptable. To leave political influences aside, as they surpass the scope of this thesis, it
is important to state thaobal economic development demanded a change. Despite the
efforts to save energy and use it as rationally as possible, which are getting more serious
every year, the energy consumption is inevitably growing. This is especially significant as
the large pdrof the world is starting its development, and large countries, as China and
India, are demanding their share of life standard. New stakeholders appear in this new open
market: (1) A broker of electrical energy services is an entity or company thasaxts a
middleman in a marketplace in which those services are priced, purchased, and traded. A
broker does not take title on available transactions, and does not generate, purchase, or sell
electric energy but facilitates transactions between buyers andsséflen broker is
interested in acquiring a title on electric energy transactions, then it is classified as a
generator or a marketer. A broker may act as an agent between producers, or an aggregation
of generating companies, and marketers; (2A8gregdor is an entity or a company that
combines customers into a buying group. The group buys large blocks of electrical energy
and other services at cheaper prices. A@pgregatormay act as an agent (broker) between
customers and retailers. WhenAggregato purchases power and-sells it to customers,

it acts as a retailer and should initially qualify as a retailer. Our collaborative system has

the function of these two entities

Page pP3



MIT

Mobi-System

43.Col |l aborative Aggregator Broker f

Our investigation proposal is to bring computer science work on software development,

Web 2.0, geographic information systems, mobile computation and wireless

communications, to create a system to support DER (Distributed Energy Resources) energy

exchange, dening local prices and coordinating energy exchange from local community

to big producers. The main modules of the proposed system, illustrdégpire4-6, are:

T

Central Information Repository, that stores information about: (1) user energy
consumptior(amount and time); (2) energy production with available information
of power; (3) energy supplier and source (e.g., hydropower, wind power,
photovoltaic, etc); (4) energy prices; and (5) weather information (temperature,
wind direction and speed, rain anmbusolar radiation, etc). A proper interface is
created for user profile, creation and manipulation. This information data is
worked under data mining approach for consumption data analyses. We
implemented a weather crawler, based on a web robot, tavpather information

from predefined sites and store this information on this information repository.
Community creation is based on clustering available user profiles, based mainly
on geographical position.

Information Communication Tools (ICT), those migi are: communication
networks for information exchange; and higfeed digital monitoring, to take care

of energy transactions.

Smart meters, to measure local energy consumption and production, and Mobile
Application, an application to run on a mobilevide (like PDA or IPhone) to
receive and send control information for charging the EV batteries and also for
system interaction.

Georeference graph based on electrical distribution network (a description of this
is found in [Ramada, 2010]).

A collaboratio software tool, that has as goal to help people involved in a common
task. It allows several independent computers working together, through an
Internet connection. In a Smart Grid context it is very important to establish
patterns related to the producad consumed energy from microgeneration and
the profiles of the consumers.

Energy Market functions.
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Figure 4-6: Main modules of theCollaborative Aggregator Broker system

ICT
(Information
Central Information Collaboration Tools

‘ «Repository» ‘ «Software» ’

4.3.1. Repository of Information, Weather Information and Data Mining

A deterministic approach to forecast microgeneration production is complex, because wind
power depends on the type of turbine, location (urban versus rural), height, orientation and
wind speed. In solar photovoltaic generation the power gemeralepends on the
environmental factors, mainly the irradiation and the cell temperature. Each case should be
analyzed and this should raise a complex scenario. A renewable production prediction is
achieved based on data mining approach, where past gtaeuaction data is used with
weather forecast (e.g., wind speed and direction, temperature and weather condition) to
predict microgeneration production. For this task a database is used to store all transactions
data (EV charging and discharging and alstcrogeneration production), weather
information and user profile information. Several approaches using data mining algorithms
can be used for knowledge extraction: past transactions data can be used to try to identify,
with clustering approaches, main jpeils of consumption and production, and trends with

the identification of the main behavior. We implemented a weather crawler, based on a web
robot to pick weather information from pdefined sites (in our case, a Portuguese weather
site). Details on thisan be found at [Ramada, 20,1[Herreira,2010a]and in Figured-7,

that shows examples of information for wind and temperature. Also by manipulating

available data it is possible to create several reports, like: home energy consumptions,
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weekly, monthlyand annual energy expenses, price variation of electricity, and charging
periods, among others

Latitude: 00 D27 20 a0 Lonmgitude: Ee S22 424 [ Profundidades: 2 &

Data Mar total Ol Dir. Vaga Vento Dir. Sets Temp..ﬂlgua
(a2 (] ond. () () vento (o
2011-07-28  HOO 14 05 - 1.0 156 ¢ 154
(B%felra) g 10 0.4 - 0.9 136 ¢ 154
Hiz 09 03 - 0.3 a7 ¢ 155
Hig 10 03 - 0.9 175 ¢ 145
2011-07-30  HOO 11 03 - 1.0 19.4 ¢ 145
(sébacft) e 14 03 - 14 19.4 ¢ 145
Hiz 11 03 - 10 175 ¢ 145
Hig 11 03 - 14 214 ¢ 145
2011-07-31  HOO 12 03 - 14 21.4 ¢ 145
(efomingal  pog 14 03 - 14 19.4 ¢ 145
Hiz 10 03 - 10 156 ¢ 155
Hig 09 02 - 0.3 136 X 155
2011-08-01  HOO 08 02 - 0.3 156 ¢ 155
(23felrd)  pog 08 02 - 0.3 156 ¢ 155
Hiz 07 02 - 07 17 ¢ 155
Hig 07 02 - 06 17 ¢ 155
2011-08-02  HOO 07 02 - 07 136 ¢ 155
(3%felra)  pog 07 02 - 07 136 X 155
H12 06 02 - 06 78 X 166

Figure 4-7: Wind effect and weather information®,

A Naive Bayes (NB) classifier can be used to relate consumption and microgeneration
production to weathemformation (temperature, wind speed and direction, and also
humidity, with raining information), and a small example is shown in T&flé’roduction
capacity is divided im classes (a configurable number, gotten from clustering analyses of
past data)ln our implementatiom = 10, and classes are defined based on percentage of
production capacity: class 0 is zero production, class 1 is performed from 0 to 10% of
production, and in class 10 it is reached maximum production (100%). Wind and
temperature we also discretized in a poefined class. Time is also a discrete variable. In

our example we simulate one day that have only one class (corresponding to all

% pata based on windy and temperature taken from a weather sitdtps://www.ipma.pt> for Lisbon

(information in Portuguese language)
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consumption and production in a day), but in a real case more classes should be added. In
the literature several authors divide the hour in 20 to 10 minutes events, so the number of
classes goes fromx324 = 72 to 6x 24 = 144. Wind speed and directions are correlated to
pre-defined classes that characterize local Eolic production, and tempesatiiveled in

interval classes. Wind production capacity was divided in 7 classes (0 to 6), (see Figure 4
7), and temperature in 5 classes (1 to 5). Renewable energy production from Eolic is more
dependent on wind speed, than energy production from saéwvaitaic is dependein

solar radiation.

Since temperature and wind speed are continuous variables it was performed a
discretization by the division of values into ftefined classes. The number of classes
introduced is a configurable parametéable4-2 shows a small example on how a NB
algorithm works, showing the occurrence probability of an event. In this case we want to
know the expected production taking into account the forecast of sun and temperature and
wind values in the range of pofined class 2Based on historical data (in case 10 events)

NB shows the probability fgglto p10. For more details see [Ramada, 204i8] [Ferreira,

2013] From this particular case of renewable energy production capacity based on current
approachp3ard p4 have highest probability. Assuming an installed capacitykWw3his

means under these conditions that the renewable production is arkvhd 1

Table 4-2: NB (Naive Bayes) classifieapproach for a small example

Day Weather Temperature Wind Production
1 Sun 2 3 3
2 Cloudy 1 5 4
3 Rain 4 1 2
4 Sun 5 4 9
5 Sun 3 2 4
6 Rain 1 2 1
7 Cloudy 3 2 2
8 Cloudy 4 6 5
9 Rain 3 3 3

10 Sun 3 2 4
11 Sun 2 2 ???
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P (production) = 0.1 (10 classes)
P (sun|p3) = 1/2 (appears one in mx@mples of P3)
P (sun|p4) = 2/3 (appears two in three examples of P4)
éthe same for the others exampl ¢
P (pl|sun + T2 + W2) = P(p1) x P(sun|pl) x P(T2|p1) x P(W2|p1)
P (p2|sun + T2 + W2) = P(p2) x P(sun|p2) x P(T2|p2) x P(W2|p2)
é
P (p10|sun + T2 + W2) P(p10) x P(sun|p10) x P(T2|p10) x P(W2|p10)

4.3.2. Energy Market and Smart Grid Integration

Energy market participation will require a detail control about electricity flow, and
registered users would like to control charging or discharging processes, iatEasedth

the electricity prices. These prices are depending on the electrical energy supplier and time,
and local broker picks from a pdefined server on a standard XML file. Related to the
microgeneration the main function is to manage the producdcca@ansumed energy in

conjunction with the needs of the consumers.

In this scenario, in Figuréd-8 is shown an electrical power grid with: solar photovoltaic
panels (which only produce energy), micro wind turbines (which only produce energy),
EVs (whichcan receive or provide energy), and energy storage systems (which, like the
EVs, can receive or provide energy). Beyond the flow of energy between these parts, there
is also the sharing of information, controlled by the collaborative broker. Also ingiie f

are shown the blocks of the Maximum Power Point Trackers (MPPTSs) (for the solar
photovoltaic panels and micro wind turbines), and the blocks of th®@&@nd DCAC
converters to adjust the levels of the voltages and current between the parts.
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Figure 48: Integration of microgeneration, EVs and ESSs in an electrical distribution network controlled by a broker
4.3.3. Collaboration Tool

This is a tool for the users, based in two main characteristics:

1 The batteries of the EV: the technology of the batteries (if 14ead, Nickel or

Lithium), the energy storage capacity of batteries in kwWh; the characteristics of the

batteries for receiving and delivering energy, taking into account different rates of

charging or discharging; and tl&®C(State of Charge) arfsloH (State of Health)
of the batteries.

1 The utilization of the EV: considering the profile of the user and of the community;

important characteristics, like the data and the time of the traveltheddstance

planned to be travelled, which is particularly important to define the energy that

the EV owner can sell, or the energy needed to charge the batteries in fast charging

mode.

How does a group of interested stakeholders collaborate to cre&teorth DER

(Distributed Energy Resources) pilot programs that benefit multiple stakeholders? The

following lines outline important questions to address and steps that can be taken towards
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a common goal. In a Smart Grid scenario, there must be a collabgradcess between
electrical power grid, EVs, microgeneration and the Electricity Market. In this
collaboration, the distribution network uses the shortest path (with less impedance) to
deliver energy production excess, and EVs, if available, can stigsréotal production
excess. If the electrical grid does not have local EVs, the network can deliver to the nearest
neighbor EVs, establishing a collaborative process. Also if &MS(State of Charge) is
above driversd requir ecaetake £€Vs efregynBan critical nei gh
equipment (e.g., washing machines and others) can be started when there is a local
production excess. Recording data can show periods of low consumption and the operation
of these equipment can be scheduled these perodsSmart Grid it is possible to start

the operation of equipment taking into account real time information). This collaboration

is controlled by the central broker, for accounting purposes, and the price is established
according to local production andchl demand. The system will work always practicing
better prices than the ones of big electrical energy distribution companies, and will always
try to minimize energy transitions outside the community. The community is mainly
defined by the electrical dréoution network topology, that could be reached and controlled

by a collaborative broker, and the energy can flow in different ways, as shown in Figure 4
0.

As previously said, the flow of energy is controlled by the central broker. This control is
uselll in many aspects, mainly when the users have capability to produce energy through
microgeneration, but the electrical power grid does not need to receive energy. In this
scenario, with the collaboration within the different parts in the Smart Grid,nérgye
produced by microgeneration can be distributed to EVs or to other home consumers. This
distribution of energy should take into account the production and sale costs. Prices should
change based on production capacity and energy needs. So the peieesriaity vary in

ti me, but for that a measur ement capability
These meter devices have as only inconvenience their high cost. If the price of electrical
energy varies significantly during time periods of tlag,dcustomers can respond to this
price variation structure with significant changes in energy use, reducing their electricity
bills if they adjust the timing of their electricity usage to take advantage of-joneed

periods and/or avoid consuming elezdl energy when prices are higher. Based on energy

price, customersod6 | oad wuse modifications Ww
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solutions also give solid background to develop new business opportunities, for example,
to Aggregatos. The main obstée to introduce more price granularity at consumer's level

is the cost of installing and monitoring the electrical energy meters that allow remote data

acquisition
Solar _ _
Photovoltaic Micro Wind
Panels Turbines

MPPT-PV MPPT-WT
:Jﬂ :jﬂ Electrical Power Grid

:> (&) 1|

EEE

Energy Storage System Electric Vehicles

Figure 4-9: Energy flux in an electrical distribution network with microgeneration, EVs and ESS

44Concl usi ons

In this Chapter MobBystem main energy market functions were identified, taking into
account the defined objectives. On electricity market functions, the main systems
developed were: EYAggregator EV community creation, and the aborative broker for
DER.

EV Aggregatoris the main contribution, where is proposed one system to create and
manage the EV community, with a credased approach that can be converted into money

to incentive user 0s par viewcthepsetofitrosrcredidsen t h e
system, together with rankings, promotes an open and healthy competitive environment.

Also, in the future, to increase the market share of EV and PHEYV, there is a need of these
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types of systems to explore the energy mapkdential of these types of vehicles. Also,
renewable energy sources integration can benefit from a community coordination action,
where users can captures renewable energy produced in excess at lower prices. This work
was presented in the Conference EXE5(The 25th World Battery, Hybrid and Fuel Cell
Electric Vehicle Symposium & Exhibition), in China, last November 2010, and the
collaboration with the American company ElectronVault was initiated. This cooperation
can be on a module of ElectronVault systior EV, where community identification and

collaborative work could increase the package attractiveness
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5. MOBI-SYSTEM: SUSTAINABLE MOBILITY FUNCTIONS

In the European Union (EU), over 60% of the population lives in urban areas (information
from Eurcstat), and thus, air and noise pollution are getting worse each year. Urban traffic
is responsible for 40% of C@missions, and 70% of emissions of other pollutants arises
from road transport [Paper, 2007]. Increasing traffic in town and city centers is responsible
for chronic congestion, with the many adverse consequences that this entails in terms of
delays and gdtution. Every year nearly 100 billion euros, or 1% of the EU's GDP [Paper,
2007], are spent by the European economy to deal with this phenomenon. Several solutions
have been proposed to these problems, such as a diversity of intelligent transportation

sygems and solutions.

Transportation systems have witnessed significant advances in the past decade, such as,
improved traffic monitoring and control systems, new vehicles with higher fuel efficiency,
and onboard devices with navigation capability basedim Global Positioning System
(GPS). These and other technologies have had a very direct and positive impact on human

mobility, quality of life, trade, employment, global supply chains and territorial cohesion.

In most European cities, travelers clwmwose among different modes of transport, including
private vehicles, taxis, railways, buses and other forms of public transportation. However,
providers of transportation services operate independently, rather than collaborating in a
holistic fashion. Irsuch an uncoordinated setting, travelers are in charge of planning their
own travel route and are typically unaware of the current conditions of the various
transportation networks at a given time of day. In addition, travelers are often unaware of
the exact monetary costs and of the environmental impact that a certain mobility option
may incur. All of these factors add to the lack of attractiveness of public transport and risk

of inefficiency in todayds transportation

EVs that are presented toetimarket nowadays have a reduced autonomy range when
compared with traditional internal combustion engine vehicles, mainly due to the
significant lower energy density of current batteries used on these types of applications.
Vehicle designers and OriginBhuipment Manufacturers (OEM) must balance the size of
the battery pack in the vehicle with its weight and its price, in order to get a final solution
that the market may accept through a compromise of vehicle cost and available autonomy.
In fact the battey pack is the main component that dictates the higher vehicle price and the
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lower autonomy when compared with internal combustion engine vehicles. This lower

autonomy and the significant higher time required to charge the vehicle batteries (in normal
modeit takes usually from 6 to 8 hours, and in fast charging it usually takes about 30

minutes) limits the distance that each driver is able or is comfortable to drive, without

reaching the battery end of charge. All this limitations and use constraintsaaons for

EV to have a small acceptance in the market.

Mobi-Systemdevelops a solution that supports the driver with the appropriate and relevant
information to decide and plan his/her journey using an EV, reducing the constraints related
with the vehicleautonomy and allowing the driver to perform the journey with reduced
anxiety about vehicle range. The proposed solution (Figireistegrates the data from

the public transportation infrastructure, car and bike sharing systems, and carpooling,
interactng with the driver through a mobile device that can be carried with the driver, in or
out of the vehicle. This system is also able to, based on real traffic information, give
decision for the best option taking into account-geéned criteria (like fast option,

cheapest option, and also guidance), as Figuresbiggests

In the next Chapter sections are described briefly the systems: Real Time Information and
Best Path, Car Pooling, Car Sharing, Bike Sharing, and Public Transportation Information

Integration.
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gal Time Be‘dvise ..

affic and

Information Path

Sustainable Mobility System ’

Information Integration
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Car sharing
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rtation
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Figure 5-1: Main Sustainable Mobility Systemobjectives and subsystems

Availability

Systems

5.1.Re a l Ti me I nformation and Best PatF

Real time information is available from road concessionaries, but outside these
organizations the access to this informatiomisst of times denied. There are technical
issues to solve because each organization has its own data format, and data integration is a
real problem. During current research work several approaches were performed to have
access to these data (with the Mipad Chambers of Lisbon and Loures, and with the
company Brisa), but all the requests have been denied. We turned around this problem by
the creation of a web crawler to pick traffic information from specialized sites by pre
defined heuristics, and a XMlld with traffic information was created [Fontes, 2008]. The

XML file is an approach of future data integration from different source providers. In
Figure 52 is illustrated the process of XML file with road information oriented to a geo

reference graph
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Figure 5-2: Semi-automatic creation of a XML file with road information to be used for graph creation
The Crawler WebNews version 1.0wasconfigured to pick traffic information from TVI
web sité® and also a Web service from S&pweas implementednformation about nodes
were checked against a heuristic table, where a conversion factor (CVF) reduces the node
speed traffic (if the rode is blocked, with no traffic flow, the CVF is zero). FigiBe 5
illustrates this process. The result is stored in aacadicy matrix, where the number
represents the cost of going frono j. This process creates a graph representing the map,
where the arcs represent roads and nodes represent intersections or traffic areas. To
determine the best path between two points on a map an algorithm could be applied to this

graph to find the path witless weight between the two desired points.

The weight of an arc is basically the average time in seconds that it needs to be traveled,
for this it is used the formulad ( V) * 3600, wherd. represents the size of the graph in km
andV is the top speedllowed. For all arcs there is a speed limit which serves as the basis
for the weight of the cases in which there is no traffic information. When there is traffic
information for a particular arc, the weight of this arc is affected because the traffic
influences the speed. For example, if an arc with heavy traffic has a speed limit of 90km/h,

39 <http://www.tvi.iol.pt/transito.php.
40 <http://services.sapo.pt/Traffic/GeoRSS
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given the existing traffic, the reduction factor of the maximum speed has a value set
between 0 and, based on current traffic information, causing the increase tohehe
required for this arc to be traversed, as much as its weight increases. If the transit is cut off,
the factor of speed reduction assumes the value 0, and the maximum attainable speed is set

to 0 km/h, what causes this arc to have an infinite weight.

If traffic is proceeding smoothly, without any problems, the factor of speed reduction has

a value equal to 1, and the maximum attainable speed becomes equal to the speed limit,
which makes this arc to asse the lowest weight possiblEhis weight can irdgrate also

public transportation information and a price associated with €flssion of private
transportation. Users can choose the impact parameters based on their strategies, in order
to save money, to satisfy conveniences, or even to save timeirtaéé&’'€ar Project at

ISEL [Fontes, 2008] for a complete description of this process

Heuristics table

Expression extracted Conversion factor on max
(in Portuguese Language) speed (CFV)
Acidente 0,15
Crawler Corte de via direita 0.25
ICS
inf o‘:m ation Transito intense 0.7
Periodos de Chuva 06
Vente Forte 0.8
arcf](ar -4, w2, ;e N} o Weight Calculation:
N ik o n T Nedsldl T Are Lenght x 3600
1|/ (Arc Max Speed)xCFV
Node Xml <4
File 2 | N
,I o
/ 4 Manz de Ad)

Nodeld <1

Figure 5-3: Graph node weight calculation based on traffic information from web sitegtraffic information in Portuguese
language.

Example: Path Al (Alhandra Alverca). Maximum speed allowed on this section: 120
km/h (motorway), but traffic information shows average speedksd. Distance is km,
soarcweight = (arc distance /average speed)x 3600 s (5000/84000) x 3600 =
0,0595238 x. 3600 a 214
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Letdbs consider, in this example, that public
spent with private transportation (by car), consisting in a time of 400 s. Transportation price

is 10 and car t luding thepoiae foaG@enussionsarslfued price Ifi n c

drivers choose the same weight factor for time and price, then the arc weight for car
transportation is 214 2 = 428, and the transportation arc weight is #00= 400. In this

case these values appimately the same, but if the process takes care of parking price of

the vehicle in the city, the system increases agaiantweight for private car, and then

the system suggests the option of putbmsportation (PT), showing the next PT arriving

to the nearest PT stop. System is able to provide orientation to the nearest PT stop.

To determine the best route or the quickest route was implemented a Dijkstra's algorithm,
where its running time is proportionallB, with N being the number of nodes metgraph.

The graph to be used by this Dijkstra's algorithm is represented by an xml file. The best
way to apprehend the quickest way is determined using the Dijkstra algorithm. In our web
application there is a class called Dijkstra, which is where tha@itim is implemented.

For a complete description method sees [Fontes, 20@8]Ferreira, 2013]nformation
exchanges with external systems are based on XML files.

5.1.1. CaseStudy

In this Section it is showed asmall examfe of this application approach to go from
Sacavénto Almadawithout traffic in Figure 54, the trip time is aroundi2 minutes. In
Figure 55 is showed the same path with traffic information, now the trip time is around 20
minutes. In Figure 8, is showegain the same path with a traffic cut in {28 deAbril0
bridge. Now the best path is through the other britgesco da Gantaand the trip time is
around 30 minuteg-or more details see [Fontes, 2008][@osta, 2011master thesig

was usedhis approach for an integrated best path (with a transportation de¢isian
private car ersuspublic transportation). Pricing is also a decision factor witenéegrats

COz emission prices.
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Figure 5-6. Application of the best path taking into account a serious traffic problem in25 de Abril Bridge*™.

41 Alternative path is showed as best path (trip estimation time is around 30 minutes)
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52.Car Pooling System

Car pooling is the process of sharing daily trip with others with simpd#in and timing.

This is important because the occupancy rate of private cars has reached a vatydow

of only 1.06 persons per cakaniezzo, 200} It is clear that additional efforts are needed

to utilize the free capacity in these vehicles. Against this background, is proposed a
collaborative Car Pooling system, to raise vehicle occupancy basedser collaborative
environment motivated on a credits mechanism, which can be converted into parking
licenses in facilities of big cities. The car pooling happens whenever at least two people
ride the same car. Each person would have made the tependently if the car pool had

not been there. Driver and passengers know beforehand the trips in which they share the
ride. This idea is not new and several initiatives have been tried in the past without

considerable success

Dallastravet?;
Civitas'?,
Capoolworld*;
Ridesharingonlint®;
Mitfahrerzentralé?,
Nctr?’.

= =4 4 A -—a -

Most of these systems allow convenient trip arrangements overtéraet, support trust
building between registered users, and they implement billing systems to charge passengers
and compensatérivers. Yet, these services have not become popular and did not
significantly increase the average car occupancy. The main technical reason for this is that
existing ride sharing services do not allow trulyhext trip arrangements. Today's mobile
computing with current advances on geographic location systems, mobile communications

(e.g, GPRS, Wimax) new mobile devices (¢.BDA, mobile phone)and navigations

42 Information available atwww.dallastravelsurvey.org/index.php?mod=3_carpool&side=none
43 Information available atwww.civitasinitiative.org/measure_sheet.phtml?lan=en&id=282

44 Information available atwww.carpoolworld.com.

4 Information available atwww.ridesharingonline.com

46 Information available atwww.mitfahrerzentrale.de

4T Information available atwww.nctr.usf.edu/clearinghouse/ridematching.atm
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platforms overcame this limitation and enable for the first time trudaaadride sharing
senices. On top of this technology advances is proposed a new collaboration approach
based on market share principals and on user profit, which is defined as credits that can be

spent for advanced park booking @ndeduce the payment fees in metropolitan areas.

5.2.1. SystemConcepts andM ain M odules

Capturing requirements efficiently is crucial to the development of any system. It is
proposed a software engineering regpnent approacto try to identify patterns that can

be later reused for similar systems developments. Based on tbéses a generic
workflow of the several activities that compose the requirements, namely: (1) stakeholder
analysis, where it is identified the maimlstholders that are likely to be affected by the
activities and outcomes of the projeeind areassessd how these stakeholders are likely

to be impacted by the project and the relations between then; (2) problem domain,analysis
it is performed in Lisbo Metropolitan Area (LMA) main transportation infrastructure.(e.g
roads, parking places and public transportation); tleperforns; (3) requirement

elicitation; (4) requirement analysis; (5) requirement specification; and (6) requirement

refinement.The main outpigof t he systemds specification

needs and the flow list of requirements, aiming to increase the average rate of car

occupancyare

Real time traffic information;

Best route search based on traffic informatiand based on dynamic route
matching algorithms;

Integration with public transportation information and parking facilities;
Prebooked parking place;

Ad-hoc trip arrangements;

Use of pasexperience data to estimate thteepickup;

= =4 4 A4 -2

User Profiles and credit mbanisms.

System main modules are illustratedrigure5-7. External information sources feed the
system with public transportation time table and information, weather information, car
parking facilities with available placesnd road information (routes and traffic). Car Pool
Driver profile, illustratedn Figure5-8, and CarPassenger profile, showed in Figl®,

are used in anatching function to identify car pooling.
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The car pooling desigfollows the usecase analyse@igure 58 andFigure5-9) for Car
Pooling system with two main profiledriver profile and passenger profile.

Driver profile is illustratedin Figure 58: user login, password, mail, cellular phone
number, window travel time, start and ends pointsditsenumber of available seats,
parking location, inforration to thesystem about delay amsual trip start timeparking

number and parking timing slot wanted (date, start hour, end hour).

J Car Pool Information, alerts External Systems
\ :
Car Pool Driver Profile :
oo |
Win Cradits o I . .
+ ) s | : Public Transportation
___________________ |
Driver
Use Parking Fadlities  « 4 City Parking Places
Srend Cradits - 1'$‘ !
| Maiching Road Information
= Car Pool Needs
- pi o . Road Maps
’ ‘ Ride Feedback, derts I
' 4 I
2 Car Pool Passerger Profile : :
Win Cradits + ] : Weather Info
+—— flly 4+—
Passenger s '

Figure 5-7: Car Pooling s/stem main modules

Wn Hinig B Mumber of faads
nicemn 2 ilon about user sin gt and snd poind
ksgin, passwond, mall,
oe=llular phons number, -'--.,___\\_h I'~I _:
o N e D @Ene Personal -, ! T
Dats " H -
oo e de wextends )

it —_ali )
. H =
\"l -"E” Tine Informaiion
. -u;c';e-'m
Dafine Daily Rouls - :
Cheok Credits O ol
_‘—\_\_\_\_\_\_ >

A

Figure 5-8: Use Case for car poolingiriver profile .
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The passenger profile is illustrated in Figur@:user login, password, mail, cellular phone
number, window travel time, start and ends points, credits, user results preference (like
driving distance to picking pat), waiting time, and if the passenger wants, a daily updated
information or relay on prdefined information. Results visualization can use a graph
visualization tool or a map using Google Maps interface, and it can receive notifications
about delays oscheduled ride based on driver starting hour delay (only possible if the

driver alerts the system), or based on road traffic conditions.

Pubilla
Wialiing fims Transpariation
stsd and =nd poim
. ::::" D fins Parsonal "-._‘ j' =
Dt . :
. |
Deafins Ma ximnun o e s wEN AT O

Dils aeo o B r jpiboi i . H
up point ', N
T k Then bnform adion
Sl Y
T it
D fins Dall  Rouls

Cha ol Credits ///
. sextEnds
Roufls paih
Fas s-e'uuer
Wisu allzal on
e iars - finarmation 2bout

nfomn miion about user
login, password, maill,
Ssllulsr phon s numbiar,

dads, siarhowr,
=nd hiour

Figure 5-9: Use Case for car pooling passenger profile
Profile matchingalgorithm[Ferreira, 2009]s used to identify possible car poolers based
on the matching of drivers and passengers profiiest it is transformed the users routing
plan in a nodes graph by defining the nearest node of GPS coordinates of start and end
points. All node informatio comes from a GIS (Geographic Infaton System)
application GoogleMaps). Nodes distances are calculated based on node GPS coordinates.
Thenthe system checks the travel time window based on matching nodes. If the user
accepts public transportation thecess adds graph information related with an alternative
routing path. Return trip is independent and matching start with end points matching (user
location car), time window and start point. A list of possibilities is always presented to the
users basedn predef i ned userds <criteria chosen, I
waiting time and end point. Results can be show@dngle maps using public available
APl . Passengero6s chosen trips are stored i

for a new one.
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The lkest routing path is based on graph optimization baseal Dijkstra algorithm(for
detailed implementation see [Fontes, 2008raph nodes correspond to road intersection

or stop points and graph aseightmeasures the time travdhis time is calculated based

on node distance divided by road maximum speed. Traffic condition can perform a
modification of road speed. When road information is available from sensors the system
can use real information about the traffic speed. In tee saudy identifies a problem with
heterogeneous data formafghen the information is missing our heuristics determines the
traffic speed (for details see [Fontes, 2008]). To receive updated information in real time it
is important to look for communicatms and endisers devices. Endsers devices
determine the communication interfaces and protocol. A user with mobile phone receives
and sends SMS messages. If a user has a GPS and a GPRS (or even wireless) device
communication (e.g., smart phone, PDA) $gstem is able to communicate and exchange

information during the user ride.

5.2.2. Credits M echanisms andPayments

The user does not pay his ride and can win credits giving alerts and feedback to the system
about the way the driver stee@redits can be mainlysed in passenger ride or parking
facilities, so it is necessary government incentives (for example, incentives given by
municipalities) to cover some parking expenses related with credits. These costs can be

compensated by less @@missions and less ffi@ during peak hours

Users are handled by the following modules: user registration, user credits, user
communication interface, and user profile. User registration module is the responsible for
detecting if the user is a registered user or not. Iftsshows the user information, the
number of credits that he has, allows him to change his personal data, driver profile, making
suggestions, and allowing the user to buy more credits. If it detects that the user is not
registered, it asks for the registost. User communication interface formats the
information for the endiser device (e.g., PDA, mobile phone). User profile handles all

issues related with the creation and change of driver or passenger profile.

Users Credits is an important research iskaedaddresses the system on how to determine
the ride price (credit cost). In the current research is proposed a dynamic value
determination, based on the stock exchange metaphor, following these listed main

guidelinesfor details see [Ferreira, 2009]
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1 A new user in the registration process receives 50 credits.
A recommend action to the system given by the user gives 5 credits

1 A given rideis equal to a predefined value. Trip expenses%£kKmyiplus toll and
parking)are divided bythe number of passengelf it is assumed the number of
four passengers in a trip of K, with50 t ol |4 gmd kit g, 'S col
10 credits. Sahe driver wins 10 credits per passenger (or less if the trip is shorter)
and the passenger spends only half of tripitsedgent simulation taska&ere
used to optimizéhesecredit values in order to maximize car occupancy
Feedback of updated information over the ride gives one credit.
By the end of each month the average occupancy rate of each poll car is calculated.
This number is multiplied by the number of rides performed by the car, giving
additional credits.

1 User feedback (e.g., rating driver punctuality and flexibility) can act over ride
credits. A positive feedback is used to increase by 1% the ride credihagdtae
feedback is used to decrease by 1% the ride credit.

1 Each hour in a parking place is one credit

I f a ride car is fully booked (i .e., numbe
wants to take that trip, he can initiate a process @tase the ride credits until one of

the booked riders give up. Also in a monthly basis, through ride statistics of car
occupancy, the system can raise or decrease the ride credits by 5%. If average ride
occupancy is smaller than 2.5 (the value of ouredrghen the system decreases in 5%

de ride credits, but if it is bigger than 2.5, it has an increase of 5%.

Payments: the system uses a credits mechanism. Users can buy credits (1 credit is equal
to one euro) through bank account transference. Based omthiyn reports (from
historical data) the system proposes ways to maximize the gains of credit, by increasing
car occupancy or even by proposing more rides of the user as a driver. We are currently
working in an optimization algorithm based on ride requ#sit uses mainly time
window and location) that can give suggestions to the driver to make small changes in
order to increase car occupancy. If user wants to participate only as passenger, perhaps

he will need to buy credits that will be used to covekipg expenses.
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5.2.3. Application Scenario

Lisbon is the largest city and the capital of Bgdl. Being the capital, it contains the
headquarters of the main companies, many universities (both public and private), and the
main seaport and airport. This resutt®& concentration of most economic activities which
creates a synergy without parallel in Portugal. On the north side of the river Tejo, close to
Lisbon, there are 8 municipalitteAmadora, Azambuja, Cascais, Loures, Mafra, Oeiras,
Sintra and Vila Frare de Xira. On the south side of the same river there are 9
municipalities: Almada, Alcochete, Barreiro, Moita, Montijo, Palmela, Seixal, Sesimbra
and Setubal. isbon is not only the head of the Lisbon Metropolitan ArelslA (there are

only two metropolita areas in Portugal), but also a district capital (comprising 15
municipalities) LMA, is the largest population concentration in Portugal. Preliminary data
from the 2001 Portuguese census puts the population of the metropolitan area at 2,641,006
(about Y.of the Portuguese population), of which 20.8% lives in the city of Lisbon. About
27% of the population of continental Portugal lives in the 2,957.4 km? of L&&ASus

2001 (at the time this wonkaswritten no 2011 data was availablpgrformed by INE?
showsthe following facts: average daily trip home to work is around 35 minutes and is
distributed as shown in FiguBel0. There is no official data regarding car pooling usage

in Lisbon or Portugal. Only 5% of vehicles travels with more than one passandehis

5% value reflects mainly family trips (husband, wife and kids). Due to a bad transportation
system outside the Lisbon area, a growing number of persons living outside the Lisbon city
area, limited parking facilities in the Lisbon area, and gmiguous increase of fuel prices,

this system for car pooling has a great potential for a successful application

48 National Statistics Instituteswww.ine.pt.

Page [L16


http://www.ine.pt/

M IT Mobi-System

Bike 1%
Others
“Wehicle 2%
Fassenger 5% - -

Wialking
2%

2001
Bus 22%

“ehicle
[Driver) 39%

Trarm or
hletropalitan
3%

Train 10%

Scholl™vork 2%

Figure 5-10: Lisbon Metropolitan Area (LMA) traffic distribution from 2001 census®.
In Figureb-11it is possible to see the potentialaf pooling system in LMA because there
is a major movement into Lishccity from distant places, without good transportation
infrastructure supports. For instance, a person that livBanta CruZvillage in a cosat
thenorth of Lisbon) at around #n distanceby car takesabout45 minutes\ith costsof

approximately 12 0 ) , but on publ i c arbundhosrp.or t ati on

To minimize car cost or to avoid long trips in public transportation (like 4 hours,
considering a round tripseveral persons organize car pooling ride among neiglabor
friends. Letdébs check the system behavior b
5-12. A user starts his daily journey from home to work. Starting point is near nodi&eAO.

takes 5 minwgs to reach node AO, but our system assistagting point in AO. By car the

trip takes around 30 minutes (without traffic delays)weverfree parking place is always

a nightmarefor whichsometimes drivers wait more than 30 minutes without success. Pre

paid parking is cheaper, however daily prices are prohibinadt han 10 U f or a
time slot in Lisbon). Based on the drivers profile the systenstind e dr i ver 6 s nod

within a waiting time previously defined (this case 5 minutes).

“°Image source www.ine.pt.
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Figure 5-11: Lisbon Metropolitan Area (LMA) people movements from 2001 censtis

Also public transportation routes with starting time of-gedined(5 minutesn this case)

In our systemas shown in Figurg-12, the information is in a graph visualizatioerface

(it is possible to represent the same view in a map @doegleMaps interface). Based on

the system information the user chooses the color node option and stores this information.

Thesystem notifies the user and in this case the trip times takly 2 more minutes than a

trip taken with the own car of the user, this time in average should be high&nother

advantage of this system is the parking booking. Credits can be converted in periods of

parking, but the rate changes froarkto park Also relevant is aaving for this trip of 30

km, since the cost for usirgmotorway td canr e ac h an

a mowhith givesf

6000/ month and around 6600u/year .

The system also considers a delay report of user ride (for example 10 misotésy, the

250/ d

system can advise users to take ride of drivers which start trip in CO and catch public

transportation at node A3. Also the driver that starts on node BO, can be considered in other

day as a passenger, and catchade of driver A (starts in AO)

50 Image source www.ine.pt.
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Figure 5-12: User match ride, with user preference on a graph tool visualization in a java prototype.

53.Car Sharing System

Car sharing system balance between private and public modes of transportation. They
allow individuals to use a car when needed without having to buy one for their exclusive
purpose. This, obviously, comes with someonveniencessuch as having to reserve the

car for a prdefined period, having to walk to the nearest parkingoloheeding to select
another modeof transportationif no car is available. However, it also has a lot of
advantages because it gives access to a private, flexible mode of transportation, without
having the entire burden that comes with it. Hence, it is not that surprising to see that car
sharing systems are becoming more and more popular and that people are willing to engage

in this new mode dfransportation.

Car sharing is not a new transpadatmode. Years ago, when cars were luxurious goods,
households were uniting to buy one. Its ownership and use were shared. It was for these
households the only way t@aveacces$o anautomobile. Nowadays, car sharing responds

to new needs and is provilen an organizedystem. People want to bendfir om t he car
flexibility without supporting all its inherent costs: insurance, parking, maintenance, etc.
Users are also attracted to car sharing because of its good environmentaSiaiageger

199€]. Figure 513 shows eleven car sharing parkilegationsin Lisbon whatrepresents

a reasonable implementation of car sharing initialBae.sharing services are managed by
companieslike short term car rentalCar SharingOrganizationgCSO) usuallynanages

a fleet of vehicles dispatched in several predetermined parking lots. Members have access
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to any vehicle at any time, given that they have made a reservation in advance. Car keys
are usually located in a safieposit box located near the parking ldsers can keep the
vehicle during a fixed period of time that can vary from one hour to several days. At the
end of the remal period, the vehicle has to be returned to a parking lot (usually the one
where the car was taken). Traveled distances anal cemtitions are recorded and used for

the billing of every user (fees depend on the total duration and mileage) [Barth, 2001].
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Figure 5-13: Car Sharing parking places available in Lisbon, status Jully 2011
Some studies have been conducted to estinfegepotential of car sharing in urban
transportation and changmstransportatiorbehavior when a caharing service IS
available Fhaheen, 20Q1[Lee, 1998 [Cervero, 200Rand[Steininger, 1996]Cerven et
al. [Cervero, 2002%tate that thimmode caild attract users towards individual car ownership
for the San Francisco area. Other authors indicate that, on contrary, CSO helps to decrease
car ownership because some users leave their individual car to enter the $yssénie
impacts of car sharingn travel demand and on greenhouse gases (GHG) emissions were
also reported bivlorency[Morency,2007]. Most of these studies are based on user surveys
and can hardly characterized long run use of car sharing. Barth et al. demonstrated the
potentialities of using individual data collected in a msiétion shared vehicle system
[Barth, 2001]. On a purecenomic basis, CSO can be both viable and profitable [Wright,

2001]. Several systems are running through the world, especially in Europe (UK, Germany,
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Italy, Netherlands), in Canada (Toronto, Montreal, Quebec City) and in the United States

(Seattle, Portlad, San Fransco area).

The poposed system is similé the reservation slots of a public charging stationiand
was developeth aFinal Year Project at ISE[Xavier, 2011] Main systenfunctionalities

Perform
Payment
Reserve Car

Get Route Guidance //
Recommendation

are described in Figufe14.

L
\'|
wincludes
User .

T
/ o
Define

Date/Time/Pick_up_Loc
IFinish place

Define Profile

Figure 5-14: Use case for car sharing system

54Bi ke Sharing System

Bike share is an emerging urban transportation concept based on collective paid use of a
distributed supply of public bicycles. It is similar in function and programming to car
sharing initiatives thatave been very successful in several places. In generasHaikey
consists of strategically distributed Asta
with a centralized payment/control kiosk. Custordengho range from onéime users to
longtermsubscribersiunl ocko a bicycle with a credit
other station in the city where they can deposit the, bikkecluding their trip.

Bikeshare fills a number of key fAnicheso in
useful for relatively shorrange travel beyond the length of comfortable walking distance.

Its key advantage is that it gives virtually everyone access to what in the past had largely
been viewed as a specialized form of urban transport, promising incressesetibikes for

shortdistance travehelping to decrease pressure on traffic and transit systems.
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Main functionalitiesof the proposed Bike Sharing systane defined in igure 5-15 and
for more details see master project at ISEL [Costa,]2010
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Reservation Pick

Crefine
Reservation
Date and Time

up and Finished
Place

Past Ride “Ex“;ndx_ wextends

Drefine
Reservation

I'. wextends Duration
Preferences wExtEnds
- -
wextends
Define Profile
Path_Slopes
,;? \ Calculation
w-ExtEnd» O Awextends

.

Get Best route

Personal .: :. i -
Information Bicyclist wedends Based on
Distance

wextends

Interoperability Y- ------

wextends

Public
Transportation
Schedules

Bike system

Figure 5-15: Main Bike Sharing system functionalities

5.4.1. Weather

The extremes of weather affect bicycling more so than any other practical mode of
transportation, on bothortterm (dayby-day) basis and longéerm trends. Extreme heat,
extreme cold, and heawyinfall are the top weather phenomena leading to decreased
numbers of cycling tripdJser Profile can be used to defing¢hié user wants to usebike

under certain weather conditions (rain, twdd or hot).

5.4.2. Topography

Like weather, topography has amgact on the willingness of people to use bicycles,
although in this casi is often limited to certain trip patterns rather than affecting system

usage as a whole. This is apparenthe evaluated European bikbare cities, which
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regularly exhibit shdages of bicycles at stations at tiops of hills or steep gradients
suggesting that many users are riding downhill but not back upwards.

The studyof the slope isparticularly importantfor cyclists and pedestriansFor the

slopeGoogleAPI allowsthefollowing operations

getthe altitudeof a particular point;
get the altitudeof n pointsin a straight linepath, wheren is the number of
samplegequired;

1 getthe altitudeof a set of points.

Figure5-16 illustratesaninvocation ofWeb servicdor calculating theprofile of a set of

points.

Path points (lat, long)

Google Elevation

JSON ou XML

sensor (true or false) Web Service >
Elevation, latitude, longitude

Figure 5-16: Google Web Service Elevation
Figure 5-17 presents an application of this service ewdappeardhe bike path anthe

elevation in meters
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Figure 5-17: Example of abike path with the elevationin meters (top of figure).

55,Publ ic Transportation I nformati on

There is difficulty in obtaining information about traveling to, from and within a region,
even in the same city, due to the diversity of transportation operators. Most of these
operators have their own system, so that they work and plan the routes and schedules
independently of nearby operators. Also public transport systems differ from region to
region. It is therefore understandable that when reaching a destination, evenrfarsth
traveled user, it becomes difficult to use local public transport due to poor organization of
information, and especially due to language barriers, for those who do not speak the native
language of the country. In this context, is denoted the sgafcappropriate information
systems to assist travelers in the region, including providing practical information, essential

to understand the operation of the means of transportation.

The availability of the Internet and the current development of Irdbam and
Communication Technologies (ICT), became the best way to disseminate information,
inspiring the development of strategies to support tourism and culture. Additionally, the

mobile guides are increasingly seen as an asset to offer an experieecappealing of
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visitation and interpretation to natural parks or historic sights. Technological advances
allow higher processing in smaller devices, making possible the use of technologies such
as GPS and Wki. In addition, the popularity of social netwsr like Facebook, showed

the willingness of users to share their experiences and be part of communities with similar

interests.

Part of this research work was used in ISEL participation on the Seamless Travel across
the Atlantic Regions using sustainafleansport (START) project. START Project is a
European Commi ssionds Transnational Terri
partners from the UK, France, Spain and Portugal. The main mission is the establishing of

a transnational network of regional & lé@thorities to promote enhanced accessibility,

giving tools to make easy to travel to, from, and around the Atlantic regions, using
environmentally friendly, collective modes of transport, greater interconnectivity between
transport systems, clearer infication within regional gateways, airport hubs partdrail

interchanges. For more information SSBART web site".

Main contribution of ISEL on this project was the data integration of multiple transportation
sources [Costa, 201 ][Ferreira 2011f], [Erreira, 2013h]Jand a system to support user on

public transportation query data. The system should allow the interrogation of multiple
sources of information through a single interface. The questions and answers to them
should reflect a single data mod€&he existence of a single common data model takes the

client applications with the difficult task of dealing with various technologies and their
relational schemas different. Different public transportation systems can be added with total
transparentlyd the end user. From START project different public transportation data and

data base schemas were tested. Also this integration allows the creation of mobile systems
oriented for tourisms purposes, ot her main

touris mo6 can be guided, to reach POI (Points

This integration task is performed taking into account Figuld, Sased on a domain
ontology definition for public transportation, where a local public transportation data bas

is mapped

51 <http://www.startproject.ecr.
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5.5.1. Public Transportation Data Integration

In Figure 5-18 is illustrated the public transportation different sources data integration
approach, where is possible data information integration from different operators of public
transportation. Thigpplication output is a user Mobile Device, or Web Application SITP,
that is described in Section 6.5. The data integration is based on a domain ontology
(Ontology for Public TransportatiorOPT), a wrapper that performs the mapping between
different pubic transportation data base models and a medlatbe public transportation
operatordata basés constructed under OPT the wrapper #gr@mapping definitionare

not neededWrapper is developed at each operator side based on operator information
source and is a common interface for dataessdn Figure 519is presentedhe wrapper
solution based on [Bizer, 2009]. D2RQ is a declarative language to describe mappings
between relational database schemata and BWES ontologies. The D2RQ Platform
usesthese mapping to enable applications to accd@esaurce Description Framework
(RDF) view on a norRDF database through the Jena and Sesame APIs, as well as over the
Web via the SPARQL Protocol and as Linked Data.

SGBD Schema Publication is the mappinggass between local data base and the
vocabulary of the ontology (OPT) using R2RQ language. The Process is divided in the
following steps: (1) entity definition; (2) adding of proprietaries to the entities; (3)

connection of entities; and (4) definition@dnditions and aggregations (when necessary).

Mediator is based on MediaSpaces Mapping Framework, vitisr@ossible tgerform
SPARQL queries based on OPT.
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Figure 5-18: Different sourcesof public transportation data integration approach.
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Figure 5-19: Platform D2RQ used at wrapper components [Bizer, 2009]
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56.Transportatiaonnd Ee te nARwiude Pl aner

The main idea is to buildn integratd system, as showed Figure 520, that based on
traffic and weather information, can give the best advice in terms of a diversity of options:
public transportation from several operators, car and bike sharing systemr podlicay.

The system can be configured to give the faster option to go from point A to B. This could

imply a mixture of options. Also best advice could be the cheapest option.

All public transportation data (to the Lisbon area) were exported to a gvhple thearc

length is defined by the time that it takes to go from one moci® the other. The same
procedure is applied for car sharing, car pooling and bike sharing systems. With all
information in a graph, the best path algorithm, described indBegtl, can be applied.

The big issue is the matrix size that could increase a lot with a large diversity of options,
and could generate computer memory problems on handling this matrix. Some heuristics

were defined to speed up this process

E
Car Pooling
C—— ' - \ s

Real Time Traffic Info 51 E ™ Car Sharing

Weather Information

PT Data Integrato

Bike Sharing

(Transportation Best Advice)

Figure 5-20: Mobi Transportation best advice

The arc weight can be constructed from avelisity of options, time, price an@C;

emissionsNext Sectiors explorsthis issue from a perspective of a green policy.

Also this integrated approach of a diversity of systemith geographic informatigrecould
be important for transportation planners or to political decisions regarding transportation.

Figure5-21 shows the main systems and information involvellabi-System

The main idea is to adapt arc weight to a comtiim of items that could reflect an

environment policy. Arc node reflects timgrice and COz emission priceand a good
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investigation topic is to find thieest combination between time, price anck@@issions
price, in order to define thé b eveeighi d arc path. This weight could also include a
parameter function of city traffic conditions (overload paths should be more penalized).
The system has potential to work and deal with different source diversity. This idea is

materialized in a final year praeat ISEL [Marques, 2011].

UUser Integrated
Best Advice: Car and Bike overyiew for
to go from Pt Ato B Sharing System DB transportation
P - € 'anners.
O
(@]
ST Real Time
Road { A Traffic
information in a UO &) ® Information
graph and Weather
Information
Public Transportation
Gar Pocii Information from SITP
ar Pooling

System

Figure 5-21: Mobi-Systemtransportation related system

5.6.1. Green Route Planer:Case Study
Different approaches can be integratedrnoweight calculation: time, price, and a weight
related with CQemissions. Figure-82 shows a configurable application screen where the

weights (from 0 to 500) can be defined and easily configured by a user.

Figure 522 shows a small example of the application usage to go @belasto Bairro

Alto, in Lisbon, by walking and by metro. Waigconfiguration was based the values
showed afFigure5-24. If the weights all equal the best path is based on the fastest option,
see Figuré-25 based on bus transportation
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Green Route Application
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Figure 5-22: Green Routeapplication (application in Portugueselanguags.

Figure5-22 showsa first path 200m (walking)Awwalk =120sis the walking time (more
or less 2 minutes). Thehe metro withAwmetro =900+600 = 150Qsthese values are
taken froma standard time table. Last path is again walking 680en Awwalk =408s
Taking into account the weight for walkiregjual t00.15 (see Figur&-23, wheretable
valuesaredivided by 1000) and the weight for met&rqual t00.225 the Awfinal is:

Awfinal =508 x 0.15+1500x%0.225 = 414

For other possibility, see Figube25 with a total walking of 420rnwhich givesAwwalk=
252sand buseswbus= 1250s Taking into accourd bus weight of 0.325 (Figurg-24),
the Awfinalis:

Awfinal = 252x0.15+1250% 0.325 = 444

In case of Figur®-28 wherethe busweight is changed 10.225 then:
Awfinal =252 x 0.15 + 1250 x 0.225 = 319

So the second is the best option now.
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Green Route Application
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Figure 5-23: Administration application menu: weight configuration (in Portugueselanguage.

C0; Ermissions Travel Tirme Price Wiaight

Pedestrian o 150 150
Bike Sharing i} 125 1 200
Matro 0 75 2 225
Tram 50 100 2 300
Bus 73 100 2 325

Car Sharing 100 50 5 425
Taui 100 =0 15 400
Car 150 =0 10 475

The transportation networks system is based on several options (own car, car sharing,
public transportation, walking and bike sharing). This system is viewed as a multimodal
graph and each mode network is modelled by a monomodal sub graph. The mode network

Figure 5-24: Weights used on current example
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structuring was used to speed up the computation of the multimodal shortest viable path
and also to perform a new design for the multimodal path operator.

Green Route Application
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Figure 5-25: Green Route application results with all transportation weights equal (application irPortuguese language)

This study has examined sustainable mobility appresidwards a green environment
policy. The proposed algorithm takes into account not only the expected travel time, but
also additional constraints, such as: delays at mode ansivétching points, and CO
emissions. The transportation networks system is based on several options (own car, car
sharing, public transportation, walking and bike sharing). This system is viewed as a
multimodal graph and each mode network is modeled bym@omodal sub graph. The

mode network structuring was used to speed up the computation of the multimodal shortest
viable path, and also to perform a new design for the multimodal path operator

5.6.2. CO, EmissionCalculation

Also a CQ emission calculator was performed based on vehicle data, distance of current

path and with estimation of the number of persons. An illustration of this calculator is
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showed in Figur®-26. This module assist policy maker on the definition of transpontatio

weights used in green route application.
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Figure 5-26: CO2 emissions route calculation(application in Portugueselanguagg.

57.Concl usi ons

From the guidelines that EVs change the way that drivers use vehicles, new realities and
sustainable mobility in snnicities will increase the need of information systems to support

a diversity of options and processes. Drivers need real time information about the diversity
of transportation options, and the purpose of reducing the number of cars in the cities
requiresthe integration of all diversity of transportation options, in order to present a good
alternative transportation option to drivers, otherwise they will persist in using their own
private transportation in the cities. This option could be interesting=¥s, due to
autonomy purposes. A driver without range autonomy to go fwonk-home could use

this integration of information to stop in a parking place (with charging facility and nearby
transportation options). In author opinion this approach (integrafipublic transportation
information) will help the integration of EVs in future mobility concepts where the decrease

of vehicles in the cities is a must towards the reduction eféd@ssions.
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The focus on this wor® nics#’pehbde gimist providdah t he 7
single brand that links together and provides information on the different public transport
operations across the Atlantiegions So, the system should allow the query of multiple

information sources through a uniqueteirface. The queries and answers to them should

reflect a single data model. The existence of this common data model takes the software
applications with the difficult task of dealing with various technologies and their relational

schemas. Different pulalitransportation systems can be added from the end user point of

view. Also, this integration allows the creation of mobile systems oriented for tourism

pur poses. Another main goal of I ntegra is t
helping touristgo reach POI (Points of Interest) by public transportation.

This Chapter i ntr oducoeestiveatransponatiom ipfastroceure h  t h e
integratior®, by providing the driver with a collaborative holistic approach of different

public transportatin infrastructuresources thatcan be combined with real traffic
information, parking places and charging slots and current driver position, to support the

driver decision making process.

52 See information on kttp://www.stariproject.eu/en/Integra.aspx
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6. MOBI-SYSTEM: USERAPPLICATION AND CASE STUDY

This Chapters dedicated to the description of the applications developed not yet described
and a case studizigure 61 shows the main sudystems developed for the MeBystem
application, grouped by main functionalities. In this Chapter our focus is the application
for enduser (mainly the vehicle driver) in mobile devices (SIREV and IRecommendlt), the
web application (V2G smart system and SITP system), and are presented some utilization
results. MobiSystem is a central information system with two main mobile target
platforms: (1) smartphones based on Windows mobile and android; and (2) vehicle
dedicated system (to be considered by each manufacturer). All development was based on
open source software. SIREV is the application developed for Android ojegatpstem

ard IRecommendIT the application for windows mobile.

Imm— M obi-System

Podling P Con B
(5.2) Collaborative Agyregator

Sharing Broker (4.3) (4.9)
N

Sharing
(5.4)

Simulation (3.8)

VIG S

[—— System (6.1) —

Figure 6-1: Mobi-System maindeveloped applicationsIn brackets are the Sectionsvhere the applicationsare described

This chapter is divided in the follomg Sectiors: (1) V2G Smart System(2) SIREV
Application;  (3) IRecommendit Application(4) Mobile Application Usage Results
(Case Study) (5) SITP Application and (6)Conclusion
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6.1.V2G Smar { W8gsApml i cati on)

V2G Smart System was developed under a final year project at ISEL in 2010 [Bento, 2010].
The main functionalities of this web application (V2G Smart System) are: (1) Registration:
registration page form for new users; (2) Password Recover: form for pdsgeovery;

(3) Login: home page of the application; (4) Profile Creation: data creation related to
driving habits, EV type; (5) Personalized Charge Profile: data related with EV usage, like
minimum SoC (State of Charge) allowed for the EV batteries, elat desirable prices

to sell and to buy, desirable periods for charging and home charging limitations; (6)
Statistics: home energy consumptions, weekly, monthly and annual energy expenses, price
variation of electricity and charging periods, among athand (7) Smart Charging taking

into account the electrical distribution network and home power limitations.

V2G Smart System is divided into six main modules:

1. Interpreter of Downloaded Files: this module is responsible for reading and
interpreting the lsarging files (e.g., files with electrical transactions or commands
for charging device), giving the system a layer of abstraction over the file format of
text issued by the charging station.

2. Smart Grid Interface: this module is responsible for the intieracvith the
electrical network, i.e., it controls the flow of energy from or to the electrical
network, with the objectives of helping network stability and also, managing
information on the variation of electricity prices, to optimize the possibletprofi
obtained with the selling of electricity stored in the EV.

3. User Manager: module responsible for registering the users and their EV main
characteristics (model, battery type), allowing the recording and editing of users
data, as well as the removal dadeus (if defined rules are not accomplished by
specific users). This module is also responsible for verification of user identity and
ownership of registered vehicles (through the transmission of data received from
the user to the authorities), and forfpeming regular cleaning from the database
of users categorized as "spam".

4. Manager Charging Profiles: a user can set one or more load profiles for each of the
vehicles registered by him. A common practice is, for example, the definition of
profiles and neds of different charging to be carried out during the week

(weekdays) and over the weekend.
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5. Smart Charging Module (described in Section 3.9).
6. V2G Central Core: consists in the main module of the V2G Smart System,
interacting with various modules mentiahabove, and managing the distribution

of system information (from other modules and database).

In relation tothe technologies to be used in the development of these applications, it was
decided that, the management system database, using MySQL $kevdevelopment of

Web applications is held in Java, and all graphical development is carried out uglig the
Framework which facilitates the development of Web applications with Ajax, and has the
advantage of being open source. The development of theoement, using the Eclipse
Project, is integrated with th&K plugin with main modules: (1K Loader consists of a
servlet (server side component that generates HTML and XML data to the presentation
layer of a Web application) that processes the reguestresources zk; (ZK Client
Engine is processed on the client's browser and is responsible for monitoring the events
page and realization of their requests to the server by Ajax technique. This engine is
generated by K Loaderwhen processing HTTRequests, and is sent in response to the
client in the form of JavaScript code; BK Asynchronous Updatanother servlet that
serves asynchronously requests made by kh€lient Engine These requests are caused

by interaction of the user with the vai®components of the page. T&€ Asynchronous
processes the events triggered by the user, sending the responsgkdCirent Engine
encoded according to a protocol's own framework, which typically consists of changes to
the page content; and (4) Indehome page of the application, from which the user can
perform the login in the application or access the registration page if it is his first.access
Figure 62 shows V2G Smart System main application menus: (1) Main menu with
information of user definibn, statistics, and virtual account; (2) User profile; (3) Electricity
market prices, simulated with base on microgeneration production (see Section 4.3.1),
based on installed capacity and weather information (wind direction and speed, rain
percentage, taperature, solar radiation); (4) User account related with the electricity
mar ket; (5) Personalized menu |l inks for
(7) EV and electricity market related news, created from personalized web search robot.
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Figure 6-2: V2G Smart System Mobile Applicatiom (Portuguese language)

Figure 63 describes the creation of a profile with -plefined information, like EV type,

and help tips to the user on this praeces

V26 System Smart
Kaskarma inbelipenbs paca geskin de corrsqamsnbos de esicnins sisdncns

TEIAK NFEEFT T CAHRRZAMFRIN D AR

Henn
Mg dusal

Fobabedivas
Tl wertaal

Laniecion
PAmis l."il.":'lcr

.........

-
Mwiriculer 11-11-11

Srar el

Pracas sn whn

IDFL 203
toRz Lak i
ELFEZ 5.0 oL

Pl A arbnmsee |

Cortm: .0 CUA

Mawra=: [n = tedenm Bl wTuChawnnge [TEEIIETIERI22202| Heerna= [T - {2 - 73]
. =Cm—pns de premnchieeenes chrzabis
0 PRl da CE P rag RaeR Nt
S bulad | Bk caeane | B e
Frago minime pars eards |n k3 warda Prage mi-dms SEME TR o 3
Hnra Hs rhenads® &
Qullzmatron™ 5 0 kme
Kuia de waidat E
*Campad da presnctimfEnie oingetdng
ST U [ [T IU T /L ——— ——— |
Drirpna Inida Carkarts Teemes = Conrcfies geai | D ngeat

Figure 6-3: V2G Smart System- menu for charging profile creation (in Portuguese language)

Figure 64 shows auser profile with the identification of travel periods and &leity prices

to sell and buy.
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Figure 6-4: Driver profile visualization (in Portugueselanguage)
Figure 65 shows the smart charging process, where is idengfedectrical distribution

zone, power limitations are considered and the EV identifeddng into account a small

example A complete description and a user manual is availajiBdanto, 2010]
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Figure 6-5: Small example of collective smart charging taking into account electrical distribution power limitation and user
profile. At 3 am systems checks that user C needs more power, so V2G smart system limits user B charging
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6.2.Si REV Application

The SIREV systens based on three main layers, where SIREV is the designation for the
mobile application for an Android phone. The SIREV main services are: (1) GPS position
service; (2) Data storage service; (3) Internet connection service; (4) SMS senlizser(5)

notification service.

The SIREV system is based on three main layers, shown in Figlre 6

SIREV Applicationfor Android Operator $stem

Execution ServicesThe SIREV main services are: (1) GPS position service; (2)
Data storage service; (3) Interrennection service; (4) SMS service; (5) User
notification service.

1 Mobile Application These layers, as a group, form the Mobile Platform SIREV
which the target is the mobile platform The Android platform is the platform for
Google's mobile devices buss® it is now one of the major operating systems
used on smartphones, and the system that grew most in the market in 2009. The
platform comprises an operating system, a middleware layer and a set of key
applications. The development of applications forAlneroid platform is based
on a welldocumented Java API. For development of applications Google offers
Android SDK that is a set of tools and documentation, integrated into the Eclipse

development environment that allows the creation and test applications

SIREV Application

Execution Services

Mobile Operator System

Figure 6-6: Main SIREV systemplatform layers.
The development of applications for the Android platform is based on a component

oriented architecturéA number of types of components that make up each application

databases:
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activitie: anactivitie presents a user interface and represents a specific activity of
the user. Amactivitie may for instance be used to display a list of options to the
user and capture the interaction that the user produces

service aservicehas no user interface, runs in the background for an indefinite
period of time. Aservicecan be associated with one or more activities, which offer

to the user the control of the application

broadcast receivelis a component used to receive advertiseis transmitted by

other components and may have different origins, such as low battery
announcement, announcement of change in geographical position, announcement
that a photography was taken or that the user has changed the language options of
the equipent

content provider is used for data exchange with others applications. All data is
stored in a SQLite database

intentsareasynchronous messages that trigagivities, broadcast receivers and

services and shows receptor component.

Each block in the Figurg- 7, extracted from [Pereira, 2010¢presents a set of architectural

components grouped by functionalityith the interfaces for communication with each

other.

User Interface

Notification Google

handler Maps

Bussiness Logic

i ()
Battery Andr(_)ld
Management Loca_tlon
Services

Receptor
GPS

Energy Market Recommender User Profile
Information System Management Android SMS
Manager
SmartGrid
System

Data Persistence
Public

Transportation

S

SQLite
Figure 6-7: SIREV system architecture
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6.2.1. Components Model

Android architecture is based on a set of components. The system model SIREV uses these
components as follows. In Figure8Gextracted from [Pereira, 201Qhere are two layers

of the application and external systems: (1) user intertaw business logic; (2)
integration; and (3) external systems. The colors represent the functional subsystems,
which correspond to functional blocks of the model architecture. The six cubes in the
bottom of the diagram represent the external systemsakaith it interacts. In the case of

a system for a mobile device makes sense-tmr2architecture that there is one layer for

the user interface and business logic, and keeping separated the integration layer to allow

greater modularity and flexibilityniintegration with external devices.
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Figure 6-8: Components Modelsof SIREV application.
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6.22.User 6s I nterface

The SIREV system has oragtivitie for each screen functionality: (BrofileChoosey
chooses the user and associated profileM@jeChooserchooses EV usage mode (travel
or working); (3)DestinationChooserchooses home, work or other specific address; (4)
MainScreenwith context data, position argbC presented in Figure-® (left side); and

(5) RecomendationChooseaecommendation screeshowed in Figure-® (right side).

& AHE 229

SIREV - Velculos Electrices

SIREV

SRV - Vesulon Dlectrices

Por favar identifique o local de Charging Place
D t recarga: Distance
perator
Better Place ~ '270Kms
DropOif n
EDP 6,938 Kms Mear By Point of
Charging Mode Rapido L Interest

BEST CHARGE  #3%3Kms

L
Near by Public

Transportation

Main Application Screen

Figure 6-9: Screensof SIREV Application.

6.2.3. Controller
TheController is created when the application starts #nr&lController checks application
status, register the information in context and makes the connection between the

presentation layer and the otlservicesandcomponents

6.2.4. Integration Layer

Thesystem interacts with different and heterogeneous external systems jwwpliement
different integration patterns supported on various communication protocols. For each
external system it identifies the most widely used standard, or in case there is no set
standard or a universally accepted one, an adapter that abstract® qfossible

implementation of a standard pattern. The interface with external systems offers a complete
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abstraction of its implementation, with the purpose of isolating and decoupling the systems.
The SIREV system is flexible to be integrated into any tyfpgystem, since the interface
interaction is respected. The integration components are components Agdexdntent

providers and implement the standard architecture adapter [Pereira, 2010].

Smart Grid integration

Information on the charging points is received in XML files in KML format, which are
obtained through the periodic synchronization with the smart grid. The synchronization is
done via an Internet connection by going to an address configured on the systesimg

the classes in the APl package android.net android. The com@EmeaniGridServices a

service to be launched to android who continues to run in the background, performing
regular updating of the information file of the charging points. The s®ruses the
component that is a compone&rmartGridAdapteandroid type of content provider. This
component has the task to interface with external system that provides data on the charging
points and makes the necessary changes to data in order to peaaris that the service
recognizes aSmartGridService

Battery management system interface

The battery management system consists of the following componerstidryDetails
Android architecture that allows applications, or subsystems, sharing resources, including
the user interfaces, activities. This facility allows, in this case, the set within the subsystem
activitie Management Batterpecause that is where it reallysfibut that can invoke the

main component of the system controller. Tutivitie BatteryDetailss a screen with
information about the current state of the battery and the mode of operation, i.e., whether
it is charging or running. By putting this in dfdrent packagactivitieit allows the screen

to be customized for different constructors or battery management systems, providing data
specific to each; (2BatteryService Android service responsible for managing and
monitoring the battery. It also hdéise function of periodically monitor the battery status
and trigger messages such as autondmgntBroadcastlower than 50 km; (3)
ChargingDeviceAdapterComponent responsible for integration with the system device.
As explained above, implements the sfaml adapter that can be developed by a
component of this type for any battery system of any manufacturer that has been duly

specified. This component also has to deal with multiple physical interfaces to connect to
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the battery system. The SIREV is designe be implemented in both systems, integrated
into the vehicle as smartphones. At that, it uses theGkRrgingDeviceAdaptesindroid

to become fully achieved the physical connection to another system. It is possible to
connect via USB or Ethernet, inetltase of an integrated mechanism in the vehicle, or by
Bluetooth or WiFi, if the SIREV runs at a smartphone without physical connection to the
vehicle. The platform provides all the necessary mechanisms to establish the physical
connection, the applicatn just needs to know the Uniform Resource Identifier (URI) that

communicates.

Public transport interface

Information on public transport is available to the system in the form of an XML file that
contains position information of the geographic locatiohghe transports stops. The
recommendation system submits the items collection of items for the
PublicTransportServicthat identifies each item to its proximity to an interface with public
transport. If yes, the propertyearPublicTransporttem is placd with the valueof one

The connection to an information systes made by public transport component

PublicTransportAdapte

Electricity Market Interface

Theelectricitymarket information is managed ByiceServicea service that periodically
contactthe information system of tredectricitymarket in order to update the current price.
The connection to the external system is the responsibility of the adapter
EnergyMarketAdaptemhich is a system that only returns a numeric value corresponding

to the price oklectricity.

Android Services are: Position system, Mapview, SMS Manager. For more details see this

master project oriented at ISEL [Pereira, 2010].

6.3.] Recomméd mddiMe:d Apel i cati on

Similar application for windows mobile platform was develope@ byal yearprojectat
ISEL [Borges, 2010]Figure 6-10 extracted from [Borges, 20103howsthe different

modules that compose the system architecture:

1 Application for mdile devices, IRecommendIt Mobile App;
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Web ServiceEVService
Service Layer;

Data Access Layer (DAL);
SGBD1;

SGBD2;

= =/ =4 A4 4 -2

Recommendation engine.

HTTP DTOs DTOs Data
IRecommendit Web Service - Access

Mobile Application EVService ™| Service Layer Layer

(DAL)

y

Duplicate

Recommender
Engine

Figure 6-10: Main modules of IRecommendit Windows Mobile Application).

Starting at the end, right to left in Figu@10, the system has a subsystem, the
recommendation engine system. The management is responsible for the calculation of
recommendations of places of interest. The calculation of the recommendaitmupy

large amount of resources is a task whose execution can compromise system performance
and therefore must be isolated from the rest of the tasks of the system to not affect their
performance. To isolate the calculation of the recommendations andayne scale to the
systemwasbased ortwo DBMSs, and SGBD1 SGBD2. The SGBD1 owns all of the data
stored by the system IRecommendIt while the second part has SGBD2 SGBD1 data that
are needed for the calculation of recommendations. The two DBMSs perfdaam da
replication, so that the calculation of the recommendations on data to be consistent and fair.
The DAL performs the data management system IRecommendlt, it operates on the SGBD1
guestions in the form of SQL (Structured Query Language). This providestalzed

access and ensures safety and consistency of the database (SGBD1). Interaction with the
data access layer is done using DTOs. DTOs (Data Transfer Objects) is a design pattern
used to transfer data between subsystems of a software applicateoseiMice layer
(Service Layer) is the business layer IRecommendlt system, this is where the services are
provided by the centralized system IRecommendIt. Among the many services are services

on thechargingpoints, as the research and bookingcleérgingpoints. To expose the
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system services IRecommendises theWeb ServiceEVService Web Services are a
solution used in systems integration and communication between different applications,
enabling new applications to interact with existing olirecommedIt Mobile App is an
application for mobile devices whose operating system is based on the set of Windows CE
components, such as Windows Mobile 6.0. This application accesses to system services
through the Web ServideVServiceusing http requests (Hypext Transfer Protocol).

The Services Layer is a layer that is intended to expose business logic as services and thus
serve as an abstraction of business logic. This layer was created and designed so that a
future Web application can take advantage of thetionality of the system. These are
services that perform operations on the system bdinlg-Systemthat the Web Service
EVServicauses this layer to perform the operations onMiobi-System The services do

not show any relation between them, its fising being independent of others and
consists of: (1) Servicehargingpoints (RechargingPointsServige(2) Service Sights
(ISightsServicg (3) Service Recommendation®écommendationsServjcéd) Service

Ratings [(ClassificationsServige (5) Sevice DirectorateslDriverDirectionsServicg (6)

Map Service IMapsService (7) Service UserslsersServicg (8) Service Roles
(IRolesServicg (9) Service CategoriedQategoriesServige (10) Geocoding Service
(IGeocodingServige(11) Car and Biksharing servic@l CarBikeServicg; and (12) Public

transportation servic@PublicTransportatioervicg.

6.3.1. Creating Functionalities Based onExisting Services

The way that this solution has been developed is very simple to add services and
functionalities to the system, since this solution was developed in modular and incremental
form. Given the suggestion of a set of users, if it would be interesting to Hiaxmation

on the location and availability of parking places, ftirsctionalityfairly easy to add, which
allows users to obtain directions to car parks in town and to get information on the
availability of parking places. Similarly, if the user can iat@ with the application
managing a car park, it is possible to reserve parking places and get guidance until the car
park. For this task it is necessary to: (1) Add the local authority car parks to the conceptual
model of the database; (2) Utilize or aveplicate (in large part) the service of charging
points; (3) Provide Web Service operationEMServiceand (4) Add a set of screens for

the car parks in the application for mobile devices. The same principles were used to

develop the car and bike shasystems, which are described at [Daniel, 2010].
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64Mobil e ApplResafiCaseUSagdy)

A system is not useful if it does not have practical application in practical situations. Thus,
in this work, in the proposed definition of a model of information system, it is important to
demonstrate realorld scenarios in which the system applies angseful and important

for users. Electric vehicles create new paradigms to mobility due to its limited range and
long recharging times, and inevitably have impact on thetataiay of the drivers, who

have to plan their journeys and stops for recharging.

These problems will tend to decrease with the technological advances that increase the
autonomy of the vehicles, and with the development of a network of battery charging
places, with an increasing number of alternative sites, as well as with a largephecagr

dispersion.

Current work shows three scenarios that could be considered as representative for most
types of electric vehicles in the near future. The scenarios described below project what
might be the reality for drivers of electric vehicles arlg 2012, based on the following

assumptions:

Table 6-1: Data used in the case study of Section 6.4

Characteristics Values

EV Autonomy 150 km
Charging Points in Portugal 1,300
Slow Charging 6 Hours
Fast Charging 30Minutes
ChangeBattery 10 Minutes

6.4.1. Scenario 1- Day-to-Day Urban

This scenario shows the use of Electric Vehicle (EV) by a driver who lives on the outskirts
of a big city, and uses the EV to go to the work. The driver takes the kids to school every
day, and after the [y goes to a gym session before making the return trip. His typical

driving day is:
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07:30- He leaves home with the EV fully charged, after charging during the night;
08:15- He covers 30 km until reaches the school of the first son;

08:30- He traverses 5 km to reach the school of the second child;

09:00- He covers 10 km to came to his work place;

12:30- He goes out for lunch in his EV covering a total of 10 km;

18:00- He covers 10 km to the Gymnasium;

19:30- He covers 10 kmotthe school of the child,;

19:45- He covers 5 km to the school of the other son;

=4 =2 4 A4 -4 A4 A5 -2 -1

20:30- He covers 30 km in the way back home.
The driver returns home with 25% of the EV battery capacity.

This is the optimal scenario, appointed by opinion builders tifyjuke viability of EV,
vehicles even with the current state of autonomy. However in this scenario an extra
utilization of the EV cannot exist, as leaving home in the evening for dinner, or visiting
friends. Besides, in this scenario all EV owners haveetable to charge their vehicles at
home overnight. For the vast majority of the population that lives in metropolitan areas, it
is not possible to charge the batteries of the vehicles during the night, since the vast majority
of them live in buildings whout parking or garage that make possible the overnight
charging. For these cases the batteries charging must be carried out during the day, or in

the middle of a travel, as with today's vehicles powered by fossil fuels.

Thus, maintaining the same schi] but removing the batteries charging during the night,
the driver will enter the vehicle with 25% of the battery capacity. Figte €hows the

main screen of the application with the indication of charging and battery life management
system received from the battery through the adapter.
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SIREV - Veiculos Electricos

Estado da Bateria Autonomia

Figure 6-11: SIREV- Charging indication (SoC); EV estimated autonomy?® (in Portuguese language)

The SIREV askfor user login (driver identificationsee Figure 4.2

SIREV - Veiculos Electricos

Bem vindo, por favor identifique
o condutor:

Pedro

Sénia

Margarida

1SEL DEECT, 2010

Figure 6-12: SIREV- Login menu with driver identification (in Portuguese language)

53 A charging place identified (Better Place) at 20 km; and the Context Information (driver, mode, destination and day period)
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Then the system asksr operation modéDirect or Leisure)see Figure-43:

SIREV - Veiculos Electricos

SIREV

Por favor identifique o modo de
utilizacao:

Directo

Passeio

ISEL DEECT, 2010

Figure 6-13: SIREV- Operation mode (in Portuguese language)

Then ask for destination identificationsual destination appears in the application screen,
such as home and worlgee Figure-4.4:

SiREV - Veiculos Electricos

SIREV

Por favor identifique o modo de
utilizacao:

Casa

Emprego

15EL DEECT, 2010

Figure 6-14: SiREV, destination dentification, usually destinations are highbghted (in Portuguese language)
The vehicle's range is 40 km, however the trip will have a total dtm5and it will be

necessary to recharge the EV batteries to get to the destination.
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The SIREV presents an alert indicating the need to recharge the batteries, and shows the
alternatives identified by the recommendation system. Since this is a trip to work, the goal
will be to arrive as quickly as possible, so the recommendation systeenfwdahree
alternatives for fast charging, and set the route, given the previous choices. The first step is
to submit a recommendation to select the candidate items for the SIREV, and then it uses
the information gleaned from smartgrid to create a lisilahe charging points that can be
reached by the vehicle. In this scenery the vehicle is in Odivelas, outside Lisbon, so the
number of charging points is high. It is created a list of 30 possible charging sites. Then the
list is sent to the componentathmanages the public transport information to validate the
proximity of interfaces with different means of public transport. The component validates

each of the candidate items and returns the updated list.

The next step is the processing of the recommendation. At the entrance of the
recommendation system there is a list of 30 candidate items distributed as follows:
1 15 Points of slow charging:
o 5 of EDP;
o0 5 of Better Place;
o 5 of Mobi.E.
1 10 Points of fastltarging:
o0 4 of EDP;
o 3 of Better Place;
o 3 of Mobi.E.
1 5 Points of drogoff (in which the batteries are replaced):
o 1of EDP;
o 3 of Better Place;
o 1 of Mobi.E.

The driver of this studied case never chooses thealfagites, nor it is important for him
to select locations near public transport. This driver has a clear preference for places of
charging of EDP, followed by Better Place, and he never charges his EV at places of
Mobi.E. The algorithm returns a recommendation to run the utility with more linae t

items after comparison with the history of the driver choices.

The following screen is displayed to the driver, Figwsh
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SiREV - Veiculos Electricos

SIREV

Por favor identifique o local de
recarga:

EDP 1,245 Kms

Rapido

Better Place 2,370 Kms

Rapido

EDP 6,118 Kms

Rapldo

Figure 6-15. Showing recommendation, regarding charging points that fitsl r i vohaicesfin Portuguese language)
The driver selects the first recommendation of SIREV and sends the data on the location of
the Public Charging Station (PCS) for the navigation system. Reached the PCS the charging
process starts and SIREV presents progress and an indication that the petiarms in
charging state. It is possible to visualize in a map the distance that the EV can reach with
that charge. The driver can perform a charge until the desirable distance is reached (if less

than the maximum range).

After the driver leaves thvo children at school, SIREV continues to put a notification in

the notification area that the vehicle's range is below the limit. Upon reaching the
destination the driver selects the notice and recommendation system introduces three new
options for charipg, this time the system knows that the vehicle is at its destination because

it is less than 5 km from the site displayed as a destination, so presents options for charging
along three car parks within walking distance (see Figtlt®) 6The batteries Wicharge

while the driver is on his job.

After 4 hours, the driver receives an SMS notification on his phone, indicating that the
batteries are fully charged (with 100% of energy storage capacity). The driver rests, assured
that he can keep his routineetrest of the day, and that 150 km of EV autonomy are
available until the next working day
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SIREV - Veiculos Electricos

SIREV

Por favor identifique o local de
recarga:

E D P 0,831 Kms

Lento

Better Place 0,767 Kms

Lento

Mﬂbi e 0,834 Kms

Lento

Figure 6-16; Recommendationof charging placesnearby (in Portuguese language)

6.4.2. Scenario 2- Long Distance Between Home antlVork
This scenario presents the situation of a driver who lives at a considerable distance from
his work place. The driver lives in a distant city but works in downtown Lisbon. The trip
from home to work is 100 km. The driver lives in a building with a garage, ithowt a
charging point for electric vehiclé typical daily schedule of this driver is:

1 08:00- Departure from home;

1 09:30- He covers 100 km to his place of work;

i 13:00- Out to lunch, traveling a total of 5 km;

1 19:30- Return back home, coveririg0 km.

This daily driver travel is 205 km long. Using the system SIREV, and assuming that, as in
the previous case, in the morning the EV has 25% of its energy storage capacity. Upon
entering the EV and after selecting the profile and identifying théndésn the driver is
alerted to the fact that he must charge his EV in a radius of 30 km. The system immediately
displays the recommendations taking into consideration that the driver goes to his work

place (see Figure-57).

The three options presentack of fast charging type, and have in common the fact that

they are service areas that have cafeteria service. Whenever the driver needs to recharge
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the EV batteries in the morning, he chooses a service station with cafeteria service, because
he takes thadvantage of taking the breakfast as the car recharges. While having breakfast,
the driver is alerted to the fact that the EV batteries are already charged. Back to the car, he
follows his route to employment. Arriving at the entrance to Lisbon the paitek is

again with a low level of charge, with only 30% of stored energy, so that the driver is alerted
to that fact.

v A6 a1z

SIREV - Velculos Electricos

SIREV

Por favor identifique o local de
recarga:

E D. P 0,997 Kms

Rapido

Better Place :;3'5““
ms

Rapido

Mobi.e 58,206

Kms

Flall:lu

Figure 6-17: Recommendationgenerated becaus&IiREV detects that EV range is below 30% of initial range

The diver remains far fromig destination, thus he is presented to all the fast charging

options, and to an option of slow charging, but he is also near an interface to public
transport, enabling the driver to put the car in a park covered with charging service, and
continuing hisgurney by public transport. The driver chooses to deposit the car in the park,

let the EV to be charged, and use public transport to go to the work.

After 6 hours the driver is notified that the EV batteries are fully charged, and so, he knows
that carreturn home with his EV, because the energy stored in the batteries will be enough
to cover the 100 km back

6.4.3. Scenario 3- Car Ride at Weekend

In this scenario, the same driver of the second scenario leaves home on a Saturday morning
for a ride with thedmily in the western coastal zone of Lisbon.
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When entering the vehicle the driver identifies himself and indicates that he will shift into

drive, with no predetermined destination.

After an hour of travel, the system notifies the driver that the autorafrtlye vehicle
reached the configured limit of 30 km, and displays an,asrshowed ifrigure 618.

In this situation the recommendation system will consider the following context:

1 Operating modeeisure see Figure-4.9;
1 Time of day: morning;

1 Destination: No destination.

The system has the following threlearging statiomecommendations:

o« Al @ 617w

SIREV - Veiculos Electricos

SIREV

Por favor identifique o local de
recarga:

EDP 5,104 Kms

Lento "
EDP 4,476 Kms

Lento Lo

Better Place SR s

"
Lento N

ISEL DEECT, 2010

Figure 6-18: Recommendation becauseSiREV detects that range is belovthe configured limit of 30 km.

All recommendations are slow anbargingpoints have in common the fact that they are
near centers of tourist interest, with places to visit. The full charge will take about six hours,
so the driver and family can vidite Points of Interes{nearby) lunch in one of several
restaurants. Just four hours after the driver decides to return home. The vehicle's range is

70%, and will not reach the destination.

After walking 50 km of new drivers are notified that you have to carry the load of the

vehicle. In his situation the recommendation system will consider the following context:

1 Mode of Operationleisure, see Figure-89;

1 Time of day: Afternoon;
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1 Destination: House.

By stating that the destination is home, the recommendation system proviaddgmfgsig
points along the rout@igure 625), in this context because the driver always chooses this

type of sites because they wamget home as soon as possible.

SIREV - Weloules Electrcoes

SIREV

For favor identilique o local de
recarga:

EDP 26,847

Kms

rapide

- 20,356
Eetter Place -
Raplde

Mobi.e 38,285
Ems

Figure 6-19: Recommendation for fast charging station

6.4.4. Scenario 4i Looking POI with Guidance

Thedriver of the EV can use the MeBlstem to: (1) get directions (2) locate charging
points and reserve slots, (3) get recommendations on his journey with great information
needs, as local battery charging, whose handicaps are known involving thagliangi

and its autonomy, local information satisfaction, public transport information in case of
failure, etc; (4) Points of Interest (POI); (5) smart charging strategy; and (6) electricity

market participation (sell, buy, profit maximization).

After userlogin (authentication), there is a menu where the driver selects which operation

he wants to make; this is organized as Figu@ @eft side). If he wants to know possible
interest places, from Recommendations tab Places, he has the screen showr 6+ Figu

20 (right side). The user defines which region the system should consider introducing the
geographic center and radius, which can be obtained using GPS or an address. Pressing the
button Get recommendations are obtained, and in this case the usetonamiw Points

of Interest (POI) near Seixal, in Portugal, considering a radiuskof. At the bottom of

the screen the user will find the recommendations identified by the name and address of
the location of interest. The user can get more informatbout the location of interest

selected by pressing the Info option from the menu.
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Figure 6-20: Main application screen and search for PO(Points of Interest).
Figure 621 shows the screens to identify a POI. Information from a point of interest is
constituted by its name, address, latitude, longitude, brief description, associated
categories, hours of operation and a display picture. In the user classification menu option,
the user can rate the point of interest in order to help future recommendattonsself

and to other users.

Mgucd FC
- . UL LFD
Latde  FEGAZEOTA
Lorghuce: -5, 10649590
Uezanaban o3 rau 33 corvo

Lategorics

Calzgums

Figure 6-21: Screen for POI (Points of Interest).
The screen lets you annotate/classify the site of interest, with a degree of satisfaction, such
as "Good." The following Figure-B2 (left side) represents the screen. If the user wants
help geographically he can access it from Map menu to display the selected site of interest,
as is visible in the Figure 2 (right side). The site contains an identifier of interest (in this

case is A, and in this screen the user has the ability to navigate the map, as well as zoom
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in and zoom out. In the menu he can change the map type view (Hybrid, Roadmap, and

Satellite).

hare: MouEP P
Addwan RUALFD

o -]

Figure 6-22: Visualization and classification ofPOI (Points of Interest).

If he does not like the recommendations generated, he can always get all the sites in a given

area by accessing the item in the Places tab View. This screen is similar to the screen that

lets the user get recommendations of sights, but this one shdlessites in a given region

with the possibility of filtering according to the categories of places of interest, as shown

in Figure6-23 (left side). After the user selects possible sites of interest to visit during the

holidays, he needs to know whickute to use in order to visit this place of interest. The

screen is in the following FigureZ3 (right side).

»,
.

Figure 6-23: Get POI (Points of Interest)and get directions

[
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[v] b fdcress: szied poagd | b ks I
Radus (maters): 200070 [ i Fretion (675)
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[Search | | ] .
, u et directions il
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6.4.5. Scenario 51 ReserveCharging Slots in a Public Charging Sation

Onthis screen the user enters start and end place and current location is taken from GPS.
After pressing the button Get Directions application are indicated possible routes and also
are indicated the travel time and distance. For each route the user ttaa Seps needed

to guide him during the journey in order to reach the target site. Optionally the user can
observe this route on a geographical map. After he gets the recommendations and the routes
he needs to go, he also needs to know where he cangedha EV batteries (charging
points), during or after the path followed. To access the screen the user choses Book tab

Recharging Stations. This screen is shown in Figt24: 6

mm

- 45ES57 uk

:h-n

Rechagng Stabor: g

178 tire Fradey |, Septarl v

[ Mo psinon (GRS
[V by addbess:
Radus {mebers): Q00000

Saarch
Fechararg Suter: (I -]

Lratizl o rrdsy | Zeprevl e
Ercng bme: Frday |, Sepred -

[Get st (R [

Endrg e Fidsy | Saptarri v

l | B [Se]

Slots

Figure 6-24: Availability and reservation of slots for charging stations

Figure 625shows a PC8ublic Charging Statiorglotreservation

= ST EE ]
¢ Sekct s aderssce

Statior: 1

Stattira:r 14003010 1000
Oradtna: 1000/ 2010 1020
Lod

Skt g adarescr

Figure 6-25: Revers and submission forms orMobi-System
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Further sage possibility available in [Borges, 2010

6.5.SI TP Application

This Section is dedicated to the description of the SITP application developed for the public
transportation data integration, using main ideas expressed in SectionFEdurn 626,
extracted from [Domingues, 2010 illustrated a typical client operation from the client
side: search for stops, search information of public transportation for a certain path, get
price, schedules and best itineraries pagiions. From the operator are showed the

registration and the registration of DB schema

GetPT Hegister Register Data
Schedules Op-eratnr Base Schema
Search PT Path
Get BestPath |
Searh prs
PT Opermtor

Figure 6-26: Use case for SITP application
Two Web applications were developed:
1 SITP, to support queries from users;

1 SITP, for the management of informationthg public transportation operators.

These applications were implemented in ASP.NET MVC platform. For more details see
[Domingues, 2010].

The SITP was implemented to allow the user to search for routes, stops, query times and

fares.Figure 627 illustrates the application menu to support these functionalities.

Prices llOperator Pric|
Operator
Schedule L] P —
Contribution Schedule

\ Search .
. Ll Op€Tator Pric|
Operator
Search P Line
Shedules Schedule

Figure 6-27: SITP - Web Client Application Menu.

Client Web
Page
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The developed application has the basic structure of a Master Page with an application
menu. The menu implemented allows navigation of the site as intended, with Multi
Language support and a link to access mobile device§igae 628 and Figure &9).

LogOn

Upsralor Xeyister

Figure 6-28: SITP - available menu for users

AdminOperator

Operator 1nformatioo

Managalanturae -
S wct Oler st lnmn Eel

Mamagelperaoler 1 0

Figure 6-29: SITP - available menu for public transportation operators

6.5.1. SITP Cases of Usage

In this Section are described several cases of usage of SITP application.

Case one: search for near public transportation (stops), usingdefpred radius from
current user position (see Figur@®). Taking into account current time the SIPT indicates
also clse public transportation to arrive on selected stops
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Figure 6-30: Search result of a user query for a PT stop in a radius of 50m from his current position in Lisbon (Cais do Sodré)

Case two: getting public transportation prices for the desired joulmdsigure 631 is

showed the price for the Portuguese company CP (a railway company).

2 - Carris

1 - Metropolitans Lisboa

Intormaigia do tantas

Taona

Deagrazan - Dilwete narmal de combinia paras 2ana 1

Freco de Perourss

and ;&

Descricdo - Bihieta normal de comboin pars Zona 2
Frego de Pergursa ;1,08

Tana 3

Descricdo - Bihete normal de comboia para Zona 3
Prago do Parcurso @ L7C

Figure 6-31: Search result of a user price query for CP public transportation operator (description in Portugueskanguage).

In Figure 632 is showed the SITP appli¢ab on a mobile device.

aAptna prinepal

loranes

Farsias

Figure 6-32: SITP mobile device interface
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In Figure 633 is showed the menu f@ public transportatiomperatorthat introducesa

stop on SITP system

rt Stop in existent L

ct Service: AutocutroE] select Lin lsel(mms)quadoChule(mms)Caneura 10 IZ]
Beg.ng Number of Stops: |1

Name
Chelas
Zone

1

Latituge:

38.755314853913696

ongitude:

-9.1 14224909862969

u-‘-ﬁ Stop

m ﬂ:

Sel

el(carris)
N Lu, Cnstine Silva(carns)
»'—"E-E‘l":? carris)

Praca do Chile(carris)

g ': ;:‘ R O
FOVERED BY 2 Wopy
Gougfqi_ AR AW RS,

oY e T & e w = - — Il 3B
| Insert

Figure 6-33: Menu for public transportation operator that introduces a stopon SITP system

6.6.Concl usi on

More tests and pilots should still be performed, but in this upcoming reality is difficult to
find working situations to take in order to use their data. Simulation performs an important
role to give data for the used cagedies. Two main applications were developed for two
main mobile operation systems, Android and Windows Mobile, and for two Web
applications, V2G Smart System and SITP. User acceptance of this mobile application

should come from questionnaires feedbatkeafr dr i ver sd6 usage
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[ . CONCLUSION

Mobi-System develops a solution that supports the driver with the appropriate and relevant
information to decide and plan his journey using an EV (Electric Vehicle), reducing the
constraints related with the vehicle aabmy and allowing the driver to perform his
journey with reduced anxiety about vehicle range. This system is in the intersection of EV
integration problems (e.g., new charging infrastructures are being prepared, and several
problems have been raised daditnited range autonomy and the long time of the charging
process) with the new paradigm of smatrt cities, where a cooperative approach is established
among different transportation sources. ICT, with mobile communications and mobile
information systems,lgy an important role in this process, in the integration and real time
information access. The results bring new and increasing information needs for the drivers,
because information forms a key part of the driver decision process. The success of EV
penet ati on in the market wil/ be in part due

side.

The main goal of this work was to bring ICT and Information System to an upcoming
growing area of sustainable mobility process in smart cities, to help thei&y dn the
charging process, and to minimize the range anxiety problem. To increase EV
attractiveness electricity market participation is assisted through the creation and
maintenance of EV community and an integration of local renewable energy resources
Figure 71 shows the main work research goals and the accomplished areas of work. The
main result of this work is the development of driver relevant information on a mobile
device, giving an integrated view of several areas as: charging process (artubopublic
station) in a EV, dealing with the driver range anxiety problem, creating a community of
EVs for energy market participation, integration of local renewable resource and for a
diversity of options towards mobility processes in smart cites: riatieg of bike and car
sharing systems, car pooling, public transportation information integration, and best route

taking into account a diversity of transportation and environmental policy options
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Driver Profile

Traffic Information

Charging Process

Mobi-System

Charging
Infrastruture

Electricity Market
| Participation

Range Prediction
S e——

Range Real Time

: h Recommendations
Representation  |nformation

Mabile Device Apps Web Apps

RG-1: Charging Process =) aa RG-4: Integration the EV in
Support (Chapter 3) L : Cooperative Transportation
p Infrastructures (Chapter 5)

RG-2: Reduce Range
Anxiety Problem (Chapter 3)

RG-5: Route Optimization and
Guidance (Chapters)

RG-3: EV Communities for Electricity Market Participation and
Microgeneration Integration (Chaptera)

Figure 7-1: Mobi-System related areas and thachieved research goals

Figure 7.2 shows developed functions and systems for:

1 EV charging or discharging operation: a management system was proposed with a
smart charging strategy taking into account distribution and consumers power
limitation. Since thee is no real environment for testing purposes, an dupesdd
simulation tool was developed. Based on this tool and taking into consideration real
world information (from user gquestionnail
tracking systems), a home gamption analysis was performed based on agents
and using a stochastic process. Taking into account the limitations of the
di stribution network and the userdés power
identified (basically this is an indication of theaximum power through time that
the charging process can use). I n the au
introduced on this tool, such as microgeneration and discharging process (when EV
batteries send part of the stored energy back to the eddafpicl). The geo

reference in a graph, the electrical distribution network and a visualization tool were
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also proposed, which can help the planning of new distribution infrastructures and
the identification of regions of power constrains.

1 Electricity Market participation: our main contribution was the definition of a
conceptual system to create and manage the EV community. This is an innovative
creditbased system that also involves a collaborative broker for DER (Distributed
Energy Resources). Using tluseditbase system, together with rankings, the users
can profit from an open and healthy competitive environment. Also, in the future,
to increase the market share of EVs, there will be a need of these types of systems
to explore the energy market potahidf these types of vehicles. Also, renewable
energy sources integration and microgeneration can benefit from a community
coordination action, where users can capture renewable energy produced in excess

on local generation, at lower prices, avoiding eleat energy transportation loses.

Find the most efficient time to charge  Enable online Advance booking of Recomended
P thereby save money charge spots and parking places ~ / Actions
Energy Market Display Time (Km
w available) for next charging \" Automatic re-routing and / Ereg;cﬁ(gggff/
= Analyzing driving s“‘ ) Sma!'t \‘\ guidanceif any change’m plans f‘ ammou Vi
(4 behavior for optimal / Location of nearst Charging | POI s [ ;o
-~ performance  /  charging station & Strategy \ / / oo
/ 5~ Remote charging \ € @& @ ; ‘ i
-~ " . - \ — |
Participation @ 2 ‘ or discharging LR J / =
\ commands .\ \ / / / / | e

25 iElilg = At )

9

Aggregator

o NN\ / / a /) | ===
- \ \ \ \ / / . / / EV
! Drivers Useful Functions ’ News

rgy
(of ] mption
simulator

-

€]

Testing
Platform

System
(Windows Mobile)

C,Drativ
roker

-

\‘ther

Information

[ battery Functions )\ V26 )1 GAUN venice runctions, Wil

Micro-Grids @ l Q Dat;.‘ time, a;mount ‘,

‘ / Alert:Narning |

Telematics

Integration

/ Speed,
Operatingand Charging | Km, time

]... 'o Voltage monitoring Current SOC
w Operatind and Charging Temperature monitoring

Figure 7-2: Developed Functions and System for MobBystem for EV related and electricity market related functions

In this work it was proposed the integration of information from various areas that will for
sure paitipate in the successful implementation of a mobility model for drivers of Electric

Vehicles. However it was extremely difficult to find projects and technologies mature
enough for the actual operating environment. There are prototypes from severda, player

mostly from universities or government projects. There are also some projects of companies
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starting in this market business, but most of them are in the process of prototyping or market
testing phase. Additionally, it is very difficult to find specitioas and standards to be
globally used and accepted for exchange of information, particularly with the smart grid
systems, public transport systems, control systems for charging batteries, and the electricity
market. The data exchange from a technicahdgaint it was chosen to submit
asynchronous communication modes based on open specifications (e.g., XML files). It was
also necessary to ensure that the integration model is sufficiently generic and flexible to be
adapted to different systems, havingwa Impact on the implementation of MeBystem.

The simulation platform could have a great impact on this startup phase, since there are few
real cases to test.

In transportation a diversity of systems to reduce usage of own vehicles was created,
reusing peces of software code and approaches created for charging process and electricity
market participation (credit mechanisms, charging spots reservation). The main
contribution is the Public Transportation data integration and the diversity of systems (car
sharing, bike sharing, car pooling) on a user single interface combined with the best path
or decision to go from point A to point B. This integrated view is important foiuseds,

but also for government or public operators, because it gives a transpemetmtw, where

it is easy to identify lack of services in certain areas. It is also is important for areas where
public offer is well dimensioned to introduce more severe penalties for the usage of own
car. Besides, Green Router Planers can be adaptéocéd policies, where the arc cost
between two nodes can be adjusted to local preferences or policies.

This work benefits from authoroés background
work experience, and also from his position as Professor at Mfgre during the last
three years he has supervised four master projects and nine final year projects in the

Informatics Department.
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71.Fut ure Wor k

Electric Vehicles (EV) will open new business opportunities, because this type of vehicles
needs moreuser interactions and systems to support its operating processes. OEMs
(Original Equipment Manufacturers) will need to open access to vehicle information and a
standardization process will play an important role. In this sense Telematics and
Communicatios are good businesses opportunities. Traditional and new EV OEMs are
betting heavy on Telematics: Renault Nissan, PSA, REVA, Think, GM, and Ford, among
others, are all gearing up with valadded Telematics features. This reality, added to
Electricity Marlket participation, and Sustainable Mobility policies towardsed@issions
reductions, will raise this tendency and opens new opportunities, especially in giving right
and important information to drivers through mobile devices.

To finalize, the author isveare that an alternative to the use of a mobile device
(development option in this work) is the use of the navigation system device of the own
Electric Vehicle, but the sustainable mobility function (described in Chapter 5) will always

benefit from a mobé device option, because a mobile device can go with the user to

everywhere, becoming the userds communicat.

mobile devices could be mirrored in the Electric Vehicle (in the navigation system or in

other equialent device).

It is possible to follow MDDO(Modekdriven engineeringapproach to model Mol8ystem
and the creation of specific metamodel for EV mobile system, follow an approach
performed in XISMobile [Ribeiro, 2014].

72EXxpetmpdctus r\WdrtiC

Mobi-System provides to the drivers relevant information about public transportation,
parking, car sharing system and charging stations. The creation of communities also
provides conditions for electrical market participation, and consequently may ptiogide
means to use the available spare power capacity (also allowing renewable energy
integration) in each parked vehicle, avoiding the need of maintaining the excess of
conventional electricity generation capacity currently required to provide regulation,

spinning reserves and power peaks.
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V2G model may have the potential to transform both energy and transport systems in
profound ways, by promoting the deployment of alternative vehicle technologies, reducing
inefficient investment in conventional generatiand supporting the installation of

renewable electrical energy sources, including microgeneration.

Part of this work was submitted to the recent FCT call [FCT, 2010] with the project here

described:

1 Proposal TitleEV-Cockpit: Personal Mobile Sysm for Electric Vehicle Control
(PTDC/SENTRA/118302/2010).

9 Abstract: Project will create a mobile device application to assist EV drivers,
receiving EV related information and created a diversigeful EV related
information. Main project purpose is to get exjse from different group areas,
such as information systemsyobile devices, communications, telematics and
power electronics area to create a new product application: Mobile application
with EV related informationRegarding the current problem (e.qg.ild#rs access
EV related information) three main approaches could come outin{éyrated
system on EV, developed by OEM,; (2) web application on desktop; and (3) mobile
application. This problem could be similar to orientation devices (GPS) for
vehicles, were there is two main consumers approachesaldipng solutions from
OEM, full integrated in the vehicle; and (2) external devices for vehicle integration.
This second solutiois most chosen by the drivers because the price, most of the
times are ten tawenty times cheaper. So we think that in futimes EV mobile
application will be a growing market with the possibility of drivers integrated

several vehicles in the sammbile.

Part of this workin collaboration with INTELI was submittetd a tender dato FP7 in

May 2011 [Tender2011]: SMART 2011/0065 "The impact of ICT R&D in the large scale
depl oyment of t ieere animpactt studycwill beefbcuscoh eelevyant
problems and drivers of the ICT R&D in the largmale deployment of theeadtric vehicle.
This proposal identiés the present course of action of the UE for EV smart system and

infrastructures andientifiesits path dependence

Also current work was the basis for a Portuguese FP7 project submission under the call
GC-ICT-2011.68f - Integration of the FEV in the Cooperative Transport Infrastructure
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91 Proposal Title: Electrdlobility Cockpit Systems and Applications for FEV Range
Optimisation and Seamless Integration in the Cooperative Transport Infrastructure
(MOBI.Cockpit).

1 Abstract: Full electric vehicles (FEV) are being introduced in the market, but
batteries reduced energy storage capacity and the lack of a high density charging
infrastructure limit their autonomy range. In order to overcome this limitation, we
propose develapg a new solution enabling drivers to drive longer distances. This
will be achieved by integrating some components of the cooperative transport
infrastructure (charging system, public transport system and the vehicle), thus
increasing driving autonomy tbugh energy consumption reduction and driving
efficiency Integration with the charging infrastructure allows the driver to plan his
journey considering charging points position, booking a charging point for a time
period to perform battery charging, in@sing the distance he can drive
comfortably without fearing runningut the batteryintegration of FEV with public
transport system allows extension of driving autonomy beyond the storing capacity
of vehicle’s batt er gvailabfity, sghddyle andgprice off or ma
public transport allows the driver to plan the journey using FEV and public
transportation in a complementary way, using functions as car parking booking
(and charging) and ticket buyingnergy consumption reduction -twoard is the
third approach to be addressed as one of the main ways to increase the autonomy
of the vehicle. The adoption of new driving patterns and the possibility of
automation of some of vehicle functions such asaimditioning and speed limit,
brings less energy consumption and increase autondhgoutcome of this Project
is the MOBI . Cockpit System (MCS) that [
device application, infotainment and web application, supporting users in taking
efficient decisionsMCS has the mission of supporting EV drivers on range
optimization using intelligent route planning (taking into account public
transportation information), charging management and energy efficiency, fostering
electric vehicles adoption.

Also, this workis part of the curremarticipationof ISEL in theiiSeamless Travel across

the Atlantic Regions using sustainable Trangport( S T A R T.)ThispPhD fieseardch
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contributes for the START project with best path algorithm, a proposal for public
transportatia information integration and an ontology for public transportation.
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ANNEX

AlOnt ol ogy for Public Transport :

OPT is built on top oResource Description FramewdRDF), thus it inherits its concepts:
resource, propriety, datatype and clasgufe 523 shows the hierarchy of OPT concepts:

(1) Resource is one of the bases of ROiFepresents all things described and is the root
construction. It is an instance of MOF clasg@3 Property defines the relation between
subjects and objegkesourcesand is used to represent relationships between concepts.
Ontology class attributes or associations are represented through profgBgegology

is a concept that aggregates other concepts (classes, properties, etc). It groups instances of
other concepts that represent similar or related knowlddy€lassifier is the base class

of concepts that are used for classification and is divided in: (i) datatype, a mechanism for
grouping primitive data; (ii) abstract class; and Ifagtance that ithe base class and is

divided in individuals and data values.

Property: is a relation between a subject resource and an object resource. There are two
types of properties: (1) object properthatmay additionally be: transitive, symmetric,
functional and inverse functional; (2) datatype. Users can relate properties by using two
types of axioms: (1) propgrsubsumptions, which specifiye extension of a properand

are subset of the related prape (2) property equivalencevhich defines extensional

equivalence.

Classifier: class that represents a concept for grouping resources with similar
characteristics. It is similar to the concept of classes defirigdifred Modeling Language

(UML) but with an orientation to object programming languagesd they are set theoretic.
Classdescription is defined as a subclass of class to solve the problem of dynamic classifier.
The dass can be defined in the following four wagk) AllDifferent states thaall of its
instances have different identity; (2) restriction; (3) enumeration of individuals that form
the instance of a class; (4) logical class of all individuals that could have the following

attributes: (i) union; (ii) complement; (iii) intersection.

This is a work developed at ISEL undeFimal Year Projecintegrated inthe START

project(for more detas see [Domingues, 2010]From severgpublic transportation data
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base of consortium partners and standard specification, such &% (SVice Inérface

for Real Time Information)and IFOPP° (ldentification of Fixed Objects in Public
Transport) as well as information provided by public transport operatopsocelureto
design the ontology schema was created. Figute extracted from [Domingue2010]
shows the main entities of the domain model. OPT is built on top of RDF using OWL
(Ontology Web Language).

Also in FigureA-1 is represerdd the relationship between the entities Operator, Service
and Contact. Public transport operators are repredday the entity Operator. This entity

is associated with the entity that represents the Service(s) provided by a particular operator.
For example, indicates the case that the operator Carris offers two services: bus and tram.
The relationship with the &ty Contact is due to the need that exists to represent the

contacts provided by operators of public transport.

O

_Dictionary

<
<

o ]

Service Feature | | Contact

h
| tine k>—{ stop k> PO |@—

Schedule

Figure A-1: Entities in the main domain model

The Contracting Service, Figuke-2 extracted from [Domingues, 20[L represents the
services provided by an operator of public transport that can beaé,goad, air or water
(sea, river or lake). Each servisdinked to a type, represented by the entity Type, which

54 <www.siri.org.uk>.

55 <www.ifopt.org.uk>.
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represents the categories within each modg,rail, bus, plane or ship. Within these types
may still exist variantsvariant entity.

Service

ByWater | | ByAir | | ByRail | | ByRoad

1 1 1 1

Variant

Figure A-2: Transportation service hierarchy.

The Contact entity, Figure-8, represents the contact types, such as: electronic mail (e
mail), telephone, address and website. This authority is shared by all eOtezator and
POI (Points ofinterest), because both the transport operatoP&@ithave similar types of
contact. POI entity are divided into categortbat highlight, for example, Academic
(Academic), Rest (Restoration), Monument (Museuysjl others.

/\

| Email | |Te|ephone| | Address | |WebPage|

Figure A-3: Contact hierarchy.
Also Figure A4 illustrates the relationship between the entities Schedule, Stop, POI,
Interface and Contact. Stamtity include the attributes: name of the stop, geographical
coordinates (Latitude, Longitude) zone (taking the subwaayan exampldt verifies the

existence of two areas, one inside the city limits and another in the vicinity).

/\
| | | |

| Academic | | Rest | | Others | | Monument |

Figure A-4: POI hierarchy.
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The relationship between Stop and Schedsl@istified with the representation of a
schedulgsee Figure A). A detailed description can be found at [Domingues, 2010].

HEETE
Q)

* * *
Schedule | | POI | | Interface
0..1

*

Figure A-5: Stop Hierarchy, [Domingues, 2010].

A2Search Publ i cRolutasmmssportati on

To search foPublic Transportation routesereconsideredseveralcriteriad sThe first is

based on the selection of operators connected with the research. The second considers the
number of transfarand price of the desired trip; and the last based on the trip duration

using best path algorithnin Figure A-6 is described in a sequence diagram the search
process. The firstés steps are the operator

the DB schema.

Lispr SITP Dperator PT1 Ciperator FTn

Registar Dperator

|:r 1D Chparratiosr

Register Operator
L

T —
I Operator
schema 1l ]—_- _____ R

——— —

Schermea PTn

Search 5vops and Path ——

T Create Mediator
e

3 Re-Write Cuery
M Smarch Statiosn and path

¥

-

Sqrarch Station and path

Return station and path FT1

F——--"""
Return station and path PTn
e - — e e L
. Stops Lists T Growp Results — —
e 1——_‘______
Bast Path _:'_J Graph constrution and Bpath
| =

p— — — - —=

Figure A-6: Sequence Diagram of user search dPublic Transportation stops and best path in different operators[Domingues,
2010].
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A3Best Path | mplementation

To calculate the paths was considered two phases. At first it is checked whether the
stations of departure and arrival belong to the same line. So when the departure and arrival
stations belong to the same litgSamelLinghe field is marked as true, otherwisasit
marked as falseWherelsSamelLineébe true is executed the first phase of the research
journey thus obtaining the data required to design the course. These data highlight the
coordinates of the stations, the price of the trip, points of interest that are near the station
of arrival and other information such as schedules and featuteSatheLines false then

runs the second phase. In the second phase, the stations of departure and arrival are not on
the same line. It is therefore necessary to find a path or pathsi@ongithe available
interfaces on the lines corresponding to the stations of departure and arrival. This research
takes advantage of the methgetAllinterfacesBetweeiT his method was implemented in

a recursive manner to allow the taking of all posgialis between two stations. To obtain

the pathways analysis was carried out taking into account the interfaces of the line of the
station that is being verified. In each interface is checked if the line matches the line of the
arrival station guarding thgath and if so, otherwise, it uses recursion repeating the analysis
to find a route. A sample calculation (s) route (s) is illustrated in FigtreFigure A-7
showsthe paths generated between the starting aditelas(meto line) and the arrival

point for Oriente(metio line). The first route uses only one interface (Saldanttarace

metro ling) to reach the destination while the second route uses two interfaces (Campo
Grande interface metro lineand Alameda ifterface metro ling to reach thesame
destination. In the case of route X as there is no interface that the route reaches the

destination is not valid.

The methodyetAllinterfacesBetweeto be implemented recursively have to take care to
avoid cyclesTo prevent cycling was implement®@rifyCiclelnPathmethod that checks

if the route has passed or not by a given interface. If so this path is excluded. The route
shows to the user by taking advantage of Google Maps API. Information relating to the

route is via steps with possibility to dalead the route to a text file.
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Sart Point Campo .
Odivelas (metro) Grande(metro) - Icrﬁlesr?:oe&l_? r:ﬁg':/e;rrgé
Linha Amarela Interface Linha Verde

Saldanha(metro) -
Interface Linha

Vermelha Path 1
Path 2
End Point Alameda(metro) - Path x

Interface Linha
Vermelha

Oriente(metro) Linha
Vermelha

Figure A-7: Path Search using interfaces

Ad4Cal cul ate the Price of t he Tr

To calculate the price of the trip was definefoServiceZonghe class containing the
service identifier and zone. This class is used in the medmainArrayTicketdo get a

list of services and areas used on a trip, or a list in which each position corresponds to an
instance ofinfoServiceZoneThis representsnainstance ofnfoServiceZonastage of the
journey. After obtaining the list of stages of the method is inv@adPrice This method
evaluates the list of steps in order to return the price of the journey. Analysis of the list of
steps highlight the fa¢hat the next step is to compare with the previous order to ascertain
whether there was an exchange zone or service. This comparison can then calculate the

price given the exchange area or service over the route.

Path
InfoServiceZone InfoServiceZone InfoServiceZone
ldService=1 IdService=1 ldService=1
Zone=2 Zone =1 Zone =1
Pathl Path2 Path3
Price: Zone 1 0.80¢ - Zone 1.10¢

Figure A-8: Price calculation taking into account the zone information.
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As mentioned before a route is divided into stagegireA-8 shows that the route is only

done by a service (IdService = 1), so the price calculation takes into account the zones
(Zone) of the steps. Once the trail starts in Area 2 the pricetobéaddes U 1. 10. Wh
perform the initial exchange of steps, from Step 1 to Step 2, it is verified that the area is
below the Step 2 from Step 1. The fact that this happens will not affect the current price. If

the area of Phase 2 was superior to thatte 3 then the price would be the sum of the

pricing zone subtracted from Step 2 to the pricing of the zone in Step 1. In return for the
second stage, from Step 2 to Step 3 is to be noted that the pricing is the same zone is not
changed. Please note tha¢s$e calculations are made for services where the services allow
transfers in your network. If the services do not allow transfers in calculating the price is

the sum of the prices of each step. Assuming that the service (IdService = 1) does not
providete transfer on your network with a sing
0.80 u + 0.80 0U). The search page provides
certain radius. To implement this research used the Google Maps API, where ttenuser

select a point on the map to determine if there are stops and a certain radius around that
point. The radiuss chosen by the user through a DropDown available for this purpose. If

there are stations within the radius desired maikexslaced with tle operator logo on the
coordinates where they are. The user can view station information by interacting with the
markers. The information provided is related to service characteristics with the
characteristics of the station, as well as information onmpapdepartures of service. It

is also available to the user the possibility to observe the line where the station is located.
This was implemented IRJAX with ActionResult Controllerdor details sefDomingues,

201Q. Thus, whenever a request is méatie, Controller responsible for the care of returns
information about the form of a StringJson which is treated in the Client (JavaScript).
Client-side (JavaScript) is methods that deal with the response and put the information
available to the user. To @emine the stations that lie within the perimeter defined by the

user, the metho@etAllStopsinAreaTo find the two stations are set intervals by adding

and subtracting the radius of latitude and longitude of the point chosen. Once these intervals

a searh is performed to determine the geographic coordinates of the stations that lie within

these.

Regarding the Rates page is provided information on the tickets of a particular operator
such as area, price and description. This information is representeshwltiee seasons,
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although the same line, may belong to different zones with different price lists. Thus, the
user gets the price depending on the area from where or where it goes. As an example, the
journey from Campo Grande station (metro line) statidiv€as (metro line). In this case,

the patient away from a station belonging to a zone must purchase a ticket for zone 2 since

it movesto a station that belongs to zone 2. The same happens in reverse.
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